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MAINSTREAMING BIODIVERSITY FOR SUSTAINABLE
DEVELOPMENT
Introduction
The Hague Ministerial Declaration from the Conference of the Parties (COP 6) to the
Convention on Biological Diversity, 2002 recognized first the need to mainstream the
conservation and sustainable use of biological resources across all sectors of the national
economy, the society and the policy-making framework. The concept of mainstreaming
was subsequently included in article 6(b) of the Convention on Biological Diversity,
which called on the Parties to the Convention to “integrate, as far as possible and as
appropriate, the conservation and sustainable use of biological diversity into relevant
sectoral or cross-sectoral plans, programs and policies” (p. 6 in CBD, 2003). Petersen
and Huntley (2005) defined Mainstreaming Biodiversity as “to internalize the goals of
biodiversity conservation and the sustainable use of biological resources into economic
sectors and development models, policies and programmes, and therefore into all human
behavior.” The STAP/GEF Cape Town expert meeting on mainstreaming biodiversity in
October 2013 brought out a definition which is widely used “Biodiversity mainstreaming
is the process of embedding biodiversity considerations into policies, strategies and
practicesof key public and private actors that impact or rely on biodiversity, so that
biodiversity is conserved, and sustainably used, both locally and globally”.
The primary framework for the CBD is the “ecosystem approach” for the integrated
management of land, water and living resources (CBD, 2014a). Within this context,
mainstreaming is often followed at priority landscapes including protected areas and
production landscapes such as agriculture, forestry, fisheries and seascapes. It was
presumed that the maintenance of ecosystem services will conserve biodiversity – and
that conserving biodiversity will secure ecosystem services. But this has not proved true.
India has 16 different types of forests which play an important role in India’s economic
development in terms of their contribution to GDP, employment, and livelihoods of
millions of poor people, who are mainly dependent on forests. For ages Forestry
sector pursued a strategy to increase productivity of forests by promoting monoculture
plantations at the expense of virgin natural forests. In recent times it is recognized that
plantations might provide the ecosystem service of carbon sequestration – but might
significantly reduce or eliminate indigenous species. Similarly the intensive agricultural
practices have led to the extinction of a rich genepool of resources of domesticated
crops. It is recognized now that biodiversity mainstreaming is not only about wild
species but also about genetic resources, agricultural biodiversity and crop wild relatives.
A major challenge is achieving food security and nutritional security by capitalizing on
agro diversity. Biodiversity is the source of wild fisheries, and mainstreaming biodiversity
in fisheries policies, programmes and plans is key to sustain the habitats which serve as

feeding, spawning and nursery sites which are essential for wild fish populations.
Globally 12.7% of the world’s terrestrial, 10% of its coastal and 4% of its marine area
have been included in formally designated protected areas by 2010, but 85% of terrestrial
and 95% of marine systems are without any protection. Further, effective management
systems are in place in less than 40% of the global network of PAs. Of 588 sites listed
by the Alliance for Zero Extinction, only 22% fall within existing PAs. Of 993 sites listed
as Important Bird Areas, only 28% fall within PAs. In recent times it is acknowledged
that to achieve the goals of Aichi Biodiversity Targets, biodiversity conservation will
require targeted action within and outside protected areas. The COP 13 held at Mexico
during 2016 had the focal theme “Mainstreaming Biodiversity for well being”. Tourism
is another sector which can contribute directly to the conservation of sensitive areas
and habitats through a variety of activities and by raising awareness of the importance
of biodiversity. The UN theme for International day of Biological Diversity on May
22nd 2017 also has the focal theme “Biodiversity and sustainable tourism” reaffirming
the relevance of mainstreaming biodiversity in areas that have a negative or positive
impact on biodiversity. The major drivers of biodiversity loss are land use change and
over exploitation, followed by pollution, invasive species and climatic change and
interaction between each of these. Biodiversity is mainly regarded as an environmental
issue,and its importance and contribution to different sectors of human production
as agriculture, fisheries, tourism are not yet fully understood and accepted. With less
than 20% of the earth’s surface ever likely to be managed as officially declared protected
areas, conservation work outside such areas is vital. The activities of all economic
sectors impact biodiversity in some way and at some level. Mainstreaming strategies
can be effectively applied at a range of different levels - local, state, and national level.
By mainstreaming biodiversity into sectoral strategies, plans and programmes at
local level we recognize the crucial role that biodiversity has for sustainable livelihood.
The National seminar on Mainstreaming biodiversity for sustainable development
focused on two main aspects 1) Mainstreaming biodiversity into production landscapes
as Agriculture, Forestry and Fisheries 2) Conservation, Sustainable utilization and benefit
sharing. The present publication book volume is a compilation of selected papers
presented during the conference. The first section deals with Mainstreaming biodiversity
in three main economic sectors Agriculture, Forestry, Aquatic and in Urban landscapes.
The second section focuses on conservation and sustainable utilization of biodiversity.
The concluding chapter focuses on the interventions required at state and local level for
effective integration of biodiversity in production in landscapes and seascapes.
							Oommen V Oommen
							Dinesan Cheruvat
							Preetha Nilayangode
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CHARACTERIZATION OF GENOTYPES OF SMALL CARDAMOM
(Elettaria Cardamomum Maton) FOR MORPHOLOGICAL,
YIELD AND DISEASES
R. Senthil Kumar1 Sharon Aravind*, C. N. Biju2, and S. J. Ankegowda

ICAR-Indian Institute of Spices Research Regional Station, Appangala, Kodagu-571201, Karnataka
1

ICAR-IIHR, Central Horticultural Experiment Station, Chettalli, Karnataka 571234
2
ICAR-Indian Institute of Spices Research, Marikunnu, Kozhikode-673012, Kerala
* E-mail: sharon@spices.res.in

Small cardamom (Elettaria cardamomum Maton) also known as ‘‘Queen of Spices’’
is the dried capsule of tall perennial herbaceous plant belonging to the family
Zingiberaceae. Being indigenous to the evergreen forests of Western Ghats of Southern
India, Elettaria cardamomum is a monotypic genus with only one species. Two varieties of
cardamom plants identified are Elettaria cardamomum Maton, variety major which
comprised of wild indigenous types of Sri Lanka and Elettaria cardamomum Maton,
variety, minor comprising of cultivars like Mysore, Malabar and Vazhukka. These
types are grown in different tracts and are identified based on the nature of panicles,
size of plants and other morphological characters. Cardamom being a cross pollinated
crop, lot of phenotypic variants exists in nature. This diversity is exploited for both
commercial and scientific interest by conserving in ex-situ gene banks and subsequent
characterization to identify desirable traits. At ICAR-Indian Institute of Spices
Research Regional Station, Appangala, 70 genotypes of small cardamom were screened for
morphological, yield and diseases. The study indicated that significant variation exists
for morphological characters viz., plant height, number of bearing tillers, capsules per
plant and fresh weight of capsules. Among the 70 small cardamom accessions evaluated,
IC 547186 recorded maximum plant height (310 cm) whereas maximum number of
bearing tillers (18) was observed in IC 547214. The accession, IC 547205 recorded long
panicle (119.4 cm) with more number of nodes in the panicle (36.4), maximum number
(3516) and weight of capsules per plant (3456.2 g). Natural incidence of diseases viz., leaf
blight and rhizome rot were recorded among the accessions of small cardamom which
were futher grouped into different categories. Based on the per cent Disease Index, number of cardamom accessions grouped under Resistant to Leaf blight disease and Highly
Resistant to Rhizome rot category were 22 and 29 respectively.
Keywords: Indigenous, Phenotypic variants, Morphology, Diversity, Gene banks

Small cardamom (Elettaria cardamomum Maton) also known as ‘‘Queen of Spices’’ is
the dried capsule of perennial herbaceous plant belonging to the family Zingiberaceae.
Mainstreaming Biodiversity for Sustainable Development

NBC 2017

INTRODUCTION

3

Elettaria cardamomum in India is a monotypic genus with only one species. Two varieties
of cardamom plants identified are Elettaria cardamomum Maton, variety major which
comprised of wild indigenous types of Sri Lanka and Elettaria cardamomum Maton,
variety, minor comprising of cultivars like Mysore, Malabar and Vazhukka. These types
are grown in different tracts and are identified based on the nature of panicles, size of
plants and other morphological characters. In India, the area under small cardamom was
69,970 ha with a production of 18,000 MT during the year 2014-15. Until late seventies,
India was enjoying a monopoly in the world trade of cardamom, thereafter Guatemala
came to the scene as a major rival. At present, Guatemala leads with 60-66% of the world
production pushing India to be the second largest producer of cardamom.
Cardamom, being a cross pollinated crop and propagated mostly through seeds, a lot of
diversity exist in the natural population of wild and cultivated traits of Western Ghats.
Some of exceptional variants in cardamom have panicles of various types, terminal
panicle, branched raceme, female sterility and cleistogamy (Madhusoodanan et al., 1994).
Padmini et al .,(2001) reported wide range of variation between and within cultivars
of small cardamom for economically important characters. In general, the ‘Vazhukka’
and ‘Mysore’ types are robust when compared to Malabar types. About 600 cardamom
accessions have been maintained at National Active Germplasm Site in ICAR- IISR
Regional Station, Appangala. An assembly of the diverse genetic stocks of any crops is
the raw material from which the new variety can be moulded to suit the requirement of
the farmers. Hence, a study was carried out to characterize seventy genotypes of small
cardamom at ICAR- IISR Regional Station, Appangala in terms of morphological and
yield parameters and also to identify the resistance source among these genotypes for
diseases like rhizome rot and leaf blight.
MATERIALS AND METHODS
The study was carried out at experimental farm, ICAR- Indian Institute of Spices
Research, Regional Station, Appangala (Kodagu District, Karnataka) (12o26’N
Latitude and 75o45’E Longitude), which is located at 920 meters above mean sea level. The
experimental materials comprised of 70 accessions of small cardamom which was
plantedat a spacing of 2 X 2 m with five replications. Standard package of practices were
adopted to raise the crop. Observations with respect to vegetative and yield characters were
recorded for three consecutive years and the pooled data was used for analysis. Correlation
coefficients were computed as per the method described by Singh and Chaudhary (1985).
SCREENING CARDAMOM FOR LEAF BLIGHT INCIDENCE
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Using the disease rating scale for leaf blight, five clumps of each accession were scored
and the percentage disease index (PDI) was calculated.

4

Mainstreaming Biodiversity for Sustainable Development

Percent Disease Index (PDI) = Y1 (1-1) + Y2 (2-1) + Y3 (3-1) + Y4 (4-1) + Y5 (5-1) + Y6 (6-1) X 100
NX6

Where, Y1 to Y6 = number of infected plants in each category
N = total plants in the plot

SCREENING CARDAMOM FOR RHIZOME ROT INCIDENCE
The disease rating scale for rhizome rot was designed based on the number of infected
tillers in a clump. For each accession, disease incidence in five clumps was recorded and
PDI was calculated based on the formula:
Percent Disease Index (PDI) = Y1 (1-1) + Y2 (2-1) + Y3 (3-1) + Y4 (4-1) + Y5 (5-1) X 100
Where, Y1 to Y5 = number of infected plants in each category
N = total plants in the plot

Mainstreaming Biodiversity for Sustainable Development
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NX5
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RESULTS AND CONCLUSIONS
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The study indicated that significant variation exists for morphological characters viz.,
plant height, number of bearing tillers, capsules per plant and fresh weight of capsules
(Table 1). Among the 70 small cardamom accessions evaluated, the plant height ranged
from 110 (IC 547208) to 310 cm (IC 547186). Maximum number of bearing tillers (18)
was observed in IC 547214 which was on par with IC 547196 with 17.66 tillers. The
accession, IC 547205 recorded long panicle (119.4 cm) with more number of nodes in
the panicle (36.4). Maximum number (3516) of capsules and fresh weight of capsules
per plant (3456.2 g) was observed in the accession IC 547205 followed by IC 584093
with 2276.6 capsules per plant with fresh weight of 2182 g. With regard to capsule
characters, the accession IC 584096 registered long (2.18 cm) and broader (1.48 cm)
capsule with more number of seeds (27.4) whereas short (1.16 cm) and small (0.73 cm)
capsule was recorded in the accession IC 547281 and IC 584072 respectively. Similar
variations were also observed by Miniraj et al., (2000) while evaluating cardamom
accessions at Pampadumpara.
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Table 1. Variability of morphological and yield characters in small cardamom accessions

In correlation studies, all the traits showed significant positive correlation with yield
(Table 2). Fresh weight of capsules (yield) per plant exhibited highly significant and
positive correlation with number of capsules per plant (0.999) and panicle length
(0.762) which indicates that these traits can be utilized for the improvement of the yield.
Backiyarani et al., (2002) established a highly significant and positive correlation
between yield and number of panicles, panicle length, plant height, number of tillers as
well as seed number. In the present study, number of capsules per plant exhibited highly
significant and positive correlation only with panicle length (0.764) whereas
Korikanthimath et al., (2000) has reported that the number of capsules per plant had
significant positive correlation with total number of tillers, bearing tillers and panicles
per plant. Since, yield has highly significant and positive correlation with number of
capsules per plant and panicle length, selection based on these traits can be utilized for
the improvement of cardamom.

NBC 2017

Table 2. Estimates of correlation coefficients between characters in cardamom
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Leaf blight disease of cardamom occurs sporadically in minor proportions in most of
the cardamom growing tracts. However, untimely or non-adoption of recommended
management measures would result in the development of the disease to epiphytotic
proportions. Among the accessions of small cardamom screened for leaf blight incidence
(Table 3) in the present study, none were found to be highly resistant (< 10% PDI)
however, 22 accessions were grouped under Resistant category and 2 accessions (IC
584075, IC 547196) under susceptible category. This is in line with Anon (2006) who
reported evaluation of 72 entries under natural epiphytotic conditions which has resulted
in the short listing of 22 leaf blight resistant accessions.
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Developing multiple disease resistant varieties and its large scale deployment at field level
lessens the cost of production due to substantial reduction in the use of plant protection
chemicals. In an attempt to identify the accessions of small cardamom that posses dual
resistance against leaf blight and rhizome rot diseases, it was found that the accessions
viz., IC 584083, IC 584087, IC 547224, IC 547188, IC 584081, IC 584084, IC 547185,
Mainstreaming Biodiversity for Sustainable Development
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Rhizome rot, also called as clump rot is an important disease in cardamom plantations
especially during the monsoon season. Exploring alternative measures to manage this
disease have resulted in the evaluation of germplasm accessions to identify resistant
sources. Among the accessions evaluated, none were found to be highly susceptible
(> 50% PDI) while, 29 accessions were found to be highly resistant to rhizome rot disease
(0.0 to 5.0 %) (Table 4). Five accessions (IC 584070, IC 584083, IC 547208, IC 547188, IC
547185) were found to be resistant with a range of 5.1 to 10.0 % and 15 accessions were
placed under moderately susceptible category with 10.1 to 25.0 % PDI.
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IC 547183, IC 547226, IC 547202, IC 547203, IC 547204 and IC 547210 exhibited dual
resistance against leaf blight and rhizome rot diseases.
The present study revealed that good variability exists in cardamom with regard to
various morphological characters viz., plant height, number of tillers, panicles, capsules
and yield. Since, yield has highly significant and positive correlation with number of
capsules per plant and panicle length, selection based on these traits can be utilized for
the improvement of cardamom. Characterization also led to identification of disease
resistant accessions which is crucial in harnessing the genetic potential of the genotypes
for the improvement of these traits needed for adaptation to various stress condition.
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REGISTERED GERMPLASM OF WESTERN GHATS: ICAR-NBPGR
REGIONAL STATION, THRISSUR INITIATVE

Trait-specific germplasm which otherwise do not qualify for notification and release as
a variety may be registered with ICAR-NBPGR to enable it to be in the public domain.
The main purpose of this process is to recognize the contribution of the researchers
and also to disseminate the information thereby enabling utilization of the registered
germplasm for crop improvement. Any plant germplasm of unique, uniform, stable
and potential attributes of academic, scientific or commercial value shall be registered.
All claims concerning the germplasm submitted for registration should accompany
scientific evidence for claimed traits such as peer reviewed research publications. Also
the registered germplasm needs to be accessioned and conserved in the National Gene
Bank (NGB)/ National Active Germplasm Sites (NAGS). The registered germplasm is
available to bonafide user under Material Transfer Agreement (MTA). Based on the
evaluation / characterisation of germplasm, eight accessions with unique traits, one each
in Black pepper, Kokum, Lesser galangal, Greater galangal, French bean, Musk mallow
and two in Malabar Tamarind were registered by Thrissur station. These are Black pepper
(Piper nigrum L.) INGR No.10065 (IC266417), collected from Ithikkara, Kollam Dist.,
Kerala for its unique oval shaped berries; Kokum (Garcinia indica Choisy) INGR
No.04063 (IC136687-3), collected from Uttara Kannada Dist., Karnataka with high
yield in number of fruits (3267 per year), fruit yield (47.9 kg per year) and sweet pulp
with a TSS value of 20% comparable to Mangosteen; Lesser galangal (Alpinia calcarata
Roscoe) INGR No.09051 (IC210421), collected from Pathanamthitta Dist., Kerala with
rhizome oil characterized by high 1,8–cineole (13.2-30.2%) and α-fenchyl acetate (26.338.7%) content; Greater galangal (Alpinia galanga Roscoe) INGR No. 08107 (IC349746)
collected from Wayalar forest, Palakkad Dist., Kerala is contains high 1,8–cineole
(72.49% ), α-pinene (5.54%), α-terpineole (3.82%) and α-terpiniene-4 –ol (2.35%); French
bean (Phaseolus vulgaris L.) INGR No.10026 (IC280837) collected from Hill Pulaya tribal
hamlet in Idukki Dist., Kerala was promising with pole type habit, long pod (23-25 cm)
and dual purpose type under hill zone in North West India; Musk mallow (Abelmoschus
moschatus) INGR No.16036 (IC599974) a hybrid between A. moschatus subsp. moschatus
x A. moschatus subsp. tuberosus) was with perennation and bright red flower; Malabar
tamarind (Garcinia cambogia [Gaertn.] Desr.) INGR No.04061 (IC244100-2) collected
from Pathanamthitta Dist., Kerala and INGR No.04062 (IC244111-1) collected from
Ernakulam Dist., Kerala are early bearing (6-7 years after transplanting), with more
number of fruits (1470-1496); high fresh fruit yield (99.3-104.2 kg), single fresh fruit
Mainstreaming Biodiversity for Sustainable Development
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weight (82.6-84.4 g), number of seeds per fruit (6), seed weight (1.6–2.4g) and high dry
rind thickness (2.5-3.5 mm).
Keywords: Germplasm, Crop improvement, High yield
INTRODUCTION
Plant Genetic Resources for Food and Agriculture (PGRFA) form the basis for genetic
improvement of crop species in development of new varieties. During the process of
germplasm manipulations, research and experimentation to develop improved varieties
for specific or multiple traits, many useful materials are developed which may not qualify
for notification and release as variety. Such material may have resistance/ tolerance to
biotic and abiotic stresses and other unique traits with academic, scientific and applied
values. Hence, it was realized that due recognition should be accorded to the persons/
institutions who are associated with the development and identification of improved
or unique potentially valuable germplasm and genetic stocks. It is also desirable from
the point of changed world scenario of Intellectual Property Rights (IPR) regimes to
inventorize, document and bring all the important genetic resources into public domain,
facilitating their safe and accelerated use in research and crop improvement.
Recognizing the importance of the issue, a mechanism for Registration of Plant
Germplasm was instituted in 1996 at the National Bureau of Plant Genetic Resources
(NBPGR), New Delhi by the Indian Council of Agricultural Research (ICAR). The
mechanism is envisaged to serve as a recognized tool for registration of PGRFA at national
level. This would also provide facilitated access to the developed or identified potentially
valuable germplasm for utilization in crop improvement programmes.
All claims concerning the germplasm submitted for registration should accompany
scientific evidence for uniqueness, reproducibility and value in the form of:
i. Performance data for at least four environments and for qualitative traits data
of two environments (location and year combination) under All India Co-ordinated
Research Project (AICRP) trial/ nursery tests supported with relevant extracts of the
documents.
ii. For resistant/ tolerance to biotic and abiotic stresses, data should be obtained
for at least four environments under established hot spot locations/ under artificial
screening conditions.
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iii. Supporting biochemical valuation data should be obtained from at least four
environments.
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iv. The proposed genetic stock/ germplasm should also be evaluated along with
already registered genetic stock(s)/ germplasm(s), if available.
v. Supporting documentary evidence on (i), (ii) and (iii) either in Institute
Mainstreaming Biodiversity for Sustainable Development

Annual Report/ AICRP Report/ peer reviewed journals, and
vi. Recommendation of Institute Germplasm Identification Committee (IGIC)
regarding the uniqueness of germplasm for trait(s) claimed.
Since the institution of this mechanism, a total of 1,247 germplasm belonging to cereals
and pseudo-cereals (424), millets (78), grain legumes (100), oilseeds (129), fibres and
forages (76), vegetables (98), fruits and nuts (59), medicinal and aromatic plants and
spices (50), commercial crops (158), ornamentals (43), tubers (239) and agro-forestry
species (3) have been registered.
NBPGR Regional Station Thrissur has registered eight germplasm accessions from
Western Ghats with unique traits as follows:
01. Black pepper (Piper nigrum L.) INGR: 10065 (2010) - IC266417, collected
from Ithikkara, Kollam Dist., Kerala, a member of race-1 (Kariyilanchi) is registered for
its unique oval shaped berries.
02. Kokum (Garcinia indica Choisy) INGR: 04063 (2004) - IC136687-3, collected
from Uttara Kannada Dist. of Karnataka showed high yield in number of fruits (3267 per
year) and high fruit yield (47.9 kg per year). Besides, its pulp is sweet with a TSS value
of 20% and can be used as a table fruit comparable to Mangosteen. Kokum is an underexploited multipurpose crop (Family Clusiaceae).
03. Lesser galangal (Alpinia calcarata Roscoe) INGR: 09051 (2009) - IC210421,
collected from Pathanamthitta Dist., Kerala, is perennial with aromatic rhizome,
pseudostem and inflorescence. The rhizome oil of this accession is characterized by high
1,8–cineole (13.2-30.2%); α -fenchyl acetate (26.3-38.7%).
04. Greater galangal (Alpinia galanga Roscoe) INGR: 08107 (2008) - Greater
galangal is an aromatic perennial herb of Asian origin. A. galanga accession IC349746
collected from Wayalar forest of Palakkad Dist. in Kerala was contains high 1, 8–cineole
(72.49% ); α-pinene (5.54%); α-terpineole (3.82%) and α-terpiniene-4 –ol (2.35%).

06. Malabar tamarind (Garcinia cambogia [Gaertn.] Desr.) INGR: 04062 (2004)
- IC244111-1 collected from Ernakulam Dist. of Kerala is early bearing (7 years), with
higher fruit number (1470), fresh fruit yield (99.3 kg), single fresh fruit weight (84.4 g),
Mainstreaming Biodiversity for Sustainable Development
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05. Malabar tamarind (Garcinia cambogia [Gaertn.] Desr.) INGR: 04061 (2004)
- Malabar tamarind is an indigenous tropical under-exploited crop, grown in home
gardens of Kerala for the acidic edible fruit, the rind of which is used as a condiment.
The accession IC244100-2 collected from Pathanamthitta Dist. of Kerala is early bearing
(6 years after transplanting), with more number of fruits (1496); high fresh fruit yield
(104.2 kg), single fresh fruit weight (82.6 g), number of seeds per fruit (6), seed weight
(1.6 g) and high dry rind thickness (3.5 mm). It can be used as bud-wood source for
extended cultivation of the crop.
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number of seeds per fruit (6), seed weight (2.4 g), and dry rind thickness (2.5 mm). This
line can also be used as a mother plant for extended cultivation.
07. French bean (Phaseolus vulgaris L.) INGR: 10026 (2010) - an accession
IC280837 collected from Hill Pulaya tribal hamlet in Idukki Dist., Kerala was promising
with pole type habit, long pod (23-25 cm) and dual purpose type under hill zone in North
West India.
08. Musk mallow (Abelmoschus moschatus) INGR No.16036 (IC599974) a hybrid
between A. moschatus subsp. moschatus x A. moschatus subsp. tuberosus) was with
perennation and bright red flower.
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Registered germplasm will be useful to search the new genes for incorporation in existing
cultivars to ensure the food and nutritional security.
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MOLECULAR DETECTION OF VECHUR COW, THE CONSERVED
BREED OF BOS INDICUS FROM KERALA
S. Anisha1*, Salini Bhasker2 and C. Mohankumar2
1
Department of Plant Science, St. Albert’s College, Ernakulam. PIN 682018
2
Molecular Biology Division, SCMS Institute of Bioscience & Biotechnology
Research & Development, Cochin, PIN 682033
* Email: sanisha.pillai@gmail.com
Cattle are an important part of the socio-agricultural system in India. At present
India possesses the largest cattle population in the world with 40 registered indigenous breeds.
Vechur cow is the only one from Kerala (NBAGR Accession No. INDIA_CATTLE_0900_
VECHUR_03030). Identification of breeds is based on conventional methods
since molecular markers are not popular in India. The correct identification of the
animal is of prime importance for conservation. Among the numerous proteins found in
milk, Lactoferrin (Lf) is a unique whey protein owing to its multidimensional therapeutic
and nutritional properties. In the case of Vechur cow, the Lactoferrin gene (BLfV) has
already been amplified, cloned, sequenced and registered in NCBI. Based on the SNPs
and amino acid variations in BLfV, an attempt was made towards doing a restriction
enzyme analysis for determining the recognition sites in BLfV with respect to the Lf
of other cross breds (Bos taurus x Bos indicus, BLfBti). It was observed that the SNP at
position 526, involving a change from T to C modifies the recognition site for PvuII
present in the BLfBti sample. The Lf gene was amplified from the respective clones (BLfVJF926526 & BLfBti- FJ589071) and purified. The gene was digested with PvuII restriction
enzyme and the gel profiles compared. Comparison of the restriction profiles confirmed
that the enzyme has only two cutting sites in BLfV but three in BLfBti. The consistent
result from different samples highlights the specificity of the enzyme for detecting Vechur
cows exclusively. Hence, this can be used as a molecular marker for identification of the
breed.
Keywords: Indigenous breeds, Conservation, Vechur cows

Cattle, colloquially termed as cows form an important part of the socio- agriculture system
in India. Cows occupy 37% of the entire livestock population of the country. At present
India possesses the largest cattle population in the world and is the largest producer of milk
(146.31 million metric tonnes) (USDA). The cattle wealth of India is composed of valuable
indigenous breeds (both descript and non-descript), several indicus x taurus cross breds and
few taurus breeds well adapted to the Indian climatic conditions. Considerable variation
is observed in the climatic conditions in different regions of India. This has led to the
development of various breeds in domestic animals including cattle. As per the National
Mainstreaming Biodiversity for Sustainable Development
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Bureau of Animal Genetic Resources (NBAGR), India has 40 registered indigenous
breeds with independent accession numbers (www.nbagr.res.in). The indigenous cattle
are mainly composed of the large and productive Zebu breeds of the subcontinent such
as Gir, Sahiwal and Sindhi found in the northern and western regions, which record the
highest temperatures. Very few distinct native breeds have emerged in the coastal areas of
the countryand the majority of animals of these areas are classified as “non-descript”. The
last few decades have witnessed serious erosion, and even extinction, of some indigenous
breeds in the country. Vechur cow (Bos indicus) is the only registered indigenous breed of
cow found in Kerala (NBAGR Accession No. INDIA_CATTLE_0900_VECHUR_03030)
(Fig. 1). The breed is known for its extremely small size (weight of about 125 kg and
height not more than 90 cm), heat tolerance, disease resistance and general adaptability.

Fig. 1 A Vechur cow at the cattle farm of College of Veterinary and Animal Sciences,
Mannuthy, Thrissur
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Based on its unique size among the breeds of cow, it is considered as one of the smallest
cattle breeds in the world (Lali & Bindu, 2011). One interesting fact associated with the
Vechur breed is its efficient conversion of fodder into milk due to which it has a very
high production of milk per unit of body weight (Kumara & Anand, 2006). Although the
Vechur comes under the category of poor-milking cows, the above fact makes Vechur
cow, a breed of choice for marginal farmers with limited resources. The animal can be
easily maintained on farm waste and does not need any extra input for feed, medicine or
growth conditions.
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Despite all this, the breed once reached the verge of extinction due to the massive cross
breeding policy adopted by the government of Kerala around 1960 under an Indo-Swiss
Initiative to improve the financial condition of farmers. As a part of the programme,
a major fraction of the cattle in Kerala was converted to crossbred, considered to be
beneficial due to their anticipated higher milk yield. The number of Vechur cattle
Mainstreaming Biodiversity for Sustainable Development

decreased drastically and the FAO listed it under the category of Critical Breed in the
World Watch List (Scherf, 2000). Then the Kerala Agriculture University, Thrissur came
forward with steps to conserve this breed.
Proper identification of the right organism is necessary for the successful implementation
of any conservation programme. In India, identification is generally based on
conventional methods since molecular techniques have still not gained popularity.
Among the various proteins found in milk, Lactoferrin (Lf) is significant due to its
multidimensional therapeutic properties. Based on the SNPs observed in the Lf gene of
Vechur cow (BLfV) and their restriction enzyme analysis, it was found that there were
variations in the pattern of recognition sites in BLfV. With this observation the present
work was undertaken to develop a Lactoferrin gene based molecular marker for the
identification of Vechur cows.
MATERIALS AND METHODS:
Milk samples were collected from healthy Vechur cows from the Vechur farm maintained
at College of Veterinary and Animal Sciences, Mannuthy, Thrissur. Milk sample of a
Holstein Friesian crossbred cow (B. taurus X B. indicus, Bti) was also collected. The Lf
gene sequence of a B. taurus cow (BLfBt) was used as reference (NCBI gene accession
number: L08604).
Gene Amplification: RNA was isolated from milk cells separated from the milk
samples. 1μg of intact RNA was used to synthesize cDNA using Oligo dT primer
(Fermentas, Germany) and AMV-RT enzyme (Genei, Bangalore). The Lactoferrin
gene of Vechur cow (BLfV) was amplified from the cDNA using gene specific primers,
forward primer: 5’- CAGCCATGAAGCTCTTCGTCC-3’ and reverse primer: 5’TTGCAGGCTTTACCTC GTCAGGAA-3’ by PCR (Anisha et al., 2012).
Gel Elution: The PCR products were separated on 1% agarose gel and the band
corresponding to BLf gene was subjected to gel elution using Gel Extraction Kit (Genei,
Bangalore).
Gene Cloning and Sequencing: The gel eluted BLf gene was cloned into the
TA cloning vector pTZ57R/T (Fermentas, Germany) following the manufacturer’s
instructions. The confirmed clones were subjected to automated sequencing at Genei,
Bangalore.

Restriction enzyme Analysis: Based on the restriction maps, the PCR amplified
BLfV and BLfBti genes (eluted products) were subjected to restriction enzyme digestion
Mainstreaming Biodiversity for Sustainable Development
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Sequence Analysis: The BLfV gene sequences were analysed by doing alignment
with BLfBt and BLfBti sequences using Vector NTI (Invitrogen). The restriction enzyme
sites were analysed using Bioedit Sequence Alignment Editor Program (Hall, 1999). The
restriction maps were drawn for BLfV and BLfBti.
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using PvuII enzyme. The digested products were analysed on agarose gel.
RESULTS AND CONCLUSION:
Gene Amplification: The Lactoferrin gene of Vechur cow as well as the cross bred
animal were amplified.
Sequencing: The Lf clones were sequenced and the sequencing data analysed. 15 SNPs
were observed in the BLfV sequences and out of that, the nucleotide polymorphisms at
eleven positions i.e. 19, 182, 433, 526, 790, 1282, 1612, 1637, 1786, 1879 and 1895 were
associated with amino acid substitutions. The variations were ascertained by thorough
analysis of the chromatogram which supported the sequencing data (Fig. 3).
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Fig. 2. Amplified BLF gene, Lane 1: DNA marker, Lane 2: Vechur, Lane 3: Cross bred
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Fig. 3. Chromatogram of BLfV gene sequence specifying the 11 SNPs associated with
amino acid variations
Mainstreaming Biodiversity for Sustainable Development

Sequence Analysis: Based on the restriction enzyme analysis carried out using
Bioedit software it was found that the enzyme PvuII had recognition sites in the Lf gene of
Vechur as well as Bti samples. However, it was interesting to note that the restriction profiles
were different for this enzyme in the two cases. The SNP at 526 position common to Vechur
samples involving a change from T to C modifies the recognition site for PvuII present
in the Bti sample. Hence, the BLfV gene contains only two recognition sites for PvuII as
against three in the BLfBti gene. A restriction map was drawn for PvuII enzyme in BLfV
and BLfBti genes (Fig. 4).

Fig. 4. Restriction map of BLf gene using PvuII enzyme
The restriction map shows the recognition sites for PvuII enzyme in BLfV as well as in
BLfBti. It is clear that the Vechur samples have two cutting sites at positions 372 and 381
while the Bti sample has three cutting sites at positions 372, 381 and 524 respectively.
Owing to these recognition sites, the Lf gene is expected to give a two band pattern
for BLfV and a three band pattern for BLfBti respectively on digestion with PvuII. The
expected band sizes are 378bp, 9bp and 1754bp for BLfV and 378bp, 9bp, 143bp and
1611bp for BLfBti respectively.

Fig. 5. Restriction profile of BLf Gene using restriction enzymes PvuII
Lane1: BLfBti, Lanes 2-6: BLfV, Lane 7: DNA Marker, Lane 8: BLf undigested
Mainstreaming Biodiversity for Sustainable Development
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Restriction enzyme analysis: Based on the restriction map, the eluted genes,
BLfV and BLfBti were subjected to restriction digestion using PvuII to confirm the
restriction profiles. The digested product when separated on agarose gel, well-supported
the restriction map data (Fig. 5).
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It is evident from the profile that the enzyme PvuII has a common cutting pattern in all
the Vechur samples, different from that of Bti. The BLfV gene gave a restriction profile
containing three bands of size 378bp, 9bp and 1754bp as expected while the BLfBti gene
gave a four band pattern containing bands of size 378bp, 9bp, 143bp and 1611bp. The 9bp
band is not visible in any of the samples due to the small size. Hence the enzyme PvuII can be
considered as a marker enzyme for the detection of Lf gene of Vechur cow.
Recent developments in biotechnology have made it possible to unravel a large number of
genetic polymorphisms at the DNA level. As a result, researchers and scientists have been
encouraged to use them as markers in order to evaluate genetic basis for the observed
phenotypic variability (Singh et al., 2014). PCR – RFLP is often used for animal species
identification. It is very quick, accurate and not too expensive method (Minarovic et al.,
2010). The present work shows that the restriction profile is specific to Vechur cows and
can serve as a useful marker for the identification of the animal. Moreover, the technique
is rather easy for carrying out. Being a molecular method, it is more reliable and will be
more effective in conserving biodiversity.
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A COMPARATIVE STUDY OF THE DIVERSITY AND ABUNDANCE
OF THE AVIFAUNA IN 3 DIFFERENT SURVEY LOCATIONS IN
KOLE WETLANDS SELECTED ACCORDING TO THE DIFFERENCE
IN THE USE OF CHEMICALS AND FARMING PRACTICES
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A study was conducted in order to assess the diversity and abundance of the avifauna in
3 different survey locations - Adat, Enamavu and Maranchery in Kole wetlands according
to the use of chemicals. Comparisons were made on the bird species and bird counts in these
three areas based on the chemical use and farming practices. Enamavu is a region where
intense usage of pesticides and fertilizers was observed. This is one of the areas in
Kole where dual crop system is implemented. Adat is a region where use of pesticides
in paddy fields is very less, only weedicides are applied just before the farming started.
Maranchery is a non cultivated area. All these areas were surveyed once in a month.
Absolute count method was adopted. The study period was from November 2011
to October 2016. In case of diversity, Adat recorded maximum number of species
(122) followed by Enamavu (89) and minimum at Maranchery (58). In the case of
abundance Adat recorded a maximum count of birds (24,114) follwed by Enamavu
(13559) and then by Maranchery (3127). These numbers show Adat has the highest
diversity of species and abundance than the other areas which implies the minimal
usage of pesticides and fertilizers. In the farming season (November- April each year)
and off farming season (May- October each year) data analysed seperately. Adat
recorded the maximum no of species and count of birds followed by Enamavu and
Maranchery. Most no of Endangered species, Schedule 1 species, Water birds and
Migratory birds were also seen in Adat followed by Enamavu and Maranchery in farming
as well as off farming season. These data show that birds have a priority over the less
chemical use area and diversity and abundance were high in cultivated areas than non
cultivated area.
Keywords: Avifauna, diversity, abundance, pesticides, fertilizers

Wetlands are complex ecosystems. They are reported to prevent floods, trap
sediments, abate pollution, serve as sources of water, recharge ground water, protect
the shoreline, regulate biogeochemical cycles and are rich in biodiversity. Conserving
wetlands as shields against scarcity of water, floods, environmental pollution, and distress
of micro-climatic changes is therefore important. Kerala has the largest proportion of
Mainstreaming Biodiversity for Sustainable Development
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land area under wetlands among all the states of India. Compared to other states of the
country, wetlands in Kerala are under severe anthropogenic threats primarily because of
high population density and the peculiar distribution of human habitations in the state.
THE STUDY AREA AND THE BACKGROUND OF THE STUDY.
The Kole wetlands are one of the largest and highly productive wetlands in Kerala.
The Kole wetland lies between 100 20’ and 100 40’ N latitudes and 750 58’ and between
760 11’ E longitudes. Spread over 2 districts, 3 municipalities, 5 taluks, 11 blocks and 38
panchayaths. Kole Wetlands covers 13, 632 ha. The name Kole refers to the peculiar
type of paddy cultivation carried out from December to May and this Malayalam word
indicates bumper yield. The Kole wetlands are low lying tracts located 0.5 to 1m below
sea level and remain submerged for about six months a year. These lands were formerly
shallow lagoons, which gradually got silted up. Two rivers mainly bring flood waters to
the area, namely Keecheri and Karuvannur which finally empty into the Arabian Sea.
The International Convention of Wetlands recently designated 3 wetland ecosystems in
Kerala as Ramsar sites for conservation of biological diversity and for sustaining human
life through the ecological and hydrological functions they perform. Vembanad –Kole
wetland is one among them and are prioritized under category one by the Ramsar
convention. Along with Vembanad backwaters it is the largest Ramsar sites in India since
2002. The Vembanad-Kole wetland system is also considered as an important bird area
(IBA) since 2004. The wetlands are also rich in biodiversity. This wetland is a declared
High Value Biodiversity Area since 2009. The Kole Wetlands contribute 3.2% of the
paddy cultivated area in the state.
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The saucer shaped Kole wetlands with paddy lands and vegetations in the fringes and
bunds can provide important habitat for diverse life forms both in flora and fauna. Wetland
dependent herbs and shrubs are the main vegetation type in Kole. True aquatic marshy
forms, water ferns and algae, trees that can withstand inundation with water over long
duration are also seen. Numerous herbaceous submerged or free floating or rooted floating
also occupies. 140 species of plants, 35 species of aquatic macrophytes, 90 species of
algae, 43 species of fishes, 20 species of mammals, 14 species of reptiles, 6 species of
amphibians and 250+ species of birds were reported from Kole Wetlands through
various studies conducted.
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The biggest threat to Kole wetlands is the use of chemical fertilizers and pesticides in
farming. This study is an attempt to compare the diversity and abundance of the avifauna
in 3 different survey locations in Kole wetlands selected according to the difference in the
use of chemicals and farming practices. The survey locations selected for the study were
Adat, Enamavu and Maranchery. Adat is a region where the use of pesticides in paddy
fields is very less, only weedicides are applied just before the farming started. Organic
farming methods were adopted in Adat some 15 years back under the guidence and
Mainstreaming Biodiversity for Sustainable Development

leadership of the then Panchayath President Sri Anil Akkara(He is now elected as the
MLA of Vadakkanchery constituency in the last election). Enamavu is a region were
conventional method of farming practices are carried out adopting intense use of pesticide
and fertilizers. This is one of the areas in Kole where two crop system is implemented.
A non cultivated area in Maranchery is also selected for the study. All these areas
were surveyed once in a month. For the analysis Maximum count method is adopted.
The present study try to find out whether the birds have a preference over Adat region,
the less pesticide use area. The study also tries to find out whether more diversity and
abundance are seen in cultivated areas Adat and Enamavu than in non cultivated area
Maranchery. The study results also compare the Guild structure, number of- Endangered
species, Schedule 1 species, Specialists, Water birds and Migratory birds in Adat, Enamavu
and Maranchery regions in Kole.
DURATION
5 years- From 2011 November to 2016 October.
METHODOLOGY
Normally absolute counts are used to record the birds in wetlands. So the same can
be used in paddy fields. In paddy fields the team covered the entire area (as much as
possible) and recorded the absolute number of birds seen there. Details of transects, name
of observers, climate, habitat changes, starting time, ending time and breeding activities
were also noted.
The study primarily focused on the diversity and abundance of avifauna in Kole
wetlands. The abundance of bird species of Kole wetland was determined by maximum
method. The maximum count of each species was determined (considering every survey
in each location). Maximum count in Kole = sum of maximum count of each species.
Though Maximum count cannot be considered as the actual count this method is used to
compare bird counts of different regions and different locations in farming as well as in
non farming seasons. When in 2009 as part of the Travancore-cochin Ornithological
survey (Along the Trail of Salim Ali) organized by Kerala forest department, the maximum
counts were taken from Kole and Vembanad using the similar method, the counts were
almost similar to the bird counts taken during the Asian Water fowl census (the census
counts the bird species of the wetlands during the same day in same time by different
survey teams) in the same year.

The following figures show the difference in species diversity of birds in Adat, Enamavu
and Maranchery in farming as well as in the off-farming season.
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COMPARISON OF DIVERSITY OF AVIFAUNA IN ADAT, ENAMAVU AND
MARANCHERY
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It is obvious from the figures that more bird diversity occur in Adat, a less pesticide used
area than in Enamavu, an intense pesticide used area and Maranchery, a non cultivated
area.
COMPARISON OF ABUNDANCE OF AVIFAUNA IN ADAT, ENAMAVU AND
MARANCHERY
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The following figures show the difference in abundance of birds in Adat, Enamavu and
Maranchery in farming as well as in the off-farming season.
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It is obvious from the figures that more bird abundance occur in Adat, a less pesticide
used area than in Enamavu, an intense pesticide used area and Maranchery, a non
cultivated area.
DISCUSSSION

Also note that more diversity and abundance of birds are seen in cultivated areas Adat
and Enamavu than in non cultivated area Maranchery. Note that Enamavu region is an
Mainstreaming Biodiversity for Sustainable Development
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These two results show that the birds have a preference to the Adat region, a less pesticide
used area.
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intense pesticide used area. These observations were made using the Maximum count
method.
Maximum count of a bird species= Maximum of the set of counts got from each
survey in farming/ off farming season.
When analysed year wise, the same results were obtained.
The same was the case in farming and off farming season.
COMPARISON OF FEEDING GUILDS
A guild is defined as a group of species that exploit the same class of environmental
resources in a similar way. The guild has a position comparable in the classification of
exploitation patterns to the genus in phylogenetic schemes (Root, 1967). Guilds can be
useful tools for biologists in planning impact studies. They aid in delineating the habitat
layers and special habitat features that must be considered in a comprehensive assessment
of site quality (Roberts, 1987). Changes in habitat structure may influence habitat
selection and foraging efficiency of all birds, one of the most notable impacts has been the
disproportionate effect within different foraging guilds.
When diversity and abundance of birds in each guild in Adat, Enamavu and Maranchery
were compared most number of Guilds were seen in Adat followed by Enamavu and
Maranchery in farming as well as off farming season. Certain guilds like Mud probers
and Gleaners(CMP) - the Waders were totally absent in the non cultivated area in
Maranchery. Also number of Egrets, Herons, Storks (Carnivore Aquatic-CAQ) etc were
also less in Maranchery and Enamavu when compared to their huge flocks in Adat.
Comparison of Threatened species
As per IUCN Red List Category, Seven Threatened bird species were recorded from the
Adat area. Only five were recorded from Enamavu and only two from Maranchery.
Comparison of Schedule I species
18 Schedule I species were recorded from the Adat area. Only 12 were recorded from
Enamavu and only 6 from Maranchery.
Comparison of Habitat Specialists
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The specialists need a narrow but specialised range of resources. The generalists on the
other hand have a larger niche breadth and use a wider range of resources. Specialists are
under a higher risk of extinction as a result of habitat degradation or homogenisation
(Davictor et.al., 2010).

26

A total of 14 Specialists were recorded from Adat area. Only 10 Specialists were recorded
from Enamavu while only 4 Specialists were recorded from Maranchery area.
Mainstreaming Biodiversity for Sustainable Development

Comparison of Waterbirds and Migrants
When Waterbirds and Migrants were compared Adat recorded 20,255 waterbirds almost
double that of Enamavu (10847) and almost 9 times that of Maranchery (2345). In the
case of diversity also Adat was well ahead of Enamavu and Maranchery.
When Migrants were compared Adat recorded 14468 migrants belonging to 43 species
while Enamavu recorded only 7457 migrants belonging to 28 species. Maranchery was in
the lastplace with only 2099 migrants belonging to 16 species of birds.
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EARTHWORM RESOURCES IN RELATION TO HABITATS AND
SOIL FACTORS OF KOLLAM DISTRICT, KERALA, INDIA, A
TROPICAL HUMID BIOME
G. Achuthan Nair1, T. G. Vijayamohanan2 and Anoop Yesodharan1
1Environmental Resources Research Centre (ERRC),
Post Box 1230, Peroorkada, Thiruvananthapuram – 695005,
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2 Department of Zoology, BJM Government College,
Chavara, Kollam – 691583, Kerala, India.
A study was conducted during February– March, 2013 on the earthworm resources in
relation to habitats and soil factors in 13 stations of Kollam district, Kerala, India. The
district is blessed with contrasting ecosystems which is ideal for the colonization of
different families and species of earthworms. Earthworms were sampled and preserved,
employing standard procedures. The habitat and the density of earthworms in each
station were noted. The pH of the soil of Kollam district was near neutral to acidic.
Textural analysis of soil revealed that 12 out of 13 stations had sandy clay soils. A significant
positive correlation existed between the density of earthworms and % of sand, and a
significant inverse correlation existed between density of earthworms and soil temperature.
A total of six families and ten species of earthworms were sampled from 13 stations of
Kollam district. These were Family 1: Glossoscolecidae; species: Pontoscolex corethrurus
(Muller, 1856), Family 2: Acanthodrilidae; species: Plutellus variabilis Aiyer, 1929,
Family 3: Almidae; species 1: Glyphidrilus annandalei Michaelsen, 1950, species
2: Glyphidrilus achenkoili Cognetti, 1911, Family 4: Megascolecidae; species
1:Lampito mauritii (Kinberg, 1867), species 2: Megascolex Konkanensis Fedrab, 1898,
species 3: Megascolex travancorensis Michaelsen, 1913. Family 5: Moniligastridae;
species 1: Drawida pellucid Michaelsen, 1910, species 2: Drawida travancorensis
Michaelsen, 1910. Family 6: Eudrilidae; species: Eudrilus enginiae, Kinberg, 1867.
P. corethrurus was the dominant species in Kollam district. P. variabilis and E. euginiae
were epigeic, L. mauritii was anecic and all the remaining earthworms were endogeics.
The role played by the earthworms in their respective ecosystems on soil structure,
fertility, aeration and vermicomposting are discussed in detail.
Keywords: Correlation coefficients, Earthworms, Kollam district, Physico-chemical
factors of soil, Soil composition and texture, Tropical humid
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1. INTRODUCTION
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Earthworms (Annelida: Oligochaeta) play an important role in improvement of soil
physical structure, nutrient cycling and organic matter dynamics through their feeding,
burrowing and casting activities. They form one of the major macrofauna among soil
Mainstreaming Biodiversity for Sustainable Development

biota to maintain dynamic equilibrium and regulate soil fertility (Tomati and Galli, 1995).
The present study investigated the presence and habitat preferences of these worms in the
soils of Kollam district in Kerala State, India. The aim of the study was to determine the
occurrence and habitat preferences of the earthworms dwelling in this region and to verify
their roles and contributions in their respective soil ecosystems. Reviewing the literature,
one can find that moderate literature on the tropical earthworms of western ghats in
India, which included Kollam district, is available (Stephenson, 1915, 1923, 1924, 1925;
Gates, 1945; Soota and Julka, 1972; Jamicson, 1977; Julka and Rao, 1982; Blanchart and
Julka, 1997; Kale and Karmegam, 2010; Mahesh Mohan et al., 2011; Shylesh Chandran
et al., 2013; Siddaraju et al., 2013; Nair et al., 2017).
2. MATERIALS AND METHODS
2.1. Place of study
Kollam district (8.800 N, 76.600 E) (Fig.1) is located on the south-west coast of Kerala,
India. It is a part of tropical humid biome and the climate is characterized by excessive
humidity (>70%) and moderate temperature (mean 25 to 350C) during the greater part
of the year. The district is bordered on the west by the Lakshadweep (Arabian) sea, on
the north by Alappuzha and Pathanamthitta districts, on the east by the Sahyadri hills
of the western ghats and Tamil Nadu and on the south by Thiruvananthapuram district.
The district experiences summer from February to May, and monsoon from June to
November. Agriculture is the primary source of income of the population other than
income from fishery and mineral resources. Paddy, coconut, tapioca, rubber, pepper,
mango, banana and cashew are the major crops. The district is blessed with coastal region,
estuaries, brackish and freshwater lakes, wetlands and forests. Two Ramsar sites,
Ashtamudi and Sasthamkotta lakes are located within the district.
2.2 Earthworm sampled stations
The stations selected for earthworm sampling 1. Chavara, 2. Oachira, 3. Kottiyam,
4. Sasthamkotta, 5. Mukkadavu, 6. Kottarakkara, 7. Pathanapuram, 8.Chadayamangalam,
9. Achankovil, 10.Yeroor, 11.Kulathupuzha, 12.Chithara, 13.Edapalayam (Fig.1). Out of
these, stations 1, 2, 3 were located in the coastal zone (elevation 0-20m), stations 4, 5, 6, 7,
8 were located in the midland (elevation >20 to 50m), and stations 9, 10, 11, 12, 13 were
located in the highland (elevation>50m).

Earthworms were sampled from different stations of Kollam district during February
and March, 2013, following the procedure described by Baker and Barrett (1994),
Bennour and Nair (1997) and Nair et al., (2005). A plot of 30cm x 30cm was
measured first within each station where the earthworms were present in large numbers,
and a hole of 10cm deep was dug in the plot and the soil was removed and spread on a
Mainstreaming Biodiversity for Sustainable Development
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2.3 Earthworm sampling and preservation
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white enamel tray and hand-sorted the soil removing earthworms as they were found.
When all the soil was sorted, counted the number of earthworms found and placed
them in a small plastic bag with soil. Dug four more holes in the same way at least 5 m
apart and added up the number of earthworms in five holes and doubled it and
expressed as the number of earthworms/m2. The soil from where the earthworms were
sampled was placed in a separate plastic bag for further analyses. The earthworms
were initially immersed in a mixture of equal parts of 100% formalin + 100% ethanol.
In this mixture the worms were killed and stretched aiding for easy identification.
Later, they were carefully removed from the mixture and placed in 10% formalin, and
preserved. The 10% formalin preservative was changed after every 24 hours two times,
and later they were permanently preserved in this solution.
2.4 Data analysis and information
The soil factors were analysed in the Central Soil Analytical Laboratory, Government of
Kerala, Thiruvananthapuram. The temperature (0C) of the soil (5cm deep) was measured
with soil thermometer at each station at the time of earthworm sampling, and the water
content of the soil was calculated as the difference between the weights of the initial
(measured in the field itself) and oven dried (550C) soil and expressed as a percentage.
2.5 Earthworm identification
Earthworms were identified up to species level by Dr. (Mrs.) P. Kathireswari, an Indian
earthworm taxonomist, Tamil Nadu, India and also by referring the descriptions and
keys of identification of earthworms published by Stephenson (1915,1923), Michaelsen
(1910) and Julka (1988). The identified earthworms were deposited in Zoology Museum
of Baby John Memorial Government College, Chavara, Kollam.
2.6 Statistical analysis
Pearson’s correlation co-efficient (r) was calculated following the procedures given by
Grimm (1993).
3. RESULTS
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3.1 Habitats and density of earthworms
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The habitats and the density of earthworms sampled from different stations of Kollam
district are presented in Table 1. Earthworms were sampled from paddy fields, crop and
grasslands, banana plantations, marshy lands, open fields having thick growth of grasses,
and forests. The density of earthworms in Kollam district ranged from 16 earthworms/
m2 in open field with patchy grasses in Chadayamangalam to 92 earthworms/m2 in forest
soil of Kulathupuzha. Mean density of earthworms in Kollam district was 42±6 worms.
Only 4 stations out of the total 13 recorded density of earthworms of more than 50/m2.
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3.2 Physico-chemical factors of soil
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The physico-chemical factors of soil such as temperature, moisture, pH and organic matter
of different earthworm sampled stations of Kollam district are given in Table. 2. Soil
temperature varied from 220C in Yeroor, Kulathupuzha and Edapalayam stations to a
maximum of 280C recorded in Chadayamangalam in Kollam district (mean: 25.1+0.50C).
High moisture contents of soil were recorded in the sampled stations and the highest
(33.9%) and the lowest (12.2%) values of soil moisture were recorded in Oachira and
Pathanapuram stations respectively. The mean value of soil moisture was 22.3+1.9%.
Some interesting observations were made on the values of soil pH. The soil pH was acidic
to near neutral and it varied from to 4.4 in Yeroor to 6.4 in Pathanapuram (mean pH
was 5.4+0.2). The highest (3.3%) and the lowest (0.9%) values of organic matter were
recorded in the soils of Sasthamkotta and Achenkovil respectively and the mean value
was 1.67+0.2%.
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Table 2: Physico-chemical analyses of soil of different earthworm sampled stations of
Kollam District

Soil temperature varied from 220C in Yeroor, Kulathupuzha and Edapalayam stations to a
maximum of 280C recorded in Chadayamangalam in Kollam district (mean: 25.1+0.50C).
High moisture contents of soil were recorded in the sampled stations and the highest
(33.9%) and the lowest (12.2%) values of soil moisture were recorded in Oachira and
Pathanapuram stations respectively. The mean value of soil moisture was 22.3+1.9%.
Some interesting observations were made on the values of soil pH. The soil pH was acidic
to near neutral and it varied from to 4.4 in Yeroor to 6.4 in Pathanapuram (mean pH
was 5.4+0.2). The highest (3.3%) and the lowest (0.9%) values of organic matter were
recorded in the soils of Sasthamkotta and Achenkovil respectively and the mean value
was 1.67+0.2%.
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3.3 Soil composition and texture
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The soil composition and texture of different earthworm sampled stations of Kollam
district are presented in Table 3. The highest perentage of sand (86%) was noted in
Achenkovil and the minimum (54%) was recorded in Sasthamkotta. The mean value of
sand in the soils of Kollam was 68±3%. The values of silt in different earthworm sampled
stations in Kollam district were low and they ranged from 14% in Chavara to 2% in
Oachira, Mukkudavu, Achenkovil, Chithara and Edapalayam. The mean value of silt was
5±1%. The mean values of clay in soils of Kollam were 26±3% respectively and it ranged
from 5% in Chavara to 40% in Sasthamkotta. Regarding soil texture, 12 out of 13 stations
Mainstreaming Biodiversity for Sustainable Development
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had sandy clay soils and one station (Chavara) had sandy loam soil.
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3.5 Earthworm fauna
A list of different families and species of earthworms sampled from Kollam district
together with the information on the ecological categories in which they belonged,
are given in Table 5, and a detailed picture on the distribution of different species of
earthworms sampled from 13 stations of Kollam district is presented in Table 6. A total
of ten species of earthworms belonging to six families were sampled from 13 stations
of Kollam district. Concerning the earthworms sampled from Kollam district, the
species Pontoscolex corethrurus were widespread and were sampled from 6 out of the
total 13 stations. This was followed by Glyphidrilus annandalei and Plutellus variabilis
sampled from 3 stations each, Megascolex konkanensis, Drawida pellucida and Drawida
travancorensis from 2 stations each, and Glyphidrilus achenkoili, Lampito mauritii,
Megascolex travancorensis and E.euginiae from 1 station each. P. corethrurus and
E.eugininae were exotic worms and the remaining ones were natives. P. corethrurus
was sampled from paddy fields, bank of a lake, croplands, marshy lands and forests,
whereas G. annandalei and G. achenkoili were present only in paddy fields. P. variabilis
was sampled from grass covered wetlands, paddy fields and marshy lands, whereas
M. konkanensis were found on the bank of a lake and on grasslands. D. pellucida was found
in banana plantations and croplands and D. travancorensis was sampled from open grass
covered fields and from forests. L.mauritii was found in plenty in grass covered wetlands,
M.travancorensis in banana plantations and E. euginiae in forest soils. All the species of
earthworms were found in sandy clay soils, and P. corethrurus and G. annandalei were
also found in sandy loam soil in one station (Chavara).
3.6 ECOLOGICAL CATEGORIES OF EARTHWORMS
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The ten species of earthworms sampled from Kollam district were broadly divided
into three ecological categories of epigeic, endogeic and anecic (Table 5), based on the
positions they occupied in the soil. Thus, the earthworms P.variabilis and E. euginiae
were epigeics and these earthworms lived in organic horizons and ingested large amounts
of undecomposed litter. They produced ephemeral burrows into the mineral soil for
diapause periods only. They were relatively exposed to climatic fluctuations and predator
pressures, and tended to be small with rapid generation times. P. corethrurus,
G. annandalei, G. achenkoili, L. mauritii, M. konkanensis, M. travancorensis, D. pellucida
and D. travancorensis was endogeics. These species foraged below the surface, ingested
large quantities of soil with a preference towards organic rich soil, and built continously
ramifying burrows that were mostly horizontal. L.mauritii, was anecic and this species
build permanent vertical burrows and penetrate the soil deeply (Bouche, 1972).
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CONCLUSION
The present study was the first of its kind on the earthworm resources of Kollam district
which belonged to Tropical humid biome. The investigation showed how a geographic,
climatic and edaphic factor, which was present in this region, regulated the colonization,
adaptation and distribution of different species of earthworms in tropical humid climates.
Such studies on earthworms dwelling in Tropical humid biome and in different parts of
the world will throw more light on their universal distribution pattern and contribution
to soil fertility.
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ON-FARM CONSERVATION OF BITTER-LESS GOURDS
IN KERALA HOMESTEADS
K. Joseph John, M. Latha, M. Abdul Nizar and R. Asokan Nair
ICAR-National Bureau of Plant Genetic Resources
Regional Station, Vellanikkara, KAU PO, Thrissur-680656, Kerala
Email: NBPGR.Thrissur@icar.gov.in
Sweet gourd (Momordica cochinchinensis), teasel gourd (M. subangulata subsp. renigera)
and spine gourd (M. dioica) are nutritionally the best among the cucurbits and they are
rich in minerals and vitamins. Being bitter-less and traditionally ascribed with many
medicinalproperties, they are considered as high-value vegetables mostly wild gathered
or cultivatedto a small extent in selected pockets as in the case of teasel gourd. All the
three, being perennials overwintering through underground tubers, they have the
potential as ratoon crops adapted to home gardens. Being dioecious in nature,
maintaining an optimal sex ratio and managing pollination are important for good fruit
set in these crops. All the three species are native to India, and Momordica dioica and
M. sahyadrica occur in wild across Western Ghats and West Coast in Kerala. They
deserve to be popularised as potential crops for widening the food basket and ensuring
nutritional security. All the three has multiple food value as leafy vegetable and tender fruit
vegetable, comparable with bitter gourd in high nutritional value of protein, essential
amino acids like thiamine, riboflavin, niacin, etc. and minerals like Calcium, Phosphorus,
Iron, etc., but they are bitter-less. Perennial nature and ratoonability adds to its potential
as homestead vegetable adapted to organic farming. Promoting utilization of biodiversity
through cultivation is one of the best options for conservation. Accordingly, efforts to
popularize Momordica dioica, M. sahyadrica, M. cochinchinensis and M. subangulata
subsp. renigera are in vogue at ICAR-NBPGR Regional Station, Thrissur. Polybag raised
seedlings/ rooted cuttings/ sprouted tubers were supplied along with organic cultivation
package to interested farmers across Kerala. Encouraging results of crop establishment
and horizontal spread to neighbourhood were observed. Findings and observations on
the cultivation practices, propagation, off-season care, pollination efficiency, nutritional
benefits, seed storage issues, dormancy, etc. are discussed with a view to furthering the in
situ on farm conservation of Momordica species of domestication value.
Keywords: Medicinal properties, Nutritional security, Ratoonability, Biodiversity

Momordica is a genus of underutilized and wild gathered vegetable of importance as food,
medicine and eco-system function. Barring bitter gourd, others such as spine gourd,
teasel gourd and sweet gourd are still wild gathered or semi-domesticate crops of tribal
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regions. Teasel gourd is gaining importance as high value crop in Andaman &
Nicobar, West Bengal, Odisha and Tripura and has market even in far flung southern Indian
cities and towns. Rich in minerals and vitamins, besides taste, they are nutritionally the
richest among cucurbits. Proximate values of all three bitter-less gourds are very high
among cucurbits and at par with bitter gourd. 100g of edible portion of M. dioica gives fat
1.0g, fibre 3.0 g, protein 3.1 g, Calcium 33 mg, Phosphorus 42 mg, Iron 4.6 mg, Carotene
16.2 mg, Thiamine 0.05 mg, Riboflavin 0.1 mg and Niacin 0.6 mg. Even though the newly
described M. sahyadrica was not analysed, it is anticipated in the same line. Sweet
gourd has the potential to combat Vitamin A deficiency besides export potential for its
nutraceutical properties. All are highly adapted to organic cultivation thus offering scope
for healthy vegetables and higher returns.
The high rainfall humid tropical Western coastal region comprising Western Ghats are home
to M. dioica and M. sahyadrica as component of natural flora. The region faces shortage
of vegetables during peak rainy season due to low sunshine hours and intermittent
downpours. It is in this context that the scope of domesticating wild edible vegetables
adapted to such problem ecosystems gains importance. However, preliminary studies
conducted since 2006 at ICAR-NBPGR Regional Station, Thrissur has indicated a few
research needs for their development as cultivated crops:
1. Lack of sufficient variability to work with (sweet gourd, spine gourd and mountain
spine gourd) even though they occur in all of North East India, Jharkhand, Andaman,
West Bengal and Odisha; M. cochinchinensis occur wild in forests of Andaman Islands
in abundance.
2. No or very low natural pollination and consequent fruit set in teasel gourd
demanding hand-pollination which is labour intensive (as practised in Andaman Islands,
Odisha and West Bengal by growers).
3. Poor propagation efficiency of spine gourd as seed germination is erratic, high
seed dormancy and absence of adventitious root tubers.
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4. Small bitter gourd – M. charantia var. muricata - is a semi-domesticate or
wild gathered vegetable of forest dwelling communities but has importance as a high
value medicinal vegetable as exemplified by landraces like Methipavai, Rudrakshagali,
Karanadakappaval, etc. besides Usta/Uche in Eastern India.
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No technology is available for breaking seed dormancy, facilitating uniform and speedy
germination in spine gourd – which is a hindrance to establishment of a uniform plant
stand. Teasel gourd requires hand pollination for fruit set when grown outside its home
range in North East India which is highly labour intensive. Imparting floral scent from
M. dioica has been useful in attracting natural pollinators. Similarly the adventitious
root propagation trait of teasel gourd can be utilized to solve the problem of erratic seed
germination. Present holding of sweet gourd in the NAGS is less than ten, demanding
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immediate action to augment the germplasm through exploration and collection in
the north-eastern states, Jharkhand, West Bengal, Odisha and Andaman Islands. The
germplasm holdings of spine gourd and mountain spine gourd are also limited requiring
augmentation from across their home range.
CLIMATE AND SOIL
All three species grow well in hot and humid climate but spine gourd can adapt equally
well to arid and semi arid tracts also. All are cultivated to a small extent during spring,
summer and more often during rainy season, but not during winter. Well-drained
and humus-rich soils are good for their cultivation. Well worked-out laterite and river
alluvium are equally good; but, flooded and water-logged soils should be avoided. Ideal
soil pH is 6-7.
VARIETIES
Being mostly wild-gathered (except teasel gourd) and still in domestication inter
phase, crop improvement work is in infancy and only one or two varieties are available
for large scale cultivation. ‘Arka Neelachal Araktha’ in sweet gourd (ICARCHES, Bhuvaneswar), ‘Arka Neelachal Gaurav’ in teasel gourd (ICAR-CHES,
Bhuvaneswar), ‘Arka Neelachalshree’ (ICAR-CHES, Bhuvaneswar) and ‘Indira
kakonda’ (IGKVV, Raipur) in spine gourd, besides ‘Arka Neelachal Shanti’, an
inter-specific hybrid of teasel gourd and spine gourd (ICAR-CHES, Bhuvaneswar) are
the only released varieties. However, farmer-selections and landraces like Narayan
kakrol, Sundarkakrol and Australian hybrid of teasel gourd in Tripura, Phulbani
local, Janglikakonda, Chottadeshikakonda (all in Odisha) DPLMD-7, DPLMD-4,
DPLMD 2-1 (K KVV, Dapoli) in Maharashtra are also popular among farmers. There is
a need to develop/ identify more varieties in small bitter gourd, spine gourd, teasel gourd
and sweet gourd.
Arka Neelachalshree: Yields 4-5 kg/plant, moderately resistant to anthracnose
and powdery mildew, adaptable to east Indian plains comprising Odisha, West Bengal
and Assam.

Arka Neelachal Gaurav: It has dark green and oval fruits with an average fruit
weight of 50g. It produces 230-250 fruits per vine (12-15 kg) on assured pollination in a
season and has extended bearing (June- October) and moderate resistance to pumpkin
caterpillar and is adapted to eastern plains.
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Indira kakonda: This variety has dark green coloured fruits with an average fruit
weight of 14 g. Yield levels are 0.8-1.0 tonnes/ha during first year, 0.1 to 1.5 tonnes/ ha in
second year and 1.5 to 2 tonnes/ha in third year.
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Arka Neelachal Araktha: Yields 50 fruits per vine on an average from second
year onwards, with an average fruit weight of 400 g. It is moderately resistant to pumpkin
caterpillar and Epilacna, but susceptible to fruit fly. it is adapted to high rain fall areas in
Kerala, especially home gardens and as intercrop in plantation crops.
Arka Neelachal Shanthi: This is the first ever inter-specific hybrid between
teasel gourd and spine gourd, combining the natural insect pollination of spine gourd
and high adventitious root propagation efficiency of teasel gourd. With an average fruit
weight of 35 g and dark green colour, it yields on an average 15 kg per plant with an
extended bearing period of six months.
PROPAGATION
Seed propagation is slightly difficult in all three species due to high seed dormancy.
Careful decortication (just before sowing) of seeds after-ripened (stored after harvest)
for at least 4 months enhance germination. Germinated seedlings may be transplanted to
polybags or germinated in protrays itself before actual planting in the field for a uniform
plant stand. In the case of spine gourd, seedlings may be allowed to remain in poly
bags for the first year to demarcate sex and sprouting female and male tubers may be
transplanted in 10:1 ratio in the field.
All the three entities are amenable to rooting of vine cuttings; however, plants developed
from such vine cuttings do not perennate beyond one season in spine gourd, affecting
ratooning. Adventitious root tubers are in plenty in the case of teasel gourd. Dormant
tubers in teasel gourd and rooted two-node cuttings in sweet gourd may be used for field
planting. Top and mid-level cuttings harvested at early flowering stage and treated with
rooting hormones root well in mist chambers and even outside during monsoon season.
An improvised ‘mist effect’ can be provided by using big transparent polybags of 30 x 15
cm size with the basal portion up to 5 cm filled with sand and 2-node cuttings with a leaf
planted thereon. Water should be sprinkled on the walls of the polybag and mouth of the
polybag should be covered with a rubber band during the day. Raising the cuttings in
trenches covered with a transparent polythene sheet during monsoon season also serves
the purpose.
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Being totipotent, random-cut pieces of tubers can also be used as propagules in the case
of teasel gourd; but, only longitudinal cuttings with a portion of intact apical bud give rise
to new plants in the case of spine gourd. Cut surface needs to be treated with fungicides
and shade dried for wound healing before planting. In sweet gourd, wedge grafting of
growing tips on vigorous sprouts give nearly 100 % establishment, compact vine growth
and higher yield. Unproductive male plants can be converted to bearing female plants by
this technique.
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Planting density
Planting density varies in all three species depending upon area covered by each species.
About 6000 plants/ ha in spine gourd, 4500 plants/ha in teasel gourd and 15002000 plants/ha in sweet gourd are generally recommended. A few male plants to the
extent of 10 % on staggered sowing may be retained on field-borders as pollen source. A
spacing of 1x1 m in spine gourd, 1.5x1.5 m in teasel gourd and 3x3 m in sweet gourd may
be adopted in the initial years and subsequently increased in the ratoon crop by culling
out a few less productive plants. Sowing time varies across the country depending upon
availability of pre-monsoon rains. February - April is the ideal sowing time in south west
coastal plains and Western Ghats, whereas June is the best sowing time in eastern India,
the deciding factor being onset of pre-monsoon rains. In Kerala and Andaman Islands
two crops of teasel gourd per year, the first during February - August and second during
September - January can be grown subject to assured irrigation for the second crop. In
sweet gourd and spine gourd flowering and fruiting are restricted to rainy season from
February to September.
The field should be well ploughed and harrowed to remove weeds and plant debris. Pits
of 30, 45 and 60 cm2 are dug for spine gourd, teasel gourd and sweet gourd, respectively
and filled with the recommended quantity of FYM and top soil and raised to mounds
of 20-30 cm height, with provision for water drainage as none of the three species can
tolerate water-logging.
Trailing and pruning
As all three species are weak-stemmed, they need trellis to support the climbing vines.
A bower or single line trellis system using iron or bamboo poles, metallic wires and
nylon nets are ideal. Height of the bower or trellis should be kept at breast-height for easy
hand-pollination in teasel gourd. Sweet gourd requires very strong support system as
the canopy is very heavy. In home gardens, teasel gourd and spine gourd can be trailed
to dried branches and bamboo tops and sweet gourds to small trees or thatched sheds.
Non-productive side branches should be removed up to first ten nodes. Annual pruning
after the cessation of active growth period helps to keep a healthy and compact canopy in
sweet gourd. In the other two species aerial parts dry up naturally with the end of south
west monsoon and hence do not need any pruning.

Thorough weeding of the field followed by periodic hand-weeding the mounts/beds and
hoe weeding the inter space may be followed. Application of plastic mulch or mulching
with crop residues also helps to keep weeds at bay. Off-season protection of under-ground
tubers by mulching the plant basin is essential to protect the tubers from sun burn. Sweet
gourd, spine gourd and teasel gourd do not require irrigation if regular rain fall is received
during active crop season, though sweet gourd require life-saving irrigation during
Mainstreaming Biodiversity for Sustainable Development
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summer months. In case of uneven rains, light irrigation at 3-5 days interval will be
advantageous. Need based irrigation may be given, depending on water holding capacity
and moisture level of the soil, as period of flowering and fruit set are critical for higher
yield. Drip and sprinkler irrigation are ideal; but, flood irrigation should be avoided as
none of the three species tolerate water-logging.
Nutrition management
The fertilizer requirement depends on the amount of nutrients available in the soil, soil
type and the crop. In general, FYM@ of 10-12 tonnes/ ha in the case of teasel gourd and
spine gourd and 20-25 tonnes/ha for sweet gourd applied in planting pits as basal doze is
recommended. In home gardens, 25 kg FYM and 250g neem cake as basal doze for teasel
gourd and 5 kg FYM and 100g neem cake for spine gourd are recommended. Application
of 40-45 kg N, 40 kg P2O5and 40 kg K2O/ha is the general recommendation for teasel
gourd which may be reduced to half for spine gourd and doubled for sweet gourd. On
a per plant basis, 150 g of single super phosphate, 50 g muriate of potash and 30 g urea
as two split dozes for spine gourd and 225 g single super phosphate, 90 g muriate of
potash and 50 g urea as two split dozes for teasel gourd are recommended for eastern
India. However, no specific recommendation for sweet gourd is available as its optimum
fertilizer requirement is yet to be worked out. In the organic homestead farming system
prevalent in Kerala, no chemical fertilizers are given; however, 250g bone meal and 100 g
ground nut oil cake are given to teasel gourd on a per plant basis and double the quantity
to sweet gourd.
Pollination management
Insect pollinators are specific to all three species. Spine gourd is pollinated naturally by
moths and other nocturnal visitors. Sweet gourd is also pollinated by native bees, but
hand pollination increases fruit set. However, teasel gourd requires hand pollination
for assured fruit set, especially outside its home-range where its natural pollinators are
absent. Using camel-hair brush pollen can be dusted on receptive stigma, preferably in
the morning hours.

NBC 2017

Pest and disease management

52

All three crops are susceptible to foliar damage by lady bird beetle (Epilacna septima)
and spine gourd, to a lesser extent to red pumpkin beetle (Aulocophora fevicollis) and leaf
minor (Liriomyza trifolii). Root knot nematodes are a severe problem for sweet gourd and
teasel gourd in endemic areas; however, spine gourd is resistant to root knot nematodes.
Fruit fly (Bactrocera cucurbitiae) damage to young fruits is a severe problem in teasel
gourd and sweet gourd even though spine gourd has moderate level of tolerance.
Pumpkin caterpillar (Diaphania indica) is a serious pest of teasel gourd fruits. Vector
transmitted “witches broom” disease has acquired epidemic proportion in sweet gourd
Mainstreaming Biodiversity for Sustainable Development

and spine gourd in Odisha. Maintaining field cleanliness, uprooting of virus affected
plants and destruction of fruit fly damaged fruits are of utmost importance in checking
the spread of the pest. Application of Bacillus thuringinsis @2 ml/l of water as surface
spray help to reduce pumpkin caterpillar population. Cue lure traps and pheromone traps
are effective in reducing fruit fly population. Covering the young fruits with a paper or
poly bag is an eco-friendly method to protect the fruits from fruit fly. Field sanitation and
destruction of ‘tunneled’ leaves helps to control leaf minor damage. Burning the planting
pits with agro-wastes before planting, application of 250-500 g neem cake as basal doze, and
application of Pochonia (bio control fungi) as basal dose may be resorted to for root knot
nematode control.
Harvesting and marketing
Fruits of all three species are ideally harvested at tender stage while the outer skin is
still green. Ten - twelve days old fruits fetch a premium price in the market and beyond
fifteen days, teasel gourd and sweet gourd develops gradual reddening of the outer skin
and seeds get hardened in all three species. Teasel gourd and spine gourd are handpicked, the former with the long stalk intact. Sweet gourd needs to be harvested using a
sharp knife with a portion of the fruit stalk. Tender fruits are packed in aerated baskets
and send to market immediately after harvest. Fruits can be kept fresh for 3-4 days
under room temperature and up to 10 days under refrigeration when packed in airtight
polybags.
Sweet gourd for ‘Gac’ (as commonly known in Vietnam) products should be harvested
at dead ripe stage (90-110 days) when the rind becomes scarlet red and soft on pressing.
Red ripe gac fruits remain fresh for 2-3 days under room temperature and 8 days under
refrigeration.
Value addition and utilization
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Fresh green fruits of all three species are cooked as delicacy vegetables in the same way as
bitter gourd. There is a consumer preference for these ‘bitter-less bitter gourds’ as vegetables,
though much of the traditional medicinal properties are ascribed to the bitter constituents.
Surplus produce can be preserved as sun-dried crisp fry. Gac paste extracted from the aril
of red ripe sweet gourd fruits are a high value product in Vietnam and other South East
Asian countries. It can be processed in to candy, jam, dried spray powder, nutraceutical
products and ready-to-serve drinks. Being rich in β carotene (17-35 mg/100 g of edible
part), it is one of the best health supplement to manage vitamin A deficiency, prevalent
in South and Southeast Asian countries. When cooked along with sticky rice, it imparts a
red colour to the produce and is called ‘Xoi gac’ in Vietnam. Tender leaves and clippings
of all three species are consumed as leafy vegetable by indigenous people.
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Importance to Kerala situation
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Spine gourd is adapted to plains of Kerala offering high value vegetables in pre-monsoon
and monsoon seasons. M. sahyadrica is a high value vegetable (Rs.150/kg in Mangaluru
market) adapted to high ranges and wild gathered in Idukki, Wayanad and other hill
tracts. Adaptability range of M. dioica and M. sahyadrica can be increased by hybridization
between the two. Similarly development of fertile progenies of teasel gourd and spine
gourd combining high propagation efficiency of teasel gourd and natural insect pollination
efficiency of spine gourd/ mountain spine gourd are in progress. Sweet gourd and teasel
gourd have good adaptability to high rainfall and low sun shine hours during the
monsoon season, when there is a scarcity of vegetables in the market. Being perennial
hardy species propagated by tubers, cultivation of these species is less demanding and
ideal for homestead/on-farm cultivation. As they are rich in vitamins and minerals
besides a potential source of natural antioxidants like carotene, lycopene and
flavanoids, these traditional vegetables can contribute in a significant way to the food and
nutritional security and balanced diets of both rural and urban households. They can also
be consumed as leafy vegetable and are highly adapted to low input organic cultivation.
At least three species of frugivorous birds and certain insects are dependent on them as
pollinators and seed disbursal agents, and thus their cultivation serves some ecosystem.
functions too.
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CHALLENGES AND STRATEGIES FOR CONSERVATION OF
WAYANAD DWARF CATTLE OF KERALA: AN INTRODUCTORY
STUDY WITH DESI CATTLE FARMERS
M. Muhammed Asif and S. L. Gayathri
College of Veterinary and Animal Sciences, Pookode
Kerala Veterinary and Animal Sciences University, Wayanad- 673576, Kerala
E mail: asifmasifvet@gmail.com
The native Wayanad dwarf cow seems the next lined up to face the threat of extinction
among indigenous cattle varieties. A few decades ago, the cattle were common in the
district of Wayanad, Kerala, but its population has dwindled to around 200 owing to the
aggressive cross breeding policies followed in the state by using exotic germplasm on
local female cattle. The cow slightly taller than the Kasaragod dwarf variety is known for
its high resistance to weather vagaries, tremendous strength, low cost of maintenance and
high fat content of milk.
The few Wayanad dwarf cows at present can be found in the tribal hamlets. Straight horns,
black with brownish skin, and nearly one meter height are the physical features of the
cow. The traditional pattern of grazing on fields is enough to keep them healthy and no
cattle feed is required. These small-horned animals are known for their high endurance
and adaptability and give enough milk to support a family. Even though the quantity
produced is less, the milk is of high fat content and makes excellent quality ghee.

Keywords: Conservation of Wayanad dwarf cow, Challenges and Strategies for conservation.
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An introductory study was undertaken to explore the perceived challenges faced by farmers
who rear Wayanad dwarf cattle breeds and its strategies are formulated. Thirty Desi cattle
rearing farmers were purposively sampled and selected as respondents from different parts
of the district and interviewed using a well-structured open-ended interview schedule.
As per the results of this study the downfall of this native breeds started when dairy
farming became commercial and because of crossbreeding policies. As a first step, many
farmers initiated crossbreeding of the natives with sperm imported from northern India
especially Gujarat. Thereafter when the milk quantity failed to improve they shunned the
native breeds altogether and moved to the hybrid varieties. Though efforts for conservation
of indigenous bovine breeds such as the Vechur cow and the Kasaragod dwarf have been
made after the intervention of some organisations, no such attempt has been made in
the case of the Wayanad cow. With dwindling numbers it is now a common sight of
to see medicinal companies and individuals approach the tribes for the milk and urine
of the native breeds and really exploit the Desi wealth, without adequate economic
consideration. This research paper discusses various strategies to solve the challenges for
Desi cattle conservation.
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INTRODUCTION
Livestock genetic resources are of economic, scientific and cultural interest to humankind in terms of food and agricultural production for the present as well as future
generations. These are particularly vital to subsistence and economic development in
developing countries as they continually provide essential food products, contribute
draught power and manure for crop production and generate income as well as
employment for most of the rural population. They also produce non-food items such as
hides, skins, wool, traction power and fuel (from dung). In addition, livestock contribute
towards environmental sustainability in well balanced mixed farming systems. The
current pattern of consumerist society has led to the promotion of high milk yielding
exotic crossbred milch animals. With advantage in milk yield, these exotic crossbred
animals are prone to the climatic variations and have less disease resistance. The exotic
crossbred milch animals require high quality feed, medicines making the animal rearing
venture a challenging one. On the other hand, the Desi cattle breeds are highly disease
resistant and can adapt to the climatic vagaries. These animals are reservoir of gene pool
compared to the crossbreds and their management is cost effective. The native Wayanad
dwarf cow (Fig 1.1) seems the next lined up to face the threat of extinction among
indigenous cattle varieties. A few decades ago, these cattle were common in the district of
Wayanad, Kerala, but its population has dwindled to around 200 owing to the aggressive
crossbreeding policies followed in the state. They are known for its high resistance to
weather vagaries, tremendous strength, low cost of maintenance and high fat content of
milk, currently these small varieties can be found in the tribal hamlets. Straight horns,
black with brownish skin, and nearly one meter height are the features of the Wayanad
dwarf cows. Thus it is high time for the conservationists and the common to show
concern towards these animals who are at the verge of extinction and hence the present
study is relevant. The major objectives of the present work is to find out the challenges
faced by the desi dwarf cattle farmers in Wayanad and to find out the farmers’ opinion
about potential solutions related to identified challenges, and to put forward policy
suggestions, strategies and recommendations for the conservation of Wayanad Dwarf,
which also forms the part of nature’s biodiversity.
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An introductory study was undertaken to explore the perceived challenges faced by
farmers who rears Wayanad dwarf cattle breeds and strategies for its conservation are
formulated. Thirty Desi cattle rearing farmers were purposively sampled and selected as
respondents from different parts of the district and interviewed using a well-structured
open-ended interview schedule. The owners where classified according to the number
of animals reared as <3, 3- 5, 5- 10, >10 and they were 31.25%, 28.13%, 25% and 15.63%
respectively. The constraints were divided as management, breeding, products and products
diversification and conservation related constraints.
Mainstreaming Biodiversity for Sustainable Development

RESULTS AND DISCUSSION
The results of the present study includes: 1. Breeding related challenges (Table 1.)- the
major constraint faced by the farmer is the information of quality and breed specificity
of semen which accounts the highest percent (87 %), the unavailability of the desi cattle
semen accounts for 46 percent. 2. Management related challenges (Table 2.): lack of
Government fund for rearing desi cattle forms 83 percent and the lack of pasture land and
the restriction imposed by the forest department for grazing accounts for 43.33 percent.
3. Dwarf cattle- products and product diversification challenges (Table 3.): lack of
government funds for the product diversification is the major challenge that accounts
for 83.33 percent and lack of specialized equipment’s for the product diversification
accounts for 36.66 percent. 4. Desi cattle conservation related challenges (Table 4.): Lack of
government facilities and supports in conservation of native breeds accounts for 83.33
percent and Lack of centralized conservation areas like Goshalas accounts for 43.33 percent.
5. Other relevant challenges (Table 5.): lack of government facility and support for the
conservation of the native breeds’ accounts for 83.33 percent and lack of organizational
activities in the native breed conservation accounts for 23.33 percent.

Fig 1.1-Wayanad dwarf cow

NBC 2017

Table 1. Breeding and breeding related challenges
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Table 2. Desi cattle management related challenges
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Table 3. Dwarf cattle- products and product diversification challenges
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Table 4. Desi cattle conservation related challenges

Some of the other results of the present study that includes the farmers’ opinion about
potential solutions related to identified challenges. They are: 1. Farmers’ opinion for the
solution of breed & breeding related challenges(Table 6.): 70 percent of the farmers suggest
to ensure the timely semen availability in all the hot spots and 43.33 percent suggest
distribution of breedable bulls at free or subsidized rate by animal husbandry department,
university or other agencies. 2. Farmers’ opinion for solution of management related
Mainstreaming Biodiversity for Sustainable Development
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Table 5. Most relevant challenges
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constraints (Table 7.): 86.66 percent suggest that Organic farming through Desi cattle
farming must be promoted and 66.66 percent requested to amend the existing forest laws
and restore the gazing lands. 3. Farmers’ opinion for solution of conservation related
challenges (Table 8.): 73 percent suggest the promotion of the studies on Desi cattle
breeds.
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In many developing regions, local breeds often are not efficient in terms of productivity,
but they are well adapted to local environmental conditions: climate, feed, diseases,
parasites, etc. They are able to survive where improved breeds from temperate countries
cannot do so without expensive treatments or protective measures (protective shelters,
heating/cooling, heavy use prophylactic treatment with antibiotics). In general, local
livestock breeds tend to be more in balance with their environment. As some traditional
breeds are small in size, these animals need less feed than improved breeds and thus
measures must be taken to conserve the indigenous breed, the Wayanad Dwarf, which is
adapted to the climatic fluctuations of the district, Wayanad.
Thus Government must take measures to conserve these indigenous varieties by
establishing Gaushalas (Ahlawat and Vij, 2005) and initiatives to tie up with the
conservation units to uplift the cattle population. Also while compiling the information
on the breed characteristics and trait performance, efforts must be made to give priority
to include information collected on animals maintained by farmers in the breeding tract
of the breed through field surveys conducted by National Bureau of Animal Genetic
Resources, Karnal and other reports (Olver, 1938, Nivsarkar et al., 2000, and Pundir
and Ahlawat, 2007, Singh and Pundir, 2013). Hence the unique genetic resource can be
safeguarded in the biodiversity hub itself.

Looking at the drawbacks of the present crossbreeding programme and the importance
of indigenous breeds to all aspects of the life of rural people, a proper breeding policy
should be evolved. The Government policies should aim to (1.) Ensure the availability
Mainstreaming Biodiversity for Sustainable Development

NBC 2017

CONCLUSION

61

of quality semen of Desi cattle and proper functioning of centralised AI centres. (2.)
Ensure the collaboration of Veterinary University in semen collection and distribution.
(3.) Law must be restructured regarding the rearing of bull and distribution of superior
bulls to farmers. (4.) Establishment of a separate wing for Desi cattle under KLDB/other
government departments. (5.) Promotion and funding into scientific studies, Knowledge
extension. (6.) Proper trainings and skill development. (7.) Awareness campaign among
public and ensure active participation of Medias, NGO. (8.) Active initiations to direct
societies views towards Sustainable organic farming and Environmental conservation.
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PERFORMANCE OF WATERMELON ACCESSIONS FOR YIELD AND
QUALITY UNDER SOUTH KERALA CONDITION
S. K. Nisha* and I. Sreelathakumary
Department of Olericulture, College of Agriculture, Vellayani, Thiruvananthapuram
Email: nishask2@gmail.com
Watermelon [Citrullus lanatus (Thunb.) Matsum. & Nakai], is one of the most popular
cucurbitaceous vegetables cultivated throughout the world. Watermelon fruits make
a delicious and refreshing dessert, especially esteemed in hot weather. They are rich
source of lycopene, an anticarcinogenic compound found in red fleshed fruits. In Kerala,
watermelon is cultivated only in limited area, though the demand for the fruit is very
high. Evaluation of the suitability of diverse watermelon genotypes for a specific area
under uniform conditions is a pre-requisite for any breeding programme. A wide range
of variability exists in the size, shape and colour of flesh of watermelon. As the consumer
preference is more for small sized fruits with high TSS content, the hybrids Prachi,
Simran and Saraswati are found promising under South Kerala conditions. They also
recorded earliness in flowering and produced more number of fruits.
Keywords: Anticarcinogenic, genotypes, cucurbitaceous vegetable
INTRODUCTION

MATERIALS AND METHODS
The experiment was carried out at the Department of Olericulture, College of Agriculture,
Vellayani during 2014-15. Twenty watermelon accessions collected from public and
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Watermelon [Citrullus lanatus (Thunb.) Matsum. & Nakai], is one of the most popular
cucurbitaceous vegetables cultivated throughout the world. Watermelon fruits make a
delicious and refreshing dessert, especially esteemed in hot weather. They have served as
an important source of water in the Kalahari Desert and other arid areas of Africa. The
rind may be pickled or candied. In Russia, beer is made from watermelon juice. Roasted
seeds are eaten in the Orient and the Middle East, and some Chinese cultivars used for
this purpose have been bred to have very large seeds. The major nutritional components
of the fruit are carbohydrates (6.4 g 100g-1), vitamin A (590 IU) and lycopene (4,100 μg
100g-1). In Kerala, watermelon is cultivated only in limited area, though the demand for
the fruit is very high. Evaluation of the suitability of diverse watermelon genotypes for
a specific area under uniform conditions is a pre-requisite for any breeding programme.
A wide range of variability exists in the size, shape and colour of flesh of watermelon.
Traditionally watermelon was considered as a seasonal fruit and market was dominated
by bigger sized fruits. But now it is available round the year and consumer preference has
shifted to smaller sized fruits. Mini and icebox watermelons are gaining popularity as
they are ideal for nuclear families.
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private sectors were raised in randomized block design with two replications. The crop
was raised as per the package of practices recommendations of Kerala Agricultural
University (KAU, 2011). The evaluation was based on seventeen characters viz., vine
length, days to first female flower, node to first female flower, fruit equatorial diameter,
fruit polar diameter, rind thickness, days to first harvest, fruit weight, fruits per plant,
yield per plant, days to final harvest, seeds per fruit, TSS, lycopene content, ascorbic
acid, reducing and non reducing sugars. The observations were recorded from five plants
selected at random in each replication. The data were subjected to analysis of variance
(Panse and Sukhatme, 1985). The accessions were described morphologically using the
descriptor developed by International Union for the Protection of New Varieties of Plants.
Evaluation of sensory characteristics like appearance, colour, flavour, taste, texture and
overall acceptability was done by a panel of ten members. Each attribute was given score
from 1 to 9 according to Hedonic rating (Ranganna, 1986). The score was statistically
analyzed using Kruskal-Wallis test and ranked.
RESULTS AND CONCLUSION
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The mean sum of squares was highly significant for all characters studied indicating the
presence of wide variability among the accessions (Table 1). The mean performance of 20
watermelon accessions is given in Table 2. There was remarkable difference among the
accessions for vine length with a range of 1.20 m in the variety Arka Muthu to 6.29 m in
the hybrid NS 295. Lesser vine length is a desirable character for homestead cultivation.
The number of days taken for first appearance of female flower as well as their nodal
position plays an important role in deciding the earliness of crop. The hybrid Prachi was
significantly superior to other accessions in earliness to female flowering (35 days) and was
closely followed by Arka Muthu and Simran. Similarly Prachi exhibited earliest harvest
also, which differed significantly from other accessions. Earliness in terms of days to first
harvest is an important criterion to select varieties or hybrids to fetch premium price for
fruits in early market.
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Significant difference was noticed among the accessions for fruit equatorial and polar
diameters. Fruit equatorial diameter ranged from 12.65 cm to 23.50 cm. The fruit
polar diameter also exhibited a wide range of 15.00 cm to 31.00 cm. Rind thickness is an
important character associated with availability of edible flesh. The lowest rind thickness
of 0.75 cm was recorded in the hybrids Prachi and Devyani. The hybrid IB-20 recorded
the highest rind thickness of 2.20 cm. Fruit weight is a primary trait to be considered in
any crop improvement programme, as it directly contributes towards yield. The variation
in fruit weight ranged from 1.55 kg to 6.38 kg. Since the present day market is having
more inclination towards small to medium sized fruits, preference was given to select
accessions producing more number of fruits plant-1 with lesser weight. Among the twenty
accessions, Prachi ranked first in terms of fruits per plant with 4.47 fruits followed by
Simran with 3.39. The highest yield plant-1 was recorded in the hybrid IB-23 followed
Mainstreaming Biodiversity for Sustainable Development

by IB-20 and Saraswati. The days to final harvest determines the crop duration. It ranged
from 74 days to 109.5 days. Shonima took maximum days for final harvest and the
minimum duration by the hybrid Prachi. A considerable variation in number of seeds per
fruit was observed. Triploid Shonima and Swarna were seedless and the hybrids Saraswati
and Agri Sweet Honey recorded highest number of seeds.
In watermelon, TSS is an important character determining quality and market preference.
TSS is a measure of the concentration of the reducing sugars fructose and glucose and
the non reducing sugar sucrose. The present study revealed that the hybrid Prachi was
o
significantly superior to other accessions with a TSS of 13.30 B followed by Saraswati
(12.20oB). Red fleshed triploid watermelons contain high quantities of lycopene, a
carotenoid that imparts the red color. The triploid Shonima recorded highest lycopene
content and lowest by yellow fleshed Devyani. The ascorbic acid content was highest in
the hybrid Anmol followed by Devyani. Presence of high reducing and non reducing
sugar in watermelon is a preferred quality trait. The relative concentration of these sugars
is influenced by cultivar and stage of maturity. Variations in sugar content in different
accessions were noticed.
Genetic cataloguing based on standard descriptors helps to describe the morphological
features of a genotype easily and thus helps in the exchange of information about new
genotype in a more clearway. The twenty accessions of watermelon upon cataloguing
showed distinct variation among each other with respect to vegetative, fruit and seed
characters. All the accessions were runners except Arka Muthu, which was bushy in habit.
The degree of leaf lobing was strong in majority of the accessions. There was wide
variation in size and shape of fruits. The shapes ranged from round, broad elliptical,
pyriformand oblong. Variability was pronounced in the colour of skin and pattern of
stripes. The rind colour ranged from very light green to dark green with majority having
dark green colour. There was also variation in rind thickness. Some of the small fruited
hybrids had very thin rind. The hybrids Swarna, Anmol and Devyani were yellow fleshed.
Others had flesh colours ranging from pink to crimson red. Variation was also noticed in
seed characters. Most of the accessions had cream coloured seeds, while few had brown
and black seeds. The two triploids Swarna and Shonima were seedless. Fifty per cent of
accessions exhibited over colour of testa.

As the consumer preference is more for small sized fruits with high TSS content, the
hybrids Prachi, Simran and Saraswati are found promising under South Kerala conditions.
Mainstreaming Biodiversity for Sustainable Development
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Evaluation of organoleptic qualities of watermelon accessions showed highest mean score
for appearance, taste, colour, flavour and texture for the accession Prachi (Fig. 1). The
yellow fleshed accessions, Devyani and Anmol ranked second and third in appearance
and colour. But for the parameters flavour, taste and texture, the accessions Saraswati and
Simran were in second and third positions. Regarding overall acceptability, the highest
mean score was recorded by the accession Prachi followed by Saraswati and Simran.
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They also recorded earliness in flowering and produced more number of fruits.
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EFFECT OF FUNGICIDES AND BIO CONTROL AGENTS ON THE
PHYLLOPLANE MICROBIAL POPULATION OF BELL PEPPER
(CAPSICUM ANNUUM L.) UNDER PROTECTED
CULTIVATION
D. Pawar, P. S. Kurian and A. Cheryan
Department of Plant Pathology, College of Horticulture, Kerala Agriculture University,
Thrissur.
Email: drsainakurian@gmail.com
An experiment was conducted in polyhouse to study the effect of different treatments
for management of foliar diseases of bell pepper (Capsicum annuum L.) and their effect
on the phylloplane microflora of the crop. The study indicated that, foliar treatments
affect the natural biodiversity on the leaves and the effect is more in chemical fungicides
compared to bio control agents.
Keywords: Bell pepper, natural biological control, microflora
INTRODUCTION

The use of foliar pesticides to control diseases can cause major disruption of phylloplane
microorganism populations, often reducing the number and diversity of organisms. This
causes a negative effect on naturally-occurring biological control, which in some occasions
makes the plants more susceptible to other disorders (Bosshard et al., 1987). Moreover, the
activity of fungicides is affected by naturally-occurring compounds on the leaf, interacting
Mainstreaming Biodiversity for Sustainable Development
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The phylloplane microbial communities present on the leaf surface, including fungi,
bacteria, and actinomycetes have been shown to perform important ecological
functions and be both beneficial and harmful to their host plant. In agricultural and
horticulturalcrops, some phylloplane microbes have antagonistic properties against plant
pathogens while few may themselves be pathogens also. Some others can influence the
crop physiology. Understanding the influence of agricultural practices on phylloplane
microflora is important in order to create the best conditions for crop development.
Blakeman(1985) reported that the activity of both saprophytes and pathogens on leaves
is dependent on the microclimatological conditions at the plant surface as well as on
the chemical environment. Bacteria, yeasts, and filamentous fungi may form resident
populations on leaves. For enumerating the phylloplane micro flora, microorganisms
are usually washed off the leaf surface in a wash buffer (Morris et al., 1997), which is
then inoculated onto artificial growing media and incubated. Dilution ranges can be
used to control the density of microorganisms on the plates. Phylloplane microorganism
populations can be described in terms of population density and species richness. The
density of culturable microorganisms is commonly described as the number of colony
forming units (cfu) per unit of sample (Bakker, 2004).
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synergistically or antagonistically with the fungicides and this gives an indirect indication
of pesticide residue residing in the foliage and on fruits (Dik, 1991). Gokulapalan (1989)
reported the harmful effect of plant protection chemicals on epiphytic microflora on rice.
Elad (1996) studied establishment of an active Trichoderma population on the
phylloplane and its effect on grey mould (Botrytis cineria).
Capsicum (Capsicum annum. L.) is a fruit vegetable belonging to family solanaceae and
is one of the popular vegetables grown throughout India. The crop suffers from many
diseases caused by fungi, bacteria, viruses among which fungal disease are the most
prevalent, such as powdery mildew (Leviellula taurica (Lev, Arnaced), anthracnose and fruit
rot (Colletotrichum capsici) (syd). Butler and Bisby, and pythium aphanidermatum stem
and fruit rot (Fusarium solani (mart). Sacc. are major fungal diseases affecting capsicum
under polyhouse, these diseases cause significant yield loss up to 50 percent (Dubey and
singh, 2012), hence farmers use different chemical fungicides to control the diseases. The
present study was carried out to evaluate the effect of plant protection chemicals and
bioagents used against foliar diseases of capsicum on the native phylloplane microflora
of the crop.
MATERIALS AND METHODS
The present study was conducted in Kerala Agricultural University, College of Horticulture
Vellanikkara. The details of the material used and the techniques adopted for the
investigation are described below.
Polyhouse experiment treatments for management of foliar diseases of capsicum
Polyhouse experiment was conducted during September-February, 2016-17 with design
RBD, seven treatments, three replications, with plot size 3x1.0 m2, spacing of 0.5 x 0.5 m2
and variety used was Indra. The treatments are T1-Soil solarisation+ soil application
of Trichoderma viride, T2-T1+ Seed treatment and foliar spray with Pseudomonas
fluorescens (2%) (thrice at 10 days interval), T3-T1+Seed treatment with carbendazim+
mancozeb (0.2%) + foliar spray with copper hydroxide (0.2%), T4- T1+Seed treatment
with carbendazim+ mancozeb (0.2%) +foliar spray with mancozeb (0.2%), T5-T1+Foliar
spray with tebuconazole (0.1%) twice at 10 days interval, T6-T1+Foliar spray with
difenconazole (0.05%) T7-Untreated control. Incidence of cercospora leaf spot was
observed 70 days after transplanting, and foliar sprays were given. Systemic fungicides
were applied twice at 15 days interval and contact fungicide was applied three times.
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Enumeration of phylloplane micro flora of cucumber
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The methodology adopted by Elad and Kirshner (1993) was used for studying the
enumeration of phylloplane microflora. The phylloplane microflora (fungi, bacteria and
actinomycetes) of the crop was enumerated using serial dilution plating of leaf washings
to know the changes due to the treatments. Capsicum leaves were collected from all
Mainstreaming Biodiversity for Sustainable Development

treatments in polyhouse before spray and at 5 days after each spray. Area of the leaf used
for the study was measured by graph paper method. Then the leaf was cut into small
pieces and added to 100ml sterile water, agitated well for one minute and 1ml of the leaf
washing was plated on suitable media viz rose bengal streptomycin agar, nutrient agar
and Kenkight’s agar for fungi, bacteria and actinomycetes respectively. Population of the
phylloplane micro flora was expressed as number of cfu per cm2 area of leaf.
RESULTS AND DISCUSSION

The first spray was given at five months after planting when there was incidence of
leaf spot caused by Cercospora capsici. Before spray there was more or less uniform
phylloplane fungal population on the leaves, but after the first spray there was significant
difference among the treatments at 1% level of significance. It was observed that, there
was a drastic increase in the population of fungi during this period in the control and
T2 while there was decline in the population in T6 and T5. As the plants grow, there is
increase in phylloplane fungi as it is evident from the increase in fungi in control (T7).
However, the population declined even in the control during the second spray. The reason
for this may be the fumigant action of the chemical fungicides sprayed in treatments other
than control. Five days after second spray, there was reduction in fungi in all the treatments
except T1 where Trichoderma was given as foliar spray. During this period, the fungal
population was the highest in T1 (Trichoderma foliar spray) while the lowest was in
T6 (difenoconazole) followed by T5 (tebuconazole). The increase in fungi continued
after third spray also in T1. In T5 andT6, since there was no third spray, there was
Mainstreaming Biodiversity for Sustainable Development
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The results of the experiment are furnished below. The results showed marked effect of
fungicides on all the three groups of microorganisms studied. The effect of treatments on
nontarget fungi is given in Table 1.
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increase in fungi in these two treatments. However, the population was significantly low
compared to control. The result indicates the loss of non-target fungal population due to
fungicide sprays. The loss is more pronounced in systemic compounds than in contact
fungicides. Though there is slow recovery of the fungal population after foliar spray with
systemic fungicides, there is significant loss of beneficial non-target fungi due to fungicide
treatment on leaves, and also the effect persisting up to 20 days after spraying. Similar
results have been obtained by Bakker (2004) also in apple.
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In Table 2, the changes in bacterial population due to foliar treatments are furnished. In
the case of bacteria also, before the treatment application the population was more or less
uniform on the leaves, but after the 1st spray there was significant difference among the
treatments. It was observed that there was drastic decrease in the population of bacteria
during this period in all the treatments whereas, the population declined in treatments
T5 and T6 (tebuconazole and difenconazole respectively). This shows that these two
compounds are highly toxic to non- target bacteria. After the 2nd spray bacterial
population was the highest in T2 (805.3) and this is due the additive effect of
Pseudomonas spray on the leaves. However, the data in Table 2 indicate differential effect
of fungicide treatments on phylloplane bacteria. The systemic fungicides (T5 and T6)
cause a sudden decline of bacteria but after the second spray, the effect is reversed as there
is increase in population. The reason for this result maybe that, since these compounds
affect the phylloplane fungi more, there is less competition for the bacteria which
indirectly lead to regaining the bacterial population towards the later part of the experiment.
The contact fungicides (T3 and T4) have toxic effect on bacteria which is evident after the
second and third spray.
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Before application of treatments as well as after the first and second spray, there was
no significant differences in population of actinomycetes. But after the third spray, the
population varied significantly. The population of actinomycetes decreased in the all
treatments during the experiment. The reduction was more in fungicides. This suggests
that fungicides have a toxic effect on actinomycetes population when applied repeatedly
for two or three times.
The results of the study indicate drastic loss of benenficial microflora on phylloplane due
to foliar treatments especially systemic fungicides. Continuous use of foliar fungicides
may lead to increased vulnerability of the crops to pathogens or even insect pests. To
know the effect on microbial diversity, further studies are needed including both cultural
and non-cultural methods.
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VARIATION OF NUTRITIONAL TRAITS AND SEED PROTEIN
PROFILE OF THE F1 HYBRIDS OF WILD AND CULTIVAR OF
MOMORDICA CHARANTIA IN COMPARISON WITH
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M. charantia is an economically important species in the family Cucurbitaceae grown
for its nutritious fruits esteemed as vegetable. It consists of the wild and cultivated
varieties viz, M. charantia var. muricata (wild) and M. charantia var. charantia (cultivar)
that exhibits variations at intra varietal levels. One of the methods to improve yield and
quality of bitter gourd is hybridisation. But intra-specific hybridisation between the cultivar
and wild varieties is lacking. Hence the aim of the present study is to analyse
variation of nutritional composition and seed protein profile of the hybrids generated by
hybridisation between the cultivar & wild and its comparison with the parental lines.
The grouping of hybrids and their wild parent together in cluster analysis revealed that
the hybrids were closer to their wild parent. The study revealed that nutritional variation
present in the wild varieties can be exploited by successive hybridisation of cultivar with
the wild varieties and thus can increase nutrient quality of it.
Keywords: Wild and cultivated varieties, hybridisation, nutritional characters, heterosis.

Momordica charantia L. commonly known as bitter gourd or bitter melon is a medicinally
important crop of the family Cucurbitaceae cultivated throughout the tropical areas for
its nutritious fruits. The use of cucurbits, in general, as food plants are not primarily for
calorie, mineral or vitamin values, since they are poor or at best only modest sources of
these nutrients (Joseph and Antony, 2010). However, the species has many usages; the
immature fruit, young stems, leaves, and flowers are eaten as vegetable, primarily in Asia
and India (Reyes et al., 1993), and it possesses comparatively high concentration of nutrients
compared to other cucurbits (Miniraj et al.,1993; Desai and Musmade, 1998; Behera,
2004). Momordica charantia consists of two varieties, M. charantia var. charantia, the
cultivated variety, which produces large fusiform fruits and M. charantia var. muricata,
the wild with small and round fruits (Chakravarthy, 1990). Both the wild and cultivated
varieties exhibit wide variations with regard to their morphological features, especially in
pomological characters.
Mainstreaming Biodiversity for Sustainable Development
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The performance of bittergourd in India is very low due to poor yielding varieties and
high incidence of pests and diseases. One of the methods to improve yield and quality in
the bitter gourd is hybridisation and different public and private sectors have been trying
to improve bitter gourd through different breeding strategies mainly using variations
present in the cultivars. But intra specific hybridisation between the cultivar and wild
varieties and assessment of their hybrids is lacking. Wild relatives of crop plants are
considered as valuable resources in crop improvement programs since they often have
genes that can provide the desirable qualities such as disease resistance. Also, the wild
plants have immense value since they act as nutrient supplements to alleviate the situation
of nutrient deficiency in the developing countries. Dhillon et al., (2005) pointed the
importance of wild bitter gourd ecotypes and botanical varieties as a source of economically
important traits. Hence the present study was formulated to analyse the nutritional
composition and seed protein profile of the hybrids generated by hybridisation between
the cultivar & wild varieties of hybrids and its comparison with the parental lines.
MATERIALS AND METHODS
Plant materials
Five accessions of the wild varieties of M. Charantia var. muricata collected from different
districts of Kerala, Tamil Nadu, and Karnataka and a cultivated variety, Preethi, a
high yielding variety released from Kerala Agricultural University were used for
experimentation. Hybridization experiments were conducted in open field by hand
emasculation method using wild and cultivated varieties as parents. The different cross
combinations of parents and hybrids raised are given in the Table1. The hybrids and
parents were grown in the experimental field of the Department of Botany, Kariavattom
Campus following randomized block design.
Nutritional analysis
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To estimate the nutritive values, healthy and disinfected freshfruits of parents and
the F1 hybrids of M. charantia were used. All the samples were washed thoroughly to
remove any attached soil and other impurities and were blotted dry and the seeds were
removed. Various standard methods as mentioned below were followed for analyzing the
nutrient parameters. Total carbohydrate (Hedge and Hofreiter, 1962), Protein (Lowery
et al., 1951), Total sugars (Rangana, 1979), Reducing sugar (Miller, 1972), Non-Reducing
Sugar , Ascorbic acid (Harris and Ray, 1935), Thiamine (Okwu, 2005), Tocopherol (Okwu,
2005), Riboflavin (Okwu, 2005) were estimated. For element analysis, 0.5 g of finely
powdered sample of each fruit was digested following wet digestion procedures using
con.HNO3 and HClO3 and filtered through Whatmann 42 filter paper and the filtrate
was analysed using Atomic Absorption Spectrophotometer (Vogel AT, 1962).
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SDS- PAGE Analysis
Total seed proteins were extracted from 100mg matured seeds using protein extraction
Mainstreaming Biodiversity for Sustainable Development

buffer that containing 0.2M Tris-HCl (pH 7.4) and centrifuged at 12,000 rpm (4ºC) for
10min. The supernatants were heated in water bath at 94ºC for 4 min along with sample
buffer containing 0.5% bromophenol blue. SDS-PAGE was performed with 12% separating
gel and 4% stacking gel in the Miniprotein II Electrophoresis system (Biorad, USA)
following the method suggested by Laemmli (1970). The ready to use medium range,
14-97 kDa molecular weight protein markers (PMN 01, Chromous Biotech) were loaded
along with the sample in the wells with a micropipette and electrophoresis was carried out
at 100V for stacking gel and 12V for resolving gel. After complete electrophoresis, the gel
was stained in Coomassie Brilliant Blue R-250 (0.1%) for overnight and destaining was
done in a destaining solution containing 30% methanol and 10% glacial acetic acid by
gently shaking until the background colour disappeared and protein bands were clearly
visible. The obtained gels were scanned in a gel documentation unit (Alpha Innotech,
USA) and photographs were taken. The molecular weight of the protein bands obtained
was determined using Power Package software. The clear and reproducible bands of seed
protein gel were scored.
Statistical Analysis
PCA of the nutrient composition of the parents and hybrids of M.charantia was
performed to detect most variable nutrient parameters. Cluster analysis of the preliminary
nutritional data and seed profile data were performed separately using the Average
method (UPGMA) with the help of Multi-Variate Statistical version 3.1 (Kovach
Computing Services, Wakes, UK) for genetic similarity assessment.

The quantity of carbohydrate, reducing sugar, non-reducing sugar, protein and vitamin
content in the fruits of the cultivated and wild varieties of M.charantia and their
hybrids showed considerable variations and are given in Table 2&3. The study noticed
superiority of the wild over the cultivar in the amount of nutrients. Most of the
nutrients of the hybrids were approximately intermediate in amount compared to their
parents suggesting a simple mode of inheritance of biochemical characters in the hybrids.
Breuer and Dohm also (1972) reported the intermediate amount of protein content in the
hybrids of Sorghum. But it has been noted that the hybrids showed heterosis for some of
the nutrient components. Significant positive heterosis for total sugar, reducing sugar,
Vit C and Vit B2, Fe, Na, and Zn were shown by the hybrid HCC3x1. Positive heterosis
for carbohydrate, protein, non-reducing sugar, VitE & Mg was shown by HCC12x1, for
Mn, Zn, Cu, Ca&Vit B1 by HCC1x13. Heterosis in a favourable direction for quality
parameters like protein content and starch content were reported by several workers like
Krishnaveni (1983) and Hiremath et al.,(2013) in maize hybrids. Significant negative
heterosis for nutrient characters was also noticed in the present study. The negative
heterosis for total sugar was shown by the hybrids HCC1x11 (for carbohydrate, reducing
Mainstreaming Biodiversity for Sustainable Development
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sugar, Vit C), HCC1x13 (for Na) and HCC12x1 (for Zn and Mn). Negative heterosis was
observed for the percentage of protein content in Sesame hybrids by Murty (1975). The
present study has also noted higher positive heterosis for most of the nutrient components
(carbohydrate, protein, total, reducing and non-reducing sugar, Vit C, B2, Na, and
Zn) by the hybrids of crosses in which the wild varieties were the female parents like
in HCC3x1 and HCC12x1. This suggests that the wild varieties can be used as female
parent for increasing the nutrient quality of bitter gourd breeding programme. Hiremath
et al., (2013) and Murty (1975) suggested different crosses in Maize and Sesame by
observing the heterosis of nutrient characters. The present findings suggested the cross
MC3xMC1 as the desirable cross for the enhancement of nutrient quality of bitter gourd.
The Principal Component Analysis grouped the accessions having similar fruit
nutritional characters into PC1= (67.04%) and PC2= (16.38%). PCA showed that Na, Mg,
Ca, carbohydrate, protein, Vit B2, and Vit E were the most variable nutritional characters,
due to their highly loaded nature in the first two principal axis (Table 4). The analysis of
component scores of PCA (Table 5) suggested that the highest positive values for PC1
were corresponding to the accessions and hybrids with higher contents of carbohydrate,
protein, Na and Mg (MC1, MC3, MC12 and their hybrids). The group of accessions with
the highest PC2 values were characterised by higher contents of Vit.B1, Fe and Mg (MC
13 and MC 1x13). Mratinic et al., (2011) separated apricot genotypes into groups by PC
analysis with similar physical and chemical attributes.
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Cluster analysis (Figure1) of nutrient characters of hybrids and their parents revealed two
principal clusters at a Euclidean distance of 0.33. The first principal cluster at a Euclidean
distance of 0.29 consisted of two sub clusters in which most of the wild accessions and
their respective hybrids grouped together while the cultivar formed a separate group. The
second principal cluster at a Euclidean distance of 0.20 consisted of MC13 and their hybrid
HCC1x13. Analysis of Table 6 & Figure1 revealed that the hybrids were closer to their
wild parent in nutritional characters since most of the hybrids grouped together with
their respective wild parents with low distance value. This suggested that the nutrient
quality of bitter gourd can be improved by hybridisation with wild germplasm since the
wild fruits contained more amount of nutrients compared to the cultivar and the hybrids
were closer to the wild parent.
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Plants have different types of proteins, on the basis of which they are diverse from each
other (Rehman & Hirata 2004, Shah et al., 2011). Electrophoresis of total proteins was
found to be an extremely useful technique for distinguishing genotypes as noticed
by several workers (Anderson and Mc Daniel, 1979; Bonfitto et al., 1999 and Basu
et al., 2002). In addition to the varietal identification, SDS-PAGE can also be used for
distinguishing hybrids and their parents as reported by Agarwal et al.,(1988, Nair et al.,
(1989), Prakashchandra Karanth (1999), Hadjuch et al., (2005), Sultana et al.,(2005) and
Khan et al.,(2010).
Mainstreaming Biodiversity for Sustainable Development

The present study was undertaken to analyze the applicability of SDS-PAGE of seed
storage protein variants and their utilization in confirmation of parental lines and F1
hybrids. SDS-PAGE analysis of the hybrids and parents revealed 36% polymorphism.
The study revealed that the wild varieties can be identified from the cultivar by the
presence 37 kDa and 17 kDa bands. Researchers like Mohanty et al., (2001) and
Madina et al., (2013) employed SDS-PAGE for varietal identification of a particular crop
species and proved that it is one of the reliable methods to detect inter varietal genetic
diversity and study the phylogenetic relationship among them. The wild accession
MC12 was characterized by a faint protein band with molecular weight 69
kDa. It was found that hybrid-specific band of 15kDa was produced only by
HCC10x1, whereas all the other hybrids produced parental type bands. The absence of
polypeptides in some genotypes might be due to deletion of the structural genes encoding
the polypeptides or a mutation at the regulatory locus that results in the inhibition of
transcription or translation of the genes (Brown et al., 1981). Only slight differences
observed in the major bands in different accessions and the hybrids specified that the
genes coding for these proteins is conserved in the species M. charantia. Ali et al., (2007)
reported the same in pea plants.
UPGMA dendrogram constructed based on the banding pattern revealed two main
clusters at a Euclidean distance of 1.75 (Fig 2). The first principal cluster at 1.35 included
two subclusters with MC1& HCC1x10 and MC3 & HCC3x1together apart from all
other hybrids in which the cultivar was the female parent MC10 and its hybrid HCC10x1
was also included in this cluster. The second principal cluster oriented at 1.00 Euclidean
distance consisted of all other wild varieties MC11, MC12 & MC13, and the hybrid
HCC12x1. Analysis of UPGMA dendrogram and distance matrix (Table7) revealed that
in most cases the female parents along with the irrespective crosses were found in one
cluster, showing that they share the same protein banding profile, indicating that female
parents and their hybrids exhibit similarity in protein banding profile. Hadjuch et al.,
(2005), Sultana et al., (2005) and Khan et al., (2010) have also obtained similar results in
the F1 hybrids of Soybean, Lentil and Sunflower respectively.
CONCLUSION
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The nutritional as well as seed protein profile of the F1 hybrids and parents of M. Charantia
revealed variation. The study suggests that nutritional variation present in the wild
varieties can be exploited to enhance the nutrients of the cultivar by successive hybridisation
with the wild varieties. The study also pointed out the significance of protein bands in
distinguishing the wild and cultivated varieties of M. charantia.
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DAIRY FARMERS’ PERCEPTION AND ADAPTATION TO CLIMATE
CHANGE: A CASE STUDY OF WAYANAD DISTRICT OF KERALA
M. Muhammed Asif and S. L. Gayathri
College of Veterinary and Animal Sciences, Pookode
Kerala Veterinary and Animal Sciences University, Wayanad- 673576, Kerala
E mail: asifmasifvet@gmail.com
Sustainable development is the key to maintain biodiversity in the present scenario. The
Wayanad district is rich in biodiversity, which is declining owing to the climatic vagaries
that has recently affected the land area. The district has been recently classified as one of
the four Climate Change Hotspots of Kerala. The drastic variations in the climate have
affected livestock farmers, the most vulnerable group. A pilot study was conducted among
60 farmers of Wayanad to analyze the mitigation strategies adopted by the dairy farmers
of Wayanad to the climatic fluctuations. Climatic change is a global threat and mitigation
practices must be adopted widely. The government should implement schemes for
drought prone areas in the district and provide veterinary aid to alleviate the constraints
faced by the dairy farmers. In addition, prompt measures should be taken up by the
officials to create awareness among the dairy farmers about the various mitigation
strategies that has to be adopted to withstand the climatic change. Implications for
policymaking will be to make credit facilities more flexible, to invest in training more
extension officers and more education on climate change and adaptation strategies.
Keywords: Adaptation to climate change, Wayanad
INTRODUCTION

Dairying and Animal husbandry along with agricultural practices continue to be an
integral part of human life since centuries. The integration of these activities have
had contributed not only to the food bowl and draught animal power but also in the
maintenance of ecological balance. Owing to conducive climatic conditions and
topography, animal husbandry and dairying have played prominent socio-economic
role in India. This sector plays a significant role in producing rewarding employment in
Mainstreaming Biodiversity for Sustainable Development
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Sustainable development is the key to maintain biodiversity in the present scenario.
Wayanad district is rich in biodiversity but the district has been recently classified as
one of the four Climate Change Hotspots of Kerala. Adaptations are adjustments or
interventions, which take place in order to manage the losses or take advantage of the
opportunities presented by the changing climate. Adaptation practices are pre-emptive
in nature and are meant to lessen adverse effects and take advantage of potential benefits
of an envisaged change in climatic variables (IPCC, 2001). Several studies have reported
various adaptation practices implemented by the farmers (Ndamani et. al., 2015; Okonya
et. al., 2013)
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rural sector, particularly among the landless, small, marginal farmers and women,
besides providing cheap and nutritious food to millions of people. The progress in this
sector resulted in balanced development of rural economy particularly in reducing the
poverty amongst the weaker sections. Climate change/variability puts extra burdens on
the social and economic conditions increasing the vulnerabilities due to the dependence
on climate sensitive natural resources i.e. agriculture and livestock. So, the negative
impacts of climate change are more severely felt by poor people. In the present context
of Wayanad, perception of farmers about climate variability is of utmost importance to
formulate appropriate coping strategies for the dairy farming. Understanding of dairy
farmers’ perception about climate variability can contribute to scientific and policy
discussions on climate variability. Researchers need to know how the farmers are likely
to respond to climate variability, because those responses can attenuate or amplify the
impacts. Policy makers need to know what the farming community wants, in order to
design policies that will be supported or at least tolerated. Therefore, while developing any
surviving strategies or formulating policies in respect of adaptation to climate variability,
the interest of the farmers at grass-root level must be kept in the forefront. Farmers have
a myriad of practices that help them overcome the vagaries of the harsh environment and
allow them to sustain their livelihoods and actively manage their environment (Scoone,
1996). Thus it is the need of hour to shower light upon the dairy farmers’ perception and
adaptation to climate change in the Wayanad district of Kerala.
MATERIALS AND METHODS
The pilot study was conducted among 60 farmers to analyze the mitigation strategies
adopted by the dairy farmers of Wayanad to the climatic fluctuations. The farmers were
categorized based on land area occupied as small scale, medium scale, and large-scale
farmers. The livestock farmers having cattle population is classified as small scale (less
than 2 cattle), marginal scale (2 to 10 cattle), and large-scale (more than 10) farmers. The
methodology adopted was open survey technique with multi stage random sampling.
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Several steps were adopted by the dairy farmers to cope with the climatic variations.
The results obtained in the present study reveals: 80.52% of the farmers practice
deworming before the months of high temperature in order to reduce stress among
the animals, 94% of the farmers allow their animals to graze before 9.00am and after
3.00pm in order to reduce heat stress, 28.75% of the large scale farmers supplement
their cattle with bypass protein and cotton seed, 56% of the farmers supplement their
cattle with mineral and vitamin mixture, 55% of the farmers incorporate 1 to 1.5%
of magnesium oxide and sodium bicarbonate in the cattle feed to decrease acidity in
animals during the days of high temperature, 97% of the farmers provide shade to
their animals during 11.00 to 3.00 pm. 84% of the farmers shower water on the dairy
Mainstreaming Biodiversity for Sustainable Development

cattle during hot climatic condition of which 66% is done manually and 34% using
automatic showering system such as sprinklers, 24 % of the farmers have attached
fans in their cattle shed. 19 % of the farmers supplement the hormone progesterone to
their pregnant dairy cattle to maintain the pregnancy during the hot climatic months,
84 % of the farmers avoid feeding during the noon time and feed them during the cooler
hours of the day. Minority of the farmers adopt strategies such as roofing of sheds with
coconut leaves, painting the shed and above the asbestos roofing with white colour,
wetting the roof frequently, practicing cultivation in and around the farm, shifting the
cattle shed to the cultivation area (eg; tea plantation).

Fig 1.1- Provide shade to their animals

Fig 1.2- Automatic showering system

Fig 1.3- attached fans in their cattle shed

It can be concluded that most of the respondents perceived that there is a variation in
climatic factors which occurred over a period. These factors adversely affected the crops
and livestock as well as socio-economic status of respondents. This finding is similar to
studies done by Nhemachen and Hassan (2007), Apata et al., (2009), Dhaka et al., (2010),
Mandleni and Anim (2011). They concluded that large proportion of the respondents
Mainstreaming Biodiversity for Sustainable Development
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perceived significant changes in temperature.Thus, climatic change is a global threat and
mitigation practices must be adopted widely. The government should implement drought
prone area schemes widely in the district and provide Veterinary aid to alleviate the
constraints faced by the dairy farmers. In addition, prompt measures should be taken
up by the officials to create awareness among the dairy farmers about the various
mitigation strategies that has to be adopted to withstand the climatic change. Implications for
policymaking will be to make credit facilities more flexible, to invest in training more
extension officers and more education on climate change and adaptation strategies.
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EFFECT OF FOLIAR TREATMENTS ON NON TARGET
MICROORGANISMS ON THE PHYLLOPLANE OF CUCUMBER
(CUCUMIS SATIVUS L.)
T. Reshma Raj, P. Sainamole Kurian
Department of Plant Pathology, College of Horticulture, Vellanikkara, Thrissur, Kerala
Cucumber, Cucumis sativus (L.) is one of the most preferred vegetables grown under
protected conditions in Kerala. The major foliar disease affecting the crop in a devastating
manner is downy mildew (Pseudoperonospora cubensis (Berk. & Curt.) Rostow).
Farmers are using toxic chemical fungicides against the disease which result in drastic
reduction in beneficial microflora associated with the crop in addition to various health
hazards to the consumers. Hence a study was conducted with the objective to develop a bio
intensive management practice against the disease. The effect of fungicides on non-target
population persisted up to 15 days after spraying in systemic and contact fungicides but
the increase in the population by bio-control treatments, did not persist up to this period.
Keywords: Chemical fungicides, bio-control treatments, microflora
1. Introduction

Cucurbit downy mildew caused by the oomycete Pseudoperonospora cubensis (Berk.
and Curt.) (Rostow) is the most severe disease of cucumber under polyhouse in Kerala.
Farmers use fungicides with high residual toxicity against the disease. Owing to increasing
awareness about the health hazards that may occur due to the consumption of vegetables
with high amount of pesticide residues, organic cultivation is being promoted by policy
makers. Since there is provision for controlled atmosphere in a protected structure,
organic farming and use of biocontrol agents will be more effective in disease reduction
without harming the biodiversity. Use of chemical fungicides leads to destruction of
valuable beneficial microbes which in turn lead to increased vulnerability of crops and
development of resistant strains of pathogens. Moreover, the microorganisms that were
previously not considered plant pathogens may become pathogenic due to reduction of
antagonist populations by the chemical treatments. The result of the present study, gave
an indirect indication of residual activity of chemical fungicides. Bakker (2004) expressed
that a single isolated foliar application of a chemical product can affect the phylloplane
microbial population densities and species richness. Numerous micro-organisms reside
on the aerial surface of plants. In recent years, the use of these epiphytic micro-organisms
Mainstreaming Biodiversity for Sustainable Development
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Cucumber, Cucumis sativus (L.) is one of the most preferred vegetables grown under
protected conditions in the developed world. Compared to open field, very high yield of
cucumber has been reported even under naturally ventilated polyhouse (Srivastava and
Singh, 1997). But sometimes, the crop is devastated by diseases and among them, the
major disease is downy mildew.
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of either saprophytic or non-pathogenic origin, such as bacteria, fungi has attained
prominent role in biological control of foliar pathogens (Gowdu and Balasubramanian,
1988).
2. Materials and methods
2.1 Field experiment for management of downy mildew of
cucumber under polyhouse
Field experiments were conducted under polyhouse of size 300m2 in the Department
of Plant Pathology, College of Horticulture,Vellanikkara. The experiments were carried
out during November to May of 2015- 2016 to evaluate different treatments for the
management of downy mildew of cucumber under protected condition. The design of the
experiment was randamised block design (RBD) with 12 treatments and three
replications. Plot size was 3.0 X 1.0m2 with a spacing of 1.0 X 0.5m2. The variety used was
Hilton which is a hybrid suitable for polyhouse condition.
The treatments include T1-Soil solarisation + seed treatment and soil application of
Trichoderma viride + foliar spray with Trichoderma viride (2%), T2-Soil solarisation
+ seed treatment and soil application of Pseudomonas fluorescens + foliar spray with
Pseudomonas fluorescens (2%), T3-Foliar spray with Trichoderma viride (2%), T4-Foliar
spray with Pseudomonas fluorescens (2%), T5-Foliar spray with cowdung supernatant
(5%), T6-Foliar spray with cowdung supernatant (5%) + Pseudomonas fluorescens (2%),
T7-Foliar spray with garlic extracts (2%), T8-Foliar spray with calphomil (0.3%), T9Foliar spray with potassium phosphonate (0.3%),T10-Foliar spray with cymoxanil +
mancozeb (0.2%), T11-Foliar spray with mancozeb (0.2%) and T12 served as control.
2.2 MANAGEMENT OF DOWNY MILDEW OF CUCUMBER UNDER PROTECTED
CONDITION
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The effectiveness of selected plant protection chemicals, biocontrol agents and
biofungicides was tested against the downy mildew of cucumber under protected
condition. The first foliar application was given at the onset of the disease. Subsequent
sprays were given at 15days interval. Systemic fungicides were sprayed two times and
contact fungicides, biocontrol agents and biofungicides were sprayed three times. Plants
in each plot were separate during plastic screen during foliar spray, inorder to avoid drift.
Disease severity was recorded during 0-5 scale before spraying and15 days after each
spraying. From each plot, four plants were selected randomly, and a total of five leaves
from each plant were observed. Based on the percentage of leaf area infected, disease
severity was calculated (Wheeler, 1969).
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Percentage disease severity (PDS) =

Sum of all disease rating x 100
Total number of leaves observed x Maximum disease score
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2.3 Enumeration of phylloplane microflora of cucumber
The phylloplane microflora (fungi, bacteria and actinomycetes) of the crop was
enumerated using serial dilution plating of leaf washings to know the changes due to the
treatments. The methodology adopted by Elad and Kirshner (1993) was used for studying
the enumeration of phylloplane microflora. Cucumber leaves were collected from all
treatments in polyhouse on the next day and 15th day after each spray. Area of the leaf
taken for the study was measured by graph paper method. Then the leaf was cut into
small pieces and added to 100ml sterile water, agitated well for one minute and serially
diluted upto 10-6 dilution. For isolation of fungi, bacteria and actinomycetes 10-3
and 10-6 dilutions were used respectively. The media used were Martin’s Rose Bengal
Streptomycin Agar and Nutrient Agar for fungi and bacteria respectively.
Microbial suspension (1ml) of the respective dilution was pippeted into sterile petri plate
and 15 ml of molten cooled medium was added. Three replications were kept for each
sample. The plates were then incubated at room temperature. After incubation, fungal
and bacterial colonies were counted at 24h and 48h respectively. Population of the
phylloplane microflora was expressed as cfu per cm2 area of leaf.
3. RESULTS AND DISCUSSION
3.1 MANAGEMENT OF DOWNY MILDEW OF CUCUMBER UNDER POLYHOUSE
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The effectiveness of selected plant protection chemicals, biofungicides and biocontrol
agents were tested against the downy mildew of cucumber under polyhouse. The crop
was raised in polyhouse during January to May of 2016. Relative humidity inside the
structures was maintained >80 percent by operating fogger. Incidence of downy mildew
was noticed at 49 days after sowing (DAS) in polyhouse.
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3.1.1 EFFECT OF DIFFERENT TREATMENTS ON DOWNY MILDEW OF
CUCUMBER UNDER POLYHOUSE
Results of the field experiment for management of downy mildew of cucumber in
polyhouse are presented in Table 1, Plate 1, 2, 3. Before treatment application there was
no significant difference in disease severity among the treatments. There was a gradual
increase in the disease throughout the experiment. However, all treatments at all the stages
of observation were found to be superior to control in reducing rate of increase of the
disease. Lowest disease severity was recorded in T10 (cymoxanil + mancozeb) at all stages
of observation and the percent reduction over control is 62.63 per cent after the third
spraying followed by T11 (mancozeb) which shows 61.55 per cent reduction in disease
severity after last spray. However, treatments T10, T11 on par after each spraying. Among
biocontrol agents, Trichoderma viride along with soil solarization (T1) gave the best
result in the reduction of downy mildew which accounted for 60.99 per cent over
control. T1 is followed by T2 `(solarization + foliar spray of P. fluorescens) and T4 (foliar
spray with Pseudomonas fluorescens) where the reduction is 59.34 per cent and 57.15
per cent respectively over control. Treatments T1, T2 and T4 were on par with chemical
treatments T10 and T11.
Effect of treatments was reflected on yield of cucumber also and all the treatments
recorded higher yield than control. Eventhough the lowest PDS was recorded in T10
(cymoxanil + mancozeb), mean yield was more in the treatment T1 and T2 with an
increase of 71.01 per cent and 65.16 per cent respectively over control.

NBC 2017

Table 1. Effect of different treatments on downy mildew and yield of cucumber under polyhouse
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3.2. POPULATION OF PHYLLOPLANE FUNGI
There was more or less uniform population of phylloplane fungi (Plate 4, 5) on the crop
inside the polyhouse before spraying (Table2) which ranged from 62.01x10cfu cm-2 to
69.61 x10 cfu cm-2. But immediately after spraying, there is a drastic reduction in the
population in T10 (cymoxanil + mancozeb-17.14 x 10cfu cm-2), T11 (mancozeb
-23.81x10 cfu cm-2 ) and T9 ( potassium phosphonate + hexaconazole- 25.52 x10 cfucm-2).
Eventhough it gradually increased after 15 days of spraying it did not reach the initial level
till 15 DAS. The result indicates the non-selectivity of the fungicides on general fungal
and bacterial population on the leaves. Since the effect persisted for a long period of 15
days, it is an indication on the residual effect of the chemical. The residue of both systemic
and contact fungicides persisted upto 15 DAS and thus it affected the re-emergence
of the phylloplane microflora.The use of foliar pesticides to control diseases can cause
major disruption of phylloplane microorganism populations, often reducing the number
and diversity of organisms. This is in confirmation with the findings of Bosshard
et al., (1987) who reported that fungicides cause a negative effect on naturally-occurring
biological control, which in some cases, makes the plants more susceptible to other
disorders. Moreover, the microorganisms that were previously not considered plant
pathogens, may become pathogenic due to reduction of antagonist populations by the
chemical treatments. The result of the present study, gave an indirect indication of residual
activity of chemical fungicides.

Biofungicides, garlic and Calphomil also showed a reduction in the population
immediately after spraying. But it was less compared to chemical fungicides and after
15 days, the population gradually got built upto original level. However the reduction in
phylloplane microflora by these treatments shows their broad spectrum activity against
fungi and bacteria. These results suggest a potential for developing preparations from garlic
for use in specialised aspects of organic farming, e.g. for reducing pathogen inoculum
potential in greenhouses (Portz et al., 2008). It has also been reported that Calphomil
having key ingredient Aegle marmalos (bael) increases biochemical constituents such
as nitrate reductase activity and chlorophyll content when applied on leaves and fruits
and thereby indirectly reduce the phylloplane microflora (Azhagumurukan et al.,
2013). However their effect on beneficial organisms is lesser compared to chemical
Mainstreaming Biodiversity for Sustainable Development
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In organic treatments, i.e., in treatments T1 and T3, where Trichoderma was sprayed on
leaves, there is a drastic increase in the population of phylloplane fungal flora immediately
after spraying and this may be due to the additive effect of Trichoderma sprayed on leaves.
However, the population reaches the original level at 15DAS. Moreover, according to
Harman et al., (2004), Trichoderma sp., have a wide application in controlling foliar plant
pathogens by increasing the population of non-pathogenic phylloplane microflora. The
biocontrol agents, T. viride and P. fluorescens increases the population of non-pathogenic
phylloplane microflora and by the mechanism of competition, reduce the foliar diseases
to a greater extent (Harman et al., 2004).
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treatments, as it was found that the reduction of population was to a lesser extent.
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3.2.1 POPULATION OF PHYLLOPLANE BACTERIA
It was observed that the population of phylloplane bacteria (Plate 6) is always higher
compared to fungi. Inside the polyhouse there was more or less uniform population of
phylloplane bacteria on the crop before spraying (Table 3, Fig. 2) which ranged from 17.14
x 103 cfu cm-2 to 19.19 x 103 cfu cm-2. But immediately after spraying, there is a drastic
reduction in the population in T10(zero), T11(mancozeb-0.27 x 103 cfu cm-2) and T9
(potassium phosphonate + hexaconazole-0.87 x 103 cfu cm-2). However, the population
slightly increased to 2.14 x 103cfu cm-2, 5.81 x 103cfu cm-2, 6.85x 103cfu cm-2 respectively
at 15 days after spraying. Again after second spray it came down further to 0.03x 103cfu
cm-2,0.45 x 103cfu cm-2, 0.98x 103cfu cm-2 respectively.
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Then in the case of T10 and T9, since there was no third spray, the population
continuously increased to 4.94 x 103cfu cm-2, 8.63 x 103cfu cm-2, respectively at 45 DAS.
In the case of T11, the same trend is observed after third spray also. As in the case of
phylloplane fungal population, bacteria also did not change in control. In T1 and T3 where
Trichoderma was sprayed there was reduction in the population of bacteria, but the
reduction was lesser compared to chemical treatments and the population increased and
reached the initial level by 15 days of spraying.
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4. CONCLUSION
Inorder to study the effect of foliar treatments on phylloplane microflora inside the
structures, enumeration of fungi and bacteria on the leaf surface of cucumber was done
using serial dilution plating of leaf washings. There was a drastic reduction in phylloplane
fungi and bacteria after spraying with chemical fungicides whereas the population
increased on spraying the biocontrol agents. The effect persisted upto 15 days after spraying
in systemic and contact fungicides but the increase in the population in biocontrol
treatments, did not persist upto this period. The study indicates that chemical fungicides
cause loss of valuable phylloplane microbes. Moreover, the result gives an indirect
indication of residual effect of fungicides sprayed on leaves.
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CONSERVATION AND POPULARIZATION OF INDIGENOUS
RICE SEEDS IN KERALA
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Thanal, P.O. Kowadiar, Jawahar nagar, Thiruvananthapuram. Kerala
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Kerala was rich in rice diversity. Farmers in Kerala were familiar with more than thousand
land races of rice. The farmers had different varieties suitable to different agro-climatic
zones; varieties that had special qualities like aroma, medicinal properties; varieties that
were tolerant to stress like drought, salinity, water logging, extreme cold etc, and varieties
suitable for different cuisines. Many of these varieties were immune to pest and diseases
and required zero chemical inputs, hence were ideal for organic farming. This diversity
was the farmer’s arsenal to tackle climate vagaries and malnutrition. The advent of green
revolution led to the massive erosion of this rich diversity and only a few varieties are now
grown in farmer’s field.
Thanal initiated Save Our Rice campaign in 2004 in the second international year of
rice to revive indigenous varieties, and ensure food security through a sustainable
farming strategy. This is a national campaign which works to conserve, popularize and
mainstream indigenous rice seeds in rice growing regions in India. The campaign is
presently active in six states including Kerala. The campaign has setup Rice Diversity
Blocks (RDBs) in different areas in the country.
In Kerala, the campaign set up its Rice Diversity Block in 2007 at Panavally village in
Wayanad district. The main objective of the RDB is to demonstrate indigenous rice
diversity. This also works as insitu germplasm conservation and learning centre. The RDB
in Panavally has different varieties suitable to different agro-climatic zones. The Rice
Diversity Block in Panavally has been characterizing rice seeds, purifying seeds, and
conducting participatory variety selection and quality seed production. Now this RDB
has 219 rice varieties of which 164 are native to Kerala. This RDB inspired many people to
start various RDBs in different parts of Kerala. Now there are 11 such RDBs in the state.

Keywords: Food security, Sustainable farming strategy, Rice Diversity Blocks,
Indigenous seeds.
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The RDB is not being maintained merely as a collection of rice seeds. It organizes various
programmes to share and exchange rice seeds and indigenous wisdom associated with
rice cultivation. The RDB hosts Rice field week programme every November. During this
time the centre opens to farmers, students, academicians, policy makers, politicians and
general public. Every April it conducts seed festival in Wayanad to spread indigenous
seeds.

97

INTRODUCTION
Kerala was rich in rice diversity. Farmers in Kerala were familiar with more than
thousand land races of rice. The farmers had different varieties suitable to different
agro-climatic zones; varieties that had special qualities like aroma, medicinal properties;
varieties that weretolerant to stress like drought, salinity, water logging, extreme cold
etc., and varieties suitable for different cuisines. In Kerala rice is cultivated in paddy fields
below sea level in Kuttannad and hilly terrains of Western Ghats. Farmers had numerous
saline tolerant varieties which were suitable to coastal wetlands especially Kaippad in
north Kerala and Pokkali Padams in central Kerala. Farmers were familiar with deep
water paddy varieties which were suitable to lowland paddy fields and upland paddy
varieties suitable for hill slopes of Western Ghats and midland hills. Varieties cultivated
in clay soil and sandy soil was different and varieties cultivated in rainy season and summer
was not similar. People of Kerala had a long list of varieties which were ideal for various
traditional cuisines. They had some best rice varieties for idly and some other for dosa.
Varieties exclusively used for meals, sweets, special cuisine such as ghee rice and biryani
and ritual purposes were another attraction of this indigenous rice diversity. Most of
those varieties were immune to pest and diseases and required zero chemical inputs,
hence were ideal for organic farming. This diversity was the farmer’s arsenal to tackle
climate vagaries and malnutrition. We had special varieties for pregnant women and
lactating mothers. Medicinal rice diversity was another peculiar feature of indigenous
rice diversity. Farmers were aware of the medicinal properties of those varieties and
cultivated and conserved them though they were poor yielding.
The glory of indigenous rice diversity in Kerala is nothing but an old story. This rice
diversity is not seen in farmers’ fields now. With the advent of green revolution these
varieties were replaced with modern rice varieties. This lead to the massive erosion of the
rice diversity of the state. People realized the problems of this erosion of biodiversity very
recently only. By then more than 90% of the land races of rice were eroded from farmers’
fields. It demanded some public and social intervention to initiate activities to conserve
existing rice diversity and restore them back to the farmers’ fields.
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SAVE OUR RICE CAMPAIGN AND CONSERVATION OF INDIGENOUS RICE
DIVERSITY IN KERALA
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Thanal initiated Save Our Rice campaign in 2004 in the second international year of
rice to revive indigenous varieties, and ensure food security through sustainable farming
practices. This is a campaign which works to conserve, popularize and mainstream
indigenous rice seeds in rice growing regions in India. The campaign is presently active
in six states including Kerala. Various programmes such as rice diversity blocks, rice
field days, seed exchange programmes, seed and indigenous food festivals, seed banks,
marketing of organically grown indigenous rice, etc. are conducted in these states to
spread the conservation of indigenous rice diversity.
Mainstreaming Biodiversity for Sustainable Development

CONSERVATION OF INDIGENOUS RICE VARIETIES IN KERALA
Rice campaign is very much active in Kerala and undertakes various activities such as Rice
Diversity Blocks, field days and seed festivals. The campaign started its work in Kerala
in 2006. In the initial years the campaign team started some discussion with famers and
started seed exploration and conservation work. In Kerala, the campaign set up its first
Rice Diversity Block in Edavaka panchayath in 2008 in Wayanad district and second Rice
Diversity Block in 2009 at Panavally village in the same district. The main objective of the
RDB is to demonstrate indigenous rice diversity. This paddy field is made into different
plots and different varieties are cultivated in each plot so that people can come and visit
many varieties in a single field. This also works as a live germplasm and a learning center.
The Rice Diversity Block in Panavally has been characterizing rice seeds, purifying seeds,
and conducting participatory variety selection and quality seed production. Now this
RDB has 219 rice varieties of which 164 are native to Kerala.
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LIST OF RICE VARIETIES OF KERALA
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In our collection we have some varieties which do not have any specific name. Some of
In our collection we have some varieties which do not have any specific name. Some of
the varieties we collected from farmers were mixtures and some were given by farmers
without name. We separated them and planted it separately and given them numbers.
There are 46 such varieties in our germplasm collection. Further studies are needed to
identify and name them.
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The RDB in Panavally has different varieties suitable to different agro-climatic zones;
varieties has special qualities like aroma, medicinal properties, tolerance to stress like
drought, salinity, water logging, extreme cold etc. and varieties suitable for different
Mainstreaming Biodiversity for Sustainable Development

cuisines. They are;
VARIETIES GROWN IN FLOODPLAINS
Kerala has 44 rivers and its vast floodplains. There are some special varieties suitable for
those regions. There were hundreds of such varieties in Kerala but only a few are available
now. These varieties have longer crop duration of six months and more. These varieties
have longer culm length which helps the plant to withstand rising flood level and
submergence. The seed bank of Save Our Rice Campaign has 28 such varieties in its
collection.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Name of the
variety

Duration

No

Mundon

More than 7
months

15

Vallimundon

More than 7
months

16

Orisamundon

More than 7
months

17

Orpandi

More than 7
months

18

Vellapokkan

More than 7
months

19

Vellamthanki

More than 7
months

20

Karuthakodiyan

More than 7
months

21

Veluthakodiyan

More than 7
months

22

Ottalmundon

More than 7
months

23

Cheradi

More than 7
months

24

Kurukkan chitteni

More than 7
monts

25

Vadakkan chitteni

More than 7
months

26

Athiyan

More than 7
months

27

Chitteni

More than 7
months

28

Name of the
variety

Duration

Chuvanna chitteni

More than 7
months

Karutha chitteni

More than 7
months

Vellari

More than 7
months

Velleriyan

More than 7
monts

Chenthadi

6 months

Kullan chenthadi

6 months

Mundone

6 months

Mullan mundon

6 months

Chettuveliyan

6months

Mannuveliyan

6 months

Karivalicha

6 months

Karivalicha

6 months

Kanali

6 months

Ekkarinettu

6 months
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VARIETIES GROWN IN UPLANDS
There was a practice of upland paddy cultivation on the slopy terrain of Western Ghats
mountains and midland hills in Kerala. These varieties do not require standing water or
loose clay soil to grow and can even withstand minor droughts and lower temperature in
the high ranges. There were a number of such varieties in practice earlier but only a few
are existing now. List of such varieties available in SOR seed bank are given below.
No
1
2
3
4
5
6
7
8
9

Name of the variety
Chennellu
Palkazhama
Eran
Chettuchomala
Chonavithu
Kalladiyaryan
Choman
Naron navara
Paramban
navara

Duration
4 months
4 months
4 months
4 months
4 months
4 months
4 months
3 months
3 months

VARIETIES GROWN IN COASTAL WETLAND
Kerala has some salt water resistant paddy varieties which are grown in coastal wetland
of the state. These wetlands face salt water intrusion from sea during high tide. Only salt
water resistant varieties can grow in such paddy systems. SOR has a few of such varieties
in its seed bank.
No
1
2
3
4
5

Name of the variety
Orkkazhama
Kuthir
Choveryan
Orthadayan
Kutoosan

Duration
4 months
4 months
4 months
4 months
4 months
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MEDICINAL RICE VARIETIES
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Right food is the right medicine is a commonly accepted fact. There are some rice
varieties which are used mainly for medicinal purposes than cooking. In Kerala there
were about 16 navara varieties. Other medicinal varieties were in addition to this. But
only few varieties are in practice today in Kerala. Names of a few medicinal rice varieties
Mainstreaming Biodiversity for Sustainable Development

available in SOR seed bank are given below.
No
1
2
3
4
5
6
7
8
9
10

Name of the variety
Karutha navara
Navarapuncha
Naron navara
Rakthasali
Valiya chennellu
Vella chennellu
Chuvana Chennellu
Chuvana Chennellu
Vellakunjinellu
Chuvana navara

Duration
3 months
3 months
3 months
3 months
5 months
4 months
4 months
4 months
4 months
3 months

SCENTED RICE VARIETIES
Scented rice is one interesting feature of rice diversity. These varieties release aroma while
cooking. Special foods like payasam, ghee rice and biryani are prepared with these varieties.
The list of scented varieties available in SOR seed bank is given below.
No
1
2
3
4
5

Name of the variety
Gandhasala
Mullan kazhama
Jeerakasala
Chona kunjinellu
Vella kunjinellu

Duration
5 months
5 months
5 months
4 months
4 months

VARIETIES FOR MEALS
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The RDB has some special rice varieties for preparing meals in the traditional Kerala way.
These varieties are different in different parts of Kerala. Kazhama is the popular rice for
meals in north Kerala but in south people prefer chembavu for meals. Names of some
popular varieties for meals are given in the table below.
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No
1
2
3
4
5
6
7
8
9
10
11
12
13

Name of the variety
Thavalakkannan
Kazhama
Aryan
Chennellu
Thondi
Marathondi
Palthondi
Koyyala
Choman
Arikkarayi
Thonnuran
Kuruva
Chembavu

Duration
4 months
4 months
4 months
5 months
5 months
5 months
4 months
4 months
4 months
3 months
3months
4 months
4 months

VARIETIES FOR IDLY, DOSA ETC.
People prefer soft rice for preparing cuisines like idly, dosa etc. There are some special rice
varieties for such preparations in our traditional cooking. Names of a few such varieties
are given in the table below.
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No
1
2
3
4
5
6
7
8
9
10
11
12
13
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Name of the variety
Kothambari kazhama
Raja kazhama
Kunjinellu
Chennellu
Palthondi vella
Urunikkazhama
Vellaryan
Thavalakkannan
Chettuchomala
Chomala
Palveliyan
Ekkarinettu
Chitteni

Duration
4 months
4 months
4 months
5 months
5 months
5 months
7 months
4 months
4 months
5 months
5 months
4 months
7 months

This RDB has inspired many people to grow indigenous rice varieties and conserve them.
Hundreds of people visited and collected seed from here. Some of them even started
Mainstreaming Biodiversity for Sustainable Development

RDBs in their localities. Now there are 11 such RDBs in the state. These RDBs are working
in different districts of Kerala, mostly north Kerala and conserving varieties indigenous
to those localities.
The RDBs is not being maintained merely as a collection of rice seeds. It organizes
various programmes to share and exchange rice seeds and indigenous wisdom associated
with rice cultivation. The RDB hosts Rice field week in every November. During this
time the RDB is kept open for farmers, students, academicians, policy makers, politicians
and general public. This is an opportunity for visitors to come and realize the beauty and
potentials of indigenous rice diversity. After harvest in the month of april seed festival is
organized in Wayanad to spread indigenous seeds. During this time people gather, share
and exchange indigenous seeds and plan future activities for the spread of the indigenous
seeds in Kerala.
CONCLUSION
Save our rice campaign initiated by Thanal played a significant role in conserving,
reviving and popularising indigenous rice diversity in Kerala. The campaign is doing the
largest on farm conservation of indigenous rice varieties in the state. It is very important
to undertake such agro biodiversity conservation work in different agro climatic zones to
protect our food diversity and thus develop a healthy food system in the state.
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AN OVERVIEW OF THE PROTECTED REPTILES OF INDIA AS PER
THE INDIAN WILDLIFE (PROTECTION) ACT OF 1972
Muhamed Jafer Palot
Zoological Survey of India,
Western Ghat Regional Centre
Kozhikode-673 006, Kerala
Email: palot.zsi@gmail.com
Indian Wildlife (Protection) Act of 1972 amended up to 2013 forms the legal
framework for conservation of flora and fauna and their habitat in India. Various schedules
of the Act, dictate the level of legal protection given to the species of Indian animals. An
overview of the protected reptiles of India with their status in the Act is discussed in the
present communication. Of the 547 reptilian species known from India, 327 are under
various Schedules of the Act. They are categorized into Schedule I (25 species), Schedule
II (12 species) and Schedule IV (290 species) of the Indian Wildlife (Protection) Act.
All the three species of crocodiles known from India are threatened with extinction and
are listed in Schedule –I of the Act. Of the 34 species of turtles and tortoises reported
from India, only 20 species have found a place in the Schedules of the Act. Of the 216
species of lizards known from India, only 8 species are categorized in the Law. Except
for a few species like Monitor Lizards (Varanus spp.), Indian Chameleon, Chamaeleo
zeylanicus, Tokay Gecko, Gekko gecko, Indian Golden Gecko, Calodactylodes aureus and
Spiny-tailed Lizard Saara hardwickii, none are listed in any of the Schedules of Indian Wildlife
(Protection) Act. Among the Indian reptiles, snake fauna dominated with 292 species.
As per the law, all the snake families are listed in the various schedules of the Wildlife
Act. The Indian Rock Python, Reticulated Python, Burmese Python and the Indian
Egg-eating Snake are listed in the Schedule -1 of the Act. While, Indian Rat Snake, Olive
Keelback, 4 species of Cobras (Naja spp.), Russel’s Viper, Checkered Keelback, Dog-faced
Water Snake and the King Cobra are included in the Schedule-II of the Act. The rest of
the Indian snake species are protected under Schedule- IV of the Act.
Keywords: Reptiles, Legal framework, Threatened, Extinct.

Conservation aspects of reptiles gained prominence in 1970s. The Government of
India banned snake skin trade in mid 1970s that halted a slaughter of about 10 million
snakes per year. The Government also listed some species as protected under the
Indian Wildlife (Protection) Act (1972), mainly in the context of the threat posed by
the skin trade. IUCN also included Indian Python, Saltwater Crocodile, Gharial,
Desert Monitor Lizard and Batagur Turtle as endangered animals of the Indian
Subcontinent in the Red Data Book. Indian Wildlife (Protection) Act of 1972 amended up
Mainstreaming Biodiversity for Sustainable Development
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to 2013 forms the legal framework for conservation of flora and fauna and their habitat in
India. Various schedules of the Act, dictate the level of legal protection given to the
species of Indian animals. An overview of the protected reptiles of India with their
status in the Act is discussed in the present communication. The reptilian fauna of
India is categorized in to Schedule I, Schedule II and Schedule IV of the Indian Wildlife
(Protection) Act of 1972. According to the Act, taxa listed under Schedule I have the
highest degree of legal protection, Schedule II offers the second highest level and so on
down to Schedule IV, which is having lower level of legal protection. In an amendment on
the Indian Wildlife (Protection) Act (1986), all the snake families are listed in the various
schedules of the Wildlife Act. In contrast, the status and distribution of lizards have not
received much attention among the researchers. Except for a few species like Monitor Lizards
(Varanus spp.), Indian Chameleon Chamaeleo zeyylanicus, Tokay Gecko, Gekko gecko,
Indian Golden Gecko Calodactylodes aureus and Spiny-tailed Lizard Saara hardwickii,
none are listed in any of the Schedules of Indian Wildlife (Protection) Act.
Over 518 species of reptiles have been described so far from India (Whitaker & Captain,
2004; Venugopal, 2010; Aengals et al., 2011; Uetz & Jerry Hosek, 2016). A review of the
scheduled reptilian fauna of India revealed that a total of 321 species are under various
Schedules of the Act (Table-1). Of these, 22 are in Schedule I, 11 in Schedule II and 288
species are listed in the Schedule IV of the Act. Of the 216 species of lizards known from
India only 6 species are protected by the law (Palot, 2016).
Table 1. Reptile groups and various schedules of Indian Wildlife (Protection) Act

The detailed review of the various reptilian groups known from India with their status
in Indian Wildlife (Protection) Act of 1972 and with respect to the latest amendments is
discussed below.
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ORDER: CROCODYLIA (CROCODILES)
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The order crocodylia represented with two families and three species from India. Due to
extensive hunting for skin and habitat destruction, all the three species of crocodiles are
Mainstreaming Biodiversity for Sustainable Development

threatened with extinction. Over the years, the Gharial was reported in few localities
in Chambal River, Ganges and Mahanadi. According to IUCN, a population decline of
96-98% has occurred since 1946, and the once-widespread population of an estimated
5,000 to 10,000 individuals has been reduced to a very small number of widely spaced
subpopulations of fewer than 235 individuals in 2006. The natural population of Mugger
Crocodile has been decimated in its earlier known localities; the saltwater crocodiles
became extinct in south India. In 1975, Govt. of India initiated a Project on crocodiles
based on a report of the FAO and an independent report by the Madras Snake Park
on Gharial. As a result of the active implementation of the Project, the population of
crocodiles recuperated well and shows a good sign of recovery. Now all the three species
of crocodiles in the order Crocodylia are listed in Schedule –I of Indian Wildlife
(Protection) Act.

Of the 34 species of turtles and tortoises reported from India, only 20 species found
a place in the Schedules of the Indian Wildlife (Protection) Act. Freshwater turtle
species are being heavily exploited for their flesh and eggs and for their supposedly
medical properties. These reptiles face an unprecedented onslaught of pressures, ranging
from intensive harvesting to large-scale habitat loss. Nearly 60% of the 25 native
turtle and tortoise species are now in danger of extinction. Hunting of turtles
for sustenance might have a less impact, but the growing demand in turtle
plastron in China for making gelatin has increased the hunting to an unsustainable
level. The high income from turtle plastron has attracted other communities to this
trade, other than those who were engaged traditionally in hunting turtles. All the three
endemic species namely Cochin Forest Cane Turtle, Vijayachelys silvatica, Travancore
Tortoise, Indotestudo travancorica and Leith’s Softshell Turtle, Nilssonia leithi are listed
in the higher categories of IUCN Red list and protected under various Schedules of the
Indian Wildlife (Protection) Act, 1972. Similarly, all the five species of marine turtles
reported from the coastal waters of India are listed in Schedule-I of the Law. As a
result of intensive protection, and the awareness generated by the Government and
non-governmental organizations, the population has regained much of its breeding
grounds in our beaches. Large scale hunting of freshwater turtles for their fleshes and
shells has prompted government to provide adequate protection. Species such as Asian
Giant Softshell Turtle Pelochelys cantorii, Indian Soft-shell Turtle Nilssonia gangetica,
Cochin Forest Cane Turtle Vijayachelys silvatica, Northern River Terrapin Batagur
baska, Tricarinate Hill Turtle Melanochelys tricarinata, Indian Flapshell Turtle Lissemys
punctata, Indian Peacock Softshell Turtle Nilssonia hurum, Red-crowned roofed Turtle
Batagur kachuga and Spotted Pond Turtle Geoclemys hamiltonii are listed in the Schedule-I
of the Act. Unfortunately, 14 species are not listed in any of the Schedules of the Act.
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ORDER: TESTUDINES (TURTLES & TORTOISES)
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ORDER: SQUAMATA
Suborder: Sauria (Lizards)
Of the 216 species of lizards known from India, only 8 species are listed in the Indian
Wildlife (Protection) Act. In a recent amendment (2013) Tokay Gecko, Gekko gecko, a
popular animal in the pet trade, got a place in the Schedule IV category of the Act. Even
though, many of the lizard species are narrow endemic and known only from the type
localities are not designated in any of the Schedules. Except for a few species like Monitor
Lizards ( 4 Varanus spp.), Indian Chameleon, Chamaeleo zeyylanicus, Tokay Gecko,
Gekko gecko, Indian Golden Gecko, Calodactylodes aureus and Spiny-tailed Lizard Saara
hardwickii, none are listed in any of the Schedules of Indian Wildlife (Protection) Act.
Suborder: Serpentes (Snakes)
Among the reptiles, snake fauna dominated with 292 species. Of these, 116 species are
endemic to the geographical boundary of India. In an amendment on the Indian Wildlife
(Protection) Act (1986), all the snake families are listed in the various schedules of the
Wildlife Act. Indian Rock Python Python molurus, Reticulated Python Malayopython
reticulatus, Burmese Python, Python bivittatus and the Indian Egg-eating Snake
Elaschistodon westermanni are listed in the Schedule -1 of the Act. Snakes such as
Indian Rat Snake Ptyas mucosa, Olive Keelback Atretium schistosum, 4 species of Cobras
(Naja spp.), Russel’s Viper Daboia russelii, Checkered Keelback Xenochrophis piscator,
Dog-faced Water Snake Cerberus rynchops and the King Cobra Ophiophagus hannah
are listed in the Schedule-II of the Act. The rest of the Indian snake species are protected
under Schedule- IV of the Act.
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The usefulness of DNA barcodes in species identification of earthworms was studied.
Among the 558 nucleotide sites utilized for the phylogenetic analyses, 384 sites were
variable and 232 sites were parsimony-informative. A total of 27 samples were processed
in the present study and the morphological examination of the adult worms revealed 9
different species. The current trend appears to be that DNA barcoding needs to be used
only alongside traditional taxonomic tools and alternative forms of molecular systematics
so that problem cases can be identified and errors detected.
Keywords: DNA barcoding, phylogenetic analysis, molecular systematics.
INTRODUCTION
The biological specimens were usually identified using morphological and anatomical
features. However, a specimen is damaged or is in an immature stage of development,
even an experienced taxonomist may be unable to make identifications. Barcoding
solves these problems, because non-specialists can obtain barcodes from tiny amounts of
tissue. This is not to say that traditional taxonomy has become less important, but rather
that DNA barcoding can serve a dual purpose as a new tool in the taxonomist’s toolbox
supplementing his knowledge as well as being an innovative device for researchers who
need to make a quick identification (such as CBOL).
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DNA barcoding is a taxonomic method that uses a short genetic marker in the DNA to
identify an organism. It differs from molecular phylogeny in that the main goal is to
identify an unknown sample in terms of a known classification (Kress et al., 2005).
Moreover by allowing easy access to species identity, these tags would greatly enhance the
rate of species discovery and further supplement and strengthen the traditional taxonomy.
Most eukaryote cells contain mitochondria, and mitochondrial DNA (mtDNA) has a
relatively fast mutation rate, which results in significant variation in mtDNA sequences.
This evolves much more rapidly than nuclear DNA, thereby resulting in the accumulation
of differences between closely related species (Brown et al., 1979; Moore, 1995 and
Mindell et al., 1997). This is more pronounced interspecifically (between species) than
intraspecifically (within species).
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The DNA barcode itself consists of a 648 bp region, 58-705 from the 5’-end of the
cytochrome c oxidase 1 (CO1) gene using the mouse mitochondrial genome as a
reference. It is based on the postulate that every species will most likely have a unique
Mainstreaming Biodiversity for Sustainable Development

DNA barcode.
There are 4650 possible ATGC-combinations compared to an estimated 10 million
species remaining to be discovered (Wilson, 2004). It is also on the assumption that
interspecific genetic variation exceeds intraspecific genetic variation (Hebert et al., 2003,
Hebert et al., 2004b and Frezal and Leblois, 2008). Pérez-Losada et al., (2011) reported
that CO1 barcodes are also a good proxy for estimating intrageneric (within genus)
phylogenetic diversity and relationships in earthworms.
This provides a framework for a first-stage taxonomic screening of earthworm diversity
using a single standardised gene marker- a 648 base pair fragment of the mitochondrial
cytochrome c oxidase subunit 1 gene. Earthworm barcode of life is a recently launched
campaign under the broad umbrella of barcode of life initiative. The earthworm
barcoding campaign objective is to build an extensive library of genetic tags (CO 1
barcode region - 648 bp) for 5000 species. This also helps to discriminate morphologically
similar and genetically different species termed cryptic species (Chang and Chen, 2005;
Pe´rez-Losada et al., 2005 and Chang et al., 2007 and 2009) by using the DNA sequences
of the mitochondrial cytochrome c oxidase subunit1 (CO1). However, reports show that
several genes have been chosen for identifying the earthworm species through DNA
barcoding such asmitochondrial cytochrome-c oxidase I, 18S, 28S and 16S ribosomal
DNA. Among these, DNA barcodes based on a fragment of the CO1 and 16S rDNA genes
have been demonstrated to work well for species identification for earthworms. The aim
of the study is to determine whether the mtCOI barcode is able to discriminate species
under consideration and also check whether these are in agreement with those obtained
through traditional approaches.
MATERIALS AND METHODS

The adult worms were identified by using traditional taxonomic keys. The preserved
samples (in absolute alcohol, 100%, three-in-one AR grade) were stored at 4oC until
processing for DNA extraction. The samples were then processed for DNA sequencing.
A total of 27 samples were used for DNA barcoding. The voucher specimens are
deposited in the Zoological Museum of the Department of Zoology, Mar Ivanios College,
Thiruvananthapuram, Kerala. DNA sequencing was done at ‘Rajiv Gandhi Centre for
Biotechnology’, Department of Biotechnology, Government of India, Thiruvanathapuram.
Mainstreaming Biodiversity for Sustainable Development
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The study area comprises the five districts of Kerala state (Thiruvananthapuram, Idukki,
Thrissur, Palakad and Wayanad). The earthworms were collected from the field by digging
and hand sorting and either brought to the laboratory for preservation or washed and
preserved in absolute alcohol (100%) on the spot. A total of 27 earthworm samples were
collected from different habitats such as grassy land, river bank, forest, banana plantation,
vegetation sites, residential area, coconut plantation, hill region, and cultivated land. All
species were serially numbered and assigned a unique code.
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About 25 mg tissue of the each worm was used to extract the DNA. DNA was extracted
from the sample using Qiagen® Dneasy Kit. The extraction procedure was repeated until
the required amount obtained.
Total genomic DNA was isolated from one to six individuals per species. A fragment
of the mitochondrial cytochrome c oxidase subunit I sequence (COI) was amplified
using the universal primers F- 5’-GGTCAACAAATCATAAAGATATTG-3’ and R-5’-TAAACTTCAGGGTGACCAAAAAATCA-3’ (Folmer et al. , 1994). The reaction mix
consisted of 10 μl of Taq PCR Master mix (Qiagen, New Delhi, India), 2 μl of MgCl2 (25
mM), 0.5 μl of each primer (10 μM), 4 μl of dH2O and 3 μl of template DNA (10–20
ng), and the thermocycling conditions for the amplification of CO1 gene fragment were
as follows: 95°C for 5 min, followed by 10 cycles of 95°C for 30 s, 45°C for 40 s, 72°C
for 90s, followed by 30 cycles of 95°C for 30 s, 51°C for 40 s, 72°C for 90 s, and a final
extension step at 72°C for 5 min. PCR products were purified by using ExoSap IT (USB,
USA).
The sequencing was performed for both forward and reverse strands using the same PCR
primers — the products were labelled using the BigDye Terminator V.3.1 Cycle sequencing
Kit and sequenced using an ABI 3730 capillary sequencer following manufacturer’s
instructions. Sequences were manually checked and aligned using the default parameters
with ClustalW, built into BIOEDIT (Thompson et al., 1994; Hall, 1999).
RESULTS AND DISCUSSION
The topology of the maximum likelihood tree inferred from the dataset clearly shows
very strong signal of COI at the species level in earthworms. A total of 27 samples were
processed in the present study. Morphological examination of the adult worms revealed
9 species — Pontoscolex corethrurus (Glossoscolecidae), Travoscolides chengannures,
Amynthas corticis, Perionyx sansibaricus, P. foveatus var. nairii, nov., Amynthas sp
(Megascolecidae), Progizzardus varadiamensis, Glyphidrilus annandalei (Almidae) and
Dichogaster bolaui var. vijai, nov. (Octochaetidae). It was noted that CO1 exhibited a
unique barcode to a particular species. The DNA sequences from CO1 were deposited in
GenBank under the accession numbers listed in Table 1.
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Out of the 27 samples studied, 4 species were identified namely, Progizzardus varadiamensis,
Perionyx foveatus var. nairii, nov., Dichogaster bolaui var. vijai, nov. and Travoscolides
chengannures which are endemic to Kerala and Western Ghats and 2 species, Pontoscolex
corethrurus and Amynthas corticis are exotic peregrines and Perionyx sansibaricus is a
native peregrine.
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DNA barcodes were obtained from all specimens studied. After alignment there were 558
common sites in the partial sequences of CO1 genes including inserted gaps used for this
analysis. No areas of uncertain alignment were identified.The results of the present study
strongly support the usefulness of DNA barcodes in species identification of earthworms.
Mainstreaming Biodiversity for Sustainable Development

Phylogenetic analyses were performed using MEGA ver. 5 (Tamura et al., 2007;
Kumar et al., 2008) inference, maximum likelihood methods and the branch support was
evaluated using 1000 bootstrap replicates (Felsenstein, 1985). The analyses were
performed using different methods to check the consistency of the topology of the
resulting tree. Quidnipagus palatum (a bivalve) was used as the outgroup for the analysis.
Pairwise genetic distances between the monophyletic clades were determined using the
Kimura 2-parameter method (Kimura, 1980; Smith et al., 2008) in the program MEGA
ver. 5.
The individuals belonging to ‘clade g’ represent the species Pontoscolex corethrurus. This
clade was highly divergent from all other clades but the individuals of the clade (E18,
EW6, E7, E8, E6, S29, E3 and EW2) have 0% divergence between themselves indicating
individualsof the clade belong to the same species Pontoscolex corethrurus. We identified
clade f, clade e, clade i and clade 1 as a possible new candidate species from a possibly
new genus based on the extent of genetic divergence from the other species; however, the
validation of these earthworms as new species and genera would require the designation
of a type specimen and relevant comparisons with other type specimens.
The individuals (E4, E5, EW5, E17 and EW4) of the clade d belong to the genus Travoscolides
chengannures. The individuals of this clade show 0% divergence among themselves
indicating them to be the same species Travoscolides chengannures.
The taxonomic identification and phylogenetic position of the species like S32-Glyphidrilus
annandalei-JX535191, E14-Amynthas corticis, E13-Amynthas corticis -JX535189, E15Perionyx foveatus var. nairii- KC248378, E12- Progizzardus varadiamensis- JX535188,
E9- Dichogaster bolaui var. vijai, nov - KC248376 , E14- Amynthas sp- KC248377, E8Pontoscolex corethrurus- JN185607 and E19-Perionyx sansibaricus-JX535190 were fixed
and their closely related species identified.

Two different species of Amynthas (A. corticis and Amynthas sp.) were sequenced. By
morphotaxonomy it was found that, Amynthas sp. is closely related to Amynthas corticis
except in the number of spermathecae (= 2 pair). In addition, Amynthas sp. carry numerous
papillae like projections in the segment between 12-16 covering the clitellar segment. These
two specimens, E13 and E14, however show 0% divergence. In a similar situation, Chang
et al., (2009) reported three different species of Amynthas sharing a common CO1
haplotype. Therefore, a careful re-examination of these specimens is required to resolve
this matter.
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Dichogaster bolaui var. vijai shows more than 18.8% divergence from all other species
of earthworms compared in the present study and Progizzardus varadiamensis shows
15.5% divergence from E1, an unidentified species and more than 19.6% divergence
with all other species of earthworms compared in the present study. This high degree of
divergence for the two species supports their position as a distinct genus.
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The present findings are unique in four species (Travoscolides chengannures (JN185606),
Progizzardus varadiamensis (JX535188), Perionyx foveatus var nairii, nov. (KC 248378)
and Dichogaster bolaui var. vijai, nov (KC248376), among those studied currently are
endemic to Kerala and the Western Ghats region and the barcodes made available are
new to science. The DNA barcoded specimens also include a newly created genus and
two new sub species. Ideally these results should be confirmed with more markers and
specimens, and so potential sampling and systematic error could be evaluated.
The current trend appears to be that DNA barcoding needs to be used only alongside
traditional taxonomic tools and alternative forms of molecular systematics so that
problem cases can be identified and errors detected. We conclude that further exploration
of mitochondrial diversity in earthworms will lead to major improvements in our
understanding of the evolutionary pathways and rates of change in the mitochondrial
genome. The barcoding of earthworms in the Kerala region is perhaps the first inventory
report.
Table 1: The nine species and its corresponding Accession numbers of sequences submitted to GenBank
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Biological invasion can be described as the process by which a species acquires competitive
advantages which leads to the removal of natural obstacles to its proliferation, allowing
it to conquer unconventional areas within recipient ecosystems thereby becoming the
dominant population. But the pattern, process and the threat posed by invasive plants
to the biodiversity has been paid relatively little attention. The riparian ecosystems in
the State of Kerala are at the threat of invasion by alien plant species. The problem has
proliferated to such an extent that invasion by these species are the second largest threat
to biodiversity next only to habitat loss. Severity of the problem varies across the State of
Kerala depending on complex interactions between climatic, nutritional, geomorphologic,
and anthropogenic factors. A reconnaissance survey was conducted in the riparian
ecosystem of Vamanapuram river basin (N. Lat. 8˚ 35’ 24’’ and 8˚ 49’ 13’’ and E. long. 76˚
44’ 24’’ and 77˚ 12’ 45’’) in southern Kerala. This river basin bears striking resemblance to
most of the landscape diversity seen in Kerala. The study was focused on invasive species
that were perceived to exert maximum threat to the ecosystem. Soil samples were
collected from similar reaches in highland, midland and lowland areas. In addition to
evaluation of biodiversity indices, like species richness and abundance, soil nutrient
analysis were also carried out. The study revealed characteristics of a disturbed habitat
within the region and offers insights into the burden of invasion and warrants effective
solutions for the conservation of riparian ecosystem.
Keywords: Biological invasion, Biodiversity, Riparian ecosystem

Historically, Victorian biologists including Darwin (1872) were fascinated by the
phenomenon of biological invasion leading to transformation of landscapes. He
focussed the attention on the rapid spread of alien cardoon (Cynara cardunculus) and
a tall thistle (Silybum marianum) in Argentina. But, systematic studies on biological
invasion commenced only after the arrival of the seminal book The Ecology of Invasions by
Animals and Plants by Charles Elton in 1958. This is a landmark contribution in the
history of invasion ecology. We have come a long way to the present era, where the Global
Invasive Species Programme (GISP) emphatically states that ‘invasive alien species are
non-native organisms that cause, or have the potential to cause, harm to the environment,
economies, or human health’ (GISD, 2010).
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According to Cadotte et al., (2006) biological invasion is an outcome of human mediated
global change and the main drivers are - altered land use, anthropogenic activity and
climatic pattern. Other researchers like Fridley et al., (2007) and Sax et al., (2012) provide
an exhaustive compilation of work on invasive species from a global perspective. Invasion
is considered as the second most wide spread threat to global biodiversity next to habitat
destruction as per Leadley et al., (2010). Earlier, Richardson et al., (2000) and Mitchell
et al., (2003) specifically addressed plant invasions in great detail. Whilst Foxcroft
et al., (2013) concentrates on invasions in geographic regions, and dwells upon economic
aspect of invasion. Lowry et al., (2013) provides a holistic synthesis on biological
invasion.
In India, studies of invasive ecology are skewed disproportionately with studies and
observations primarily in the Himalayan range and the North-Eastern region as elucidated
by Khuroo et al., (2012). Based on the invasive assessment protocol, the Kerala Forest
Research Institute (KFRI) took the lead in documenting invasive species within the State
of Kerala, wherein, they ranked the following 15 plants as high risk invasive species:
Acacia mearnsii, Chromolaena odorata, Lantana camara, Merremia vitifolia, Mikania
micrantha, Mimosa diplotricha, Mucuna bracteata, Prosopis juliflora, Pueraria phaseoloides
and Sphagneticola trilobata (Sajeev et al., 2012).
Riparian landscapes are highly threatened ecosystems occupying a mere onethousandth of the earth’s surface. Habitats that are subject to natural or anthropogenic
disturbances could be particularly vulnerable to invasion (Jauni et al., 2014). Riparian plant
communities along the rivers are dynamic, species rich, productive, and sensitive to the
anthropogenic interference (Malanson, 1993). In Kerala, only limited riparian diversity
studies have been conducted in the Chalakkudy River (Bachan, 2003) and the Pamba
River. None of them specifically discussed the invasive aspects of riparian vegetation.
MATERIALS AND METHODS
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In the study, a reconnaissance survey was conducted in the riparian ecosystem of
Vamanapuram River basin (VRB), which is bounded by latitudes - 8˚ 35’ 24’’ N and 8˚ 49’
13’’ N & longitudes - 76˚ 44’ 24’’ E and 77˚ 12’ 45’’ E. It is one of the prominent rivers in
southern Kerala with a length of about 81 km and drainage area of 787 km2.
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Fig: 1 Study area (Source: V. K. Rajani, www.ijser.org)
Mainstreaming Biodiversity for Sustainable Development

For computation of analytical features nested quadrat studies were carried out in
similar reaches of highland, midland and low land regions of VRB. Quadrats of 10x10 for
trees, 5x5 for shrubs, climbers and epiphytes and 1x1 for herbs were employed. Shannon
index (H’) was calculated by the formula H’=-Σ (pi log pi) and Simpson’s index (D) was
computed by D=Σ (pi)2. The sizes of the quadrat for diversity analysis were determined
by species area-curve method logS = logC + z logA, where S = number of species,
A = area, C = constant. According to standard sampling procedures, soil samples were
collected from each quadrat. Soil pH and macro nutrients analyses were done using
standard procedures.
RESULTS AND DISCUSSION
While assimilating the quantitative information about the diversity of plants, greater
emphasis was given to invasive plants. Species area curve was plotted; while plotting the
curve invasive and native plant species were pooled together and plotted the species area
curve, which shows the fundamental ecological relationship.

Fig: 2 Species Area Curve of plant species

Table: 1. various indices measured in the study area, Vamanapuram river basin
Mainstreaming Biodiversity for Sustainable Development
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Biodiversity analysis was also done and the results in terms of various indices are depicted
in Table 1. The values of Shannon –Wiener and Simpson‘s diversity index falls under the
range reported for a tropical forest ecosystem, H’-0.83 -4.1, 1/D ~1 (Singh et al., 1984).
But in conditions like this, neither of these values could be considered as a real measure
to reflect the diversity.
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When compared to parametric analysis, non-parametric analysis like Circular analysis
(Figure: 3), and the Kernel density analysis (Figure: 4) gave more imperative information
about the invasive problem. From these density analyses, it is possible to estimate the
probability density function of the invasive plant with respect to native plant species.
Even the percentile analysis (Figure: 4) imparted the information about the adverse
effects of invasion.
SOIL NUTRIENT ANALYSIS
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Soil nutrient analysis shows changes in soil pH and nutrient levels (Table: 2). pH ranges
from 3.4 to 5.5 (ave. = 4.3). The content of TSS ranges from 0.02 to 2.82. Nutrients like
available Nitrogen (N) spans between 0.84 and 2 (ave. = 1.43), while Phosphorous (P)
spread from 13.3 to >40. However, Potassium (K) content is very low- ranges from 98 to
233 (ave. =167). The high soil pH might be the reason of very low of potassium content.
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About 50% of the soil samples show lower pH (3.4 to 4.7) and nutrient levels (0.02-0.11).
Studies reveal that invasive plants are able to lower soil pH and the concentration of
other elements and therefore alter nutrient cycling within the native community
(Callaway, 2000). Decreased pH can lower nutrient availability and lead to decreased
native plant growth.
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Vamanapuram river basin is in the limelight for its environmental problems - the major
aspects being sand mining and clay mining. Indiscriminate and unscientific sand mining
has already changed the natural structure of the river. This river basin bears striking
resemblance to most of the landscape diversity seen in Kerala. Non-demarcation of the
river boundaries by the revenue department has paved the way for general public to
encroach upon the river embankments. Because of all these activities riparian ecosystems
in the VRB and in other basins in Kerala have already deteriorated. Land use,
climate change and geographical spread of invasive species further alter the biodiversity in
this region. The results gathered from this reconnaissance survey unveil the fact that the
biophysical environment of the riparian ecosystem needs to be protected from biological
invasion and is the need of the hour.
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The objective of the present study was to investigate the abundance and diversity of spider
fauna at different sites of Maruthamalai foot hills, Western Ghats, South India. In total 40
species of spiders belonging to 11 families and 28 genera were observed. A comparison
was made between 3 different sites of Maruthamalai foot hills in “Western Ghats”, one of
the biodiversity hotspots in the world. The abundance was highest in the Site III (Forest
area) and lowest in the Site II (Human altered Area). The site III (Forest area) has very
high level diversity compared to other two sites because site III have thick vegetation and
trees, shrubs and grasses.

INTRODUCTION
Spiders are beneficial arthropods and are an important group of genera listed as predators
in the world. They are the largest order of Arachnids and rank seventh in the total
species diversity among all other group of organisms (Sebastin, Peter, 2009). Spiders can
be used as successful biological indicators to assess the ‘health’ of an ecosystem because
they can be easily identified and are deferentially responsive to natural and anthropogenic
disturbances (Pearce and Venier, 2006). The current world list of Spiders, which globally
include about 45,993 described species (WSC, 2016). Total number of spiders in India
comprises of 1238 species from 58 families and 340 genera. The present knowledge on the
spiders of Western Ghats remains confined to the works of Pocock (1900), Hirst (1909),
Gravely (1935), Sherriff (1927) and Sinha (1951). Recently Smith (2004), Sugumaran
et al., (2005), Jose et al.,(2006) and Wankhade et al., (2012) Karthikeyani and Kannan
(2013) and Muthuchelian and Karthikeyani (2015) tried to document the diversity of
spider fauna in and around Western Ghats. Due to the high species endemism, Western
Ghats is listed in the 34 ‘Biodiversity Hotspots’ of the world (Mittermeier et al., 2005).
A major action strategyimplemented for environmental conservation involves surveys
for called bio-logical monitoring systems. The aim of the study is to investigate the
abundance and diversity of spider fauna at different sites of Maruthamalai foot hills,
Western Ghats, South India. The present study forms a basis for further investigations on
this group.
Mainstreaming Biodiversity for Sustainable Development
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MATERIALS AND METHODS
The present study was conducted from January to February 2016 in three different sites
of Maruthamalai Hills, Western Ghats, South India. The mean maximum and minimum
temperature during summer and winter varies between 19°C to 34°C. The highest
temperature ever recorded was 41°C and lowest 12°C. The average annual rain fall was
around 700mm from the north east and south west monsoons contributing to 47% and
28% respectively. Sampling was carried along the altitude gradient in Maruthamalai hill
in three sites: Site I - Plantation Area, Site II - Human Altered Area, and Site III - Forest
Area. As spiders exploit a wide variety of niches, sampling was done in order to collect
representative samples from all habitats. Sampling required a combination of methods,
so four different collection techniques viz., vegetation beating, ground hand collection,
aerial hand collection, and sweeping net (Coddington and Levi, 1996) were employed.
Specimens were identified up to family, genus and species level. All the above methods
were used during the morning 6am-11am. Collected specimens were transferred to
specimen vials with 70% alcohol for later identification. The recorded spider data were
analyzed for species diversity.
RESULT
In the present study 11 families of Araneae, 28 genera, 40 species were recorded from
three different sites of Maruthamalai foot hills (Table 1). The high species diversity of
spiders in Maruthamalai foot hills can be attributed to the high diversity of plants and
insects. A total number of 40 species were collected from the foot hills of Maruthamalai.
The study areas were divided into three major sites, namely plantation area (Site I),
human altered area (Site II), forest area (Site III). The 40 species comes under the 11
families viz., Agelenidae, Araneidae, Clubionidae, Hersiliidae, Lycosidae, Oxyopidae,
Pholcidae, Salticidae, Sparassidae, Tetragnathidae, and Thomisidae .On a comparison of
the three different sites high abundance was in site 3 because the forest areas have thick
vegetation and also it has less human interference. Figure 1 indicates the population level
of spiders in the study area.
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Table 1: Species list of spiders in Maruthamalai foot Hills
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Table 2: Individual species diversity in different sites
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Site I (Plantation area), Site II (Human altered area), Site III (Forest area)
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Fig 1: Diversity index of Spiders fauna in Study Area
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Table 3: Shannon Diversity index of Spider fauna in Study area

Table 1 represents the individual species name and their author name. Table 2 represents the
diversity and population level of individual species. Then Table 3 represents the Shannon
Diversity of Spiders in the different study area. The diversity index was calculated by
Shannon Wiener diversity formula. This preliminary Spider fauna study will be useful for
further spider diversity population in the Maruthamalai foot hills. The Shannon Weiner
diversity value for Site I is H= -0.30, Site II is H= -0.38, and Site III is H= -0.29. In site I
(370), Site II (196), Site III (574) were encountered in the study area. The result shows the
diversity of Spiders was high in the Forest area (Site III) compared to other two sites. The
results of the study clearly showed the variation in study sites. Hence, the present study
suggests increasing the natural forest area and Control the human habitat area may help
to stop the decline of spider species.
CONCLUSION
Invertebrates are reliable indicators of disturbance of the natural ecosystems and they
respond to environment changes more quickly than other fauna. The assessment of
biological indicators like spider species can also contribute to reveal the condition of the
study area. Study on spiders is untouched in Maruthamali Foot Region, Western Ghats,
South India. Structurally more complex herbs and shrubs can support a more diverse
spider community (Uetz, 1991). The study will also help to work for the conservation
of the species and specify the hidden benefits in them. They are maintaining ecological
equilibrium by suppressing insect pest (Hazarika, L.K. and Chakraborti, S.K. 1998). The
spiders are beneficial arthropods. So it plays an important role in the environment as bio
indicator and biological pest controller. In this study, it is reported that spider diversity
is high in the forest area more than plantation and human altered area. The reason is
plantation area is highly polluted by the chemical fertilizer and the human altered areas
have high construction and buildings. The study shows information related to the species
distribution in a particular habitat with response to environment, disturbance, and
availability of food.
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The freshwater crabs are one of the least studied groups of decapod crustaceans in Kerala,
especially along the Western Ghats biodiversity hot spot, well known for the high rate of
endemism. The rate of endemism of the freshwater crabs in the Western Ghats is higher
than any other taxa; out of the 39 species of freshwater crabs thus far reported from the
region, 92% are endemic. This paper documents a total of 20 species belonging to 11
genera from Kerala, which includes 10 new species and 3 new genera. The described
freshwater crabs reported from Kerala includes Barytelphus acunicularis, Cylindrotelphus
asteniops, Travancoriana schirnerae, Travancoriana kuleera, Travancoriana charu, Lamella
lamellifrons, Pilartaanuka, Vanni travancorica, Vanniashini, Vela carli, and Oziotelphus
abiloba. The 3 newly reported genera were recorded from Peppara Wild Life
Sanctuary, Periyar Tiger Reserve and from Mangulamand Chinnar Wild Life Sanctuary,
and two new species each of the genera Pilarta and Cylindrotelphusa, all habitats located
along the Western Ghats.
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The newly described genera from Kerala also include a tree crab, reported from the
southern Western Ghats. It is substantially different from all congeners in a suite of
characters, notably the diagnostic carapace and male abdominal structure, as well as
the conspicuously elongated ambulatory legs. The second new genus reported from the
forested area can be distinguished from other Indian gecarcinucid genera by a
significant suite of carapace and gonopod characters, including moderately arched,
smooth carapace, prominent suture between the male thoracic sternites 2, 3 and 3, 4,
absence of a flagellum on the third maxillipedexopod, very short G1 terminal segment
and short G2 distal segment. The third genus under description shows peculiarities
similar to Arcithelphu sacochleariformis except having a flagellum on the exopod of third
maxilliped. The new species under description are from the genera Pilarta, Bahir & Yeo
2007 recorded from Agasthyamala and Thattekad Bird Sanctuary,and Cylindrotelphusa,
Alcock 1909, recorded from Ponmudi of Trivandrum and Trichur districts of Kerala.
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As freshwater crabs play a key role in aquatic food webs and serve as ecosystem engineers,
besides exhibiting greater habitat and niche specificity, recording their diversity plays a
key role not only in conservation planning but also in fully realising the diversity of our
ecosystems. Further, the freshwater crabs also serve as indicators of ecosystem health.
The paper highlights the importance of documenting the freshwater biodiversity of
Mainstreaming Biodiversity for Sustainable Development

Kerala and discusses the role of freshwater crabs in assessing the health of ecosystems.
Keywords: Gecarcinucidae, endemism, new genus, new species, Western Ghats.
INTRODUCTION
The biodiversity of the Western Ghats, a biodiversity hotspot in India, has a high endemism
of flora and fauna (Bossuyt et al., 2004; Gunawardene et al.,2007). The freshwater crabs are
one of the least studied groups of decapod crustaceans, especially along the Western Ghats
biodiversity hot spot. The rate of endemism of the freshwater crabs in the Western Ghats is
higher than any other taxa; out of the 39 species of freshwater crabs thus far reported from
the region, 92% are endemic. Kerala has the highest diversity of fresh water crabs recorded
from India; 28 of 94 Indian species are recorded from the state. A total of 11 species is
described during 1909-1969 from southern India (Bahir & Yeo, 2007). The possibility of
new taxa discovery from the Western Ghats is certainly high mainly due lack of survey and
research efforts (Raghavan et al., 2015). The recent studies of Bahir and Yeo (2005, 2007),
Pati and Sharma (2013), Pati and Sudha Devi (2015a, b), have led to the discovery of
many new genera and species of freshwater crabs from southern India.
This paper documents a total of 20 species belonging to 11 genera from Kerala, which
includes 10 new species and 3 new genera from Kerala. The three newly reported genera
were recorded from Peppara Wild Life Sanctuary, Periyar Tiger Reserve and from
Mangulam and Chinnar Wild Life Sanctuary, and two new species each of the genera
Pilarta and Cylindrotelphusa. The newly described genera from Kerala also include a tree
crab, reported from India.
MATERIALS AND METHODS
The specimens were obtained during the two year survey period (2015-2017) in search of
freshwater crabs along the forest areas in the southern Western Ghats and other aquatic
habitats in high, mid and low lying areas of Kerala. The abbreviations G1 and G2 are used
for the male first and second gonopods respectively. The terminologies essentially follow
that in Ng (1988) and Davie et al., (2015).
RESULTS
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This paper documents a total of 20 species belonging to 12 genera from Kerala,
which includes 10 new species and 3 new genera.(Table 1).
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The described freshwater crabs reported from Kerala include Arcithelphusa cochleariformis
(Pati & Sudha Devi, 2015), collected from Wayanad district from deep to shallow
burrows near to the water bodies. Barytelphusa cunicularis (Westwood, 1836) recorded
from almost all the surveyed forest areas, thus showing the wide distribution all along the
Mainstreaming Biodiversity for Sustainable Development

Western Ghats. They enjoy distribution form the highland to low lands of Kerala; larger
crabs were found under larger boulders in streams.
Cylindrotelphusa steniops (Alcock, 1909) is recorded from Neyyar and Peppara Wild Life
Sanctuaries of Trivandrum and Kollam districts of Kerala. It is found in deep burrows
close to streams. Travancoriana schirnerae is recorded from Peppara Wild Life Sanctuary
of Trivandrum and Periyar Tiger Reserve of Idukki districts of the state, especially from
rocky streams of the forest areas of the state. Travancoriana kuleera Bahir & Yeo 2007 is
recorded only from Idukki district of the state, inhabiting a small stream, inside cardamom
plantation, under small stones. Travancoriana charu Bahir & Yeo 2007 inhabit the small
rocky streams of Ponmudi of Trivandrum district. Lamella lamellifrons (Alcock, 1909)
was recorded from Neyyar Wild Life Sanctuary, Peppara Wild Life Sanctuary, Periyar
Tiger Reserve and from low lying areas of Trivandrum to Idukki districts of the state and
is primarily an aquatic species found inhabiting larger streams under large stones.
Pilarta anuka, Bahir & Yeo 2007 is recorded from Ponmudi of Trivandrum district from
dry streams under stones in moist soil shades and the present record shows that this
species is restricted only to its type locality. Vanni travancorica Bahir & Yeo 2007 is
collectedonly from Ponmudi; the crabs were found under stones and leaves of dry streams.
Vanni ashini, Bahir & Yeo 2007 is recorded from Trivandrum and from Pathanamthitta
district, under stones of small streams. Vela carli (Roux,1931) is recorded from Wayanad
district; the specimen is found from deep burrows next to streams, while Oziotelphusa
biloba Bahir & Yeo 2005 is recorded from Kollam and Palakkad districts; they are recorded
from streams and loose soil near to the streams.
The three newly described genera from Kerala also include a tree crab, reported from
the southern Western Ghats. It is substantially different from all its congeners in a
suite of characters, notably the diagnostic carapace and male abdominal structure, as
well as the conspicuously elongated ambulatory legs. The second new genus reported
from the forested area can be distinguished from other Indian gecarcinucid genera by a
significant suite of carapace and gonopod characters, including moderately arched, smooth
carapace, prominent suture between the male thoracic sternites 2, 3 and 3, 4, absence
of a flagellum on the third maxillipedexopod, very short G1 terminal segment and
short G2 distal segment. The third genus under description shows characters similar to
Arcithelphusa except in having a flagellum on the exopod of third maxilliped.

The Western Ghats is one the major global biodiversity sites and the region also shows high
diversity of endemic freshwater crab fauna (Myers et al., 2000). The fauna of the Western
Ghats is quite distinct, with many taxa endemic to the area (Bossuyt et al., 2004; Beenaerts
et al., 2010; Klaus et al., 2014). The number of new taxa of freshwater gecarcinucid crabs
Mainstreaming Biodiversity for Sustainable Development
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The new species under description are from the genera Pilarta, Bahir & Yeo, 2007 recorded
from Agasthyamala and Thattekad Bird Sanctuary, and Cylindrotelphusa, Alcock, 1909,
recorded from Ponmudi of Trivandrum and Trichur districts of Kerala respectively.
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discovered from the Western Ghats has been gradually increasing over the last decade with
dozens of taxa described (Bahir and Yeo, 2005, 2007; Pati and Sharma, 2013, 2014; Klaus
et al., 2014; Pati and Sudha Devi, 2015a, b; Pati et al., 2016). The gecarcinucid fauna
of Kerala is still poorly understood, with the current known fauna still a substantial
under-estimation (Klaus et al., 2014; Raghavan et al., 2015, 2016). Increasing areas of the
southern Western Ghats are ecologically debilitated and there is clear urgency to better
understand this fauna as the conservation challenges grow (Molur et al., 2011).
CONCLUSION
The results of the study reveal unique diversity of freshwater crabs in Kerala and show
the need for a comprehensive inventory of these organisms not only for creating a bench
mark data of biodiversity but also for framing effective conservation needs.
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Western Ghats are home to certain unique relic ecosystems such as Myristica swamps
which are virtually live museum of ancient life of great interest to biologists. A study
was conducted in two river basins (Sharavathi and Aghanashini) of four geographically
isolated clusters of fresh water swamps in Uttara Kannada region of Central Western
Ghats. Extensive field survey and sampling was done to assess the distribution, floral
diversity and threat status. Furthermore, systematic in-situ restoration was done in the
disturbed swamps to evaluate the fitness of obligatory swampy species Gymnacranthera
canarica. The results on floristic studies revealed that, there were about 896 individual
trees, belong to 78 species. Similarly the regenerating individuals were around 983,
belongs to 69 species. Different diversity indices worked out and among those, Importance
Value Index (IVI) was highest for obligatory swampy species. 18% of the species having
threatened status with Northern and Central swamps contain more number of medicinally
important species than Southern swamps. However, Southern swamps were more
disturbed due to anthropogenic pressures like conversion of swamps into orchards and
agriculture fields and also the diversion of water. Considering the threat to swamps, the
study also aimed to do restoration and to test the fitness of G. canarica both in terms
of germination and seedling growth in disturbed swamps. The results revealed overall
germination success of 3 % and 5 % during December 2015 and March 2016.
Germination percent and seedling height was maximum at stream base and decreases
with increase in distance. The results have significant relevance in identifying areas for
species recovery and provide a scientific baseline data for further habitat modeling for
exploration and to formulate strategies for in-situ conservation management.
Keywords: Myristica swamp, Western Ghat, floral diversity, restoration, germination,
seedling height, diversity indices, regeneration, In-situ conservation
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The Western Ghats, the mountains of southern India is considered as one of the global
biodiversity hotspots. The distinct topographic features and range of ecological
conditions in these mountains gives rise to present day biota. Western Ghats are also
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home to certain unique ecosystems such as Myristica swamps ((Nutan Gupta, et. al.,
2006). These swamps mostly occur at lower altitudes with very low topographic relief
and are referred to as shallow water bodies in a low-lying poorly drained depression
(Chapman and Reiss, 1997). They support many rare, threatened, endemic plant species
and deserve high priority for conservation. The Myristica swamps are virtually live
museum of ancient life of great interest to biologists. The earliest description of a swamp
was done by Gamble during 1921 and mentioned about “swampy grounds in evergreen
forests” while describing Myristica fatua and Gymnacranthera canarica. Davis et al., (1934)
reported ‘swampy evergreens’ with Myristica species confined to low-lying poorly-drained
areas in the Western Ghats. Champion (1936) described some evergreen forest types as
“Tropical Valley Freshwater Swamps”. A detailed description of Myristica swamp was
provided by Krishna Moorthy (1960). Champion and Seth (1968) have put the Myristica
swamps in “sub-group 4C Tropical Freshwater Swamp Forests” based on the nomenclature,
description, distribution, locality factor and floristic etc. following Krishna Moorthy
(1960).

MATERIALS AND METHODS
Information on the distribution of Myristica swamps was obtained by referring secondary
Mainstreaming Biodiversity for Sustainable Development
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The unique feature of these fresh water swamps is the abundance of species of
Myristicaceae family, particularly two species Gymnacranthera canarica and Myristica
fatua var magnifica.The G. canarica is dominant species, which possess several structural
and physiological modifications of pneumatophores or knee roots to survive under
waterlogged conditions. During heavy rains, these roots acts as a natural flood control
device for runoff and thereby increase the infiltration rate and helps to keep the ground
water table stable. This obligate swampy species is endemic to Western Ghats and
accounts to 78% of the total trees in Myristica swamps (Chandran, 1993; Chandran
et al., 1999; Chandran and Mesta, 2001). Fresh water swamps are recognized to have
high watershed value and form an excellent habitat for cultivation of plantation crops,
betel nut gardens and paddy. Over the years, most swamps have been exploited and
converted into arecanut plantations and rice fields. Besides, a number of swamps have
been degraded due to diversion of water for agricultural purposes. Consequently,
Myristica swamps, which once use to form a collaborate network along the watercourses
in Western Ghats, now appear as highly fragmented isolated islands due to severe
anthropogenic pressure. Populations of G. canarica are small and face founder effects,
genetic drift and inbreeding depression which may considerably reduce reproductive
performance and recruitment. Considering the threat to the populations of G. canarica,
it has been designated as critically endangered in IUCN list. The present paper provides
baseline information on distribution, floristic diversity and threats of Myristica swamps,
which would be helpful for preparation of conservation and management plans of the
unique habitat.
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literature (local flora, forest records and published papers). Accordingly, populations
were identified based on preliminary field survey in Uttara Kannada of Central Western
Ghats. The coordinates of populations were recorded using a global positioning
system (GPS) and distribution map of the populations were developed using Arc-GIS.
These Maps were used for further sampling works by classifying four clusters namely
Kathlekan, Thorme, Hasolli and intermediate cluster. In each of these clusters, floristic
studies were conducted by following systematic sampling design for all the swamp
locations.
In the present study, the sampling localities are very variable in size as the swamps are
fragmented patchy ecosystem. In order to overcome the problem of variable size, emphasis
was given on sampling random. In most of the locations, the swamps were found on
either side of the first or second order streams. In each site, the stream was considered as
baseline and was marked from beginning to end across the extent of the area. This narrow
strip of transects was found useful in Western Ghats due to undulating topography and
rough terrain (Chandran et al., 1999; Daniels, 1993; Bhagawat, 2002). In these strip of
belt transects, phytosociological studies, different demographic parameters (girth class
distribution of stems, tree density, regeneration etc.) and mainly the abundance of each
species was collected by laying random square plots. Regeneration data was collected by
placing random subplots with in these main plots. All the specialist individuals with in
the sub plots was identified and the regenerates were grouped into different classes such
as, Class I (0-40 cm height), Class II (40-100 cm height), Class III (>100 cm height and
< 10 cm gbh) and Class IV (>100cm height and 10-30cm gbh) for further analysis of
demographic features (Bhagwat, 2002).
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The study also aimed to test the fitness of the swamp species (Gymnacranthera canarica)
restored in disturbed swamps in terms of germination and seedling growth. Healthy
seeds were collected from Darbejaddi swamp and restored to 2 different natural
habitats (swampy and non-swampy stream) during the month of September 2015. Two
locations were selected in each of the river basins one is swampy and the other is
non-swampy stream habitat and are considered as main plots. In each location, five
lines at ten meter distance with seven plots at two meter apart in each lines were laid
out perpendicular to stream (Total 35 plots per each habitat). In each of the seed plots,
25 seeds were sown after taking small pit of 15 cm deep and the seeds were protected
from predatory animals by placing in a nylon mesh and a metal wire mesh above
the seeds. By considering 4 locations, total of 140 seed plots were laid and a total of
3500 seeds were restored in the present year experiment. Each plot were labelled with
coloured plastic tags to identify and covered with litter layer. Observations such as
germination count, survival, seedling height and collar diameter were recorded at regular
intervals.
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RESULTS AND DISCUSSION
Floristic diversity
The results on floristic studies revealed that, there are about 896 individual trees
belong to 78 species. Similarly the regenerating individuals were around 983
belonging to 69 species. From combining all the clusters vegetation data,
Importance Value Index (IVI) was worked out which is a measure of how
dominant a species is in a given forest area and the results showed Gymnacranthera
canarica was found highest with IVI value (19.22) followed by Myristica fatua(16.13),
Pinanga dicksonii (14.4), Mastixia arbarea (12.71), Semecarpus kathlekanensis (10.8),
Lophopetalum wightianum (9.04), and the least IVI was found in Ficus nervosa (2.61).
18% of the species having threatened status as per IUCN and FRLHT red list of plants
includes M. fatua var. magnifica, S. travancoricum, K. attenuate, M. arborea, M. dactyloides,
C. apetalum, M. longifolia.
The different indices computed for tree layer of swampy areas are presented in the Table 1.
This indicates that swamps found to have the rich diversity. Most of the swamps are
having more than 10 species. Hasolli is represented by highest number of species (29)
and hence the species richness was also high (3.26) (Dhyani and Joshi, 2007) and the
least tree species and richness was found in Torme-1 (8 and 0.90). Highest Simpsons
value was in Bogrimakki (0.46) and was least in Mukhatoleya (0.06) this indicates that it
has higher diversity. The percent RET and target species ranged from 6 to 50 % and 5 to
37 %. The level of disturbance was maximum in Bogrimakki (92.68 %) and least was in
Kathlekan-1 (31.71%) and possible reason for less floristic diversity may be due to various
anthropogenic activities such as grazing, collection of fuel wood, fodder, food, medicinal
plants etc (Manhas et al., 2009).
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Table 1: Diversity indices of different swampy area
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Overall results of diversity indices revealed, the total species (trees and regeneration) was
more in Kathlekan and Hasolli cluster (Sharma and Joshi, 2008). Kathlekan cluster has 40
species belonging to 23 families and Hasolli has 40 species belonging to 26 families. The
disturbance was found to be highest in intermediate cluster and least disturbance was
observed in Kathlekan cluster (Table 2).

In-situ restoration
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The first and second germination count was recorded during winter (December 2015)
and summer (March 2016). The results revealed overall germination success rate was
3 % and 5 % during first and second observation time (Cellot et al., 1994). In both the
observation time, the germination percent was maximum at the first plot (7.62 and 18.10
%) which is nearer to the stream and the germination decreases with increasing the
distance from the stream and least was found in 7th plot (0.38 and 0.19 %) (Figure 1). The
seedling height at second observation also showed similar trend with maximum (14.00
cm) at the stream base and decreases with the distance (Figure 2A). However, the results
for collar diameter did not reveal any significant results (Figure 2B) (Stanford et al., 1996).
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Fig.1. Germination percent of G. canarica in restored sites during December 2015 and March 2016.
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Figure 2. Seedling height & collar diameter in restored sites during March 2016.

CONCLUSION
Fresh water swamps are recognized to have rich flora and obligatory endemic plant
species having threatened status as per IUCN. The swamps have high watershed
value and form an excellent habitat for cultivation of plantation crops, betel nut gardens
and paddy. Over the years, most swamps have been exploited and converted into
areca plantations and rice fields. Besides, a number of swamps have been degraded
due to diversion of water for agricultural purposes. Consequently, Myristica swamps,
which once use to form a collaborate network along the watercourses in Western
Ghats, now appear as highly fragmented isolated islands due to severe anthropogenic
pressure. The results on restoration experiment suggest that, species of G. canarica
were very sensitive to moisture stress which may considerably reduce growth
performance and recruitment due to diversion of water. Considering the threat to the
populations, if immediate conservation efforts are not undertaken the swamp ecosystem
which mainly harbors species like G. canarica may go extinct. The study has significant
relevance to conserving these unique endangered relic ecosystem.
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MICRO FUNGAL FLORA MAPPING OF A HIGHLY THREATENED
MYRISTICA SWAMP ECOSYSTEMS OF KULATHUPUZHA,
SOUTH WESTERN GHATS, KERALA, INDIA.
N.M. Sudheep*
Central University of Kerala, Department of Plant Science,
School of Biological Sciences
RST Campus, Padannakkad- 671314, Kerala, India.
Myristica swamp is a tropical fresh water swamp forests ecosystem with the abundance of
myristicaceae family plants. Kulathupuzha forest range of Trivandrum division, located
at south part of Western Ghat forest in Kerala were explored for its documentation and
diversity of fresh water lignicolous and Ingoldian fungi in the myristica swamps. Myristica
swamp ecosystem encounter various threats due to encroachments and agricultural
activities. To document the fungal micro flora, different samples such as naturally
deposited submerged leaf litter, woody litters in myristica swamp ecosystem were
assessed for the diversity of lignicolous fungi (ascomycetes and mitosporic fungi) by damp
chamber incubation and aquatic hyphomycetes (Ingoldian fungi) by bubble chamber
incubation techniques in three seasons (summer, monsoon and post-monsoon) in three
locations (Embong, Channamala and Randam mile). A total of 16 species of aquatic
hyphomycetes were recovered from naturally deposited leaf litter over three seasons in
12 months and eighteen species of Ingoldian fungi were recovered from the twigs. Few
species were common to all three locations. Apart from this four ascomycetes and ten
mitosporic fungi have also been recovered from naturally submerged twigs. The species
richness, average fungi per sample (leaf and wood), richness of core-group fungi and fungal
diversity were higher in Embong location than other locations. Higher species richness and
conidial output was seen during the post-monsoon season. Repeatedly retrieved species
in current study have been reported even from different locations of the Western Ghats.
Occurrence of aquatic fungi on leaf samples, soil chemistry (Texture, Organic carbon, pH,
and conductivity) and water chemistry (i.e.; Dissolved Oxygen, pH, Temperature, TDS,
Salinity, Conductivity, Total alkalinity, sodium, potassium, Magnesium, phosphate,
calcium etc.) were also documented for correlation. The prime reason for less number of
observed micro fungal diversity in the sample locations is probably due to the harsh
conditions existing in the swamp.
Keywords: Myristica swamp, micro flora, ecosystem, leaf and wood litters, Western Ghats
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Myristica swamp is a freshwater swamp ecosystem with abundance of myristicaceae
family trees usually located in a valley or low altitude areas near to or in association with
a forest ecosystem (Champion and Seth, 1968). Krishnamoorthy (1960) reported first the
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presence of Myristica swamps from the Travancore region of South Western Ghats. Many
such ecosystem has been reported from almost all parts of the Western Ghats as small
patches or the size extends from few cents to acres later on (Santhakumaran et al., 1995;
Chandran et al., 1999). This unique ecosystem harbours a variety of animals, amphibians,
insects, birds and microbes and now this ecosystem is in severe threat of destruction
because of human encroachments (Rodgers and Panwar,1988). In the current scenario
proper policy is needed to conserve it. The availability of records on the diversity and
applications of fresh water fungi from the Myristica Swamps are very sparse. Therefore,
to begin with initial steps of conservation the current study is aimed at identifying and
documenting fresh water microfungi from different Myristica swamp ecosystems.
Materials and Methods
Study site
The stream lets flows through the Myristica swamp ecosystems (Embong
(08°53.493’N- 077°03.739’E); Channamala (08°53.493’N- 077°03.736’E); Randam mile
(08°52.960’N-077°04.808’E)) are situated adjacent to the village Kulathupuzha (~75 km
east of Kollam; ~55-70 m asl). The stream lets consists of sandy loam soil. The sampling
locations consist of many forest trees species mainly Artocarpus heterophyllus, Myristica
fatua, Myristica malabarica etc. in its various growth stages and very few shrubs and herbs.
Water samples
Water samples were collected in five replicates from each sampling sites during
summer (April–May 2014), monsoon (August-September 2014) and post monsoon
(December 2014–January 2015) seasons (n=15 per season). Water temperature was
assessed by mercury thermometer. The pH, electrical conductivity, turbidity and total
dissolved solids were assessed at the sampling sites (Water Analyser 371, Systronics,
Gujarat, India). The water samples were fixed on the sampling sites to assess dissolved
oxygen by Winkler’s method (APHA, 1995). Other parameters such as total alkalinity,
sulfate, nitrate and magnesium were assessed as per the APHA (1995) methods. The
calcium, sodium and potassium of water samples were estimated. The vanadomolybdophosphoric acid method was employed to determine the total phosphorus by measuring
the absorbance at 420 nm using KH2PO4 as standard (AOAC, 1990).
Naturally deposited decomposing leaf and woody litter from each sampling site in three
replicates in each season was collected (n=15 per season). After rinsing in water, leaves
were punched in to discs by using cork borer, bark and wood parts were separated by
using a sterile blade. The separated parts were used for the assessment and colonization
of aquatic hyphomycetes by bubble chamber incubation. The samples (5-6 discs or
pieces/sample) were incubated separately in 150 mL of sterile distilled water in 250 mL
Erlenmeyer flasks. After incubation up to 48 hrs (23±2ºC) the aerated water was filtered
Mainstreaming Biodiversity for Sustainable Development
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through a Millipore filters (5 μm) and stained with aniline blue in lactophenol (0.1%).
Each stained filter was mounted on a microscope slide with lactic acid, and the conidia
of aquatic hyphomycetes trapped on the filters were identified based on monographs
and literature (Gulis et al., 2005; Nawawi, 1985; Webster & Descals, 1981; Ingold, 1975;
Marvanová, 1997).
Introduced leaf litter in the myristica swamps
To assess the pattern of fungal colonization on leaf litter, senescent and freshly fallen
leaves of Myristica malabarica L. tree (myristicaceae family) were also collected from a
single tree. Collected leaves were cleaned and air dried up to 3 to 4 weeks (30o C) and
were punched into disks (1.5 cm) using cork borer. Up to 20 to 40 leaf disks were packed
per nylon mesh bag (15 × 15 cm, mesh size 1 mm) to introduce into different sampling
locations. About 20 bags were prepared with pre-weighed leaf disks to determine the
mass loss. A total of 80 bags (numbered with plastic tags) of each leaf litter in four sets
were immersed in sampling sites by tying the bags to nylon ropes and the ropes were
fastened into root or tree trunks. Out of them, leaf disks of about 20 bags each were used
to assess the fungal colonization as detailed in the above study on naturally deposited leaf
litter by bubble chamber incubation. Remaining leaves were dried and made to powder
and these powdered samples were used to study leaf chemistry (organic carbon, total
nitrogen, phosphorous, total phenolics etc.).
Soil/sediment/leaf sample parameters
Organic carbon
Walkley and Black’s rapid titration method was employed to quantify organic carbon in
samples (Jackson, 1973). Fifty mg soil (100mg of leaf) was taken in a 500 mL Erlenmeyer
flask, 1N K2Cr2O7 (5 mL) was added, after 5 min 90% H2SO4 (15 mL) was added and
digested (30 min). Distilled water (100 mL) was added to the digested sample followed
by addition of orthophosphate (85%; 5mL) and the contents were titrated against ferrous
ammonium sulphate (0.5 N) using diphenylamine indicator (0.5 mL).
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The dried samples of sampling locations were digested for the estimation of nitrogen.
Samples (~100 mg) with catalytic mixture (1 g) were digested in concentrated H2SO4
(10 ml) in a Kjeldahl flask (30 mL capacity) on a hot sand bath. After cooling, the contents
were transferred to 100 ml volumetric flask, the Kjeldahl flask was rinsed twice with 20
ml distilled water and transferred to the volumetric flask and made up the volume to 100
ml (Chale, 1993). The digest (10mL) was transferred to microKjeldahl distillation flask,
NaOH (40%; 10 mL) was added and distilled. The liberated ammonia was collected in
boric acid (2%; 10 mL) containing mixed indicator until attain 25 mL volume and titrated
against dilute HCl (0.01N) (APHA, 1995).
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Phosphorus
Phosphorus was measured spectrophotometrically employing vanadomolybdophosphoric acid method (AOAC, 1990). The samples were digested in tri-acid mixture
(HNO3, H2SO4 and HClO3: 10:1:4). The digest was made up to 50 ml with Milli-Q water.
The digest (3 ml) was mixed with vanado-molybdate reagent (10 ml), mixed thoroughly
and made the volume to 50 ml. The absorbance of yellow colour developed due to the
formation of vanadomolybdo-phosphoric acid was measured after 10 min at 420 nm
(UV-VIS Spectrophotometer-AU2701, SYSTRONICS, Ahmedabad, Gujarat, India) using
reagent blank as the reference. Known concentrations of KH2PO4 served as standard.
Data analysis
The frequency of occurrence (FO, %) and relative abundance (RA, %) of each fungus on
naturally deposited leaves were determined:
FO (%) = [(Number of leaf samples colonized) ÷ (TotalLeaf samples examined)] × 100
RA (%) = [(FO of a specific fungus) ÷ (Total FO of all fungi)] × 100
The Shannon’s diversity (H’) (Magurran 1988) of aquatic hyphomycetes in naturally
deposited leaf samples was calculated:
H’= −Σ (pi ln pi)

(where, pi is the proportions of individual that species icontributes to the total number of individuals)

RESULTS
Water parameters
The physico-chemical data of water samples of different sample locations are summarized
in Table 1. Many parameters differed slightly among the seasons. For instance, irrespective
of the locations, temperature and turbidity were least during post-monsoon season, while
the pH was acidic, dissolved oxygen, sodium content, calcium and total alkalinity were
least during summer in all locations. Potassium content was least during post monsoon.
Magnesium content, total dissolved solids and phosphate attained least during monsoon.
Potassium content and turbidity also was least during post monsoon season.
Soil parameters
Soil samples of three seasons in all sample locations are summarized in Table 2. Few
parameters differed substantially among the sites. For instance, pH was acidic and it
was highest at Embong locations. Organic carbon and conductivity attained least at
Channamala. The texture found almost sandy loam in all locations and loamy sand also
found in few replicates at Randam mile locations.
Even though a gradual decease in mass was seen at every week interval a sudden decrease
in mass was seen in the first week. It was very clear from the data that mass loss was high
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in post monsoon season followed by monsoon and least in summer season. Since more
than 60% of the mass still remaining in the inserted sample even after the study the leaf
falls under slow decomposing category (Fig. 2).
Leaf Chemistry
Organic Carbon: A decrease in order of organic carbon content was seen at successive
intervals of sampling and the maximum loss seen in the monsoon season followed by
post monsoon and summer (Fig. 3).
Phosphorus: Amount of Phosphorus also decreased every successive week intervals even
though there was slight variation in the fourth week. Monsoon and post monsoon season
exhibited almost same level of phosphorus loss and it was least in summer season (Fig. 3).
Nitrogen: There was a swift increase in the amount of nitrogen in the first week sample
followed by a drastic decrease in the second week. Except summer; monsoon and post
monsoon samples reflected a gradual increase in the fourth and sixth week samples
followed by a decrease in amount at the eighth week sample. While in summer gradual
decrease in nitrogen amount seen from the first week amount till the fourth week followed
by an increase in amount at the sixth week; which was equal to the nitrogen amount in
monsoon sample and the amount further in increasing order (Fig. 3).
Total phenolics: Over all gradual decrease in amount seen in case of phenolics. Sudden
decrease in amount has been seen in the first week in case of monsoon and post monsoon
sample while it was less in the summer sample but followed the pattern of loss in amount
every successive week intervals. Maximum loss in amount found was in monsoon season
during the eighth week samples followed by post monsoon and summer (Fig. 3).
Fungal colonization
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Occurrence and relative abundance of aquatic hyphomycetes on bark and wood pieces
of naturally submerged twigs and introduced leaf have been given in Tables 3, 4 and 6. A
total of 18 species were recorded in bark pieces at post monsoon season in Embong and the
maximum diversity was recorded in post monsoon season in all the locations and the
least in summer. Top frequently occurred species were same in naturally submerged
leaf, bark and wood (Anguillospora longissima, Flabellospora crassa, Anguillospora crassa,
Lunulospora curvula, Triscelophorus acuminatus, Lunulospora cymbiformis and
T. monosporus) in all studied locations.
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Number of species on introduced leaf, bark and wood were highest during post-monsoon
in Embong, followed by Channamala and Randam mile (Fig. 1, Table 3, 4 and 6). Rest of
the seasons except monsoon also followed the same pattern. The least diversity of aquatic
hyphomycetes on bark was in Channamala locations; while the diversity was maximum
in case of wood in monsoon season at Randam mile locations, even in natural leaves and
introduced leaf (Table 6). The conidial output was highest during post-monsoon. The
Mainstreaming Biodiversity for Sustainable Development

Shannon diversity also followed similar pattern of species richness and conidial output
(Table 5).
DISCUSSION
The mean water temperature was higher in summer in all locations and was least in post
monsoon. The mean elevation of temperature in all locations ranged between 2 to 4˚C.
Temperature regime of myristica swamp is equivalent or comparable to earlier studies in
Western Ghats (range, 20.5–29˚C) (Sudheep and Sridhar, 2013a, Sudheep and Sridhar,
2013b, Sudheep and Sridhar, 2011). Further to know the impact of environment and its
extreme condition on the reproduction, survival and diversity of major decomposers of
detritus and a major connecting link of ecosystem it is necessary to study for a prolonged
time (Sudheep and Sridhar 2013a, Sridhar et al., 2010). The pH of water and soil in all
locations was acidic in summer and water almost near to neutral during monsoon and
post monsoons. The dissolved oxygen in summer was lower than monsoon and post
monsoon and this is comparable to some of the Western Ghats rivers (Sudheep and
Sridhar 2013a, Sudheep and Sridhar 2011, Maddodi et al., 2009). However, in several
lotic water bodies of the Western Ghats lower dissolved oxygen levels (3.3 to 4 mg/L)
(Rajashekhar & Kaveriappa, 2003) are reported. Overall, the assemblage of aquatic
hyphomycetes on litters in myristica swamp imitates other locations of the Western Ghats
with variations in dynamics of extreme conditions of the soil.
CONCLUSION AND FUTURE OUT LOOK
The present study reconfirms that most of the water parameters of sample locations are not
drastically different from other locations of the Western Ghats and the physicochemical
features of the lotic waters of the Western Ghats have been changed from season to season.
The top species found in the current study were also common in different locations of
the Western Ghats. Altogether 16 species of aquatic hyphomycetes were recovered from
natural leaves assessed, 18 species from bark and 17 species from wood pieces at three
locations in three seasons. Interestingly 14 species were recovered from introduced
samples during post monsoon season and the number of species was same in summer and
monsoon. The exact effect of variation in pH and other related parameters on growth and
sporulation of aquatic hyphomycetes and its tolerance level need further long duration
study.

Author is grateful to Central University of Kerala for the permission to carry out this
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1 – Species richness and conidial output of aquatic hyphomycetes in Natural leaf,
Bark and wood at sample locations (Embong, Channamala and Randam mile) in different
seasons (S, M & PM).
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Fig.
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Table 1 --Basic parameters of water samples during summer, monsoon and post-monsoon
in Embong, Channamala (in parenthesis) and Randam mile (in bold) (n=15, mean±SD)

Table 2 Physico chemical parameters of the swamp soils/sediment
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Table 3 - Number of occurrences (out of 15 samples), frequency of occurrence (FO%)
and relative abundance (RA %) of aquatic hyphomycetes fungi on bark pieces during
summer, monsoon and post-monsoon in Embong, Channamala(in parenthesis) and
Randam mile ( in bold)
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Table 4 - Number of occurrences (out of 15 samples), frequency of occurrence (FO%) and
relative abundance (RA %) of aquatic hyphomycetes fungi on naturally deposited twigs
wood pieces during summer, monsoon and post-monsoon in Embong, Channamala
(in parenthesis) and Randam mile ( in bold)
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Table 5 -Species richness and diversity aquatic hyphomycetes on leaf, bark and wood in
Embong (E), Channamala (C) and Randam mile (R)
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Table 6 - Number of occurrences (out of 15 samples of leaves), frequency of occurrence
(FO%) and relative abundance (RA %) of aquatic hyphomycetes fungi on immersed.
Myristica malabarica leaf discduring summer, monsoon and post-monsoon in Embong.
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MAPPING OF HOPEA EROSA (BEDD.) VAN SLOOT. AND ITS
SURVIVAL RATE AT DIFFERENT EX-SITU SITES OF
WAYANAD DISTRICT.
M. M. Jithin and N. Anil Kumar
Community Agrobiodiversity Centre, M S Swaminathan Research Foundation,
Puthoorvayal, Meppadi – 673 577
Hopea erosa (Bedd.) van Sloot. is an evergreen riparian tree coming under Dipterocarpaceae
family. It is very rare in its habitat and endemic to Southern Western Ghats (SWGs).
International Union for Conservation of Nature and Natural resources (IUCN) listed this
plant as Critically Endangered as per the version 2.3. Literature show the population is in
very restricted locations of SWGs like Kannur, Wayanad, Thrissur, Palakkad and Kollam
districts of Kerala. Continuous observation on the phenology and natural regeneration
was undertaken for five years from 2011 to 2016. Leading observation was that the fruits
matured in the 10th month of flowering with higher rate of regeneration capacity. After
one season, the regenerated seedlings vanished from its habitats and only a few survived.
This study reveals that the cause of threat is habitat destruction by various means like
human inhabitants, soil erosion, river side protection with rocks and cements etc.
Natural population was not observed in Wayanad district though there was earlier record.
A total 96 mature and 167 immature plants were recorded from the evergreen patches of
SWGs in natural conditions. 105 healthy seedlings of H. erosa have been selected from
M S Swaminathan Research Foundation’s plant propagation unit and planted at nine
ecologically different sites in June 2012. The plants were irrigated in summer for two
years and performance was monitored. The survival rate was studied once in every year
for four years and the continuity in survival rate in 3rd and 4th year. 59.05 % average
survival rate was observed in 2016.It shows if adequate care is provided H. erosa will
emerge in all the ecological conditions in Wayanad. This study throws light to the
importance of conservation of H. erosa through protecting natural habitats.
Keywords: Hopea erosa, Dipterocarpaceae, Endemic, Southern Western Ghats, Critically
Endangered, Evergreen, Threat, Survival rate, Natural habitat
Introduction
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Hopea erosa (Bedd.) van Slooten is an evergreen riparian tree of Dipterocarpaceae family
endemic to southern Western Ghats (SWGs). This tree is locally known as Eyyakam/
Karapongu (Malayalam) and is a high timber value species, also a good source of firewood
to forest dwellers.
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It grows to a height up to 25 metres, has smooth pale brown bark and simple glabrous
dark green leaves. Small grayish- yellow flowers seen as clusters and when matured, the
fruits are clustered and appear to be in small reddish yellow colour. International Union
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for Conservation of Nature and Natural resources (IUCN) listed this plant as Critically
Endangered (Cr) in the version of 2.3 in 1998. H. erosa is an endemic plant only seen in
the western slopes of Southern Western Ghats (SWGs) exclusively few districts of Kerala
from low and medium elevation wet evergreen forests between 60 to 850 m. According
to Sasidharan (2004) population is restricted to SWGs in Kannur, Wayanad, Thrissur,
Palakkad and Kollam districts of Kerala.
H. erosa is germinated only through seeds and the seeds do not show any type of viability
or germination problem by nature. But there is a gradual degradation of population of
this species. This study attempted to assess the populations of this species and also to
analyse its germination status in nine high ranges of Wayanad region as a part of ex-situ
conservation.
Materials and Methods
Transect Walk
Area selected for this study was wet evergreen forests at Kerala part of SWGs. This study
revealed that H. erosa is only seen as a riparian species in the wet evergreen forests. The
earlier recorded distribution of this species was five riparian wet evergreen forest locations
of Kerala like Peechi, Choondippara, Chavachi, Muthikulam and Kakkavayal. In 2011, a
transect walk was made through the riparian area of these places around four km area, in
30 metre width and GPS data marked in two KM point in Degree, Minute, Seconds (DMS)
format (Table 1). This study partitioned the total number of plants in to two on the basis
of girth diameter. Diameter at Chest Height was measured for each plant and DBH of
30 cm and above was considered as mature plants and in between 10 to 29 cm considered
as immature plants. Continuous observation on the phenology and natural regeneration
was undertaken for five years from 2011 to 2016 at Chavachi and Kakkavayal.

Propagation Unit
M S Swaminathan Research Foundations’ (MSSRF) plant propagation unit was selected
for sowing seeds of H. erosa for germination. 200 fresh matured fruits were collected
from trees from Kakkavayal area in the month of June and July 2011. The fruits were
Mainstreaming Biodiversity for Sustainable Development
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(Table 1) GPS reading of the locations
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soaked in water for 24 hours and around 200 seeds were sown in the beds consisting of
soil, sand and dried cow dung in the proportion of 2: 2: 1. 82% germination was noted
from nursery beds and the 164 seedlings kept at MSSRF nursery for distribution.
Ex-situ conservation sites
Selected nine different ex-situ sites (Table 2) from Wayanad under the elevation range
750 – 850 metres which includes four temple premises, one forest department occupied
land, one planter’s grove, two educational institute premises and one at MSSRF
conservation site.
(Table 2): Ex-situ conservation sites

Results and Discussions
This study resulted in locating a total of 96 mature plants and 167 immature plants of
H. erosa from the selected localities (Table 3 & Map 1). As observed the occurrence of this
species is riparian and most of the fruits flow down through the water body as its natural
distribution mechanism. The human interventions across the river banks cause major
destruction of the natural habitat of H. erosa.
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Plants distribution details at every site
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(Table 3)
Natural populations were not observed in Wayanad district though there was an
earlier record (Sasidharan, 2004). This study shows natural habitat Choondippara has
higher population rate in mature plants followed by Chavachi, Muthikulam, Kakkavayal
Mainstreaming Biodiversity for Sustainable Development

and Peechi. Chavachi has higher population rate in immature plants followed by
Choondippara, Muthikulam, Kakkavayal and Peechi (Graph 1). This study observed that
human interference is low at Choondippara and Chavachi compared to other places.

(Graph 1)
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(Map 1) Distribution Map of Hopea erosa
But, after one season the regenerated seedlings didnot get successfully established at its
original habitats. This study has shown that the cause of threat is habitat destruction
by various means like human inhabitation, soil erosion, side packing with rocks and
cements on the riversides etc. The study leads to protect H. erosa through ex-situ
conservation methods.
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105 healthy seedlings of H. erosa have been selected from M S Swaminathan Research
Foundation’s plant propagation unit and planted at nine ecologically different sites in
June 2012 like Chetattin Kavu - 20, Valliyoor Kavu - 10, Soochippara - 5, Nandakumar
Grove - 5, Maniyankottappan Temple premises - 20, Veterinary College premises - 10,
Navodaya Public School premises - 5, Manikavu Temple premises - 10, and MSSRF
conservation site – 20. The plants were irrigated in summer for two years and performance
was monitored. The survival rate was studied once in every year for four years and the
continuity in survival rate in 3rd and 4th year. Survival rate in at initial two years showed
79.05% and 67.62% and subsequently 59.05 % average survival rate observed in 2015 and
2016 (Table 4). It shows if adequate care is provided, H. erosa will emerge in all suitable
conditions in Wayanad. This study could infer the importance of conservation of H. erosa
through protecting natural habitats.
Survival of Hopea erosa at different ex-situ sites of Wayanad District
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(Table 4)
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Nanda Kumar’s grove and Manikavu Temple had survival as 80% and followed by
Maniyankottappan Temple, MSSRF conservation site, Soochippara forest premises,
Navodaya School, Chetatin Kavu, Valliyoor Kavu and Veterinary College. (Graph 2)
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(Graph 2)
Reference
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Hydrological delineation of Wayanad wildlife
sanctuary, Kerala using spectral analysis
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Geospatial tools play significant role in forest ecology and management, where vegetation
indices and transformations have been extensively used for vegetation characterization.
Hence, in this study, an attempt has been made to characterize the various hydrologic
regimes in Wayanad Wildlife Sanctuary, Wayanad district, Kerala using geospatial tools.
The study area was foused in Muthanga, a part of the Wayanad Wildlife Sanctuary of
Wayanad district, Kerala with an area of 87.13km2, where major vegetation types are
moist deciduous with a few scattered patches of evergreen and forests plantation. Out
of the many spectral indices employed in the hydrologic studies of the forest areas,
tasseled cap wetness index, NDVI and NDWI were used in this study. Since topography
also affects the hydrological processes by controlling the spatial distribution of soil moisture
in a realistic way, some of the terrain indices (e.g., topographic wetness index) were also
employed in the present study. Regession analysis was conducted in order to unravel the
relationship between vegetation types and hydrology. The results of the analysis suggest that
geospatial tools are efficient in hydrological characterization of forested vegetation of the
Western Ghats, which has serious implications in the context of climate change.
Keywords: Forest vegetation, Vegetation Indices, TWI, Wayanad WLS
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Management of natural resource like forest needs periodic surveys and inventories for
comprehensive studies. As the traditional inventory strategies (field observations, analysis
of aerial photographs) are cost-intensive and time-consuming, multispectral remote
sensing data seem to be attractive to complement and optimize forest inventories. The
scientific community has been looking towards the remote sensed data as a means of
obtaining more accurate land cover information for wide range of applications
because of its receptivity and internally consistent measurements. Vegetation indices and
transformations have been extensively used for vegetation characterization and mapping
in forest ecological studies. Satellite data acquired across temporal and spectral ranges
facilitate the study of various aspects of vegetation. (Roy, 2006). The spectral analysis is
the extraction of quantitative information from the reflectance spectra of earth features.
Spectral and terrains indices are the major analytical techniques used in this direction.
Wetland vegetation is an important component of wetland ecosystems that plays a
vital role in environmental function (Kokaly et al., 2003; Lin and Liquan, 2006). Forest
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species appear to vary greatly in chlorophyll and biomass reflectance as a function of plant
species and hydrologic regime (Anderson, 1995). Significant advancement has been
made in applying sensor techniques and data processing in discerning, mapping, and
monitoring wetland species over the last few decades. Generally many forested areas
include several physiographically different areas which differ in their hydrological
regimes, and therefore, in their vegetation types (Finlayson and Arnold van der Valk,
1995).The present study focuses on the comparison of hydrologic regimes of different
types of vegetation in the Muthanga part of the Wayanad Wild life Sanctuary.
Study Area and Objectives
Wayanad is an extensive table land encompassing Wayanad Wild Life Sanctuary (WLS).
Wayanad WLS is contiguous to the protected areas of Nagarhole and Bandipur of
Karnataka on the north-east and Mudumalai of Tamilnadu on the south east. Wayanad
WLS is bio-geographically one of the richest tracts of peninsular India with an undulating
terrain and the altitude ranges from 650 to 1158 meters. It is rich in bio-diversity and
is an integral part of the Nilgiri Biosphere Reserve, a UNESCO World Heritage site
with four ranges namely Sulthan Bathery, Muthanga, Kurichiat and Tholpetty. Wayanad
District as such is distinct with preponderance of tribes. The life style of tribes revolves
around forests. Many tribes and non-tribes depend on forests for livelihood. There is high
density of human settlements within the protected area. Wayanad Wildlife sanctuary is
significant because of ecological and geographic continuity with other protected areas
offering a unique eco system enriched with wildlife, forming natural corridor for the
seasonal migration of long ranging animals within the greater conservation unit.

Objective
To find out the relationship between vegetation types of the area under study with
hydrology regimes of the area.
Mainstreaming Biodiversity for Sustainable Development

NBC 2017

Muthanga with a latitudinal & longitudinal extend of 11°40’2.66”N, 76°22’28.17”E have
an aerial extent of 87.13 sq km.( Fig:1 ) Almost the entire Wayanad district is drained
by Kabini and its three tributaries, the Panamaram, Mananthavady, and Kalindy rivers.
The mean yearly rain fall is 2322 mm. Lakkidi, Vythiri and Meppadi are the high rainfall
areas in Wayanad. The mean maximum and minimum temperature for the last five
years were 29oC and 18oC respectively. This place experiences a high relative humidity
which goes even up to 95 per cent during the south west monsoon period. Vegetation
types include semi-evergreen, moist deciduous and dry deciduous forests. The moist
deciduous forest of Muthanga is blessed with varieties of trees and other plants. The
plantation crops grown in the cool climate includes coffee, eucalyptus, teak, arecanut,
tea, etc. It is potentially one of the best habitats for Asiatic Elephants. Other large
herbivores like Gaur, Deer etc and carnivores like the tigers and Leopard, Bear are also
seen. The sanctuary is also endowed with its endless population of birds like peacocks,
babblers, cuckoos, owls, woodpeckers, jungle fowls, etc.
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Fig. 1 Study area map
Methodology
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The data for the present study includes Landsat Operational Land Imagery (OLI) data
(11 bands, 30 m spatial resolution) dated 23rd December 2015 and the ASTER GDEM
dated (30m) 15th February 2015. The rationale behind the selection of the particular data
includes the nearly global coverage, well calibrated and processed data and free availability.
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In this study hydrological regime refers to variations in the state and characteristics of
wetness of a region which are regularly repeated in time and space. Spectral indices and the
terrain indices are utilized to find out the hydrologic regimes of different vegetation types.
Spectral indices are combinations of surface reflectance at two or more wavelengths that
indicate relative abundance of features of interest. Spectral indices like Normalized
Difference Vegetation Index (NDVI), Normalized Difference Water Index (NDWI) and
Tasseled Cap Wetness Index (TCWI) have been calculated along with the terrain index
Topographic Wetness Index (TWI) ( Table: 1)
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Table 1 Spectral Indices
Preprocessing of Landsat-8 OLI imagery

Second step involved the correction of the Reflectance value with sun angle
Reflectance with a correction for the sun angle is done using the formula (2)
Mainstreaming Biodiversity for Sustainable Development
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OLI spectral radiance data have been converted to TOA planetary reflectance using
reflectance rescaling coefficients provided in the lands at 8 OLI metadata file using the
formula (1)
(1)
ρλ’ = MρQcal + A ρ
Where:
ρλ’-ToA planetary reflectance, without correction for solar angle, Mρ-Band-specific
multiplicative rescaling factor from the metadata(REFLECTANCE-MULT_BAND-x,
where x is the band number)
Q cal-DNs of the band being processed, A ρ- Band-specific additive rescaling factor from
the metadata
REFLECTANCE-ADD-BAND-x, where x is the band number)
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(2)
ρλ = ρλ ‘/cosθSZ = ρλ ‘/sin θSE
Where:
Ρλ-ToA planetary reflectance, with correction for solar angle
θSE-Local sun elevation angle. The scene center sun elevation angle in degrees is provided
in the metadata (SUN-ELEVATION)
θSZ - Local solar zenith angle; θSZ = 90° – θSE.
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Fig. 2 Normalized Difference Vegetation Index
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Normalized Difference Vegetation Index (NDVI) is an array of values
derived from satellite data which is useful for vegetation mapping. It is one of the most
widely used vegetation indices (Zhu et al., 2001). Tucker (1979) developed the Normalized
Difference Vegetation Index (NDVI) using the two bands of light: red and nearinfrared. It can be used to measure the vegetation cover and also water bodies over the earth
surface (Tucker and Choudhury, 1987., Jackson and Huete, 1991). The NDVI value ranges
from -1 to +1, where +1 describes the dense vegetation. Water flooded regions typically
has an NDVI value of less than zero and it is mainly observed in water bodies and flooded
area. So the negative value ranges has been used to calculate the wetland areas. As the
study area is devoid of any open water body the NDVI value starts from 0, which shows
the positive value. Here the NDVI value ranges from 0 - .82, which means the area
Mainstreaming Biodiversity for Sustainable Development

represents mainly vegetative parts (Fig. 2)

Fig. 3 Normalized Difference Water Index
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Normalized Difference Water Index (NDWI) of McFeeters (1996) and
Xu (2006) is used to achieve the signature differences between water and other targets
through analyzing signature features of each ground target among different spectral
bands, and then to delineate land from open water. According to Sims and Gamon (2003),
the NDWI is an appropriate water absorption index in comparison with NDVI. It also
ranges from -1 to +1 (McFeeters, 1996). Chowdary (2008) noted that relevant value for
water-logged areas ranges from zero to +1. Here, +1 signifies the presence of extensive
deep water bodies and -1 is for vegetation cover. The threshold is set as zero. That is, the
NDWI value for water areas will be > 0 where as it will be < 0 for non water areas. Here
the value of NDWI ranges from -1 to 0.082. The wetter regions is highlighted in red
colour. (Fig. 3)
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Fig. 4 Tasseled Cap Wetness Index
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Tasseled cap transformation (TCT) is a linear transformation which reduces
overlapping of multi-spectral data sets into fewer number of image based on particular
scene characteristics. Three main transformed images namely soil brightness, greenness
vegetation, and wetness soil/vegetation are produced by this transformation. The present
study concentrates only the wetness image of TCT to extract the wetlands. The wetness
component contrast the sum of the visible and near infrared bands with the longer
infrared bands to determine the amount of moisture being held by the vegetation or soils
(Lea et al., 2003). In this map the red colour regions represent the areas under moisture
content with a value ranging from -0.115 to 0.054. (Fig: 4)
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Fig. 5 Topographic Wetness Index

Landuse classification of the area was done using the supervised classification method
comprising five land use classes. (Fig: 6) namely Agriculture, Mixed forest, Grassland,
Plantation (eucalyptus) and Dense forest. The classified vegetative classes are compared
and sampled with their corresponding spectral as well as the terrain indices to give the
different hydrological regimes or units. The pixel value of the particular vegetation type
is compared with the same pixel in spectral and terrain indices.
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Topographic Wetness Index (TWI), also called Compound Topographic
Index (CTI) is a steady-state wetness index derived from ASTER Dem. It is capable of
predicting areas susceptible to saturated land surfaces and areas that carry the potential
to produce overland flow. TWI can be used to describe the spatial distribution of the soil
moisture and related landscape processes. A high TWI indicates areas where much water
accumulates and the slope is low. In contrast, steep slopes drain water and are therefore
drier as indicated by low TWI (Agren et al., 2014). The red indicating regions in the map
show the steady state wetness region with the values ranging from 3.64 to 21.59. (Fig: 5)
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Fig. 6 Land use classification
The parameters NDVI, NDWI, TCWI and TWI were sampled against the landuse raster
using the sample tool function available in the Spatial Analyst tool in ARCGIS 9.3.
Different values were generated for every pixel based on the parameters, and is used for
further statistical analysis for finding the relation between the vegetation type and their
corresponding wetness status.
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Statistical analysis

176

Statistical analysis using a discriminant function analysis was done to assign data to one
or two or more groups which helps in identifying the pattern recognition. Discriminant
analysis function has been used to find out the Canonical Group Means or group
centroids, which are the mean for each group’s canonical observation scores. The larger
the difference between the canonical group means, the better the predictive power of the
canonical discriminant function in classifying observations. The group centroid means
are calculated to understand how far the groups differ from each other.
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Fig. 7 Canonical Discriminant Function diagram
Results
From the Canonical Discriminant Function diagram (Fig: 7) it is visible that out of the
five vegetation centroids the Code -1, (agriculture) shows a significant change in its
hydrological unit compared to others. Agriculture, which is manmade vegetation exhibits
a different hydrological unit compared to other vegetative units. Code 5 (Eucalyptus
Plantation), also exhibits slight difference as it consume more water for its growth when
compared to other trees, shows a distinct unit. But the Code 2, 3 & 4 (Mixed forest, Dense
forest & Grassland show almost similar hydrological unit as the groups belong to the
natural forest community.

Various vegetation types of the area have been compared with the help of various wetness
parameters like NDVI, NDWI, TCWI and TWI vegetation. It is found that the man
made vegetation unit exhibits noticeable difference in hydrological response. Thus the
study highlights a distinction between manmade and natural hydrological regimes. The
accuracy could be improved by adding more and more advanced suitable parameters.
Mainstreaming Biodiversity for Sustainable Development
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Conclusion
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Vellayani Kayal, the way Vellayani Lake is known in Malayalam, is a vast picturesque
rain fed lake surrounded by lush greenery. It is one of the largest fresh water lakes in the
district, lying in Venganoor, Kalliyoor panchayaths and parts of Thiruvananthapuram
Corporation. The lake is aligned in North-South direction and lies between 8 °24’09”8°26’ 30” N; 76°59’’08 to 76°59’47” E.
The plant diversity of Vellayani Lake and associated wetlands are recorded based on field
study conducted during 2014 - 2016. The survey revealed the occurrence of a diverse
flora of 184 species belonging to 64 families. They belong to 8 Pteridophytes in 5 families,
and the rest are flowering plants with 142 species of Dicotyledons in 47 families and 34
species of Monocots in 12 families. It is noteworthy that Gymnospermous taxa have not
been located in the study area.
Among the 25 species of odonates identified from the area family Libellulidae
dominated followed by Coenagrionidae. Odonates serve as indicators for changes in
both water quality and surrounding vegetation. Disturbance to these habitats result in a
reduction of odonate species.
A total of 60 species of butterflies belonging to five families were identified from the
Vellayani and associated wetlands including one species endemic to the Western Ghats
and four species protected under various schedules of the Indian Wildlife (Protection)
Act, 1972. Family Nymphalidae dominated the butterfly fauna followed by Pieridae,
Papilionidae, Lycaenidae and Hesperiidae.

The lake together with the paddy fields of Punjakkari is an abode for indigenous and
migratory birds and 133 species of birds were recorded from the area. The paddy fields
and several species of grass found in the area play a critical role in the sustenance of the
species such as Munias, Weavers, Warblers etc. Five species found in the area are near
Mainstreaming Biodiversity for Sustainable Development
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Of the 42 species of fish recorded six are Near Threatened and two are Vulnerable as
per IUCN. Some of the native species that were observed in very low number were
the Indian mottled eel (Anguilla bengalensis), Valenciennes calriid or ‘Mushi’ (Clarias
dussumieri) and Crocodile-tooth pipefish (Microphis cunculus). Further, the survey
recorded decrease in the number of native commercially valuable species such as ‘Varal’
(Channa spp.) and ‘Karimeen’ (Etroplus suratensis).
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threatened and one vulnerable as per IUCN.
Earlier the biodiversity of the lake provided livelihood to local community by supporting
several cottage industries as screw pine and kora mat making industry which has been
affected because of shortage of bio-resources. Now, in small scale, lake supports local
community by way of lotus leaves and lotus flowers. The introduction of exotic species
of plants and non-native species such as Acacia, Cabomba, Eichornia etc., has altered the
ecosystem and affected the indigenous flora and fauna.
Climate change also affects the hydrologic cycle which in turn influences wetlands. These
changes in habitats may be harmful for certain wetland-related species, such as insects,
birds, fishes, reptiles and amphibians.
As per Biodiversity Heritage Site (BHS) guidelines State Biodiversity Boards can declare
areas that offer refuge or corridors for threatened and endemic fauna and flora, such
as community conserved areas or urban greens and wetlands as BHS. In view of this
Vellayani Lake and surrounding paddy fields which provides habitat to several species of
flora and fauna should be designated as BHS for protecting the biodiversity of the area
from further degradation.
Keywords: Biodiversity, Climate change, Biodiversity Heritage Site.
INTRODUCTION
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Wetlands are considered as one of the world’s key natural resources and valuable
ecosystems. These ecosystems are dominated by the influence of water; they possess
characteristics of both terrestrial and aquatic ecosystems and properties that are uniquely
of their own. Wetlands are valuable as services, sinks and transformers of a multitude of
chemical, biological, and genetic materials (David, 2015). Wetlands are sometimes
described as “the kidneys of the landscapes” because of the functions they perform in
hydrologic and chemical cycles, and also as downstream receivers of wastes from both
natural and human sources (Marguerite, 2014).
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Wetlands perform diversity in functions. They have a high ecological value, providing
the water for human consumption and nutrients upon which countless species of plants
and animals depend. These provide livelihood to the residents in the area in the forms
of agricultural produce, fish, fuel, fiber, fodder, and a host of other day-to-day necessities
(Kokkal et al., 2008). Many wetlands already lost their biodiversity and ecosystem
services because of intensive agriculture and aquaculture, development of residential area,
invasive alien species, soil and water pollution due to high use of pesticides and fertilizers
in the wetland crop fields, severe climate change, human disturbance, transport/service
corridors and intensive rice cultivation. Wetlands have been on the limelight of
conservation and restoration efforts for recent times since its degradation is fast and
rapid.
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VELLAYANI LAKE
The Vellayani Lake lies in the southern most outskirt of Thiruvananthapuram
Corporation and its catchment area is coming under the jurisdictions of Pallichal,
Kalliyoor and Venganur Grama panchayats and Thiruvananthapuram Corporation.
The Vellayani Lake has the potential to become the major water sources for
Thiruvananthapuram Corporation and adjoining Grama panchayats.
The Vellayani Lake is a unique system with diverse geomorphologic features. The lake
is nourished with a large number of non-perennial streams with a maximum of 4th
order stream. These rivulets are carrying water from the surrounding area to the lake and
make them active throughout the year. The lake and its surrounding areas are low lying
areas and the southern portion is guarded with slightly elevated areas having a maximum
height of 100m. Locally the watershed boundary covers Nemom on the North-East,
Vellayani on the East, Kakkamoola on the South, Kalliyoor and Vandithadam on the west
and Karumom on the Northern side.
The unique peculiarity of Vellayani Lake is that the lake bed is comparatively higher than
that of the surrounding submerged areas and this stimulates water percolation thereby
keeping a steady water level even in summer. Due to this unique geographical condition,
the lake and its surrounding areas are always water logged. Informally the lake is known
as rainwater fed lake because the main source of submergence is the runoff water. These
exceptional features enable the lake as a ground water recharge source that keeps the
nearby wells with a good level of water.
Earlier the biodiversity of the lake provided livelihood to local community by supporting
several cottage industries as screw pine and kora mat making industry which has been
affected because of shortage of bio-resources. Now, in small scale, lake supports local
community by way of lotus leaves and lotus flowers. The introduction of exotic species
of plants and non-native species such as Acacia, Cabomba, Eichornia etc., has altered the
ecosystem and affected the indigenous flora and fauna.
MATERIALS AND METHODOLOGY

Different faunal diversities such as fishes and birds were assessed continuously for weekly
once from the area recorded and photographed. Fishes were identified as per taxonomic
key (Jayaram, 1999). The identification of birds was confirmed following the field guide
Mainstreaming Biodiversity for Sustainable Development
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Vellayani-Punjakari is located in Thiruvananthapuram district of Kerala. The wetland is
aligned in North-South direction and lies between 8° 24’ 09’’ to 8 °26’ 30’’ N; 76° 59’ 08’’
to 76 °59’ 47’’ E. The study area also harbors many fruiting and flowering trees. The
current study was carried from January 2014 to December 2016. The continuous
assessment of flora from the area was assessed and seasonal variations were also noted
with taxonomical features and photographed. Identified the flora were taxonomically
validated (Sasidharan 2006, 2012).
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of Grimmett et al., (1998).
For odonates and butterflies, the study area was divided in to three transects to in order
to cover the complete diversity of area, which falls under Vellayani-Punjakari wetlands
of Thiruvananthapuram. They were also photo documented. Odonates were identified
with the help of field guide by Subramanian, (2009) and Meenakshi (2010). The identity
of the butterfly species was confirmed with the help of the field guides by Kunte (2000)
and Kehimkar (2008), taxonomy and nomenclature followed as per Kunte et al., (2011).
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Fig. 1 Map showing study area

184

Mainstreaming Biodiversity for Sustainable Development

RESULTS
Vellayani Lake is a rich repository of flora and fauna, and the biodiversity supports the
livelihood of people around the lake. Lake and adjoining wetlands represent the fresh
water lake and wetland complex associated with productive agro biodiversity in the
suburbs of Thiruvananthapuram city. The wetland complex provides habitat for a variety
of plant species.
The survey has revealed the occurrence of a diverse flora, of which proper identification
and documentation of 184 species belonging to 64 families were done and listed in
Table.1. They belong to 8 pteridophytes in 5 families, and the rest are flowering plants
with 142 species of dicotyledons in 47 families and 34 species of monocots in 12 families.
It is noteworthy that gymnospermous taxa have not been located so far in the study area.
None of the taxa documented so far belong to threatened or endangered categories.
Family wise distribution of odonates is shown in Table. 2. Nine species of damsel flies
were recorded, in which 7 species belong to family Coenagrionidae, one species each in
Alcedinidae and Platycnemididae. Family Libellulidae dominated the dragon fly fauna
with 11 species followed by Gomphidae with only one species. Of the total 25 species
recorded 3 were rare and 7 occasional.
A total of 60 species of butterflies belonging to five families were identified from the
Vellayani-Punjakari study area. One species which is endemic to the Western Ghats
and four species protected under various schedules of the Indian Wildlife (Protection)
Act, 1972. The family wise distribution of butterflies of Vellayani-Punjakari is given in
Table.3. Family Nymphalidae (brush-footed butterflies) dominated the butterfly fauna of
Vellayani-Punjakari with 27 species followed by Pieridae (whites and yellows) 12 species,
Papilionidae (swallow-tails) 9 species, Lycaenidae (blues) 9 species, Hesperiidae (skippers)
3 species.

Vellayani-Punjakari wetlands are home to many resident birds and a major landing site
for several migratory birds.133 species of wetland birds belonging to 49 families were
recorded. The list of recorded bird species along with their scientific name, family, IUCN
status are given in Table 5. Five species are threatened and one vulnerable as per IUCN
status. Migratory birds that arrive at Vellayani, including short and long distant migrants
are assessed to be around 49.
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Of the 42 species of fish recorded (Table.4.) six are Near Threatened and two are
Vulnerable as per IUCN. Some of the native species that were observed in very low number
were the Indian mottled eel (Anguilla bengalensis), Valenciennes calriid or ‘Mushi’
(Clarias dussumieri) and Crocodile-tooth pipefish (Microphis cunculus). Further, the
survey recorded decrease in the number of native commercially valuable species such
as ‘Varal’ (Channa sp.) and ‘Karimeen’ (Etroplus suratensis).The dominated species were
Tilapia and Indian major carps such as Catla, Rohu and Mrigal.
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38
Lemon Pansy
Junonia lemonias Linnaeus, 1758
39
Peacock Pansy
Junonia almana Linnaeus, 1758
40
Grey Pansy
Junonia atlites Linnaeus, 1763
41
Chocolate Pansy
Junonia iphitaCramer, 1779
42
Great Eggfly
Hypolimnas bolina Linnaeus, 1758
43
Danaid Eggfly
Hypolimnas misippus Linnaeus, 1764
44
Glassy Tiger
Parantica aglea Stoll, 1782
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45
Blue Tiger
Tirumala limniace Cramer, 1775
46
Plain Tiger
Danaus chrysippus Linnaeus, 1758

Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae

O
C
VC
VC
R
VR
O
VC
C
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DISCUSSION

Odonates are important indicators of water quality and pollution levels. They inhabits
diversified habitats near water bodies ranging from stagnant pond water to flowing
streams (Kalita et al., 2014).Vegetation provides critical habitat for odonates throughout
their life-cycles. Diversity and abundance of odonata are adversely affected by the
removal or disturbance of riparian vegetation where adult’s perch, refuge, emerge, forage,
and reproduce (Foote & Hornung, 2005). Stagnant water and slow moving water provide
good breeding sites for many odonate species (Bond et al., 2006). Warm climate of the
Mainstreaming Biodiversity for Sustainable Development
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Natural lakes are dynamic ecosystems which perform several hydrological, biological and
other ecological functions at both ecosystem and landscape level and play an important
role in flood and drought mitigation and ground water recharge (Edward, 2012). At
the landscape level lakes play an important role in microclimate level regulation and
influence biotic diversity. The biological production in Lakes provides food for local
community in addition to socio cultural functions and has ecotourism potential. Its
biodiversity supports the livelihood of people around the lake. The bio-diversity of is now
facing serious threats from the factors, like pollution, siltation, invasion of exotic species,
sand mining, and encroachments.

197

region is another positive factor for odonates. Odonates prefer warm conditions (Corbet,
2001).
Butterflies for particular habitats are linked with the larval or adult food source. The
rich diversity of butterflies, especially the nymphalids and lycaenids in Vellayani wetland
indicates varied assemblage of floral species, particularly the bank vegetation. Occurrence
of some rare species, Black Rajah (Charaxes solon Fabricius, 1793) in the wetlands
along with the other butterflies listed, indicates the potential of this wetland area to
harbour varied environmental conditions that in turn can support further bioresources
(Chowdhury and Sarkar, 2007). Among insects, butterflies occupy vital position in the
ecosystem and their occurrence and diversity are considered as good indicators of the
health of any terrestrial biotope (Aluri and Rao 2002; Thomas, 2005). Exploration of
butterﬂy fauna thus becomes important in identifying and preserving critical wetland
habitats under threat (Chowdhury and Soren, 2011).
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The major villain in depletion of fish stock of the lake was the ‘adakkamkolli vala.’
which has small-sized mesh, which kills even the smallest of fishes. Pollution and sandmining added to the problem of survival of young fish (Smith et al., 1991). Fish diversity
represents the fish faunal diversity and their abundance. They are the keystone species
which determine the distribution and abundance of other organisms in the ecosystem.
They represent good indicators of the water quality and the health of the ecosystem
(Fabiano et al., 2008). Information collected from the fisherman and local people
show that number and species of fishes in this lake is decreasing year after year.
Wastewater treatment discharges, agricultural runoff and surface runoff can indirectly
cause fish kills by increasing phosphorus levels in bodies of freshwater, thereby causing
more algae growth. Decline in fish diversity may also be due to several anthropogenic
activities including introduction of exotic fish species, habitat degradation, pollution
and irrational fishing. Also indiscriminate harvesting of fishes is likely to cause serious
depletion, particularly of those species which are already under the threat of extinction
or endangerment (Maria et al., 2008).
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Kerala has 500 species of birds, 17 of which are endemic to Western Ghats, and 24
species fall under the various threatened categories of IUCN (Praveen, 2015). Vellayani
has been a hotspot for birding, for it has an abundant diversity of water birds. Short
and long distance migratory birds that arrive at Vellayani are assessed to be around
49. Majority of these birds are depended on the fish base and Vellayani as a feeding
ground. Several bird species such as Black-headed Ibis (Threskiornis melanocephalus),
Oriental Darter (Anhinga melanogaster), Open-bill Stork (Anastomus oscitans) and
Greater Painted Snipe (Rostratula benghalensis) are under severe threat due to the use
of pesticides and reclamation. Poaching of birds for eggs and meat is still prevalent. The
presence of flocks of species such as Glossy Ibis (Plegadis falcinellus), Spoon-bill (Platalea
leucorodia), Stonechat (Saxicola torquata) and Buntings were noted as significant since
these birds frequent hotter and drier wetlands. Also indicative of a changing wetland
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ecosystem at Punchakkari was the marked decrease in waders such as Black-winged Stilt
(Himantopus himantopus) and Sandpipers. One reason for the diminishing presence of
water birds at Punchakkari could be that the water-logged fields and marshy places were
covered with weeds which dried very early. Climate can have particularly strong effects
on wetland precipitation which affect wetland birds by altering water levels and habitat
structure therein. They move to newly flooded habitats to feed and/or breed before a
wetland dries down. Many species like Amur falcon (Falco amurensis) and Eurassian
hobby (Falco subbuteo) depend on vellayani wetlands, for refueling and resting during
their long migrations between distant habitats. In times of drought, climate can cause
habitat loss as smaller, shallower wetlands become dry, effectively changing into grassland
or open habitat. This climate-caused habitat loss is correlated with annual variation in
some wetland birds, including many waterfowl. Habitat loss and fragmentation might be
particularly important for bird populations.
The major threats to this important wetland include; large scale utilization of both
surface and ground waters for irrigation, expansion of intensive agriculture resulting
in encroachments on the wetland, drainage of agricultural chemicals into the waters,
discharge of untreated waste from catchment towns into the rivers which feed the
wetland (Walter et al., 2007).
CONCLUSION
The important wetlands are conserved under different acts and rules of the state and
central government of India. For the rich fauna and flora the important wetlands have
attracted many studies. The wetlands like Vellayani-Punjakari that are not yet classified as
an important birding area or a Ramsar site, are not because of their insufficient richness
of Biodiversity but because of lack of systematic documentation of their biodiversity and
effective conservation. Hence these wetlands are in a process of habitat degradation. The
land use patterns of Vellayani-Punjakari have been in changing over the years and this
would have definitely affected the diversity of various faunal groups of the area. Hence
it’s suggested that conservation of Vellayani Lakes biodiversity heritage site as per the
existing provision in the Biodiversity Act (2002) is very much essential because of its
biodiversity abundance and much essential pristine water logging area of capital city and
its long term conservation.
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BIODIVERSITY OF MARINE CYANOBACTERIA FROM DIFFERENT
MANGROVE ENVIRONMENTS OF KERALA, INDIA
Arun T. Ram* and M. Shamina
Department of Botany, Plant Diversity Division, University of Calicut,
Malappuram (Dist), PIN- 673635, Kerala
*Email: aruntram@gmail.com
A survey on the cyanobacterial biodiversity of 7 mangrove environments viz.Vallikunnu,
Kadalundi, Kallai, Mangalavanam, Kumbalam, Kumarakom and Mekkara mangroves of
Kerala has been studied during 2014-2016. Cyanobacteria colonize submerged surface
of sediments, roots, aerial roots, soil, branches and trunks of mangroves. Totally 31
species in 10 genera of cyanobacteria were recorded in all mangrove environments.
Maximum species (13 species) of cyanobacteria were recored from Kadalundi where
as theminimum was recorded from Mangalavanam (2 species). The genus Oscillatoria
was observed with maximum distribution (13 species), followed by Nostoc (5 species)
and Lyngbya (3 species). The genus Aphanocapsa, Microcoleus and Scytonema (2 species
each) and Chroococcus, Aphanothece, Merismopedia, and Phormidium (1 species each)
shows equal distribution. As many as three species namely Oscillatoria salina, Oscillatoria
ornata and Oscillatoria vizagapatensis were common in all mangrove environments
except Mangalavanam.
Keywords: Mangrove environments, cyanobacteria, biodiversity.
Introduction
Mangroves are considered as one of the highly productive natural ecosystems of the world.
The diversity and distribution of the flora and fauna in an estuary is mainly controlled
by the fluctuations in the physico-chemical characteristics of water. Cyanobacteria one
of the important coastal resources, constitute an integral and major component of the
microbiota in mangrove ecosystem along the tropical coasts (Kathiresan and Bingham,
2001; Sakthivel, 2004).
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Cyanobacteria are an important group in phytoplankton in most marine systems. They
provide oxygenic atmosphere to plants. Cyanobacteria contribute to carbon and
nitrogen fixation and their cells act as phosphorus storages in ecosystems with extreme
environmental conditions such as those found in mangroves. Cyanobacterial species are
capable of growing on both soil and water conditions and play an imperative role in that
ecosystem (Ray, 2006). Hence the present study has been carried out to understand the
association between mangrove vegetation and cyanobacterial species.
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Materials and Methods
A survey on the cyanobacterial biodiversity of 7 mangrove environments viz.Vallikunnu,
Mainstreaming Biodiversity for Sustainable Development

Kadalundi, Kallayi, Mangalavanam, Kumbalam, Kumarakom and Mekkara of Kerala had
been studied during 2014-2016 (Table 1).
Table 1: Study areas

The cyanobacterial specimens were observed on the water bodies, soil, bark and
pneumatophores of mangrove plants. Light-green, dark-green, dark-brown, olive
coloured cyanobacteria samples were collected using forceps, needles, scalpel and knife.
Photomicrographs were taken using Leica DM 1000 LED compound microscope.
Cyanobacterial identification was done using the taxonomic manuals of Desikachary
(1959), Prescott (1982), Anand (1989) and Kesarwani et al., (2015 a,b).
Results and Discussion
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Total 31 species of cyanobacteria coming under 10 genera and 4 families (5
Chroococcaceae; 19 Oscillatoriaceae; 5 Nostocaceae and 2 Scytonemataceae) were
recorded in all mangrove environments. The taxa represent 2 orders, 4 families, 10 genera
and 31 species (Table 2). From the present study, the order Nostocales showed maximum
dominance than Chroococcales.
Table 2: Cyanobacterial diversity from different mangrove environments of Kerala
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VA-Vallikkunnu; KA-Kadalundi; KI-Kallayi; MA-Mangalavanam; KU-Kumbalam;
KM-Kumarakomand ME-Mekkkara
The present study recorded 5 unicellular, 19 non heterocystous and 7 heterocystous
types of cyanobacteria. Non heterocystous forms show maximum diversity than other
heterocystous or unicellular forms. Silambarasan et al., (2012) identified 39
cyanobacteria from three mangrove environment (Parangipettai, Ariyankuppam and
MudasalOdai) in Tamil Nadu coast. Nedumaran et al., (2008) identified 23
cyanobacterial species from Pichavaram. Selvakumar and Sundararaman (2001) recorded
17 cyanobacterial strains from Muthupet estuary. Sakthivel and Kathiresan (2013)
recorded 68 cyanobacterial species from three different mangrove environments of
Pichavaram, Porto Novo and Mudasal Odai.
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Table 3: Showing the frequency of cyanobacterial genera

204

Mainstreaming Biodiversity for Sustainable Development

Graph 1: Showing the frequency of cyanobacterial genera recorded

Maximum species (13 species) of cyanobacteria were recorded from Kadalundi whereas
the minimum was recorded from Mangalavanam (2 species) (Table 3; Graph 1). The genus
Oscillatoria was observed with maximum distribution (13 species), followed by Nostoc
(5 species) and Lyngbya (3 species). The genus Aphanocapsa, Microcoleus and Scytonema
(2 species each) and Chroococcus, Aphanothece, Merismopedia, and Phormidium (1
species each) shows equal distribution. As many as three species namely Oscillatoria salina,
Oscillatoria ornata and Oscillatoria vizagapatensis were common in all mangrove
environments except Mangalavanam and Mekkara.
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STUDY ON SPIDER FAUNA (ARANAE: ARACHNIDA) OF
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1
Department of Zoology Kannur University Mananthavady Campus, Wayanad ,
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Western Ghats, a UNESCO World Heritage Site is one of the 35 recognised biodiversity
hotspots in the World and is one of eight Hottest Biodiversity Hotspots of the World that
covers about 2% of the country’s total area and abodes 20-25% fauna. Pookode is a scenic
freshwater lake in the Wayanad district, Kerala, situated 770 meters above sea level in
the Western Ghat region. The lake is surrounded by natural forests that provide shelter
for many species of aquatic and land vertebrates and invertebrates including spiders. The
present study was carried out in and around the lake during January to December 2016 to
explore the spider diversity. A total of 208 individuals were collected following standard
methods. Thirty four species belonging to 29 genera under 10 families were identified. The
general population trend and the guild structure were studied. Guild structure analyses
revealed five types of feeding guilds such as orb weavers, stalkers, sheet web builders,
space web builders and ambushers. Recording of 34 species during the short duration
study is an excellent indication of the rich spider diversity in the study area.
Keywords: Biodiversity Hotspots, Freshwater lake, Western Ghats.
INTRODUCTION

Western Ghats, a UNESCO World Heritage Site is one of the 35 recognised
biodiversity hotspots in the World. It is one of eight Hottest Biodiversity Hotspots of
the World that covers about 2% of the country’s total area and abodes 20-25% fauna.
Thirty four species belonging to 29 genera under 11 families were identified. The general
population trend and the guild structure were studied. Guild structure analyses revealed
five types of feeding guilds such as orb weavers, stalkers, sheet web builders, space web
builders and ambushers. Recording of 34 species during the short duration study is an
Mainstreaming Biodiversity for Sustainable Development
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Arthropoda is the largest phylum of the Animal Kingdom, so far known by over 953,878
species. (Roskov et al., 2017). Among the arthropods, the class Arachnida includes
spiders, scorpions, pseudoscorpions, mites etc. Spiders are abundant and diverse in many
terrestrial ecosystems; taxonomically rich at species, genus and family levels. Spiders,
composing the order Araneae are the largest group among arachnids. The current World
list of spiders includes 46403 species under 4026 genera distributed over 113 families
(WSC, 2017). In India they are represented by 1686 species belonging to 438 genera of 60
families (Keswani et al., 2012).
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excellent indication of the rich spider diversity in the study area.
MATERIALS AND METHODS
Spiders were collected from Pookode Lake Wayanad district (11° 32’32.84’N, 76° 1’38’E).
Pookode is a scenic freshwater lake in the Wayanad district, Kerala, situated 770 meters
above sea level. The lake is surrounded by natural forests that provide shelter for many
species of aquatic and land vertebrates and invertebrates including spiders. The present
study was carried out during January to December 2016 to explore the spider diversity in
and around the natural lake.

Collection, preservation and identification of spider samples
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Survey was conducted during January to December, 2016 to explore the spider
diversity in and around this natural lake. Sampling was done by visual search, hand
picking, pitfall trap and leaf litter extraction. For collecting ground dwelling spiders,
pitfall trap method was applied. Care was taken to collect spiders alive. Insect net was
used to sweep through the vegetation. After a few sweeps, the content of the net were
dumped on to plane surface to capture the spiders. Specimens collected were transported
to the laboratory for examination. Specimens were preserved in 70% alcohol.
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The preserved specimens were transferred to a number of glass tubes, each with a
definite sample number. Necessary field data for each of the samples were noted in the
field note book. The materials were studied using Stereo Zoom Binocular Microscope,
model LEICA EZ4HD. In the process, several literatures were consulted to conclude their
current status. Identification of the spider samples were done following Pocock (1900),
Gravely (1922, 31and 35), Tikader (1970,77,80,82 and 87), Tikader & Malhotra (1980),
Tikader & Biswas (1981), Majumder & Tikader (1991), Barrion & Litsinger (1995),
Majumder (2007), Prószyn’ski (2007) , Sebastian & Peter (2009).
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RESULTS
A total of 208 individuals were collected following the standard methods. Thirty four
species belonging to 29 genera under 10 families are recorded (see plates). Nerienesundaica
is found to be the most abundant. Araneidae is the most speciose spider family. Out of
the 34 species of spiders collected, Lepthyphantes lingsoka Tikader, 1970 is an unknown
male morph and Utivarachna fukasawana Kishida, 1940 & Hahniayakouensis Chen, Yan
& Yin, 2009 are new record from India.
The spiders of Pookode Lake can be divided into five feeding guilds based on the
foraging behavior (Uettz et al., 1999), and (Deeleman-Reinhold, 2001). They are the
orb weavers, stalkers, sheet web builders, space web builders and ambushers (Table 1).
The dominant guild is orb weavers with 13 species followed by Stalkers (9 species), space
web builders (5 species), ambushers and sheet web builders (3 species each) and Foliage
runners (1 species).
All the species were found in the winter season. In monsoon season, 21 species of
7 families were present whereas in the post monsoon season, 14 species of 8 families were
documented. And the least species and families were represented in the summer season
(Table 2, Fig 4). Analysis of sex reveals that female (58%) is more than male (21%) (Table
2, Fig 3). Analysis of seasonal variation of the recorded fauna confirmed that winter is
most diverse (all) followed by monsoon (21) and post monsoon (14) (Table 2, Fig 4).
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Table 1. Distribution of number of species among the families and functional guilds
of spiders in Pookode Lake.
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Fig 1.Diversity of spiders in different families from Pookode Lake and surrounding area.
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Fig 2. Number of individuals collected for each species from the study area.
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Table. 2: Seasonal variations and Sex ratio of species from the study area
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The present study conducted at Pookode Lake has made a significant contribution
towards increasing knowledge of spider diversity and distributions in this landscape.
This area has extremely high diversity. A total of 208 individuals were collected following
the standard methods. Thirty four species belonging to 29 genera under 10 families are
recorded. Considering the high spider diversity in this area, efforts should be given to ensure
Mainstreaming Biodiversity for Sustainable Development

NBC 2017

CONCLUSION

213

the conservation of the area, not only for the large vertebrates (which attract considerable
attention), but also for the invertebrates like spiders. No previous work on spiders has
been conducted in this area. Search of literatures reveals that Lepthyphanteslingsoka
Tikader, 1970 is an unknown male morph and Utivarachnafukasawana Kishida,
1940 & Hahniayakouensis Chen, Yan & Yin, 2009 are new record from India, which
further highlights the importance of continuing the study and maintaining the
conservation status of this landscape.
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ENCRUSTING LITTORAL BRYOZOAN FROM SOUTH ANDAMAN
ISLAND WITH SPECIAL REFERENCE TO AN EPIBIONT BRYOZOA
(THALAMOPORELLA SP.) ON A MARINE SPONGE
P. J. Naufal ** and K. A. Jayaraj*
Department of Ocean Studies and Marine Biology, Pondicherry University
Brookshabad Campus, Chakkargaon P.O Port Blair – 744112
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Bryozoans are sessile aquatic invertebrates, which are found in most marine habitats
forming colonies composed of numerous units known as zooids. A study on the bryozoan
distribution in three intertidal sites (Burmanallah, Kodiyaghat and Chidiytapu) from
the southeastern coasts of the Andaman Islands were carried out between June and
August 2016. The present study is the first exclusive report on bryozoans from the
intertidal zone of Andaman Islands. During the study period a total of twelve species
were identified from both living and inert substratum. Bryozoans observed belong to
the order Cheilostomata that bifurcate under suborders Anasca and Ascophora. Among
the species identified, eight genera were new records from the island. Among the three
different intertidal zones, Burmanalla which is featured by rocky environment possess
most number of bryozoan colonies. The present study showed affinity of the bryozoans
towards natural substratum particularly on the rocks, followed by the dead Molluscan
shells. Among the molluscan shells, Tridacna shells host most species with crowded
colonies.Out of the identified bryozoan species the Thalamoporella sp is reported as the
one with maximum average length for the colony. The present study come across an
interesting association in which the epibiont bryozoan Thalamoporella rozierrii adhere
to the basibiont sponge Placospongia sp on big rocks. The main characteristics of the
morphology of Thalamoporella rozierrii is described with SEM images.
Keywords: Bryozoan, Cheilostomata, Thalamoporella rozierrii, epibiont, Andaman and
Nicobar Islands.
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Bryozoans are very common marine organisms of rocky coasts and can be found in the
littoral zone of sea, through diving depths and beyond onto the continental shelf and
down to some of the deepest parts of our oceans. Grouped under phylum Ectoprocta,
bryozoans form colonies made up of box-like or tubular modules called zooids. They
are commonly known as moss animals and sea mats as they can take on a wide variety
of forms such as flat encrusting, soft bushy, or erect rigid coral like colonies. Bryozoan
colonies are mostly encrusting on rocks, shells, seaweeds and seagrasses. The feeding
zooid (autozooid), which is the fundamental unit of a bryozoa comprises a body wall
enclosing a polypide (lophophore and digestive tract) (Menon and Menon, 2006).
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Collections of bryozoans from littoral region contain intertidally restricted species and
those which extend into adjacent subtidal areas. Systematic study on bryozoa is mainly
based on the highly calcified zooecia (Menon and Menon 2006). Being filter feeder,
bryozoans control planktonic population and help in the marine ecological balance.
Fouling behaviour of bryozoans on pilings, pipes and boats causes serious economic
challenge in the maritime and industrial field.
Sponges are the most common marine invertebrates found in various environments
ranging from intertidal rock pools to subtidal rocky reefs, from silty harbours to
continental shelf seamounts, from volcanic ridges and hydrothermal vents, to the deep
abyssal plains, rises, and Polar Regions. Considering their wide ecological distribution and
abundance, they are the most common neighbours for bryozoans. Success of mutualism
among hard-substrate benthos is asserted to be higher between colonial or modular
partners. Interestingly, species composition of the associated fauna has been listed in
various sponges (Pearse, 1932) with particular attention on the relationships between hosts
and endobionts (Forester, 1979). This is because the structural organization of sponges
(sessile condition, a highly developed aquiferous system and continuous water flow)
favours the presence of many epi- and endobionts with both parasitic and commensal
habits (Sara and Vacelet 1973). We describe an unusual sponge-bryozoan association in
which Placospongia sp as host to an encrusting bryozoan Thalamoporella rozierii.
Encountering the ecological and economic significance of bryozoans, an extensive study
has been carried out on it throughout the world. Circumscribed bryozoans include 3 classes,
four orders, 187 families, 808 genera and about 6000 species (Bock and Gordon 2013).
A total of 257 marine species have been identified from Indian EEZ so far. The records
from Andaman and Nicobar is below 18%, due to its remoteness and lack of research
(Shrinivaasu et al., 2015), even though Andaman and Nicobar covers 30% of Indian
EEZ with rich repositories of biodiversity and endemicity. The available literature on
Andaman bryozoans is limited, (Thornely, 1905, 1907 and Robertson, 1921). Till now no
comprehensive attempt has been made to work out taxonomical and ecological aspects of
intertidal bryozoans from this typical tropical marine habitat of Indian EEZ. The present
study targets to fill this scantiness of information on bryozoans from the costal water of
Andaman Island.

Three littoral sites-Burmanallah (11°33’569 N & 92°43’781 E), Kodiyaghat (11°31’473 N &
92°43’546 E ) and Chidiytapu (11°40’861 N& 92°43’546 E) on the southeastern coasts of the
Andaman Island were investigated between June and August 2016 (Fig 1). Sampling and
in situ observations were made by snorkling and hand picking boulders, smaller rocks,
shells, and artificial materials close to the edge of the sea at low tide, were over turned and
examined. Study was carried out an hour before low tide and continuing for up to 1.5
hours after low tide. Specimens thus obtained were air-dried at the station and wrapped
Mainstreaming Biodiversity for Sustainable Development
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with paper for transport. The lengths of the colonies were measured using a common
geometrical scale. In the laboratory, colonies on stones and rock fragments were removed
by careful scrapping with surgical blades and treated with house hold-bleach (NaOCl)
to remove the soft tissue of the bryozoa and other algal attachment. Then it is rinsed in
water, and air-dried. Some colonies became fragmented on the removal of
specimens from large rocks. Then the specimens were examined by SMZ 1500 stereoscopic
microscope. The external structure was studied with SEM images. The occupation of the
sponges by epibiont bryozoa was enumerated by digital photography. Bryozoan species
was identified using standard identification keys (Soule, 1970, Hayward and Ryland,
1992, Menon and Menon, 2006).

Fig 1: Map showing the study site
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Overall twelve bryozoan species were identified that comprised Smittipora sp, Cupuladria
sp, Membranipora sp, Thalamoporella sp, Thalamoporella rozierii, Caleschara sp, Antropora
sp, Parasmittina sp, Hippopodina sp, Hippaliosina sp, Schizoporella sp, and Tremogasterina
sp. (Table 1). Among which Hippaliosina sp, was reported from Burmanalla and
Kodiyaghat whereas Membranipora sp was reported from Kodiyaghat and Chidiyatapu.
Smittipora sp, Caleschara sp, Thalamoporella rozierii and Schizoporella sp, were observed
from Burmanalla and Chidiyatapu. Antropora sp, Hippopodina sp and Tremogasterina
sp, were reported only from Burmanallah whereas Cupuladria sp and Parasmittina sp
were reported only from Chidiyatapu. The Thalamoporella sp was the only species which
was reported from all the three stations. Burmanallah contributed maximum number
of species (nine) recorded from the study area followed by Chidiyatapu (eight) and
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Kodiyaghat (three) was the least recorded area (three). The length of the colonial attachment
on each substratum was also recorded using a geometric scale (Fig.2). The colony of
Thalamoporella sp colony was the lengthiest colony (3.5 cm) with wide spread colonial
growth on the rocks and giant clam shells followed by Thalamoporella rozierii with a
length of 2 cm, whereas Parasmittina sp and Cupuladria sp were recorded with moderate
length (1.3cm and 0.9 cm respectively). The lowest colony length was noticed for
Hippopodina sp and Hippaliosina sp (0.5 cm).
In all the three stations the rich attachment of bryozoa was noticed on the rocks. About
40% of the total colony collected was from the underneath of the rocks followed by the
shell of Tridacna (Fig.3). Dead corals, bivalve shells have also provided substratum for
the moderate attachment. No colony was recorded from the substratum of anthropogenic
origin such as chappals, bottles and fragments of constructions. The suborder Anasca
(order Cheilostomata) were by far the largest component of the littoral bryozoan fauna
found in the study (Fig. 4). Six genera were included under Anascan cheilostomes and the
remaining five belongs to Ascophoran cheilostomes.

Fig. 2: Showing the length of bryozoan colony
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An interesting bryozoan-sponge association was present at Burmanalla (Fig. 5). The
epibiontbryozoa Thalamoporella rozierii is found attached over sponge Placospongia sp
which is growing in the downside of a big rock. The bryozoan mat coating was very thin
and transparent, and thus hardly visible in the edge of a colony. Further development of
the zooids over the Placospongia sp makes it more easily recognizable in situ. However
one end of the colony has extended from sponge body towards the rock surface. As both
are filter feeders no deleterious effect was noticed either in the basibiont side of sponge or
in the epibiont side of bryozoan.
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Fig.3: Diagram showing the attachment behavior of bryozoan on varios substratum
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Fig. 4: Bryozoan abundance on the molluscan shell.
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Fig: 5. Epibiont Thalamoporella rozierii on Placospongia sp
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Throughout the study, Burmanallah was noticed as the most species rich site for the
marine bryozoan species. Totally twelve species were identified from three sites and out
of which four species were reported during the previous studies and the remaining eight
species are new record to this island. No species from the orders Ctenostomes and
Cyclostomes were found in any of the three stations. All species were encrusting forms and
no erect forms, either flexible or rigid, were found. From all the three stations, the big rocks
were noticed to be the most favourite substratum for the bryozoans. This may be due to
exceptional diversity and assemblage heterogeneity generally found in marine hard
Mainstreaming Biodiversity for Sustainable Development
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Table 1: Occurrence of Bryozoan species in the study site.
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bottom habitats that contribute significantly to species richness, abundance, and
biomass (Kostylev et al., 2005). A similar pattern of attachment abundance on the rocks is
also reported from some temperate fjords (Kuklinski et al., 2012). The Chidiyatapu gave
habitation for some coral reef associated bryozoa. A total of thirty species of coral
associated bryozoans were recorded from the Indian coral reef, of which five species
Tremogasterina sp, Parasmittina sp, Membranipora sp, Smittipora sp, and Thalamoporella
sp were from the present study. The present study revealed that the rocky platform is the
most preferable substratum for the bryozoan attachment. The genera like Thalamoporella,
Parasmittina , Membranipora reported from the Chidiyatapu include among those which
are previously reported from the Great Barrier Reef (GBR) and from Indo-pacific reef
(Ryland, J. S. and Hayward, P. J, 1992). Generally the colony sizes of bryozoan can range
from one centimetre to over a meter across (Rupert, et al., 2004). In our findings the
lowest colony length is for Hippopodina sp and Hippaliosina sp (0.5 cm) and maximum
length was reported in Thalamoporella sp with 3.5 cm.
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Bryozoans are one of the six groups of invertebrates documented in a catalogue of main
marine fouling organism (Ryland, 1965). Thalamoporella sp which was reported as one
of the most important biofouling species was available in plenty throughout the study
sites. Two species of genus Thalamoporella were recorded in the study. Chaney (1989)
had made a study on five different species of Thalamoporella along subtidal, continental
margins from the eastern Pacific, through the Atlantic and Indian Oceans, to the western
Pacific.
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Bryozoans were a common, and often the most abundant, faunal component of epibiota
on a variety of host substrata, and most recently Wahl (2009) reported that there were
more epizoic bryozoan species than any other group of metazoans. In the present
study, the underneath of most of the big rocks were attached by the sponge Placospongia
sp. and the bryozoan Thalamoporella rozierii. The initial stages of colonization of
Thalamoporella rozierii on the Placospongia sp. was not observed. But as substratum
the T. rozierii might enjoy much safer accommodation on the sponges. This is could
be due to the peculiar feature that require such as tunnels, (Cobb, 1969) which provide
few competitors. The sponges settle randomly on the prepared substratum and are
not replaced by other organisms. Further settlement of other benthic organisms
is prevented owing to the successful competition by sponges (Keough, 1984). The
bryozoa-sponge interaction can be viewed as a mutualistic commensalism. Ryland
(1974) studied that filter-feeding epibionts possibly profit from the nutrient currents
created by certain hosts. In the present findings the bryozoa was always exposed over the
Placospongia sp, hence one of the greatest hazards in an epibiont’s life was the danger of
falling victim to predators of the substrate organism (Oswald et al., 1984,). Occasionally,
epibionts seem to be protected by the defensive shield of certain basibionts (Hay, 1986,
Young, 1986). As epibionts may fall victim to predators of their substratum, so many
basibionts suffer from damage due to grazers preying on epibionts (Dixon et al., 1981).
Mainstreaming Biodiversity for Sustainable Development

Bryozoa are crustose epibiotic forms, thus it reduces the elasticity of the substratum,
hindering both motion and flexibility and increased brittleness enhances breakage in high
turbulant environments. Mechanical anchoring of larger epibionts on the basibionts, as
we can see in the present study between epibiont Thalamoporella rozierii and basibiont
Placospongia sp, occasionally damages soft basibiont surfaces (Dixon et al., 1981).
Littoral bryozoan fauna is a very diverse one, probably consisting of several species.
However, Andaman bryozoan fauna of littoral and coral reefs ecosystem is poorly
understood. In the excellent review on Bryozoa of coral reefs in GBR, Ryland and
Hayward (1992) have described around 81 species of bryozoans. Curiously enough, 14
species have been described as new and 25 species have been identified to be widely
distributed in the Indo-Pacific area. Among the genera recorded in the present study,
majority are having a worldwide distribution along the shallow waters of the tropical and
temperate seas. To explore the diversity and ecological activities of bryozoans, a detailed
study is most vital.
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ETHNOGRAPHY, CHALLENGES AND THREATS TO THE JELLYFISH DIVERSITY AND DISTRIBUTION AT PULICAT LAGOON
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Continuous interaction between organisms is the tenet of nature since the origin of life.
The Peninsular India is rich with thick vegetation and water bodies and serves as major
areas of interactions of human, land, water and organisms. Pulicat lake extending
between 13°20’ and 13°40’ N latitude and 80°14’ to 80°15’ E longitude is the second largest
brackish water lagoon in India known for its various faunal studies. The large Scyphozoan
jellyfish Catostylus mosaicus belonging to the order Rhizostomeae family Catostylidae, were
netted alive from Pulicat lagoon during a routine shore faunal collection from December
2013 onwards. Five stations were chosen for this study. The months of March, April and
May 2014 marked the highest numbers of C.mosaicus. Increasing water contamination
and waste dumping has led to eutrophication which thereby depletes the plankton
population. Jellyfishes which totally rely on the plankton population as feed are facing
population crisis affecting the lagoon’s food web. The long term effects include ecological
disturbances, severe food web imbalance finally affecting the ultimate consumer the
“human beings”.
Keywords: Jelly fish, Food web, Sustainable living, Pulicat lagoon.
Introduction
Jellyfishes mainly feed on the planktons which are susceptible to major ecological
disturbances in the aquatic environment. With the plankton communities being affected
due to eutrophication and contamination of Pulicat lagoon the Jellyfish community is
facing a major population crisis. Jelly fishes are also well known bio-indicators. Thus
being an important organism their conservation is of high importance to save the
lagoons food web for sustainable living.

NBC 2017

Globally 10,211 species of Cnidarians are reported with 752 species in the Mediterranean
Sea, dwelling entirely on aquatic and marine environment; Appeltans et al., 2012).
Worldwide reports of cnidarian include class of Hydrozoa 3,643 species and Scyphozoa
228 species (Daly et al., 2007). Wafar et al., (2011) reported class hydrozoans consisting
of 212 species and 25 species of scyphozoans in India.
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Pulicat Lagoon, which is located in the North Chennai coastal region, is a typical brackish
water ecosystem of great importance with regard to its biodiversity and aesthetic value.
Due to its morphological and brackish water characteristics, it is the most suitable
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breeding and nursing ground habitat for fishes in the North Chennai coastal region. It
runs parallel to the coast of the Bay of Bengal, being separated from it by an extensive
sand-strip called the Sriharikota Island, on which the SHAR of the Indian Space Research
Organization (ISRO) is located.
Materials and Methods
Study area
The 2nd largest brackish water lagoon in India shared over the districts of Thiruvallur in
Tamil Nadu and Nellore in Andhra Pradesh, with an area of about 460 km2 parallel to
the Bay of Bengal, Pulicat lagoon covers a length of about 59 km from north to south and
has maximum east-west width of 19 km at the northern sector of the lagoon. The major
source of fresh water input to the lagoon is through land run off from the three rivers viz.,
Arani at its southern end, Kalangi at its mid-western side and Swarnamuki at its northern
end that debouch into the lagoon. The lagoon at its southern end, near Pazhaverkadu
opens into Bay of Bengal through a narrow inlet of 200 m width, with an average depth of
about 1 m (depth varies from 0.5 m to 6 m) which is a permanent opening.
Sample collection
Jelly fishes were collected using a120µm plankton net and preserved in 5% formalin at
five sampling stations, namely Barmouth (S1), Kunankuppam (S2), Light house kuppam
(S3), Sattankuppam (S4) and Jameelabad(S5) selected at Pulicat lagoon.The samples were
brought to the laboratory and identified using authentic manual. Water sampling was
done during 2013- 2015 period.
Physicochemical parameters of water
Surface water was collected from the lagoon and stored in Polyethylene Terephthalate
bottles. The bottles were rinsed using the sampling water and the water was collected with
minimal disturbances in and around the collection points. The collected samples were
then labelled and transferred to our laboratory for further analysis. Standard methods
given by American public health association were utilized to analyze the samples
(APHA, 1995). The lagoon water quality was assessed by characterizing physicochemical
parameters like pH, Temperature, Total Dissolved Solids, Dissolved Oxygen, Salinity,
Carbonate, Bicarbonate, Nitrites and Phosphates.

The Shannon-Wiener diversity index, Simpson’s index and Margalef ’s richness index
were calculated for estimating cnidarians diversity. The data were subjected to diversity
indices analysis using PAST Software, Margalef index Shannon Diversity Index “H”,
Simpson Diversity Index”D” and Pielou Evenness Index “J”.
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Results and Discussion
In the present study, diversity and distribution of the jellfish from Pulicat lagoon (five
species) were recorded (Table 1). Class scyphozoa with four species Catostylus mosaicus,
Acromitus flagellates, Cyaneacapillata, Chrysaorahysoscella and hydrozoan with one
species Porpitaporpita were identified with standard manual.
We found that C. mosaicus dominate the Barmouth region. In India Porpitaporpita has
been reported in the Saurashtra Coast of Gujarat by Pandya et al., (2013), in Tamilnadu
in the Adirampattinam Mangrove Region by Prabhahar et al., (2012). The jellyfish
Acromitus flagellates has been collected from brackish water in Muttukadu, Tamilnadu,
India (Chinnasamy Arulvasu et al., 2014). Diversity of the coelenterate from Pulicat
lagoon includes 2 classes, 4 families, 3 orders and 5 species (Table 2). The abundance
of Catostylus mosaicus and other species were estimated by stratified random sampling
within the survey areas (Fig. 1). The family Cyaneidae of Cyanea capillata was observed
at Barmouth, Kunankuppam and family of Pelagiidae Chrysaora hysoscella was observed
at barmouth. Catostylus mosaicus, Acromitus flagellates and Porpitaporpita species were
spotted during the monsoon season of 2013 and 2015 and Chrysaora hysoscella species
was recorded in 2013 summer (Table.2).
A. flagellatus is pointed with smooth to finely granulated surface and mouth-arms with
basal regions joined by membrane, tapering to blunt point. (Fig. 1). Their habitat is coastal,
sometimes brackish waters too. Distribution is along West Indian Ocean to central
Pacific Ocean (Richmond, 1997).
C. capillata is one of the largest jellyfish in the world (Fig. 1). It gains its common name
from the characteristic mass of long, thin, hair-like tentacles found hanging from the
underside of the bell-shaped body. The C. capillata has a global distribution (Johnson and
Allen 2005).
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C. hysoscella has a saucer-shaped bell (Fig. 1), with 32 semi-circular lobes around the fringe,
each one with a brown spot (Fish and Fish 1989). The mouth, the only opening to the
exterior, is located on the centre of the underside of the bell, and is surrounded by 4 arms.
There are also 24 tentacles around the edge of the bell, grouped in threes. The colour of
this jellyfish varies, with a variable level of brown pigment (Fish and Fish,1989). These
species were commonly widespread.
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P. porpita (Fig. 1), marks the presence of a disc in the middle region which helps the organism
to float in the water and is golden brown in colour measuring around 1.5 inches width. The
mouth present below the float is to engulf prey along with water and its ingredients. The
second part is known as hydroid colony which posses bright coloured tentacles. With the
help of these tentacles and the float it moves along and across the water body. One can
observe and admire the blue buttons for their beautiful colour but it is better to avoid
contact, as it causes skin irritation; above all it is one of the good suppliers of bioactive
compounds from the sea.
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Margalef index was minimum 0 at Light house kuppam, Sattankuppam and Jameelabad,
a maximum of 0.962 was recorded in the Barmouth (Table 3). Margalef Diversity Index
“Ma” has no limit value and it showed variation depending upon the number of species.
Thus, it is used for comparison between the sites. The present observed value was 7.78
which was also at the lower limit of the scale.
Simson index is minimum of 0 at the station at Sattankuppam and maximum of 1.6 at
Kunankuppam (Table 3). Simpson index closer to1 indicated nearly satisfactory diversity
status of the Pulicat lagoon.
Shanon winner index was a minimum of 0 in Light house kuppam, Sattankuppam and
Jameelabad and maximum of 0.900 at Barmouth (S1) (Table 3). Diversity indices of
jelly fish communities showed that Shannon index value (H) was 0.50, which was not at all
satisfactory as ‘H’ value above 3 indicates better balance and stable habitat condition
(Mandaville, 2002). Pielou index ‘J’ showed that jellyfish species were at a minimum of
0 at the Light house kuppam Sattankuppam and Jameelabad and maximum of 0.819 at
Barmouth (Table 3).
Pielou index ‘J’ showed that jelly fish species reported in the studied area was almost
evenly distributed as calculated values were closer to 1 (Table 3).
Catostylidae family is found along the entire eastern coast of Australia, from the Torres
Strait in the north to Port Phillip in the south (Southcott 1982). C. mosaicus is an inshore
species, sometimes occurring in bays and estuaries in very large numbers (Southcott
1982) and tolerates a wide range of temperature (10 – 28ºC) and salinity (12 – 39 ppt)
(Kingsford and Pitt, 1998).
Physicochemical parameters of water
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The average values of water quality parameters in the study lagoon were shown in (Fig.
2). During the study, the DO levels observed was a maximum value of 2.912mg/l while
the minimum value obtained was 2.098mg/l. The gradual reduction of dissolved oxygen
levels implies deteriorating quality of the lake waters and its increasing unsuitability for
industrial and domestic usage. The bicarbonate minimum was 32.48mg/l at Jameelabad
and maximum 38.48mg/l at Barmouth. The high amounts of nitrates and phosphates
in the water bodies indicate higher levels of eutrophication (Thakur et al., 2013). These
nitrates and phosphates prove to be the key to excessive algal blooms in the water bodies,
thus increasing the pollution levels. The major source of phosphates is traced back to
detergents and soaps used for household cleaning, while the nitrates are found as a result
of discharge of untreated domestic sewage water. The algal blooms can be observed at
values starting from 0.03 mg/l of phosphates in the water (Sheela et al., 2011).
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Fig 1:Photos showing diversity ofJelly fish species in Pulicat lagoon(A) Dorsal view and
(B) Ventral view
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Fig. 2 Physico chemical parameters of water samples
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Table 2. Seasonalwise distribution of cnidarians 2013-2016

(+) present, (-) absent
Table 3.Cnidarians diversity Indices of Pulicat Lagoon

Pulicat lagoon is facing a major problem of water pollution and in turn the bio diversity
of the lagoon is getting affected. As a holistic approach to understanding and maintaining
jelly fish diversity and water quality in semi-enclosed marine waters, it is essential to
study the animals found within the marine ecosystem in relation to the hydrodynamics
of the waters. A good understanding of these can help to improve the management of
Mainstreaming Biodiversity for Sustainable Development
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Conclusion
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cnidarians, in relation to maintaining a healthy ecological balance. Increasing water
contamination and waste dumping has led to algal blooming and water pollution, thus
depletin the plankton population. Jellyfishes which are totally dependent on the plankton
population as feed are facing population crisis. The long term effects include ecological
disturbances, severe food web imbalance finally affecting the ultimate consumer, “human
beings”.
Acknowledgement
One of the authors (S.Govindan) likes to thank University of Madras for providing
Dr.Kalaignar M.Karunanidhi Endowment scholarship to support the work.
References
1. APHA., Standard Methods for the Examination of Water and Waste water, American
Public Health Association Washington DC, 1995, 19th edition.
2. Appeltans, W., Ahyong, S.T., Anderson, G., Angel, M.V., Artois, T., Bailly, N.,
Bamber, R., Barber, A., Batsch, I., Berta, A, et al., The magnitude of global marine
species diversity. Current Biology, 2012, 22, 2189–2202.
3. Conand Sparks., Emmanuelle Buecher., Andrew, S. Brierle., Bjørn Erik Axelsen.,
Helen, Boyer. and Mark, J. Gibbons., Observations on the distribution and relative
abundance of the scyphomedusan Chrysaora hysoscella (Linne, 1766) and the
hydrozoan ´ Aequorea aequorea (Forskål, 1775) in the northern Benguela ecosystem.
Hydrobiologia, 2001, 457, 275-286.
4. Daly, M., Brugler, M. R., Cartwright, P., Collins, A. G., Dawson, M. N., France, S.C.,
McFadden, C. S., Opresko, D. M., Rodriguez, E., Romano, S. and Stake, J., The
phylum Cnidaria: A review of phylogenetic patterns and diversity 300 years after
Linnaeus. In: Linnaeus Tercentenary: Progress in Invertebrate Taxonomy ( Eds Zhang,
Z. Q. and Shear, W.A.), Zootaxa., 2007, 1668, 127–182.
5. Fish, J. D., Fish, S., A student’s guide to the seashore. Cambridge University press,
Cambridge, 1989, 2nd Edition.
6. Fish, J. D., Fish, S., A Student’s Guide to the Seashore. Cambridge University Press,
Cambridge, 2011.

NBC 2017

7. Gusmao, L. M. O., Diaz, X.F.G., Melo, M.D., Schwamborn, R., Neumann Leitao, S.,
Jelly fish diversity and distribution patterns in the tropical South western
Atlantic. Mar. Ecol., 2015, 36, 93–10.

232

8. Jennifer, E Purcell., Predation on zooplankton by large jellyfish, Aurelia labiata,
Cyanea capillata and Aequorea aequorea, in Prince William Sound, Alaska. Mar. Eco.
Pro., 2003, Ser. 266, 137-152.
Mainstreaming Biodiversity for Sustainable Development

9. Johnson, W. S., Allen, D. M., Zooplankton of the Atlantic and Gulf Coasts: A Guide
to Their Identification and Ecology. Johns Hopkins University Press, Maryland, 2005.
10. Kingsford, M.J., Pitt, K.A., Research on the riming of reproduction, abundance, stock
assessment and genetics of the edible jellyfish Catostylus mosaicus in New South
Wales waters.Unpublished Report, University of Sydney, Australia, 1998.
11. Pandya, K. M., Parikh, K.V., Dave, C.S., Mankodi, P.C., Occurrence of Hydrozoans
from the Saurashtra Coast of Gujarat. India Res. J. Marine Sci., 2013, 1(4), 1-3.
12. Prabhahar, C., Saleshrani, K., Arsheed Hussain, D., Tharmaraj, K., Studies on the
ecology and distribution of zooplankton composition in Adirampattinam Mangrove
region, Tamil Nadu India. Inter.J. Rec. Sci. Res., 2012, 3, 356 – 359.
13. Richmond, M., (Ed.) A guide to the seashores of Eastern Africa and the Western
Indian Ocean islands. Sida/Department for Research Cooperation, SAREC:
Stockholm, Sweden, 1997.
14. Sheela, A. M., Letha, J., Joseph, S., Environmental status of a tropical lake system.
Environ. Monit. Assess., 2011, 180, 427–449.
15. Southcott, R.V., Jellyfishes (Classes Scyphozoa and Hydrozoa). In: Marine invertebrates
of Southern Australia. Part I ( eds. Shepherd SA, Thomas IM. ), Government
Printer, Adelaide, 1982, 8,115-159.
16. Thakur, R.K., Jindal, R., UdayBhan Singh. and Ahuwalia, A. S., Plankton diversity
and water quality assessment of three freshwater lakes of Mandi (Himachal Pradesh,
India) with special reference to planktonic indicators. Environ. Monit. Assess., 2013,
185, 8355-8373.

NBC 2017

17. Wafar, M., Venkataraman, K., Ingole, B., Ajmal Khan, S. and LokaBharathi, P., State of
Knowledge of Coastal and Marine Biodiversity of Indian Ocean Countries, 2011, 6(1),
141-156.

Mainstreaming Biodiversity for Sustainable Development

233

DIVERSITY OF BIVALVE MOLLUSCS ALONG THE WEST COAST
OF INDIA
A. R. Arathi*, R. Ravinesh and A. Biju Kumar
Department of Aquatic Biology and Fisheries, University of Kerala,
Thiruvananthapuram-689 581, Kerala.
*Email: arathichepla@gmail.com
Class Bivalvia represents the second largest class among the eight extant classes of the
phylum Mollusca. This paper documents the taxonomy and diversity of marine bivalves
along the west coast of India, based on surveys conducted in the states of Kerala, southern
Tamil Nadu, Karnataka, Goa, Maharashtra and Gujarat. The study documented 200
species of marine bivalves belonging to 3 subclasses, 13 orders, 42 families and 111 genera.
Among the recorded bivalves 30 species are newly recorded from India and 26 species
are new to West Coast. The species newly recorded from India included Leiosolenus
tripartus (Mytilidae), Anadara consociata( Arcidae), Tucetona sibogae (Glycymerididae),
Atrina exusta, Atrina rigida (Pinnidae), Pteria howensis (Pteriidae), Mimachlamys
townsendi (Pectinidae), Propeamussium arabicum (Propeamussiidae), Hyotissa numisma,
Hyotissa sinensis (Gryphaeidae), Pelecyora ceylonica, Pelecyora excisa, Protapescor,
Globivenustoreuma, Aphrodora sewelli, Venerupis bruguieri (Veneridae), Meiocardia
cumingi (Glossidae), Tellina albinella (Tellinidae), Leptomya bracheon (Semelidae),
Hiatula rosea (Psammobiidae), Lepirodes ambiguous (Galeommatidae), Lamellolucina
oliveri, Myrtea triclotae, Scabrilucina vitrea, Divalinga arabica (Lucinidae), Chama
croceata (Chamidae), Coecellahors fieldii (Mesodesmatidae), Nemocardium fulvum,
Freneixicardia victor (Cardidae), Trapezium oblongum(Trapezidae). The study recorded
163 bivalvespecies from Kerala, 77 from Gujarat, 70 from Maharashtra, 43 from Goa, 42
from south Tamil Nadu and 30 from Karnataka. 25 species of bivalves were very common
and was obtained from all the surveyed states. Family Veneridae with 45 species is the
most speciose family. The present study emphasises the richness of bivalve species along
the west coast of India and also instigates the need for more comprehensive and thorough
studies to realise the true potential of this commercially and ecologically contributing
group.
Keywords: Bivalves, diversity, economic and ecological significance.
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Class Bivalvia (Acephala, Pelecypoda and Lamellibranchiata) are exclusively aquatic
organisms representing the second most speciose class of the diverse phylum Mollusca.
This class includes soft, unsegmented, bilaterally symmetrical and laterally compressed
molluscs enclosed by calcified valves on the left and right sides connected by hinge, ligament
and adductor muscles (Poutiers, 1998; Leal, 2002; Ramakrishna and Dey, 2010). Bivalves
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have a long history and rich fossil record dating back to Cambrian era. They have
evolved from the Cambrian rostroconchs as small, equivalved shallow water burrowers
and deposit feeders. Today, this class comprises of different forms which exhibits
variability in colour, shape, form, size, anatomy, habitats and mode of life. The members
of this group survive in diverse types of habitats such as mangroves, salt marshes, coral
reefs, rocky coasts, sandy beaches, estuaries and sea grass beds ranging from intertidal
to hadal depths (Gosling, 2003; Huber, 2010). The global bivalve diversity numbers
to 9,620 species included in 101 families and 1380 genera with 8360 marine species,
grouped in 4 subclasses and 93 families (Huber, 2015). Of these, 652 species of
marine bivalves represented in 173 genera, 69 families and 4 subclasses have been
reported from India (Tripathy and Mukhopadhyay, 2015). The highest diversity in
global bivalves is in the shallow waters off Indonesia; Indo-Pacific region is the richest
province of bivalve diversity and distribution with 3,300 bivalve species recorded
(Huber, 2015). India, which falls in this richest province with a coastline of 8,118km and
a very wide range of coastal ecosystems such as mangroves, backwaters, salt marshes,
estuaries, lagoons, rocky coasts, sandy stretches and coral reefs (Venkataraman and
Wafar, 2005) is undoubtedly rich in bivalve resources. As such there is no published report
compiling the current information on bivalve diversity of the west coast of India, which
is attempted in this paper.
Materials and Methods
For the study bivalve specimens were collected from Vizhinjam, Kovalam,
Thirumullavaram, Tangassery, Sakthikulangara, Neendakara, Alappuzha, Puthiyappa,
Muzhappilangad, Dharmadam and Chombala (Kerala); Kanyakumari, Muttom and
Colachel (Tamilnadu); Mangalore, Uduppi, Malpe, Kumta and Karwar (Karnataka);
Ratnagiri, New ferry wharf, Versova and Madh island (Maharashtra); Sikka, Narara,
Veraval, Okha and Poshitra (Gujarat) regions of the west coast of India. The samples were
collected by handpicking, digging, snorkelling, trawling and scuba diving. Cemented
species such as oysters were split with a hammer. Burrowing species such as cardiids
were digged out. The deep sea bivalves were collected from the bottom trawlers. All the
collected specimens were georeferenced using GPS and photographed using digital
camera. Shells were preserved dry and the soft body in 5 per cent formaldehyde for
taxonomic studies. The collected specimens were identified using the standard keys,
relevant taxonomic publications (Gravely, 1941; Satyamurti, 1956; Apte, 1998, 2012;
Poutiers, 1998; Leal, 2002; Huber, 2010, 2015) and by seeking help from international
experts in each bivalve families.

The present study documented 200 species of marine bivalves represented in 13 orders,
42 families and 111genera. Order Veneroida with 65 species appeared the largest order
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followed by Lucinoida, Pteroida, Arcoida, Pectinoida, Mytiloida, Ostereoida, Carditoida,
Euheterodonta, Limoida, Nuculanoida, Solemyida and Myoida (Fig.1). The species rich
family was identified as Veneridae with 45 species. The families represented by single
species were Solemyidae, Nuculanidae, Yoldiidae, Malleidae, Plicatulidae, Placunidae,
Propeamussiidae, Cyrenidae, Glossidae, Pholadidae, Mesodesmatidae, Laternulidae,
Vesicomyidae and Hiatellidae (Fig.2). The state wise distribution of bivalves revealed 163
species in Kerala, 77 species in Gujarat, 70 species in Maharashtra, 43 species in Goa, 42
species in Tamil Nadu and 30 species in Karnataka (Fig.3).
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Fig.1.Species diversity in various orders of Bivalvia in the west coast of India
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Fig.2.Species diversity in various families of Bivalvia in the west coast of India
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Fig. 3. Diversity of bivalves collected from various states along the west coast of India

The most common bivalves, which were present in all the states surveyed were Perna
perna, Perna viridis, Brachidontes pharaonis (Family: Mytilidae); Tegillarca granosa,
Anadara inaequivalvis, Barbatia amygdalumtostum (Family: Arcidae); Cucullaea petita
(Family: Cucullaeidae); Placuna placenta (Family: Placunidae); Anomia achaeus (Family:
Anomidae); Crassostrea bilineata, Saccostrea cucullata (Family: Ostreidae); Gafrarium
divaricatum, Gafrarium pectinatum, Meretrix meretrix, Meretrix casta, Callista erycina,
Sunetta scripta, Sunetta solanderii, Dosinia tumida, Paratapes textilis (Family: Veneridae);
Tellina lanceolata (Family: Tellinidae); Donax scortum, Donax cuneatus (Family:
Donacidae); Siliqua radiate (Family: Pharidae) and Cardita variegata (Family: Carditidae).
The most commercially exploited bivalve species of India are: Anadara granosa,
Crassostrea bilineata, Donax cuneatus, Gafrarium tumidum, Marcia opima, Meretrix casta,
Mainstreaming Biodiversity for Sustainable Development
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Among the recorded bivalves 30 species are newly recorded from India and 26 species are
new to West Coast. The species newly recorded from India included Leiosolenus tripartus
(Mytilidae), Anadara consociata(Arcidae), Tucetona sibogae (Glycymerididae), Atrina
exusta, Atrina rigida (Pinnidae), Pteria howensis (Pteriidae), Mimachlamys townsendi
(Pectinidae), Propeamussium arabicum (Propeamussiidae), Hyotissa numisma,
Hyotissa sinensis (Gryphaeidae), Pelecyora ceylonica, Pelecyora excisa, Protapes cor,
Globivenus toreuma, Aphrodora sewelli, Venerupis bruguieri (Veneridae), Meiocardia
cumingi (Glossidae), Tellina albinella (Tellinidae), Leptomya bracheon (Semelidae),
Hiatula rosea (Psammobiidae), Lepirodes ambiguous (Galeommatidae), Lamellolucina
oliveri, Myrtea triclotae, Scabrilucina vitrea, Divalinga arabica (Lucinidae), Chama
croceata (Chamidae), Coecella horsfieldii (Mesodesmatidae), Nemocardium fulvum,
Freneixicardia victor (Cardidae), and Trapezium oblongum (Trapezidae).
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Meretrix meretrix, Paratapes textilis, Perna perna, Perna viridis, Pincatda fucata, Pinctada
margaritifera, Placuna placenta, Protapes gallus, Saccostrea cucullata and Sunetta scripta
(Mohammed, 2012). This study documented the presence of all the above mentioned
commercially significant bivalves from the west coast of India. Bivalves of the family
Arcidae, Cardiidae, Pectinidae, Placunidae and Veneridae are considered to have
ornamental value. This study also documented the bivalve Placuna placenta included in
Schedulde IV of the Wildlife (Protection) Act of India.
The present study highlights the species richness and diversity of bivalves along the west
coast of India. Bivalves, being economically and ecologically significant component of
marine biodiversity, have long been used as a cultivable resource, healthy food source,
source of lime, pearl, antiviral drugs, decorative shells, models for understanding deep sea
diversification, for explaining global, ecological and biogeographical patterns (Anil et al.,
2002; Bieler et al., 2014). Besides, they are ecologically important components in terms
of biomass, production, and cycling of buried organic material. They act as bioindicators,
as scaffold for rocky shore intertidal communities, built a significant link in food chain,
contribute to transfer of minerals and organic matter, increase the productivity of
mudflats and thus play an important role in the functioning of ecosystems they inhabit
(Gosling, 2003; Meyer et al., 2008). Regular taxonomic surveys and diversity analyses of
such significant groups prove useful in improved and rational utilisation of resources.
A methodical knowledge on the presence and availability of resources helps further studies
in biological and environmental aspects. A proper data collection system on resource
availability and utilisation pattern will help in marine resource management by enhancing
the underutilised resources and conserving the over utilised categories. In the present
scenario of accelerating marine biodiversity loss and where the number of unknown
species surpasses the known, taxonomic studies are of great help in accurate identifications,
recognising key species and assessing diversity. Furthermore, taxonomic studies support
various branches of study such as community ecology, conservation measures,
bioprospecting and aquaculture.
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Algal diversity is the key parameter to understand productivity of all aquatic ecosystems.
Bloomed temple ponds are rich in diverse fast growing algal population. Blooming of
waters by algae is most often seasonal. In the present study, algal diversity of temple ponds
in Kerala, India was carried out. Seasonal variations as well as biodiversity indices of algal
population were calculated. Total 98 species of algae belonging to the phylum Cyanophyta,
Chlorophyta, Charophyta, Bacillariophyta and Glaucophyta were recorded from ten temple
ponds. 3 orders and 5 genera from Cyanophyta, 6 orders and 29 genera from Chlorophyta,
2 orders and 9 genera from Charophyta, 3 orders and 4 genera from Bacillariophyta and
1 genus and 1 order each from Glaucophyta were identified In the present scenario of
food and energy crisis, sustainable use of the rich algal biodiversity plays an important
role in the production of food, feed, fuel and nutraceuticals. Results obtained from the
present investigation on the fast growing algal species of Kerala remains an important
knowledge base for further investigations on the potentials of fast growing algal species
as industrially useful biomass resource for fuel, food or feed purposes.
Keywords: Algal bloom, aquatic ecosystems, biodiversity indices, abundance.
Introduction
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Phytoplankton represents the first trophic level of an aquatic ecosystem. As per certain
estimates 71% of the biomass resources of the earth, irrespective of terrestrial or
aquatic ecosystems, is the contribution of phytoplankton’s (Andersen, 1996). Knowledge
of algal diversity is the key to productivity of all aquatic ecosystems. Algae are highly
diverse group of aquatic organisms that have cosmopolitan distribution (Miranda
and Krishnakumar, 2015). The composition, distribution, diversity and abundance of
phytoplankton depends on the physical, chemical and biological properties of water
(George et al., 2012; Gharib et al., 2011). Phytoplankton composition of a water body is
the bio -indicator of its water quality (De La Rey et al., 2004).
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Ponds are associated with most of the temples in Kerala and bathing afresh before worship
remains part of the Hindu religious life. Accumulation of nutrients in relation to continuous
bathing cause the waters in temple ponds to remain bloomed always, especially in temples
busy with worshipers. Bloomed waters are expected to be rich in fast growing species of
diverse algae. Therefore, apart from being a religious relic and water harvesting systems,
temple tanks may also be considered as biodiversity reserves (Maya, 2003). Although,
Mainstreaming Biodiversity for Sustainable Development

blooming of waters is often seasonal, most of the temple ponds remain bloomed in both
the summer and monsoon seasons. Since blooming depends on environmental factors,
algal species of both the seasons may vary in the same ponds. Moreover, temple ponds
are less subjected to industrial and sewage pollution, the biodiversity of such ponds also
will be unique.
Micro algae are now considered as one of the very useful biomass resource for the
industrial production of diverse bioactive compounds, food, feed and fuel (Santhoshkumar
et al., 2016) and the biomass of certain species of algae is exceptionally unique in
nutritional quality (Becker, 2007). However, the industrial potential of the fast growing
algal wealth of the temple ponds in Kerala is completely overlooked. Population dynamics
and community structure of the aquatic ecosystem are better understood from diversity
indices such as Shannon-diversity index, Margelef ’s species richness, Species evenness,
Gini-Simpson index, relative abundance and the like. In this connection biodiversity of
the algal community of temple ponds in Kerala is explored to understand the ecology
of fast growing algal species, which is the basis for industrial utilization of its biomass
resource for future fuel, food or feed purposes.
Materials and methods
Sampling sites
Samples were collected from ten bloomed temple ponds of 4 representative districts of
Kerala such as Thiruvananthapuram, Ernakulam, Idukki and Kasaragod. The samples were
collected in two seasons: Summer (January –May) and Monsoon (June- December).
Geographic online mapping system was used for identifying the exact location of
the sample water bodies represented as S1 (8.691297 N; 76.806273 E), S2 (9.858871
N; 76.400177 E), S3 (9.921394 N; 76.361011 E), S4 (10.15159 N; 76.223197 E),
S5(10.04301 N; 76.297898 E), S6(10.14645 N; 76.233056 E), S7 (9.869219 N; 76.668974
E), S8(12.584291 N; 74.983123 E), S9(12.54898 N; 75.001050 E), S10 (12.437658
N; 75.162110 E), which ensured reproducibility of the collections. Sample sites S-1
represents bloomed temple pond of Thiruvananthapuram district, S-2 to S-6 represent
Ernakulam district; S-7 represents Idukki district and S-8 to S-10 represent Kasaragod
district. Altogether 20 samples were collected, representing both summer and monsoon
seasons (Fig. 1). About 1 liter of surface water sample was collected from five different
locations of a water body. The five preliminary samples from a site were mixed
together to make a composite sample, which was brought to the laboratory in
pre-labeled clean plastic bottle for studying the algal population characteristics.
About 1 liter of the composite sample collected from each site was centrifuged at
7000 rpm for 5 minutes at room temperature to concentrate algal cells to 50 ml. High
magnification digital compound microscope (Motic BA 310) was used for observation
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of the algal species. The algae were identified by using algal keys; Philipose (1967), Algal
flora of British Isles (2002), online algae databases of Guiry and Guiry (www.algaebase.
org) and digital image collections of desmids (www.digicodes.info). Algal density
from each sample was counted as per Lackey’s Drop method (Trivedi and Goel, 1986).
Relative abundance of species in community (Dey et al., 2010) and diversity indices such
as Shannon-Wiener index, Gini- Simpson index, Species Evenness and Margelef ’s species
richness index were calculated using PAST software.

Fig.1 Map of the study area showing sampling sites
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Altogether 93 species of algae belonging to five phyla and 48 genera were recorded from
ten bloomed temple ponds during the study period (2015-2016). Three orders and five
genera from Cyanophyta, 6 orders and 29 genera from Chlorophyta, 2 orders and 9 genera
from Charophyta, 3 orders and 4 genera from Bacillariophyta and 1 genus and 1 order
each from Glaucophyta were identified. Table 1 shows the seasonal variation of all the
species identified. Among the 93 species observed the genus Scenedesmus dominated with
10 species followed by Staurastrum (9), Cosmarium (8), Kirchneriella and Oocystis species
(4 each) in the algal flora of temple ponds of Kerala. All the algae were classified based
on classification system of Guiry and Guiry (2016). The phylum Chlorophyta was the
most diverse (60%), followed by Charophyta (19%) and Cyanophyta (11%). The phylum
Mainstreaming Biodiversity for Sustainable Development

Bacillariophyta and Glaucophyta were least diverse groups with 8% and 2% of total taxa
respectively (Fig. 2).

Fig.2 Diversity of different groups of algae in temple ponds of Kerala.
There was a noticeable seasonal difference in quantitative and qualitative composition
of the algal community. The monsoon season appeared favorable for the flourishing of
algae, as the total algal cell count recorded during the monsoon season was 1.35 x 10 5
cells/L and the total algal cell count during summer was 8.22 x 10 4 cells/L.

NBC 2017

Table 1 Seasonal variation of algae in temple ponds at different season
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Algal species diversity, composition and abundance are mainly influenced by seasonal
and environmental changes (Kotut et al., 1998). In the summer season, the highest relative
abundance was shown by Kirchneriella lunaris (50%) followed by Pediastrum tetras,
Botryococcus braunii, Coelastrum reticulatum (30% each), whereas, in the monsoon the
highest relative abundance of 40% was shown by Ankistrodesmus spiralis, Kirchneriella
obese, Pediastrum tetras and Scenedesmus dimorphus. It may be noted that all the algae with
highest relative abundance during both seasons come under the phylum Chlorophyta.

Species evenness value ranged from 0.7173 to 0.9601; the minimum value was recorded
in site S -4 (0.7173) during the monsoon season and the maximum value was recorded
from the site S -9 (0.9601) during the summer season, where about 8 algal species were
present with an even distribution in their total cell count. Diversity during the monsoon
was higher in all sampled sites which may be due to the inflow of nutrients with the rain
water (Panigrahi and Patra, 2013) and the nutrient mixing due to seasonal precipitation
(Pal and Choudhury, 2014). According to Das and Baruah (2016) the suitable
physico-chemical parameters and natural fluctuations of water flow may be the reason
Mainstreaming Biodiversity for Sustainable Development
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Seasonal variation in diversity indices among the sampled sites was observed (Table 2). In
the present study, Shannon diversity index ranged from 0.611 to 2.648; the minimum value
was recorded in site S -4 (0.611) during the summer season and the maximum value was
recorded in site S -5 (2.648) during the monsoon season. The Gini-Simpson index and
Margelef ’s species richness index showed the same trend as that of Shannon diversity
index, with lowest value of Gini- Simpson index (0.4201) and Margelef ’s index (0.1198)
observed from site S -4 during the summer season and highest value of Gini- Simpson’s
index (0.921) and Margelef ’s index (1.537) from site S -5 during the monsoon season.
Margalef ’s index measures the specific diversity of the species in an ecosystem. Overall,
species richness differed between sampling sites.
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for the higher diversity index in the monsoon season.
Table 2 Diversity indices of algal population among different temple ponds in Kerala Site

S – Summer, M- Monsoon
Greater species diversity ensures natural sustainability of all life forms. Microalgae
are well known for their applications in agriculture and industry in the current global
scenario. Knowledge of diversity of algal species in relation to its environmental
parameters plays an important role in understanding the ecological amplitude of fast
growing algal species. Such knowledge is essential for selecting suitable algal species for
phycoremediation technology, renewable biomass production and the like.
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PHYTOPLANKTON ASSEMBLAGES AND DIVERSITY IN
KAVARATTI LAGOON, LAKSHADWEEP ARCHIPELAGO, INDIA
M. Ratheesh Kumar*, V. Vimexen, V. L Greeshma, A. K. Faisal, K. Anoop Krishnan
and T. M. Liji
Coastal Ocean Monitoring and Prediction System
National Centre for Earth Science Studies, Akkulam
Thiruvananthapuram-31, Kerala, India
*E mail: ratheesh9767@gmail.com
A temporal study on phytoplankton composition and diversity was conducted in
Kavaratti lagoon waters of Lakshadweep Archipelago in order to assess the phytoplankton
diversity and also the influence of hydrographical parameters on its productivity. Twenty
nine species have been encountered during the study. The Group Cyanophyceae
dominates in terms of species density followed by the group Bacillarophyceae. Blue green
algae Trichodesmium erythraeum was responsible for the increased numerical density in
Cyanophyceae group while coralloid algae Bellarochea malleus dominated in the group
Bacillarophyceae. Chlorophyll a concentration varied according to phytoplankton density.
Nitrate showed negative correlation with phytoplankton density (-0.962) when sample
input was six. Species diversity was maximum during 21:00 hours (D= 0.51) and minimum
during 12:00 hours (D= 0.26). The relative abundance of the phytoplankton species in
the Kavaratti lagoon were of the order Ulvophyceae < Chlorophyceae < Dinophyceae
< Bacillarophyceae < Cyanophyceae. The study revealed the oligotrophic nature of
Kavaratti lagoon, where only blue green algae proliferate in vast numbers which governs
the phytoplankton composition of lagoon area.
Keywords: Phytoplankton, Species, Diversity, Trichdesmium erythraeum.
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Kavaratti is one of the Coral Islands in Lakshadweep Archipelago. It is the capital of
UT of Lakshadweep. The Island is bounded by a lagoon at its four sides. Coral reefs are
characterized by their biotic diversity. Marine health of the lagoon is characterized
by the trophic interaction of organisms. Qualitative and quantitative analysis of
phytoplankton serve as an important tool for assessing water quality of the Lagoon
(Shekhar, et al., 2008). In terms of productivity, it is known that coral atolls are highly
significant (Dhargalkar and Sheikh, 2000). Environmental perturbations could affect the
species composition of phytoplankton of a region. Phytoplankton plays a decisive role in
the marine food web, biogeochemical cycles and climatic processes (Alvain et al., 2008;
Nassar et al., 2014). Phytoplankton initiates the aquatic food chain, by serving as food
to primary consumers or grazers such as zooplankton, which in turn transfer energy
when consumed by higher trophic animals such as finfish (Saravanakumar et al., 2008).
It accounts for half of primary production in tropical waters. Moreover phytoplankton
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species composition and richness are considered as bio-indicators of water quality
owing to their rapid responses and sensitivity to changes in environmental conditions
such as pH, light, temperature, salinity, turbidity and nutrients (Ekwu and Sikoki, 2006).
Being a coral Island, an investigation into the diversity of primary producers and its
relation with water quality parameters would express a picture of basic strata of coral
ecosystem and its water quality. Phytoplankton provides information about the status of
coral reefs due to their sensitivity to changes in water quality parameters (Tchernov et al.,
2004). The present study elucidates the phytoplankton diversity in Kavaratti lagoon along
with its relation to water quality parameters.
MATERIALS AND METHODS
A cruise on ORV Sagar Manjusha during September, 2015 has been conducted to study
the Phytoplankton diversity and water quality of Kavaratti lagoon. The sampling location
is selected at a distance of 0.5 km from the beach (10034’21” N, 72038’09” E). (Fig.1).
Continuous twelve hour sampling has been carried out with an interval of three hours
viz. 6:00 hrs, 9:00 hrs, 12:00 hrs, 15:00 hrs and 18:00 hrs. The sampling of surface water
was performed in the lagoon station with Niskin sampler within a depth of 0 - 0.5 m.
Atmospheric and water temperature was measured using standard mercuric
calibrated thermometer. Water samples were fixed for Dissolved Oxygen using Winkler’s
method. Transparency of sampling stations was measured by employing Secchi disc.
pH, Conductivity and TDS were measured by standard in situ water quality analyzer
(Eutech PC-650). Salinity values were determined by Mohr’s method. Nutrient analysis were
carried out in the laboratory (APHA, 2005) and the values were determined by
spectrophotometric method (UV-Visible, Model SHIMADZU UV-1800, Japan).
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For the extraction of chlorophyll a pigments, 1 liter of water sample was filtered using
Whatman GF/C filter papers of porosity about 1 micrometer. The pigment extraction is
done with 90% aqueous acetone solution. Filtrate is gently ground with a homogenizer for
accelerating the extraction. The extract is transferred in to a centrifuge tube and made up to
10 ml by adding more aqueous acetone solution. Centrifugation of solution is done for 20
minutes under 5000 rpm. The supernatant solution is considered for measuring pigment
concentration spectrophotometrically. Phytoplankton samples were collected by trawling
20 µm phytoplankton net horizontally (General Oceanic). The crude samples were
transferred into 15ml plastic vials and preserved with 4% neutralized formalin. Qualitative
and quantitative analysis of phytoplankton samples were performed under a phase
contrast microscope (Olympus CX 41) down to the highest possible taxonomic level.
Sedgwick Rafter chamber is used for counting phytoplankton cells.
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Fig. 1. Study Area (Kavaratti Lagoon)

Fig.2. Major Phytoplankton Species “Trichodesmium erythraeum”
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Water temperature throughout the study ranged between 27.30C to 29.8 0C and the mean
water temperature was found to be slightly lower than atmospheric temperature. pH value
of lagoon indicated the alkaline nature of surface water samples (mean value is 8.18)
(Table 2). Significant fluctuation in salinity values could be observed during 12:00 hrs
Mainstreaming Biodiversity for Sustainable Development

(30 psu). DO values ranged between 4.08 mg litre-1 (15:00 hrs) and 5.21 mg litre-1
(21:00 Hrs). Oxygen has limited solubility in water, ranging from 5 to 14 mg litre-1. DO
values indicated comparatively high range as oligotrophic condition prevails in Kavaratti
lagoon. Silicate showed highest value at morning 9:00 hours (5.67 µmol litre-1) and lowest
value at morning 21:00 hours , second day (3.15µmol litre-1). Nitrate values were highest
during 21:00 hrs (7.41µmol litre-1), and lowest during 15:00 (4.96 µmol litre-1). Details
of hydrographical parameters and phytoplankton composition are given in the table 1.
Variation in chlorophyll concentration at Kavaratti lagoon was used to indicate the
plankton community structure and biological productivity. Significantly, higher values
of Chlorophyll a were observed during 12:00 hrs of sampling (> 2 mg m-3), while during
6:00 hrs the lowest value was recorded (0.72 mg m-3). Pearson correlation values show
highly significant negative correlation between phytoplankton species and NO3 values
(-0.962) (Table 2).

Simpson Index (D) = ∑ n(n-1)/N(N-1) ; n= Total no. of organisms of a particular species,
N= Total no. of organisms of all species in an area.
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Twenty nine species were encountered all over the study area. Among these, nitrogen
fixing bacterium Trichodesmium erythraeum was the dominant species all over the time
(Fig.2). But in terms of species composition, Bacillarophyceae and Dinophyceae groups
dominated with nine phytoplankton species each. This was followed by group
Chlorophyceae with five species, Cyanophyceae with three species and Ulvophyceae with
two species. Temporal variation of species and species density could be easily detected.
Phytoplankton density was reported maximum during 12:00 hrs (82500 Cells L-1)
and minimum during 21:00 hrs in the night (27200 Cells L-1). Chlorophyll values also
supports the results as the values are positively fluctuated with phytoplankton variation.
Cyanophyceae group dominated in terms of numerical abundance of species, as the
Trichodesmium erythraeum exceeded 20000 Cells L-1 during the entire study period.
Coralloid algae Bellerochea malleus was the second most abundant species recorded
during the study. Cell density varied between 1600 Cells L-1 (6:00 hrs) to 4200 Cells
L-1 (12:00 hrs, 21:00 hrs). The species are classified into five ranks named as A (0-100
nos), B (100-1000), C (1000-5000), D (5000-20000) and E (above 20000). Trichodemium
erythraeum was the only species that ranked E (Table 3). Maximum composition
of Trichodesmium erythraeum was recorded during 12:00 hrs (77240 Cells L-1) and
minimum during 21:00 hrs (21460 Cells L-1). In terms of percentage composition,
Cyanophyceae composed more than 90% of total species density except during 21:00
hrs, where Cyanophyceae group recorded 79% of species density (Fig. 3). The temporal
variation of percentage composition of each group is shown in the table and graph.
Diversity of the phytoplankton was measured by calculating Simpsons Divsersity Index.
Simpson Index ranges between 0 and 1. Zero represents high diversity whereas 1 denotes
less diverse condition. D values are calculated by following formula,
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Table.1. Phytoplankton Composition and Physico chemical parameters.

Table.2. Phytoplankton Composition and Physico chemical parameters
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Table.3. Phytoplankton classification, A (0-100 nos), B (100-1000), C (1000-5000), D
(5000-20000) and E (above 20000).
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Maximum diversity of species was recorded during night 21:00 hrs (D=0.26), and
minimum during 12:00 hrs (D=0.51). Diversity Index values represent an important
information regarding species composition (Fig.4). The temporal proliferation of
Trichodesmium erythraeum is inversely proportional to diversity of the species. During
the night hour (21:00), plankton diversity was maximum owing to the large number of
species and the intensity of Trichodesmium was comparatively low during this hour. Thus
the proliferations of these species are considered as temporal phenomenon. Negative
correlation of phytoplankton with nitrate values signifies, the major dominant species
Trichodesmium erythraeum proliferates in oligotrophic condition. As compared to the
rest of phytoplankton species, Trichodesmium growth rate is not at all controlled by
the factors responsible for growth of other phytoplankton species. Thus the bloom of
Trichodesmium erythraeum could be described as perfectly oligotrophic bloom. The
proliferation of Trichodesmium could be regarded as non toxic in nature. Oligotrophic
condition with low zooplankton grazing activity could be favourable for the proliferation
of Trichodesmium erythraeum (Jyothibabu et al., 2003). Available literature shows that
most of the zooplanktons couldn’t digest Trichodesmium cells, thus the species multiplies
rapidly without any hindrance. On the basis of percentage composition, the phytoplankton
groups are classified in to the following order, Ulvophyceae < Chlorophyceae <
Dinophyceae < Bacillarophyceae < Cyanophyceae.
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Fig 3. Percentage Compostion of Phytopalnkton groups from 6:00 hrs to 21:00 hrs
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Fig 4. Simpson Diversity Index (D) Values
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Fishery of threatened yellow cat fish Horabagrus
brachysoma (Gunther 1864) from the river systems of
central kerala
C. R. Renjithkumar, K. Roshni and B. Madhusoodana Kurup
School of Industrial Fisheries, Cochin University of Science and Technology,
Kerala, India
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The Kerala part of Western Ghats covers nearly 21,856 km2 and 44 rivers are originating
from the Ghat region. The Asian catfish or Yellow catfish, Horabagrus brachysoma , locally
known as manjakoori is endemic to Western Ghats river systems and it has a restricted
distribution in lowland rivers, lakes and associated backwaters of three peninsular states
of India, viz., Kerala, Karnataka and Maharashtra. The fish occurs in 22 west flowing
river systems and associated backwaters of Kerala state and is listed as ‘Vulnerable’ in
the IUCN Red List of Threatened Species. No reliable attempts have been made till to
quantify the exploited fishery of Horabagrus brachysoma resources in the river systems
of Kerala. Our study was a preliminary attempt to quantify the landing of manjakoori
from the major river systems of central Kerala. The contribution of H. brachysoma to the
total exploited fishery of central river systems of Kerala was estimated to be 42.78 tonnes.
Highest landing were reported from River Pamba (17.11t) followed by Achenkovil river
(16.73 t) and the lowest landing was reported from Meenachil River (0.84 t). Gill nets,
locally known as Odakkuvala was the predominant gear used for collecting H. brachysoma
and they accounted for more than 80% of the total catch. The populations of this species
have declined drastically and the fish has become very rare and restricted in Chalakudy,
Achenkovil and Pamba rivers. A regular monitoring of the species stock, implementation
of mesh size regulation, enforcement of minimum size range for catch, seasonal fishing
ban, setting up of protected areas like sanctuaries and ranching of captive bred fish are
effective strategies for the conservation of H. brachysoma in their habitat.
Keywords: Horabagrus brachysoma, Kerala rivers, exploitation, Pamba
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The Western Ghats ecoregion of peninsular India is one of 34 global biodiversity hotspots
of the world that covers an area of 180,000 sq. km(CEPE, 2007; Raghavan et al., 2011).
The rivers originating and flowing through these mountain chains harbours exceptional
fish diversity in which many of them are endemic in distribution (Dahanukar et al.,
2011). About 320 fish species have been reported from WG region and 33% among them
are grouped under threatened category (Dahanukar and Raghavan, 2013).. The Kerala
parts of Western Ghats covers nearly 21,856 km and 44 rivers are originating from the
Ghat region. Out of the 44 rivers systems, 41 are west flowing which join the Arabian
Mainstreaming Biodiversity for Sustainable Development

Sea at the west and 3 east flowing river systems which confluent to the Bay of Bengal.
These rivers are potential habitats of large variety of fish fauna, many of which are
endemic to the state. The Asian catfish or Yellow catfish, Horabagrus brachysoma,
locally known as manjakoori is endemic to Western Ghats river systems and it has a
restricted distribution in lowland rivers, lakes and associated backwaters of three
peninsular states of India, viz., Kerala, Karnataka and Maharashtra (Raghavan et al., 2016).
It is a benthic fish inhabiting in fresh and estuarine waters of Kerala. H. brachysoma is
omnivorous and euryphagous feeding with a single spawning season at south-west
monsoon (Sreeraj et al., 2006; Chandran and Prasad, 2014). It attains a maximum length
of 450 mm (Talwar and Jhingran, 1991) and the average longevity of the fish is reported
to be 5.45 years (Prasad et al., 2012). It is the one of the most important food fishes in
the inland rivers of Kerala and caught mainly during the monsoon flood plain fishery
(Oothapiditham) (Shaji and Laladhas, 2013). The fish occurs in 22 west flowing river
systems and associated backwaters of Kerala state (Raghavan et al., 2016). It is listed as
‘Vulnerable’ in the IUCN Red List of Threatened Species due to the declining populations
of this species in their natural habitat. No reliable attempts have been made till to quantify
the exploited fishery of Horabagrus brachysoma resources in the river systems of Kerala.
Our study was a preliminary attempt to quantify the landing of manjakoori from the
major river systems of central Kerala.
MATERIALS AND METHODS
The fishery of the H. brachysoma was estimated based on the catch data from important
fish landing centres of major rivers of central Kerala during 2007-2010. Pamba,
Chalakudy, Periyar, Meenachil, Muvattupuzha and Achenkovil rivers were selected for
the study. Regular surveys and sampling were carried out during pre-monsoon, monsoon
and post-monsoon seasons. Details of landings were collected from more than 30% of the
gears landed, giving emphasis to type of gear, mesh size, weight, size groups represented
in the catch, actual fishing hours and manpower engaged. Daily landings from each type
of gears and fishing methods were computed following Kurup et al., (1992).
W = (w/n) X N, Where W = total weight of H. brachysoma, w = total weight of fish from
gear sampled, n = number of gear sampled, N = total number of similar gears operated.
Catch per unit effort (CPUE) of H. brachysoma in different river systems were also
calculated. Monthly catch of the species was estimated by multiplying daily catch with
total number of fishing days in a month. Season-wise landing was estimated by multiplying
monthly catch with number of months in the season. The annual exploited quantity of
H. brachysoma was calculated by summarizing the landings of three seasons.

The contribution of H. brachysoma to the total exploited fishery of central river systems of
Kerala was estimated to be 42.78 tonnes. Highest landing were reported from River Pamba
Mainstreaming Biodiversity for Sustainable Development
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(17.11t) followed by Achenkovil river (16.73 t) and the lowest landing was reported from
Meenachil river (0.84 t). Gill nets locally know as Odakkuvala was the predominant gear
used for collecting H. brachysoma and they accounted for more than 80% of the total catch.
Gill net length varied from 100 to 150 m and mesh size was in the range 22-60 mm in
different designs. Highest catch per unit effort in gillnet for H. brachysoma was recorded
from Pampa river (0.49kg/hr) followed by Achenkovil river (0.27kg/hr). The contribution
of seine nets and hook and line to the fishery of H. brachysoma was comparatively low.
The Figure 1 shows the catch of H. brachysoma from Central Kerala river systems.
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Fig. 1 Catch of H. brachysoma in Central Kerala river systems
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The landing of H. brachysoma in central Kerala rivers was low when compared to the
catch from Vembanad Lake (67.44 t) (Sreeraj et al., 2007) and the highest catch was
recorded in the lake during December- March. The size range of H. brachysoma population
was recorded to be 160 to 330 mm in Vembanad Lake (Sreeraj et al., 2007). On the
contrary, a lower size range (90 - 270 mm) of the fish was recorded in the present study
due to the size overfishing of the species. It is one of the important food fish species which
is targeted frequently by the fishermen of Periyar river using gill nets and hook and lines
(Prasad et al., 2012). The fishery of this species is unmanaged and unscientific and is
considered to pose a major threat for the species in Kerala (Raghavan and Ali, 2013). The
populations of this species have declined drastically and the fish has become very rare
and restricted to tributaries of Chalakudy, Achenkovil and Pamba rivers opening to the
Vembanad wetlands. Over exploitation, habitat degradation and pollution have resulted
in the population decline of H. brachysoma in its habitat (Raghavan and Ali, 2013). More
than 100 kg of H. brachysoma are caught in a week-long monsoon flood plain fishery
with gears including traditional fishing traps, gill nets and electrical fishing (Shaji and
Laladhas, 2013). A survey conducted during 2000–01 along with the riverine sector of
Vembanad Lake revealed that H. brachysoma, which was once abundant in this lake,
constituted only 1.52% of the total riverine fishes in the lake (Bindu, 2006). The peculiar
life history traits of the species, including a medium resilience to overfishing and a
minimum population doubling time of 1.4 to 4.4 years makes this species vulnerable to
Mainstreaming Biodiversity for Sustainable Development

overfishing (Froese and Pauly, 2016). The study thus indicates an urgent need to protect
the species in their restricted home range. A regular monitoring of the species stock,
implementation of mesh size regulation, enforcement of minimum size range for catch,
seasonal fishing ban, setting up of protected areas like sanctuaries and ranching of captive
bred fish are effective strategies for the conservation of H. brachysoma in their habitat.
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WETLAND SHELL FISH DIVERSITYA CASE STUDY OF VELI LAKE
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Estuarine waters serve as nursery grounds for shell fishes. Shell fishes play a key role
in the provision of ecosystem services essential to the maintenance of wetlands. Very
little is known about the diversity and distribution of shell fish resources of Veli Lake.
The present study aimed to provide baseline information on the status and distribution
of shell fishes in Veli Lake. Shell fish diversity was assessed by the use of standard keys
and surveys. A total of 17 species of molluscs, prawns and crabs, belonging to 9 families
were identified during the study period. Molluscs were the most abundant group with 6
families. Molluscs (47.04%), prawns (29.38%) and crabs (23.5%) contributed to the total
shell fish population of the area. Villorita cyprinoides was collected as common species
during the entire study period. Diversity indices such as Shannon, Simpson’s, Margalef ’s
and species richness were maximum in monsoon. Evenness and Dominance index were
highest during pre monsoon. Low diversity and lower species richness indicate stressed
condition of the Lake. The environmental integrity of Veli Lake is in a steady state of
decline due to the environmental and climatic disturbances, uncontrolled resource use
such as over exploitation of shell fishes mainly for commercial purposes, pollution and
eutrophication, mangrove destruction, sand mining, invasion of exotic species, habitat
loss due to the Lake reclamation along with illegal conversion and encroachment of the
Lake.
Keywords: Wetland, Estuary, Shell fishes, Species diversity, Veli Lake.
INTRODUCTION
The wetlands all over the world faces severe ecological crisis and are depleting at an ever
increased rate. Estuarine waters serve as nursery grounds for shell fishes. Shell fishes
play a key role in the provision of ecosystem services essential to the maintenance of
wetlands. Shell fishes make their contribution primarily to water quality and nutrient
cycling through filter-feeding and form a link between zooplankton and vertebrates and
are considered as major components of macro invertebrates. Very little is known about
the diversity and distribution of shell fish resources of Veli Lake.

The present study aimed to provide baseline information on the status and distribution
of shell fishes in Veli Lake.
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MATERIALS AND METHODS
Shell fish diversity was assessed by the use of standard keys and surveys. Descriptive
statistics was prepared and processed by the help of PALSTAT software.
The present hydro-ecological study was conducted in the Veli Lake. The Veli Lake is
the smallest estuarine wetland in the southwest coast of Kerala (08° 31 and 08° 31 ´ NL
and 76° 522 30´ to 76° 532 30´ EL) situated at Thiruvananthapuram (fig. 1.1). The lake
remains separated from the Arabian Sea by a sand bar. During monsoon a temporary
connection, ‘pozhi’, is established between the sea and the lake due to the sand bar break
after the cessation of the rain. The lake is a shallow one with a mean depth of 2.4 meter
and has a length of 1.25 km and width 0.44 km.

RESULTS AND DISCUSSION
A total of 17 species of molluscs, prawns and crabs, belonging to 9 families were identified
during the present study. Molluscs were the most abundant group with 6 families.
Molluscs (47.04%), prawns (29.38%) and crabs (23.5%) contributed to the total shell fish
population in the present study. Villorita cyprinoides was collected as common species
during the entire study period. The present study revealed that V. cyprinoides under the
family Corbiculidae was the most dominant shell fish species, which was common during
all collections. The pollution resistant invasive species, M. tuberculata was also collected
during the study.
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Diversity indices such as Shannon, Simpson’s, Margalef ’s indices and species richness
were maximum in monsoon. Evenness and Dominance index were the highest during
Mainstreaming Biodiversity for Sustainable Development

pre monsoon. Low diversity and lower species richness indicates stressed condition of
the Lake. The mollusc, Villorita cyprinoides ranked first in all the months during the
present study. Maximum species number was recorded in monsoon and post monsoon.
Illegal fishing characterized with unfriendly fishing practices had contributed to
declining abundance of shell fish species (Secor and Waldman, 1999). 		

CONCLUSION
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The environmental integrity of Veli Lake is in a steady state of decline due to the
environmental and climatic disturbances, uncontrolled resource use such as over
exploitation of shell fishes mainly for commercial purposes, pollution and eutrophication,
mangrove destruction, sand mining, exotic species invasion, habitat loss due to the Lake
reclamation along with illegal conversion and encroachment of the Lake.
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INQUISITION ON THE TOLERANCE LIMIT OF EXCOECARIA
AGALLOCHA L. TO CERTAIN HYDROGEOCHEMICAL
PARAMETERS IN PURSUIT OF THEIR INTRODUCTION IN
HETEROGENEOUS COASTAL ENVIRONMENTS.
Neethu G. Pillai* and Harilal C. C.
Division of Environmental Science, Department of Botany, University of Calicut,
Malappuram District, Kerala - 673 635, India.
E mail: neethupillai9@gmail.com*, drccharilal@yahoo.co.in
Significant decline in the extent and diversity of mangrove species has been noticed in
the coastal environments of Kerala. In spite of mangroves having all vital properties and
growth potentialities, species specific afforestation on a wider perspective is yet to be
achieved. This is mainly due to the paucity of information pertaining to species specific
growth conditions of mangroves. In this context, the present study has been carried out
to standardize the growth sustaining conditions of Excoecaria agallocha, especially in
terms of hydro geochemistry. A year round study has been carried out in three natural
habitats of Excoecaria agallocha, spanning a distance of 380 km in the coastal stretch of
Kerala, to elucidate the hydro geochemistry of the area supporting their growth. The
natural habitats monitored were Ayiramthengu of Kollam District, Kumbalam of
Ernakulam and Thekkumbad of Kannur district. The study classifies E. agallocha as a
highly salinity tolerant species. This study also points out the possibilities of including
E. agallocha in all afforestation programmes in similar environmental conditions.
Keywords: Mangroves, hydro geochemistry, habitat, afforestation
Introduction

To maintain the essential structure and function, development of effectual methods for
the restoration of such degraded ecosystems is of great importance (Simmons et al., 2007;
Benayas et al., 2009). Most of the attempts on afforestation have failed to achieve their
stated goal, mainly due to the paucity of information pertaining to species specific growth
requirements and habitat characteristics. Inspite of mangroves having all vital properties
and growth potentialities, species specific afforestation on a wider perspective is yet to be
Mainstreaming Biodiversity for Sustainable Development
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As far as goods and other ecosystem services concerned, mangrove forests are highly
valued (Duke et al., 2007; Fourqurean et al., 2010). Inspite of holding enormous role in
protecting biodiversity, these inimitable habitats have been facing tremendous threats
due to indiscriminate exploitation for various purposes (Upadhyay et al., 2002). Owing
to various threats, more than 33% of the Indian mangrove areas have vanished within the
last 15 years, of which degradation of mangrove forests within the country was mainly
noticed from west coast (44%), followed by Andaman & Nicobar Islands (32%) and east
coast (28%) (Jagtap, et al., 1993; Naskar, 2004).
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achieved.
In the present study, an attempt has been carried out to assess the range of water quality
parameters favoring the growth and establishment of E. agallocha (Euphorbiaceae), along
their natural habitats falling in heterogeneous coastal environments of Kerala. Such
inquiries on the natural growth settings of the mangrove species will aid in the selection
of sites ideal for afforestation/ restoration activities along similar environments in other
parts of the country.
Materials and Methods
Study Area
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The present investigation was carried out in three natural habitats of E. agallocha in
three different regions of Kerala namely Ayiramthengu of Kollam district (9⁰07’28.71”N,
76⁰28’38.89”E) marked as Station I; Kumbalam of Ernakulam district (9⁰54’15.02”N,
76⁰18’45.49”E) marked as Station II and Thekkumbad of Kannur district (11⁰58’00.71”N,
75⁰17’49.79”E) as Station III. Details of sampling locations are given in Figure 1.
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Fig.

1:

Sampling
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Stations.

Sample collection and Analysis
The physico-chemical characteristics of water bodies associated with the habitats of
E. agallocha were monitored monthly for a period of one year for assessing their periodic
changes, which are likely to influence the growth of mangrove species. For this, water
samples were collected and subjected to analysis of quality parameters like pH (Systronics,
6373), Salinity, Conductivity (Eutech PCD, 650), Sodium and Potassium (Systronics,
128) using standard analytical instruments. Parameters like total alkalinity, total
dissolved solids, total hardness (calcium and magnesium), sulphate and chloride
content were assessed following APHA (1995). The Hydro geochemical facies were
interpreted with Piper Trilinear diagram using the software AqQA 1.5. Data pertaining to
climatological attributes like atmospheric mean temperature and total rainfall were
procured from India Meteorological Department, Government of India.
Results and Conclusion
Each biotic constituent of an ecosystem has its own range of tolerance to various
environmental factors. Afforestation/ restoration efforts of mangroves require unswerving
information on their growth sustaining conditions. The present study attempts to
assess the range of tolerance of Excoecaria agallocha, grown in three discrete ecological
conditions in the coastal environments of Kerala, to various hydrogeochemical
parameters influencing their growth. The mean values of water quality parameters
noticed at three sites under study together with their standard deviation in the Pre
monsoon, Monsoon and Post-monsoon seasons are depicted in Tables 1, 2 and 3 respectively.
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Table 1: Results of water quality parameters from Station 1 (Ayiramthengu)
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Table 2: Results of water quality parameters from Station 2 (Kumbalam)
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Table 3: Results of water quality parameters from Station 3 (Thekkumbad)
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The results revealed that ranges of climatic attributes like atmospheric maximum
temperature experienced at the three stations studied are 28.9 - 36.6, 30.5 - 34.3, and
28 - 35.50C during premonsoon, monsoon and post monsoon seasons respectively.
Similarly atmospheric minimum temperature has been noticed in the ranges of 20.4 23.2, 22.0 - 25.7, and 22.7 - 26.90C respectively. Total rainfall noticed in each of the three
stations were in the range of 0.6 - 463.4, 0.0 - 718.7 and 0.0 - 1131.6 MMS respectively,
Mainstreaming Biodiversity for Sustainable Development

with maximum in monsoon and minimum in post monsoon season.
Data pertaining to ranges of imperative water quality parameters showed a marked
variation in the stations under study with respect to seasons. Maximum and minimum
values of parameters like pH (6.73 - 7.97, 5.99 – 7.71, 5.06 – 8.31), Alkalinity (120 – 215,
60 – 180 and 100 – 210 mg/l), T.D.S (1800 – 40400, 600 – 22400 and 0 – 45600 mg/l),
Hardness (278 – 7040, 66 – 4600 and 22 – 7660 mg/l), Calcium (49 – 472.59, 10.42 –
304.38 and 6.41 – 680.85 mg/l), Magnesium (12.17 – 1426.41, 0.97 – 934.91 and 1.46 –
1524.09 mg/l), Chloride (2130 – 23004, 397.6 – 21158 and 227.2 – 26128 mg/l), Sodium
(1.98 – 28.15, 0.36 – 27.8 and 0.075 – 29.8 ppt), Potassium (1.023 – 39.642, 0.128 – 43.478
and 0.384 – 12.788 mmol/l), Salinity (3.142 – 33.2, 0.494 – 20.17 and 0.045 – 37.21 ppt),
Conductivity (5.62 – 49.06, 0.964 – 31.26 and 0.0795 – 54.24 mS) and Sulphate (20 –
128, 4.25 – 118 and 0.5 – 113 mg/l) were analysed and reported from Station 1,2 and 3
respectively.

The classification for cation and anion facies, in terms of major ion percentages and water
types, is according to the domain in which they occur on the diagram segments (Piper,
1953). The diamond shaped field between the two triangles is used to represent the
composition of water with respect to both cations and anions. The points for both the
cations and anions are plotted on the appropriate triangle diagrams. In the present study,
the hydro geochemical facies were interpreted with Piper Trilinear diagram to determine
the water type. The plot of chemical data on diamond shaped Trilinear diagram (Fig. 2)
reveals that all the water samples studied fall in the category of Na-Cl type.
Mainstreaming Biodiversity for Sustainable Development
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Fig. 2: Piper Trilinear Diagram
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The study in detail comprehends the range of tolerance limits of diverse water quality
parameters influencing the growth and development of the mangrove species E. agallocha
along its three natural habitats of Kerala. Marked difference in almost all hydrogeochemical
parameters in the three habitats under study was noticed with respect to the seasons. The
hydrogeochemical facies analysis was executed with the use of Piper Trilinear Diagram
and the results point out that all the water samples fall in the category of Na-Cl type,
indicating a profound influx of seawater in these areas, influencing the growth of
E. agallocha.
The overall study thus classifies Excoecaria agallocha as a low to high salinity tolerant
species (0.045 to 37.21 ppt) and highlights the possibilities of including them in all
afforestation programmes along similar environmental conditions of Kerala and
elsewhere.
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RECLAMATION OF LATERITE WASTE LANDS WITH SUITABLE
TREE SPECIES AND BENEFICIAL MICROBES
A. Karthikeyan*
Institute of Forest Genetics and Tree Breeding
Coimbatore – 641 002, Tamilnadu.
Email: karthika@icfre.org
Laterite lands are rich in Kasargode District of Kerala (India) used mainly for making
bricks in building construction. These lands are found barren in Kasargode (District)
Kerala due to lack of vegetation. To develop vegetation in these laterite lands the soil
properties of laterite was examined. It was found that the soils lack beneficial microbes
and poor in major nutrients (N, P, K). Therefore, the beneficial microbes Arbuscular
mycorrhizal fungi, Azospirillum (N fixing bacteria) and Phosphobacterium were selected
for reclamation in laterite waste lands along with Ailanthus tryphysa, Holoptelia integrifolia
and Swietenia macrophylla. The laterite soils were collected and used as potting media for
seedlings of selected trees in nursery. Thereafter the cultured beneficial microbes were
inoculated in to the seedlings and maintained for 6 months under nursery conditions.
The beneficial microbes inoculated seedlings showed improved growth and biomass than
uninoculated control seedlings. Later the seedlings were transplanted at laterite waste
lands at, Kasargode, Kerala India and monitored their growth for one year. The seedlings
inoculated with beneficial microbes showed 90- 97% survival rate and improved growth.
This study will help to convert the degraded barren laterite lands into productive lands in
an eco friendly manner.
Keywords:, Ailanthus tryphysa, Holoptelia integrifolia Swietenia macrophylla, laterite
lands, beneficial microbes, reclamation.

Laterites or lateritic soils are rich in iron and aluminum, formed in hot and wet tropical
areas and appeared as rusty-red because of iron oxides. They develop by intensive and
long lasting weathering of the underlying parent rock. These lands are abundant in
Kasargode District, Kerala and massively used in building constructions as bricks. The
unused laterite lands are found barren and un productive in Kasargode due to lack of
vegetation. Developing vegetation in barren or wastelands are very essential to conserve
the environment and to mitigate the climate change. However, developing vegetation
is difficult in the barren laterite lands as they are rocky in nature with less amount of
top soil, absence of organic matter and soil microbial populations. Soil microbes plays
important role in soil fertilization, land reclamation and organic deposition. Some of
the beneficial microbes took an important role in reclamation and rehabilitation of
degraded lands like mined out areas (Karthikeyan and Krishnakumar, 2012). Arbuscular
Mainstreaming Biodiversity for Sustainable Development
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mycorrhizal (AM) fungi, Nitrogen fixing bacteria and Phosphate solubiizing bacteria
are some of the beneficial microbes which convert the lands in productive as well
as improve the plant growth. These microbes can enhance plant growth by a wide
variety of mechanisms like phosphate solubilization, biological nitrogen ﬁxation,
rhizo- sphere engineering, exhibiting antifungal activity, production of volatile organic
compounds induction of systemic resistance, promoting beneﬁcial plant-microbe
symbioses and interference with pathogen toxin production.
In this study the beneficial microbes AM fungi, Azospirillum (N fixing bacteria) and
Bacillus megatherium (phosphate solubilizing bacteria) were used for reclamation in
laterite lands along with Ailanthus tryphysa, Holoptelia integrifolia and Swietenia
macrophylla the commercially important tree in Kerala. The main objective of the study
is to develop vegetation with these trees and beneficial microbes as an eco friendly
approach so as to convert the barren laterite lands into productive lands and improve the
bio diversity.
MATERIALS AND METHODS
Study site
1 ha latrite land was selected at Karmanthodi, Bovikanam (taluk) Kasargode
(12°31’48.93’N; 75°09’28.93’E) for this study.
Soil analysis
The physico chemical properties of laterite soils were analysed according to Jackson (1973).
Isolation and culture of AM fungi
The AM fungi, Glomus geosporum and G. fasciculatum were isolated from the rhizosphere
of Acacia auriculiformis found grown in laterite areas and multiplied with Zea mays L.
seedlings in the sterile soil media (alfisol: sand) for 4 months.
Isolation of Phosphobacterium
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Three 0.1 ml aliquots of laterite soil diluted in sterile water were spread on the standard
medium for Phosphobacterium (Pikovaskya medium) culture. The PSB medium
composition per litre of distilled water is used to obtain the culture with 10g sucrose, 5.0g
Ca3 (Po4), 0.27 NH4 No3, 0.2g KCl, 0.1g MgSo4.7H2O, 0.1 g yeast extract, 1.0 mg MnSo4.6
H2O, 1.00 mg FeSO4.7 H2O, 0.1g Yeast extract and 15 g agar. The plates were incubated at
27°C for 3to 5 days. The colonies in PSB medium that formed clear zone on the medium
were observed. The PSB was identified as Bacillus megaterium as shown whitish colonies.

274

Isolation of Azospirillum
A congo red medium was used for Azospirllum as follows. The medium had the following
composition of g/litre of distilled water: KH2 Po4 5g; MgSo4.7H2O. 0.2 g; Nacl, 0.1g; Yeast
extract, 0.5g; FeCl3.6H20, 0.2g; Nacl;0.1, DL. Malic Acid, 5.0 g; KOH 4.8 g, Agar 12 g; and
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15 ml of 1: 4000 solution of congo red added to the medium prior to plating. In this
medium Azospirillum was appeared as scarlet colonies. These plates were incubated for
7 hr at 37o C for 3 – 5 days.
Nursery experiments
The seeds of A. tryphysa, H. integrifolia and S. macrophylla were procured from Kerala
Forest Research Institute, Peechi, Kerala. These seeds were directly sown with required
prior treatment (soaked in cold water for 24 hrs) in the nursery beds containing pure
sand. The seeds were found germinated between 7 to 10 days. There after the germinated
seedlings were transplanted to polythene bags (14 X 27 cm) containing sieved laterite soil
collected from the latertie out areas of Kannur.
The AM fungal inoculums G. geosporum and G. fasciculatum along with soil from pot
cultures of Z. mays comprising mycorrhizal roots, soil hyphae and spores were used for
inoculation. 20 g of inoculums was placed 5 cm below the laterite soil surface of each
polythene bag containing selected tree seedlings. Thereafter the seedlings were
maintained in the nursery for 3 months and watered regularly. Similarly 15ml of
inoculums of Azospirllum and PSB culture in broth cultures were applied to the seedlings
individually and in combination with AM fungi.
Measurements
The seedlings of A. tryphysa, H. integrifolia and S. macrophylla were measured in terms
of height, stem girth and number of leaves after 90 days to assess the performance of
seedlings in laterite soils along with microbes. The seedlings showed good performance
in nursery grown in laterite soils as potting media.
Transplantation of seedlings
A. tryphysa, H. integrifolia and S. macrophylla seedlings with inoculated beneficial
microbes and laterite soils were transplanted at laterite lands. The seedlings were
transplanted at randomized block design according to the treatments with 5 replicates
including a control. The initial measurements of seedlings were taken in terms of height,
collar diameter and number of leaves.
Statistical analyses

Results AND Conclusions
The physico chemical properties of the laterite soils showed that the soil is acidic and
very poor in major nutrients (Table.1). However, the soils were used as a potting media
Mainstreaming Biodiversity for Sustainable Development
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The data on physico – chemical properties of laterite soils were statistically analysed by
SE and the nursery and field data were analyzed according to Duncan’s Multiple Range
Test (DMRT).
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for the selected tree seedlings in the nursery experiments with beneficial microbes of AM
fungi, Phosphobacterium and Azospirillum. The seedlings inoculated with these beneficial
microbes showed good performance than the uninoculated control seedlings (Table. 2).
These microbes mobilized the Phosphorus (P) and fix the atmospheric nitrogen in the
seedlings that helped to improve the growth of seedlings than control (Karthikeyan et al.,
2009). Phosphobacterium plays an important role solublilizing un available form of soil P
and the facilitate the up take by the seedlings which is on par at earlier studies (Sperber,
1998; Singh et al., 1989). Combined inoculation of beneficial microbes gives better results
than single and dual inoculation of beneficial microbes in improvement of growth and
biomass. It showed the fact that combined inoculation always promotes the plant growth
in multiple ways particularly by P and N uptake.
In the field experiments at laterite lands the growth and survival performance of
beneficial microbes inoculated A. tryphysa, H. integrifolia and S. macrophylla seedlings
were higher than uninocualted controls (Table 3.; Fig.1.a, b, c ). The seedlings were well
established in the laterite lands due to beneficial microbes (Fig.2. a, b, c.). Similar results
found in Casuarina equisetifolia and Eucalyptus terticorns planted at bauxite mine spoils
(Karthikeyan et al., 2009; Karthikeyan and Krishnakumar, 2012). The improved survival
rate at laterite land is due to nutrient uptake of N and P through beneficial microbes.
Further the significant growth enhancement of selected tree seedlings with beneficial
microbes may be due to increased microbial population in soil.
The results from this study draw a conclusion that introducing plants to laterite land with
beneficial microbial inoculation is an afforestation technology to establish the vegetation.
This study will be also helpful to convert the degraded lands of laterite mined out in to
productive lands with useful trees/plants and thereby bio diversity conservation.
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Table 1. Physico chemical properties of laterite soils (mean of 5 replicates)
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Table 2. Response of selected tree seedlings to beneficial microbes under nursery
conditions (mean of 5 replicates)
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Table 3. Growth performance of selected tree seedlings inoculated with beneficial
microbes in laterite lands (mean of 5 replicates)

278

Mainstreaming Biodiversity for Sustainable Development

NBC 2017

T1:Azospirillum (AZ); T2: Phosphobacterium (PSB); T3:AM fungi: AZ+ PSB; T4: AZ+
PSB; T5: PSB +AM fungi; T6: AZ+AM fungi;T7:PSB+AMfungi+AZ; T8: Control
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BIRD FAUNA AS AN INDICATOR TO URBAN BIODIVERSITY IN
THEVARA, KOCHI
* Joseliph Abin and Padayatty Davis Samson
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E-mail: abinjoseliph@gmail.com; samsondavis@shcollege.ac.in
Cities in India are encountering a sudden and rapid transition to urbanization nowadays
similar to any other part of the developing world. The developmental activities occurring
in many of the Indian cities especially in Kerala are mostly unplanned. Kochi is not an
exception. Consequently the urban environment is deteriorating at a fast rate generating
significant stress on urban life and its biodiversity. Biodiversity plays an important role in
urban environment by maintaining the quality of urban life and providing a wide range of
environmental and social functions to urban dwellers. The status of biodiversity in urban
environment is not yet properly addressed in India particularly in Kerala and availability
of ecological knowledge for a sustainable conservation planning is scarce. In an attempt
to assess urban biodiversity in Thevara, a densely populated urban centre in Kochi city, a
year-long monitoring of avian fauna was conducted. Birds are well-established indicators
of urban biodiversity as they are sensitive to changes and stresses in urban ecosystems.
The study area witnessed a drastic change in its land-use pattern in recent years. The
survey was carried out by line transect method during February 2013 to January 2014,
once in a month. The study provided a total of 73 species of birds belonging to 56
genera, 32 families and 13 orders. Various biodiversity indices were computed to analyse
the result and a checklist of recorded species was also prepared. From the result it can
be concluded that this urban centre supports a reasonable number of birds indicating
the richness of the overall biodiversity. The outcome of this study provides a baseline
information on the present status of biodiversity of an urban area based on which
strategies for an ecologically sustainable urban conservation planning can be proposed
and implemented for safeguarding urban environment.
Keywords: Biodiversity, urban biodiversity, birds, checklist.

Urbanization is occurring in India at a faster rate similar to any other part of the developing
world. Rapid growth of cities in India has led to the destruction of natural ecosystems and
the hastily growing urban population accentuates the demand for natural resources, leading
to change in land-use patterns and causes loss of biodiversity (Rajashekariah, 2011).
The developmental activities occurring in many of the Indian cities especially in Kerala
are mostly unplanned. Kochi is not an exception. Consequently the urban environment
is deteriorating at a rapid rate generating significant stress on urban life and its
biodiversity. Biodiversity plays important roles in urban environment including ecosystem
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services and amenity values (McKinney, 2008) by maintaining the quality of urban life
and providing a wide range of environmental and social functions to urban dwellers.
Birds have been shown to have a powerful value as indicators of the state of biodiversity
(Furness & Greenwood, 1993). Blair (1999) examined diversity, distribution and
abundance of bird species across an urban gradient and suggested them as surrogates for
assessing biodiversity in urban environments. He also suggested that birds meet many
of the criteria for biological indicators and that they obviously respond to urbanization.
According to Savard and Falls (1982) and Clergeau (1998), birds are quite sensitive to
changes in habitat structure and composition and are therefore excellent indicators of
changes and stresses in urban ecosystems. Thus birds are well-established indicators of
urban biodiversity.
The status of biodiversity in urban environment is not yet properly addressed in India
particularly in Kerala and availability of ecological knowledge for a sustainable
conservation planning is scarce. In an attempt to assess urban biodiversity in Thevara, a
densely populated urban centre in Kochi city which is on the fast move to urbanization,
a year-long monitoring of avian fauna was conducted.
Study Area
Thevara is a densely populated area in the city of Kochi, in the state of Kerala located
on the southwest coast of India (9°56’ 57’’N 76°17’30’’E), along the coast of Vembanad
estuary, surrounded on three sides by water bodies. The climate is tropical with heavy
rainfall. The average annual rainfall is about 350 cm with an average 132 rainy days
annually; the bulk of the rainfall stems from the South-West monsoon. Surface
temperatures range between 20-350C (68-950F). The current recorded high temperature
is 380C; the lowest is 170C. The winds are moderate, with slight increase during summer
and the monsoon seasons. The flora is predominantly evergreen with abundant
mangrove vegetation along the coastal line. The study area witnessed a drastic change in
its land-use pattern in recent years. The vast wetlands that once existed here, were largely
modified for human habitation. Now this area is under severe pressure of urbanization
and the large number of high-rise buildings emerging here drastically changed the
topography of this area and considerably reduced the habitat.
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Four widely separated regions were opportunistically and conveniently selected from the
entire study area with mixed habitat. Sampling was carried out at each region by line
transect method during February 2013 to January 2014, once in a month. A permanent
100m line transect was setup in each region and each transect was slowly traversed at a
uniform pace for 30 minutes on clear days from 8.30 am to 11.30 am, to coincide with
peak singing activity. The birds visible within a distance of 30 meter on either side of the
observer were recorded. Each individual bird was recorded either by sight with the aid of
Mainstreaming Biodiversity for Sustainable Development

a field binocular (8×40) or noted by sound and identified with the help of standard field
guides (Ali, 2012).
Data Analysis
The data from all transects were pooled and considered as a month of collection. The
collected data were analysed by using Relative Abundance, Species Richness Index,
Shannon Wiener Index and Evenness index.
Results and Conclusions
The sampling yielded a total of 6924 individuals comprising 73 species of birds belonging
to 57 genera, 32 families and 13 orders. [Table: 1]. The most dominant order was
Passeriformes with 32 species (44%) followed by Ciconiiformes with 11 species
(15%), Charadriiformes and Coraciiformes with 6 species (8%) each, Falconiformes,
Strigiformes and Piciformes with 3 species (4%) each, Pelecaniformes, Gruiformes
and Cuculiformes with 2 species (3%) each and Columbiformes, Psittaciformes and
Apodiformes with a single species (1%) each [Figure: 1].

The species observed were diverse with different habitat requirements. Five species were
Migrants (Spotted Redshank, Brown Shrike, Rosy Starling, Greenish Warbler and Grey
Wagtail), 45 were Residents, 22 were Resident Migrants and one species was Vagrant
(Goliath Heron). 21 species which are reported to be common in urban areas and human
habitations (Indian Pond-heron, Black Kite, Rock Dove, Rose-ringed Parakeet, Greater
Coucal, Common Barn-owl, Spotted Owlet, Little Swift, Common Hoopoe, White-cheeked
Barbet, Barn Swallow, Eurasian Golden Oriole, Common Myna, House Crow, Largebilled Crow, Red-vented Bulbul, Jungle Babbler, Indian Paradise-flycatcher, Common
Tailorbird, Oriental Magpie-robin and House Sparrow) were observed from this urban
centre. Indian Pond-heron, Intermediate Egret, Western Reef-egret, Common Kingfisher,
Stork-billed Kingfisher and Clamorous Reed-warbler were the observed mangrove
Mainstreaming Biodiversity for Sustainable Development

NBC 2017

Fig. 1. Order composition of bird community
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inhabitants. The area also supports threatened species. The species under ‘Threatened’
category of IUCN Red List includes White-naped Tit (Vulnerable), Oriental Darter and
Black-headed Ibis (Near Threatened) species.
The overall abundance pattern of bird community is given in Figure: 2. Maximum
number of individuals was recorded in the month of January and the minimum was
in February. The bird populations were low from February to June. A small peak was
observed in July. From August onwards, the populations started building and showed a
peak in November, followed by another peak in January. The greatest number of species
was observed in the month of December and January (38 species) and the least number
was in August (21 species).

Fig. 2. Abundance pattern of bird community
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The population trend of various bird orders is depicted in Figure: 3. The most abundant
order of bird was Passeriformes in almost all the months, in terms of relative abundance
(with relative abundance of 0.5 and above in all the months. Ciconiiformes,
Falconiformes, Columbiformes, Cuculiformes, Coraciiformes, Piciformes and
Passeriformes were the orders with sightings in every month. Gruiformes was the least
abundant order throughout the study period with least value of relative abundance
(below 0.003) and with least number of sightings. House crow was the most abundant
species (with relative abundance of 0.3 and above in all the months).
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Fig. 3. Population trend of bird orders
The trend of various diversity indices in different months is illustrated in Figure: 4.
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Species Richness Index and Shannon Wiener Index peaked in March, June and January.
The highest peak was recorded in January. Both indices declined in April and August; the
least values were observed in August. This increase in species richness during summer
and decline during monsoon is consistent with the documentation of the structure and
composition of bird fauna of Mangalavanam mangrove area in the city centre by Jayson
(2001). Evenness Index of species distribution was maximum in March and the least in
the month of September.

Species composition of birds in an area is related to the type of vegetation, height above
the sea level, availability of microhabitats and other factors. This urban centre supports
diverse bird species including threatened and migratory birds. The mangrove vegetation
on the coastal line provides excellent protection to the biodiversity of the locality. The
surrounding estuary supports a large number of aquatic bird species offering ample
feeding opportunities. The seasonal variation in richness and diversity can be attributed
to the availability of food, local migration, climate and response to adverse conditions.
Predators might have an influence on the abundance of bird species; House Crow, the
most abundant species of the study area forms the main predator of eggs and nestlings of
other birds. Uncontrolled garbage dumping in the area has led to the increase in number
of crows and raptors such as kites. Alternatively, the increased waste dumping and
pollution might be a reason for decline in number of certain species. Unplanned
developmental activities in the study area are a serious threat to the diversity and richness of
bird species. Large high-rise buildings emerging in the area drastically reduce the habitat.
These buildings cause disturbances due to bright lights and reflective glass materials
and curtail bird movements and transportation of food and nesting materials. Noises of
Mainstreaming Biodiversity for Sustainable Development
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Fig. 4. Variation in species diversity indices of bird fauna in different months
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vehicles and mechanical activities also disturb them.
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Table 1. Checklist of birds observed from Thevara
The present studies indicate the appreciable richness of overall biodiversity in Thevara
area as it supports a reasonable number of bird species which are urban biodiversity
indicators. Maximum species diversity and abundance are due to the availability of
food, suitable climate and habitat diversity including the presence of nearby estuary and
mangrove swamps. The disturbed areas with human habitations support many urban
species. It is also a happy abode of many migratory and threatened species. But the
impacts of urban sprawl threaten the biodiversity in this area and if proper strategies are
not implemented, the green spaces and the wet lands that now exist here, may alarmingly
shrink in size or even vanish in the near future. The outcome of this study provides
baseline information on the present status of biodiversity of the study area based on which
strategies for an ecologically sustainable urban conservation planning can be proposed
and implemented for safeguarding urban environment.
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RESTORATION OF WETLANDS IN PALLIKARANI A CASE STUDY
R. Ramanibai, S. Govindan and E. Agnita Sharon*
Aquatic biodiversity Unit, Department of Zoology, University of Madras, Guindy
Campus, Chennai-600025, Tamilnadu, India.
Email: rramani8@hotmail.com, agnitajohnson02@gmail.com*
Pallikaranai wetland is a fresh water swamp, located about 20km south of the Chennai
metropolitan area. The Chennai city generates about 3,500 tons of garbage every day
and around 60% of it is dumped in the ecologically sensitive areas of Pallikaranai
marshland. Urbanization has its own impact on wetlands in numerous ways, this being
the major cause of loss of wetlands. Encroachments and construction reportedly impact
wetlands by causing direct habitat loss, suspended solids additions, hydrologic changes and
altered water quality. Indirect impacts include changes in hydrology and sedimentations
which substantially alter wetlands. The diversity of avifauna that occur in large
numbers here calls for conservation of the Pallikaranai wetlands and prevention from
further degradation so as to sustain as a wetland. Raj et al., (2010) reported 101 species
of birds from the area. Among them, 76 species were resident breeders and 25 were winter
visitors. A total of 106 species of birds has been recorded from here. Among them
14 species were rare, 20 species were common, 7 species were common migrants, 36
species were frequent, 4 species frequent migrants, 2 species occasional abundant
migrants, 11 species occasional migrants, 5 species occasional and 5 species were abundant.
Conservation of such urban wetlands is essential to maintain migratory bird populations,
as it is probably a dwelling habitat during their migratory course, thus serving as a vital
role in the conservation of such species. The current study focuses on identifying the
threats which affect the avifauna of Pallikaranai marshlands and the surrounding areas
that is undergoing developmental activities. The developmental changes were assessed
by using several techniques such as binocular observations, photographic analysis and
diversity studies like plankton, macro-invertebrate and water birds etc.
Keywords: Pallikaranai, Wetland, Avifauna, Restoration.
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1. Introduction
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Wetlands are often described as “Kidneys of Landscape”. Wetlands support sustenance
of life of plant and animal communities. Once people thought that wetlands are not
beneficial and this has led to the destruction of major portion of urban wetlands.
Wetlands in urban areas are under increasing developmental pressure for residential,
industrial and commercial facilities. Increasing population and economic growth generate
high demand for real estate in sub-urban localities. Urban wetlands also function as
recharge areas. This is especially true in communities where ground water withdrawals
are heavy. Urban wetlands are essential for conserving public water supply (Jayanthi
et al., 2012).
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Pallikaranai wetland falls between 12º59’N & 80º14’E located about 20 km south of the
Chennai metropolitan area and falls in Kancheepuram district of Tamilnadu (Fig. 1).
The wetland runs along the old Mahabalipuram road parallel to the Buckingham Canal
throughout its length in the south west of Chennai. Pallikaranai wetland is a fresh water
swamp adjacent to the Bay of Bengal with a geographical area of 80 km2. The marsh
is situated adjacent to Velachery also known as Vedashreni. It is a rapidly developing
residential area in the south west Chennai. While Velachery is located towards northwest
of this marsh, Taramani is towards north, Perungudi to northeast, Madipakkam to the
west, Perumbakkam to the southwest and Sholinganallur towards the southeast. The
government of Tamilnadu realizing the environmental and ecological importance of
Pallikarani marsh declared it as a reserve forest under section 4 of the Tamilnadu forest
act, 1882 (Gazette notification GO. Ms. No. 52, dated 9 April 2007) in order to protect the
urban wetland (Azeez et al., 2007).
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Fig. 1. Location of Pallikaranai marsh land (Source: Jayanthi et al., 2012)
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billed pelican Pelecanus philippensis and black headed ibis Threskiornis melanoocephalus.
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Pallikaranai Wetland is highly contaminated due to mixing of sewage and dumping up
of waste materials. This condition will lead to the decrease of diversity. In the near future
this wetland water will not be suitable for drinking purpose and domestic usage.
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The avifaunal diversity here calls for conservation. Prevention of further degradation
can enable the sustenance of wetland to offer many ecological services. To sustain the
migratory bird population’s conservation of urban wetland is essential. It can serve as
abode for migratory bird populations. There are no laws implemented till date to protect
these wetlands. So therefore we emphasise an urgent policy to conserve urban wetlands
and related ecosystems.
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A number of actions were undertaken by the Government of Tamil Nadu to protect,
study, conserve and manage the Pallikaranai marshes. The Chief Minister of Tamil Nadu
suggested that the marsh could be developed into an ‘eco-park’ with facilities including
interpretation centre (Care Earth, 2003). The Environment Minister of Tamil Nadu
displayed an interest to clean the Pallikaranai wetland, smothered by garbage and sewage
from Chennai (Anonymous, 2004). The Pallikaranai swamp is one among the potential
sites selected for flood protection works and the same was noted in the budget document
2006- 2007 by the state government (Public Works Department Policy Note 2006–
2007). Management plan – Pallikaranai Reserve Forest 21. The Kancheepuram district
administration has already issued orders canceling allocation of lands in the marsh area.
Hence, the Chennai Corporation had to restrict dumping of garbage to 200 acres of land.
In order to control the dumping it is proposed to demarcate the 200 acre area for dumping
wastes (The Hindu, September 1, 2006). Further actions to protect and ecologically
restore the area are in progress. The Tamil Nadu Pollution Control Board (TNPCB) has
constituted a Local Area Environment Committee under the Environment Protection
Act, 1986 to suggest means by which the problem could be solved. The TNPCB has also
commissioned studies on the wetlands. Of these, the notable ones are that conducted by
the Care Earth and TNPCB in 2002, 2003 and 2005. Such studies have generated valuable
information, highlighting the need for conservation of the area and offered valuable
suggestions. The TNPCB has banned dumping of waste and discharging sewage or
industrial effluents into the Pallikaranai marshes. In an official release on June 9, 2006,
the TNPCB, while underscoring the need to protect the Pallikaranai marsh for its rare
species, groundwater recharge potential and ecological importance, warned that any
violation of its directions would be penalized without prior notice under Section 15 (1) of
the Environment (Protection) Act, 1986. The TNPCB directive also states Management
plan – Pallikaranai Reserve Forest 22 that untreated sewage be discharged only into the
Sewage Treatment Plant (STP) operated by the Metro water at Perungudi (The Hindu,
2006). The Community Environment and Management, an NGO has studied the pollution
affecting physical quality parameters of the marsh. Several educational institutions have
also conducted short term studies on this wetland. Observations of several amateur nature
watchers have also contributed to the knowledge base immensely. Public participation
Mainstreaming Biodiversity for Sustainable Development

and awareness campaigns for conservation of the areas under serious threat would
attain better success with public participation. Several research organizations,
individuals, non-governmental organizations, volunteer institutions such as
Care Earth (Chennai), Centre for Environmental Education (Ahmedabad, Tamil
Nadu centre), Anna University (Chennai), Worldwide Fund for Nature (India),
CPR Foundation (Chennai), Save Pallikaranai Marshland Forum (Chennai), and
Community Environmental Monitoring are involved in research, nature awareness
and conservation campaigns in the region. Quite a lot of Chennai populace are
also interested and involved in conservation of the Pallikaranai marsh. Several
individuals have undertaken studies of the marsh on their own concern and involved
in studies and awareness campaigns. The residents affiliated to about ten welfare
organizations, formed a human chain, under the banner of Save Pallikaranai Marshland
Forum (SPMF), holding placards to draw attention of the concerned (Azeez et al., 2007).
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Table. 3 Bird species recorded in and around Pallikaranai Marsh.Source: Raj et al., (2010)
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(BR) Breeding Resident; (V) Vagrant; (WV) Winter Visitor; (A) Aquatic;
(D) Water dependent; (O) Others; (*)- Present study
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The study delineates the assessment and documentation of biological diversity in
lakes of Nanjangud as part of the report “Evolving sustainable conservation strategies
for waterbodies of Mysuru- Nanjangud LPA” by Environmental Management and
Policy Research Institute. Five major lakes i.e. Kunteri Kere, Kalale DoddaKere, Tavare
Kere, HuskuruNanjana Kere, Kyatanahalli Kere were selected to assess the biodiversity
in Nanjangud taluk. Biodiversity is used as a tool to analyze the health of the Lake
Ecosystem. Biological diversity of few important parameters like phytoplankton,
zooplankton, aquatic plants, benthos, aquatic insects, odonates, fishes, herpeto-fauna
and birds were documented through standard procedures and recorded for four seasons
(monsoon, post monsoon, summer and winter) during the year 2014-2015. Biodiversity
included Phytoplankton, namely Bacillariophyceae, Chlorophyceae, Cyanophyceae
and Eugleanophyceae; zooplanktons such as Calanoids, Ciliophora, Cladoceraons,
Copepods, Harpacticoids, Ostracods, Cyclopoids, Rotifers and Zoo flagellate; 34
species of Aquatic plants which varied season wise ; 07 species of benthos; 14 species of
odonates; 39 species of aquatic insects; 10 varieties of fishes; 6 species of frog; 6
species of reptiles; birds diversity which varied from season to season i.e. 17 (monsoon),
23 (post-monsoon), 33 (winter), 40 (summer). To understand the significance of the
existing biodiversity, it is necessary to understand the benefits it provides the lakes and
also its relevance for the future. All these observations indicate that the lakes have a rich
biodiversity but are in turn vulnerable to human intrusion.
Keywords: Phytoplankton, zooplankton, benthos, aquatic plants, aquatic insects, fishes,
herpeto-fauna, birds, lake, assessment.

The lakes provide myriad of benefits to mankind by providing ecological functions and
services, providing water for drinking, irrigation, industrial purposes and supporting
aquatic biodiversity etc. Activities and never ending needs and demands of humans have
been exploiting and imposing detrimental impacts on the environment eventually posing
threats to the biodiversity underpinning this freshwater ecosystem. Freshwater Biodiversity
is a very valuable resource which along with its services and benefits to mankind is
becoming critical. It has become important to document the biodiversity thriving in the
present condition in the lakes.
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The study area Nanjangud has been included in Mysore city Local Planning Area, during
the year 1983 for developmental activities. Mysuru-Nanjangud is also being planned
to be developed as twin cities by MUDA (2011). In back drop of the developmental
activities to take place in Nanjangud, the lakes such as kalale DoddaKere, Kunteri kere,
Tavare Kere, Huskuru Nanjana Kere, Kyatanahalli Kere are selected for the documentation
of the biodiversity. Biological diversity of few important parameters like phytoplankton,
zooplankton, aquatic plants, benthos, aquatic insects, odonates, fishes, herpeto-fauna
and birds were documented and recorded for four seasons (monsoon, post monsoon,
summer and winter) during the year 2014-2015.
Methodology:
Five major biotic diversities in water bodies are documented for the following parameters: • Phytoplankton- The qualitative and quantitative analysis of
phytoplankton was done by Lackey’s drop method (Lawrence and Mayo).
• Zooplankton- For the quantitative analysis of zooplankton, water was
collected
from the surface with minimal disturbance and analysed using
Sedgwick-Rafter cell with dimensions of 50 x 20 x 1 mm, following the method given in
(APHA, 2000). The zooplanktons were identified up to a taxonomic precision of species
level by using standard identification keys (Edmondson, 1959; Battish, 1992; Dhanapathi,
2000; Altaff, 2003).
• Aquatic flora- The aquatic plants were studied using wooden frame
quadrate (1m x1m). The vegetation was classified based on their growth position in all the
water bodies which are Emergent, free floating, submerged and rooted plants. Density,
frequency and abundance of plant species were determined as per method of Curtis and
McIntosh (1950).
• Benthos- The Ekman Bottom Grab (0.0015m2) sampler was used for
sampling.
• Odonates- The adult Dragonflies and Damselflies were identified by sight
for 30 min and documented individuals were identified using field manual (Subramanian,
2007).
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• Aquatic Insects- Sampling was done at five different sites on each lake.
Collection of the insects was done using a circular Dip-net (nylon) with the mesh size of
0.5 mm (Thani and Phalaraksh et al., 2008).
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• Fishes- The fishes from the water were collected by capturing them with the
help of local fishermen using gill net with mesh size of 8mm and drag nets. The species
identification was made by the methods by using the manual of Freshwater and
Marine Fishes of Karnataka. Fishes collected were counted on the basis of species and
Mainstreaming Biodiversity for Sustainable Development

total number of each species caught per lake and recorded in a catch composition
specially prepared data sheet.
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• Bird Population- Random stratified sampling method was applied to
study the bird population in the selected water body (Mark Huff et al., 2000). The birds were
identified using Binoculars (Olympus 10 X 50) and guide Birds of Indian subcontinent
(Grimmett et al., 2011).
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Discussion:
Five major biotic diversities in water bodies are documented for the parametersphytoplankton, zooplankton, aquatic plants, benthos, aquatic insects, odonates, fishes,
herpeto-fauna and birds.
The total number of aquatic plant species recorded during the monsoon, post monsoon,
winter and summer seasons are 26, 34, 34 and 21 respectively (Table- 1 & 2). During
monsoon season, maximum number of emergent species i.e., Typha latifolia, Colocasia
esculenta, Alternanthera sessilis and Salvinia minima was observed in Kyatanahalli kere,
tavare kere and kunteri kere. Aquatic plant density has increased in post monsoon season
compared to monsoon season.
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In the present observation, the phytoplankton’s fluctuated seasonally and its density was
high during hot-dry and low during cool-dry seasons because of temperature (Table-2).
Kalale Dodda kere has maximum density of 28 /ml of Bacillariophyceae in summer
season and maximum numbers of cyanophyceae 42 /ml in Kyatanahalli kere during
winter season. The maximum number of Euglenophyceae 40/ml is recorded in Huskur
Nanjana kere in summer and minimum of 1/ml was observed in Tavare kere in summer.
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Zooplankton supports the economically important fish population. They are major mode
of energy transfer between phytoplankton and fish. In all five water bodies, zooplankton
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is rich during winter and comparatively low in monsoon and post monsoon season
(Table-2). Maximum number of copepods was observed during summer season at Kalale
Dodda kere (15/ml) and minimum was observed during monsoon season.
Benthic organisms are found more often in larger amounts generally in unpolluted
water. Benthos is also used as indicator of water quality. Totally, 06 species of benthos
are documented in five major water bodies (Table-3). Maximum density of benthos is in
summer season and minimum density is in monsoon season. Campeloma belonging to
family viviparidae was present in Kalale Dodda kere (10/m2) during summer and 6/m2
during winter, represented that the water body is slightly polluted.
Total odonates in monsoon, post monsoon, winter and summer seasons are 15. Seasonal
distributions of odonates in the major water bodies are tabulated in Table-3. Common
picture wing was recorded only in Kunteri kere during winter and summer season. Other
less common Odonates are Blue grass darlet, Common club tail, Little Blue marsh hawk,
Senegal golden darlet. Most abundant species are Ditch jewel (40/30 min) at Kalale
Dodda kere during winter season. The present study shows that the dragonflies are
sensitive not only to the health of water bodies but also to the major landscape changes,
especially in the riparian zone.
Total of 39 species of aquatic insects were documented (Table- 4 & 5). Water strider
population is maximum (19/10 swp.) in Kunteri kere during winter season. Virginia
stonefly and damselfly are maximum (18/10swp.) in Kalale Dodda kere during winter
season.
Diversity of fish mainly depends upon the biotic, abiotic factors, types of the ecosystem,
age etc. of the water body. Totally, 09 varieties of fishes are recorded from the water
bodies (Table- 5), within that, Catla & Tilapia are present in most of the five water bodies.
At present, Kalale Dodda kere has been leased to private parties for fish culturing and
marketing. Common carp, rohu, mrigal and Catla are the economically important and
cultivable fishes documented in the water bodies. The study shows that the fish diversity
decreased due to the deterioration of water quality.			
A total of 49 bird species were counted and recorded during the study (Table-6).
Commonly found birds in and around the water bodies are Black Drongo, Common
Coot, Little Cormorant, Little Egret, Indian Pond Heron, Small Blue Kingfisher, Spotted
Dove and White breasted Kingfisher. Red Wattled Lapwing was observed on the shore of
the Kalale Dodda kere. The factors affecting the aquatic bird population in water bodies
are weeds, fish population and other anthropogenic activities. Proper maintenance of
water bodies would further attract more aquatic bird population.
Biodiversity is essential for stabilization of ecosystem protection of overall environmental
quality for understanding intrinsic worth of all species on the earth. The anthropogenic
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disturbances on our water resources and its ecosystems is leading to irreversible
damage destroying the rich biodiversity supported by it. Developments are necessary but
it shouldn’t be at the cost of damage to the environment, rather should take place with
rational and sustainable lines. Environmental conservations should be at the base of all
developments. It is necessary to ensure that the use of water from these habitats should
be within sustainable limits without any environmental stress so that it doesn’t affect the
biodiversity or its productivity. The knowledge on the ecology of Nanjangud taluk and
scope for better utilization of them for sustaining flora and fauna production are still
lacking. Hence in view of the deterioration of biodiversity, documentation of fauna from
all the ecosystems has become important to know the present status of biodiversity.
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MACROPHYTE DIVERSITY AND PHYSICO-CHEMICAL
CHARACTERISTICS OF A POND IN AN URBAN AREA
T. G. Dhanalekshmy
Department of Zoology,
All Saints’ College, Thiruvananthapuram-695007
Email: lekshmydhana@yahoo.com
Ponds form a major part of the freshwater resource and contribute significantly
to freshwater biodiversity conservation. Even in the twenty first century, the task of
maintaining ponds is a significant challenge. The study was conducted in the Charachira
fresh water pond within the Thiruvananthapuram Corporation limits. The pond had
a vast area of three-acre, which has now shrunk in size due to human encroachment.
The main water source of the pond is rain fall and the well spring. The present study
is aimed at understanding the physico-chemical properties of the pond water and the
diverse macrophytes seen in and surrounding the pond. Water sample was analyzed for
eight physico-chemical parameters using standard methods. Bacteriological analysis
was also done to confirm the drinking water quality status. Physico-chemical parameter
values were within the permissible limits set by IS: 10500. Bacteriological analysis
showed that the water was polluted due to anthropogenic activities and was unfit for
consumption. Major part of the pond water surface was covered with aquatic weeds. Due
to the water scarcity in the urban area, the pond water was used by the local residents
for washing the clothes. Macrophytes were seen on all sides of the pond and most of
them encroached into the pond occupying most of the pond area. Thirteen macrophytes
identified were Eichhornia crassipes, Salvinea natans, Ficus exasperate, Mikania micrantha,
Alternanthera tenella, Senna sps, Nymphea caerulea, Colocasia esculenta, Mundingia
calabura, Canna indica, Coccinea indica, Ficus sps and Macaranga peltata. It is
understood that macrophytes form a vital component of the pond ecosystem and play a
major role in the productivity and nutrient recycling. Good water quality maintenance is
necessary for mankind and for the growth and survival of aquatic organisms. Charachira
pond even though showed the physico-chemical parameters within the standard limits,
the microbiological quality of water point to the immediate need for the remedial
action to be taken for cleaning the pond to avoid serious health risks. The judicious
management of the pond and the macrophyte diversity can deliver a range of ecosystem
services to human society.
Keywords: Charachira pond, Macrophyte diversity, Physico-chemical, Ecosystem services.

Ponds, both natural and artificial are significant in maintaining aquatic biodiversity.
These wetlands differ functionally from large lakes with regard to littoral structure and
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productivity by providing a substratum for algae, shelter for benthic fauna and breeding
ground for fishes, macro invertebrates and other animals14. Physical parameters affect
the aesthetics and taste of drinking water while chemical parameters pose chronic health
risk and microbes are concerned with immediate health risk. Monitoring of water quality
parameters at regular intervals help to understand the quality in relation to health of
the ecosystems, its biotic status and the safety of human contact. Macrophytes generally
colonize shallow ecosystems and promote biodiversity by providing physical structure
and increasing the habitat complexity. Macrophytes are vital components of aquatic and
fresh wetland ecosystems12 sustaining oxygenation of water5, productivity and nutrient
recycling6. Management of macrophyte diversity is needed in natural environment to
restore the original community. Loss of native biodiversity and water quality can affect
productivity and sustainability of fresh water ecosystem which can lead to socioeconomic
and environmental impacts, especially in developing countries of Asia and Africa9. The
present study aims at understanding the physico-chemical properties of the water and the
macrophyte diversity seen in and surrounding the pond.
Materials and Methods
Charachira pond, within the Thiruvananthapuram Corporation limit was selected for the
study had an area of 300 cents, now has shrunk considerably in size due to reclamation.
Water source of the pond is the rain and the well spring. The pond was the Dhobi Ghat
during the Travancore King’s time, in the 19th and early 20th centuries and the shore was
inhabited by washer men communities. In 2010, various Departments of Government
of Kerala entrusted the cleansing of thepond with an Australian Company. At present,
the pond is not clean due to irresponsible anthropogenic activities and macrophyte
invasion. Water samples were analyzed for the nine physico-chemical properties to assess
the potability. Sampling was done in the post-monsoon (November) season of 2016.
Samples for physico-chemical and bacteriological analysis were collected. Analysis was
done using standard methods1. Macrophytes were identified using standard keys3.
Results and Discussion
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The water quality parameters analyzed were within the permissible limits set by ISS7.
BOD value in the water samples was 1.8mg/L (Fig.1). Although the World Health
Organization recommended a BOD limit of 6 mg/L for drinking water until 1971, no
limit is now recommended. It is now understood that BOD value of less than 1mg/L
in water source is ideal for drinking. DO is an important water quality parameter in
assessing water pollution10.
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DO value points to the comparatively healthy aquatic medium (Fig.1). Higher DO means
rate of oxygen replenishment in water is greater than oxygen consumption and this is
healthy for almost all aquatic systems2. Bacteriological analysis indicates a high index
of both Total and Fecal coliform (Fig.1). Ideally, drinking water should not contain any
microorganisms known to be pathogenic or any bacteria indicative of fecal pollution8
and washing and bathing water should not contain more than 50 coliform bacteria per
100 ml of water15. Macrophytes seen on all sides of the pond encroached into the pond.
Macrophyte species of twelve families were recorded (Figs.2-13). Macrophytes identified
were understood to have a wide utility service to human.
Abbreviations : LN: Local Name, EI/EC: Environmental Impact / Economic Use
Eichhornia crassipes (Pontederiaceae). LN: Water hyacinth. Habitat: Ecosystem
enriched with plant nutrients. Characteristics: Shoots-inter-connected, leaves with swollen
petiole, ovoid blade. Flower with a perianth tube expanding into six purple lobes
with a bright-yellow, diamond-shaped patch surrounded by deeper purple. EI/EC:
Environmental degradation, reduction in biodiversity, monopolizing the resources,
invasive, affect physicochemical characteristics of water. Used as fodder, biofuel and as a
water ornamental.

Nymphea caerulea (Nymphaeaceae). LN: Blue Water Lily. Habitat: Best grown in still
water, propagation by rhizome Characteristics: Long-stemmed, leaves round, floating,
connected directly to rhizome. Flowers with long stems, star-shaped, upright pointed
petals spread flat on water surface. EI/EC: Used traditionally to relieve pain, increase
memory, promote sexual desire. Infusion of root and stem is diuretic and emollient.
Maintained as an ornamental plant.
Mainstreaming Biodiversity for Sustainable Development
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Salvinea natans (Salviniaceae). LN: Water moss, Floating fern. Habitat: Free-floating
fern, in large number at the surface of still waters. Characteristics: Small creeping stems,
branched, hairs on the leaf surface papillae. No true roots. Leaves in trimerous whorls,
with two leaves green, sessile or short-petioled, flat, entire and floating, and one leaf finely
dissected, petiolate, root like and pendent. Submerged leaves bear sori surrounded by
sporocarps. EI/EC: Species is assessed as Least Concern and is used as ornamental plant.
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Colocasia esculenta (Araceae). LN: Elephant’s Ear, Taro. Habitat: Grows in moist
habitats, organically rich, part shade, as pond marginals. Characteristics: Stem less plant,
3-6’ tall and as wide. Massive fleshy corm gives rise to new stolons and lateral, thick,
edible runners. Root system is adventitious, fibrous. Leaves, huge, heart-shaped, resembles
an elephant’s ear, conspicuously-veined, downward-pointing on long, stout, succulent
stems. EI/EC: Invasive, fast growing weed, tolerant to browsing. Used as fodder, food,
medicine and as an ornamental.
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Fig.2 - Eichhornia crassipes. Fig.3 -Salvinea natans. Fig.4 -Nymphea caerulea. Fig.5 Colocasia esculenta. Fig.6 -Mikania micrantha. Fig.7 -Coccinea indica. Fig.8 Alternanthera tenella. Fig.9 -Canna indica. Fig.10 -Muntingia calabura. Fig.11 -Senna
hirusta. Fig12 -Ficus exasperate. Fig.13 -Macaranga peltata.
Mikania micrantha (Asteraceae). LN: Climbing Hemp weed. Habitat: A ubiquitous
species common in tropical areas, grows in fertile soil and humid air. Characteristics:
Climber, brown cylindrical stem, branched, inter-twined. Leaves simple, opposite,
stalked, ovate, apex acute, base cordate, crenate, glabrate, petiole long. Flowers white
with long stalk, bisexual, corolla long, tubular, lobed, glandular, anthers linear. EI/EC: An
agricultural weed, causes ecosystem change, habitat alteration, reduces native biodiversity
and is a threat to endangered species. Fast growing, invasive, forms large, thick
formations. Used as animal feed, green manure.
Coccinea indica (Cucurbitaceae). LN: Koval, Ivy Gourd. Habitat: Perennial, dioecious,
tuberous rooted found in climate warm and humid. Characteristics: C reeper,
spreading on ground and twilling around the trees. Stem is pentagonal, leaves triangular,
palmately 3-5-lobed, broadly ovate, cordate, denticulate, apex acute, upper surface
punctate, lower surface glandular and long petiole. Flowers are axillary, solitary,
monocieus, white and placed in bunches of 2 to 4. Fruit is pulpy, ovoid-oblong, with
white streaks. EI/EC: A noxious vine that smothers vegetation and forms a dense canopy.
Grows aggressively and is a severe pest in gardens. Fruits and shoot tips are used as
vegetables. Its derived formulations are used as anti- diabetic, anti-inflammatory,
anti-microbial, hepatoprotective, anti-malarial, anti-cancer and anti-pyretic.

Canna indica (Cannaceae). LN: Canna lilly. Habitat: A mesophytic herb, grows well in
tropical and sub-tropical climate, grows in thickets along wet lands. Tolerates excessive
moisture and shade, prefers soil rich in humus, tolerate pH 4.5-8.0. Characteristics: Tall
perennial herb, many aerial branches arise from rhizome. Leaves large, simple, alternate,
leaf blade ovate, petiolated, leaf veins pinnate, leaf base is sheathing, apex acute.
Inflorescence is terminal, flowers large, bright coloured, pedicellate, bracteate, trimerous,
bisexual and hypogynous. Sepals long, acute, petals narrowly elliptic. EI/EC: A natural
weed that damages biodiversity. Highly invasive, reproduces asexually, has high genetic
variability. Starch is obtained from roots, fibrous tubers eaten cooked. Plants used to treat
demulcent, diaphoretic and diuretic. Leaves used for making paper, rhizome extracts
used as pesticide. An ornamental plant.
Mainstreaming Biodiversity for Sustainable Development
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Alternanthera tenella (Amaranthaceae). LN: Joy weed. Habitat: Seen mostly in
wastelands and in tropics and subtropics. Characteristics: Perennial herb, leaves
oppositely arranged, elliptic-oblong, apex sub-acute, hairy above, sub sessile, ovoid.
Inflorescence spike, occurring in the leaf axils, flowers are white and have five tepals.
EI/EC: A weed of crops, an invasive species that clog waterways and increase flooding.
Is known to produce allelopathic compounds.
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Muntingia calabura (Muntingiacea). LN: Jamaica Cherry, Strawberry Tree. Habitat:
Small, evergreen shrub that thrives well in both acid and alkaline locations, is droughtresistant, not salt-tolerant and is tropical to near-tropical. Characteristics: Short, broad,
spreading crown, reach up till 7.5-12 m, lower branches touch the ground. Leaves long,
oblong, pointed, dark-green above and hairy beneath. Flowers tiny, grow in 2’s or 3’s
from where leaf attaches to the branch. Fruits are small, round, sweet. EI/EC: Is an
ornamental and amenity shade tree and seen to control erosion or dune stabilization. Fruits
are eaten, cooked in pies and made into preserves. Timber used as firewood, carpentry,
for paper pulp. Bark used as soft fiber for large ropes. Flowers valued as antiseptic and
antispasmodic.
Senna hirsuta (Fabaceae). LN: Marsh-bristle grass, Fox/Cat tail grass. Habitat: Grows
all over South India even in coastal regions. Characteristics: Sun-loving erect shrub with
a solid, glabrous, round stem. Leaves compound, alternate, spiral and stalked. Leaflets
ovate with entire margin, acute apex, round base pinnately veined. Flowers bisexual,
grouped together in an axillary raceme, stalked, petals five and fruit a pod. EI/EC: Used
as a green manure, shade plant and vegetable dish. Leaves used for treating herpes and
against skin irritation.
Ficus exasperata (Moraceae). LN: Sand paper tree. Habitat: Seen in river banks, often as
a strangler. Characteristics: Deciduous tall trees with no aerial roots, thick bark, smooth,
fibrous; exudation watery, all parts coarsely and harshly scabrid with stout white hairs.
Leaves simple, alternate, spiral, stipule in pairs, lateral, caducous and leaving scar. Petiole
is canaliculate, with stout white scabrid hairs. Flowers unisexual, inflorescence syconia,
axillary, solitary. EI/EC: A source of sandpaper and a valuable medicinal plant. Bark
decoctions used to treat coughs, worms, haemorrhoids, enlargement of spleen and heart
problems. Sap used to stop bleeding, abscesses, eye ailments and stomach ache. Leaves
and young stems are abortifacient, analgesic, diuretic, oxytocic. Fruit used as a treatment
of venereal diseases, sterility in women. Moderately hard white wood is used for making
canoes, furniture, drums, smoking pipe stems.
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Macaranga peltata (Euphorbiaceae). LN: Poriyani, Vattakkanni. Habitat: A heliophyllous
woody species widely seen in wet zone. Characteristics: Tall, bark brownish, branchlets
stout, sub glabrous, resinous red sap. Leaves simple, alternate, spiral, caduceus,
petiole long, terete, swollen at base, broadly ovate, apex acute, margin minutely
denticulate, nerves radiating from centre. EI/EC: Leaves used to wrap jiggery. Timber
used for making pencils, plywood industry.
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Literature is replete with researches on the ecology, diversity, floristic composition and
distribution of macrophytes in different fresh water bodies of India and abroad13.
Macrophytes identified in this study show that majority of them do ecosystem service
than impact. Macrophytes play an important role in the lifecycle of aquatic organisms
including fishes due to their large size. Fishes feed on aquatic macrophytes11. Studies show
Mainstreaming Biodiversity for Sustainable Development

that majority of macrophytes identified in the present study are being used as food and
traditionally as medicines by mankind which points to the importance of maintaining
this diversity. The physico-chemical parameter value of the pond water can also be
influenced if macrophyte diversity encroaching into the pond ecosystem is not
controlled. Macrophytes may also influence physicochemical properties of the water
column like changes in oxygen, inorganic carbon, pH and alkalinity due to metabolism4.
Conclusion
Ponds, an important fresh water habitat play a critical role in maintaining biodiversity,
even though they are vulnerable to degradation. Single ponds can provide a habitat for both
aquatic and terrestrial biota. Sustainable management of ponds in an urban area can be a
significant contributor to the development of local communities. The study show that
the pond is under threat due to pollution and encroachment. Macrophyte diversity seen
in and around the pond can provide various ecosystem services which point to the need
to formulate policy development plan for well maintenance of this pond throughout its
existence.
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ETHNOBOTANICAL OBSERVATIONS ON HILL PULAYA TRIBE OF
CHINNAR WILD LIFE SANCTUARY, IDUKKI DISTRICT, KERALA
C. G. Pradeep*, T. K. Dinesh Kumar, T. Vishnu Sunil T. K, Siril Joseph,
V. G. Sujith and N. Preetha*
Kerala State Biodiversity Board
L-14, Jai Nagar, Medical College P O, Thiruvananthapuram
Tribal communities in Kerala meet their healthcare needs by using medicinal plants from
forest and preparation based on traditional knowledge. Hill Pulaya, a major tribe residing in
Chinnar Wild Life Sanctuary of Idukki district in Kerala. They are having good knowledge
about the medicinal plant species present in their surroundings. Knowledge of medicinal
plants and herbs of these people are being lost due to the socio-economic changes and
other developmental activities. The present observations on this tribe resulted in the
documentation of 74 ethnomedicinal plant species which are used for treating 33 kinds
of minor and major ailments/diseases. They use these plants for medicine preparation in
a sustainable manner.
Keywords: Traditional knowledge, Ethnobotany, Hill Pulaya, Chinnar Wild Life Sanctuary.
INTRODUCTION

Idukki is the second largest tribal inhabiting district in Kerala. A number of
different tribal groups inhabited in the mountain slopes of Idukki district and is one
of the oldest and richest cultural traditions using medicinal plants. Chinnar Wild Life
Sanctuary (CWLS) is located along the rain shadow region of the Western Ghats between
10° 15’ to 10° 21’ N latitude and 77° 05 to 77° 16’ E longitude. Sanctuary lies in both
Marayoor and Kanthalloor Gramapanchayaths of Devikulam Taluk in Idukki district
of Kerala State. Dominant vegetation is dry deciduous type. Moist deciduous and semi
evergreen forests are also present. Variations in topography and climate have resulted in
Mainstreaming Biodiversity for Sustainable Development
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Human race has been dependent on plants both for their material needs and emotional
needs since its evolution. All over the world, people have developed intimate relationship
with the surrounding vegetation and such a close relationship prevails among
various tribal communities through out the world even today. Tribal people, who live in
harmony with nature, were the custodians of forest resources and possess valuable
traditional knowledge on the availability and sustainable utilisation of forest resources.
They use various medicinal herbs as the first line defense against several ailments/
diseases. The ethnobotanical knowledge of these people is of immense importance and
which has contributed to the region specific medicinal knowledge of India for centuries
(Radhakrishnan et al., 1996). However, due to various human activities such as
deforestation, industrialization and urbanisation, both natural vegetation and traditional
culture/knowledge is fast declining.
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diverse forest ecosystems in this region. There are 11 tribal settlements in the sanctuary.
Major inhabitants are Muthuvas and Hill Pulayas. All the settlements are distributed in
the core area of Chinnar Wild Life Sanctuary. These tribal people possess rich knowledge
and wisdom regarding wild plants including their usage for treating common ailments
and some major diseases. These informations have been passed from generation to
generation orally.
However, as the wealth of tribal traditional knowledge is depleting through generations,
it was felt to document and compile the ethnobotanical informations of Hill Pulaya in
CWLS so as to create awareness among the younger generations of the tribes about this
valuable traditional knowledge as well the scientific community in general. It is also
aimed to prepare a tribal traditional knowledge database for further pharmacological
studies by the future investigators. Similar ethnobotanical studies on tribals of Idukki
have been reported by various authors (Sajeev and Sasidharan 1997; Simon et al., 2011;
Manjusha 2013; Xavier et al., 2014; Krishna and Thomas, 2015).
MATERIALS AND METHODS
Frequent field visits were conducted to 7 Hill Pulaya tribal settlements in Chinnar Wild
Life Sanctuary (CWLF). During each visit at least 5 days were spent with the tribal
people in their hamlets. Tribal traditional healers were identified and interviewed to
get the ethnomedical informations. Tribal people between 35-75 age groups of both
sexes were interviewed and a group discussion was held at each settlement to know about
the plants used to cure various ailments/diseases. Using the methodology suggested by
Jain for ethnobotanical analysis, all necessary aspects of traditional knowledge about the
usage of every specimen were recorded. Plant specimens were collected using the
standard taxonomical procedures. Photographs of every specimen were taken and used
along with the plant specimen for identification and record. The informations gathered
from tribal traditional healers on local name of the plant, parts used, method of preparation,
mode of administration etc. were recorded. In order to protect the traditional
knowledge holders the information was collected in passport script data sheet. The
collected specimens were identified and authenticated with the help of current floras and
digital databases.

NBC 2017

RESULTS AND DISCUSSION
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Botanically derived medicinal plants have played a major role in human societies through
out the history. Many rural people rely on medicinal plants for their first line defense
against various illnesses because of the effectiveness of traditional medicinal practices
and unavailability of modern health practices in their premises (Balick et al., 1992). The
relevance of this knowledge on the daily living standards of rural population, as well as
taking decisions regarding the sustainable use of plant resources is also noted (Laladhas
et al., 2017).
Mainstreaming Biodiversity for Sustainable Development

The present investigation revealed that Hill Pulayas are using 74 species of plants
belonging to 70 genera in 43 plant families for medicinal purposes (Table 1). Habit wise
analysis showed trees constitute the major proportion with 26 species, followed by
herbs 16 species; shrubs 21 species; climbers 12 (Figure 1). Dominant families are
Euphorbiaceae and Malvaceae 5 species each; Asteraceae, Fabaceae, Combretaceae,
Rutaceae 4 plant species from each family. The formulations from these plants are used for
treating 33 kinds of ailments or diseases (Figure 2). Maximum numbers of plants are used
for the treatment of cuts and wounds (14 spp), Bruise and sprain (10 spp) and diarrhoea
and dysentery (7 spp). Other major ailments treated are diabetes (4 spp); asthma (3 spp);
jaundice (3 spp); kidney stone (4 spp); rheumatic fever (3 spp); skin disease (5 spp),
cancer (1 spp) infertility (1 spp) and bone fracture 2 species.
Leaves are the widely used plant part (30 usages) followed by stem bark (17 usages) root
(12 usages) whole plant (11 usages) fruit (10 usages) Stem and latex (6 usages each) areal
part (5 usages) seed (4 usages) flower 2 and tuber 1 usages (Figure 3). Herbal remedies
are prepared in different forms such as cold and hot infusions, decoction, powder, juice
and paste. Various remedies are prepared in the form of paste (25 usage) juice (21 usage)
decoction (15 usage) oil and latex (11 usage), direct consumption (6 usage) etc. (Figure
4). Herbal remedies are taken orally along with different additives such as warm water,
milk honey etc. Turmeric powder or sacked lime is used as an ingredient along with the
paste to improve the medicinal property of certain remedies.

Some of the plants are used to treat specific diseases while others are used for improving
general health. These categories of plants are not effective against a specific illness but for
curing and strengthening the body as a whole. Some are cleansing agents, de- purant or
detoxicant, help in purifying the blood and removing the toxins possibly by stimulating
diuresis. Some are refreshers and anti-inflammatory and as soothing agents. They are
effective in relieving pain associated illnesses. Such generic and indefinite therapeutic
indications are common in ethnobotany and this can be regarded as genuine information.
There are multiple uses of plants and plant parts (Table 1). Same part of a plant is used for
treating one or more ailments eg. Anogeissus latifolia, Blepharis maderaspatensis, Euphorbia
trigona, Premna tomentosa etc. Sometimes different parts of a single plant are used for
Mainstreaming Biodiversity for Sustainable Development
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The common problems in tribal areas are cut wounds and 14 spp are used for treating
this. Other major ailments treated are bruise & sprain (10 spp), diarrhoea & dysentery
(7spp), skin diseases (5 spp), diabetes (4 spp), swelling and oedema (4 spp), vision
problems 4 spp etc. There are various modes of administration of drugs, including
oral administration and topical application. Ailments such as kidney stone, diarrhoea,
leucorrhoea, poisons as snake venom, urinary disorders, helminthiasis, diabetes, jaundice,
rheumatic fever, dysentery, ulcer etc are treated by oral administration of herbal
preparations. Most of the skin diseases, cut wounds, bone fracture, headache, oedema
and swelling, burns, tooth ache etc. are treated by external application of the herbal
extracts.
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treating one or more ailments eg. Bauhinia racemosa, Chloroxylon swietenia, Drypetes
sepiaria, Givotia moluccana, Grewia villosa, Moringa concanensis etc.
As for the frequency of 74 plant species reported here, 40 are defined by informants as
very common, 20 as moderately common and 10 as rare and 4 are endemic to this region
(Table 1). Some of the listed plants are shown in photographs in Appendix 1. It should
also be noted that all the species except two are growing wild in the area. An interesting
fact is that for the preparation of medicines, Hill Pulayas collect the medicinal plants
from wild itself (forest area) and do not cultivate it. Three species of plants (Commiphora
caudata, Didymocarpus tomentosa, Manilkara roxburgiana) used by the tribals are
endemic to Western Ghat (Appendix 1). As the local importance of the species is concerned,
of the total 42 informants, the species most mentioned are Bidens pilosa (32 informants),
Aegeratina adenophora (28 informants), Cympopogon flexusus (27 informants),
Acalypha fruticose (25 informants) Blepharis maderaspatensis (25 informants),
Opuntia striata (20 informants), Solanum violaceum (18 informants), Punica granatum
(18 informants), Anogeissius latifolia (12 informants,. Terminalia cuneata (11 informants),
Pachygone ovata (10 informants), Terminalia chebula (10 informants) etc.
Most of the elder people in the communities are well aware of the medicinal herbs and
their properties. They use fresh materials for medicine preparation, prepare and give
herbal medicines to the person in need at the time of request only and do not store the
preparation. Dosage and duration of medication depends on the age of the patient and
the intensity of disease. They use these plants in a sustainable manner. Certain plants
having medico-religious values are not damaged or destroyed by the tribal community
under any circumstances. Most of the herbal remedies are prepared from leaves and do
not cut the whole tree or root out the whole plant during collection and do not pluck the
leaves during unfavourable weather such as drought and heavy drain. Though they are
skilled in traditional healing, vaidyas or healers do not receive any fees or complements
for the treatment. Religious rituals are also ascertained with drug collection process. All
these restrictions help to retain the viability of plants and these can considered as a method
of sustainable utilisation of the medicinal plants by these tribals. Many of the informations
gathered are newer and not reported earlier by other workers.
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The information collected and presented here shows that Hill Pulaya tribe residing in
CWLS possess rich and diverse knowledge regarding the traditional use of medicinal
plants and they keep it as a part of their cultural heritage. However, the younger generation
of the community is not interested in continuing this valuable ancestral knowledge
which is likely to vanish soon along with the present elderly members. So there is an
urgent need to preserve this valuable knowledge by means of proper documentation and
identification before it vanishes definitively.
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Figure 1. Habit of plants
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Figure 4. Mode preparation of herbal remedies
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BIORESOURCES AND LIVELIHOOD: A CASE STUDY ON THREE
MAJOR TRIBES, MUTHUVAN, MANNAN AND HILL PULAYA OF
IDUKKI DISTRICT IN KERALA
T. Vishnu, C. G. Pradeep, Siril Joseph, T. K. Sunil, V. G Sujith, N. Preetha* and
Dinesan Cheruvat
Kerala State Biodiversity Board
L-14, Jai Nagar, Medical College P O, Thiruvananthapuram
The study reports, the linkage between livelihood and bioresources of three major tribe,
Muthuvan, Mannan and Hill Pulaya residing in the eastern part of Idukki district, Kerala
state. Agriculture is the main source of income of these people. They cultivate cereals,
pulses, vegetables, tuber crops, fruit crops, spices and many cash crops. They collect
various non timber forest products like fire woods, honey, resins/gums, wild tubers, leafy
vegetables for household sustenance as well as for earning their livelihood. They use a
number of wild plants for medicinal uses, which are used for treating various minor and
major ailments or diseases. In addition to that forest and forest resources are very much
linked with the economic, social, and cultural life of all the tribes studied. They use these
forest products with out causing any damage to it.
Keywords: Bioresource, livelihood, NTFP, Ethnomedicine, Tribals, Idukki.

There are an estimated 300 million indigenous people living in more than 70 countries
worldwide, out of which 150 million are living in Asia. India is a country with large
number of ethnic community and has immense wealth due to which it is rich in
biodiversity. Around 573 tribal communities of six racial stocks are living in various
parts of India. Of the total 573 tribal communities, Kerala is home to 37 major tribal
folks. These people live close to the vicinity of forests. They were the custodians of
the forest and forest resources. They still rely forest land and forest produces for their
livelihood. In addition to that, these ethnic people have played a vital role in environment
management and conservation of biodiversity of their localities as they possess
traditional knowledge which has been used for the eco-restoration processes (Banerjee
and Madhurima, 2013). The bioresources which form a major component of the natural
resources occupy a central position in tribal culture and economy. Tribal culture and
lifestyle are closely associated with the forests, the plants and animals that are around.
These tribals take shelter from forests and utilize wild edible plants, tubers, flowers, leaves
and seeds. They use forest timbers for construction of houses and fuel wood for cooking
(some for sale), material for making agricultural implements & fencing, fodder for
livestock’s and in addition plants of medicinal value, bark of tree, gum or latex and honey
from forest (NTFP’s). Additionally, a number of plants are also used and conserved for
Mainstreaming Biodiversity for Sustainable Development
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their cultural, religious and aesthetic needs. These tribals are living in forest since ages
have developed a kind of affinity with the environment there. Similar studies on from
tribal communities from Kerala were reported (Yesodharan and Sujana, 2007; Vineeth
Sahadevan, 2009; Manjusha, 2013). The present study was carried out to document the
livelihood strategies of three major tribal communities, Muthuvan, Mannan and Hill
Pulaya, residing in Eastern part of Idukki district which falls in the Western ghat region
in Kerala state.
STUDY AREA
Idukki is the high range district of Kerala geographically known for its mountainous hills
and dense forests. The district lies approximately within 9°85’ & 10°21 N latitude and
76° 94’ & 77°25 E longitude. The entire district lies in Western Ghat region. Idukki is the
second largest tribal populated district in Kerala. The study was conducted in major tribal
dwelling areas of Idukki district. A number of tribal groups are settled on the mountain
top and valleys. Numerically dominant communities are Muthuvans, Mannans, Hill
Pulayas and Uraly’s. Majority of the Muthuvan settlements have settled in various parts
of Devikulam Taluk while Mannans are settled in Udumbanchola and Peerumedu Taluk.
Hill Pulayas found only in Chinnar Wild Life Sanctuary area in Marayoor and Kanthallor
Gramapanchayaths of Devikulam Taluk. The Gramapanchayaths studied are Edamalakudi,
Marayoor, Kanthalloor, Vattavada, Udumbanchola and Ayyappankovil (Figure 1. Map of
the study area).
The study was conducted during the period of January to December 2016. Frequent field
visits were conducted to Muthuvan, Mannan and Hill Pulaya tribal settlements to explore
their livelihood strategies. The data were collected by interviewing elder tribal people
and questionnaire survey. Informations on the use of domesticated and wild plants for
food, medicine, collection of NTFP for economy, timber for material construction etc
were collected. Discussions filed studies were made with vaidyas (herbal practitioners) to
collect ethnomedicinal informations. Local names of the plants, parts used and economic
importance and other valuable knowledge were collected and authenticated with the
current floras and digital data available.
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The life style and tradition of each indigenous community is unique and is related to
the availability and utilization of natural resources around them (Upendra, 2007). They
have evolved specific and novel livelihood strategies based on traditional knowledge.
This knowledge was passed on through generation and it played an important role in
conservation and sustainable use of biodiversity. So there is an organic unity is exist
between tribals and their surrounding environment. The economy and culture are closely
associated with nature and the natural resources like forest land, water bodies, mineral
resources and other flora and fauna. Traditional livelihood activities are mostly forest
Mainstreaming Biodiversity for Sustainable Development

dependent agriculture and collection of minor forest products. This contribute to the
food and nutrition security, self employment, social, cultural and economic growth and
survival of these indigenous communities elsewhere (Rao, 2001).
Various livelihood activities of the tribal people in the study area include agricultural
cultivation, forest collection, hunting, fishing, animal husbandry etc. The output of these
activities are typically in the form of food grains, food items (fish, meat, milk, vegetable,
fruits), fuel wood, wood for constructing houses, non-timber forest products (NTFP’s)
etc.
AGRICULTURE

NBC 2017

Agriculture is the main source of income of these people. They practice shifting cultivation
and terrace and wet field cultivations. Traditionally they cultivating paddy during rainy
season. They cultivate many indigenous rice and ragi varieties. They also practicing rabi
crops such as pulses like green pea, butter beans; tuber crops such as potato and cassava,
spices such as ginger, cardamom, hill garlic etc. (Table 1. a, b,c). They do not use any
chemical fertilisers and they still used traditional seeds and method of cultivation.
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MINOR FOOD PLANTS
All tribal communities collect various minor food plants from the forest for their daily
life. They collect wild tubers such as Nooron kizhangu (Dioscorea pentaphylla), Nilappan
kizhangu (Dioscorea oppositifolia), Kumbalam kizhangu (Dioscorea alata), Vallikizhangu
(Dioscorea bulbifera), Cheenivazha (Canna indica), Sathavaeri (Asparagus racemosus)
and fruit of Kattu plavu (wild jack fruit and many wild leafy vegetables, like chaanithooru
(Ageratina adenophora), Kattucheera (Amaranthus viridis), Manithakkali (Solanum
americanum) for preparing local dishes. Fruit of tree tomato (Cyphomandra betacea),
pikkies (Prunus persica), and wild passion fruit (Passiflora edulis) are also used to eat
and make various local dishes as well as for sale in the market. Mannans and Muthuvans
extract starch from the pith of wild palm or kattuthengu (Arenga wighti) and used to
make local dishes. Mannans of Udumbanchola extract the pulp from Parandakaya
(Enada rheedi) and is used to make puddings.
NON-TIMBER FOREST PRODUCES (NTFP)
Forest plays an important role in enhancing livelihood strategies of tribals. They collect
various non-timber forest produces for earnings and for their daily life. They collect wild
fruits/nuts/seeds, leaves as vegetable, honey, latex/resin, medicinal plants, firewood etc.
(Table 2.)
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The other economic activities include preparation of Marayoor Jaggary, extraction of
oil from Lemon grass, making of basket, mat & various handicrafts with bamboo reeds
and fising etc. Muthuvans and Hill Pulayas involved in making Marayoor Jaggery and
extraction of grass oil from lemon grass. Both the communities cultivate lemon grass in
large scale in the forest land. Fishing is the major source of income of Mannan peoples of
Kumily and Ayyappankovil.
Mainstreaming Biodiversity for Sustainable Development

BIORESOURCES AND MATERIAL CULTURE
Construction of houses, household items and other artefacts also show linkage with the
environment. They used various minor timbers such as wattle, eucaly, and bamboo sticks
for constructing wall and floor of houses. Household utensils such as mats, baskets made
with the ribs of bamboo, mortar & pestle with wood of Vanchimaram (Salix tetraseperma)
and also make various handicraft items. Leaves of bamboo or Eetta (Ochlandra
travencorica), rattan or chooral (Calamus rotang) and wild palm (Arenga wighti) are used
for roofing houses and twigs and leaves of Karana (Vernonia arborea) are used to make
fences to prevent wind and cold.
BIORESOURCES AND ETHNOMEDICINE
Knowledge of treatment of the disease is another sphere. There is a close relation
between these tribal communities and their environment. Treatment of disease is
invariably based on the use of medicinal herbs found in the region. Some of the plants are
used to treat specific diseases while others are used for improving general health. Most of
the elder people in both the communities are well aware of the medicinal herbs and their
properties. A total 318 species of plants are used for medicinal purposes by the three tribal
communities studied. They use these plants in a sustainable manner. Endemic plants are
used as herbal medicine by the three tribal communities (Table 3).
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Muthuvans of Marayoor use 78 species of ethnomedicinal plants distributed in 72
genera and 39 families, which are used for the treatment of 31 kinds of different ailments/
diseases. The most prevalent medicinal uses of plants are for injuries and dermatological
problems. Nine species of plants are used for the treatment of cuts & wounds and skin
diseases. Seven species plants are used for the treatments of bruise & sprain; diarrhoea
& dysentery; stomach ache and gas trouble. Other important diseases treated are small
pox (1 spp), piles (4 spp), leucorrhoea (2 spp), jaundice (1 spp), bone fracture (3 spp) etc.
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Muthuvans of Vattavada use a total of 59 angiospermic plant species belonging to 56
genera in 36 families and one genus belonging to pteridophyte for the treatment of
various ailments. The representing plants are used as herbal remedies for the treatment
of minor ailments like cough and cold (5 spp.), indigestion, constipation and abdominal
problem (10 spp.), headache (9 spp.), skin diseases (6 spp.), snake bite/insect poison (2
spp.), toothache (2 spp.), helminthiasis and worm infestation (3 spp.), setting of bone
fracture (3 spp.), cut wounds (9 spp.), blood pressure (1spp.), burn (3 spp.), eye disease/
vision problem (3 spp.), gynaecological problem (1 spp.). Plants are also used for treating
major ailments like diabetes (2 spp.), jaundice (1 spp.), rheumatic fever (7 spp.), urinary
disorders, piles and kidney stone (2 spp.), diarrhoea (4 spp.), dysentery (1 spp.) ulcer (2
sp.) bronchitis/asthma (3 spp.) etc.
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Hill Pulayas reside in Chinnar Wild Life Sanctuary (Marayoor and Kanthalloor
Gramapanchayath) use 74 species of plants belonging to 70 genera in 43 plant families for
medicinal purposes. The formulations from these plants are used for treating 33 kinds of
Mainstreaming Biodiversity for Sustainable Development

ailments or diseases. Maximum numbers of plants are used for the treatment of cuts and
wounds (14 spp), Bruise and sprain (10 spp) and diarrhoea and dysentery (7 spp). Other
major ailments treated are diabetes (4 spp); asthma (3 spp); jaundice (3 spp); kidney
stone (4 spp); rheumatic fever (3 spp); skin disease (5 spp), cancer (1 spp) infertility (1
spp) and bone fracture 2 species.
Mannans of Udumbanchola use 82 plant species belonging to 74 genera and 43 plant
families for medicinal purposes. Plants are used for the treatment of 24 kinds of minor
and some major ailments. Cut wounds (7 sp) swelling edema (5 sp.) Bruise sprain (7 sp.)
antidote for spider and scorpion (5 sp) headache (3 sp) indigestion and constipation (4
sp) cough and cold (6 sp) intestinal worm problems (5 sp) pregnancy and womb clearing
(2 sp) menstrual cycle disorders (2 sp) dandruff (1 sp) stomach ache (4 sp) wart and
calluses (4 sp) Tooth ache (4 sp) etc. Some of the remedies are used for treating major
ailments like jaundice (4 sp) diabetes (3 sp) rheumatic fever (5 sp) urinary disorders (8
sp) diarrhoea and dysentery (4 sp) kidney stone (1 sp) piles (2 sp), stroke (1 sp) chicken
pox (5 sp) and antidot for snake poisoning 4 species etc.
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Mannans of Ayyappankovil use 25 medicinal plants. Of them 24 are angiosperms and
one is a pteridophyte. These belong to 22 genera in 16 plant families. These plants are
used to treat 19 kinds of disease or ailments. The ailment to which maximum number of
plant species used are for the treatment of swelling and edema, 4 species.
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BIORESOURCES AND RELIGIOUS CULTURE
Tribes use many plants and plant parts like wood, leaves, flowers etc for religious
purposes such as pooja festivals, decoration, marriage, funeral, puberty rituals, art
forms like Kooth, Attam etc. In Vattavada, Muthuvans use plants like Rhododendron
(Rhododendron arboretum), Vanchimaram (Salix tetrasperma) and Cherula
(Aerva lanata) for religious purposes. It is believed that, at earlier times the tribals
were settled in 5 villages viz, Marayoor, Kanthalloor, Keezhanthoor, Kottakamboor and
Vattavada and named it as ‘Anchunaadu’. History of Marayoor gramam is deeply linked
with Anchaanattan para, a largest rocky peak in the region, where culprits were throw
away from top of the rock. Therefore used to be a symbiotic relationship between tribals
and the forest. The forest has played a significant role in shaping the social, economic,
religious, political and cultural systems of tribal societies and there exists an emotional
attachment between tribals and the forest landscape.
SUSTAINABLE UTILISATION BIORESOURCES
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As they usually practice shifting cultivation it improves the soil fertility and allows
enough time to the revival of the natural ecosystem. Regarding the forest products, they
are more forest friendly and do not exploit forest resources randomly. They have various
cultural customs and beliefs in collection and utilization of forests products. They give
restrictions such as specific time for collection, intake of minor food items, plants
of edible and non-edible value, ritualistic and no-ritualistic value, medicinal and
non-medicinal properties etc. In addition to that they are much believed in natural forces
and offer them praying before collecting any forest products. All these restrictions impart
a positive value regarding the sustainable utilization of bioresources.
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CONCLUSION
From the study about the livelihood strategies of Muthuvan, Mannan and Hill Pulayas
tribal communities of Idukki district, it is observed that the livelihood and culture of
these people are closely associated with the nature. The forests play a vital role in the daily
needs of these people. To them food, fuel, fodder and construction materials are almost
entirely provided by the forests. However there is a threat to livelihood security of these
people due to depletion of forest, population growth, scarcity of natural resources due to
climate changes, change in pattern of agriculture, climate and also change in life style of
these people.
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Bacopa monnieri (L.) Wettst. (Plantaginaceae) known as ‘Brahmi’ in Malayalam is a
perennial, herbaceous creeper. This high value medicinal plant species is pantropical in
distribution and occurs in wetlands of Kerala. B. monnieri is used in Indian traditional
systems of medicine such as Ayurveda, Siddha and Unani. It is also used as the source
of medicines in homoeopathy and as an ingredient of a number of herbal drugs too.
Consequent on the high demand of the species in pharmaceutical industry, the species
is over exploited from the wild in Kerala, resulting in drastic depletion of the resource
and loss of genotypes. The present day degradation and destruction of habitat of the
species – wetlands – is yet another reason for dwindled supply of raw drug and extinction
of its populations. Loss of genotypes of the species and the resulting shrinkage of its
germplasm and depletion of resource base of this important medicinal plant species
is of great concern to the pharmaceutical industry as well as cost effective traditional
health care practices in Kerala. Hence conservation and effective utilization of the
germplasm of the species occurring in Kerala is the need of the time. In this backdrop we
have undertaken biosystematic studies on the genotypes of the species aimed at
understanding its intraspecific variability in the genepool available in Kerala especially
on genetic variation in the percentage content of bacosides- bacoside A and bacopaside
I, the major bioactive components of the species. The study has reported for the first
time the highest percentage content of bacoside A (5.57 %), bacopaside I (1.46 %) and
total bacosides (6.75 %) possessing genotypes in Kerala, which is advantageous for their
use as raw drug in pharmaceutical industry and in traditional health care practices. The
discovery of high bacoside possessing genotypes is significant on the point of view
of their effective utilization in pharmaceutical industry, cultivation and genetic
improvement of the crop. In this backdrop conservation and effective utilization of the
species occurring in Kerala warrants urgent attention.
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INTRODUCTION
Bacopa monnieri (L.) Wettst. (Plantaginaceae) is a perennial, herbaceous creeper
distributed in the tropical parts of the world. It occurs all over India, including the
Andaman & Nicobar Islands and distributed widely in Kerala. It is one of the core
species used in Indian traditional systems of medicine such as Ayurveda, Siddha and
Unani. B. monnieri is used as the source of many medicines in homoeopathy and it is an
ingredient of a number of herbal drugs too. It is a highly valued medicinal species mainly
due to its rejuvenative and nootropic therapeutic properties (Singh and Singh 1980). As
a result of high demand of the species in pharmaceutical industry, this species is being
collected indiscriminately from the wild, causing drastic depletion of the resource- base
of the species as well as gene erosion. It is estimated that about 10,000 to 12,000 tons of
fresh biomass of the species is collected annually from the wild in India (Karthikeyan
et al., 2011). The present day degradation and destruction of habitat of the species –
wetlands – is yet another reason for extinction of its genotypes. Loss of genotypes of the
species is an irreversible set back to the richness of its germplasm. A genotype once lost is
a loss forever, because re-creation of the genetic entities, which has evolved in nature over
a long period of time, is not feasible. Loss of genotypes of the species and the resulting
shrinkage of its germplasm and depletion of resource base of this important medicinal
plant species is of great concern to the pharmaceutical industry as well as the low cost
effective traditional health care practices in Kerala. Hence, conservation and effective
utilization of the germplasm of the species occurring in Kerala is the need of the time. In
this backdrop we have undertaken biosystematic studies on the genotypes of the species
aimed at understanding its intraspecific variability in the gene-pool available in Kerala,
especially on genetic variation in the percentage content of bacosides- bacoside A and
bacopaside I, the major bioactive components of the species.
MATERIALS AND METHODS

Planting materials of the accessions collected during the field surveys were planted in the
Nursery at JNTBGRI. On establishment, the plants were transplanted to the Field Gene
Bank (FGB) of Medicinal, Aromatic and Spice plants of the Institute and propagated them
vegetatively. Five noded stem cuttings of the fourth generation vegetatively propagated
plants of the accessions procured from the FGB were planted in the Experimental
Mainstreaming Biodiversity for Sustainable Development
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Field surveys were conducted during 2011 – 2012 throughout Kerala. During the surveys
60 accessions of B. monnieri were located in different parts of the State. Field data of the
accessions based on ‘Passport data sheet’ were collected, along with herbarium specimens
and planting materials. Herbarium specimens collected were processed, mounted and
were subjected to detailed morphological study in the laboratory. Taxonomic identity
of the specimens was confirmed by matching them with authentic specimens of the
species and voucher specimens of all the accessions were deposited in the Herbarium of
JNTBGRI (TBGT).
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Plot (EP).
Specimens of the 60 accessions of the species were collected from the EP and detailed
morphological analysis was carried out based on 15 qualitative and 25 quantitative
characters (List-1). Five observations were scored for each character. Simple random
sampling was followed for collecting the data pertaining to the selected morphological
characters. Variability in the qualitative characters was assessed by counting the number of
character states in which each character is expressed and the states of the characters were
determined visually. Variability among the accessions in the quantitative characters was
assessed by estimating the range and Mean.
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List 1. Morphological characters of Bacopa monnieri selected for the study
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For HPTLC analyses, vegetatively propagated B. monnieri plants were collected from
Mainstreaming Biodiversity for Sustainable Development

the experimental field just before initiation of flowering and percentage content of the
bioactive constituents, bacoside A and bacoposide I in the 60 accessions was estimated.
Three plants of each B. monnieri accession were collected, air dried and powdered. One
gram of accurately weighed whole plant powder is extracted by reflux, repeating for
five times with 20 ml methanol for 15 min. each. The filtered extracts were then pooled
and concentrated to dryness under vacuum and recorded its weight. The extract is then
redissolved and made upto 50 ml using methanol and the resultant solution is used for
HPTLC analyses for estimating percentage content of bacoside A and bacoposide I.
RESULTS AND CONCLUSIONS
The field survey revealed that most of the accessions prefer marshy ecosystems and certain
others are adapted to fresh water and brackish habitats. The distributional range of the
species in Kerala covers altitudinal ranges from near sea level (4 m) to high ranges (1462 m).

There are two types of corolla lobbing, unequal and equal and the latter observed only in 10
accessions. Flower colour falls under three character states such as violet, pale violet and
white, pale violet (61.67 %) being the most common. Corolla throat colour occurs in four
states such as dark purple, purple, light purple and white. Colour of the corolla base also
varied noticeably (yellow, yellowish green, light yellowish green and white), the light
yellowish green being the common type (65 %). Colour of the stigma showed very low
variation with only two character states, dark green to light green and majority of the
accessions fall under dark green, whereas colour of the style showed high variation with
four character states such as green, light green, pale yellowish green and white, the pale
yellowish green being the commoner. Colour of ovary varies from green, light green to
yellowish green and the common one is light green. There are only two capsule shape
Mainstreaming Biodiversity for Sustainable Development
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The 60 accessions were subjected to assessment of variation with respect to 15 qualitative
characters and 25 quantitative characters. The qualitative characters such as disposition
of primary branches, stem colour, node-centric anthocyanin pigmentation, leaf colour,
leaf shape, flower colour, corolla throat colour, corolla base colour, stigma colour, style
colour, ovary colour, capsule shape and seed colour displayed considerable variation. The
characters such as corolla type and fruit shape showed less variation. The disposition of
primary branches varied from erect, sub-erect to prostrate, of which sub-erect is the most
common among the accessions. Stem colour shades noticed are green, pale green and
yellowish green, of which pale green is predominating. Based on the magnitude of intensity
of node-centric anthocyanin pigmentation, the accessions can be clustered into four
classes such as those with no anthocyanin pigmentation, low, medium or high. About
fifty three percent of the accessions lacked anthocyanin pigmentation. Based on the leaf
shape, the accessions can be broadly grouped into three, of which 45 % of the accessions
fall under the oblong leaf shape class, followed by obovate (31.67 %). The oblanceolate
type was least frequent (23.33 %). Shape of leaf tip varies from round to obtuse to retuse,
of which rounded (81.67 %) is the most common.
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types, obovate and oblong, of which the oblong predominated. Seed colour varied from
dark brown, brown, to light brown with brown more common. However, shape of the
seeds is apparently pliable.
All the 25 quantitative characters, barring long stamen length, showed remarkable
variation among the accessions. No. of dentations/leaf, leaf thickness and No. of seeds/
capsule showed highest variation followed by leaf area, internode length, pedicel length
and bracteole length. Characters which showed low variation were leaf thickness, short
stamen length and style length.
Internode length in the accessions showed a range of 0.84 – 2.76 cm (Mean 1.55 cm)
and stem thickness from 0.10 – 0.25 cm (Mean 1.55 cm). With regard to various leaf
parameters, the accessions showed conspicuous variation, leaf length 1.50 – 2.80 cm
(Mean 1.55 cm), leaf width 0.50 – 1.1 cm (Mean 0.16 mm), leaf area 48 – 159 mm2 (Mean
96.88 mm2), leaf thickness 0.02 – 0.06 mm(Mean 0.04 mm). and leaf dentation 0 – 6 nos
(Mean 2.31 nos). The variation observed in the flower characters is also notable. The
pedicel length showed a range of 1.10 – 3.80 cm (Mean 2.35 cm), flower diameter
0.90 – 2.00 cm (Mean 1.30 cm), bracteole length 0.10 – 0.45 cm (Mean 0.24 cm), first
sepal length 0.40 – 0.75 cm (Mean 0.56 cm), first sepal width 0.25 – 0.45 cm (Mean 0.34
cm), second sepal length 0.40 – 0.75 cm (Mean 0.54 cm), third sepal length 0.40 – 0.70
cm (Mean 0.53 cm), fourth sepal length 0.30 – 0.60 cm (Mean 0.49 cm), corolla length
0.85 – 1.8 cm (Mean 1.06 cm), corolla width 1.0 – 2.15 cm (Mean 1.75 cm), short stamen
length 0.15 – 0.25cm (Mean 0.20 cm), style length 0.40 – 0.60 cm (Mean 0.52 cm) and
ovary length 0.10 – 0.20 cm (Mean 0.18 cm). There is no variation for long stamen length
among the accessions.
Among the variation registered for fruit characters, the maximum variation was exhibited
by No. of seeds/capsule (range 09 – 198, Mean 72.23 nos.), the others are fruit length 0.23
– 0.52 cm (Mean 0.40 cm), fruit breadth 0.11 – 0.30 cm (Mean 0.18 cm). Biomass yield
of the accessions varied from 6.2 to 11.98 % (Mean 8.37 cm) and 15 accessions showed a
comparatively greater biomass yield of more than 9%.
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Variations in percentage content of bioactive principles bacoside A, bacopaside I and
total bacoside were studied and found that bacoside A ranged from 1.31±0.04 to 5.57±0.22,
bacopaside I from 0.30±0.01 to 1.46±0.02 and total bacosides from 1.92±0.04 to 6.75±0.25.
The study discovered three elite genotypes (Bm11, Bm 50 and Bm 52) of the species as
regards percentage of bacoside A and bacopaside I.
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Detailed analysis of morphological features and percentage content of the bioactive
constituents in the 60 accessions of the species revealed that the species exhibits
considerable genetic variation in its gene-pool in Kerala. During the field surveys
all over Kerala, undertaken as part of the study it was observed that most of the
populations of the species in the State are on the verge of extinction mainly due to over
exploitation and habitat loss. Major part of the demand of the raw material- fresh herb- for
Mainstreaming Biodiversity for Sustainable Development

pharmaceutical industry is still met by collection from the wild source. Habitat of the
species – wetlands – is also under great threat due to anthropogenic factors.
The study has identified three elite accessions (Bm11, Bm 50 and Bm 52) of the species with
regard to the percentage content of bacoside A and bacoposaide I. Large scale cultivation
of the elite genotypes will certainly reduce pressure on the remaining resource of the
species growing in the wild. Elite genotypes are also useful for the development of
improved cultivars through breeding programmes.
During the field study it is also noted that this species is a poor competitor and its growth
is suppressed by grassy weeds in their habitats. In certain localities inflow of saline water
to fresh water habitat of the species also leads to destruction of its populations. Hence,
urgent measures have to be undertaken for conserving the remaining germplasm of the
species available in the State. Ex-situ and in-situ conservation programmes have to be
started urgently in the State for saving the remaining genetic resource of this high value,
therapeutically important species.
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Shell and mushroom waste products from processing industries and farms aggravate
the environmental and health hazards. The most frequent method employed for its
disposal is burning which is costly due to low burning capacity of shells or moisture
content. Accumulation of these waste product leads to foul smell. In such a scenario,
conversion of waste into a commercially valuable product with a myriad of uses, could
serve as an effective mode of waste management. Chitin is the second most important
natural polymer in the world. Chitin or poly (β-(1→4)-N-acetyl-D-glucosamine) is a
natural polysaccharide which is obtained from various natural resources. Chitosan was
obtained from shrimp shell waste by deproteination, demineralisation, decolourization
and deacetylation processes. Objective of this study was to isolate this natural
polymer from various resources, its chemical modification to chitosan, the most important
derivative of chitin, its characterization and utilization. Chitosan, which is soluble in
acidic aqueous media, is used in many applications (food, cosmetics, biomedical and
pharmaceutical applications). In this study chitosan was isolated from Shrimp species
and mushroom waste. Identity of chitosan was characterized by chemical, physical and
FT-IR Analysis. Various pharmaceutical application such as antimicrobial, antifungal
and anti cancerous studies were performed. Chitosan nano particles were synthesized
to test its ability as a nano carrier in drug delivery. In addition to that bio plastic from
chitosan was prepared and its stability was tested.
Keywords: Shell, Mushroom, Moisture content, Polymer.
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Chitin is a hard, inelastic, and white polysaccharide found in the exoskeleton of insects,
crabs, shrimps and lobsters, in the internal structure of other invertebrates such as prawns
and insects, as well as, on the cellular wall of fungi and yeasts. It is the second most
abundant biopolymer after cellulose[1]. This biopolymer has a highly linear structure
and is insoluble in water. It dissolves quickly in concentrated acids and in some
fluoroalcohols yet its reactivity is low. Other relevant properties of this biopolymer are its
high molecular weights and porous structure which favours high water absorption [2, 3].
The chemical structure of chitin is similar to cellulose, having one hydroxyl group on
each monomer substituted with an acetylamine group. [4,5].
Chitosan is found in certain types of fungi; nevertheless, it is generally most-efficiently
Mainstreaming Biodiversity for Sustainable Development

obtained from chitin deacetylation. Indeed, at present, publications on chitosan
applications are increasing considerably. This has made chitosan a more used product
than chitin, mainly due to chitosan functionality and ease of solubilization; these
characteristics make it possible for chitosan to be susceptible to transformation in several
forms, and it is the only natural cationic polymer [1].
There are various techniques used to isolate chitosan reported in literature, for they
mostly depend on the characteristics of the source, usually obtained in the fishing industry.
However, it is possible to isolate chitosan from various algae and fungi which may be
deemed good sources of chitin and chitosan. The methods used to obtain them are
quite similar; nonetheless, it is necessary to use microorganism cultures to render the
demineralization process unnecessary [6].
Chitosan has a unique property which makes it useful for a variety of industrial
application such as a viscosity control agent, adhesive, paper strengthening agent and
flocculating aid, among others chitosan has recently been used in many areas, for
example, in cosmetics, pharmaceuticals, food additives and agriculture [7].
The development in new applications for chitosan is strongly based on the fact that this
polymer can be obtained from renewable sources such as fisheries; it is non toxic,
nonallergenic, biodegradable and present in antimicrobial activity [8].
Chitin and chitosan have been investigated as an antimicrobial material against a wide
range of target organisms like algae, bacteria, yeasts and fungi in experiments involving
in vivo and in vitro interactions with chitosan in different forms (solutions, films and
composites). Early research describing the antimicrobial potential of chitin, chitosan, and
their derivatives are dated from the 1980-1990s [9-14]. Generally, in these studies the
chitosan is considered to be a bactericidal (kills the live bacteria or some fraction therein)
or bacteriostatic (hinders the growth of bacteria but does not imply whether or not
bacteria are killed), often with no distinction between activities. Recent data in literature
has the tendency to characterize chitosan as bacteriostatic rather than bactericidal [15].
Thus the objective of this study was to extract chitosan from the wastes of two different
species of Shrimp, Penaeus monodon and Penaeus indicus and also from white oyster
mushroom Pleurotus ostreatus, and to investigate about its pharmacological applications.
MATERIALS AND METHODS
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The bacteria Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Salmonella typhi
and fungi Aspergillus niger, Candida albicans were isolated from clinical samples These
cultures were used in the evaluation of antimicrobial activity. The microorganisms were
maintained at 370C in nutrient agar medium and 250C in potato dextrose agar respectively.
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COLLECTION AND PREPARATION OF RAW MATERIAL
Fresh shrimp waste was collected from Champakkara market, Kochi. The samples were of
2 different species, Penaeus monodon and Penaeus indicus. Both the samples were treated
separately. Penaeus monodon was labelled as SL and Penaeus indicus was labelled as SM.
The samples were washed with tap water and crushed with mortar and pestle. Crushed
shrimp waste was packed in polythene bags and kept at 240C for 24 hours for partial
autolysis. This facilitates the chemical extraction of chitosan and improves its quality.
White oyster mushroom, Pleurotus ostreatus of irregular shape and dimensions and with
abnormal odour, considered as wastes were donated from Kerala Agricultural University,
Mannuthy, Thrissur. On reaching the Laboratory, the mushrooms were packed in paper
bags, dried, ground to a powder and stored in a dessicator at room temperature for
further analysis and extraction.
ISOLATION OF CHITOSAN
a) From Shrimp
Chitosan was isolated from shrimp by following 4 steps: Demineralisation, deproteinisation,
decolourisation and deacetylation. The detailed explanation is discussed below.
• Demineralisation
The removal of all mineral content present in the sample is known as demineralisation.
This process was carried out by using 3 different concentrations of HCl (3%, 4%, 5%) with
a solid to solvent ratio 1:4 (w/v). This was carried out for 16 hours at 280C. The residue
was washed thoroughly with tap water and finally with distilled water until the pH was 7.
• Deproteinisation
In order to eliminate the proteins of the residue, the shrimp shell was treated with 2
different concentration of NaOH (4%, 5%) with a solid to solvent ratio 1:4 (w/v) for
20 hours at 280C. The residue was washed thoroughly with tap water and finally with
distilled water until the pH was 7. This purified chitin was dried until it became crispy.
Chitin flakes were ground to small particles to improve deacetylation.
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• Decolourisation
To make the chitin flakes white and attractive, a decolourisation step is carried out, which
is optional. This was carried out using 1% potassium permanganate followed by 1% oxalic
acid. The residue was washed well to obtain clear white chitin flakes.
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• Deacetylation
Deacetylation is the process of removal of acetyl groups from an organic compound.
When chitin is deacetylated, Chitosan is obtained. This process was carried out using
65% NaOH at 900C for 20 hours with a solid to solvent ratio 1:5 (w/v). The residue was
washed thoroughly with tap water and finally with distilled water until the pH was 7. The
resulting chitosan was air dried for 4 hours at 650C and prepared for characterization.
Mainstreaming Biodiversity for Sustainable Development

b) From Mushroom
Fungal mycelia have lower level of inorganic materials compared to crustacean wastes,
and thus no demineralization treatment is required during the processing.
Other processes such as deproteinisation, decolourisation and deacetylation were carried
out in the same manner as described above.
Solubility of Chitosan
The solubility of chitosan is an important parameter for determining the quality of
chitosan, where higher solubility will produce a better chitosan. Chitosan dissolves
completely in 1% acetic acid. Weigh 0.1g of chitosan and add 10ml of 1% acetic acid.
Antimicrobial activity of Chitosan
The antimicrobial activity of chitosan was tested using bacteria and fungus. Before
performing the antimicrobial activity, the microorganisms were identified by microscopic
observation and biochemical characterization. Antibacterial activity of chitosan was tested
against Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Salmonella typhi. Both
Disc diffusion method and Well diffusion method was followed.
Disc Diffusion method
Antimicrobial analysis was carried out using disc diffusion and well diffusion methods.
(1) Standard chitosan (2) SL treated with 4% HCl and 4% NaOH (3) SM treated with 4%
HCl and 4% NaOH (4) Chitosan produced from Mushroom (5) SM treated with 5% HCl
and 4% NaOH (6) SL treated with 5% HCl and 4% NaOH (7) Antibiotic (Nitrofurantoin)
(8) Antibiotic and acetic acid.
Antifungal activity of chitosan
Antifungal activity of natural extracts and pure compounds can be detected by inhibition
of various fungi, yeast or filamentous, by samples that are placed in contact with them.
Several methods for detecting activity are available, but since they are not equally sensitive
or not based upon the same principle, results will be profoundly influenced by the method.
The methodology for testing natural compounds for determination of antifungal activity is
variable and each research group employs different types of tests. In our experiments, we
have used well diffusion method and colony counting methods (spread plate and pour
plate).
BIOPLASTICS AND BIOADHESIVE FROM CHITOSAN
Chitosan was weighed and mixed with glycerine and mixed well with glacial acetic
acid.The content was mixed by continuous stirring and gentle heating. This was poured
Mainstreaming Biodiversity for Sustainable Development
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onto a petridish and allowed to get dried . After drying, the film was peeled off from the
petriplate. Later the Chitosan was checked for the biodegrability study. Bioadhesive
chitosan was added to 1% acetic acid. The content was mixed by continuous stirring and
gentle heating and tested for its adhesive property.
Result and Conclusion
Isolation of chitosan
Chitosan was extracted from the wastes of shrimp and mushroom. The obtained
chitosan was characterized. A clear white Powder obtained was characterised using FTIR
on comparison with Chitosan standard. (Fig.1) & (Fig.2)
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Microbial cultures obtained from clinical specimen were identified as Escherichia
coli, Staphylococcus aureus, Salmonella typhi. Bacillus based on the biochemical and
morphological characters. (Fig.3-4).
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Chitosan isolated from three waste resources and comparative analysis of the quality
was made from two different species of prawns and decayed oyster mushroom species.
In this study emphasis was given on the synthesis of chitosan which is suitable for the
pharmaceutical and Industrial applications. The similar studies were conducted by
various workers for the purposes of synthesising chitosan suitable for pharmaceutical
industry [16] Waste materials from Pleurotus ostreatus was utilised for Chitosan
synthesis. This is in accordance with studies done on Ganoderma lucidum basidiomycetes
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mushroom, which is obtained through biotechnological culture. [17]
Synthesis of Bioplastics and Bioadhesives from chitosan was successful as it imparts an
alternative solution for plastic accumulation and chemical accumulation in the
environment. (Fig:5) Chitosan derived biopolymers offer a wide range of applications
including preservation of foods from microbial deterioration and formation of
biodegradable films. Application of chitosan based biopolymers were reviewed by various
workers (17-19).
BIOPLASTICS
Edible and biodegradable films have been successfully explored at experimental level,
attracting interest in the food preservation and packaging technology fields. Thus, a
growing interest in natural polymers, like chitosan, is observed. Chitosan is considered as
being biocompatible, biodegradable and possesses antimicrobial activity and filmogenic
properties. Biodegradable properties were also studied.
BIOADHESIVE FROM CHITOSAN
All these bioadhesives have been used for many years but have been generally superseded
by synthetic alternatives, due to their poor performance, especially in terms of water
resistance properties and limited strength. Hence the development of efficient adhesives
from bioresources is now a challenging field.
Chitosan is a good antibacterial agent against Staph aureus and E.coli. Sudarshan et al.,
in 1992, also reported that the antibacterial activity of chitosan is due to its ability to
penetrate the cell wall of bacteria, combine with DNA and inhibit synthesis of mRNA and
DNA transcription. [20].
Antifungal, chitosan nano particle and anti- cancerous properties were studied, however,
further study is need to prove its efficacy.
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Fig. 2 (3)

Fig. 3 E.coli Chito (2)

Fig. 4 Bacillus Chito (2)

Fig. 5 Staph chito (2)
Fig. 6 Bioplastic chitosan (2)
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Fig.1 CHITOSAN (2)
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Mucuna pruriens, known as ‘Naikorana’ in Malayalam is a leguminous wild plant
resource, having medicinal, nutritional and bio-fertilizer importance. This species is
pantropical in distribution and occurs in Kerala in four varietal forms, M. pruriens var.
pruriens, var. utilis, var. hirsuta and var. thekkadiensis. All of them are also used as fodder.
M. pruriens is the major natural source of the bioactive compound, L-DOPA, which is
the only ‘magic bullet’ in allopathic system of medicine for the treatment of Parkinson’s
disease. Seeds of the species are also having high protein content, comparable to any
other food legumes and this adds to the utility of the plant as an alternative source of
protein rich diet, especially in developing countries, where protein malnutrition is a
serious problem. The presence of several anti-nutritional factors, mainly L-DOPA, is a
major impediment of its use as food. In this backdrop, we have undertaken biosystematic
studies on genotypes of the species, aimed at understanding intraspecific variability
of the species, especially genetic variability in L-DOPA content. The study has reported
for the first time the highest (6.42%) and lowest (0.58%) percentage content of L-DOPA
possessing genotypes in the gene-pool of the species, which is advantageous for their
use as medicinal and food crop respectively. The discovery of the respective high
and low L- DOPA yielding genotypes is significant from the point of view of their
direct utility as food and in pharmaceutical industry. Novel ventures in the above
mentioned agricultural and pharmaceutical sectors, for utilizing the potential of the
newly discovered genotypes of the species can provide new impetus in economic
development of the State.
Keywords: Anti-nutritional factors, pharmaceutical industry, genotypes
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Mucuna pruriens ( Fabaceae) is a leguminous climber distributed in the tropical Asia,
of which four varieties viz., M. pruriens var. pruriens, var. utilis, var. hirsuta and var.
thekkadiensis occur in peninsular India. M. pruriens is commonly known as ‘Velvet bean’,
which is one of the most important species of the genus, owing to its medicinal, nutritional
and agricultural importance. Almost all parts of the species have medicinal properties
especially seeds, roots, leaves and trichomes are constituents of about 200 indigenous
drug formulations (Samuel et al., 2008). The plant assumes importance in indigenous
Mainstreaming Biodiversity for Sustainable Development

systems of medicine, particularly in Ayurveda and it has been used for treatment of
various ailments. According to ‘Dhavantari Nighantu’ the fruits of M. prurines are used
for the treatment of ‘Vata’, malignant ulcers and against addiction to liquor (Narayana
Aiyar and Kolammal, 1962). The seeds of the species possess an array of medicinal
properties such as anabolic, androgenic, analgesic, anti-inflammatory etc. Besides, the
major bioactive compound of the plant, a non protein aromatic aminoacid, L-DOPA is
used in Allopathic system of medicine for the treatment of Parkinson’s disease. Despite
the presence of antinutritional constituents like L-DOPA, the seeds of the species possess
high protein content comparable to any other food legumes (Gilbert, 2002). Therefore this
species is a potential alternative source of protein rich diet, especially in the developing
countries, where protein malnutrition is a serious problem.
High demand of the species in pharmaceutical industry has resulted in over exploitation
of the species from the wild (Lahiri et al., 2011). Degradation and destruction of habitat
of the species is yet another cause of depletion of its populations and consequent gene
erosion. Loss of genotypes of the species is an irreversible set back to the richness of
its germplasm. A genotype once lost is a loss forever, because re-creation of the genetic
entities, which has evolved in nature over a long period of time, is not feasible. Loss of
genotypes of the species and the resulting shrinkage of its germplasm and depletion of
resource base of this important medicinal/nutritional plant species is of great concern
to the pharmaceutical industry as well as nutritional security of the people belonging
to low income group. Hence, conservation and effective utilization of the germplasm of
the species occurring in Kerala is the need of the time. In this backdrop we have undertaken biosystematic studies on the genotypes of the species aimed at understanding its
intraspecific variability in the gene-pool available in Kerala, especially on genetic
variation in the percentage content of L-DOPA aimed at identifying genotypes of
M. pruriens possessing high and low percentage content of L-DOPA.
MATERIALS AND METHODS

Planting materials of the accessions collected during the field surveys were planted in the
Nursery at JNTBGRI. On establishment, the plants were transplanted to the Field Gene
Bank (FGB) of Medicinal, Aromatic and Spice plants of the Institute. Seeds collected
from the accessions grown at FGB were used for raising the plants in the Experimental
Mainstreaming Biodiversity for Sustainable Development
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Field surveys were conducted during 2008-2010 throughout Kerala. During the surveys
30 accessions of M. prurines were located in different parts of the State. Field data of the
accessions based on ‘Passport data sheet’ were collected along with herbarium specimens
and planting materials. Herbarium specimens collected were processed, mounted
and were subjected to detailed morphological study in the laboratory. Taxonomic
identity of the specimens was confirmed by matching them with authentic specimens
of the species and voucher specimens of all the accessions were deposited at TBGT,
Thiruvananthapuram.
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Plot (EP). Specimens of the 30 accessions of the species were collected from the EP and
detailed morphological analysis was carried out based on 35 qualitative and 50
quantitative characters. Five observations were scored for each character. Simple random
sampling was followed for collecting the data pertaining to the selected morphological
characters. Variability in the qualitative characters was assessed by counting the number
of character states in which each character is expressed and the character states of the
characters were determined visually. Variability among the accessions in the quantitative
characters was assessed by finding out the Range and Mean values of the traits.
For phytochemical analyses, seeds of the thirty accessions collected from EP were dried
and powdered separately. 2g of the seed powder was extracted using 1:1 formic acid–
alcohol for 24h. Cold extraction was preferred over hot extraction. The extract was
subjected to HPTLC densitometry for quantification of the compound.
RESULTS AND DISCUSSION
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The study has revealed a wide spectrum of variation in the germplasm of the species
occurring in Kerala. The distributional range of the species in Kerala covers altitudinal
ranges from almost sea level (1m) to high ranges (860 m). The varieties displayed
morphological variation in several characters particularly with respect to flowers, fruits
and seeds. As regards the flower colours, in the var. pruriens the flowers are light purple,
while in the var. utilis, two different forms were noticed, one possessing the light purple
flowers, while the other possessing white flowers. But , flowers of the varieties – var.
hirsuta and var. thekkadiensis are dark purple. The fruits are ‘S’ shaped and are covered
with reddish brown or grey irritant velvety bristles in var. Pruriens as against ‘J’ shaped
black or grayish fruits which are covered with small non irritant hairs in var. utilis. But in
both the varieties – var. hirsuta and var. thekkadiensis, fruits are linear and are covered
with pale brown irritant bristles. The seeds of var. pruriens and var. utilis are ovate, but
they differ with respect to their size and colour. The seeds of var. pruriens are small
(0.9 x 0.6 cm) and are black, brown or mottled (black-grey or brown – grey) in colour.
Compared to the seeds of the var. pruriens, seeds of the var. utilis are large ( 1.4 x 1.0 cm)
and they are black, brown or grey. The colour of the hilum in both the varieties is creamish.
Seeds of the other two varieties, var. hirsute and var.thekkadiensis are oblong. Average
seed size in var. hirsute is 1.02 x 0.6 cm and in thekkadiensis it is 1.05 x 0.57. With
regard to seed colour, in the var. hirsute they are black – brown mottled, while in var.
thekkadiensis they are reddish black- reddish brown mottled. Hilum in both varieties are black.
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The data of distribution of percentage content of L-DOPA in the assemblage of genotypes
screened are furnished in Table 1. L-DOPA content in different accessions of the species
showed a wide spectrum of variation which ranged from 0.58 to 6.42 (%, dr. wt.). The
study discovered four elite genotypes (MPP 14, MPP 20, MPT 1, MPPH 1) with regard to
high L-DOPA content and three elite ones (MPP 6, MPP 3, MPP 12) in respect to low
L-DOPA content. Details of the elite accessions are given in Table – 1.
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The discovery of high and low L-DOPA yielding genotypes of the species is significant
on account of the fact that the former is useful for L-DOPA extraction and the latter as
a source of protein rich diet. Large scale cultivation of the elite genotypes will certainly
provide new impetus for the agricultural sector of the State. It will also reduce pressure
on the remaining resource of the species growing in the wild. Elite genotypes are also
useful for the development of improved cultivars through breeding programmes. Hence,
urgent measures have to be undertaken for conserving the remaining germplasm of the
species available in Kerala. Ex-situ and in-situ conservation programmes have to be started
urgently in the State for saving the remaining genetic resource of this therapeutically and
nutritionally important species.
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Detailed analysis of morphological features and percentage content of L-DOPA content
in 30 accessions of the species revealed that the species exhibits considerable genetic
variation in its gene-pool in Kerala. During the field surveys all over Kerala, undertaken
as part of the study it was observed that most of the populations of the species in the State
are on the verge of extinction mainly due to over exploitation and habitat loss. Major
part of the demand of the raw material- seeds- for pharmaceutical industry is still met
by collection from the wild source. The use of low L-DOPA possessing accessions is very
limited.
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Analysis of fruit/seed characters for sustainable
utilization and conservation of three
commercially useful rattan palms of Kerala.
Joemon Jacob*, C. R. Chitra, C. Anilkumar and N. Mohanan.
* Jawaharlal Nehru Tropical Botanic Garden and Research Institute, Palode,
Thiruvananthapuram – 695562
E mail: joemonkallarackal@rediffmail.com
Seed biological aspects of three endemic and commercially valuable rattans of Western
Ghats, Calamus hookerianus Becc, Calamus thwaitesii Becc & Hook. F. and Calamus
travancoricus Bedd.ex Becc & Hook. F. were studied as a part of ex- situ conservation,
for their commercial and sustainable utilization. The objectives of the study were
conservation of selected species through seed study, point out identifying characters
based on seed characters, dormancy breaking studies and standardization of seed
germination protocols to generate maximum number of sound seedlings.
INTRODUCTION
All the three species are cluster forming rattan distributed in evergreen forests of Western
Ghats between the altitudes 50-1000m C. hookerianus and C. travancoricus are endemic
to India while C.thwaitesii is seen in India and Sri Lanka. C. hookerianus and C. thwaitesii
are medium sized rattan, while C. travancoricus is slender. The systematic assortment of
the three highly sought species can be strengthened based on morphological characters
since morphological characters of fruits and seeds as shape and size of fruits and seeds
and number of scales on fruits etc are used as identifying characters. Phenological study
facilitates to understand accurate time of harvesting to get maximum number of fully
matured fruits, since fruit maturity/ ripening is an imperative factor in seed germination
studies. Desiccation study forms the base for seed categorization. Dormancy study aids
in increasing the speed of germination and arising uniform seedling.
Materials and Methods
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Mature fruits were collected from natural population of southern Western Ghats. The
phenological and morphological characters of fruits and seeds of three species were
documented. Seeds were extracted from the fruits by depulping and washed thoroughly
in running water. Purity of the seeds were noted, the seed shape index and size index were
calculated by using standard protocols. (Sharma et al., 2000).
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The cleaned seeds were surface dried in open laboratory condition (28 ± 20C/ 70%
RH). The initial moisture content of seeds was determined on fresh weight basis (ISTA,
1999). Seeds kept open at laboratory conditions (28oC±2oC/60%RH) served as control.
Germination tests were conducted in wet rolled paper towels placed in a seed germinator
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without light and maintained at 30o C ± 2o C/ 80% RH. Seeds were desiccated to different
levels of moisture content. Germination tests were also done with differently desiccated
seeds with fresh seeds as control. Desiccated seeds were exposed to 80% RH for 24 hours to
germination tests to prevent imbibitional injury. Seed viability was determined following
ISTA rules. Germination study revealed that C. thwaitesii seeds germinated without
dormancy.
The following treatments were done for evading dormancy. All the treatments were done
in fresh seeds having initial moisture content.
GA3 treatment: -Seeds were pre-treated with GA3 solutions of different concentrations.
(In Calamus hookerianus (0, 50, 100, 200, 250, 300, 400, 500, 1000, 2000, and 3000,
ppm, while in C. travancoricus, , 50, 100, 200, 250, 300, 400, 500 and 1000 ppm). For
this 30 numbers of seeds in triplicate were immersed in GA3 solution of all the above
concentrations for 24 hours and after that the seeds were tested for germination.
Seeds immersed in distilled water for 24 hours were taken as control.
In Calamus hookerianus seeds were pre-treated with GA3 solution of 500 and 1000 ppm
solutions with seeds operculum removed .Seeds with operculum served as control.
Seeds were pre-treated with hot water treatment (700C) for 1 to 5 minutes in both species
(Calamus hookerianus and C. travancoricus )
Acid treatment using concentrated sulphuric acid was done in Calamus hookerianus and
C. travancoricus.
As a part of storage study, to understand the effect of moisture content and temperature
on the viability of fresh and desiccated seeds, the seeds were stored in 30, 10, -10 and
-1960 C for one week after that seeds were tested for viability.

Among the three species studied C. hookerianus bears smallest seeds which posses lowest
moisture content (19.18). The initial moisture content of other two species is almost
the same (24%). Fresh seeds of C. hookerianus and C. thwaitesii possess above 95%
viability while seeds of C. travancoricus registered only 50% viability. In C. hookerianus
germination starts within 66 days and was completed in 120 days, in C. thwaitesii
germination starts within 9±0.9 days and completed in 25±0.7 days. In C. travancoricus it
is 130±1.7 and 175±1.5 days respectively. Seeds of C. hookerianus are desiccation tolerant
up to 6% moisture, so seeds may be orthodox. In C. thwaitesii viability of seeds decreased
below 15% moisture content revealing recalcitrant nature. In C. travancoricus desiccation
is found to increase viability up to 12.5% moisture content, in 10% moisture content 50%
viability is seen, and then loss of viability occurs considerably. This may be because the
dormancy is overcome through desiccation. An understanding of seed characters such as
seed moisture, germination value and their correlation with viability retention helps to
Mainstreaming Biodiversity for Sustainable Development
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Results and Discussion
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augment conservation efforts. Here all the three species studied are widely used in small
scale industry, especially in furniture making. Rattan population in Kerala is diminishing
due to over exploitation and insufficient regeneration, it is necessary to take immediate
actions for conserving this valuable group of plants. The present study provides a
research support to future requirements.
Phenological and morphological characters
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Desiccation studies.
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Dormancy breaking studies - C. hookerianus
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Seeds immersed in distilled water for 24 h showed 90% germination in 99 days, where
germination started after 37 days of sowing. Maximum germination of 95% was
recorded with 200mgl-1 GA3 with the highest value of MGV (Mean Germination Value)
(2.9). In the later case, germination started after 34 days of sowing and completed within
95 days. 1000-2000ppm was found to marginally reduce the time taken for starting of
germination (24 and 22 days).
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Effect of GA3 + Operculum removed.
After removing the operculum without damaging the embryo, seeds were treated with
GA3 (500 and 1000mgl-1). Dormancy was effectively broken through this treatment
so that germination started after 12 days. The results suggest that GA3 treatment is not
mandatory to break dormancy but is effective in enhancing the percentage germination.
Effect of GA3 and seeds without operculum on germination of C. hookerianus seeds.
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Effect of hot water treatment
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Fresh seeds were treated with hot water at 70oC for 1 to 5 min. The results show that
treatment for 4 min was advantageous in reducing the dormancy period to 20 days and
also gave the highest rate of germination (nearly 100%). In this treatment, germination
was completed in 80 days. Treatment for 3min also gave nearly equal results. However;
longer duration (5min) treatment decreased the germination to 75% and increased the
dormancy period to 46 days.
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Effect of hot water treatment on germination of C. hookerianus seeds

Acid treatment Treatment with Conc. H2SO4 for 1 to 5 min caused complete loss
of viability of seeds. Seeds were observed as decayed or infected with fungus after two
weeks of sowing.
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Dormancy breaking studies;
In C. travancoricus pre-treatment with 700C hot water for 1-2 minutes resulted maximum
germination. Germination started earlier in treatment with hot water for 2 minutes.
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GA3 Treatment was not so effective, although germination percentage enhanced slightly
than control seeds.
Acid treatment

Scarification: - 31 + 1.01 % germination started within 91 + 1.4 days and completed within
121+ 1.1 days.
Acid treatment and scarification did not enhance seed germination.
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Storage studies- In C. travancorocus seeds having up to 12.5 % moisture content have 70%
viability. At low temperature in -1000C only fresh seeds retained 60% viability. Desiccated
seeds lost viability. In C. hookerianus except in -1960C all the seeds retained 70% viability.
In C. thwaitesii seeds with up to 15.3% moisture content retained viability in all storage
conditions except in -1960C.
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Palms show an amazing diversity of developmental processes, timing and requirements
for germination (Corner, 1966). Mechanisms of seed germination and dormancy are
poorly understood processes for most palms (Orozco-Segovia et al., 2003). It is known
that many species show rapid germination (Wagner, 1982; Carpenter, 1989).Some species
take more than five years to start germinating (Wagner, 1982). Instances of vivipary, an
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extreme case of palm seed germination in which seeds germinate on the mother plant is
also reported in Nypa fruticans (Tomlinson, 1971). Seeds that are shed wet in general, do
not possess dormancy and germinate without delay. Calamus thwaitesii is such a species,
possessing 26.6% seed m.c at shedding and the seeds started germination in 3-4 days
and completed in 10-14 days, as revealed in the present study. Nevertheless, the seeds of
C. hookerianus took 66 days to begin germination and 120 days for completion of
germination. Incidentally, the fresh seeds of C. hookerianus possessed a reduced m.c
(19%) indicating dehydration during seed maturation and this was probably the
reason for delayed germination. It is known that the seeds that are shed wet and germinate
rapidly, do not dehydrate during seed maturation (Kermode, 1995;Vertucci and Farrant,
1995). Wide variation in germination time is known in different palms (Wagner, 1982;
Endt, 1996) and Calamus sp. (Joemon et al., 2010). In addition to seed moisture content,
germination in C. hookerianus and C. travancoricus are also governed by physical
dormancy thus necessitating dormancy breaking treatments to allow faster germination
in these species.
Seed dormancy could be considered simply as a block to the completion of germination
of an intact viable seed under favorable conditions (Hilhorst, 1995; Bewley, 1997; Li and
Foley, 1997).

Mechanical dormancy in palms is due to restriction of embryo protrusion during
germination by operculum of the seeds as reported in Eleais guineensis (Myint et al.,
2010), date palm (Warrag et al., 2007), Pritchardia remota (Perez et al., 2008), Butia
capitata (Oliviera et al., 2013) and macaw palm (Riberio et al., 2011). 2008). Removal of
the opercular tegument in addition to pre-immersion of the seeds for 24h in a solution of
2000mg L-1 GA3 and repetition of this GA3 treatment after 4 weeks in a humid growth
chamber resulted in greater than 50% germinability of macaw palm seeds in eight weeks,
and is considered the best treatment currently available to stimulate germination in this
species (Riberio et al., 2011). Thus the existence of physiological-mechanical dormancy
revealed in the present study in C. nagbettai is also evident in other palms. The results of
the present study show that application of GA3, removal of operculum, combined effect
of operculum removal and GA3 treatments, and hot water treatment; enhances/ speeds
up germination, suggesting that the dormancy in both C. nagbettai and C. hookerianus is
of a non-deep physical-physiological type.
Mainstreaming Biodiversity for Sustainable Development
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Germination time of C. hookerianus was not reduced appreciably due to GA3 treatment,
as revealed in the present study. GA3 is an efficient dormancy breaking growth regulator
in many plant species. It encourages hydrolytic enzymes that are desirable for the
degradation of the cells adjoining the radicle and thereby enhance germination by boosting
seedling elongation growth of cereal seeds (Rood et al., 1990). Blueberry seeds pretreated
with GA4+7 at 100-500 mg/L showed increased germination (Ballington, 1984). The
progressive effects of immersion in gibberellic acid tended to increase with increasing
numbers of applications in macaw palm for breaking its dormancy (Oliveira et al., 2013).
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Seeds of C. hookerianus pre-treated with hot water (70oC) for 3-4min, germinated in
20-80 days reduce the germination time from 65-120 days, which is very close to the effect
obtained by removal of the operculum. Therefore, it appears that hot water
treatment softens the physical barriers facilitating the embryos to protrude out resulting in
radicle emergence. The presence of physical dormancy is substantiated by the effect of
mechanical scarification which also speeds up germination (12 - 80 days). Thus, the most
effective method to remove the dormancy in C. hookerianus is removal of operculum,
but the most cost effective and simple method is hot water treatment for 3-4 min, which
can be used for raising seedlings in the nursery. Although hot water treatment and GA3
treatment reduced the germination time, removal of the operculum emerged as the best
method to reduce the dormancy period in C. nagbettai.
There are common factors determining desiccation tolerance across a broad spectrum of
life forms, inspite of the differences (Berjak, 2006). An understanding of the basis of seed
desiccation sensitivity starts with the knowledge of processes and mechanisms involved
in the acquisition and maintenance of desiccation tolerance in orthodox seeds, and
analyzing whether these occur in recalcitrant types.
Rattan seeds are known to be desiccation sensitive as revealed in other species such as
Calamus merrillii and C. manillensis, where desiccation below 40% m.c proved to be
detrimental (Lapis et al., 2004)
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Ethnobotany is the study of the interactions and relationship between plants and people
over time and space. An ethnobotanical study was carried out to collect information on
the use of plants of Zingiberales in Kanavam, Aralam and Paithalmala area of Kannur
District, Kerala. Information presented in this paper was gathered from four major tribal
groups viz. Mavilan, Karimpalan, Kurichiyan and Paniyan. A total of 14 ethnobotanically
important plant species distributed in 5 families (Zingiberaceae, Marantaceae, Costaceae,
Canaceae and Musaceae) are documented in this study. The plants used by these four
major tribal groups are listed with botanical name, family, local name, parts used, mode
of preparation and uses. The study showed that these tribal people still depend on
Zingiberales plants for their daily life. The results obtained from the study will be useful
in developing new products and services to the society.
Keywords: Ethnobotany, Kannur, Karimpalan, Kurichiyan, Mavilan, Paniyan,
Zingiberales.
Introduction
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Ethnobotany is the science that studies about interrelationship between local communities
and the natural environment, especially the system of knowledge about the natural
resources of plants (Walujo, 2000). The survival of man has been dependent on his innate
curiosity to examine all aspects of his environment (Saeed et al., 2004). The quality of life
and conservation of natural resources have had more success when based on the local
knowledge and current patterns of resource use within the involved communities (IES,
1995). Fieldwork in tribal areas and the analysis of different tribal folklores are effective
methods by which ethno botanical research can be conducted (Jain, 1989).
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Mavilan community is distributed in Kasaragod and Kannur Districts of Kerala.
They are experts in ‘Punam Kothu’, which involves clearing of virgin forests and
converting the same for wet land paddy cultivation. Karimpalans are found in Kozikode,
Kannur, and Wayanad Districts. Traditionally they were engaged in shifting
cultivation, making baskets and work as laborers in plantation for felling trees
and collecting timbers, bamboo, and fire wood. Now they are engaged in settled
cultivation. Kurichiyans are the second largest community among scheduled tribes.
Kurichiyans are rated as the best paddy cultivators among the scheduled tribes in
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Kerala. Paniyans are the largest community among scheduled tribes, but they are the
most backward and the poorest among the scheduled tribes (Census report issued by
Gov. of Kerala, 2013).
The primary tropical Zingiberales include many conspicuous taxa, such as the bananas
(Musaceae), birds of Paradise (Strelitziaceae), Heliconias (Heliconiacae) and Gingers
(Zingiberaceae) (Kress et al., 2002). Zingiberales are monophyletic clade of eight
families and they are almost entirely restricted to tropical regions (Kress, 1990). The
order Zingiberales are with immense medicinal values and is distributed widely
throughout the tropics, particularly in Southeast Asia. Among Zingiberales, Zingiberaceae
family is important and include many natural resource that provides useful products for
food, spices, medicines, dyes, perfume and aesthetics (Jantan et al., 2003).
Materials and method
The ethanobotanical studies were conducted in four places of Kannur District viz.
Paithalmala, Aralam, Alakodu and Kannavam during November 2016 to January 2017.
The field trips were carried out to villages and areas inhabited by tribal people. The data
were collected by group discussions, direct interaction and personal interviews. The
acquired data were cross-checked by using available literature. All doubtful and misleading
information where the informants showed little knowledge concerning the identification
of plant species were excluded from this survey. The information obtained were
documented in a data sheet. The data included the botanical name, local name, location,
useful part, uses, mode of preparation, administration and their utility as remedy for
treating human diseases.
The specimens were collected from the area and identified by the local people. The
taxonomic studies were conducted in the laboratory. Detailed descriptions were made
and photographs taken. The specimens were identified using relevant literature (Sabu,
2006; Baker, 1890). Voucher specimens of each taxon was deposited at Catholicate
College Herbarium (CATH). The rhizomes were collected and conserved at Catholicate
College Botanical Garden.
Result and Discussion
The ethnobotanical studies on Zingiberales of Kannur District was carried out among 4
major tribals viz. Kurichyan, Paniyan, Karimpalan and Mavilan. A total of 13
ethnobotanically important plant species distributed in 5 families such as Zingiberaceae,
Marantaceae, Costaceae, Canaceae and Musaceae were recorded. The details are given in
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Table 1.
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The survey involved 13 species belonging to 9 genera of the order Zingiberales from
Kannur District of Kerala. The taxa under study are Amomum pterocarpum, Curcuma
amada, C. longa, C. zeodaria, C. aurantiaca, C. aromatic, Elatteria cardamoum, Kaempferia
galangal, Zingiber officinale, Maranta arundinacea, Canna edulis, Costus speciosus and
Ensetea superbum of which, 9 species belong to Zingiberaceae, one species each from
Cannaceae, Costaceae, Marantaceae and Musaceae. Most of the plant species grow
naturally in different regions and their properties are important in traditional herbal
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medicine. Some plants are commonly cultivated for its use as spice and vegetables. It is
observed that some plants were used for ailment like kidney and urinary disorder, skin
related diseases, irregular menstrual cycle, etc. The earlier reports (Yuva, 2014; Prakash
and Mehrotra, 1995; Sinha, 1996) have shown that Zingiberales are effective in Ayurvedic
and other system of medicine since they possesses carminative, aromatic stimulant and
diuretic properties.
Zingiberales are well-known for its medicinal and economic significances. Many species
are used as sources of indigenous medicines, food, spices, condiments and ornamentals.
This order is widely known for its broad range of pharmacological activities. Studies on its
compounds offer many opportunities to investigate the various functions and prospects.
The study showed that the tribal peoples still depend on Zingiberales plants for their
daily life. The plants, their product and mode of application may be subjected to future
studies. The traditional knowledge explored in this study significantly contribute for the
wellbeing of mankind with locally available natural resources.
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Seaweeds have recently received significant attention for their potential as natural
antioxidants. Antioxidant activity of marine algae may arise from carotenoids,
tocopherols and polyphenols. These compounds directly or indirectly contribute to
inhibition or suppression of free radical generation. Seaweeds not only possess nutrient
potentials but also nutraceutical potentials like antioxidant, antimutagenic, anticoagulant,
anticancerous and antibacterial activity. Hence, seaweeds can be considered as
futuristically promising plants forming one of the important marine living resources
of high nutritional value and nutraceutical potentials. Being plants of unique structure
and biochemical compostion, Kappaphycus alvarezii could be exploited for their
multifunctional properties in the form of food, energy, medicine and as biotechnological
tools. The present study was aimed to identify the phytochemicals from the red algae
Kappaphycus alvarezii.
Keywords: Phytochemicals, phenolic acids, RP-HPLC, FTIR, sea weeds.
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Seaweeds are considered as important marine living resources and are utilized by
humans in different ways. They are the key source for the production of phytochemicals
namely agar, carrageenan and algin, which are extensively used in diverse industries
such as food, confectionary, textiles, pharmaceuticals, dairy and paper industry mostly
as gelling, stabilizing and thickening agents (Kaliaperumal et al., 1989). In India
seaweeds are found abundantly along the South Eastern and North Eastern parts of
the coast. There were approximately 681 known species of seaweeds reported in India,
out of which 60 are commercially important. Kappaphycus alvarezii, red algae was
extensively used by Japanese as edible seaweeds for more than centuries. The people from
New Zealand, Canada, Ireland, Norway, Iceland and Scotland have been consuming
seaweeds from ancient times onwards. Some Governmental and commercial
organizations exploit seaweeds for animal and human food, soil manure, salt extractions
(soda, iodine, etc.), colloid production (agar, alginates, carrageenan, furcellaran, etc.),
cosmetics and pharmaceuticals. This represents an important economy mostly in the
South East Asian countries where they are not only largely harvested but also intensively
and largely employed in human nutrition (Ruperz, 2002). Macro algae are nutritionally
valuable as fresh or dried vegetables, salads, or as ingredients in a wide variety of
prepared foods. Sea weeds can play a vital role in various aspects compared to other
Mainstreaming Biodiversity for Sustainable Development

aquatic resources. Much attention should be given to seaweed to compensate the food
problem to some extent and fulfill the deficiency of nutrition. Many reports of macroalgae
derived compounds with broad range of biological activities, such as antibiotic, antiviral,
anti-neoplastic, antifouling, anti-inflammatory, cytotoxic and antimitotic were reported.
For centuries, many of the seaweed secondary metabolites have been used in traditional
medicines due to their therapeutic potentials (Fitton, 2006). Marine algae are
continuously exposed to many biotic and abiotic pressures which influence their cell
physiology, which in turn leads to the production of multifunctional natural secondary
metabolites as defense molecules. Several of these compounds are constitutive, existing
in biologically active forms in healthy seaweeds. Many phytochemicals are present
in the marine algae. These biologically active ingredients were alkaloids, flavonoids,
steroids, glycosides, terpenes, tannins and phenolic, compounds. Seaweeds extracts
were considered to be a rich source of phenolic compounds. The large majority
of these were terpenes, but fatty acids are also common. They serve as source of
medicine, ornamental purposes, flavoring, food additives and preservatives. FT-IR
can be used to identify the structure of unknown composition or its chemical group,
and the intensity of the absorption spectra associated with molecular composition or
content of the chemical group. In this scenario, the present study was undertaken to
analyze the phytochemical composition followed by FTIR and RP-HPLC analysis of the
most common sea weed K. alvarezii.
Materials and Methods
Sample preparation

Subsequently, the total phenol content, protein, and sugar were quantified using standard
protocols as described by Harborne (1973). Total carbohydrate content was estimated
using DNS reagent and the absorbance of the reaction mixture was measured at 540
nm with spectrophotometer. The soluble protein was estimated following the protocol of
Lowry et al., (1951). The absorbance was read at 670 nm after 30 min using appropriate
blank and the amount of protein was calculated.
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The marine alga K. alvarezii was collected during April 2015, from the Thoothukudi
coast (8° 48’ N, 78° 11’ E), Gulf of Mannar. The thalli of K. alvarezii were cut into pieces,
shade dried and powdered in a grinder to 40-mesh size powder. The ground samples were
then kept in air-tight container and stored until further analysis. Various extracts were
prepared as per the Indian Pharmacopoeia methodologies (1966) and Harborne (1973).
20g of dried algal powder was subjected to soxhlet hot continuous extraction successively
with 250 ml each of petroleum ether, ethyl acetate and ethanol. The extraction was
repeated thrice. The extracts were filtered through glass funnel and then through
Whatman filter paper No.1. It was then evaporated at room temperature. The extracts
were qualitatively analyzed for phytochemical screening of compounds.
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Estimation of total fat
3 g of sample was dissolved in 100 ml of water, transferred to a separating funnel,
acidified with 1M sulphuric acid and extracted with successive quantities of 50, 40 and
30 ml of ether. Mixed ether solutions were taken in a separating funnel and washed with
water until the washings were free from mineral acid. The ether solution was transferred
to a tared flask and residue dried to a constant weight at 80°C.
Determination of Total Phenolic Content
The amount of total phenolics in the seaweed was determined with the Folin- Ciocalteu
reagent according to the method of Singleton et al., (1965). Gallic acid was used as the
standard and the total phenolics were expressed as mg/g gallic acid equivalents (GAE).
The Folin-Ciocalteu reagent is sensitive to reducing compounds including polyphenols,
thereby producing a blue colour upon reaction and the results were expressed as mg GAE/g
of the sample. This blue colour is measured spectrophotometrically at 760 nm. Similarly,
the Vitamin C was determined by using the procedure as outlined by ( Ranganna,
1997 ) in triplicates.
RP - HPLC Analysis
RP-HPLC method was performed on a Shimadzu LC-10 AT VP HPLC system, equipped
with a model LC-10AT pump, UV–VIS detector an auto injector SIL-10AT. A Hypersil
-BDS C-18 column (4.6•250 mm, 5 lm size) with a C-18 guard column was used. An
isocratic HPLC ( Shimadzu HPLC Class VP series) with two LC-10 AT VP pumps (Shimadzu), variable wave length programmable photo diode array detector SPD-M10A
VP( Shimadzu ), CTO-10AS VP column oven ( Shimadzu ), SCL-10A VP system
controller ( Shimadzu ) and reverse phase Luna5-C18 (2) Phenomenex column (250 mm
4.6 mm) was used. The mobile phase components were potassium hydrogen phosphate and
acetonitrile in a ratio of 75:25, filtered through 0.2 l membrane filter before use and
pumped from the solvent reservoir at a flow rate of 1 ml/min which yielded a column
backup pressure of 260–270 kgf/cm2. The column temperature was maintained at 27ºC.
20 µl of the respective sample was injected by using Rheodyne syringe (Model 7202,
Hamilton). The elution was carried out with gradient solvent systems with a flow rate of
1 ml min-1 at an ambient temperature (25–28ºC). The mobile phase was prepared daily,
filtered through a 0.45 lm and sonicated before use. Total running time was 15 min. The
sample injection volume was 20 while the wavelength of the UV–VIS detector was set at
254 nm (Sharanabasappa et al., 2007).
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FT-IR analysis
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The FT-IR studies have been followed by the method described by Jagmohan, 2005.
Dried powders of different solvent extracts of algae were used for FTIR analysis. 10 mg
of the dried extract powder was encapsulated in 100 mg of KBr pellet, in order to prepare
Mainstreaming Biodiversity for Sustainable Development

translucent sample discs and subjected to a pressure of about 5x106 Pa in an evacuated die
to produce a clear transparent disc of diameter 13 mm and thickness 1mm. IR spectra region
4000-400 cm-1 were recorded at room temperature on a Perkin Elmer Fourier Transform
Spectrometer, equipped with an air cooled DTGs (deuterated tri glycine sulfate)
detector. For each spectrum, 100 scans were CO added at a spectral resolution of 4cm-1. The
frequencies for all sharp bands were accurate to 0.01 cm-1.
Result and Discussion
The medicinal value of plants lies in in their chemical substances that have a definite
physiological action on the human body. Different phytochemicals have been found
to possess a wide range of activities, which may help in protection against chronic
diseases. For example, alkaloids protect against chronic diseases. Saponins protect against
hypercholesterolemia and antibiotic properties. Steroids and triterpenoids show the
analgesic properties. The steroids and saponins were responsible for central nervous
system activities. Phytochemical screenings of the various extracts were used to study the
presence of contained alkaloids, flavonoids, steroids, saponins, and triterpenoid.
Petroleum ether and ethanolic extract showed positivity (++/ +++) for major
phytochemicals. The important phytochemicals noticed were reducing sugar, glycosides,
alkaloids and terpenoids. However ethyl acetate performed poorly and showed negativity
(-) in almost all phytochemicals (Table 1).

+++= abundant, ++ = moderate, + = low , - = absent
Mainstreaming Biodiversity for Sustainable Development
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Table 1: Qualitative analysis of phytochemicals in different solvent extracts from
Kappaphycus alvarezii
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The phytochemicals present in the red algae have anti‐inflammatory, anti‐diabetic and
analgesic activities and also influence central nervous system activity. The importance of
alkaloids, phenols and glycosides as microbicidal against common pathogenic strains has
been reported recently (Chetna et al., 2013).
Carbohydrate was a major compound in the seaweed (dry weight basis) i.e., 18.26 g/100g
DW. The protein content was 11.49 g / 100g DW. These results were also similar to
previous studies by other researchers among other green and red seaweeds (10 to 47%
DW) (Polat & Ozogul, 2009). The total fat content was 1.01 g /100 g DW which was
comparatively low.
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The content of total polyphenols was determined and found to be 23.01 mg/g tissue.
Previous studies also reported that the total phenolic contents vary with species and
generally the green seaweeds have higher free-radical scavenging properties, followed by
the brown seaweed, then the red seaweeds (Matanjun et al., 2008).Vitamin C was 7.89
mg/g FW.
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Results of the FTIR Spectra of the petroleum ether, ethyl acetate and ethanol crude
extracts of K. alvarezii revealed the presence of different functional groups (Table 2).
The FTIR analysis gives peaks at 3535.52, 3512.37, 3454.51, 3402.4 and 3321.42, 3186.40,
3165.19, 3145.90, 3105.39, 3224.98, 3205.69, 3186.40, 3165.19, 3145.90, 3130.447 cm-1,
which indicated the presence of OH stretching in ethyl acetate and ethanol fractions
depicting the presence of alcohols and phenols. While Peaks obtained at 3371.57,
3315.63, 3248.13, 3321.42, 3381.21, 33444.57, 3323.35, 3302.13, 3282.84, 3263.56,
3242.34, 1610.56, 1637.56 cm-1 are N-H bending for primary amines with 952.84, 802.39,
680.87, 673.16, 823.60, 885.33 cm-1 N-H wagging that indicated the presence of secondary amines in all of the three extracts. The FT-IR peaks obtained in all the three extracts
at 2678.41, 1710.86, 1683.68, 3300.20, 3284.77,3 261.63, 3242.34, 3230.77, 3201.83 cm-1
showed C=O stretching for carboxylic acids. The double bond =C-H medium stretching
of petroleum ether extract and ethanolic extract at 3088.03, 3089.96, 3072.60, 3047.53,
3026.31 indicates the presence of alkenes where as in ethyl acetate extract shows a –C=Cstretch at 1676.14 indicates alkenes presence. Also in these three extracts present were the
medium band for Alkanes: C-H stretching at 2920.23, 2850.79, 2918.30 cm-1; medium
C-H bending for alkanes at peaks 1454.33, 1462.5, 1452.3 cm-1and C-H medium rocking
at 1365.60, 1354.03, 721.38 cm-1 in petroleum ether extract.The C=O stretching at 1654.92,
1637.56, 1708.93, 1697.36 cm-1 pointed at α and β- unsaturated aldehydes or ketones in
all the three extracts. Other strong peaks at 1332.81, 1292.31, 1261.45, 1294.24, 1259.52,
1261.45 cm-1. C-N stretching indicates the presence of Aromatic amines where as C-N
stretch at 1107.14, 1087.85, 1039.63, 1022.27 and 1037.70 cm-1 in extracts indicated
aliphatic amines. Moreover, the medium peaks generated at 2850.79, 2735.06, 2850.79
cm-1 represent H-C=O: C-H cm-1 stretching for aldehydes, with strong absorption peaks
at 1710.86, 1683.68, 1676.14, 1708.93, 1697.36 cm-1 are assigned to C=O stretching
vibration in carbonyl compounds; which may be characterized by the presence of high
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content for unsaturated aldehydes, esters and ethers.Alkyl halides were represented by
–C-H wag- weak stretching at 1228.66, 1207.44, 1193.94 , 1294.24, 1259.52 cm-1; and
–C-Cl stretch bending at 866.04, 839.03, 800.46, 802.39, 823.60, 673.16, 650.01, 601.79,
586.36, 559.36 cm-1 and C- Br stretch at 680.87, 536.21 cm-1 in ethyl acetate and ethanolic
extract. The observed sharp peaks in these extract at 1365.60,1354.03, 1597.06, 1554.63
cm-1 for N-O asymmetric stretching and N-O symmetric bend stretching in ethyl acetate
extract at 1597.06, 1462.04, 1294.24 cm-1, revealed the presence of nitro compounds. A
strong haoalkene, C-Cl appeared at 839.03 cm-1 only in petroleum ether extract. Also the
extract indicates the terpenoids and flavonoids as indicated by peaks for C=O at 2850.79
cm-1 in all the three extracts and 2735.06 cm-1 in petroleum ether extract, represented
as H-C=O: C-H cm-1 stretching for aldehydes. The unsaturated aromatic lactones with
C=O at the 1710.86, 1683.68, 1654.92,1637.56,1708.93, 1676.14 cm-1 in petroleum ether,
ethyl acetate extract and a single peak at 1697.36 cm-1 in ethanolic extract indicated the
presence of coumarin, glycosides. The presence of phenolic compounds were depicted by
O-H stretch at peak values 3321.42, 3300.20,3284.77, 3261.63, 3242.34, 3230.77, 3201.83,
3535.52, 3512.37, 3454.51, 3402.4 cm-1. Anthraquinones were present as aromatic ethers
with C-O stretch at 1261.45, 1259.52, 1037.70, 1261.45, 1043.49, 1371.39 cm-1 in all the
three extracts.The medium band for C-H stretch at 2920.23, 2850.79, 2735.06, 2918.30
cm-1 in all the three extracts; the -C=C- medium stretch at 1654.92 cm-1 in petroleum
ether extract and peak 1676 cm-1 in ethyl acetate extract revealed large quantities of
terpenes.
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Table 2:- FTIR spectra analysis of Kapppaphycus alvarezii
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Most FT-IR studies on algal seaweeds and algal extracts revealed the toxic interaction
sites of carboxyl, amino acid and hydroxyl groups (Mishra and Jha, 2009). Marimuthu
et al .,(2012) also reported the presence of several functional groups such as amides,
alcohols, phenols and phosphorous compounds in the FTIR analysis of crude powder
of Sargassum wightii, which can be corroborated by the present findings. Biological
molecules such as algae show complex vibrational spectra that include overtones and
combination all bands. But metal-legend stretching frequencies and properties of
functional groups coordinated to toxic centres offer useful information. C–O stretching,
NH2rocking C-O and CH2 stretching bands are metal sensitive and are shifted as the
metal is changed, but NH2 vibrations are very sensitive to the effect of intermolecular
interations (e.g., hydrogen bonding) which makes it difficult to discuss the strength of
the meal-nitrogen bond from the frequency shift (Doshi et al., 2007). In some spectra of
K. alvarezii, bands were also seen at 1022.27, 1039.63, 1087.85, 1107.14 cm-1 petroleum
ether extract, 1037.70 cm-1 in ethyl acetate extract and 1043.49 cm-1 in ethanol extract.
These band positions match those attributed to the v (C-O-C) stretching of polysacharides
(Brandenburg and Seydel, 1996). According to a paper by Diem et al., (2000),these bands
were observed at slightly different frequencies in different materials (that is, 1147, 1086
and 1025 cm-1). While carbohydrates are the strongest absorbers between 1200 and 1000
cm-1, several other classes of compounds, such as nucleic acids, have funtional groups
with absorption bands in the same region of the spectrum. Nithyadevi and Sivakumar
(2015) attempted a phytochemical Screening and GC-MS, FT-IR analysis of methanolic
extract leaves of Solanum torvum. Ali Khoddami et al., (2013) analyzed different
techniques for plant phenolic compounds. Thenmozhi et al., (2011) screened compounds
using HPLC and FTIR in Eclipta alba and Emilia sonchifolia. Since the thallus contain
rich amount of total phenol, it was subjected to fractionation by RP- HPLC which
revealed the presence of a pool of phenolic acids when compared with the respective
standards (Table: 3, Fig. 1).
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Table 3: - RP-HPLC profile of phenolic acids in Kappaphycus alvarezii
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Fig.1: RP-HPLC analysis of Kappaphycus alvarezii
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The major molecules are Chlorogenic acid (66 µg/g), Sinapic acid (µg/g), Hydroxylbenzoic
acid (µg/g), Gallic acid (61.8 µg/g), Phloroglucinol (270.9 µg/g), Vanillic acid (µg/g),
Cinnamic acid (65.8 µg/g), Catechol (79.4 µg/g) and Ferulic acid (206.6 µg/g). Most of
these are proven molecules with high therapeutic values. Phenolic acids show beneficial
effects in terms of antioxidant, anti-ageing and protect cardiovascular issues. Further,
their attributes reduce oxidative stress, lipid peroxidation, free radical generation and low
density lipoprotein (LDL) cholesterol-oxidation. Moreover, other phenolic acids noticed
were gallate, hydroxyl benzoate, chlorogenate, phloroglucinol, vanillate, cinnamte, and
ferulate. These also possess positive biological effects on human health and ameliorate
oxidative stresses. Phenolic compounds are found remarkably in medicinal plant species,
including seaweeds, and have been reported to have wide range of biological activities
including antioxidant .The HPLC analysis of the algae Amphiroa anceps revealed that
the polyphenolic compounds present in them were an effective source of antioxidants.
Mainstreaming Biodiversity for Sustainable Development

Therefore the seaweed extracts could have potential applications in food industries. Nagai
and Yukimoto (2003), also reported that the phenolic compounds are one of the most
effective antioxidants..
Conclusion
The phytochemical screening shows that the thallus of the red algae is rich in
phytochemical constituents. FTIR analysis validates it as an ideal tool to investigate the
fingerprint and to predict the composition of therapeutic plants. The present results clearly
indicate that K. alvarezii extract possess significant phenolics and is therefore capable of
antioxidant activities like ascorbate. This study indirectly showed that the phenolic
compounds were pivotal for its free radical scavenging activity. Thus, the study has
providedbiochemical basis for alternative uses of the macro algae in the treatment and
prevention of various diseases and disorders. Future perspectives include isolation and
purification of lead molecule and to justify its biological potentialities.
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The inland fish resources provide support to the livelihood of the rural people in Kerala,
especially during monsoon season. During the first week of southwest monsoon, the
inland freshwater fishes migrate towards the floodplains for spawning. High demand
for fishes bearing spawn promotes Monsoon Floodplain Fishery (MFF) and attracts
more local residents as a source of income generation. But the use of destructive fishing
gadgets and disappearance of pathways adversely affect the migratory fish species and
the process of floodplain migration. As envisaged in the Indian Biodiversity Act, 2002
conservation and ensuring sustainable utilization of biological resources of a locality is
the prime responsibility of the Biodiversity Management Committee (BMC) constituted
in each Local Self Government body. So, as an initial step in conservation, a stock
enhancement programme for native fishes of major rivers was implemented in five
districts of Kerala under the aegis of BMCs. The pilot study revealed that both the
conservation and management of MFF can be effectively done by BMCs in a participatory
manner. Management aspect covers education, awareness, regulation and replenishment
of the species.
Keywords: Native fishes, grow-out ponds, fingerlings, floodplain migration.
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Kerala is endowed with 2,26,275ha of inland fresh water resources comprising 44 rivers,
49 interconnected backwaters, 53 reservoirs and innumerable irrigation tanks, streams
and ponds (Anonymous, 2010). The Western Ghats is one of the biodiversity hot spots of
the world that supports numerous flora and fauna with a high degree of endemism (Myer
et al., 2000). The freshwater fish diversity of Western Ghats is estimated to be around 288
species with an endemism greater than 50 (Daniels, 2002 and Dahanukar et al., 2004). The
highest level of endemism is found in west flowing rivers Chaliyar, Bharatapuzha,
Chalakkudy, Periyar and Pampa in Kerala. The inland fish resources of Kerala
provide ample support to the livelihood of the rural population and play a vital role in
the economy of the State. ‘Ootha’ or ‘Oothayilakkam’ (vernacular- Malayalam) is the most
spectacular phenomenon associated with lowland freshwaters every monsoon, mainly in
the floodplains of rivers, canals, lakes and other water bodies, and also in vast stretches
Mainstreaming Biodiversity for Sustainable Development

of paddy fields. Migration of fishes during early phases of the southwest monsoon is a
biological process for feeding highly organic rich food materials which is flushed to water
systems from terrestrial ecosystem, and also for breeding, as it is conducive to lay their
eggs in lowland fresh water having advantage of less buoyancy. During the first 5-6 days
of the southwest monsoon, the fresh water fishes perform their journey to uplands from
the rivers and inland water bodies to pair and deposit the eggs. The process of harvesting
these migratory fishes (‘Ootha’) is known as ‘Oothapiditham’ and is hereby translated as
Monsoon Floodplain Fishery (MFF) (Shaji and Laladhas, 2013a). A large variety of fresh
water fishes regularly migrate as a group, swimming against the flow in rivers, and even
jumping over small obstacles, onto a network of streams and irrigation canals in order to
enter the flooded fields and plains mainly to breed. The females of most such species carry
eggs and in the lowland plains they become sluggish, move with their pairs and lay eggs
in nutrient-rich niches in paddy fields and other such areas, which remain water logged
for a while during rains. This monsoon journey of the fishes to the flood plains every
season is of great importance for the survival of the species. Monsoon Floodplain Fishery
(MFF) is undoubtedly the most unsustainable form of fishing, which is being performed
enthusiastically in most parts of Kerala during southwest monsoon. In many parts of the
State, MFF is celebrated not only by the fisher folk but also by non conventional fishermen.
High demand for fishes bearing spawn also attracts more people towards MFF.
Geographically rivers and streams of Kerala are well connected with network of adjoining
wetlands and paddy fields. The monsoon flood cycle and the seasonal inundation of
floodplains of rivers are critical factors determining the survival of many species of
freshwater fish. The nutrients, including rotting vegetation and animal excreta, which
accumulate in the floodplains during the dry months, mix with silt brought down by
the rivers, provide the essential conditions for spawning, foraging and growth of many
varieties of fishes. These low lying areas are the breeding grounds of such fishes.
Monsoon Floodplain Fishery in Central Travancore area during the beginning of Monsoon
drastically and crudely harvest gravid fishes at their door steps in the low lying waters,
using traditional gears available in these areas, from time immemorial (Shaji and
Laladhas, 2013b).

In addition to this, the indiscriminate fishing during MFF has caused great decline in
the diversity of fresh water fishes in the rivers of Kerala. The inability to reach traditional
spawning areas may be one of the reasons for the fall in the numbers of many species of
Mainstreaming Biodiversity for Sustainable Development
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The MFF which have been supporting the livelihoods of rural poor over centuries are
now under serious threat from over fishing. Traditionally diverse fishing gears like Ottal,
Koodu, cast net, gill net and Kuthu vala and the unique gears like Nathoodu, Adichil and
Chattom designed in various parts of the State were used for floodplain fishery (Shaji and
Laladhas, 2013a. The use of destructive fishing gears like mono filamentous gill nets of
varying mesh sizes, in place of traditional gears affect not only the survival of fishes but
also sweeps the other macro aquatic fauna like snakes, eels, frogs, etc.

389

freshwater fishes in Kerala. Nowadays, the large scale conversion of paddy fields, extensive
use of pesticides in cultivation, sand mining in rivers, invasion and choking of waterways
by alien plant species, constructions of roads and bunds and unsustainable fishing
practices using excessive chemicals and explosives have led to the disappearance of
the breeding areas and migratory routes of river fish and ultimately affect the total
population. The monsoon journey of many species of fishes to the flooded plains of
Kerala and their very survival is increasingly coming under threat.
Kerala State Biodiversity Board (KSBB) undertook a detailed study on the phenomenon of
floodplain migration of native freshwater fishes and their over exploitation through MFF
in Kannur, Wayanad, Thrissur, Kottayam and Pathanamthitta districts. Based on this study
KSBB had recommended a ban on the use of some destructive fishing gear, awareness
campaign about unsustainable fishing, depletion of fish stocks and the danger it poses to
the survival of several fish species, and also steps to protect their migration routes. Also,
the Board envisaged a project for the conservation of native migratory fishes in Kerala
and to replenish them in their natural habitat (Shaji, 2012).
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As an initial step in the effort of conservation, a stock enhancement programme during
MFF was implemented to increase the native fish resources in Rivers, associated canals
and tributaries. Native inland fish diversity of major Rivers of Kerala has been reduced
drastically in numbers over the years and many of them are at the verge of extinction in
the near future. Most fish species use flood plain canal system as corridors to spawning
grounds during high water flow and juvenile fish utilise nutrient rich flood plains and
their associated complex habitat as nursery grounds (Laladhas et al., 2013). Excessive
fishing takes place during migration of fishes from the river and low land to the upland
paddy fields for pairing and egg laying. Our project aimed at conserving the migrating
fishes during MFF and thereby enhancing their population in Rivers, its tributaries and
allied water bodies.
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According to the Biodiversity Act 2002, conservation and sustainable utilization of local
biodiversity rest with the concerned Biodiversity Management Committees (BMCs). BMCs
are the statutory bodies constituted in every local body of Kerala (Biodiversity Act, 2002,
Biological Diversity Rules, 2004 and Kerala Biological Diversity Rules, 2008). Thus, KSBB
has initiated the conservation programme for restoring or replenishing the precious
traditional freshwater fish fauna through the involvement of BMCs in a participatory
manner. As fishing during the spawn disrupts the breeding cycle, resulting in decline
in stocks, awareness programmes to local community to practice sustainable fishing
practices is an integral part of the programme. With the active support of BMCs and
Biodiversity Clubs functioning in schools and colleges, mass awareness campaign was
also conducted among the public. As a result of awareness, most of the local residents
came forward and provided all means of support throughout this venture. Both the BMC
and the general public jointly assisted us for the identification of grow-out ponds and for
providing maximum quantity gravid famales caught through MFF.
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Study area
As a pilot study, Pathanamthitta, Alappuzha, Kottayam, Ernakulam and Thrissur (five
districts) were selected for the programme (Figure.1). These districts were chosen because
of the presence of major rivers, recorded native species of fishes and the existing practice
of MFF. The major rivers flowing through these districts include Pampa, Meenachil,
Moovattupuzha and Chalakkudy Rivers. All these rivers are well known for their
migratory native fish diversity and the phenomena of monsoon floodplain fish migration. In
Pathanamthitta and Alappuzha districts the fishes mainly migrate from Pampa River; in
Kottayam district from Meenachil River or its tributaries and in Ernakulam and Thrissur
districts, the fishes mostly migrate from Moovattupuzha and Chalakkudy
Rivers respectively. The ultimate aim of this project was to replenish the vanishing
migratory fish fauna of these rivers in a participatory manner with the support
of BMCs. For the effective implementation of the project the grow-out ponds
were selected from BMCs located nearby these rivers. Koipram Grama Panchayat
BMC of Pathanamthitta district, Pandanad and Mannar Grama Panchayat BMCs
of Alappuzha district, Kanakkari Grama Panchayat BMC of Kottayam district,
Ramamangalam and Valakom Grama Panchayat BMCs of Ernakulam district and
Annamanada Grama Panchayat BMC of Thrissur district were thus selected.
Pampa river: - Pampa the third biggest river in Kerala, well known for its fish
diversity, originates from the high ranges of Pulachimalai hills and flows down a length
of 176 km and reaches the Arabian Sea through Pathanamthitta, Idukki and Alappuzha
districts. It is considered as the sacred river in Kerala (Figure. 2).
Meenachil river: - Meenachil River originates from the Western Ghats and flows
through Kottayam district having a length of 76 km. It has numerous small rivulets and
canals that help fish migration during monsoon (Figure. 3).
Moovattupuzha river: - Three rivers namely Thodupuzhayar, Kaliyar and
Kothamangalam River merge to form the single Moovattupuzha River, one of the
important rivers in Ernakulam district. The river runs for a distance of 121 km and finally
reaches the Arabian Sea (Figure. 4).
Chalakkudy river: - It is the fifth largest river in Kerala and originates from
Anamalai hills. It travels along a distance of 144 km and the lower portion of the river is
popularly known as Annamanadapuzha (Figure. 5).

Materials and Methods
1. Selection of grow-out ponds:- Ponds having no algal growth, low depth,
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There are so many canals associated with these rivers. These associated canals and water
ways enhance fish migration toward floodplains. It is identified that about 92 species of
fishes have migrated towards floodplains from these Rivers (Table 1).
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less size (having 4-8 cents area) and protected by side walls were selected as grow-out
ponds for the project. Pond selection was carried out completely by the BMC. Mainly
well maintained ponds were selected. In order to make fishes and fingerlings healthy
and stress free while transportation, ponds situated nearby the river or its tributaries or
canals were selected. All the grow-out ponds were cleaned properly before putting fishes
into the pond (stocking). With the intention of conserving any three species of spawned
fishes caught during MFF, we selected 3 grow-out ponds from each BMC. Thus a total of
21 ponds were selected altogether from five districts.
2. Selection of fish species:- Even though there are so many species of fishes
that undergo floodplain migration, their number/ quantity may vary every year.
Concerned BMCs of the Panchayat have done all the necessary arrangements with the
local fisher folk for providing maximum quantity of fishes caught during MFF for the
conservation programme. From the available fish species, we selected mainly three
native species such as ‘Kaari’ (Heteropneustes fossilis), ‘Varal’ (Channa striata) and
‘Manjakoori’ (Horabagrus brachysoma) for this pilot study based on their food value and
medicinal value. From all the three species, only spawned fishes were selected for
stocking in grow-out ponds.
‘Kaari’ (Heteropneustes fossilis):- It is a commonly occurring species
recorded from South and Southeast Asia. The species inhabits freshwater such as ponds,
ditches, swamps and marshes, but it is sometimes found in muddy rivers. It is able to
tolerate slightly brackish water. The fish attains a length of 30 cm and is of high economic
importance. In Kerala, it is in great demand because of its medicinal value. According to
IUCN Red List Category, it is considered Least Concern at present (Jha and Rayamajhi,
2010). But it is heavily utilised for food and for medicine in many parts, and it may
become threatened by over exploitation and habitat loss and degradation in future
(Figure. 6).
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‘Varal’ (Channa striata): - It is a widespread species native to South and Southeast Asia. Currently IUCN assessed this species as Least Concern (Chaudhry, 2010). But
it is a widely used food fish for local use and trade. Normally it has a size of 30-40 cm
length, but it may attain a length of 60-75 cm. It is a very popular freshwater fish species
that breeds mostly during rainy season and are highly priced fish especially when freshly
caught. So they are widely caught through MFF by the local fisher folk (Figure. 7).
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‘Manjakoori’ (Horabagrus brachysoma):- It is a native fish in the
southern region of India especially in Karnataka and Kerala. In Kerala it is mainly
distributed in rivers and occasionally in lakes and backwaters. The species is mostly
known to occur in the Chalakudy, Periyar, Meenachilar, Manimalayar, Pampa,
Moovattupuzha, Chaliyar, Kallada and Achenkovil Rivers, Vembanad and Sasthamcotta
Lakes, Muriyad and Kole wetlands in Kerala (Sreeraj et al., 2006 & Raghavan et al., 2008).
It is one of the most inland food fishes having high consumer demand and can reach up
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to the size of 45cm in length. But overexploitation and habitat loss led to decline in its
species population throughout its range. At present the species is assessed as Vulnerable
by the IUCN (Raghavan and Ali, 2013) (Figure. 8).
In order to keep the trend of population of all the above mentioned three species as stable,
protection of their spawning stock is very important. That is why we selected these three
species for this pilot study as they are more susceptible to overexploitation and habitat
loss.
3. Stocking:- Brood stocks of these native fishes procured from local fishermen
from their catch during migration were transported to the grow-out ponds in properly
aerated tanks with good quality water. Particular care was taken when stocking the fishes
into the grow-out ponds and it was done in the morning time before the temperature of
pond water rose. In order to avoid stress in fishes due to the significant quality difference
between the tank water and pond water, fishes were acclimatized for a period of 1-2 hours
by slowly replacing the transporting water with receiving water. On spawning the adults
were selectively removed using nets. The grow-out ponds have been protected completely
with predator netting. The fry were fed to the size of fingerlings for 3-4 months and then
reintroduced to rivers.
4. Counting of fingerlings: - Weight of fishes before stocking into grow-out
ponds was carried out using scales and counting was done by conventional physical
method. But in case of fingerling’s counting before releasing into the river from grow-out
ponds, conventional way of physical counting was not practically possible. So, we took
their estimate count by weight using bins and a set of scales. The fingerlings were taken in
small batches and weighed. Then the total weight was divided by mean individual weight
to obtain an approximation of total number of fingerlings. The mean individual weight
was calculated by weighing and counting a small sub-portion.
Results and Discussion

Even though there are about 92 species of migratory fishes recorded from the study area, we
got mainly 3 species in bulk and others were very rare. Of the 92 species, the conservation
Mainstreaming Biodiversity for Sustainable Development
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Both the conservation and management of MFF can be effectively done through BMCs in
a participatory manner. Management of MFF include education/ awareness, regulation
and replenishment of the species. Prior to the implementation of the project by the
onset of southwest monsoon, awareness programmes were conducted in all the selected
7 BMCs to ensure a reduced rate of fishing during the monsoon migration of fishes.
First of all awareness classes were given to BMC members regarding the phenomenon of
‘Oothayilakkam’ and ill effects of MFF. Then, BMCs have undertaken the task of giving
mass awareness. Brochures, display holdings, palmlets and posters were distributed
among the general public, NGOs and the native fishermen community depicted the
destructive effect of fishing in monsoon migration.
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status of majority (47 species) is assessed by IUCN as least concern, 22 species are
not yet assessed and 2 species are found as data deficient (Table 1), 4 near threatened,
5 vulnerable,10 endangered and 2 critically endangered species. The reason for this drastic
decline of migratory fish species towards the flood plains should be clarified with a joint
research programme with the fisheries department using high tech methods. Practice
of indiscriminate fishing during floodplain migration and destruction of migratory
pathways may be the reason. The outcome of the study may be very useful for enriching
the diversity of these inland native fishes. It is suggested that captive breeding techniques
can be adopted for replenishing their population.
Based on availability of brood stocks of three native fish species - ‘Kaari’ (Heteropneustes
fossilis), ‘Varal’ (Channa striata) and ‘Manjakoori’ (Horabagrus brachysoma) – weighing
147 kg (765 nos.), 151 kg (752 nos.) and 184 kg (785 nos.) respectively was procured from
fishermen of the selected BMCs in five districts. Details of fish procured from each BMC
are listed in Table 2 & 3. Each species was introduced in separate grow-out ponds. Thus
a total of 3 grow-out ponds were prepared in each BMC to spawn the individuals of each
species separately and altogether 21grow-out ponds were prepared in 7 BMCs.
The brood stock purchased from each districts were acclimatized initially for 1-2 hours.
Then the fishes were slowly transferred from the transportation tank to the grow-out
ponds which were prepared for their spawning. For 20 days they were regularly fed and
monitored. After 20 days almost all fishes had spawned. For the safety of the fry the
adult were selectively caught using nets and reintroduced to rivers. The fry were further
grown to the size of fingerlings for the next 3 months and further they were introduced
to respective rivers in each district. Proper feeding and monitoring was done regularly.
Fish fingerlings of Koipram, Mannar and Pandanad BMCs were released into the Pampa
River. Fingerlings of Ramamangalam and Valakom BMCs were released into the
Moovattupuzha River. Similarly, the fingerlings from Kanakkari BMC and Annamanada
BMC were released into the Meenachil and Chalakkudi Rivers respectively. Special
care was taken to reintroduce the species to their respective habitat and to avoid the
contamination of the gene pool of the population by introducing species from another
locality.
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Fingerlings of all the three species were collected separately from each grow-out pond;
estimate count was taken and released them separately into the river. Altogether 16,048
numbers of Heteropneustes fossilis fingerlings, 17,015 numbers of Channa striata
fingerlings and 22,614 numbers of Horabagrus brachysoma fingerlings were obtained
from all the 21 grow-out ponds (Table 4). Thus, a total of more than 55,000 fingerlings
were reintroduced into the rivers from all the 7 BMCs.
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When we consider the conservation status of each species by the BMCs, highest percentage
(17%) of fingerlings of Heteropneustes fossilis was done by Mannar and Pandanad BMCs
of Alappuzha districts and for Channa striata and Horabagrus brachysoma, highest
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percentage of releasing was carried out by Koipram BMC of Pathanamthitta district
(Figure 9). Of the three fish species, maximum amount of fingerlings released was
Horabagrus brachysoma (40.6%), which is listed as Vulnerable by the IUCN (Figure. 10).
Conclusion
Native fresh water fishes are one of the best indicators of a healthy ecosystem and water
quality, as they play the role of keystone species in fresh water ecosystem. The fishes
are known to feed on a variety of organisms including the larvae of many of the insect
vectors and keep a check on their uncontrolled proliferation. The fishes are also a source
of healthy protein and their protection can definitely be a reliable source of protein that
would ensure food security and energy security for the coming generation.
The present study envisaged to replenish the populations of fresh water fishes in
Kerala through people’s participation with the support of BMCs. As BMCs are the
custodian of their local biodiversity, they can play a vital role in regulating MFF and
make aware the public with the support of local Non-governmental Organizations
(NGOs) and Biodiversity Clubs functioning under the jurisdiction of BMCs. BMCs
can also enforce strict regulation on fish capturing by the onset of monsoon in their
respective jurisdiction. The conservation of fishes by rearing the fry caught during
monsoon flood plain fisheries in ponds and releasing the fingerlings could contribute
to the enhancement of native fish diversity in the river. Active participation and
involvement of the local community along with the BMC, awareness programmes among
the public, formation of floodplain management committee and conservation of the
migrating fishes are extremely essential to ensure the sustainability of monsoon flood
plain fishery. The outcome of the study with the active participation of the BMC is
surely a good signal for the enhancement of native freshwater fish diversity in Kerala.
Captive breeding techniques can be adopted for replenishing the populations of fresh
water fishes in major rivers of Kerala. KSBB is planning to implement this conservation
practice in future for large number of species through artificial rearing, establishment of
fish sanctuaries, etc.
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Figure 1:- Location map of Study area
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Figure:- 2 Pampa River basin
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Figure. 3 Meenachil River basin
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Figure:- 5 Chalakkudy River basin
Mainstreaming Biodiversity for Sustainable Development

NBC 2017

Figure. 4 Moovattupuzha River basin
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Fig.6 Heteropneustes fossilis Bloch (Kaari)

Fig. 7 Channa striata Bloch (Varal)

Fig. 8 Horabagrus brachysoma Guenther(Manjakoori)
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Figure:- 9 Percentage of fingerlings released by BMCs
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Figure:- 10 Total percentage of fingerlings released
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Table :- 1 List of migrating fishes identified in the study area
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FAST DESICCATION RESPONSE OF SEEDS OF GARCINIA IMBERTI
BOURD. AN ENDANGERED AND ENDEMIC SPECIES TO
AGASTHYAMALA BIOSPHERE RESERVE.
Anto Mathew* and C. Anilkumar
Seed Bank, Conservation Biology Division
Jawaharlal Nehru Tropical Botanic Garden and Research Institute, Palode,
Thiruvananthapuram- 695562
*Email: antokmmavady@gmail.com
Genus Garcinia L. of family Clusiaceae growing in tropical parts of the world, comprise of
400-600 species. Among the 35 Garcinia species occurring in Eastern and Western Ghats
of India, Garcinia imberti Bourd. is an endangered and endemic species (IUCN, 2017) to
southern Western Ghats, confined to an altitudinal range of 600-1200 m. Since seeds are the
sole propagule with recalcitrant nature and dormancy, a study on the level of dehydration
tolerance as a prerequisite for viability extension was conducted. Fresh seeds possessed 17%
germination with 62.8 % initial Moisture Content (MC). The preliminary studies revealed
that, seed decoating is the best method for alleviating physical dormancy. The present
investigation indicated that, the six hours of fast desiccated Garcinia imberti seeds
retained good viability with safe moisture content favouring germplasm conservation
programmes.
Keywords: Endangered, Endemic, Germplasm conservation.
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Genus Garcinia L. of family Clusiaceae comprises 400-600 tropical species (Asomaning
et al., 2011). Among the 35 Garcinia occurring in Eastern and Western Ghats of
India (Malik et al., 2005), G. imberti Bourd. is endangered and endemic to the
southern Western Ghats (IUCN, 2017) to an altitudinal range of 600-1200m
(Mohanan et al., 1997). The niche specificity of the species was evidenced through
a narrow distribution (IUCN 2017) restricted within the Agasthyamala Biosphere
Reserve (ABR) (8°8’ to 9°10’ N and 76° 52’ to 77° 34’ East; 3500.36 square kilometres).
Our preliminary observations showed that the trees exhibited recruitment failure
due to high seed predation rate and extended period of seed dormancy (Anto
et al., 2016). Being at various fragmented ecosystems coupled with imperilled fruits and
seeds predation, this species is under stress. Like other Garcinia members, seeds are major
propagule, which shows the property of recalcitrance with hypogeal germination. The
primary root and shoot emerges from opposite end of seeds and later the primary root
degenerate and an adventitious root emerges from the side of the shoot. This type of seed
germination was reported as ‘Garcinia type’ (Vogel, 1980).
The G. imberti seeds will not germinate soon but only when they reach a period of
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5-6 months of dormancy since seed coat acts as a physical barrier against germination
(Prajith et al., 2015). Moisture content of most recalcitrant seeds fall below high critical
level, and leads to lose of viability making ex situ conservation problematic. It is a matter
of fact that, reduction of moisture content to a minimum safe level extends the seed
storage. (Kumar et al., 2004). The germination performance of G. imberti seeds were not
studied in detail so far. Hence the present study has been carried out to assess the impact of
desiccation on the germination and seed vigour of G. imberti.
Materials and Methods
Sample collection
The seeds were collected during two consecutive years (2015 - 2016) at different locations
viz. Chemunji (1868m, N 08041’28.0”, E 077011’04.8”), Bonacaud (943m, N 8045’25”,
E 77011’20”) and Ponmudi (1003m, N 08045’50.2, E 077006’48.5”) of Agasthyamala
Biosphere Reserve, Kerala.
Seed desiccation
Ripened fruits were collected from 15 accessions and seeds separated from their thin
pulpy rind. Seeds were sterilized by treating with 0.1% mercuric chloride for 5-10
minutes followed by free rinses in distilled water. Then the seeds were surface dried
under room temperature for 1 hour (280C ±20C /60% RH), in 4L capacity desiccators with
activated silica gel (fast desiccation), they were also dried under laboratory conditions
for different periods up to 36 hours. After MC analysis and germination in a germinator
(28 ±2°C, 60 % RH), leachate conductivity tests were also carried out simultaneously to
assess the CMC of the species.
Seed germination tests
Germination tests were carried out in 10 replicates of ten fast desiccated decoated seeds
each, rolled in an acid free (A.R. Industries, Bangalore, India) moist germination paper kept
in a seed germinator without light (30 ± 2oC, 80% RH). The viability of seeds was checked
on the basis of the percentage of germinated seeds. Seed was scored as germinated when the
radicle come out to a length of 5 mm (ISTA, 1985). Observations on germination were
noted at weekly interval in all the ten treatments and data recorded.
Leachate conductivity were done for both control and seed samples subjected to fast
desiccation, taken out at every 3 hours. They were also checked for the simultaneous
leachate conductivity according to Bonner, (1996). Known weight of three randomly
selected fast desiccated seeds were soaked in 40 ml deionised distilled water and kept in
a closed container for 24 hours at 280C in the laboratory. The conductivity of the solution
was measured with a dip cell conductivity meter (Systronics, DDR, type 306) and
expressed as microsiemen (µs).
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Leachate conductivity
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Seed imbibition test
For imbibition test, individually numbered 3 lots each with 10 fresh seeds were weighed
and numbered and were submerged in water at room temperature. At a gap of 3 hours
of imbibition, each seed was picked out from the water, surface dried with tissue paper
weighed and kept back in the same water. The amount of water imbibed and the time for
attainment of maximum imbibitions was measured. The imbibition rate was calculated as
per the method Legesse and Powell, (1996).
Weight of Imbibed Seeds- Initial Weight of Seeds
Rate of Water Imbibition =
Initial Weight of Seeds
Seed Vigor Index (SVI)
After 6 months of desiccation experiments, SVI was calculated by multiplying
germination percentage and seedling length (Abdul-Baki and Anderson, 1973)
before planting to the field. Seedling length was achieved by measuring the lengths of the
adventious root, shoot and total plant using a millimeter ruler and expressed in
centimeters (cm). The higher SVI is considered to be more vital seed (Abdul-Baki and
Anderson, 1973).
Statistical analysis
The data were statistically evaluated by the independent and interactive effects of these
treatments by one way ANOVA and significance of differences between means were
tested by LSD (Tukey).
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Garcinia imberti, seeds are recalcitrant in nature with 62.8 % initial moisture content
(MC) and by nature possess only 17% germination. Seeds are dormant and normally
take 5-6 month for germination. Preliminary studies revealed that, seed decoating was
the best method for alleviating physical dormancy (Prajith et al., 2015). Seed desiccation
was also one of the best method for reducing its dormancy. G. imberti seed viability loss
could be either due to the moisture content declining below a certain value which was
experimentally found as 16.43 ± 2.8 % with 50.46 ± 1.6 % germination. It is the fact that,
the seeds of G. imberti could not be dehydrated below 16 % of MC devoid of reducing its
viability. According to Nemky (1964), for recalcitrant seeds of Red oak (Quercus borealis
var. maxima Sarg.) germination percentage diminish severely when the MC fall below
30%. According to Pritchard, (1990), continued drying of Quercus rubra recalcitrant
seeds to 10-15% MC resulted in a complete loss of germinability. The loss of viability
below a higher value of MC is the main characteristics of recalcitrant seeds (Ellis, 1991).
During dehydration, permanent damage of cell membrane systems of seeds was one of
the major cause of seed viability loss (Umarani et al., 2015).
The fast desiccation studies of G. imberti seeds revealed that, the correlation analysis
Mainstreaming Biodiversity for Sustainable Development

showed a significant positive relation ie., r = 0.88 between moisture content and seed
germination (Figure 2.). Nevertheless, the leachate conductivity remained unreliable and
in contradiction to the usual negative correlations (Figure 1.). This was discussed as a
state of dormant seeds with reduced metabolic activity and minimal outflow of solutes
(Chappel et al., 2015), according to which the recalcitrant desiccated seeds of Spartina
alternifolia did not show the out flow of inorganic and organic leachates from whole
seed even as viability declined dramatically. The germination percentage and electric
conductivity vary with different moisture contents of seed (Li-rong and Jian-guo, 2009).
The fast dried seeds of G. imberti showed less germination percentage due to different
levels of sensitivity to desiccation, depending on their moisture content. The desiccated
seeds with reduced metabolism of the seed and the embryo lead to lowering of the
viability of seeds (Black and Pritchard, 2002). According to Dresch et al., (2015), the
seeds of Campomanesia adamantium showed decreased germination speed index (GSI)
linearly with fast desiccation, indicating the damage caused by fast drying of the seed.
Table 1. Measurements of fast desiccated seed associated structures (n = 10)

The SVI of 6 hours desiccated G. imberti seeds was 130 a promising value compared to
144 of non desiccated control seeds. The 51 hours of desiccated seeds showed 16.43% of
MC with 50% germination and registered as CMC of G. imberti. Below this CMC, seeds
showed less percentage of germination and less SVI. A similar observation was noted
in Campomanesia lineatifolia seeds where the reduced MC to 16% caused a decrease in
germination percentage (Carvalho et al., 1997 In: Nunes et al., 2015). The integrity of
Mainstreaming Biodiversity for Sustainable Development
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ANOVA - *significant at P= 0.05 level, ** significant at P= 0.01 level, ±SE: Standard Error
of the mean and the figures superscripted by same letter in columns without asterisks are
not significant (at 1% and 5% P level) based on LSD (Tukey).
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cell membrane to preserve the seed vigour was affected by temperature, seed MC and
humidity. (Li-rong and Jian-guo, 2009). The whole plant length was negatively affected
by the level of desiccation of the Campomanesia xanthocarpa seeds, that delayed seedling
growth, and affected its capability to effectively establish. (Nunes et al., 2015).
Figure 1. Fast desiccated seed germination and moisture content (%) and Leachate
conductivity (µs).

GP: Germination percentage, MC: Moisture content and LC: Leachate conductivity
G. imberti seeds of 6 hours of fast desiccation showed lowering the moisture content from
62.8 to 56.2 % with 100 % germination and a positive significant hike in the adventitious
root initiation ie. 0.6 ±0.2. Almost similar rate of seedling length and SVI was observed
compared to control. (Table 1.). The seeds with higher amount of lipid compared to other
primary metabolites ie, 127.7 mg/g of tissue favour the desiccation tolerance up to 6 hours.
According to Anto and Jayaram, (2010), the seed of Glycine max L. desiccated by higher
temperature does not affect the viability due to high amount of lipid content. After 6
hours of desiccation of G. imberti seeds, the growth of primary root, adventitious root
and shoot was reduced and later inactivated by insufficient moisture content (Table 1.).
The primary root impaired during fast desiccation indicated its sensitivity to desiccation
(Buitink et al., 2003).
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Figure 2. Correlation between germination (%) and moisture content (%) of G. imberti
seeds; r = 0.88**
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The seed associated parameters of desiccated seeds of Campomanesia adamantium were
disrupted by fast desiccation (Dresch et al., 2015). A reduction in the root length was
also noted in seeds of Hancornia speciosa Gomes (‘mangaba’) (Santos et al., 2010), and
Eugenia pyriformis Camb. (‘uvaia’) (Scalon et al., 2012). The seedling length and SVI
of G. imberti were also reduced during continuous desiccation. Damage caused by fast
desiccation that reduced the percentage of Campomanesia adamantium seedling were
also reported by Dresch et al., (2015).
Figure 3. Imbibition curve of decoated G. imberti seed

The initial imbibition process of G. imberti fresh seeds was slow up to 3 hours which
may be similarly discussed by means of a physical process, that revealed the differences
of matricial forces between the dry and water imbibed seeds (Stendahl, 2005).
After 3 hours, imbibition rate was enhanced, may be due to the process of balancing
between the osmotical and the pressure potential aided through digestion of reserves, like
carbohydrates, protein, and lipids (figure 3) (Bewley,1997) From 15 hours of desiccation,
the curve showed a steady imbibition of water and eventually the absorption became
stabilized by 36 hours.

The study on the level of dehydration tolerance as a prerequisite for viability extension
was conducted. The present investigation indicated that, the 6 hours of fast desiccated
Garcinia imberti seeds retained superior viability with safe moisture content and also
showed a remarkable SVI as a promising value compared to non desiccated control seeds.
The correlation analysis revealed a significant positive relation between moisture content
and seed germination. However, the leachate conductivity remained unreliable since the
values especially at the last phase of viability loss registered low values in disagreement to
the usual negative correlations. This was discussed as a condition of reduced metabolic
activity of dormant seeds with minimal outflow of solutes. Thus 6 hours of fast desiccated
seeds may be more valuable for future storage aspects favouring germplasm conservation
programmes.
Mainstreaming Biodiversity for Sustainable Development
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Ancient people were highly attached with their surroundings. In their religion and
culture there was a lot of importance for forests and their protection. Sacred Groves,
locally called as Kavus, a place of worship mostly located along with a collection of thick
natural vegetation, were associated with many believes.
It is because of this believes and tradition, most of the sacred groves were protected in the
past by local people. Protection of these natural vegetations is done also because of the
explicit connections they show between cultural and biological diversity and their
potential of people-oriented conservation efforts. Therefore, a holistic understanding
of the current status and structure are essential for assessing their ecological role and
formulating strategies for their conservation.
This paper briefly reviews the comparative studies of two Kavus, Madayi kavu and
Edayilakkad kavu which are situated in two extremely different ecosystems of Kannur
district, in Kerala. The study highlights the floral diversity and conservation strategies
which could be a powerful tool for ensuring biodiversity conservation through community
participation. The sacred groves are rich in plant genetic diversity and are composed of
many ethnobotanically useful species, including wild edible fruits, medicinal plants etc.
Keywords: Sacred Groves, Kavu, Protection, Biodiversity Conservation, Community
participation.
Introduction
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Sacred Groves are small patches of natural vegetation protected by local communities the
sacred residences of local deities and sites for religious-cultural rituals. Every sacred grove
carries its own legends, lore, and myths which form the integral part of the sacred grove.
(Unnikrishnan, 1997) Further, rare, endangered, threatened and endemic species are
often concentrated in sacred groves. Hence it is highly important to promote sustainable
utilization and conservation of flora and fauna of the region. (Chandrasekhara and
Sankar, S, 1997).
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Chama Kavu and Edayilakkad Kavu are two major sacred groves in Kannur district. The
study highlights the traditional practices, floral diversity, and conservation strategies
which could be a powerful tool for ensuring biodiversity conservation through community
participation. In the study area, various traditional customs associated with sacred groves
were in practice. The sacred groves are rich in plant genetic diversity and are composed of
Mainstreaming Biodiversity for Sustainable Development

many ethno-botanically useful species, including wild edible fruits, medicinal plants etc.
(Pushpangadan et. al., 1997).
Objectives of the Study
• To conduct a study of the floral taxonomy and their diversity in Chama Kavu
and Edayilakkad Kavu of Kannur district, Kerala.
• To understand the myths, believes, ritual practices, cultural and historic
background of Sacred Groves and the urgent need to protect them.
Methodology of the Study
• Survey of flora in Chama kavu and Edayilakkadu Kavu were done by total
inventory method. The selection was based on the specific location and nature of
vegetation of the grove.
• History of the grove was collected from elder generation living around it. This
information was collected to document the change that has taken place within a specific
period.
people.

• The ritual practices of Chama kavu was collected from the authorities and local

Results and Discussion
Chama Kavu

Edayilekkadu Kavu
Edayilekkad Sri Nagalayam is one of the rarest types of Nagakavu (where serpents are
Mainstreaming Biodiversity for Sustainable Development
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Vellur Sri Chama Kavu is situated at Vellur, a small town near Payyanur, in Kannur
district. The Kavu is owned by Chamayil Veettukar (Chamayil family), who belongs to
Nair community. It is believed that the name Chama Kavu came while the Chamayil family
tried to cultivate Chama in that land. But, to surprise, instead of Chama, Chalyakani
and Kashavu were grown. Chalyakani which is supposed to grow straight upwards
are seen grown with a bend on its body. Durga Devi is the female deity worshiped in
Chama Kavu. This Kavu comes under BHAGAVATHIKAVU. Members of Nambissan
community perform the poojas in Chama Kavu. Earlier Chama Kavu was governed by a
team of 25 Nair members. Then the management was shifted to Periyadans. Later it was
given to the public to manage the Kavu. Now it is under Devaswam. Since Devaswam
cannot run the Kavu alone, local residents give support by giving food grains for using
in the Kavu. Local people are also included in the governing body. Earlier the Kavu was
spread in 7 acres of land. Later 2 acres were given to build a school. Now it has only 5
acres of land.
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worshipped) of Kerala. The deity of this Kavu is Ashta Nagam (eight snakes). Edayilekkad
is a small island situated in Valiyaparamba panchayat, attached to Kannur district, two
kilometers away from Thrikkarippur town. (Position: N 12 dg. 08’ 08.6“, E 075 dg. 09’
24.9”) The Kavu is believed to have been constructed about 1500 years back, by the
Brahmans, who came from northern part of the country. 312.1 acres of land of Edayilekkadu
originally belonged to Udinur Kovilakam. It was later taken over by the government.
Presently it is managed by a committee of villagers. There are two groves in Edayilekkadu.
The larger one called Nagam (11.38 acres) is for snake worship. Smaller one called kavu
(1.88 acres) is meant for theyyam worship. There are no shrines for the deities. Kavu is
situated about half a km away from Nagam. They are situated on the island of Edayilekkadu
within one km from the sea.
Ritual practices of Chama Kavu
The following are the various poojas (offerings) to the Deity on each month.
1. Edavam: Makaeryam Thirunal festival; to celebrate the birthday of Devi
2. Karkkidakam: Nira Adiyanthiram will be conducted on this month.
3. Chingam: Punnel (new rice grain) Koozham; Palpayasa nivedhyam on Ashtami rohini
day; Ashtadravya Ganapathi Homam on Vinayaka Chathurthi day.
4. Kanni: Navarathri Aghosham, Mahanavami, Vijayadashami.
The following are the various poojas (offerings) to the Deity on each month.

5. Vrishchikam:
There is a practice of taking the Deepam (lamp) and thiri (thread used to
1. Edavam: Makaeryam Thirunal festival; to celebrate the birthday of Devi
in the2.lamp
to light
it),
to forty will
twobefeet
kalari.
This
is done on the 21st day of the month.
Karkkidakam:
Nira
Adiyanthiram
conducted
on this
month.
3. Chingam: Punnel (new rice grain) Koozham; Palpayasa nivedhyam on Ashtami rohini day;

6. Dhanu:
Paattulsavam
songs)
Ashtadravya
Ganapathi Homam(festival
on Vinayakaof
Chathurthi
day. is conducted between Karthika and
4. Kanni: Navarathri
Thiruvathira
days. Aghosham, Mahanavami, Vijayadashami.
5. Vrishchikam: There is a practice of taking the Deepam (lamp) and thiri (thread used to in the lamp to

st
7. Makaram:
on 13th
ofonthe
month.
light it), to Theyyam
forty two feet kalari.
This day
is done
the 21
day of the month.

6. Dhanu: Paattulsavam (festival of songs) is conducted between Karthika and Thiruvathira days.

8. Kumbham:
Shivarathri
at Ayyappan kotta. Ottanivedhyam for
7. Makaram: Theyyam
on 13th day ofcelebrations
the month.
8. Kumbham: Shivarathri
celebrations at Ayyappan kotta. Ottanivedhyam for Vettakkorumakan (a deity).
Vettakkorumakan
(a deity).
Ritual practices of Edayilakadu Kavu

Ritual practices of Edayilakadu Kavu
The main poojas of Edayilakkad temple are on the Ayilyam star day of Dhanu and Kumbham months.
The main
poojas of Edayilakkad temple are on the Ayilyam star day of Dhanu and
Ayilyam is believed to be the star of nagam (snake). Noorum (lime paste), Paalum (milk), Muttayum
Kumbham
months.
is believed
to be the star of nagam (snake). Noorum (lime
(egg) is the
importantAyilyam
offerings of these
days.
paste), Paalum (milk), Muttayum (egg) is the important offerings of these days.
Plant diversity of Edayilakkadu Kavu and Chama Kavu

NBC 2017

Sl.

418

A comparative
study Kavu and Chama Kavu
Plant diversity of
Edayilakkadu
comparative
		
Name of the plant withA
family
Vernacularstudy
name
ED
CH

Ranunculaceae
Naravelia zeylanica
Vatham Kolly
Annonaceae
2
Uvaria narum
Narum paanal
3
Polyalthia korinti
Karuvally
Menispermaceae
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4
Cyclea peltata
Paadathali
Ochnaceae
1

√
√
√

√

√

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Vatham Kolly

√

Narum paanal
Karuvally

√
√

√

Paadathali

Paayin
Thambakam

√

√

√

√

√
√
√

Kithody, Kaval
Kotta

√

√

Mothira vally

√

√

Punyava

√

Odal

√

Hippocratea bourdillonii
√
Rhamnaceae
Ziziphus oenoplia
Cheruthudali
√
√
Vitaceae
Vitis heyneana
Perumkuranthal vally
√
Cissus discolor
√
Leeaceae
Leea Indica
Nhalu
√
Anacardiaceae
Holigarna arnottiana
Cheru
√
√
Connaraceae
Connarus monocarpus
Kuriel
√
√
Papilionaceae
Desmodium triquetrum
Adakka Panal
√
Dalbergia horrida
√
√
Pongamia pinnata
√
Abrus precatorius
Kunni
√
Derris brevipes
√
Mimosaceae
Adenanthera pavonina
Manjadi
√
Rhizophoraceae
Carallia brachiata
Vankana
√
√
Myrtaceae
Syzygium zeylanicum
√
√
Syzygium caryophyllatum
√
√
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Melastomataceae
Memecylon randarianum
Kashavu
√
√

NBC 2017

1

Ranunculaceae
Naravelia zeylanica
Annonaceae
Uvaria narum
Polyalthia korinti
Menispermaceae
Cyclea peltata
Ochnaceae
Gomphia serrata
Dipterocarpaceae
Vateria indica
Hopea parviflora
Sterculiaceae
Sterculia guttata
Tiliaceae
Grewia microcos
Linaceae
Hugonia mystax
Meliaceae
Aglaia elaeagnoidea
Icacinaceae
Sarcostigma Kleinii
Hippocrataceae
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26
27
28
29

Rhizophoraceae
Carallia brachiata
Myrtaceae
Syzygium zeylanicum
Syzygium caryophyllatum
Melastomataceae
Memecylon randarianum

√

√

√
√

√
√

Kashavu

√

√

Pavatta
Nirrori
Vellila thaaly

√

√
√
√
√

Chethy

√
√

Vankana

42

Rubiaceae
Pavetta indica
Canthium parviflorum
Mussaenda frondosa
Chassalia curviflora
Ixora coccinea
Benkara malabarica
Sapotaceae
Madhuca neriifolia
Madhuca longifolia
Ebenaceae
Diospyros peregrina
Diospyros bourdilloni
Oleaceae
Jasminum rottlerianum
Olea dioica
Apocynaceae
Vallaris solanacea

43

Tabernaemontana heyneana

Nanthyaar vattam

44

Ichnocarpus frutescens

Pal vally

30
31
32
33
34
35
36
37
38
39
40
41

45
46
47
48
49
50
51
52

Asclepiadaceae
Gymnema sylvestre
Hemidesmus indicus
Loganiaceae
Strychnos nux – vomica
Convolvulaceae
Merremia umbellata
Acanthaceae
Phaulopsis imbricata
Verbenaceae
Vitex altissima
Premna serratifolia
Lauraceae
Cinnamomum zeylanicum

√
√

Aatilappa
Illippa
Panachi
Kari thuvara
Kurukkutty mulla
Edana

√
√
√
√
√

√
√
√

Chakkarakolly
Nannari

√

Kanhiram

√

Vayara

√
√

Mayilellu

√

√
√

Karuva

√

√
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√

Actinodaphne madraspatana
Loranthaceae
54
Loranthus falcatus
Ithil
Euphorbiaceae
55
Sapium insigne
Kannampotty
56
Bridelia scandens
57
Aporusa lindleyana
Ponvetty, Vetty
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58
Antidesma ghaesembilla
Moraceae

√
√

√
√
√

√
√
√
√

53
54
55
56
57
58
59
60
61

Actinodaphne madraspatana
Loranthaceae
Loranthus falcatus
Euphorbiaceae
Sapium insigne
Bridelia scandens
Aporusa lindleyana
Antidesma ghaesembilla
Moraceae
Ficus benghalensis
Artocarpus hirsutus

Ficus mysorensis
Opiliaceae
62
Cansjera rheedii
Orchidaceae
63
BulbophyIlum neilgherrense
Dioscoriaceae
64
Dioscorea bulbifera
Arecaceae
65
Caryota urens
66
Calamus hookerianus
Araceae
67
Pothos scandens
Cype raceae
68
Schoenoplectus articulatus
Poaceae
69
Oplismenus compositus
ED - Edayilakkad Kavu, CH – Chamakavu
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√
Ithil

√

Kannampotty
Ponvetty, Vetty

√
√
√

√
√
√
√

√

Peraal
Anhily

√

Kallal

√
√

Mookkittakaya

√

Kaachil

√
√

Chundapana
√

√

Paruvakody
√
√

ED - Edayilakkad Kavu, CH – Chamakavu
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OPTIMIZATION OF PROTOCOLS FOR SURFACE STERILIZATION
OF EXPLANT AND AXILLARY BUD PROLIFERATION IN
HOLOSTEMMA ADA-KODIEN SCHULT.
FOR IN VITRO CONSERVATION.
P. J. Archana and 2 S. Sreedevi
Post Graduate and Research Department of Botany& Biotechnology
SreeNarayana College, Kollam, Kerala, India. PIN: 691001
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1

Holostemma ada-kodien Schult. (Family Asclepiadaceae) is a rare and important
medicinal plant. The tuberous roots are medicinally important and have a huge demand
in South Indian pharmacies. The plant is threatened by habitat destruction and over
exploitation. This necessitates immediate attention for its conservation and cultivation.
So the present work is focused on the standardization of a viable tissue culture protocol
for surface sterilization of H.ada-kodien explant collected from field grown plants and
also for the multiple shoot induction through axillary bud proliferation.
Keywords: In vitro, surface sterilization, multiple shoots.
INTRODUCTION
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Holostemma ada-kodien Schult. (Family: Asclepiadaceae) is a rare and important medicinal
plant distributed in the tropical rain forests of the world (Kolammal, 1979; Sivarajan
and Balachandran, 1994). The plant is used as an antidiabetic, rejuvenative, aphrodisiac,
expectorant, galactogogue, stimulant, ophthalmic disorders and for maintaining youthful
vigour, strength and vitality (Moming 1987; Warrier et al., 1995 and Gupta 1997). The
medicinally important tuberous roots are utilized as a major ingredient of drug “jivanthi”
(Kolammal, 1979) which has a huge demand in South Indian pharmacies. According
to Dan and Shanavaskhan (1991), the gradual disappearance of this plant is due to the
indiscriminate collection of root tubers as raw material for the ayurvedic drug
preparations as well as for other anthropogenic reasons. Holostemma ada-kodien is listed
as vulnerable and rare in Foundation for Revitalization of Local Health Traditions Red
list of medicinal plants (FRLHT, 1997). Immediate steps are therefore required for the
conservation and cultivation of this plant.
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In vitro propagation system provides an alternative method for the rapid production of
plants but its ultimate success depends upon the successful transfer and establishment of
these plants in field conditions. In vitro plant regeneration through axillary bud culture
is an easy and economic way of obtaining a large number of consistently uniform plants
within a short span of time. Commercial cultivation of Holostemma ada-kodien is
problematic due to increasing land pressure and its inherent difficulty to propagate.
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Hence, in vitro tissue culture method might be of great value as an alternate method to
achieve rapid multiplication of this species. A simple and reliable protocol for an in vitro
propagation of Holostemma ada-kodien, an important medicinal plant through axillary
bud proliferation i.e, the production of multiple shoots from nodal explant has been
achieved. The present work reports the successful protocols for surface sterilization of
explant and axillary bud proliferation in Holostemma ada-kodien for mass multiplication.
MATERIALS AND METHODS
Plant material and maintenance
Stem cuttings of Holostemma ada–kodien were collected during February – March from
a mature plant growing in the premises of a temple in Kollam, Kerala, India and grown in
the botanical garden of the Department of Botany, Sree Narayana College, Kollam.
Explant sterilization
Healthy and actively growing stem segments were collected from field grown plants and
washed thoroughly in running tap water to remove debris and soil from their surface.
The plant material was cut to appropriate size and subjected to different sterilization
procedures. In SP 1 protocol they are soaked in 1% (v/v) liquid detergent labolene with
constant agitation for 10 minutes. This was followed by washing in running tap water for
30 min and finally rinsed with sterile distilled water and taken to the culture room. In
SP2 protocol treated with systemic fungicide Bavistin (1%) for 10 min followed by the
sterilization in HgCl2 (0.1%) for 3 min with constant agitation. The explants were rinsed
in sterile distilled water (DW) 3 times and taken to culture room. In the laminar air flow
(LAF) plant material was subjected to further sterilization in 0.1% aqueous mercuric
chloride for 3-5 minutes followed by rinsing in sterile distilled water 3-4 times.
Medium and culture conditions

The cultures were incubated in the culture room at 25± 2ºC temperature under 16/8 hours
(h) photoperiod (light/ dark) with a light intensity of 1000 Lux (white fluorescent light)
emitted by 40W cool white fluorescent–tubes (Philips, India) and 60- 70% relative
humidity.
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Murashige and Skoog’s (MS) basal medium or media supplemented with various growth
regulators singly or in combinations were used in the present study. The pH was adjusted
to 5.8 before adding 0.8% w/v agar (Sigma, India). Melted media dispensed into culture
tubes /culture flasks, plugged with non-absorbent cotton plugs/caps and sterilized by
autoclaving at 15 lb (1.8 kg/cm2) pressure at 121°C for 15 minutes. Sterilized nodal
explants were trimmed to appropriate size (7 -10 mm) and inoculated on MS medium
(Murashige and Skoog, 1962).
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RESULTS AND DISCUSSION
In the present investigation, the source of explants were field grown plants (Fig.1). Serious
fungal contamination was encountered during the initial establishment of cultures. The
use of sterilization protocol (SP1) was ineffective and resulted in significant loss of cultures
due to contamination irrespective of the nature of the explant. Increase in exposure time to
mercuric chloride (HgCl2) from 3 minutes (min) to 4/5 minutes (min) increased the
culture loss by causing browning and death of explants in addition to fungal
contamination. Hence in this investigation a two step sterilization procedure (SP2), with
initial treatment with a systemic fungicide Bavistin 1 % for 10 min was adopted. This
initial treatment was followed by exposure to HgCl2 for 3 minutes. The protocol SP2 was
effective in reducing the contamination rate and the loss of culture was reduced to 18%
(Fig.4).
In vitro cultures were established by inoculating different explants such as nodal,
internodal, leaf and petiole on MS medium. Basal media were used as such or the media
were fortified with different hormones. The response of hormone fortified media with
additive adenine sulphate (AdS) was also analysed. MS medium was effective both for
callus induction and shoot initiation of Holostemma ada-kodien. The experiments were
initiated with the culture of nodal, internodal, leaf and petiole explants on MS media
fortified with different plant growth regulators (PGRs) either alone or in combinations.
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The experiments were initiated with the culture of nodal explants excised from
different regions of Holostemma ada-kodien. In MS medium supplemented with
6- benzylaminopurine (BAP) (0.5,1.0,1.5,2.0 );BAP (2mg L-1) and AdS(1mg L-1) an
average of 4-5 shoots was induced within 10 days from basal nodal explants (Fig.2). Basal
nodal explants in MS medium supplemented with BAP (3 mg L-1) in combination with
AdS (1mg L-1) showed callus initiation and rapid proliferation 10 days after inoculation but
with time the callus formation and proliferation rate was found to decrease and multiple
shoots developed. An average of 8-9 shoots was noted. Subculturing into the same
medium resulted in elongation of the internode (Fig.3). Adenineas AdS may have
stimulated cell growth and enhance shoot formation as reported by Bantawa et al.,(2009).
Increase in concentration of BAP in combination with AdS resulted in reduction of callus
formation and development of multiple shoots from nodal explants (Table 1).

424

Internodal explants in MS medium fortified with BAP (0.5, 1.0, 1.5, 2.0 and 3mg
L-1) showed callus from cut ends. Internodal explant was cultured on MS medium
supplemented with different combination of plant growth regulators such as BAP
and α-naphtheline acetic acid (NAA). The internodal explant in MS media with BAP
(1.0mg L-1) and NAA (0.5mg L-1) produced callus which was semi nodular pale green
initially but turned yellowish brown with passage of time and also when subcultured
on the same media. The petiole explants in MS medium fortified with PGRs such as
BAP, NAA, and Kinetin (KIN) gave good response in terms of callus induction. The
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creamish green and friable calli proliferated rapidly and covered the entire explant.
The best response in terms of callus initiation and proliferation was in MS medium
with BAP (1.0mg L-1), NAA (0.5mg L-1) and KIN (0.5mg L-1). The leaf segments of
Holostemma ada-kodien were inoculated in MS medium augmented with different
concentrations PGRs such as BAP and NAA. In MS medium fortified with BAP
(1.5,2.0&3.0mg L-1) in combination with NAA (0.5 &1.0 mg L-1 ) the callus formation was
slower and less profuse when compared to the response to BAP alone. Shoot differentiation
was not observed from the proliferating calli formed from leaf, intermodal or petiole
explant in this study . Among the different explants the basal nodal explant was the best
source explant for multiple shoot initiation. Increasing callus proliferation was coupled to
lowered number of multiple shoots.
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For rooting of the in vitro generated shoots, the shoots were excised and individual shoots
inoculated on half strength MS media supplemented with Indol-3-buytric acid (IBA) at
different concentrations (0.1, 0.2, and 0.3 mg L-1).The best response was in MS medium
containing IBA (0.2mg L-1) which formed an average of 5-6 roots. Well rooted plantlets
were transferred to paper cups covered with polythene covers and kept in the green house.
After 12 weeks 69% survival was achieved. The study substantiates earlier reports that the
basal nodal explants form ideal starting material for axillary bud proliferation for multiple
shoot induction and also the nodal explant is the best explant source for callogenesis in
Holostemma ada-kodien. The internodal, petiole and leaf explants showed good callus
initiation and proliferation but no organogenesis was achieved in the time frame of this
work. Only the nodal explants showed in vitro morphogenetic potential. Addition of AdS
improved multiple shoot initiation along with healthy leaf and shoot development.
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SP1 A-HgCl2-3min;SP1B-HgCl2-4 min; SP1C-HgCl2-5min ; SP2 - Bavistin+HgCl2 -3min
Figure 4: Effect of different sterilization protocols on percentage of culture loss
Table 1 Effect of PGRs and adenine sulphate (AdS) on induction of multiple shoots from
nodal explants of Holostemma ada-kodien
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CONCLUSIONS
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Two protocols were tested for effectiveness in sterilization of explants obtained from
field grown plants. The SP2 protocol with initial treatment of explants with bavistin
Mainstreaming Biodiversity for Sustainable Development

followed by exposure to mercuric chloride significantly reduced the culture loss.
6- benzylaminopurine (BAP) when added singly or in combination with AdS in MS
medium was effective in induction of multiple shoots. The internode, petiole and leaf
explants showed good callusinitiation and proliferation but no organogenesis was
achieved in the time frame of this work. In this work we infer that only nodal explants
showed high in vitro morphogenetic potential, and the plantlets were transferred to
natural habitat with 69% success rate. This efficient protocol could be used for rapid propagation of this rare medicinal plant Holostemma ada-kodien from nodal explant sources.
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LEAF COLONISING ALGAE-PHYCOPELTIS IN DIFFERENT
VEGETATION
Binoy T. Thomas*, M. V. Bhagya and V. P. Thomas
Department of Botany, Catholicate College, Pathanamthitta, Kerala
Email: bttkripa@gmail.com, bhagyaanilkumar93@gmail.com
Taxonomic characterization of Phycopeltis in different vegetation of Pathanamthitta
District, Kerala was carried out systematically by field study and microscopic examination
during the southwest and northeast monsoon seasons. It was found that Phycopeltis
colonized not only on the leaf surface of higher forms of vegetation but also in the lower
vascular cryptogams. Phycopeltis was more prevalent in the moist rich leaf surfaces
during southwest and northeast monsoon seasons. There has been no thorough work on
diversity of Phycopeltis species in Kerala. Considering their high ecological and economic
potentials, accounting of their diversity is highly significant.
Keywords: Epiphyllic algae, Phyllosphere, Phycopeltis,Trentepohliales
Introduction
Leaf surface provide the ecologically appropriate landscapes for the organisms to colonize
the surface (Lin et al., 2012). The surface may include lichens, liverworts, fungi, algae and
bacteria (Wylie and Schlinching, 1973; Andreoli and Paoletti, 1993). Epiphyllous algae
inhabit both leaves and trunks (Schliching, 1975). Many of them have economic and
ecological implications (Zhu et al., 2014).
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The genus Phycopeltis lives not only superficially on leaves, twigs, fruits and stems of
higher plants but also on non-living substrata in the area of high moisture content.
Printz (1939) reported twelve species of Phycopeltis from tropical region. The recent
monograph of Thompson and Wujek (1997) is a landmark in Phycopeltis taxonomy. The
study of diversity, ecology and distribution of Phycopeltis species is still very scarce in
different biotopes. The studies of Phycopeltis species are still limited in India. In Kerala
also, diversity of Phycopeltis is still unaccounted and unidentified. There has been no
thorough work on diversity of Phycopeltis species from Pathanamthitta District of Kerala.
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Samples of leaves from different vegetation were collected from five different sites
(each were of about 1-2 acre land) belonging to midland and highland regions of
Pathanamthitta District (9.26010N, 76.96430E) in Kerala. Epiphyllous algae were
collected between August to December 2016 of southwest and northeast monsoon
seasons. Microscopic features were observed by using the Olympus LX 400 Trinocular
microscope and photographs were taken by using BioLinkz Cmos Cam (3.0m pixels)
attached to the microscope. Major characterization and classification of algae was based on
database of Guiry & Guiry (2016). In addition to that, systematic keys of Printz (1939) and
Thomson and Wujek (1997) were also used. All the algae were identified up to the species.
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Voucher specimens of epiphyllous algae containing plant twigs were deposited in the
Catholicate College Herbarium (CATH), Pathanamthitta, Kerala, India with accession
number. The permanent slides of five Phycopeltis species were also kept in the
Phycotechnology Herbarium (CAPH), Catholicate College, Pathanamthitta, Kerala,
India with accession number.
Result
Six species of Phycopeltis were identified during the investigations. P. arundinacea,
P. epiphyton, P.irregularis, P. flabellata, P. aurea and P. vaga were epiphytically grown
on the leaves of different vegetation. Usually thalii of Phycopeltis ranges from 1-7 mm
in diameter size; dichotomously branched filaments; openly branched,
pseudoparenchymatous discoid thalli, appears as golden brown, orange or red colour
due to the deposition of carotenoids and lipids. Sterile trichomes are present in certain
species. Detailed descriptions of five species are as follows.
1. Phycopeltis arundinacea (Montagne) De Toni
Thallus is 3-6 mm in diameter and producing orange coloured disks; with dichotomous
filaments. Margin of the thallus is regular and entire. Cells are 3-7 times as long as wide,
Length width ratio of the cell is 19.50- 22.50 x 7.9 - 9.5. Features of the studied specimen is
in agreement with the description of Thomson and Wujek (1997). The algae grows on the
phyllosphere of Memecylon umbellatum (Melastomaceae, CATH-12043) Adiantum
caudatum (Adiantaceae, Pteridophyte, CATH-12021, and Drynaria quadrifolia
(Polypodiaceae- Pteridophyte, CATH-12017) in all the studied seasons.
2. Phycopeltis epiphyton Millardet
Thallus has yellowish-green or orange discs with radiating and laterally appressed
dichotomous filaments; 1.5 to 2 mm in diameter. They have crenate or lobed margin.
Cells are cylindrical in nature; average length width ratio of cell is 17.88 to 6.9 µm. The
thalli grow superficially on leaves of Cyclea peltata (Menispermaceae, CATH-12009)
in southwest and northeast monsoon seasons. The features of thalli are in agreement
with the description of Zhu et al., (2014) & Thomson and Wujek (1997). The accession
number is CAPH 122.
The cells of algae are composed of cylindrical to barrel shaped and irregular cells. Average
cell length ranges between 13-15 µm and width ranges between 4-5 µm. Filaments are
branched, wide spreading, never forming a regular disc. The features of the thallus are in
agreement with the description of Thomson and Wujek (1997). The accession number
is CAPH123. The algae epiphytically grow on the adaxial side of Aporosa cardiosperma
(Euphorbiaceae, CATH-12041) and Bridelia retusa (Euphorbiaceae, CATH-12042) in
both seasons.
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3. Phycopeltis irregularis (Schmidle) Wille
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4. Phycopeltis flabellata Thompson and Wujek
Average size of the thallus is 1-4 mm in diameter, producing orange-golden coloured
discs with branched or unbranched filaments. Cells are 6.5-8.5 µm in length and 12.5
-20.5 µm width in size; laterally appressed, flabellate or fan like ramuli, appearing as more
or less closed disks; which are perforated. The algae is adhering on the adaxial surface of
leaves of Anacardium occidentale (Anacardiaceae, CATH-12030) and Mimusops elengi
(Sapotaceae, CATH-12011) in the southwest and northeast monsoon seasons. All the
above features of the species agree by the description of Thomson & Wujek (1997) and
Zhu et al., (2014).The accession number is CAPH 124.
5. Phycopeltis aurea Karsten
Algae consists of circular disc with radiating, laterally appressed and dichotomous
filaments. Average length width ratio of the cell is 3.6 x 8 µm. The alga grows on the
adaxial side of Mimusops elengi (Sapotaceae, CATH-12011) in northeast monsoon
season. The accession number is a CAPH 125. All the features matched with description
of Thomson and Wujek (1997).
6. Phycopeltis vaga Thompson et Wujek
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Open, dichotomizing ramuli of this alga are occasionally appressed to form a disc;
crenate to lacinately lobed on the margin. Ramuli with 1-2 central dichotomizing
filaments. Average cell length is 13.62µm and width is 6.92µm. All the features are in
agreement with the description of Thomson and Wujek (1997). The accession number is
a CAPH 125.The algae is isolated from the leaves of Myristica beddomei (Myristicaceae,
CATH-12050).
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The study revealed that the most important algal inhabitants of phyllosphere are
Phycopeltis species. They form a light brown biofilm on the leaf surface. According to
Thomson and Wujek (1997) Phycopeltis is widespread in tropical regions. The study
discovered the presence of six Phycopeltis species from the phyllosphere of Pathanamthitta
district. Among the six species, P. arundinacea, P. epiphyton, P. flabellata and P.aurea
produced a disc like thallus and dichotomously branched filaments. While P. irregularis
and P. vaga never forms a closed circular disc in their life cycle. All the similar features
have been examined by Thomson and Wujek (1997) and Rindi and Lopez – Bautista
(2008). The most common species in the study was P.arundinacea in northeast and southwest monsoon seasons. Similarly it was observed in Europe (Rindi et al., 2004). All the
species of Phycopeltis have well known economic importance and they are key source of
carotenoids and haematochorome (Lopez et al., 2002). They also serve as the indicators of
air pollution. Phycopeltis was more prevalent in the moist rich leaves surfaces during the
southwest and northeast monsoon seasons. There have been no detailed investigations
done on the diversity of Phycopeltis species in Kerala. Considering their high ecological
and economic potentials, accounting of their diversity is highly significant.
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Conclusion
The study confirms the presence of economically significant Phycopeltis species from
the tropical regions. Pathanamthitta District of Kerala is one of the major repositories of
unexplored epiphyllic microalgae. Detailed surveys of epiphyllic Phycopeltis species are
desirable and can be expected to lead to new discoveries.
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EVALUATION OF ANTIOXIDANTS AND PHYTOCHEMICAL
SCREENING OF Caulerpa peltata LAMOUR AND
Centroceras clavulatum (Ag.)(Mont.).
G. Chitra and P. N. Razeena
Post Graduate and Research Department of Botany, Sree Narayana College
Nattika-680566, Thrissur (Dt), Kerala, India.
The main objective of the present study was to determine the nutritional value of
Caulerpa peltata and Centroceras clavulatum collected from Thikkodi coast, by analysing
their biochemical, phytochemical and antioxidant activity. The samples were extracted
using different solvents of acetone, ethanol, water and petroleum ether. In this study the
phytochemical constituents such as alkaloids, steroids, flavonoids, phenols, coumarin,
cardiac glycoside, tannins, terpenoids, saponins and biochemical constituents such as
protein, carbohydrate and the DPPH free radical activity of selected seaweeds collected
from Thikkodi coast were analysed. The present study provides useful information
of all phytochemicals present in algae, Caulerpa peltata and Centroceras clavulatum.
It shows variations in different solvents because of its differential solubility. Most of
the phytochemicals were absent in its petroleum ether solution because they are less
soluble in petroleum ether. Compared to Centroceras clavulatum, Caulerpa peltata
showed high amount of protein and carbohydrate. Both these algae have antioxidant
activity. In the present study, the seaweed extracts have high DPPH scavenging capacity,
which increased with increasing concentration. A positive relation has been documented
between antioxidation capabilities and total flavonoid content for Caulerpa peltata and
Centroceras clavulatum. Their antioxidant activity shows an inverse relation with the
phenolic content. The results suggest that both the algae can be used as antioxidants in
the field of medical science.
Keywords: Alkaloids, antioxidants, seaweed, phytochemicals.
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INTRODUCTION
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Marine environment supplies many kinds of habitat that supports marine life. Marine
life depends on the salt water present in sea. Marine ecosystem mainly includes algal
vegetation and marine environment proves to be a rich source of biological and chemical
diversity and this ecosystem is a rich reservoir of biologically active compounds which
has the potential to supply ingredients as foods. Marine algae are the richest producers
of marine environment (Bhadury and Wright, 2004). Marine macroalgae are rich in
bioactive compounds with antimicrobial, antiviral, anti-tumoral, anti-inflammatory, and
antioxidant activity (Mayer et al., 2011). The compounds responsible for the antioxidant,
antimicrobial, anti-cancer and antiviral activity are phenolic compounds, sulphated
polysaccharides, and organic acids (Wijffels, 2008). Seaweeds are commercially important
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as source of food, medicine and fertilizer (Rasmussen and Morrissey, 2007). Alkaloids,
catechin, flavonoids, phenols, saponin, steroids, tannins, terpenes, sugars, amino acids,
are the common phytochemicals that are present in different macro algae. It has a greater
role in human health.
Free radicals are chemical species capable of existing independently with one or more
unpaired electrons in their outer most shell, which capture electrons from other
substances and maintain the neutral stage. Initial attack causes the free radical to become
neutral. Another free radical is formed in this process, resulting in a chain reaction. If the
two radical meet, they can combine with unpaired electrons and produce covalent bonds.
Reactive oxygen species (ROS) is derived from molecular oxygen. It damages the DNA,
proteins etc. and causes different diseases like cancer, respiratory ailment etc.
Antioxidant capacity of different compounds prevents several diseases like cancer,
coronary heart diseases, neurological problems etc.
The main objective of the present study was to determine the nutritive value of Caulerpa
peltata and Centroceras clavulatum collected from Thikkodi coast by analyzing their
biochemical, phytochemical, and antioxidant activity.
PURPOSE
The main purpose of our study was to evaluate the antioxidant activity and phytochemical
analysis of Caulerpa peltata and Centroceras clavulatum.
MATERIALS AND METHODS
The samples of Caulerpa peltata and Centroceras clavulatum were collected from
Thikkodi coast ((11029’N lat & 75037’ E long), Kerala. The healthy plants were collected
and stored in polythene bags. Samples were washed thoroughly with tap water to remove
the adhered dirt particles and spread on a blotting paper and dried at room temperature.
Then the samples were dried at 400C for two days and powdered.
50 gm dried crushed samples were extracted using 250 ml solvents of petroleum ether,
acetone, ethanol and water. They are covered with aluminium foil and labelled. After
twenty four hours, extract was filtered through Whatsmans filter paper no.1 and
evaporated to dryness at 400C on a heat incubator and kept in refrigerator.
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Phytochemical screening was conducted by the method of Harborne(1998). Protein
content of the samples was determined by Lowry et al., 1951. Carbohydrate content was
determined by following the method of Dubois et al., 1956. Estimation of phenol was
determined by Singleton and Rossi (1965), and flavonoid content by Chang et al., 2002.
DPPH radical scavenging activity was determined by Yen and Chen, (1955).
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RESULT
Phytochemical analysis of various extracts of Caulerpa peltata was done and it is
determined that alkaloids and steroid content are much abundant in its ethanolic extract.
Phenolic and flavonoid content is very abundant in its ethanol and acetone extract,
coumarin, cardiacglycoside, and saponin in water extract; Tannins are abundant in
ethanol and water extract; terpenoids in ethanol extract only. Absence of steroids,
flavonoids, tannins, saponins and terpenoids are reported in the petroleum ether extract
and the absence of cardiac glycoside reported in ethanolic extract of Caulerpa peltata.
Phytochemical analysis of various extracts of Centroceras clavulatum was conducted.
Alkaloids and steroids are abundantly present in ethanol extract only. Flavonoids and
phenolic contents are present abundantly in acetone and ethanol extract. Abundance of
coumarin is noticed in water and petroleum ether extract; cardiac glycoside in water
extract; terpenoids in its ethanol and petroleum ether solution. Steroids and saponins
are entirely absent in petroleum ether solution and absence of tannins noticed in both
acetone and petroleum ether solution.
Biochemical analysis of Caulerpa peltata in ethanol solution showed protein content
(35.03±0.04%) and less protein is detected in petroleum ether extract (23.65±0.09%).
In the case of carbohydrate, Caulerpa peltata showed higher value in acetone extract
(6.75±0.01%) and least value in petroleum ether solution (3.15±0.06%). (Fig- 1).
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Fig. 1
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Biochemical analysis of Centroceras clavulatum in ethanol extract had more protein
content (20.01±0.02%) and water extract has higher carbohydrate content (4.14±0.05%).
Mainstreaming Biodiversity for Sustainable Development

Least amount of protein (16.61±0.01%) and carbohydrate (2.62±0.03%) was in
petroleum ether solution. (Fig-2).

Fig. 2

Fig. 3
In Caulerpa peltata high phenolic content was obtained in aceton solution and high
flavonoid content in petroleum ether solution. (figure 4)
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In Centroceras clavulatum high phenolic content was in water extract (12.48±0.46
mg/g) and flavonoid in acetone extract (43.43±1.80 mg/g). Least phenolic content was
noted in petroleum ether solution (6.66±0.08 mg/g) and flavonoid content in ethanol
extract (15.81±0.28 mg/g) (Fig-3).
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Fig. 4
DPPH free radical scavenging activity of acetone extract of Caulerpa peltata was higher
at the concentration 500µg/ml (33.14±0.018%) and least in 100µg/ml (27.18±0.64%).
(Fig-5). And in Centroceras clavulatum higher activity shown in 500µg/ml (40.43±0.61%)
and least in 100µg/ml (31.10±0.35%) ( Fig-6).
DPPH radical scavenging activity of ethanol extract of Caulerpa peltata had higher
value at 500µg/ml (40.08±0.12%) and lower at 100µg/ml (34.47±1.27%) (Fig-5). In
Centrocera sclavulatum also higher activity was in 500µg/ml (11.33±0.25%) and less
activity in 100µg/ml (4.74±0.14%) (Table 6, Fig-6).
DPPH radical scavenging activity of water extract of Caulerpa peltata showed high
activity in 500µg/ml (42.38±0.33%) and less at 100µg/ml (35.91±1.06%),( Fig-5). In
Centroceras clavulatum higher activity detected in 500µg/ml (15.8±0.21%) and least
active at 100µg/ml (8.41±0.71%) (Fig-6).
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DPPH radical scavenging activity of petroleum ether extract of Caulerpa peltata showed
higher value at 500µg/ml (93.22±0.16%) and lower value at 100µg/ml (87.16±0.57%)
(Fig-5) and in Centroceras clavulatum also, higher value shown in 500µg/ml (22.7±0.14%)
and low at 100µg/ml (19.76±0.91%) (Fig-6).
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Mainstreaming Biodiversity for Sustainable Development

NBC 2017
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DISCUSSION
In the phytochemical analysis of Caulerpa peltata, steroids, tannins, flavonoids,
terpenoids and saponins are not detected in the petroleum ether solution. And in
Centrocera sclavulatum, steroids, tannins and saponins are absent in the petroleum
ether extract. But most of the phytochemicals are present in acetone, ethanol, and water
extract of these algae. It may be due to the variations in solubility of algae in different
extracts as algal powder is less soluble in petroleum ether solution. Petroleum ether
is non-polar and acetone, ethanol and water is polar in nature. Hediat et al., 2010
reported that different solvents have been known to have the capacity to extract different
phytoconstituents depending upon their solubility or polarity in the solvent. In the present
biochemical study, the maximum protein content was recorded in the ethanolic
extract of green algae C. peltata and minimum in the petroleum ether extract of red
algae C. clavulatum. These findings were in agreement with the result of Mairh et al.,1983
who reported 22.22% of crude protein in Ulva fasciata. Carbohydrate is also rich in
Caulerpa peltata than in Centroceras clavulatum. The present results are supported by
the findings of Anantharaman et al., 2013. In the present study, phenol and flavonoid
content are comparatively higher in Centroceras clavulatum than Caulerpa peltata.
Acetone extract of Caulerpa peltata showed higher phenolic content. Phenolic
compounds are generally more soluble in polar organic solvents (Waterman and Mole,
1994). Antioxidants are those substances which have important protective role in the
development of diseases like cancer, atherosclerosis, arthritis, diabetes, Alzheimer’s and
aging. Marine algae have remained in use by many in a variety of ways since medieval
time (Kuda et al., 2005).
In this study with Caulerpa peltata, the amount of phenol and flavonoid shows
inverse relationship. But these type of relationship cannot be seen in Centroceras
clavulatum. In the present study, flavonoid content in Caulerpa peltata varies from 10.59
to 34.53 mg/g and in red algae Centroceras clavulatum it varies from 15.81 to 43.43 mg/g.
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In the present study, the seaweed extracts have high DPPH scavenging capacity, which
increased with increasing concentration. These findings were in agreement with the
results of Sumathi and Krishnaveni, 2012. In this study, extracts of both Caulerpa peltata
and Centroceras clavulatum showed significant free radical scavenging activity. Extracts
of Caulerpa species were reported to be exhibiting high phenolic content and DPPH
radical scavenging activity among chlorophyceae (Zubia et al., 2007. The higher value of
DPPH radical was recorded in the non-polar petroleum ether extract of Caulerpa peltata
than the rest of the solvent extracts. This is in conformation with the earlier report of
Zeliha et al., 2011.
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In the present study, petroleum ether extract of Caulerpa peltata shows high free radical
scavenging activity and acetone extract of Centroceras clavulatum shows high free radical
scavenging activity than other extracts. Rhodophyta have been reported to exhibit weak
Mainstreaming Biodiversity for Sustainable Development

DPPH quenching activity when obtained using water, ethanol or methanol as solvents for
the extraction (Zeliha et al., 2011).The current research findings were in agreement with
the above result.
In the present study, an inverse relationship was reported between phenolic content and
DPPH free radical from the extract of Caulerpa peltata. This activity could be due to the
presence of certain other phytochemicals in addition to phenolics. This is in conformation
with the studies of Dharmesh et al., 2014. But no correlation was observed between the
phenolic content and antioxidant activity. The result of our study is supported by Kokilam
et al., 2013. A positive correlation has been documented between antioxidation
capabilities and total flavonoid content for Caulerpa peltata and Centroceras clavulatum.
Similar observations have been reported by Chai and Wong 2012 and Bouba et al., 2010.
CONCLUSION
The present study provides useful information that most of the phytochemicals are
present in both the algae, Caulerpa peltata and Centrocera sclavulatum. It shows
variations in different solvents because of its differential solubility. Most of the
phytochemicals were found absent in its petroleum ether solution because they are
less soluble in petroleum ether. Compared to Centroceras clavulatum, Caulerpa peltata
showed high amount of protein and carbohydrate. Both these algae have antioxidant
activity. Their antioxidant activity shows negative correlation with the phenolic content.
Thus both these algae can be used as antioxidants in the field of medical science.
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COMPETITIVE ABILITY OF WEEDY RICE MORPHOTYPES
AGAINST CULTIVATED RICE VARIETIES OF KERALA
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Weedy rice (Oryza sativa f spontanea) or rice plants showing weedy characteristics are
evolved by natural hybridization between wild and cultivated rice. During recent years,
heavy infestation of weedy rice has been reported from major rice tracts of Kerala and is
presently considered as a threat to rice cultivation. Weedy rice plants are found to have
higher competing ability than cultivated rice as evidenced from its higher plant height,
faster growth and early maturity. In order to assess the competing ability of these diverse
morphotypes, seeds of distinct dominant morphotypes collected from major rice tracts
were grown with cultivated rice varieties and evaluated for its competing ability in terms
of agro physiological characters.
Keywords: Morphotypes, weedy rice, cultivated rice.
INTRODUCTION
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Weedy rice is a highly polymorphic group of plants of the rice agro-ecosystem which
competes with cultivated rice varieties for space and resources. Weedy rice (Oryza sativa
f. spontanea ) is evolved largely by natural hybridization between wild and cultivated
rice and is an emerging threat to rice cultivation. With diverse morphotypes, weedy rice
has already infested large rice growing areas across the globe and major rice tracts of
Kerala. Rice granaries in the state are highly affected by weedy rice infestation due to
the adoption of direct-seeded rice culture and use of seeds with admixtures. In Kerala,
heavy infestation in the recent years has caused a reduction in the yield by 30 to 60 per
cent depending on severity of infestation like 3 to 10 mature plants of weedy rice per m2
(Abraham et al., 2012). Controlling of weedy rice morphotypes is very much difficult
because of their characteristics such as early seed-shattering and ability to remain
dormant in soil for long periods. Most weedy rice morphotypes are so similar to cultivated
rice varieties during initial stage and it can’t be identified during periodic weeding of
the crop. However, weedy rice plants are found to have higher competing ability than
cultivated rice as evidenced from its higher plant height, faster growth and early maturity.
Hence the present study was carried out to assess the competing ability of weedy rice
morphotypes with cultivated rice varieties by agro physiological characterisation.
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MATERIALS AND METHODS
Seeds of distinct dominant morphotypes of weedy rice were collected from major rice
growing tracts across the state. Seeds were allowed to germinate after breaking dormancy
and pre germinated seeds were sown in earthen pots filled with clayey soil collected from
rice field. Both the cultivated varieties raised as per POP of KAU(2013) and eight different
weedy rice morphotypes were observed for major physiological characters at 15 DAS
and at 50 % flowering stage. Chlorophyll content, stomatal count, stomatal frequency,
stomatal conductance and root characters were estimated to assess its competing ability.
The total soluble protein of leaf samples were also estimated using simple protein dye
binding assay of Bradford (1976) using bovine serum albumin as the standard.
RESULTS AND DISCUSSION

Total Soluble Protein (TSP) is an indication of total enzymatic activity of a plant.
Results on total soluble protein indicated that there was no significant variation between
the TSP values of weedy rice morphotypes and cultivated rice. All the weedy morphotypes
recorded a lower TSP content both at 15 DAS (0.13 to 0.45 mg g-1) and at 50 per cent
flowering stage (0.5 to 1.07 mg g-1) compared to cultivated rice varieties Jyothi and Uma
(0.51 and 0.44 mg g-1 at 15 DAS and 0.73 and 1.38 mg g-1 at 50 per cent flowering
stage respectively). Data on stomatal characteristics viz., conductance and frequency
suggest that most of the weedy rice morphotypes had a higher stomatal frequency and
conductance, giving some additional advantages to them in comparison with cultivated
rice varieties though it was statistically non significant. Stomatal frequency was higher in
the adaxial surface for both weedy rice (morphotypes) and cultivated rice than abaxial
surface. Out of eight weedy rice morphotypes, six recorded higher stomatal frequency
than Jyothi, while only three weedy rice morphotypes recorded higher value of stomatal
Mainstreaming Biodiversity for Sustainable Development
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Data on physiological characterisation revealed that weedy rice exhibited superiority
over cultivated rice varieties in various physiological parameters which imparted more
competitiveness to weedy morphotypes in comparison with rice. At 15 DAS weedy rice
morphotypes exhibited a higher value of chlorophyll a, b and total chlorophyll content
compared to cultivated rice varieties, though it was statistically non significant. Higher
chlorophyll content during initial stages of growth might have increased photosynthetic
activity resulting in high competing ability of weedy rice compared to cultivated rice
varieties. This was in agreement with the findings of Kannangara (1991), who reported
that chlorophyll content could be used as an effective index for high photosynthetic
efficiency in rice. Rice plants exhibited more greenness than weedy rice morphotypes
at 50 per cent flowering stage while weedy rice had paler leaves. These results suggest
that higher chlorophyll content during initial stages enhanced photosynthetic efficiency
and thereby contributed more competing ability for weedy rice compared to cultivated
rice. Dissimilarities in the leaf colour at early stages make hand weeding impossible and
incomplete.
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frequency than Uma. Stomatal conductance is closely related to leaf photosynthesis
by regulating gas flow. Weedy rice morphotypes recorded wide variation in stomatal
conductance ranging from 48.20 to 179.10 milli moles m-2 s-1 and majority of
morphotypes exhibited similar range of stomatal conductance as that of cultivated rice.
Results on root characters revealed a significant difference between rice and weedy
rice, enhancing the competitive efficiency of weedy rice plants compared to cultivated
rice. At 15 DAS, weedy rice morphotypes had root volume which was 2-5 times that of
cultivated rice varieties. During initial stages 62 per cent of weedy morphotypes recorded
higher root volume compared to Jyothi, while it was 87 per cent when compared with
Uma. Greater root volume of weedy rice during initial growth stages might add to its
weedy potential and could cause greater threat to cultivated rice. Seed longevity is another
character which adds to the competitiveness of weedy rice. From the seed longevity studies
conducted for a period of 18 months at monthly interval, it could be inferred that weedy
rice morphotypes exhibited variable seed dormancy which is a strong indication of its
greater competitiveness. Shattering expressed as grain threshability and variable seed
dormancy were the two important weedy traits that attributed to the persistence and
spread of weedy rice in rice production system. All these characters add to its competing
ability and suggest that in future this might result in the greater survival and invasiveness
of weedy rice in rice fields of Kerala.
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GROWTH MAXIMIZATION STUDIES OF CHLAMYDOMONAS
EUDORINAE IN BOLDS BASAL MEDIUM UNDER VARYING
LEVELS OF pH.
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Microalgae are projected recently on a large scale for food, biofuel production and carbon
sequestration. For exploiting their potentials for such purposes, biomass is required in
bulk quantities. Though a wide range of culture media are available, standardization of
species specific culture conditions is a pre-requisite for meeting the required targets.
Studies in our laboratory proved the efficiency of Chlamydomonas eudorinae as an ideal
candidate for sequestering carbon dioxide. As optimization of Hydrogen ion concentration
(pH) was noted to be effective in maximizing microalgal biomass under culture
conditions, the present work has been attempted with an intention of finding the optimum
pH favouring the accelerated growth of Chlamydomonas eudorinae in Bolds Basal medium.
The growth performances of Chlamydomonas eudorinae was moitored in treatment sets
containing Bolds Basal medium, having pH ranging from 3 to 12, with a gradation of
0.5. A control (pH 6.6) was also maintained in Bolds Basal medium. Experimentation
was carried out in trials for a period of seven days, with daily adjustment of the
altered pH of the culture medium to experiment levels. Attributes like pH, temperature,
conductivity and resistivity of the culture medium together with growth parameters like
cell count, cell size, turbidity and biomass of the micro algal species were worked out. Upon
comparing the results of major growth parameters like cell count, turbidity and biomass,
the optimum pH range favoring increased growth of Chlamydomonas eudorinae was
noted to be 8- 8.5.
Keywords: Biofuel, Carbon sequestration, Biomass, Culture media
INTRODUCTION

In all the efforts related to the utilization of microalgae for specific purposes, production
of biomass in adequate quantities is required. Though a wide range of culture media
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Microalgae are the photosynthetic microorganisms seen in heterogeneous habitats
with a photosynthetic mechanism almost similar to land plants. Factors like higher
photosynthetic efficiency, higher productivity, minimal nutrient requirements and
synthesis of a wide range of biochemicals makes them ideal candidates for a wide range
of purposes. Several research and development efforts are undertaken worldwide to
explore their potentialities mainly in sectors related to food, nutrition, medicine, energy,
environment etc.
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are available, standardization of species specific culture conditions is vital for attaining
required biomass in specific time intervals.Various reports suggest that strategic
modification of culture media and culture conditions can result in maximized growth of
microalgal members (Gong et al., 2014; Khatoon et al., 2014; Moheimani, 2012).
The pH of culture media has a profound influence on the growth and maturity of algal
cultures (Richmond, 2000). Several literature are available regarding the influence of pH
on the enhanced growth of microalgae (Ismaiel et al., 2016; Mandotra et al., 2015; Gong
et al., 2014; Khatoon et al., 2014; Moheimani, 2012).Ying et al., (2014) stated that
although most of the micro algal members show better growth at neutral ranges, the
optimum pH at which maximum growth occur may vary.It has also been reported that
temporary alteration in factors such as pH can decrease unwanted organisms and can
improve the growth of desired microalgae in cultures (Richmond and Becker, 1986).
In this light, the present study has been carried out to evaluate the optimum pH favouring
maximum growth and multiplication of Chlamydomonas eudorinae cultured in Bolds
Basal (BB) medium.
MATERIALS AND METHODS
The pure cultures of Chlamydomonas eudorinae were obtained from Calicut University
Freshwater Microalgal Culture Collection (CUFWMACC), maintained in the Division
of Environmental Science, Department of Botany, University of Calicut and sub cultured
using standard procedures in BB medium.
For experimentation, 50 ml each of BB medium was taken in 100 ml conical flasks
arranged in the treatment set. The pH of culture medium was adjusted from 3.0 to 12.0,
with a gradation of 0.5 using 0.5 N NaOH and 0.05 N HCl. After adjusting the required
pH, 5.0 ml of pure cultures were added to respective conical flasks and the changes
in pH, if any, was readjusted. The control sets were also maintained with original BB
medium having a pH 6.6. One among the two control sets was worked on the first day of
the treatment and the other one was kept for subsequent observations. All the sets were
kept at illumination during day time. The parameters like pH, temperature, conductivity
and resistivity of the culture medium; the growth attributes like cell count, cell size and
turbidity associated with treatment sets were monitored daily. The biomass estimation
was carried out on the initial day and final day of treatment. Every day after observations,
the altered pH was readjusted. Monitoring of the treatment sets were carried out for a
period of 1 week. Trials were carried out in triplicates and the median values were taken
out for deriving conclusions.
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RESULTS AND CONCLUSION
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Results of the number of cells, turbidity and biomass of Chlamydomonas eudorinae in
response to different ranges of pH are given in Tables 1 – 3, respectively. In higher alkaline
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pH ranges, especially above pH 8.5 and 10, formation of precipitate was noticed during
the treatment period. Sirisansaneeyakul et al., (2011) reported that there was precipitate
formation in the culture if pH exceeds a value of 9. Therefore suggesting the optimum
pH range favouring maximum growth of the micro algae, pH range extending from 9 to
12 was discarded.
Throughout the study, it was noticed that all the pH range showed a tendency to move
towards the neutral range from the pre adjusted range. Here in acidic levels, pH increased
and in basic range, pH decreased towards the neutral range, which is indicative of the
adaptabilities of micro algae to survive in modified environments by altering the pH to
optimum levels. In control set the pH ranged from 6.73 on first day to 7.05 on seventh
day.Dauta et al., (1990) reported that the cell growth increases with temperature until
the temperature optimum was attained and further increase of temperature will result in
reduced growth. The higher temperature (˚c) was recorded on first, second and fourth
day (30) of the treatment sets and the lower temperature was recorded on the sixth day
(28). The temperature ranges observed in the culture medium lies almost within the
reported ranges to sustain the growth of micro algal members.
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The maximum cell count (×10 4 cells/ml) was observed in pH 8 (204.5) on the fifth day
and the minimum cell count in pH 12, (16.5) on the sixth day. In control set, the cell
count ranged from 40.25 on the first day to 77.5 on the seventh day.There was a gradual
increase in cell count from the first day to the fourth day (84.5) and further the cell count
declined. Throughout the experimentation, maximum cell count ranged between pH 7to
8.5.Upon considering the final median value, the pH 8can be taken as the optimum range
favouring maximum cell count of Chlamydomonas eudorinae, when cultured in Bolds
Basal medium.
Table 1. Comparison in cell count noticed in cultures of Chlamydomonas eudorinae.
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In cultures of Chlamydomonas eudorinae, the maximum cell size (µm) was observed in
pH 9.5 and 10 (38.5).The minimum cell size was noticed in pH 12 (16.5). In the control
set, cell size ranges from 22 on the first day to 30.25 on the third day, while on fourth and
fifth day, the cell size reduced to 27.5. On the sixth and seventh day, the cell size was 24.5.
However cell size cannot be considered as a parameter to assess the growth of micro algal
species as the undivided cells are likely to appear in large size and newly formed cells in
small size.
The maximum turbidity (NTU) was observed in pH 8.5 (7.2) on the fifth day and
minimum in pH 3.5 and 4.5 (1.3) on the second day. In control set, turbidity ranged from
1.6 on first day and 4.4 on the fourth day. A gradual increase in turbidity from the fourth
day to the seventh day was noticed in the control set. In the case of treatment sets, while
comparing the final median value of triplicate data, maximum turbidity was observed at
pH 8.5 and minimum at pH 3.
Table 2. Comparison in turbidity noticed in cultures of Chlamydomonas eudorinae.
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In the treatment set, maximum conductivity (µS) was noticed in pH 12, (6988) on seventh
day and minimum in pH 6.5 (788.4) on the first day. The conductivity in control set ranged
from 788.6 (±1.47) on first day to 839.6 on seventh day. It has been observed that the
conductivity value was higher towards the high alkaline range (pH 12) and was lower
towards near neutral ranges. From the initial day to final day, the conductivity increased
more rapidly in higher alkaline and acidic ranges than the control set, which may be due
to the increased concentrations of ions attributed by the addition of NaOH and HCl for
adjusting pH.
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The maximum resistivity (kΩ) was observed in pH 6 (1.237) on the first day and the
minimum in pH 12 (0.14) on seventh day. The change in resistivity of control set ranged
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from 1.24 (±0.002) to 1.145 (±0.08) from the first day to the seventh day respectively.
There was a gradual decrease in resistivity from the first day to the seventh day of
experimentation period. Resistivity of the cultures was found to be high in the
neutral ranges and low at high alkaline ranges, which was noted to be in accordance with
conductivity value in all the treatment sets.
In Chlamydomonas eudorinae, highest biomass (gm) was obtained in pH 8 (0.032) and
lowest in pH 6.5 (0.016). In control set, the biomass recorded was 0.023.Throughout the
experiment, the biomass obtained in the treatment set above pH 9 was high, compared
to other treatment sets and this can be due to precipitate formation. For recommending
the optimum pH range in which the maximum biomass production has occurred, ranges
above pH 8.5 has been discarded.
Table 3. Comparison in biomass difference noticed in cultures of Chlamydomonas eudorinae.

While compiling results of the present study for major growth parameters (cell count,
turbidity and biomass) for suggesting optimum pH at which maximum growth is
attained, the pH ranges above 8.5 was discarded as there was precipitate formation. For
confirmation of the suitable pH range in which maximum growth and multiplication of
the Chlamydomonas eudorinae occurred, the median values of triplicate data for a period
of seven days were analyzed. Upon analyzing the final median values of growth attributes
like cell count, turbidity and biomass associated with Chlamydomonas eudorinae, higher
cell count was noticed in pH-8, turbidity in pH-8.5 and biomass in pH-8. The present
Mainstreaming Biodiversity for Sustainable Development
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One among the major constraints in microalgal cultivation is that the members which are
most abundant and virulent in natural environmental settings seems to be slow growing
in culture conditions.Various literatures suggest that the maximum algal growth occurs
nearer to neutral pH (pH 7 to 7.6) and the optimum pH is the initial culture pH at which
microalgae adapted to grow (Visviki and Santikul, 2000 and Hansen, 2002). Apart from
this, reports are also available on the augmented growth of microalgal members under
altered pH ranges.
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work thus corroborate that the mass multiplication of Chlamydomonas eudorinae can be
achieved in BB medium by adjusting the pH at a range of 8-8.5.
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INTERVENTION OF MEDIA IN PROMOTING SUSTAINABILITY
OF ENVIRONMENT AND GREEN PROTOCOL
A. Prabhakaran and P. V. Radhakrishnan
Centre For Environment Development (C E D )
Thiruvananthapuram 695013
Promotion of environmental sustainability can be achieved by proper planning and
management of various developmental processes ,protection of Nature and natural
products. Scientific mode of waste management, adhering to the norms of Green Protocol
coupled with necessary media intervention are also play a significant role.
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The environment around us is the sum of the Ecosystem, which is the total manifestation
of a diversified interplay of living organisms, including human beings who are now
capable of controlling the whole Nature. In ancient Greece Philosophers like Plato [BC
400] and his disciple Aristotle [BC384] had discussed man’s place in Nature and his role
in the depletion of the natural system. Aristotle had a strong sense of Nature’s usefulness
.Vedic culture of India had also interwoven the existence of life and its future through
the manifold blessings of Mother Nature. Our ancient scriptures like Upanishad had
depicted innumerable episodes on this idea. In the contemporary world man is mainly
responsible for the preservation as well as the destruction of Nature. The inevitability
of protecting and maintaining the diversity of Nature has been the topic of discussion
across different strata of the Society for ever.
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Biodiversity or Biological Diversity refers to the life on Earth and related Natural
Resource around us. We see Biodiversity today as the by Product of evolution shaped
by natural and evolutionary process. It forms the web of life of which we human
beings are an integral part. Biodiversity is important in both human managed as well as
natural Ecosystem. World wide many species are considered to be at-risk or even at the
verge of extinction and serious threat. The large being declared protected to conserve
habitats. Extensive Study and analysis of the Flora & Fauna can be a tool to understand
the secrets of Environment. The tragic situation now is that resources are used up faster
than they are replenished. They are depleted day by day due to the over exploitation and
increasing destruction of natural resources. In the given situation a sensible solution is
to reasonable way out resorted here is to discourage the use of conventional source of
energy , and encourage the non-conventional energy source like Solar energy, Energy
from Wind and Tidal Waves. Bidding goodbye to plastic and allied materials from our
daily life and promoting and implementing theGreen Protocol in the Society are the need
of the hour. Sustainability of environment also will go a long way to ensure balanced life
and Biodiversity and retention of life on the planet despite many challenges. Preservation
of biodiversity, encouragement of stable and balanced Environment and promotional of
Green Protocol are crucial areas which need the attention of the society. Various Media
Mainstreaming Biodiversity for Sustainable Development

have a vital role to play in strengthening these ideas among the people effectively. In this
context it is pertinent to focus on the role of media intervention in these issues.
SUSTAINABILITY OF ENVIRONMENT
What is environmental sustainability? The sustainability is linked talked to all aspects
of our lives from creating Eco homes, environmentally conscious communities to
sourcing sustainable food, renewable energy, furniture and clothing The term sustainable
development first put forward in 1987 in the report ‘Our Common Future’ prepared for
World Commission on Environment Development. It appropriately recognized the link
between inequalities, Poverty and Environmental degradation etc.
With the occurrence of industrial revolution the world has experienced rapid and
unplanned urbanization causing serious environmental challenges. The term environment
has been derived from the term ENVIRON means to encircle It often denotes the totality
of human surroundings. When we examine the term sustainability it is the task or rather
a journey along a definite target . Quite often it is defined as meeting the needs of
the current and future generation by integrating environmental protection, Social
development and Economic upliftment .In other words sustainability means the quality
of life which is to be achieved in a manner that does not harm the environment at all. As
far as environmental sustainability is concerned what is important is the rate of utilisation
of renewable resources and control of emission of Pollution, Depletion of non- renewable
resources. While many individuals and communities have long recognized the damage
that can be caused to the environment of our planet it received global attention recently
only. Currently environmental sustainability is a vital topic engaging the prime attention
of all strata of the contemporary Society. For ensuring environmental sustainability
certain measures should be implemented and those have to be properly monitored.
1. Optimum usage of resources.
2. Utilising more and more Non-Conventional sources
3. Reduction of pollution
4. Go green and ensure quality of the environment
5. Reduce waste and resort scientific management of the available quantum of waste.
6. Control air and noise pollution.
7. Polluter pays principle [PPP] and stringent laws must be enacted
8. An extensive awareness scheme based on Information/ Education. Communication
[I E C ] Campaign must be followed.

Irrespective of the continents people should strive hard to minimize environmental
degradation and maintain quality. Of late we have started realizing that the growing
imbalance and the deterioration of Nature which have been mainly created by the
modern life style. This in turn will culminate in the total destruction of the purity of our
Mainstreaming Biodiversity for Sustainable Development
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GREEN PROTOCOL
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environment. We people on the Earth are at great risk because day by day the rate of
pollution, depletion of oxygen, un controlled increase of organic & inorganic waste are
producing untold menace in the daily life. Plastic and plastic products which are not
decomposable are considered the main villain in the issue of Environmental pollution
today in addition to air, soil, water, and noise pollution.
Having identified the long term havocs created by the excessive use of plastic
Governmental and Voluntary agencies have come with the GREEN PROTOCOL
movement. The main idea here is to resort to scientific waste management, saving
energy by promoting non- conventional sources of energy. Promote green surroundings,
discourage the use of non-degradable materials like plastic and replace plastic as far as
possible with natural or reusable product or utensils. The introduction of cloth bags, paper
carry bags, reusable glasses and plates. steel utensils, ink pens. total banning of flex
sheets and flex boards etc were prescribed and this movement has been slowly catching
among all sectors . The shuchituwa Mission of Kerala has published 11 guide lines
to the Schools. Other Govt organs like The State Police Dept have also instructed all
Stations to follow Green Protocol. Attitudinal change of a large section of the population
is rather important than any legislation, it seems. Along with the proclamation of
NAVAKERALA MISSION MODE four developmental agendas of the Haritha Keralam
project comprising the protection of water resources, Biofarming and Scientific waste
management attain great results. Sanitation – Waste management projects ensures
segregation of waste at the source, and subsequent processes of decomposition,
recycling. There are provisions for Reuse, Recycling and Recovery of materials in a
scientific manner. The main pre-requisite for the success of this scheme is the positive
behavioral alteration rather than legislation. Effective awareness programs based on
systematic IEC norms will be helpful to change the conventional mind set of our people.
A set of creative proposals associated with Green Protocol have been initiated by the
Central & State Governments to ensure clean and safe environment. Laws enacted to
ban plastic products in schools, in the venue of State Youth festivals and sports festivals.
Auditoriums, Marriage parties various locations of Melas were very effective. In addition
banning of non-degradable waste materials and plastic carry bags in the jurisdiction of
Corporations and Municipalities of the State is also produced positive results. Awareness
about E-waste among common people has also has grown in these days. The thumping
success of project namely zero waste and observance of GREEN PROTOCOLE in the last
National Games held at Thiruvananthapuram was well acclaimed.
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MEDIA INTERVENTION
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Any message targeting the Public can be well spread easily with the right and timely
mediation of different Media. Print as well as Electronic Media can create strong
advocacy & tremendous impact on people by timely disseminating to inculcate motivate
& behavioral changes among the target group about environment. The need for preserving
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Biodiversity and, environment and adopting Green Protocol has to reach out to the
mass in the a variety of programmes While fixing the priorities of media intervention
one can never underestimate the role of personal communication with the beneficiaries
in the society. The idea of Biological Diversity, Ecosystem, Environment, and Necessity of
clean surroundings and Green Protocol to be followed can be propagated in class rooms
by Teachers as a part of the curriculum transaction at various levels. These messages can
also be disseminated among people by conducting discussions and symposia. Kalajadha,
Street plays and Folk arts can also be employed in propagating the messages .
PRINT MEDIA
India being a Media saturated Country, the extreme visibility of traditional, conventional
Print, Electronic and New media will help a long way to create in depth change in the
attitude of common people towards these problems.

Fig 1: Most important to make one aware of environmental problems
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Print media is the most ideal and credible tool convincing area to propagate the
ideas of Environmental protection. India we have News Papers and published in
dialects as many as 100 languages and dialects. Total circulation of registered papers
comes about 257,953,373 per day. News papers play the pivotal role of keeping the
Govt and the Society accountable and transparent to the issues. The issues coverage
of Global warming, and Climate changes get sufficient coverage in both print and as
well as electronic media so also the topic of deforestation Biodiversity & fuelcrisis.
Media should strive to achieve a high degree of professionalism and excellence while
covering environmental issues Media should take care in reporting real. One of the
house hold surveys conducted shows that more than half [52%] of the interviewed target
people convinced that information provided by media most important to make them
aware of environmental problems, followed by 38% who thought that it was their own
confrontation with pollution in everyday life. while at schools were considered to be most
important in creating environmental awareness by 7% of the interviewed.
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The print media has to be very understandable and simple without any jargon or
technical explanations. They should know their clients well. Interesting Features, Human
interest stories and timely news on these issues will be very useful. We are fortunate to
have a few dedicated and down earth publication in this area. Eg: Ressurgence,Terragreen
Down to earth etc.
RADIO HAD CLEAR AGENDA
Spreading of the role of media in environmental protection, what has to mention in
particular is the role Radio in cultivating scientific temper and creating environmental
awareness Radio being the most intimate less expensive convincing media is the most
dependable medium for the rank and file. Both conventional and New Media are
serving the Society by bringing out timely stories about these vital issues. Radio had
been serving well in inculcating awareness about the significance of Nature, Forest,
Environmental crisis and was stressing the necessity of preserving all species maintaining
an Ecological balance in our Planet. There are about 1000 Radio stations and more than
110 million receivers in India Radio cover 100% of the Indian population 92% of the
geographical areas. All India Radio National net work included serial programs in
support of preservation of nature and they are subsequently dubbed in the regional
languages to ensure more listener ship. SHKOBHIKKUNNA PRAKRUTHIYUTE
VELLUVILI [ The challenge of enraged Nature] is put out at 8pm on every Wednesday
in the Kerala stations of AIR. Harithavani a very popular series much listened series
in AIR put out at 8.45 am on every Friday. The well acclaimed Nationally recognized
documentaries like NATURE , MAN, andA TEAR DROP AMIDST THE FOREST are
well listened Radio programmes of 1980 s in AIR Malayalam channels.. These broadcasts
were ideal efforts to support to create awareness in the public about sustainability of
environment and practice of Green protocol.
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SEEING IS BELIEVING
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Popular Visual media like Television have been highlighting the essentialities of
preservation & protection of natural resources and promotion of natural products in
day to day life for keeping safe and healthy environment around us. We have 850 TV
Stations including 70 Doordarsan Kendra all over the country. 60million Indian homes
are having TV sets. More than 10 million homes have satellite cable facilities Doordarasa
Kendra Thiruvananthapuram made it a point to telecast many popular programmes
like Green Kerala Express, Think Clean and strengthen the interest of common man on
environment issue. The’ Green Kerala Express’&’ Think clean’ are well acclaimed telecast
series of DDK . Besides several Programes on this subject at National level. The popular
broadcast namely HAR KHADAMSWATCH KI ORE is a Nation wide series planned
and produced by Doordarsan. The special features to commemorate World Environment
Day, Ozone Day, World Water day, and Earth Day, World forest Day etc are constantly
reminding the listeners about the significance of Environmental issues.
Mainstreaming Biodiversity for Sustainable Development

Dedicated TV& Sound Broadcast Channels for promoting protection of the flora and
fauna and rather the Mother Earth are in existence throughout the world. The inevitability
of embracing green protocol in order to ensure clean ambience is a significant point of
discussion in various reputed channels of our country as well as channels like Animal
Planet, Discovery Channel etc.
General entertainment channel and News channel in Malayalam are more than10 in
each category. In addition to this 20 FM channels contributing profusely in imparting a
positive outlook among common man on issues of environment. The slogan WASTE
FREE KERALA resonates continuously and people are well aware of it . Surveys have also
thrown light on the positive effects Television on environmental issues. About 73 % of
Viewers agree that there should be more developmental programmes on TV and 6 % feel
that there is no need and every show should be entertaining in Media. Throughout the
survey a good chunk of viewers felt the necessity of quality programmes on TV.
As per another study it is strange to note that about 33% of primary educated
respondents are not aware of any environmental issue around. The study also pointed out
that education level influences watching programs on issues related to environment and
development and encouraging others to watch such programs It is true that in the present
era the slogan ‘GO GREEN” is reverberating in the world Environmental scenario
as they introduce Nature friendly programes in certain dedicated channel for 7x24.
In the west big and reputed Foundations and Multinationals pump financial aids to
support the Channels as a part of their Philanthropic actions & Social commitments.
Such Projects have been initiated all over the world in this decades These range from
Campaign for clean Sea, Clean Beaches, and Education to children about Sustainable
living, Empowering Woman to support Communities. Climate change, Wealth from
Waste and Green Protocol.
The present generation can well imbibe the messages’ regarding Protection nature and
right approach to waste management and norms norms of. Go Green’ and finally should
allow the posterity to live Healthy lives on this Planet- THE EARTH.
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PHYTOCHEMICALS OF MEDICINALLY POTENT GLORIOSA
SUPERBA L.
G. S. Nikhila, G. Sangeetha, M. Devi Chinmayee, T. S. Preetha and T. S. Swapna*
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The family Liliaceae includes several types of medicinally potent plants. Among them
Gloriosa superba is an important medicinal plant with tuberous roots and coiled leaf tip.
All parts of this plant have medicinal values and used for curing various types of ailments
like cancer, asthma, gout etc. The plant has V- shaped tuber with rejuvenating potentiality
and used as major ingredient in various medicines. The tuberous root possess several
secondary metabolites like colchicine, gloriosine, chelidonic acid etc. Due to the high
medicinal potential, it is extensively used and currently on the verge of extinction due to
unsustainable collection from the wild. The present study mainly focused on production
of the tubers in in vitro and the quantitative evaluation of phytochemicals of in vitro
regenerated roots.
Keywords: Colchicine, Gout, Tuber, Protein, Carbohydrates, secondary metabolites.
INTRODUCTION
All the medicinal plants with many primary and secondary metabolites have played an
important role in the development of numerous plant based drugs. The medicinal
properties of plants are mainly due to the presence of secondary metabolites like
alkaloids, flavonoids, saponins etc. Because of the unscientific collection and the excessive
use, many of the medicinal plants are on the verge of extinction. Tissue culture is an
important technique for the conservation of medicinal plants and the production of
many secondary metabolites through the cell suspension culture (Rami and Patel, 2015).
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Gloriosa superba is an important medicinal climbing herb with tuberous root and
leaves with coiled tips belongs to the Liliaceae family (Ashok et al., 2011).The plant has
V- shaped tuber with numerous medicinal values which is used to cure several ailments
like gout, asthma, cancer etc. The V- shaped tubers were the important source of many
secondary metabolites like colchicine, gloriosine, chelidonic acid etc.The production
of in vitro tubers through tissue culture is an important tool for the conservation and
sustainable utilization of this highly important medicinal plants (Ravindra and
Mahendra, 2009).
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MATERIALS AND METHODS
The explants (leaf and node) from Gloriosa superba were inoculated in the MS medium
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with different hormonal combinations and the inoculated tubes were incubated at 25±20C
(Ade and Rai, 2012). The in vitro generated tubers were inoculated in the MS medium with
NAA at different concentration with cytokinins for the growth and elongation of the roots.
The in vitro tubers were collected, dried, powdered and extracted in the soxhlet apparatus
using methanol. The extract were subjected to the quantification of major phytochemicals
like protein, carbohydrates, phenols, total amino acids and total chlorophyll. Finally the
results were compared with that of in vivo plant (Geetha and Geetha, 2014).
Estimation of Carbohyrates
One gram of sample was ground with water and centrifuged at 10,000 rpm and finally the
supernatant was collected. 0.1 ml of supernatant was made up to the known volume and
mixed with the anthrone reagent and kept in boiled water bath and finally read the OD at
620 nm (Hedge and Hofreiter, 1962).
ESTIMATION OF PROTEIN
0.25g sample was thoroughly ground using phosphate buffer and centrifuged at 5,000
rpm and the supernatant was collected. 1 ml of supernatant was added with Trichloro
acetic acid and kept in the freezer for 15 minutes. The mixture were again centrifuged
at 10,000 rpm and decanted the upper layer and collected the pellets. The pellets were
dissolved in the known volume of 0.1N NaOH and added with alkaline copper solution.
After 10 minutes Folins reagent was added and kept for 30 minutes. Finally taken the OD
value at 670 nm (Lowry, 1951)
Estimation of Phenol
The sample was refluxed with 80% methanol, ground thoroughly and centrifuged at
10,000 rpm. The supernatant was collected and made up to the known volume using 80%
methanol. The 0.1 aliquot was added with 0.5 ml of Folin reagent and 2 ml of 20% sodium
carbonate and finally kept under boiling water bath. The white precipitate were collected
and centrifuged at 5,000 rpm. Then taken the OD value of collected supernatant at 650
nm (Mayr et al., 1995)
Estimation of Aminoaid
0.25 g of sample was refluxed in 80% methanol, ground thoroughly and centrifuged at
15,000 rpm. The supernatant were collected and made up to the volume by using 80%
methanol. The 0.1 ml of the extract was added with ninhydrin reagent and kept under
boiling water bath. Finally read the OD value of the extract at 570 nm (Moore and Stein, 1948).
0.25 gm of sample was ground in acetone and centrifuged at 5,000 rpm. The supernatant
was collected and made up to the volume using acetone. Finally the OD value of mixture
was taken at 645, 663, 490 and 445nm (Witham et al., 1971).
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Estimation of Total Chlorophyll
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RESULTS
In vitro studies
The results showed that maximum root tubers were observed at the NAA+ BAP (0.25+
0.15 mg/l) combination in MS medium. Morphologically the in vitro tubers were white in
colour with nearly less than 1 cm. These in vitro tubers were sub cultured in the M S
medium with NAA at different concentration for the growth and elongation of the roots
(Table 1& Fig 2). The results were compared with the previous study done by Selvarasu
and Kandhasamy (2012). The previous result showed that maximum in vitro tubers were
observed in the NAA+ BAP at the concentration of 4±1 mg/l. But in the present study
maximum in vitro tubers were induced in the MS medium with NAA+ BAP at 0.25± 0.15
concentration.
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The quantification of phytochemicals showed that the in vitro tubers possess the
phytochemicals like protein, carbohydrates, reducing sugar, phenols, total amino
acids, total moisture, pigments like total chlorophyll and carotenoids (Table 2 & Fig 3).
The result also showed that the in vitro tubers have nearly same amount and types of
phytoconstituents as that are present in in vivo tubers. The results were compared with
the previous report done by Geetha and Geetha, 2014. The previous result showed that
the Cymbopogan citratus possess major phytochemicals like carbohydrates, protein,
chlorophyll and lipids.
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Fig 1: In vivo Tuber of Gloriosa superba L.

Fig 1: In vivo Tuber of Gloriosa superba L.

Fig 2: In vitro tuberization of Gloriosa superba L.
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CONCLUSION
It can be concluded that since both the in vitro and in vivo tubers showed same
physiological and phytochemical constituents, in vitro tubers can be used for the further
isolation, estimation and quantification of major secondary metabolites which will be
helpful for conservation of this plant.
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Unchecked commercialization and habitat loss of wild medicinal plants is threatening
the diversity, natural heritage as well as the future of vital resources of our planet. This
loss of diversity may also lead to loss of important cure for diseases, potential resources
to combat poverty, social and economic insecurity. To conserve the genetic stocks of
many plants in vitro propagation can be utilized successfully. Pseudarthria viscida (L.)
Wight & Arn. (Fabaceae) commonly called “Moovila” is an important medicinal plant
extensively collected and now disappearing from the wild. Most important part of this plant
is root which is astringent, thermogenic, digestive, anthelmintic, anticancerous, cardio and
rejuvenating tonic. The main aim of proposed work is the production of in vitro roots and
evaluation of the preliminary phytochemicals and antioxidant activity of these in vitro
regenerated roots of Pseudarthria viscida.
Keywords: Pseudarthria viscida, Conservation, in vitro rooting, antioxidant assays,
ascorbic acid.
INTRODUCTION
As per World Health Organisation (WHO) estimates, almost 80% of the population of
developing countries relies on traditional medicines, mostly plant drugs, for their primary
health care needs. The conservation of plant genetic resources has long been realized as
an integral part of biodiversity conservation (Hoareau & Silva, 1999).

Pseudarthria viscida (L.)Wight & Arn.is a perennial viscid pubescent semi erect diffuse
under shrub, belonging to the family Fabaceae. It is distributed throughout India,
Mainstreaming Biodiversity for Sustainable Development
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The habitat destruction and over harvesting have resulted in gradual disappearance of
many medicinally important plants from its natural habitat. At present their number is
highly reduced in the wild. Besides their vast economic and pharmaceutical potential,
some of these plants cannot be cultivated for commercial purposes due to low seed
viability, germination rate and high mortality of seedlings in young stages. To
conserve the genetic stocks of such plants in vitro propagation can be utilized successfully
(Meena& Thomas, 2011). One of such important medicinally important plant needed to
be conserved is Pseudarthria viscida.
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especially found in river basins and in hills up to above 900m (Krithikar & Basu, 1918).
The roots are with astringent, thermogenic, digestive, anthelmintic, antiinflammatory,
antifungal, antidiarrhoel, antioxidant, aphrodisiac, nervine, febrifuge, cardio and
rejuvenating properties. They are useful in vitiated conditions of cough, bronchitis,
asthma, tuberculosis, helminthiasis, cardiopathy, fever, hemorrhoids, gout, diabetes,
hyperthermia and general debility. Major chemical compounds reported be present in the
roots are 1, 5 dicaffeoylquinic acid, oleic acid, tetradecanoic acid, rutin, quercetin, gallic
acid, ferulic acid and caffeic acid (Vijayabaskaran et al., 2010). The present investigation was
undertaken to the production of in vitro roots and evaluation of the preliminary
phytochemicals and antioxidant activity of these in vitro regenerated roots of
Pseudarthria viscida.
MATERIALS AND METHODS
In vitro rooting of Pseudarthria viscida
The in vitro multiplied micro shoots after elongation was transferred for in vitro root
formation in MS medium (Murashige & Skoog, 1962). Different auxin growth regulators
like NAA, IAA, IBA and 2, 4- D were used at a range of 0.5- 3.0mgl-1concentration for
in vitro root induction in Pseudarthria viscida. The elongated shootlets were individually
cultured in culture tubes containing the rooting media. After eight weeks, percentages of root
formation and root numbers of each treatment were recorded (Meena & Thomas, 2011).
In vitro regenerated roots were then collected from the culture tubes and cleaned,
weighed, oven dried, defatted with petroleum ether and finally extracted with pure
methanol. This concentrated extract of in vitro regenerated roots was further used for
preliminary phytochemical evaluation and anticancer analysis.
Preliminary phytochemical studies
The preliminary phytochemical studies of in vitro root methanol extract of Pseudarthria
viscida was done for the detection of phytoconstituents such as glycosides, alkaloid,
terpenoids, steroids, tannin, flavonoids, phenols, saponins and coumarins using standard
chemical tests (Kokate, 1986).
Glycosides (Keller - Kiliani test)
To the solution of the extract in glacial acetic acid, few drops of ferric chloride and
concentrated sulphuric acid were added, and observed for a reddish brown ring at the
junction of two layers.
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Alkaloids (Dragendroff’s test)
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The in vitro regenerated root methanolic extract was evaporated to dryness and the
residue was heated on boiling water with 10 ml of 2% sulphuric acid for 2 minutes. After
cooling, the mixture was filtered and treated with a few drops of Dragendorff ’s reagent.
Formation of orange brown precipitate showed the presence of alkaloid.
Mainstreaming Biodiversity for Sustainable Development

Flavonoids (Shinoda test)
Four ml of extract solution was treated with 1.5 ml of 50% methanol solution. The
solution was warmed and metal magnesium was added. To this solution, 5-6 drops of
concentrated hydrochloricacid was added and red colour was observed for
flavonoids.
Steroids (Liebermann Burchard Reaction):
Four ml of extract was treated with 0.5 ml of acetic anhydride and 0.5 ml of chloroform.
Then concentrated sulphuric acid was added slowly. The formation of green bluish colour
indicated the presence of steroids.
Terpenoids (Salkowski Reaction)
The extract was dissolved in 2 ml chloroform and followed by 3 ml of concentrated
sulphuric acid was poured along the side walls to form a layer. Formation of reddish
brown inter phase indicated the presence of terpenoids.
Saponins (Frothing test)
Five ml of extract was heated with 5 ml of distilled water and the frothing indicated the
presence of saponins.
Phenols (Ferric chloride test)
The extract was added with 2 drops of 2 % ferric chloride solution and the presence of
dirty green indicated the presence of phenols.
Tannins (Lead acetate test)
The extract was added with few drops of 1% lead acetate solution. The presence of yellow
or red precipitate indicated the presence of tannins
Coumarins (Alcoholic sodium hydroxide and hydrochloric
acid test)
The extract was added with sodium hydroxide and then dissolved in alcoholic
sodium hydroxide. Then the concentrated hydrochloric acid was poured through the
sides of the test tube. Appearance and the disappearance of yellow colour indicated the
presence of coumarins.
For antioxidant analysis, four different assays such as DPPH, superoxide anion scavenging,
hydroxyl radical and ferric reducing power assay were carried out at different
concentrations of methanol extract of in vitro regenerated root (12.5, 25, 50, 100 and
200μg/ml) of Pseudarthria viscida.

Mainstreaming Biodiversity for Sustainable Development
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DPPH Assay (2, 2-diphenyl -1-picrylhydrazyl assay):
The scavenging activity for DPPH free radicals was measured according to the procedure
described by Blios (1958). Different concentrations (12.5, 25,50,100 and 200 µg/ml) of
extracts were made up to 40µl with DMSO (Dimethyl Sulfoxide) and added 2.96 ml
of 0.1mM DPPH solution to each sample. The reaction mixture was incubated in dark
condition at room temperature for 20 minutes. After 20 minutes, the absorbance of
the mixture was read at 517nm. Three ml of DPPH was taken as control and various
concentration of ascorbic acid (12.5, 25, 50, 100 and 200 µg/ml) were used as standard.
All experiments were done in triplicates. DPPH radical scavenging activity was calculated
by using the following formula:
DPPH radical scavenging activity (%) = (Control OD- Sample OD/Control OD) ×100.
The antioxidant activity of the extracts was expressed as IC50. IC50 value was defined
as the concentration (in µg/ml) of extracts that inhibits the formation of DPPH radicals
by 50%.
Superoxide Anion Scavenging Assay
Nitro blue tetrazolium reduction method was used for the detection of superoxide
scavenging activity. The reaction mixture contained ethylene diamine tetra acetic acid
(EDTA, 6µM), nitro blue tetrazolium (50 µM), riboflavin (2 µM), sodium cyanide
(3 µg), phosphate buffer (67mM, pH 7.8) and various concentrations of in vitro
regenerated root methanol extracts. The tubes were continuously illuminated with an
incandescent light for 15 minutes and the OD was measured at 530 nm before and after
the process of illumination. Ascorbic acid was used as standard. The percentage of
inhibition was calculated by the above formula (Yen and Duh, 1994) and the antioxidant
activity of the extracts was expressed as IC50.
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Hydroxyl Radical Scavenging Assay
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This assay was based on the measurement of the degradation of 2-deoxyribose by
condensation with Thiobarbituric acid (TBA). Hydroxyl radical was originated by the
Fenton reaction (Fe3+ascorbate- EDTA -H2O2 system).The reaction mixture contained
1ml of 2-deoxy 2-ribose(2.8mM), Fecl3 (100µM), KH2PO4 KOH buffer (20mM, pH 7.4),
EDTA (100µM), ascorbic acid (100µM), H2O2 (1.0mM) and different concentrations of
test samples. After incubation for 1 hour at 370C, 0.5 ml of the reaction mixture was
added to 1ml of 2.8 % tricarboxylic acid, then 1ml of aqueous tryptophan deaminase
was added. Then the mixture was incubated at 900C for 15 minutes to generate the
colour. The absorbance was measured at 532nm against the blank after cooling. Ascorbic
acid was used as standard (Thambiraj and Palusamy, 2012). Hydroxyl radical scavenging
activity was calculated by using the same formula mentioned above. The antioxidant
activity of the extract was expressed as IC50.
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Ferric Reducing Power Determination Assay
In this assay, 2.5 ml of phosphate buffer (pH6.6) and equal volume of (2.5 ml) of 1%
potassium ferric cyanide were mixed with different concentrations of in vitro regenerated
root methanol extract and boiled for 20 minutes at 500C. Then added 2.5 ml of
tricarboxylic acid and centrifuged for 10 minutes at 2,000 rpm. Collected the supernatant
and then added 1ml of distilled water and 250µl of 0.1 % ferric chloride. The absorbance
of the reaction mixer indicated increased reducing power. The absorbance was measured
at 700nm. Ascorbic acid was used as standard (Liu et al., 1997). The antioxidant activity
of the extract was expressed as IC50.
RESULTS AND DISCUSSION
In vitro rooting of Pseudarthria viscida
The commercial exploitation of medicinal plants has resulted in reduction of the
population of many species in their natural habitat. Therefore, cultivation of these plants
is urgently needed to ensure their availability to the industry and the people associated
with the traditional system of medicine. Consequently, it is inevitable to propagate these
plants in suitable agro climatic conditions. In vitro propagation is the best method for
conservation of threatening medicinally and pharmaceutically important plants. In the
present study, in vitro root induction could be done for the conservation of Pseudarthria
viscida without disturbing its wild habitat (Chand& Singh, 2004).
In Pseudarthria viscida, maximum in vitro root formation was noticed on MS medium
supplemented with 2.5mgl-1NAA concentration (91.00±0.04%) after 29 days of
inoculation. Similarly 2.5mgl-12,4-D concentration also showed higher in vitro root
induction like 89.32±0.02%. In the case of IBA, 2.5mgl-1 concentration only 71.26±0.02
% in vitro root induction was obtained. But in IAA, 2.5mgl-1concentration showed
58.33±0.02% root induction where as in 3.0 mgl-1 concentration, 76.06±0.03% of in vitro
root formation was observed after 26 days of inoculation (Table 1 and Fig 1).
In Pseudarthria viscida, maximum in vitro root induction was noticed on MS medium
with high NAA and 2, 4-Dconcentrations.NAA and IBA were generally found to be most
effective for induction of roots in legumes as was observed in plants like Pterocarpus
marsupium (Chand& Singh, 2004).
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Fig.1: In vitro root induction of Pseudarthria viscida (L.) Wight &Arn.
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a. Root formation in 0.25 mgl-1concentration of NAA

b. Rooting in 0.25 mgl-1concentration of 2-4D

c. Rooting in 0.3mgl-1 concentration of IAA
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d. Rooting in 0.25 mgl-1concentration of IBA

468

Mainstreaming Biodiversity for Sustainable Development

Preliminary phytochemical studies
Phytochemicals are natural bioactive compounds from plants with wide-ranging benefits
to human health (Kokate, 1986). In the present study conventional protocols detected the
presence of important secondary metabolites such as glycosides, alkaloids, flavonoids,
terpenoids, phenols and tannins in Psedudarthria viscida, which could be the reason for
antioxidant activity of in vitro regenerated roots of the plant.

Antioxidants play an important role in the inhibition of chronic ailments like cancer,
heart diseases, diabetes, stroke, Alzheimer’s disease, hypertension by protecting the
Mainstreaming Biodiversity for Sustainable Development
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cells form oxidative damage by reacting with free catalytic metals, free radicals and also
by acting as oxygen scavengers, thus providing protection against infections and life
threatening diseases (Yen and Duh, 1994). Therefore, there is a need to check the
antioxidant potential of in vitro grown plants for promising biological activity.
DPPH Assay (2, 2-diphenyl -1-picrylhydrazyl assay)
In this assay, in vitro regenerated root extract had significant scavenging activity on the
DPPH radicals which was increased with increase in the concentration of sample from
12.5 to 200µg/ml. The reductive capabilities of in vitro regenerated root of Pseudarthria
viscida was observed to be 83.14±0.89% at a concentration of 200µg/ml whereas the
reducing power of the standard ascorbic acid was found to be only 61.35±0.95%
(Table 2). The IC50 value of in vitro regenerated root extract and its standard ascorbic acid
were 51.03±0.98µg/ml and 62±0.01µg/ml respectively. Similar type of DPPH scavenging
activity was reported in ethanolic extract of in vitro grown plant of Clitoria ternatea by
Madhu, (2013). In Clitoria ternatea, the highest inhibition of DPPH radical was 67% at
600µg/ml whereas in methanolic extract of in vitro regenerated Pseudarthria viscida was
observed to be 83.14±0.89% at a concentration of 200µg/ml. Thus the study showed that
methanolic extract of Pseudarthria viscida have the proton donating ability and could
serve as a free radical scavenger.
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Table2: Effect of in vitro regenerated root methanol extract of Pseudarthria viscida on
DPPH assay
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Superoxide Anion Scavenging Assay
Superoxide radicals are one of the important reactive oxygen free radicals with weak
chemical reactivity because they cannot penetrate lipid membranes and are immediately
converted into H2O2 by superoxide dismutase. In the present study, the methanolic
extract of in vitro regenerated root of Pseudarthria viscida had strong superoxide radical
scavenging activity. The result was compared with the superoxide scavenging activity
of in vivo developed root (grown in natural habitat) of Pseudarthria viscida. Maximum
superoxide radical scavenging activity was 90.20±2.31% at 200µg/ml concentration of in
vivo developed methanolic root extract whereas in vitro regenerated root had 79.23±0.58 %
at 200µg/ml concentration (Table 3).IC50 exhibited by in vitro regenerated root
extract (45.12±0.03µg/ml) was relatively closer to that of standard ascorbic acid
(IC50-38.75±0.21µg/ml). Mishra et al., 2015 reported the highest superoxide radical
scavenging activity of in vitro regenerated plant of Bacopa monnierri (L.) Pennell.
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Table 3: Effect of in vitro regenerated root methanol extract of Pseudarthria viscida on
superoxide anion scavenging assay
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Hydroxyl Radical Scavenging Assay
In this assay, the in vitro regenerated root methanol extract of Pseudarthria viscida
exhibited a significant dose dependent hydroxyl radical scavenging activity and it
reached up to 75.57±0.13% at the concentration of 200 µg/ml methanol extract. This
result was then compared with the hydroxyl radical scavenging activity of in vivo
developed root (88.58±1.34% at 200 µg/ml concentration) of P. viscida. Both in vivo and
in vitro developed root of P. viscida possessed significantly high hydroxyl radical
scavenging activity. In this assay, IC50 value of 42±0.01µg/ml was found in the root
extract and 20±0.01µg/ml in its standard ascorbic acid. Viji and Parvatham, (2014)
reported the significant hydroxyl radical scavenging activity of methanolic extract of
in vitro regenerated root of Withania somnifera which was low compared to Pseudarthria
viscida.
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Table 4: Effect of in vitro regenerated root methanol extract of Pseudarthria viscida on
hydroxyl radical scavenging assay
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Ferric Reducing Antioxidant Power Determination Assay
(FRAP Assay)
Like in vivo grown root of Pseudarthria viscida, in vitro regenerated root methanol
extract had very less ferric reducing power activity. IC50 values obtained from the in vitro
regenerated root methanol extract was 65.23±0.61 whereas the IC50 values of in vivo
grown root of Pseudarthria viscida and standard drug ascorbic acids were 48.75±1.45 µg/
ml and 26.25±0.31 µg/ml respectively. Similar type of ferric reducing power activity was
reported in the in vitro regenerated shoot extract of Ballota nigra plant by Joanna et al.,
2015.
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Table 5: Effect of in vitro regenerated root methanol extract of Pseudarthria viscida of on
ferric reducing power determination assay
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CONCLUSION
The present study thus confirmed that in vitro produced roots of Pseudarthria viscida
(L.) possess good antioxidant activity. This activity was then compared with the original
roots of Pseudarthria viscida which are growing in natural habitat and both possessed
almost similar antioxidant activity. Conservation of Pseudarthria viscida could be done by
in vitro root induction without disturbing its wild habitat. Further studies are necessary
to evaluate and isolate the active principles responsible for these activities.
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CREATING MASSIVE AWARENESS ON POTENTIAL OF
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Envenomation is a serious global neglected health issue that affects millions of people
every year. It is more prevalent among farmers and rural natives and is mainly due to the
bite from snakes, spiders, frogs, dogs, wasps, bees, ants, etc. Many plants with antidote
potential are growing around our backyard without proper recognition and unfortunately
most of them are under threat of extinction due to human interferences and other
environmental factors. The sustainable utilization of those available antidote herbs to its
maximum can benefit as a life saver to the needy patients. The grown herbs can also be
used commercially for the pharmaceutical application incorporated with biotechnology
and bioinformatics with a vision of synthesizing antidote drugs with less or no side effects.
The objective of the present work is to createawareness among the public for the wise
use of wild and local herbs, and their sustainable utilization with a computationalcase
study on laboratory experiments done in two traditional plant based antidotes, selected
from literature. The investigation is focused on Daboia russelii venom neutralization via
insilico approach which can significantly reduce the time, expense, labour and samples
taken. Hence, our current approach will add tothe conventional non-specific polyvalent
anti-snake venom (ASV) with more specific plant based antidotes.
Keywords: Envenomation, Herbal medicines, Antidote, Sustainable utilization,
Venom Informatics.
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The term “envenomation” describes the process by which venom is injected into some
animal by the bite or sting of a venomous species[2]. Millions of envenomation occur
every year. Precise statistical data are not available as majority of the morbidity / mortality
rate is under reportedby neither the hospitals nor the local healers or the reported data
may be fragmentary[3]. Among the animal bites, the most important are from snakes
and up to 5 million people are globally affected by snake bites alone. An estimate of
about 2.4 million people are bitten by venomous snakes and 94,000 - 1, 25,000 deaths
per year are annually reported with an additional 4, 00,000 amputations and severe other
health consequences [1]. South Asia is one of the regions,where the highest burden of
mortality and morbidity occur due to snake bites, especially in the Indian subcontinent.
Mainstreaming Biodiversity for Sustainable Development

Venom Informatics, a systematic Bioinformatics approach in which the venom data
stored in electronic repositories can be used to analyse, interpret and predict the
molecular level of drug-toxin interaction using various advanced Computational Biology
and Bioinformatics tools and softwares. With the aid of those Bioinformatics databases
and softwares, the primary analysis, ADME (Absorption, Distribution, Metabolism and
Excretion) and evaluation study for a particular biological activity at molecular level can
be predicted for in vivo / in vitro experiments with the goal of reducing the huge collection
of plant sources at primary level of analysis, time, expense and labour efforts taken to
identify the best lead. The present work is based on such practices with a case study on
two plant based antidotes, Hemidesmus indicus and Strychnos nux vomica identified from
a review article[9]. The experimentally isolated and characterised metabolites such as
Mainstreaming Biodiversity for Sustainable Development

NBC 2017

About more than 2 lakh snake bite cases with more than 35,000-50,000 deaths are
reported in India [3, 4, 5]. In India, most of the venomous bites that leads to human
lethality is mainly of the “Big Four” venomous snakes such as Naja naja(Spectacled cobra),
Bungarus caeruleus (Common krait), Daboia russeli (Russell’s viper)and Echis carinatus
(Saw scaled viper). In Kerala, most snake bite death is due to Daboia russelii as it
attempts to deliver maximum venom dosage to the victims in a single bite. The severity
will be in high risk if the victim is far from medical facilities, as well as the allergic reactions
due to the modern polyvalent anti-sera treatments. The insufficient facility to store
antivenoms and timely treatments also increase the risk. Current treatment modalities
such as polyvalent anti-snake venom (ASV)and antibiotics are very expensive and
also have adverse effects. Nature has been a medicinal agent which was recognized for
centuries. The Western Ghats, one of the “hottest hot-spot” of Biodiversity [6, 7, 8]
passing through Kerala is enriched with aplethora of fauna and flora having diverse
therapeutic properties. Traditional knowledge and scripts haveused these rich source
of medicinal plants for treating many curable and incurable diseases. Local traditional
healers especially the tribal communities have more practical expertise in the traditional
primary healthcare. Now-a-days, scientists are focusing on traditional ethnomedicinal
and alternative therapy based treatments since it is free from side-effects and
cost- effective compared to conventional treatments including polyvalent antivenoms
and antibiotics. Many plants with antidote properties found around our surroundings
are potent drugs for many insect and animal bites. The sustainable and proper
utilization of those medicinal herbs can be used as a primary aid for venomous bites and
thus as a life saver to the victims. The current global changes and the human activities have
made the valuable plants being vanished from the earth. In addition to this, the increasing
research interests in the analysis and evaluation study of phytochemicals arehaving a
critical role in the significant reduction of medicinal plant’s availability. The need for
maintaining the resource of Mother Nature has to be taken into consideration for the
well-being of life.The modern scientists are curiously investigating the scope of bringing
the potential of medicinal herbs into a single drug-like capsule for its easy availability
and administration.
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2-hydroxy-4-methoxybenzoic acid from the root of Hemidesmus indicus and Caffeic acid
from the seed of Strychnos nux vomica which have undergone in vitro and in vivo studies
in experimental animals [10, 11]were taken for our in silico molecular docking analysis
to confirm the predictability of the computational softwares.
MATERIALS AND METHODS
The selected secondary metabolites from the plant sources, Hemidesmus indicus and
Strychnos nux vomica were carried out for molecular docking studies against the potential
target venom protein, Phospholipase A2 (PLA2) of Russell’s viper. The molecular docking
was performed using the commercial computational molecular software, Discovery
Studio 4.0 (BIOVIA, USA) on the Microsoft Windows 8 operating system. It is a suite
of software for simulating small molecule and macromolecule systems [12]. The ligand
molecules were subjected for pre-docking steps such as molecular preparation and
energy minimization to optimize the molecular stability using the software. The analysis
of protein-ligand interactions and thus its biological activity were also computed using
the simulation software.
1.1. LIGAND IDENTIFICATION AND OPTIMIZATION:
The antidote property showing secondary metabolites, 2-hydroxy-4-methoxybenzoic
acid derived from Hemidesmus indicus and Caffeic acid from Strychnos nux vomica were
selected from the perusal of literature[9] in which the extracted metabolites have shown
significant molecular effect in neutralizing the toxicity of Russell’s viper [10, 11]. The 3
dimensional structures of the small molecules from the respective plants were selected
from the open access chemical database, PubChem with the compound identifiers,
CID: 75231 and 689043 respectively [13, 14]. The downloaded ligand molecules were
prepared and optimized using the protocols, Ligand Preparation and Ligand Minimisation
in the Discovery Studio 4.0. It generates possible orientation of ligands as conformers.
All the generated isomers of the ligand molecules were subjected to docking process to
predict the best lead isomer from the receptor-ligand complexes.
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1.2. TARGET IDENTIFICATION, VALIDATION AND OPTIMIZATION:
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The 3D structure of the target protein was searched based on the group II snake
venom secretory PLA2 of Daboia russelii as it is well-studied among snake venom
proteins. From the list of X-ray crystallographic structures classified under Hydrolase
enzyme, the protein with PDB ID, 1TH6 was retrieved from the Protein Data Bank. The
protein was selected based on the good resolution at 1.23 Ao and Ramachandran plot.
The protein consists of a single chain with 121 amino acid residues featured with 71
helices, 8 sheets and 42 loops/coils. The active site1 with functional residues Histidine
48, Aspartic acid 49 and Lysine 69 have been defined as binding site. Prior to docking,
the validated target protein was allowed to protein purification, preparation and
minimization steps to globally optimize the protein structure to attain the stable
confirmation using the Discovery Studio software.
Mainstreaming Biodiversity for Sustainable Development

1.3.	COMPUTATIONAL MOLECULAR DOCKING:
Molecular docking studies were conducted to evaluate the binding affinity of the
selected ligand molecules to the target protein. The docking procedure was carried out
using the force field, CHARMm based CDocker algorithm. It is a grid-based molecular
docking refinement method that generates maximum random conformations of
protein-ligand complexes through High Temperature Molecular Dynamics. The docking
parameters were kept as default. The docked poses listed as Hits were ranked according
to the least CDocker energy which is calculated on the basis of internal ligand strain
energy (-ve CDocker energy) and receptor-ligand interaction energy (-ve CDocker
Interaction energy). The interaction energies calculated the non-bonded interactions such
as Vander Waal’s and electrostatic energies between two sets of atoms. Here, the highest
value with –ve CDocker energy and –ve CDocker Interaction energy were considered
as the favourable scores having least energies. All docked poses were further subjected to
calculate the Binding Energy protocol to predict the best hit with least binding energy.
The binding energy implies the stability of the receptor-ligand binding affinities.The
filtered pose with least energies were further screened on the basis of number of
hydrogen bonds which implies the stability of the molecular interaction. The filtered best
poses were then subjected to ADME, Mutagenicity and Carcinogenicity tests to predict
the best non-toxic lead molecule.

It was observed that the least energy scores of -ve CDocker energy and -ve CDocker
Interaction energy with 58.3086 kcal/mol and 64.3222 kcal/mol respectively have shown
the least binding energy value (564.483 kcal/mol) among the hits obtained from the 1TH6
and2-hydroxy-4-methoxybenzoic acid docked complexes (Table1). The hydrogen bond
interactions (Figure 1) with residues Lysine69 with a bond distance of 2.00515 Ao show
the ligand as asignificant antagonist of viper venom protein PLA2. The other interaction
residues are Glycine 32 with 5.54918 Ao and Tryptophan 31 with 5.54918 Ao. Similarly,
the Caffeic acid is showing the best pose with the least binding energy (-309.016 kcal/
mol) where -ve CDocker and -ve CDocker Interactionenergies as 45.0078 kcal/mol and
47.0702 kcal/mol respectively with PLA2(Table 2). The interaction residues (Figure 2),
Lysine 69 with a hydrogen bond distance of 1.96024 Ao and Glycine 33 with 1.90193 Ao
is also showing its antagonistic/inhibitory property to reduce the neurotoxic venom. It is
also noted that Lysine 69 is the key residue that is having a significant role in inhibiting
the venom PLA2 activity. The ADME, Carcinogenicity and Mutagenicity tests predicted
(Table 3) that 2-hydroxy-4-methoxybenzoic acidis less toxic with no carcinogenic and
mutagenic when compared to Caffeic acid. Based on the interaction study and ADME
prediction, 2-hydroxy-4-methoxybenzoic acid is showing a significant neutralization
effect when compared to Caffeic acid against Russell’s viper venom phospholipase A2.
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Table 1: Details of selected Hit molecule from Hemidesmus indicus against PLA2 in
Discovery Studio 4.0

Table 2: Details of selected Hit molecule from Strychnos nux vomica against PLA2 in
Discovery Studio 4.0
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Fig.1: Selected docked pose and H-bond interactions of 2-hyroxy-4-methoxybenzoic
acid with Russell’s viper venom phospholipase A2 in Discovery Studio software
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Fig. 2: Selected docked pose and H-bond interactions of Caffeic acid with Russell’s
viper venom phospholipase A2 in Discovery Studio software
Table 3: ADME, Mutagenic and Carcinogenic predictions of selected ligand
molecules from Discovery Studio 4.0

CONCLUSIONS
The present insilico approach used in the investigation has validated and proved that the
docking results are consistent with the laboratory experiments in animal models. Hence,
the approach is strengthening the need of computational experiments and analysis
for an effective screening strategy and thereby we can conserve the potential plants for
generations.
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The diversity of species seen now is the result and expression of natural selection and
adaptations of life to the environment in which it lives. Conserving this natural diversity
in the view of various anthropogenic pressures such as overexploitation of bioresources,
urbanization, fragmentation of forests, invasive alien species, and climate change, is
a major challenge for landscape managers. Over the last decades human beings have
changed their surrounding environment to meet increasing demands for food, water,
timber, textiles and fuel through unsustainable practices. This has created pressures
on species diversity and ecosystem diversity and the various services it renders like
provision of clean air, water, or shelter. If sustainable development is to be achieved and
the services that biodiversity and healthy ecosystems provide maintained, biodiversity
at all levels (species, ecosystems and genes) needs to be conserved and used sustainably.
This requires mainstreaming biodiversity concerns across all sector-specific plans such as
agriculture, fisheries, forestry, mining, energy, tourism, transport etc. The sustainability
of these sectors, and of the people depending on those sectors for their livelihoods
depends on the conservation and sustainable use of biodiversity. Integration of biodiversity
conservation and sustainable utilization into “non green sectors” as production
landscapes requires a change in mindset that biodiversity exists not only in protected
areas but also across human dominated production landscapes and seascapes.
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The integration of the conservation and sustainable use of biodiversity into crosssectoral and sectoral plans is necessary to achieve the objectives of Convention on
Biological Diversity (CBD). Biodiversity concerns should be mainstreamed not only
into productive landscapes that utilize natural resources such as forestry, agriculture and
fisheries but also to those with an impact on biodiversity such as urbanization, tourism,
construction, transportation etc. The CBD Strategic Plan for Biodiversity 2011-2020,
includes 20 Aichi Biodiversity Targets organized under five strategic goals. These include,
inter alia, “[a]ddress[ing] the underlying causes of biodiversity loss by mainstreaming
biodiversity across government and society” (Goal A) and ensuring that, by 2020, “areas
under agriculture, aquaculture and forestry are managed sustainably, ensuring
conservation of biodiversity” (Aichi Target 7). The global Aichi Biodiversity Target 6
states that ‘by 2020 all fish and invertebrate stocks and aquatic plants are managed and
harvested sustainably, legally and applying ecosystem based approaches’.
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Mainstreaming of biodiversity into sectors can include strategies to reduce the negative
impacts that the sector has on biodiversity.
MAINSTREAMING BIODIVERSITY IN PRODUCTION LANDSCAPES
Forestry Sector
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Forests play an important role in India’s economic development in terms of their
contribution to GDP, employment, and livelihoods of millions of poor people dependent
on forests. Protected areas cover around 4.9 percent of the country’s geographical area
presently and the protected area network has expanded signiﬁcantly in the past few
decades under stringent management regimes. The area covered under protected area
network has increased from 155475.63 km2 to 167408.3 km2 during the period 2000 to
2014 through 102 National parks, 527 wildlife sanctuaries and 18 biosphere reserves.
In India, MoEF had constituted a committee that has recognized that biodiversity
conservation is the backbone of inviolate area protection. The committee has indicated
six measurable parameters for identification of inviolate areas – forest type, biological
richness, wildlife value, forest cover, landscape integrity and hydrological value. The
committee has scored 178 forest types in India based on comparative ecological
significance, extent and range, uniqueness, species richness, biodiversity value, terrain
complexity and disturbance.
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Presently, there are 26 Marine Protected Areas (MPAs) in India and more than 100 MPAs
in the two Island Territories. It is estimated that these MPAs cover an area of about 8214
km2, which is about 5 percent of the total area covered under the entire Protected Area
(PA) network of India representing 0.25 percent of the total geographic area of the country.
India has identified 12 PAs as trans-boundary protected areas under the framework of
the International Union of Conservation of Nature (IUCN) Transboundary Protected
Area Programme. India has also designated six UNESCO World Heritage Natural sites.
In Kerala Percentage of forest area to total area of state is 29.101 %. Out of the total
geographical area of the state 11309.5032 Sq.Km is under forest of which reserved forest
area is 9107.2006 Sq.Km. Forest Area under PA network is 3213.24 Km2, with Percentage
of PA to Forest Area 28.41%. Thus only 8.26 % of total geographical area is under
PA network . The forest cover in the State based on interpretation of forest survey of
India 2015 is 19239 km2 which is 49.5 % of the state geographical area. In terms of forest
canopy density classes, the state has 1523 km2 area under very dense forest, 9301 km2
area under moderately dense forest and 8415 km2 area under open forest. The total
plantation area under the department as on 31.03.2015 is 156743.742 ha, which comes to
13.86 % of the total forest area of which distribution in Protected area alone is 25054.273
ha with hardwood species constituting 55% of which Teak contributes to 48.49% of
total plantation area. Plantations under Kerala forest development corporation (KFDC)
was set up to mobilize institutional finance to establish large scale forest plantations over
80000 ha for the development and establishment of wood based industries in the State.
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Massive plantations of Eucalyptus 2479.999 ha were set up as part of this.
Biodiversity conservation has largely focused on strengthening the protected area and
led to the development of scientific practices to manage species and forests for timber
but recently it has been realized that management practices are having detrimental effect
on biodiversity. The key challenges to mainstreaming biodiversity in the forestry sector
is the inclusion of monoculture tree plantations in forest areas and diversion of funds
towards promotion of monoculture tree plantations leading to fragmentation of forests
and invasive species.
Agricultural Sector
Agricultural system comprises of variability and varieties of plants, animals and
microorganisms that are important in maintaining critical functions of the ecosystem.
According to the FAO, it is estimated that about three-quarters of the genetic diversity
found in agricultural crops has been lost over the last century, and this genetic erosion
continues.
* Since the 1900s, some 75 percent of plant genetic diversity has been lost as farmers
worldwide have left their multiple local varieties and landraces for genetically uniform,
high-yielding varieties.
* 30 percent of livestock breeds are at risk of extinction
* Today, 75 percent of the world’s food is generated from only 12 plants and five animal
species.

Evolution and natural selection over centuries have resulted in a large number of
traditional varieties possessing special traits like resistance to biotic and abiotic stresses,
ability to adapt to drought or floods, quality attributes like medicinal value, aroma and
resistance to diseases. With the advent of modern technology and agriculture methods,
many of the traditional varieties have been replaced by improved high-yielding varieties.
The extensive cultivation of scientifically developed crop varieties that are high yielding
and pest resistant has contributed tremendously to the food production. Yet this practice
has also led to serious “genetic erosion”- the loss of traditional varieties from
agroecosystems. The major challenge to the sustainability of agriculture is the promotion
of high yielding crops which has affected the natural biota comprising of natural predators
of pests, pollinators and underground biodiversity the loss of which has affected the soil
health adversely. Home gardens and traditional farming systems played an important role
in conserving wild relatives of crops. Sustainability of agroecosystems depends on crop
diversification, hence a biodiversity friendly agricultural policy should be implemented.
Mainstreaming Biodiversity for Sustainable Development
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* Of the 4 percent of the 250 000 to 300 000 known edible plant species, only 150 to 200
are used by humans. Only three - rice, maize and wheat - contribute nearly 60 percent of
calories and proteins obtained by humans from plants.
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This may involve minimizing the use and optimizing the application of chemical fertilizers
and pesticides so as to reduce negative impacts on groundwater, soil and biodiversity.
Fisheries Sector
Ashtamudi Lake, a Ramsar Wetland of international importance, is the second largest
estuarine system in Kerala and supports the livelihoods of around 3000 fishers involved
in collection, cleaning, processing and trading the clams. The efforts made by WWFIndia, the Central Marine Fisheries Research Institute (CMFRI) and the Kerala State
Fisheries Department, working with the local fishing community, has resulted in
certification from Marine Stewardship Council and this may ensure that this valuable
resource is not overfished and ecosystem is protected. Ashtamudi short neck clam fishery
is the third fishery in Asia to have received this recognition. In fisheries sector
mainstreaming strategies may involve actions to reduce by-catch or eliminate effects of
fishing practices on sea bottom habitat. Small-scale farming or aquaculture activities will
reduce pressure on commonly harvested wild species. Responsible fishing technologies
may be promoted for reducing bycatch/incidental catch. Bycatch may be reduced by
notifying specific minimum legal size of commercial fin and shell fish species.
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Urban landscape
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NITI Aayog estimates that about 40 per cent of the country’s population will be residing in
urban areas by 2030. About 44 % of India carbon emissions are from urban areas leading
to Urban heat island effect. International minimum standard suggested by WHO and
adopted by the publications of Food and Agriculture Organization (FAO) is a minimum
availability of 9 sqm green open space per city dweller. Kerala had a population of 3.34
crores in 2011, with an increase from 3.18 crore in 2001 census. The density of population
in Kerala has gone up to 860 persons per sq. km from a figure of 819 in 2001. Kerala has
the third highest population density of all Indian States, which poses strong pressures
on land use and water resources and on its fragile and closed eco-system. Urban Green
spaces play an important role in carbon sequestration to mitigate the urban heat island
effect. ‘Homegardens’ form an important urban and semi-urban private green space in
Kerala and is responsible for the high tree cover in Kerala compared to other states in
India. In Kerala of the total area of 38863 sq km 3252 sq km is recognized as urban
area and urban tree cover is 1241 sq km (approximately 38.17% of total urban area).
Understanding the impact of urbanisation on biodiversity is necessary for planning
sustainable cities as Parks and green spaces are the backbone of good urban environment.
Cities in many cases harbour great biodiversity, managed and maintained by citizens. In
Kerala many areas are conserved in rural and urban areas as Sacred groves. The age old
system of every village having a temple, a tank and associated sacred grove explains the
ancient method of water harvesting and sharing and may be considered as the backbone
of village economy. Mangalavanam Bird Sanctuary, an ecologically sensitive area situated
Mainstreaming Biodiversity for Sustainable Development

at the centre of Kochi behind the Kerala High Court building is rightly called as the
‘green lung of Kochi’. The mangroves and their associated species found here include
Avicennia officinalis, Rhizophora mucronata, Acanthus ilicifolius and Acrostichum
aureum. About 2.74 ha area is occupied by mangrove flora with good height, but the
patches are sparsely dense. The area happens to be a roosting place for exotic varieties of
resident and migratory birds. Forty-two species of birds representing 12 Orders and 24
Families were recorded from Mangalavanam sanctuary which include mostly resident
birds. The most common bird species found are little cormorant (Phalacrocorax niger)
and night heron (Nycticorax nycticorax). Mangalavanam reportedly also supports 30
species of butterflies, four species of dragonflies, two species of damselflies, two species
of amphibians, six species of mammals and four species of reptiles.
Role of BMC in mainstreaming biodiversity
BMCs are statutory bodies at local bodies comprising of eight members constituted in
accordance with the Section 41 of the Biological Diversity Act 2002 and Section 22 of the
Rules, 2004. BMCs are constituted for the purpose of promoting conservation, sustainable
use and documentation of biological diversity including preservation of habitats,
conservation of landraces, folk varieties and cultivars, domesticated stocks and breeds
of animals and microorganisms and documentation of knowledge relating to biological
diversity. Decentralization of programs and policies help local decision making,
enabling inclusion of biodiversity concerns in local planning. The BMCs can take part in
conservation and sustainable utilization of biodiversity, documentation and protection
of Traditional Knowledge through People’s Biodiversity Registers. The Biodiversity
Management Committees have been empowered to function as Environmental Watch
Groups and authorized to report any activity that may cause environmental degradation and
violation of Acts and Rules regarding environmental consideration to higher authorities.

The first step towards achieving mainstreaming biodiversity at local level is to generate
understanding of the relevance of biodiversity for poverty alleviation and sustainable
development. Land use planning is an important prerequisite for any development that
Mainstreaming Biodiversity for Sustainable Development

NBC 2017

At the grass root level primary environmental protection will be the responsibility of
the BMC of respective panchayat. The respective BMC is responsible to inform the
concerned authorities for taking immediate action against all activities violating
environmental rules, acts, notifications, as also environmental depletion, general
public health problems and circumstances which lead to/ or may lead to threat for human
life. Formulation of directions for environmental conservation of Panchayat and their
implementation through the Panchayat committee are also entrusted to BMC. They can
chalk out Local Biodiversity strategies and Action Plan incorporating eco-friendly building
construction, water conservation, utilization of eco-friendly energy sources, waste
management measures etc. Measures for avoiding pollution and environmental
degradation can be included in these Master Plans.
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aims at social, ecological and economic sustainability and should ensure that land and
resource use is utilized optimally to maximize production without degrading biodiversity.
A biodiversity friendly production practice with a focus on sectors that have significant
biodiversity impacts (agriculture, forestry, fisheries, tourism) etc. is needed. Initiatives
as Best practice guidelines, certification, payment for environmental services, access and
benefit sharing agreements will incentivize biodiversity friendly practices. Strengthening
institutional capacities of different sectors and awareness to integrate biodiversity
conservation objectives into sector planning at local level is necessary. BMC can
also support innovative demonstration projects that educate local communities and
empower them to benefit from biodiversity conservation and sustainable use. Biodiversity
mainstreaming also requires greater cooperation between relevant government agencies
and between laws and policies of Agriculture, Forests and Fisheries department.
CONCLUSIONS
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Effective integration of biodiversity into all sectors requires awareness and political will.
Awareness within sectors of the relevance of biodiversity conservation in production
practices in agriculture, forestry, fisheries, and bioresources based industries is important.
The deliberations during the conference provided an opportunity to assess how far
mainstreaming biodiversity in production landscapes has been achieved, drawing on a
broad range of experience and expertise from around India. At the same time, the meeting
was able to make constructive suggestions for the way forward for effective mainstreaming,
priority areas for intervention, and impact indicators to assess the effectiveness of
mainstreaming.
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