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CHAPTER ONE

INTRODUCTION

One of the prerequisites to a viable human future is restoring and maintaining healthy
ecosystems. The concept of ecosystem health can be explained from biophysical,
socioeconomic, and human health perspectives. Assessments of ecosystem health
need to be madeconsidering all interactive relationships of these perspectives. Both
gualitative and quantitative indicators of ecosystem health are being developed for
each of these dimensions. The ecosystem health may be defined as the capacity for
maintaining biologic al and social organization, on one hand, and the ability to achieve
reasonable and sustainable human goals on the other. From this perspective
ecosystem health is as much about sustaining human communities, economic
opportunity, and human and animal health , as it is about sustaining the biological
functions of ecosystems.

At the beginning of the twentieth century, the per capita extent of land in Sri Lanka
was 10.53 hectares. During last two decades with the increase in population up to 18.6
million by 2001 and 21.8 million by 2019 the per capita extent had dropped to 0.29ha
and further to 0.25 ha respectively. As the population continues to grow the per capita
extent of land will further decline rapidly in the future. This trend has contributed not
only the fragmentation of lands into small unproductive units but also to a n acute
shortage of land. With the pressure on the use of land has led to deteriorate the
ecosystems in Sri Lanka, threatening the ecosystem health. Hence, solutions to these
problems have to be sought through proper land use planning.

As ecosystems include the human communities, the evolving definitions of ecosystem
health encompass the direct implications of biophysical changes on humans. It means
that there are direct social, economic, and human health consequences associated with
ecosystem health. Epidemiological studies suggest that, increasingly, human health is
being affected by environmental decline. For example, cholera, malaria, dengue fever
etc. are enhanced by degraded environments.

Ecosystem health is closely related to the concept of sustainabity, which is defined
to meet the current and future societal need for ecosystem services. The potential to
continuously supply of ecosystem services for the coming generations has been
highlighted as an important issue within environment justice.

Ecosystem health is essential for an ecosystem to provide services that benefit the
human population in terms of social and economic value. Ecosystem services are
generally divided into four categories: provisioning, regulating, sup porting, and
cultural services. Supply of services relies on a well-conditioned ecosystem, and the
capacity of service supply will be reduced if an ecosystem is unhealthy, for example
through loss of biodiversity. In order to advance human welfare through improved
ecosystem services, a better understanding of the integrated socialecological system
is needed so that appropriate policies and practices can be formulated.

The integrity and function ality of cascade landscapes in recent yearshave been
degraded significantly with major impacts on biodiversity and ecosystem service
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provision. A number of drivers and threats have undermined the mixed,
heterogeneous landscapes that the cascade system represestPoor understanding on
the function of this complex lan dscape has led to ignorance and inadvertent
destruction of the ancient Village Tank Cascade System (VTCS) during recent large
scale development projects, and as a result of the spread of commercial opportunities
and changes in agricultural technologies in the dry zone. During the past few decades
there has been a drastic reduction in forest cover due to various development
activities and population growth. Degradation of floral and faunal communities, loss

of fertile lands, destruction of village ecosystems and increased severity of droughts
are among the most distinct features that have affected cascade landscapes of Sri
Lanka. One of the most heavily affected elements has been the areas of traditional
knowledge on the conservation and sustainable utilizati on of biodiversity, especially
agrobiodiversity, which has seen the rapid erosion and loss of many traditional
varieties. Recent climate change scenarios have further fueled the situation with
extreme events seriously challenging the system.

The Healthy Landscapes project will seek to showcase management strategies for
strengthening the restoration and sustainable management of selected VTCSs in
cascade landscapes for the enhanced provision of ecosystem services and protection
of biodiversity. The project p lans to develop and validate a model VTCS management

system that can be used for scaling up to other cascade landscapes in the country.

The project proposes using an ecosystem/landscape approach to better understand
and manage biodiversity, agriculture and health linkages (Eco-Health approach) and
recognizes the concept of socialecological resilience when considering the
interdependence between people and nature in this context. This will include efforts
to integrate human health and agrobiodiversity conce rns into the ecosystem services
framework. The growing pressure on the environment by humans increases the
importance of viewing and analyzing this relationship as a linked and dynamic
system.

The project consists of 4 components namely:

i. Implementation of biodiversity -based options that improve sustainable
landscape management in socioecological sensitive areas;

ii.  Strengthening institutions, policies, and integrated landscape planning of
village tank cascade systems (VTCS) in socio-ecological sensitive areas;

iii.  Partnerships, awareness raising and capacity building for better sustainable
integrated landscape management in support of improved ecosystem services
and eco-health outcomes; and

iv.  Knowledge, information management and monitoring and evaluation

For most of the project outputs identified, there is a pre-requisite to establish the
baseline at the beginning to assess the project impact on aspects such as degradation
of land resource, biodiversity and bio -cultural diversity, food security, human health
etc. Thus, the Healthy Landscapes core project team agreed to work collaboratively
on the overall baseline assessment approach and methodology to identify key actions,
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TORs, identify key students and enumerators and other necessary actions to suit the
establishment of the Project benchmark.

Baseline assessment covers all the key bighysical, socio-ecological, and economic
aspects and their linkages and interrelation process. During the baseline survey and
study compilation of information and data inventorie s, assessments, mapping and
network and spatial analysis were done for status and trends analysis, evaluation of
strategies and guideline formulations. Data collection will be done through field data
collection, key informant discussions, household surveys, field observations,
brainstorming guided workshops and secondary data collections.

The assessment was carried out infive VTCSs in the Nachchaduwand Horiwila project
sites. (Table 11). Baseline assessment has been designed based on system approach
principles. Landscape level holistic multidisciplinary and spatially integrated
approaches havebeen adopted. The Baseline assessment survey has been planned to
cover following key topics:

I.  Land Degradation Assessment - development of new VTCS land use system
classification, assessing and mapping land degradation and ecosystem
services mapping and modelling .

ii. Biodiversity assessmentincluding terrestrial biodiversity , agrobiodiversity ,
aquatic biodiversity, and medicinal plant diversity; and

iii.  Food security and human health assessmentincluding food and nutrition
assessment, human health assessmengnd COVID 19 impact assessment

Table 1.1. Baseline assessment project sites

Major Village Tank DS Divisions No. of Extent
Reservoir Cascade System tanks (ha)
(VTCS)
Nachchaduwa  Mahakanumulla Ipalogama, Thirappane 29 4,717
Thirappane Thirappane, Ipalogama, 10 2,206
Kekirawa
Ulagalle Thirappane, Kekirawa 28 5,127
Horiwila Palugaswewa Palugaswewa 14 2,022
Bellankadawala Palugaswewa, 28 4,995
Dambulla
TOTAL 109 19,067
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CHAPTER TWO

LAND DEGRADATION

2.1 Introduction

Healthy ecosystens are the most
critical component of the biosphere
that has the ability to maintain its
structure, and function through time
and in the face of external stresses
(resilience). Sustainable ecosystems
provide food, shelter, the capacity to
assimilate and recycle wastes, clean air
and water.

Village Tank Cascade Systems (VTCS)
of Sri Lanka with its techniques of
culturing the natural surge of water for
human and ecosystem needs by
spatially and temporally harmonizing
the multiplicity of entire ecosystem,
provides an excellent model for unique
sustainable  ecological production
landscape that feed whole life forms
(flora and fauna including people) in
the face of many natural and human
induced challenges.

VTCS is a century old traditional
wisdom of ancient skilled hydrologic
genius who had in-depth knowledge of
analyzing ecological functions
(Madduma Bandara, 2009).

VTCS consists with complex integration
of different concepts and components to
store water, feeding water for different
ecological purposes and purify used
water and make available for
downstream tanks after purifying and
filtering while sustaining all ecologic al
components and making multifaceted
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Figure 2.1. The VTCSs spread over three
major zones -Northern, North Western and
South-eastern parts of the country

livelihood for all the people including
villagers, famers, fishermen, traders and
even tourists. The functional components
of VTCS have proved the withstanding
and buffering capacity for many stresses
including climat e variability for centuries,
even with minimum maintenance in
recent decades
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Presently, unplanned land utilization
patterns have transformed lands
devoted for sensitive functional
components of VTCS to farmlands,
human settlements and urban centers at
the expense of loss of ecological
functional features  with many
consequences indicating the exceeding of
productivity threshold levels and urge
the need of immediate intervention
needs.

2.1.1 Objectives

The main aim is to evaluate the baseline
status of land degradation in pilot study
sites with novel approaches and tools to
screen hotspots and identifying guiding
information for planning and
implementation of  comprehensive
holistic integrated management plans.

2.22. The study area

As shown in Figure 2.1, the total area
under VTCS in Sri Lanka s
approximately 14,800 km2 (22.5% of Sri
Lanka) and it spreads over most suitable
landforms in Northern, North-central,
North-western and South-eastern dry

zone areas. For ths study, three
adjoining cascade systems from
Nachchaduwa VTCS complex and

Horiwila VTCS complex located in the
upper part of the Malwathu Oya river

WITE oy I5VE oE

basin (Anuradhapura District) were the
pilot study landscapes (Figure 2.2).

2.2 Methods

As main approach for evaluation of land
degradation related issues within pilot
VTCSs, Land Use System (LUS) based
LADA -WOCAT-QM approach with
guided expert brainstorming sessions,
key informant  discussions and
participatory field investigations were
used with detailed local level assessment
in selected sampling areas Liniger, et al.,
2013) (Annex 2.1-2.2)

Field evaluation has
following broad aspects

focused on

o0 Land use change evaluation;

o Land degradation types and trend
evaluation in each LUS;

o Evaluation of present status of tank
components in relation to functional
role of each tank component;

o Evaluation of direct and indirect
causesfor emerging issues identified
in the field ;

o Identifing the intensity and trends of
land degradation severity ; and

o Identifing the priority areas / high
risk areas for rapid interventions .
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Figure 2.2. Location of pilot study sites in Malwathuoya river basin (a). Nachchaduwalandscape
consisting of three adjoining VTCS namely Mahakanumulla, Thirappanand Ulagalla (b) and Horiwila
landscape consisting with two adjoining VTCS namely Palugaswewa and Bellankadawéda
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All the basic detailssuch asland use, soil,
topographic features, tank component
distribution, etc. were  spatially
evaluated using suitable spatial analysis.

2.2.2. Sampling area selection for
detailed degradation assessment

As shown in the figure 2.3, three sample
zones from each pilot study cascade
complexes (from Horiwila VTCS and
Nachchaduwa VTCS) were taken as
detailed investigating areas for baseline
assessment. The sampling areas for
detailed study were selected considering

Healty Landscape Project Area at Nachchaduwa Cascade Complex

80"28'30°E 80°300°E 80"N'NE 80"330°E B0"MNE

Nachchaduwa Tank

Ulagalla

GN Boundary
| Cascade Boundary

Sampling rings

0'270E B02E0°E sor3Wter_lI_NCH_aiparaoe

B0'330°E

B80°3430°E B0'36DE

the similarity and homogeneity of the
conditions withing each study ring as
suggested at the planning meeting with
all the consultants contributing baseline
assessment. Main concept is sociological
and ecological homogeneity of a VTCS is
linked with the radial distance from the
mother tank of the VTCS complex. So,
the sampling zones were demarcated in
Horiwila tank considering the radial
distance from Horiwila tank and three
sampling rings of N achchaduwailot site
has been demarcated considering the
radial distance from the Nachchaduwa
Reservaoir.

Healty Landscape Project Area at Horiwila Cascade Complex
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Figure 2.3. Sampling locations selected for detailed baseline assessment in Healthy
Landscape Project Area.Nachchaduw&TCS complex (a) andHoriwila VTCS complex

(b)
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2.23. Evaluation of baseline status of
tank components

In addition to land use categories, tank
cascade component maps  were
developed for evaluation of baseline
status of different tank cascade
components of each VTCS specificland
unit or component. Major components
included in the map were

1. Vilage tank, 2. Kattakaduwa
(Interceptor), 3. Main streams, 4.
Perahana (sieve or filtering strip), 5.
Godawala (upstream water hole), 6.
Gasgommana (wind break trees), 7.
Peripheral shallow tank bed and 8. Bund.

The baseline status of each cascade '

component of all the tanks were
evaluated using standard schedule.

2.24. Data collection

degradation, LADA WOCAT
methodology, a globally tested approach
has been adapted.
comprising with Land Use System Based
assessment mapping and local level
detailed assessment with comprehensive
field assessmentusing standard guiding
data collection formats. The survey team
was comprised with soil surveyor, soil
conservationists, agriculture research
officers, agriculture extension officers,
university  academics, postgraduate
students, final year undergraduates,
community leaders and key informants.
Group discussions, field investigations
with high resolution detailed field maps,

key informant interviews, were used

during field data collection. The field

investigations were done covering all
land parcels under each land use types.
Information on land use changes (LUC),

LUC intensity, LUC severity,
degradation type, area degraded,
degradation  intensity causes  of

degradation, conservation interventions

The assessment is

and impact of degradation were gathered
during  field investigation. Field

investigations for degradation
assessment were ene in 28 days.

2.25. Data analysis

All the collected data were incorporated
into GIS using a coding ID assigned for
each land parcel unit. Spatial analysis and
interpretations were deployed for

developing map illustrations. Descriptive

statistics on the information related to
land use change, degradation and
conservation status were used for
evaluation of baseline status.

land

Plate 2.1. Field investigation for
degradation baseline assessment
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Table 2.1. Field data collection summary

Sampling Area

Number of Tanks

Number of Sampling

sites
MahakanumullaR1 4 69
MahakanumullaR2 4 59
MahakanumullaR3 3 81
Palugaswew&1 4 66
Palugaswewd?2 4 88
Palugaswew&®3 3 68
Total 22 431

Updating land use maps

Land use maps of the pilot study
landscapes were updated with most
recent available version of detailed (scale
1:10000) data sets of Land Use Policy
Planning Department and
comprehensive  field  investigations
(Figure 2.4). The updated land use map
has been used as the base map for
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developing Land Use System (LUS)
maps. Thesehave been used as the guide
maps by all the experts for field data

collection. The map has been reformatted
for web map version to facilitate mobile

phone based filed location tracking for

accurate and convenient field data
collection for all baseline field data

collection teams.

Healthy Landscape Project Area at Horiwila Cascade Compiex
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Figure 2.4. Updated land use maps of the pilot VTCS landscapes Nachchaduwda)

Horiwila (b)
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2.3. Results: baseline status

2.3.1. Landuse system mapping

The land use maps of the study landscape
were updated through comprehensive
field investigation and GIS during each
field visit. Update land use map s are
illustrat ed in the figure 2.4. The updated
land use maps were used by all the field
investigation teams as the base map

2.3.2. Bassline VTCS
components

status  of

As defined by Dharmasena (2004), main
components of VTCS and the brief
description of functional role of each
component are given below. The field
investigations have been done for
assessment ofthe baseline status of each
component in the detailed investigation
zones. The components are shown in
Figure 2.5

Perahana 9 It is the meadow developed
under Gasgommanaand it filters the
sediment flow coming from upstream
chena lands.

Iswetiya or potawetiya - An upstream
soil ridge constructed at either side of the
tank bund to prevent entering eroded soil
from upper land slopes.

Godawala - A man-made water hole to
trap sediment and it provides water to
wild animals. This might had been a
strategy to evade man-animal conflict.
Kuluwewa - A small tank constructed
above relatively large reservoirs only to
trap sediment and not for irrigation
purpose. It provides water for cattle and
wild animals.

Tisbambe d It is a fertile land strip found
around the settlement area (Gangoda and
it is a common in the village . Tree species
such as mee, mango, coconut etc. are
grown in scattered manner. Mostly this
area was used for sanitary purposesand
the resting place of buffaloes. Buffaloes

were used as abio-protection mechanism
from wild animals and malaria.

Kiul ela o This is the old natural stream
utilized as the common drainage. Tree
species such askaranda mee mat grass,
Ikiri, vetakeyeetc. and few rare small fish
species are also found along theKiul ela
Most importantly it removes salts and
iron polluted water and improves the
drainage condition of the paddy tract.
Kattakaduwa & This is a reserved land
below the tank bund. It consists of four
micro-climatic environments: water hole;
marshy land ; moist land; and dry upland,
therefore, diverse  vegetation IS
developed. This land phase prevents
entering salts and Ferric ions into the
paddy field. The water hole referred to as
Yathuruwalaminimizes bund seepage by
raising the groundwater table.

Figure 2.5. Schematic diagram of main
components of traditional village tank
system (Source:Dharmasena, 20L0)

Printed and web-based maps of main
VTCS components were prepared for
easy reference and used as the field guide
during field investigations for baseline
status evaluation (figure 2.4). Most of the
field staff followed the smartphone -based
location tracking approach for collect ing
and reporting baseline status assessment.
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Figure 2.6: VTCS component map of the pilot study landscapes

The baseline status of each VTCS

components

was

evaluated by

comprehensive field investigations in
collaboration with key informants of

each village was done and the summary
of collected information is given in the

table 2.2

Table 2.2. Baseline status of VTCS components and identified issues during field

Investigations
Tank ID Tank status Kattakaduwa Gasgommana Shallow tank Iswetiya Godawal
(Tree belt) bed a
Udakadawala pal_1 Bush Encroached for Good Not affected by Iswetiya Recently
encroachments  Paddy condition with human activities.  is restored
and cultivation & well covered So notdegraded  Panwaliy
siltation Invasive species  trees awa
found (Acasia
and Ipillpil)
Panweliyaya pal_1 Former Iswetiya Recently Good Not Found Not Not
of Udakadawala rehabilitated and  condition with Found Found
tank asthe allow growing dense forest
bund plants
Kapugama pal_1 Bush Intensely Good Highly degraded Not Not
encroachments  encroachedfor condition with  due to the Found Found
and siltation cultivation well grown encroachment
seasonal crops trees for seasonal
and paddy crops and paddy
Dumbuluwaga pal_.1 Bush Encroached for Good Not Found Not Not
ma encroachments, seasonal crops condition with Found Found
Salvinia and well grown
siltation trees
Kudalugaswe pal_2 A well- A marsh with Good Not affected by Not Not
wa maintained good condition with human activities Found Found
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tank with biodiversity. well grown and well -
conservation Large trees not trees functioning
measures to found
protect the
bund. Not
degraded
Alapathwewa pal_2 Not degraded Slightly Good Not affected by Replante  Restored
degraded. condition with human activities d
Recently well grown and good
rehabilitated trees condition
Palugaswewa pal_2 Well Not affected by Encroached Encroached for Not Not
maintained and human activities ~ for home paddy affected Found
conservation and not gardens cultivation by
measures were  degraded human
taken. Not activities.
degraded So not
degraded
Thimbiriwewa pal_2 Highly Encroached for Good Not Found Not Not
degraded due Paddy condition with Found Found
to bush cultivation well grown
encroachments trees
and silt with
broken sluice
and bund.
Need repairing
Yakadagaswew pal_3 Siltation Encroached for Rapidly Rapidly Not Not
a Paddy decreasing the decreasing the Found Found
cultivation area due to area due to
human human
settlements settlements and
and construction of
construction power plant
of power
plant
David Wewa pal_3 Bush Encroached for Good Not affected by Not Not
encroachments  Paddy condition with human activities.  Found Found
and siltation cultivation well grown So not degraded
trees

uses associated with VTCS are found
rapidly changed. Gasgommana the
windbreak tree strip in some of the tanks
has shown rapid decreased, (Plates 2.2
2.9). while areas under cultivation lands,

settlements and home gardens are in the
increasing trends (Figures 2.7-2.8).

2.3.3. Baselinestatus of land degradation
of different land categories

Land use system (US) based LADA-
WOCAT Approach has been followed for
baseline assessment of land degradation
and related issues ineachland unit within
sampling rings. According to LUS change
evaluation some of the important lands

seasonal

Plate 2.4. In some areas
cultivation can been seen extended over
Kattakaduwaarea.

Plate 2.2. Kattakaduwaarea of some the crop

tanks found encroached for paddy
cultivation by some village rs
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Plate 2.6. Initial stages of weed and bush
encroachments into the tank can be seen in
some tanks and regular maintenance need
to be scheduled

Plate 2.3. Realizing the importance of
existence of Kattakaduwain some villages,
rehabilitation has been started followed by
demarcating the reserve belt.

Plate 2.5.Considerable number of tanks has
well maintained Kattakaduwa area that
should be promoted in others tanks as well

Plate 2.7. In some tanks well maintained

Gasgommangéhe Wind break tree belt) can
be seen, but the area devoted for
Kattakaduwehas been neglected.

Plate 2.8. Aquatic weeds seem to be a
problem in several tanks and regular
maintenance may be required after
rehabilitation

Plate 2.9.Considerable number of tanks are
well functioning and properly maintained
and can be considered as best models
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2.3.4. Baseline status of Land Degradation

LADA -WOCAT LUS based degradation assessmenthas resulted identified land use
types and degradation types indicated in the table 2.3. Assessmentresults showed that
considerable percentage of area is under influence of many land degradation types
(Figure 2.9-2.14).

Table 2.3. Land-use type and degradation type s

No Land-Use Type Prominent Degradation Types

1 Paddy Heavy agro-chemical use with increased frequency
and severity of pests/ diseases incidences
Fertility declined and reduced organic matter
content

2 Seasonal Crops Surface erosion, topsoil loss
Heavy agro-chemical use with increased frequency
and severity of pests/ diseases incidence
Quality and species composition/diversity decline
Fertility declined and reduced organic matter
content
Increase of pests/diseases

3 Sparsely Used CropLand / Surface erosion- top soil loss

Chena Quality and species composition/ diversity decline

Fertility declined and reduced organic matter
content
Quantity/ biomass decline

4 Dense Forest Reduction of vegetative cover
Increase in invasive tree species

5 Open Forest Reduction of vegetative cover
Loss of habitats
Increase in invasive tree species

6 Forest Plantation Fertility declined and reduced organic matter
content
7  Scrub Land Surface erosion top soil loss

Loss of habitats
Reduction of vegetative cover
8 Minor Reservoirs Change in quantity of surface water
Reduction of vegetative cover in upper watershed
areas
Fertility declined and reduced organic matter
content in cultivation areas
Quality and species composition/ diversity decline
vegetative areas
Change in quantity of surface water,
Loss of habitats
Offsite degradation effects
9 Stream Riverbank erosion
10 Wet Land (Boggy Area) Reduction of the buffering capacity of wetland areas
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It was revealed that the prominent
degradation types prevailing in the area
tested were surface erosion and topsoil
loss, soil fertility decline, reduction of
organic matter content, biodiversity
decline, loss of habitat, diminishing
vegetation cover and reduction of species
diversity. Invading forest lands in critical
spaces such as upper watershed feeding
areas of small tanks by seasonal
cultivation lands and settlements can be
seen increasing in many locations. Solid
waste disposal (polythene, glass bottles,
etc.) in some wetlands and some areas of
tank components have been reported
during the field investiga tions.

The trend and the rate of degradation is
varied with the land utilization patterns

in some areas, the rate of degradationis
fond in increasing trend mostly due to

ignorance and lack of awareness among
majority of the villagers on the
importance of sustainable land

management. Awareness creation,
providing technological guidance,
support for community -based
collaborative approaches may change the
present situation of the VTCS
communities by self-motivation for
sustainable land management

2.4 Conclusion s

2.4.1Sustainable Land Management

Although some  Sustainable Land
Management (SLM) technologies and
approaches have been followed by some
villagers, most of the areas are not
managed properly and unattended for
implementation of SLM practices. LADA -
WOCAT approach for SLM accepts the
fact that land use is the most important
factor that governs the Land Degradation.
Therefore, land use management sysems
play a key role in degradation
assessments. During the baseline
evaluation for SLM, we experienced the
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suitability and adaptability of the present
approach for VTCS. LADA-WOCAT
approach which has been globally
recognized and well tested, can be
confidently applied for all the land
categories in VTCS zones. In addition to
use Land Use SystemsLUS) units, VTCS
specific components have to be
considered separately during each stages
of LADA -WOCAT Approach. Both the
LUS and VTCS components have been
considered during the baseline status
evaluation and all the components visited
by the field investigating team with key
important aspects of each Vvillage.
Hotspots have been identified in entire
cascade areas and detailed local level
transact based field investigations were
done for identified sampling rings and the
works have to extended for the whole
area to identify issues that have to be
addressed immediately to rectify the
issues with suitable interventions.

2.4.2Training and capacity building

The LADA -WOCAT Approach combines
different disciplines and skills to
complete the whole process from current
status detailing up to remedial
intervention planning. Therefore,
investigators need to develop some
specific knowledge and skills for better
operations. For this purpose, during the
baseline assessment andevaluation, field
investigating team was  trained
systematically and guided by training
modules on GIS applications, field data
collection, data incorporating into GIS
and performing analysis to get int egrated.
The training guidelines and modules are
found in LADA -WOCAT websites for this
purpose and can be used for future
investigation with e x p e guidahce.
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Key deliverables

Deliverables

Description

Spatial assessment of land degradation
using LADA -WOCAT-QM approach
report in the selected 5 cascade systems
(Task A)

Assessment methodology and results have been
incorporated in the Chapter

Inventorying and mapping of ecosystem
goods and servicesreport (Task B)

Chapter 2 linked with Chapter 4. Therefore, pl see
Chapter 4 for the Ecosystem Services

Land degradation and multiple
ecosystem services model development
report (Task C)

Land degradation model has been developed based on
LADA -WOCAT-QM approached. Model results have
been incorporated into the Land degradation evaluation

maps

Ecosystem services supply and demand modeled have
been developed and results have been incorporated into
the supply and demand maps in the Chapter 4

Sustainable Land Management (SLM)
guidelines and practices report (Task D)

SLM guidelines and practices justified and incorporated
in the Chapter and its annexes.

Socio-economic baseline report
including socio -cultural and economic
valuation of ecosystem  services
provid ed by VTCS landscapes (Task E)

During the planning meetings experts decided to be
conducted one household socic-economic survey to
gather demographic data instead of conducting by each
thematic group. However socio -economic data required
for specific technical assessments relevant to LADA
WOCAT, Biodiversity indices, Ecosystem Services
Metrics have been gathered and incorporated into the
results of relevant chapters

Household demographic survey results have been
incorporated in the Chapter 5

Planned scientific papers drafted based
on the above

All contents of the Chapter 4 have been designed
formatted and developed following the scientific writing
guideline. Mr. Sujith Ratnayake, chief technical
coordinator, and currently PhD student at UNE has been
given responsibility for the development of scientific
(draft) paper in collaboration with Dr. H. K. Kadupitiya
and other matter specialists of the baseline assessment.
He will coordinate with Dr. Kadupitiya and Authorities
for the final outcome.
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CHAPTER THREE
BIODIVERSITY

3.1. Terrestrial Biodiversity
3.1.1. Introduction

Purpose of this exercise is to document
baseline information necessary for
project planning and monitoring
through collection of data on terrestrial
biological aspect of the selected VTCS
areas of the Project, particularly focusing
fauna & flora, agrobiodi versity and
community perceived ecosystem values.
The cascade ecosystem s rich in
biodiversity resources, harbouring many
economically, ecologically and socially
high value species and habitats. The local
community depends upon these
resources for the tangible and intangible
needs of their social life cycle. Continual
over-exploitation of cascade ecosystem
components, with its high utility species,
has resulted in the accelerated decline in
the abundance of a wide range of species
and habitats. Better understanding on
the fauna, flora, agrobiodiversity and
community perceived ecosystem values
are fundamental to the management
decision making process in uplifting a
cascade landscape which consists of a
mosaic of agroecosystems and natural
ecosystems.

Study L ocations: The project sites are
Nachchaduwa and Horiwila cascade
system complexes in the Anuradhapura
District within the Dry Zone of Sri Lanka.

Study Objectives:

The present investigation of cascade
ecosystem aspects and species diversity
hasthe follow ing objectives.

a. To document ecological features of the
cascade ecosystem with species
therein, as a part of understanding
species sensitivities, ecological
services, and habitat degradation and
remediation actions.

O

. To document ecosystem values as
perceived by the local community that
shed light on the human dimension of
cascade ecosystems, opening avenues
for more socially relevant ecosystem
restoration actions.

. To make recommendations to enhance
the ecological sustainability of the
cascade while advancing the well-
being of local communities.

3.1.2. Methodology

O

The baseline situation was assessed
using rapid techniques in line with

available resources, project time frame
and ground circumstances. The basic

methodological components are as
follows.

Reconnaissance

The documentation of biodiversity

commenced with a reconnaissance visit
to understand the present situation of the
cascade.

The reconnaissance helped for

a. Familiarization of the territory and

biodiversity using pertinent

references viz; road maps, aerial
photographs, geological and
geographical maps, previous

knowledge of the biodiversity, climate
data etc;
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b. Ground survey of the territory; for this
much of the area that was
approachable was traversed to:

i. Familiarize with the territory and
accessibility;

ii. Get the knowledge of biodiversity
in general and its status; and

c. Engage local community and develop
social contacts necessary for the
survey.

The detail survey was planned according
to the ground situation examined.

Flora sampling

The species diversity of higher plants in
diverse vegetation types, found in
traditional cascade system were studied
using standard scientific techniques,
with appropriate modifications to suit
field conditions. A total number of 36
sampling sites spread over two cascades
were sampled. GPS locations were noted
using GPS enabled site photographs
(Plate 3.1.1).

202109
8°8'18.41°N 80°41'52.78'E
Unnamed Road, Palugaswewa

Plate 3.1.1. GPS enabled photograph
showing the tank ecosystem

The floral survey was focused on
documenting flowering plant species in
terrestrial habitats within the cascade.
Several distinct major vegetation
categories observed in two cascades
included; Tank catchment forest
(Gasgommana Interception
(Kattakaduwa, Scrublands, Home
gardens, Chena & Forest plantations
(Teak or Acacia). Vegetation was
sampled using 400 n? sampling areas as

per Luttmerding et al . (1990) with minor

variation of methodology to

accommodate local circumstances.
Abundance of plants was noted as
visually assessed percentage foliage
cover of trees, shrubs & herbs using
cover categories from Terry & Chillinger

(1955) cited in Luttmerding et al (1990).
Abundance parameters were used in
calculating Shanon diversity index.

The Simpson Diversity Index is defined
as the sum of squares of proportion
abundance of each species As D
increases, diversity decreases. Therefore,
the Simpson Diversity Index is usually
expressed as 1-D or 1/D. Where 1 -Dis
used as the index, it ranges from 0 to 1,
with v alues close to 1 showing a
community of many species with equally
low abundances while numbers close to
0 express fewer species with one of them
clearly dominant.

Working definitions of plant groups
observed within 400 m2 plots were;

Tree flora: Woody plants above 3m
height.

Shrub flora: Woody plants of 1.5m-3m
height.

Small plants: Small plants including

young stages of trees and shrubs below
1.5m height.

Altogether, 36 plot samples were
observed for recording flora and their
foliage cover abundance. Annex 3.11
gives the details of sampling sites in two
cascades and different ecosystem types.
Key ecosystem types identified and
sampled include; Acacia forest, Chena,
Home garden, Kattakaduwa Natural
forest, Scrubland, Teak forest, Medicinal
forest. Among them medicinal forest is a
special type of forest maintained by a
private  party  within Palugaswewa
cascade
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Visual estimation of foliage % cover Fauna sampling
categories as per Luttmerding et al.
(1990) mmparison charts included 1%,
2%, 3%, 5%, 7%, 10%, 15%, 20%, 25%,
30%, 40% and 50%. In case, when foliage
cover of a particular species exceeded
50% value, it was recorded as 10%
incremental additions up to 90%
maximum to accommodate site specific
circumstances considering local
situation. Those cover abundance vales
and respective species numbers were
used in calculating Simpson diversity
index through a web -based application.
Floral species were identified and
classified using the latest standard
published guides and keys available in
Sri Lanka. A list of key references used

in the floral survey is presented in Table
3.1.1

As with the floral survey, the same 400
m2 area was used to sample the fauna of
the cascade system. Key groups of
animalsoterrestrial habitats; Land snails,
Butterflies, Dragonflies, Amphibians,
Reptiles, Birds and Mammals
encountered at the site were identified,
and documented. All attempts were
made to document the animals in a non-
destructive manner. Details of the
specific techniqgues used to sample
different faunal taxa are presented in the
table below (Table 3.1.2). Faunal species
were identified and classified using the
latest standard published guides and
keys available in Sri Lanka. A list of key
references used in the faunal survey is
presented in the table 31.3 below.

Table 3.1.1. Key references used in the floral survey
Subject Source
Taxonomic identification ~ Ashton et al. (1997); Dassanayake and Fosberg (19801991);
Dassanayake et al(1994- 1995); Dassanayake and Clayton
(1996- 1999); de Vlas &Jong (2008)
Nomenclature Senaratne (2001)

Conservation status MOE (2012)

Table 3.1.2. Fauna sampling techniques

Taxon Method Technique

Land snails Direct and Visual encounter survey and observation of shells
indirect

Dragonflies and Direct Visual encounter survey.

butterflies

Amphibians Direct Visual encounter survey and nocturnal survey.

Reptiles Direct and Visual encounter survey within transects.
indirect Communication with local community.

Birds Direct and Visual and auditory observations and indirect signs of
indirect presence including tracks, feathers, nests and

vocalizations.

Mammals Direct and Visual observations and indirect signs of presence

indirect including tracks, scats, faecal matter, feeding signs and

vocalizations. Communication with local community.

Table 3.1.3. Key references used in the faunal survey

Taxon Source
Land snails Naggs and Raheem (2000)
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Dragonflies Bedjanic et al. (2007)

Butterflies D6 Abrera (1998)

Amphibians Manamendra-arachchi & Pethiyagoda (2006)

Reptiles Somaweera (2006); Somaweera & Somaweera (2009)
Birds Harrison (1999); Warakagoda et al. (2012)

Mammals Phillips (1935); Kotagama & Goonatilake (2013)

Nomenclature and conservation status are based on MOE (2012)

Plate 3.1.2. Documenting agrobiodiversity

Study of species: was used to document fauna and flora in
different habitat types. There are three
standard sampling designs for visual
encounter surveys: opportunistic or

During this rapid assessment event,
Visual Encounter Survey (VES) method
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randomized walk, transects, or a quadrat
design (Crump and Scott, 1994), and the
present survey was carried out through
opportunistic or randomized walks in
400 n? plots. Visual encounter surveys
can determine species richness; be
applied in long term monitoring projects;
provide info rmation for compilation of a
species list; and provide data used to
estimate the proportion of area surveyed
that is occupied by target species.
Photographic records were made to
identify less familiar plants and animals,
and standard taxonomic keys and other
scientific literature mentioned in the list
of references were used in the process of
species identification. Sensitive species
(endemic & threatened) were especially
noted as high risk biodiversity.

Species attributes:

Plants and animals were categaized to
understand sensitivity using IUCN Sri
Lanka and Ministry of Environment and
Natural Resources (2012), The 2012 Red
List of Threatened Fauna and Flora of Sri
Lanka, Ministry of Environment and
Natural Resources, Colombo, Sri Lanka.
Based on this National conservation
status (NCS) and global conservation
status (GCS) species were evaluated.
Accordingly, level of threat in
descending order includes CR (PE), CR,
EN & VU.

Documentation of agrobiodiversity

The agrobiodiversity study was
conducted within the cascade villages to
understand the dynamic relationships
among people, biota and environments.
Field observations as well as community
interviews and focus group discussions
were used in documenting edible
agrobiodiversity reference to following
parameters.

0 Agrobiodiversity species or locally
adapted cultural variety breed or
heritage crops/breeds.

0 Sources of agrobiodiversity.

0 Habitat used in cascade to sustain
specific agrobiodiversity component.

o Part used as food.

(Please see details inAnnex 3.18 on
Participatory agrobiodiversity
(edible) assessment chart for VTCS
Landscapes).

06.02.2021 12:37
8°11'52.21°N 80°28'55.32'F
Thuruvila Rd

Plate 3.1.3. Knowledge sharing with a
key informant .

Documentation of community perceived
ecosystem values

Assessment of community perceived
ecosystem services was carried out using
the Community Score Card (CSC) tool
(CARE, 2013), which originally was
developed as a monitoring tool that
enables citizens to voice their assessment
of a priority public service. | n the present
case, the CSC was adopted to assess
ecosystem services, which turned out to
be a powerful tool enabling community
to voice their assessment of cascade
ecosystems too. The generic approach
was;

o Convene community members.
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0 Ask
performance/quality

each to identify
indicators for

the ecosystem services (please see

Annex 3.1.9 for indicators and field
chart).
0 Ask the group to score each indicator

and give reasons for the scores. This

approach was relatively easy to use
and flexible in application. Also, it
strengthens  citizen  voice and
promotes dialogue and consensus
building as well as information
gathering.

3.1.3. Results and Discussion

Ecosystem diversity of terrestrial

biodiversity

The entire cascade area and its associated

habitats are reflective of the harshness of
the physical environment in the Dry
Zone of Sri Lanka, and the entire
landscape has experienced
anthropogenic impacts that have been
taking place since the historical Dry Zone
civilization. The tank cascade is a
conglomeration of different types of
vegetation cover brought about by the
influence of water regimes, soils, human
actions and other biotic interactions.

These include seminatural and
managed habitat types. The key
components of cascade terrestrial
ecosystem include; Acacia forest
plantations, Teak forest plantations,
Chenalands, Gasgommanéorests, Home
gardens, Kattakaduwa forest and
Scrubland. In  addition, recently
established private sector Medicinal

woodland is also a unique plantation
area. Characteristic features of the main
terrestrial habitat types are as follows.

Acacia forest plantations

Acacia auriculiformisdominated planted
forest stands up to 30m height and this
type is not widespread. This vegetation

represents lands that were historically

rll/ A ‘ \;‘.‘,\‘,1_‘
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cleared or degraded, and later exotic

o

Plate 3.1.4. Plantation forest of Acacia
auriculiformis.

tree cover was established by Forest
Department. Structurally well -
developed these kinds of forests play a
significant role in soil and water

conservation in the area, though
currently they are still under human

pressure. However, established native
flora is poor in this ecosystem and local
community is not in favor of these type

of plantation forests. The forest structure
is usually developed into a three strata
system; canopy (25m30m) and shrubs
(2m-3m) and herbs (below 1m).
However, the species composition is not
yet closer to natural forests. Common
species include; Canopy - Acaia
auriculiformis as main species; Shrubs
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Ficus hispida Lantana camara and
Zizyphus oenoplia Herbs - Panicum
maximum

Teak forest plantations

Plate3.1.5. Teak plantation in Tirappane

This is also amonoculture area of Teak
(Tectona grandis planted by Forest
Department. Previous degraded state
lands have been converted into Teak
areas. Dense growth of teak trees (15m
25m) forms the main canopy layer with

almost 90% canopy cover. Undergrowth

is extremely poor and native species
recruitment is almost absent. Often,
about 80% ground area is exposed soill
and the balance is covered with invasive
species likeLantana camara

Medicinal woodland area

0
8°%4'6.63"N 80°41'54.16'E, = 3
MaradankadawalaMabarana-Thirukkond- &
ajadimadu Highway, Palugaswewa

Plate 3.1.6. Medicinal
Palugaswewa

woodland at

There is a cultivated medicinal
woodland in Horiwila cascade. Various
types of medicinal woody plants; trees,
shrubs and few herbs are found in this
woodland. There is a continuous canopy

at 10m-15m level and shrubs (2m-3m)
and herbs below 1m are randomly
distributed. Names of trees are displayed
for identification and education value.
The site is aleasedout state land for a
local NGO and managed as a law income
commercial activity while serving the
local indigenous medical practitioners.
Gasgommana forests

Immediately upper forest areas of high
ground surrounding the village tank is
locally called Gasgommandorest, which
are more or less similar to typical dry
zone climax forests. They comprise of
four recognizable vegetation strata; 20m-
30m high continuous tree canopy, sub
canopy up to 15 m, shrubs up to 5m and
herbaceous plants below 1m.

P
74

05.02.2021 09:58
8°3'18.61"N 80°41'52.78'E
Unnamed Road, Palugaswewa

Plate 3.1.7. Gasgomman#orest on far side

of village tank.

The common woody elements include;

Albizia odoratissima (Kabal mara),

Bauhinia racemoséMaila), Bridelia retusa
(Ketakela), Cassia roxburghii (Wa),

Chloroxylon swietenigBurutha), Drypetes
sepiaria (Weera), Manilkara hexandra
(Palu), Memecylon umbellatumKayan),

Nothopegia beddom@@ala), Pterospermum
suberifolium(Welan) and Schleichera oleosa
(Kon). Trees are densely assembledn
well -developed sites, where poor growth
of shrubby and herbaceous forms is
found in the ground layers. Exposed
ground is common and forest
regeneration can be observed in many
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places. However, it is regrettable that
forest patches in the vicinity of
settlements, cultivation or access roads,
are severely under forest exploitation
pressure. Valuable timber trees such as
Chloroxylon swietenia  (Burutha),
Manilkara hexandrgPalu) and Diospyros
ebenum (Kaluwara) are selectively
removed illegally, affecting the forest
structure and watershed properties.

Kattakaduwa forest

This is a small, forested strip at dam toe.
Several tanks have well developed
Kattakaduwdorest vegetation, while that
of others is highly degraded or not
present at all. Kattakaduwais always a
linear habitat running parallel to the tank
bund. The ponding effect of the
Yathuruwala and year-round high

moisture level due to seepage has given
rise to a forest that is closely related to
riverin e forests.

05.02.2021 09:58
8°3'18.61"N 80°41'52.78"E
Unnamed Road, Palugaswewa

Plate 3.1.8. A
Kattakaduwa forest

well -deveped

This vegetation type can be as narrow as
5m in some locations and as wide as 20m
in others. The forest height is about 20m-
30m with almost a closed canopy. Sub
canopy (10m) and shrub/herb (0.5m-3m)
layers can also be distinguished. General
luxuriance due to high moisture
conditions compared to other nearby
forests makes it visibly healthy and akin
to a rain forest patch. Lianas are also an
important constituent of this forest
framework and constitute considerable
floristic richness. Common tree species in

this patch of small forest include;
Borassus flabellifer (Thal), Diospyros
malabarica(Thimbiri), Ficus benghalensis
(Nuga), Ficus racemosa (Aththikka),
Hibiscus tiliaceus (Belipatta), Madhuca

longifolia (Mee), Margaritaria indicus

(Karau), Nauclea orientas (Bakmee),
Pongamia  pinnata (Karanda) and
Terminalia arjuna (Kumbuk). The

evergreen character of these species can
be attributed to the unlimited availability

of groundwater throughout the year. The
Kattakaduwaforest is a natural bio filter
that traps pollutants in the water, before
it irrigates the low lying paddy tracts.
The thick root system of trees and shrubs
act as a protective cushion for the sloping
land.  Well-developed  Kattakaduwa
forests provide convenient resting sites
for birds, bats, reptile s, amphibians etc.

Chena

Chena(Slash and burn cultivation) is a
highly manipulated system dominated
by agricultural crops. A good number of

06.02.2021 10:47
8°12'11.53"'N 80°29'8.13'E
Unnamed Road

Plate 3.1.9. Chenacultivated area

Chenais dominated by shrubby and
herbaceous crop species likeAbelmoschus
esculentus (Bandakka), Solanum
melongena(Batu), Vigna cylindrica(Me)
and Zea mayg¢Badairingu) growing up to
1.5m. Some scattered trees are found in
almost every chena land; Bauhinia
racemosa (Maila), Borassus flabellifer
(Thal), Bridelia retusa(Ketakela), Cassia
fistula (Ehela), Chloroxylon swietenia
(Burutha), Chukrasia tabularis (Hik),

32| Page



Drypetes sepiaria (Weera), Limonia
acidissima (Divul),
(Palu), Pterospermum  suberifolium
(Welan), Schleichera oleosé&on) and
Vitex altissima(Milla). Plant biomass of
the system is highly variable due to the
traditional agricultural practices spread
over the year. Months of the wet season
(November-January) are marked by the
abundance of vegetation cover. Once the
harvesting season is over, the land is left
to fallow. Abandoned chenalands are
more common than cultivated chena
Abandoned chenalands are structurally
more closely related to scrublands but
differ on account of relatively sparse
vegetation and the presence of some
perennial crop species abandoned after
chena cultivation.  Abandoned chena
differs from cultivated chendands by the
abundance of weedy species and the
presence of a few unmanaged crop
species, which arein decline under the
threat of weeds. The plant assemblage is
about 1m in height and consists mostly of
fast-growing weedy species that have
structural and functional adaptations to
adverse conditions. Similarly, to
scrublands, the plants produce seeds that
can successfully remain dormant until
the rainy season commences. The
vegetation has the ability to withstand
heavy structural damage from
herbivores, drought or wind, and can
recover in the wet season
opportunistically. Depending on the site -
specific drcumstances such as the length
of fallow period, disturbance by fire or
herbivores, the structure may not be
uniform.

Home gardens

Home garden vegetation is found
immediately around homesteads andis
the result of long-term manipulations.
This is really a semi-natural system by
account of the deliberate manipulation

Manilkara hexandra

by man, and at the same time the natural
incorporation of wild species and their
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Plate 3.1.10. A well -managed home
garden.

co-habitation. The effective area of the
Home Garden unit is approximately 0.25
acres but larger units are not uncommon.
Home gardens are for both commercial
produces (timber and fruits) and
subsistence  produces (wood and
vegetables).

The existing home gardens in the cascade
are poorly managed and do not receive
the full potential benefits economically
as well as ecologically. General structure
shows that multi -purpose trees, shrubs,
herbs and climbers are deliberately
intermixed. The appearance Vvaries
depending on the farming practices
employed. Well -developed home
gardens have a structure that mimic a
near natural forest. Generally, there are
several poorly developed plant layers: a
canopy (20 m), a sub canopy (15 m) and
a shrub/herb layer (2 m). Many cr op
species are found in this habitat; Annona
reticulata(Anoda), Areca catech(Puwak),
Artocarpus heterophyllus (Kos), Carica
papaya (Pepol), Citrus medica (Dehi),
Cocos nucifera(Pol), Mangifera indica
(Amba), Moringa pterygosperma
(Murunga), Musa x paralisica (Kesel),
Punica granatum (Delum), Sesbania
grandiflora  (kathurumurunga) and
Tectona grandis(Thekka). The home
garden is also an important faunal
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habitat providing animals with feeding
and nesting sites. It provides people with
fruits, spices, nuts, yams, flowers,
vegetables, medicines, firewood, timber
etc. throughout the year. Visibly, the
home gardens gradually mix with forests
or scrublands at the periphery. In these
cases, it takes the form of an unmanaged
orchard - sometimes barely recognizable
as a component of the home gardens.

Scrublands

Scrublands are thick, impenetrable
thorny or spiny and woody vegetation
growing up to 2m -3m in height. Two
major strata can be recognized; the shrub
canopy and the herbaceous (up to 0.5m)
plants growing underneath. Scattered
trees could be located.

04.02.2021 11:55
8°8'33.21°N 80°30'54.36"E
UnnamedRoad

Plate 3.1.11. Scrubland area

The ground layer abounds with
herbaceous life forms since it receives
intense sunlight. Since the
commencement of prevailing dry

climatic conditions, the plants show
xerophytic adaptations e.g. leaves are
thick with well -developed surface
structures to protect them from strong
sunlight and minimize evaporation,
plants produce seeds that can
successfully remain dormant until the
rainy season commences, vegetation can
withstand heavy structural damage from
herbivores, drought or win d, and can
recover in the wet season
opportunistically. Most of the scrubland

areas were chena areas or other
cultivated lands in the distant past. The
common shrub species in scrublands
include; Carissa spinarum (Karamba),
Dichrostachys  cinerea (Katuandara),
Flueggea leucopyrus  (Katupila),
Phyllanthus polyphyllugKuratiya), Trema
orientalis (Geduma), Benkara malabarica
Glycosmis  mauritiana (Dodampana),
Hugonia mystax(Bokere), Lantana camara
(Hinguru), Maba buxifolia (Jabara),
Memecylon umbellatm (Kayan), Scutia
myrtina, Streblus aspefNithul), Tarenna

asiatica (Tharana), Toddalia asiatica
(Kudumiris) and  Ziziphus oenoplia
(Eraminiya).
Fl or a

The survey enabled documenting 376
plant species in two cascades. Among
them 8 species are endemic;Vernonia
zeylanica (Pupula), Argyreia populifolia
(Girithilla), Diospyros ferrea (Jabara),
Erythroxylum zeylanicum, Premna
procumbengLe-Kola-Pala), Cinnamomum
verum (Kurundu), Artocarpus nobilis
(Bedi-Del) and Lepisanthes tetraphylla.
The threatened flora included 22 species,
both in endangered category and
vulnerable category. Details have been
given in Annex 3.1.2 Sampling details
indicate that natural forest and
Kattakaduwaare acting as superior store
houses for many threatened plants
(sensitive plants) and therefore of high
conservation concern (see Annex3.1.3.
As far as considered the occurrence of
those 376 total species recorded, 276
species are inNachchaduwaascade while
291 species are inPalugaswewaascade.
Many species are common to both the
cascades; 189 species (see Annel3.1.4.
for details). Analysis of occurrence of
plant species in different ecosystem
types in both cascades shows that home
garden records the largest number of
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plant species 170, followed by
Kattakaduwal41l, scrub lands116, natural
forest 106, teak forest 55, medicinal forest floral diversity while Acacia and Teak

39 and Acacia forest 23 Azadirachta indica plantations are floristically  poor.

(Kohomba) and Chromolaena odorata Kattakaduwatakes a moderate level of
(Podisinnomaran) are the most frequent flora diversity and this is likely due to

species occurring in all ecosystem types human disturbance in thoseecosy st ems,
(details are given in Annex 3.1.3. and Katw a ksayutweams ar e f ou
Dominance of species based on foliage we-dke v e lsoymsed ms .

As indicated by diversity indices home
gardens and natural forests have high

cover abundance (m?2) in different

ecosystem types in cascades shows that Agrobiodiversity of crops

following species are dominant in
respective ecosystems.

Dominant tree species in tree dominant
systems based on foliage cover

Acacia forest - Acacia auriculiformis
Home garden - Cocos nucifer@Coconut)
Kattakaduwa Terminalia arjuna(Kumbg

Medicinal forest - Acronychia pedunculata

(Ankendg
Natural forest - Drypetes sepiari@/Veen)

Dominant shrub species in shrub
dominant systems based onfoliage cover

Scrubland-Phyllanthes
(Kuratiya)

Chena - Zea maiz (Maiz). Details on

variations of different levels of canopy

cover / foliage cover (cover dominance

levels) of species representing each
habitat are given in Annex 3.1.3.

polypylus

Diversdt ges

Average values of Simpson diversity
indices, in descending order, calculated
for different habitats are as follows.

Home garden: 0.9274
Natural Forest: 0.9144
Chena: 0.8739
Kattakaduwa: 0.8678
Scrubland : 0.862
Medicinal Forest: 0.7921
Acacia Forest: 0.6073
Teak Forest: 0.5687

Both the cascades are rich with crop
diversity amounting to 150 species of
actively managed food crops (see Annex
3.18for details). The farmers source their
propagules through commercial
purchasing, community exchange and
on-site live gene bank maintained by
them. Most of edible crop diversity
managed by the community is
concentrated in Chenalands or in their
home gardens. Much of the crop
diversity consists of ancestral crop
cultivars maintained by the community
and include 110 crop types or cultural
varieties out of 150 crop plants recorded,
despite such ancestral crop -cultivars
have less occupied land area compared
to commercial crops. Developed crop
varieties which are results of modern

technology are wused for income
generation through commercial
planting.

Plate 3.1.12 Polonme an ancient variety
of long bean maintained by local farmers
in family gene banks
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Fauna

The faunal assessment documented 202
animal species belonging to amphibians,
birds, butterflies, dragonflies, land
snails, mammals and reptiles animal
groups. The quantitative summery is
amphibians - 7, birds - 70, butterflies - 59,
dragonflies - 19, land snails- 6, mammals
- 22 and reptiles - 19. Nachchaduwa
cascade recorded 191 species while
Horiwila cascade recorded 178 species
(Annex 3.1.5)

Faunal species (aggregated) in different
ecosystem types inNachchaduwa&ascade
Plate 3.1.13. Landesi - Amaranthus in detailed in Annex 3.1.6while the same
cruentus. Note: This is an ancestral crop of Horiwila cascade is given in Annex
plant now totally disappeared from cascadg 1.7

areas. According to the verbal description of 5\vest number of animal species was
plant features by village elders Ofiocorded in plantation  forests;
Nachchaduwa cascade, Landesnostikely  Nachchaduwa cascade Acacia forest (33),
Amaranthus cruentus cult.lvated in Chgna Teak forest (36); Horivila cacade
lands. Old people $thave high regard for its Medicinal forest (38) & Teak forest (33).
food value despite its unfortunate
disappearance from traditional Chena lands;, :
The pclorop was widely used as a subsistené@ both the site Kattakaduwa area
food crop in 1970's and before. Various fooaecorded the largest number of animal

preparations have done using the starch of thgP€Cies; Nachchaduwa  cascade
grains. This sedproducing pseudocereals Kattakaduwa(129)and Horiwila cascade

are characterized by their excellen{115)- This is likely due to diversity of

nutritional profile as reported elsewhere andhicroenvironments within -~ Kattakaduwa
now in other countries it is ranked as a supefystem. ~ Summary of occurrence of
food on account of that they are good sourcé&iantity of animal species are as follows

of carbohydrates, gooduality proteins, (Table 3.1.4).

lipids, vitamins, minerals, and bioactive Table 3.1.4Number faunal species found

compounds. There is an increasing interest iin each land use type.

their utilization for the formulation of
healthy food products with improved
nutritional value. In future, such plants can Acacia forest (33) Chena (52)
be reintroduced to cascade Iandscap'%
considering nutriton value, low water

Nachachaduwa Horiwila

hena (62) Home garden (61)

consumption, climate change adaptation andhome garden (78) Kattakaduwa(115)
premium food market. Kattakaduwg(129) Medicinal woodland
(38
Natural forest (43) Natural forest (58)
scrubland (105) Scrubland (87)
teak forest (36). Teak forest (33)
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Agrobiodiversity of animal
resources

genetic

Community managed animal genetic
resources in two cascades include
chicken, cattle and buffaloes. In addition,
bee (Apis ceranakeeping is also done by
few people. Livestock farming is taking
place as avery low -level activity. Poultry
(Gallus gallus domesticyigarming include
both village chickens and improved
chicken breeds. Cattle farming is always
free grazing type and almost all cattle
population is locally adapted breeds;
indigenous cattle, Zebu cattle types and
their crosses common in dry zone of Sri
Lanka. The native cattle (Bos indicus
var.ceylonicu} called "Lankan Cattle" or
"Batu Haraka" are well adapted to hot,
dry and saline environment. Apparently,
all cattle are now of mixed nature due to
introduction of high vyielding cattle
breeds some decades back, and people
call them 'Bangaliharak'.

A small population of buffaloes is found
in some locations where wetland
grazing lands with wallowing sites are
used by those animals. The Murrah
buffalo breed of water buffalo (Bubalus
bubalis)is kept for milk production. The
colour of this breed is usually jet black
with white markings on tail and

forehead. The tightly curved horn is an
important character of this breed.

© N o B
04.02.2021 14:32 F
8"10'49.99°N 80"2918.42°E 2\

Unnamed Road =

Plate 3.1.14.Localy common cattle type

trunk.

Community perception of ecosystem
services values

Analysis of scores (average values)
shows that ecosystem services of
different ecosystem components of the
cascade as valued by the community,
falls in descending order of Natural
Forest (2.724) > Homegarden (2.664) >
Kattakaduwa(2.3) > Scrubland (1.168)>
Chena (0.844) > Acacia Forest (0.188) >
Teak Forest (0.168). Higher values of
natural forest and home garden are
indicative of perceived superior
beneficial influence of those ecosystems
(Medicinal woodland in Horivila
cascade did not consider in this sudy
since it is privately managed and less
interactive  ecosystem with  local
community).

Monoculture plantations like Acacia and
Teak forests are not in good terms with
the local community as far as considered
the community sensitive ecosystem
services. They are considered as least
valued ecosystems with regard to
various problems created by such alien
ecosystems. Killing of bees, promotion of
human-elephant conflict, spread of fire,
impact on water table and absence of
non-timber  forest  products  for
community use are main attributes to
downgrade such ecosystems. Scrub
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lands are considered as medium value
ecosystems in account of moderate level
availability of wild products and soll
conservation values.

Although Chenais a highly interactive

system with the local community, its

ecological benefits are inferior in

comparison to economic values. The
findings highlight the importance of
Natural Forest, Home garden and
Kattakaduwaas high-quality ecosystem
service points and need for enhancing
those systems. At the same time, the need
is there to improve the ecosystem service
potential of Scrubland, Chena, Acacia
Forestand Teak forests.

Conclusion s

Ecosystem diversity in cascades range
from near natural systems to man-made

agricultural systems. They include
Natural Forests, Kattakaduwa forest,
Home gardens, Scrublands, Chena

Acacia Forest plantations and Teak
Forest plantations as key landscape

elements. Each ecosystem has
characteristic structure, species
composition, functions and values.

Diversity indices of flora indicate that
species diversity is in decreasing order of
home gardens, natural forests, Chena,
Kattakaduwa, scrub lands, medicinal
forest  plantation,  Acacia  forest
plantation and Teak forest plantations.
By co-incidence, more or less, the same
order is followed by ecosystem service

since it harbors both terrestrial and
wetland animals. As far as considered
the agrobiodiversity of cultivated food
plants, home gardens and Chenalands
are prime areas and support cash income
and human nutrition based on varietal
and crop species diversity. Livestock
animals (breeds and species diversity)
are less important component in present
day cascades.

Recommendations

1. Ecosystem and biodiversity-based
approach for enhancing the well -being of
people and environment of the cascades
is a potential solution for many present
day problems in these agricultural
landscapes. Livelihoods of cascades rely
on ecosystem services including
pollination, biological pest control,
maintenance of soil fertility and hydro
logical services. The value of these
ecosydem services to agriculture is
enormous and often underappreciated.
Depending on management practices,
cascade agriculture can be the source of
numerous pressures, including loss of
wildlife habitat, sedimentation of tanks,
greenhouse gas emissions, and psticide
poisoning of humans and non-target
species. The tradeoffs that may occur

between ecosystem services and
problematic  practices should Dbe
evaluated in terms of spatial scale,
temporal scale and reversibility.

Application of modern environmental
economic tools for valuing ecosystems

values perceived by the communityy services can shed dight «
Planted forests are not only species poor Wi nd scenarios, especi al
but also less valued ecosystemunits. As  appropriate agricultural management

a general rule, home gardens and natural ~ practices focused on climate responses.
forests of the cascades are superior
systems sustaining more biodiversity
and vyielding better ecosystem services.
Kattakaduawdakes the lead in sustaining

high animal diversity in both cascades

2. Tree dominated and biologically
diverse superior ecosystems like natural
forests, Kattakaduwaand home gardens
are capable of Dbetter delivering
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combined ecological and social functions
contributing to added ecosystem goods
and services and values for local
community at large. Therefore, actions
for betterment those systems striking a
right balance, are essential for gaining
multiple  benefits like conserving

national biodiversity assets including

managed and unmanaged
agrobiodiversity, climate proofing th e
landscapes, water security, erosion
control and livelihood dependability.

Attempts for better implementing of

cascade related legal provisions under
the Department of Agrarian Services can
mitigate many such issues.

3. The existing single species plantdions
(Acacia or Teak forests) have negative
impacts on biodiversity, communities,
and local economies which includes, loss
of community used biodiversity,
depletion of bees, dwindling water
sources, fire and soil erosion. Gradual
enrichment of those plantations with
native plants can lead to complex forests
which  are  biodiversity -rich, self-
regenerating ecosystems, support soil &
water system, enhance microclimate, and
sustain wide variety of plants and
animals in mutual coexistence. Multi
species forest 8 made up of many layers
and each layer has a different set of flora
and fauna. Such forests sequester more
carbon.

4. Strategies for agrobiodiversity
conservation and promotion need to be
put in place for promising species. In this
regard, habitat protection of wild

populations, maintenance of native crop
species and varieties in traditional
agroecosystems, establishment of living
collections and germplasm banks, and
introduction of species and varieties into
agroecosystems for agricultural practice
and sustainable uses are actions in right

direction. For example, ancestral crop
cultivars of Cucurbita maxima, Musa x
paradisaca, Amaranthus cruentus, Sorghum
bicolor and Oryza sativa are some
potential crops for premium product

development. Establishment of an
ethnobotanical garden in a cascade can
showcase most of the agrobiodiversity
for wider awareness.

5. Present day practice of Chena
cultivation plays a significant role in
sustaining rural livelihoods in water
deficit landscapes while its ill effects are
harassing the wellbeing of cascade
biodiversity and people. Now Chena is
more or less sedentary form of
agriculture unlike former times when
land pressure is not severe. Excessive use
of agrochemicals, ever expanding
seasonal cropping areas and loss émulti
species tree cover are starting points of
many ills of current Chena system.
Introduction of techniques that provide
increased crop harvest from small land
area, e.g., lowcost controlled
environment agriculture, can be a part of
the solution to stop encroachment of
natural areas set aside for ecosystem
services. Such approaches are potential
solutions for ongoing human -wildlife
conflict too and some enterprising
farmers are already gaining benefits of
similar techniques. As an initial step, low
input Chena cultivation can be
attempted. Tree cover can be increased in
sedentary Chena areas through
introduction of high income developed
crops like mango, guava, sour sops,
coconut etc.

6. Traditional knowledge is at the core of
cascade identity, agriculture, heritage
and livelihoods. Its transmission from
one generation to the next must be
protected, preserved and encouraged.
Knowledge of cultivated and non -
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cultivate food plants, food processing,
culinary practices are now at the brink of
extinction and most of the existing
knowledge system is trapped within few

village elders. Useful practices can be
explored and mainstreamed through
appropriate avenues such as ece
tourism, premium marketing of super

foods and cultural events. That would be
an opportunity to share innovations and

practices developed in indigenous
communities over centuries and
millennia. Moreover, traditional

knowledge occupies a pivotal place in
the range of actions needed to respond
climate change. Transferring this
information across generations is vital, as
is harnessing the potential of youth and
women.
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3.2. Agquatic Biodiversity

3.2.1. Introduction

From the ancient times, Sri Lanka is a
well-known Asian country that ensures
agriculturally based civilization with
high food security. The i s
that covers a greater part of the country
and receives a low annual rainfall < 2,000
mm is credited for its known high food
security. This is due to vast dry low -lying
plains irrigated using traditional micro
or meso watershed management system
referred to as the Village Tank Cascade
System (VTCS).Thus, particular zone is
famous as o0The st a
presence ofan array of ancient irrigation
tanks, has substituted a natural wetland
type. These manmade wetlands depict
the rich cultural heritage and biological
diversity and provide indirect benefits
and numerous environmental services
(Geekiyanage & Pushpakumara, 2013).
This indicates that the VTCSs of Sri
Lanka evolved over two millennia, are
now naturalized and bound to the d ry
zone landscape in Sri Lanka. Despite the
non-natural nature VTCSs are known as
rich biological resources, harbour many
economically and ecologically high value
species. Therefore, local communities
largely depended up on such resources
for their tangibl e and intangible needs. In
addition to providing irrigation water,
VTCSs have impacted the microclimate
by creating cooler habitats, enhanced the
biodiversity and agro biodiversity, and
paved the way for a unique
decentralized social system in Sri Lanka,
where farmers have held the highest
social rank (Marambe et al., 2012).

The particular agro-bio-ecosystems in
VTCS which, are home to a large number
of aquatic and semi aquatic edible
species are reported as deteriorating
systems due to many of reasons.

and?©o

Ther ef or e, countryads
greatly connected with such mosaics of
man-made VTCSs is threatened At
present those systems are not well
functioning and even their ecosystem
services are continuing to low-down,
many of them abandoned, and their
funcfohsY are? MnBefing. Over -reliance
on agricultural pesticide and fertilizer
inputs that has significant negative
impacts on the health of farmers and
rur al dwel |l er s, fi
biodiversity. Some chronic health issues
are persistently reporting in the dry
zone, largely hit lives of the VTCS
dependant people. Thus, restoration of
91cLil a gredthided B sek HEsAutity
in re-establishing the early self-sustained
agricultural economy as the country is
now depending up on many of imported
food stuffs and commodities for food
security.

The UNDP
Landscapes Projectéd
and designed to seek possibility in
furnishing proper management
strategies to strengthen the restoration
and sustainable management of seleced
village tank cascade systems (VTCSS) in
Sri Lanka. This project has several end
targets viz. enhanced provision of
ecosystem  services, protection of
biodiversity and ensuring the food &
nutrition security. The project also plans
to develop and validate a model VTCS
management system that can be used for
scaling up to other cascade landscapes in
the country. On the other hand,
improvement of the livelihoods in
VTCSs is a big challenge for which it is
required to  mainstream
biodiversity. Prior to all it is essential to
document the information on the species
richness, usages, challenges faced by the
people in VTCSs and already acquired
impacts and future prospects as those are
in neonate stage. For baseline data
41| Page

f undeHgalthpr oj ect

VICSOs



collection, two VTCSs in Malwathu Oya

River lower catchments in
Anuradhapura district have been
selected.

The scope of aquatic biodiversity

assessment was restricted to:

o Survey and inventory of the Aquatic
Bio Resources (ABR) intwo cascade
systems namely; Horiwila and
Nachchaduwa VTCS complexes in
Anuradhapura district;

o Organize the collected ABR data in
taxonomic categories and construct a
database;

o ldentify different ABR ecosystem
services;and

0 Assess community perceptions on
benefits/impacts of ABR ecological
services; and

Based on two on-site field visits and

subsequent meetings had with project

management unit and each subject
expert, two VTCS ecosystems in
Anuradhapura district viz. Horiwila and

Nachchaduwa VTCS systems were
selected for the present baseline survey
on the aquatic biodiversity. In the past,

these two VTCSs have been built by
crossing ephemeral streams in lower
reaches of the Malwathu Oya River,

which is the second longest and largest

river in Sri Lanka. The Nachchaduwa
VTCS consists of 29 village tanks
whereas the Horiwila VTCS has a total of
14 small tanks. Therefore, the objectives
of present study were to:

0 Assessment of aquatic biodiversity
and ecology in VTCS landscapesi.e.
Horiwila and Nachchaduwa,;

o Inventory of the aquatic life with
habitats and local distribution;

o Compilation of services and
functions of aquatic life of VTCS
landscapes; and

o Assessment of impact of biodiversity
deterioration on aquatic system in
VTCS landscapes.

3.2.2. Survey Method s

The survey area was confined only to
tank itself and 100 m peripheral area
within the wateros
(this is dynamic; depends up on the
water inundating area of each tank).
However, survey area included all
accessble aquatic and semi aquatic
habitats mainly the upper and down
reaches of relevant ephemeral streams,
tanks, adjacent paddy fields and inter-
connected waterlogged/supplying
canals, and other water holes etc. These
selected tank systems get water mainly
from Northeast monsoon rain, store
themselves in and act as a heart of each
area ensuring water demand of village
people. They are agroecosystems enclose
with paddy fields, irrigation canals,
water holes and etc. and have become
semi natural ecosystems.

The assessment was initiated referring to
satellite images of the selected VTCS to
get a consensus of the distribution of
tanks and their assemblages with natural
waterways. A total of seven tanks i.e. five
for NachchaduwavTCS and Two from
Horiwila VTCS with their respective
catchments  representing  different
aquatic and semi-aquatic habitats viz. all
sub sections within each VTCS,
riverine/irrigation canals, water holes,

paddy lands and associated
natural/man dmade wetlands etc. were
surveyed. Although it was supposed to

survey Ola-gamtanks if present in each
VTCS was unable to carry out due to
inaccessibility and time constraint. The
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study site selection was depended highly
on the quality, types of habitats present,
eases of access and visual biological
values.

The detailed biodiversity assessment of
each site was done during four field
visits conducted from February to March
2021. Adequate information on eachsite,
their inhabitants and importance were
gathered through a questionnaire survey
which was carried out amongst the local
villagers, different stakeholders and
through referring different p ublished
data.

Assessment of aquatic life in different
habitats was done by using line transect
method employed at each 50 m point
along the tank bund. Thorough visual

observations were made regarding main
visual features and any visible animals
and plants. A special emphasis was
given to study attached flora, submerged

flora and riparian vegetation. Presence of
any special locations such as
waterlogged places with submerged
roots of large tree, swamp and reed beds
and fragmented habitats were noticed
and then study thoroughly. The detailed

description on each survey method is
described below.

Plankton sampling and analysis

Plankton samples were collected from
each tank wusing a
net, one sample was collected to a plastic
bottle, preservedi n Lugol 0s
phytoplankton analysis in the
laboratory. Another sample was also
preserved in 5% formalin  for
zooplankton analysis. In the laboratory,
the plankton species in the samples
collected from each site were identified
as much as possibe using Needham &
Needham (1962), Mendis & Fernando
(1962), Abewickrama (1979). The relative
volumes of major taxa of plankton were

estimated using a cell of Spirogyraas an
arbitrary unit.

Other aquatic macro fauna sampling
and analysis

This was done by various non-
guantitative sampling methods,
including visual observation and digital
photographing to assess the aquatic life
in water area, banks, and peripheral area.
The aquatic macro fauna such as crabs,
snails, damselfly and dragonfly larvae
were sampled with a hand net/butterfly
net and a scoop net. The free-living
nymphs and larvae of aquatic insects,
live attached to substrates (caddis flies)
or other stuffs in the water area were
dislodged with fine meshed hand net,
subsequently collected into a tray. Some
animals were picked up with a fine tip
forceps. They were identified in situ to
possible lowest taxa using Needham and
Needham (1962) and Mendis and
Fernando (1962).

Fish sampling

At each study site, fishes were caught
using cast nets of 2.5 cm stretched mesh.
The small hand nets, which made up of

the mosquito netting was used as drag
nets or scoop nets

edges. The fishes were identified up to
species levelin situ. Their abundance was

assessed as Catch Per Unit Effort (CPUF).

The ektra infersation ip ¢adier kccuoad
fish fauna was gathered through a

squektionnaire aurvey othhrat was carried

out amongst the different tanks users
and aged-old village people. This was
further refined and validated by
referring the ichthyofaunal zones of Sri
Lanka.

Assess occurrence of other vertebrates

Survey work was supplemented by
direct visual observation where possible,
and this included investigations of
animals or plants, including callings (to
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assess birds), pugmarks (to assess
mammals), scat (to assess carnivorous
mammals), dung (to assess herlivorous
mammals), egg masses (o assess
amphibians), discarded fur, seeds,
flowers and fruit. In addition, local
people were interviewed to gather
information on presence of certain
species and habitats. Every possible
attempts were taken to quantitative
assess of each faunal taxa. The
conservation status of each taxon was
determined referring to The Freshwater
Fish National Red List, 2020 and
National Red list 2012 of Sri Lanka
(MOE, 2012, IUCN, 2020).

(Diversity indices,
their

Data interpretation
ABR ecosysem services and
relationships)

The species recorded in each tank site
were listed in taxonomic categories and
was used as ABR databases. The
different ABR user groups identified
during the survey as well as preferring to
available literature were given in the
separated column in each appendix. We
also included the existing practices in
ABR utilization in brief, w hich data are
largely based on informal discussions we
had with the village people at each
sampling occasion. We also provided the
matrices on identified opportunities,
threats and constraints which are largely
based on different databases and the
informat ion provided by village people.

Identification of hotspots (biotopes) of
aquatic diversity

Finally, the site-vise alpha(species) scale
aquatic  species richness of the
vertebrates, aquatic plant and plankton

densities and generic richness of aquatic
invertebrates are given describing

different aspects such as richness and
dominance.

The procedure proposed for

identification of indicators

Firstly, we identified natural drivers for
biological indicators in each VTCS and
records of the diversity
indices/measurements were kept that
indicate, disturbance/ impairment/
stressor signal embedded at each tank.
We identified anthropogenic stressors,
which ar e needed to provide an adequate
suite of Ostressorao
We ranked all indices for habitat quality
and species diversity indices for each
dimension of habitat condition. We
evaluated the overall invasive species
index and rank them. Finally, we
assessed the spatial variations in each
indicator.

Ecologically habitat

assessment

important

The Sensitive Landscapes & Ecological
Sensitivity assessment was be done
referring to Young & Potschin (2009)
using the information gathered through

desktop studies as well as from the
present field investigations. Ecological
sensitivity was quantified by subjectively

assessing two factors; the ecological
function and the conservation

importance described the below;

I. Ecological function

Functional status refers to an indication

of the services provided by an area and
includes both ecological and human

related services. It depends on the degree
to which the area or system still provides

a noticeable service and ecological
function is rated as high, medium and

low.
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the land. This is done at a broad level to
simply categorize the total area of land
owned based on potential biodiversity
value. Biodiversity Value (BV) is
understood as being a combination of the
conservation status and the functional

ii. Conservation importance

Ecological health is an indication of
carrying capacity of an ecosystem and
therefore, its ability to perform ecological
services. In order to adequately gauge
the ecological health of the study site it is
important to give a qualitative definition status of the area.
ofthe 6 perceived biodi ty

Table 3.2.1 Ecological Sensitivity Assessment Criteria d Ecological Function (Source:
Young & Potschin 2009).

ver si val ueod of

Ecological Description
function level
High Sensitive ecosystems with either low inherent resistance or resilience
towards disturbance factors or highly dynamic systems considered to be
stable and important for the maintenance of ecosystem integrity (e.g.
pristine grasslands, pristine wetlands and pristine ridges)

Medium Relatively important ecosystems at gradients of intermediate
disturbances. An area may be considered of medium ecological function
if it is directly adjacent to sensitive/pristine ecosystem

Low Degraded and highly disturbed systems with little or no ecological

function

Assessment of community perceptions
on benefits/impacts of aquatic
biodiversity and its habitats

The assessment was done referring to the
Millennium  Ecosystem  Assessment
Conceptual Framework which describes
interactions  between biodiversity,
ecosystem services, human weltbeing,
and drivers of change. The goal of the
Millennium Ecosystem Assessment is to
establish the scientific basis for actions
needed to enhance the conservation and
sustainable use of ecosystemsand their
contributions to meeting human needs.
As it helps to recognize the interactions
exist between people, biodiversity and
ecosystems present data interpretation
was solely based on this concept.

Ecosystem Services Evaluation

Ecosystem system services are the
benefits people obtain from ecosystems.
An ecosystem services assessment was
conducted to establish the supply and
demand of ecosystem services within the
context of the proposed project. This is
essentially an exploratory process to
better understand the following;

o

The key ecosystem services generated
by the natural assets or land cover
types.

o0 The demand for these services based
on numbers of users and their
dependence on the supply of these
services

o0 The potential changes in the supply

of services with development of the

project and the implications for the
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users in terms of service level

changes.

The demand for ecosystem services
within the study area was established
through  consultation  with  local
community members during cultural
and heritage as well as the field studies.
Discussions involved identifying
provision ing services such as the supply
of water, energy/fuel, building materials
and food amongst others and
establishing the supply of and.
dependence on regulatory and cultural
services

3.2.3 Results and discussion

Details of the Aquatic Bio Resources
(ABR) collected through literature

survey, by interviewing the people in

each VTCS and baseline survey
conducted in March 2021 are given in
tabulate forms in Annexes3.2.1 3.24.

In general, disperse and colonization of
the aquatic lives in lentic water bodies
are depended up on the water in fluxes,
which very often result in more or less

comparable biodiversity among different

water bodies of same catchment. This
nature is  highly linked  with

interconnecting nature of the VTCSs and
also, they are fed by the same irrigation
The existing practices in ABR utilization

are largely based on informal discussions
had with the village people in respective
VTCSs. The species distribution, a
scaled-up abundance and habitat of each
ABR are also given as aid material. The
identified opportunities, impact to

biodiversity, and ecosystems, threats and
constraints given in this report are

largely based on different databases and
the information provided by v illage
people. Finally, the site vice alpha
(species) and gamma (eco-region) scale
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Plate 3.2.1. Aquatic plant found in the
paddy fields
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canals which facilitate to supply seeds
and propagules of all sympatric species.
This scenario is well exampled by
surveyed VTCSs that are of more
comparable micro catchments, thus
baseline survey has come out with non-
disparity databases in alphascale species
richness. The data of tanks in each VTCS
were pooled together to get a precise
idea, are listed in taxonomic categories,
and developed as databases. Different
ABR user groups identified during the
survey as well as preferring to available
literature are also given in a separated
column.

aquatic  species richness of the
vertebrates, invertebrates, plants and
phytoplankton densities are given.

According to databases developed for
the NachchaduwaVTCS and Horiwila
VTCs systems indicate more or less
comparable species richness values but
vary in their species composition. Of
them the Mahakanumullatank has high
species richness in almost all taxa,
indicating rich ecological integrity

compared to others. It is a semi
naturalized ecosystem that supplies
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rainfed water for rice and crops culture
at least for two crop seasons. Although
extreme dry climate conditions are
frequent in the area, it harbours a diverse
ABR indicating its ability to host for a
higher num ber of aquatic biodiversity
providing a range of ecosystem services.

This tank is managed by a committee
headed bWew VYidame Mahatha .
There is a prescheduled calendar for each
activity in tank management such as
cleaning, catching and auction of fish,
lotus and water lilies and removal and
control of unwanted noxious aquatic
plant species, bund restoration etc. There
is a waste removal method, collecting
non-biodegradable waste into the bags
and then disposing. Cleaning of tank
surroundings thereby reduces the
possible contamination with micro
plastics and other wastes. Therefore, it is
a logical example on which the
application of ecological knowledge and
best management practices are in line to
get high ecological services from a VTCS.

However, fi shing activity in particular
system is highly seasonal. But this VTCS
is of high surplus fish yield which can
grant the protein and nutrient demands
and requirement of the area people. At
present this resource is partially
underutilized.

Ecological Value/Environmental
services

The ecological services provided by the
aquatic ecosystems of the VTCS are
numerous. Among the ecological
services, water purification is the most
important one . This is done through the
ecological function of the interceptor,
which is basically built for purification of

the water flowing into the paddy fields

from pollutants from seepage water
across the embankment. Moreover, the
lager trees such asTerminalia arjunan the
tree belt located in upper inundation area

of the almost all VTCS also act as a wind
barrier and reduce the occurrence of
waves in the tank. Consequently, it helps
to prevent evaporation.

Further, water filter ( perahang which is
dominated by sedges such as Cyperus
spp, Schoenoplectus grossuseds mainly
Typha angustifolia shrubs and grasses
retain sediments in runoff water between
tank and tree belt so that the main
function is purification of water.

The environmental services provided by
the floral types for the farming
communities and used only for the
sustainable extraction of some non
timber forest products such as medicinal
herbs for Ayurveda. Many of the species
have various medicinal properties which
could be used for curing variety of
human ailments in traditional way. In
spite of that many aquatic plants could
be extracted for the edible purpose
although there was no such satisfactory
utilization recorded from the area.
Flowers of Nympheaspp. are mainly used
for sale. Other potential uses would be
selling for ornamental plants and use as
bio-fertilizer.

Presence of endemic speciesPhoenix
zeylanica also carries a significant
conservation priority of the plants.
Villagers use to extract leaves of the plant
for hand crafting. Also, sedges viz
Cyperus  corymbosus,
grossusare used for weaving baskets,
mats etc. which have an attractive
traditional value and source of
additional income for women.

Riparian zones in VTCS are habitats of
critical conservation concern, as they are
known to filter agricultural

contaminants, buffer landscapes against
erosion, and provide habitat for high

numbers of species. The riparian areas
are habitats for a large number of faunal

species including many of the rare
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species that depend on water. The floral
habitats have been functioned to increase
the  groundwater table through
infiltration and slow discharge of water
to the tank during the dry season.

Streams associated in VTCS are
essentially dynamic systems, their path
and flow can change with time. But bank
vegetation plays an important role in the
maintenance of stream and foreshore
stability. The presence of vegetation in
riparian areas acts to reduce the rate of
change and therefore maintain a level of
stability. Proper management of riparian
areas together with vegetation is
therefore essantial as it helps to maintain
the biodiversity of the area.

Threats and Indicators

Vacate niches

The species composition of invertebrates
is an indicator of ecological function

groups in the ecosystems. Present survey
showed a relatively lower diversity in

particular small insects such as Mayfly

larvae (order Ephemeroptera), Crane fly
larvae. They are common members in the
ecological function group known as

shredders. They play major role in

converting coarse particles to fine
particles.

- e el —'- -
Plate 3.22. Different functional groups
and respective micro habitats in a tank
system

However, presence of accumulated
coarse particles in the tank beds indicates

that most of VTCS do not harbour
adequate numbers of them hence their
ecological role is insufficient and
hindering well -functioned food chains.
The condition seems to be severe in the
Sembukulamatank and Amane tank,
which represent lower and upper
catchment of NachchaduwaVTCS. Low
down of shredders number in such
systems might be due to presence of
large number of individuals of carnivore
fish species such as Catfishes and beetle
larvae which is a threat to VTCSs.When
considering fish species diversity, it is
clear that there are some vacate niches in
these VTCSs. They are lacking functional
service of large herbivore fish species
such as Systomus sarana. This vacate
niche has to be filled by introducing
suitable large herbivore fish spp. such as
grass carp and Silver cap who entirely
feed on aquatic macrophytes. It also
helps to minimize the invasion of most of
aquatic macrophytes and bring them to
manageable levels.

Floral invasion

Salvinia molestaand Eichornia crassipes
were the most common species

encountered in all VTCS in particular ly

Plate 3.23. Monochoria hastataat a
drainage canal

in the tank open water area. They have
occupied > 30% of the water area in all
studied systems. Canals and spill areas
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are also occupied with dominant aquatic

species; tall reed Typha angustifolia,
Cyprus spp., Schoenoplectus
Existing environment provides

conditions to proliferate invasive species
in the water area as well as the
surroundings. The encountering of
dense patches of recently naturalized
alien invasive aquatic ornamental plant
species namely Ludwigia
(Debarawatta et al. 2016) in upper
catchments of NachchaduwaVTCS in
particular Amane tank should be taken
into much consideration. It can increase
the populations drastically at the
expense of the existing flora including
indigenous root floating plants species
such asNymphoideaspp.

e A 3
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Plate 3.24. Dense patches of Ottelia
alismoidesn Punchikulamaank

In many instances most of invasive
aquatic species are nonredible and not
consumed by wild herbivores and
therefore their commitment in food chain
is devoid. Then the habitats of many
species would be degraded and reduced
thereby having an adverse impact on
VTCS.

Assessment of stress factors

As shown in Table 3.2.2 it reveals that
Mahalanumulla tank in
VTCS is under less stress condition
whereas Wellamudawa tank in same
system is under severe stress condition.
The good govern practices by the Farmer
Organization has succeeded to maintain

grossus.ecological

sediogia

Nachchaduwa

the integrity. Ecological sensitivity
assessment indicates low to medium
service provide by these
VTCSs and mgor area under stress due
to many of human induced factors . All
these tanks can be considered as
relatively important ecosystems at

gradients of intermediate disturbances
thus may be considered of medium
ecological function.

Plate 3.25. Aquatic plant invasion -
Palugaswewa

Best management practices- an existing

model

According to databases developed for
Nachchaduwa and Horiwila systems
indicate more or less comparable species
richness values but they slightly vary in

species composition. of them
Mahakanumulla tank has high species
richness in almost all taxa groups
indicating rich ecological integrity

compare to others. It is a semt
naturalized ecosystem, supplies rain fed
water for rice and crops culture at least in
two crop seasons. Although extreme dry
climate conditions are frequent in the
area, it harbours a diverse ABR
indicating its ability to host for a higher

number of aquatic  biodiversity

providing a range of ecosystem services.
This tank is managed by a committee

headed by the 0 We Widane-Ma hat hao.
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There is a prescheduled calendar for each
activity in tank management such as
cleaning, catching and auction of fish,
lotus and water lilies and for removal
and control of unwanted noxious plant
species, bund restoration and etc. There
is a waste removal method, collect non-
bio-degradable waste into the bags hug
near to bathing site and then disposal.
This cleans tank surroundings thereby
minimize possible contamination with
micro plastics and other wastes. It is a
logical example on which the application

Table 3.2.2. Assessment ofstressfactors

of ecological knowledge and best
management practices are in lined to get
high ecological services from a VTCS.
However, fishing activity in particular
system is highly seasonal. But this VTCS
is of high surplus fish yield which can
grants the protein and nutrient demands
requirement for the local people. At
present this resource is underutilized.

Anthropogenic stressor Nachchaduwa VTCS Horiwila VTCS
SK PK WM MK AW | PW UK KG
Dumping of rapping + +++ + - - + ++ +
materials
Excess use of detergents | + ++ + + - + + +
Over exploitation for food - - + + ++ |- - -
Over exploitation for small | _ + - - + + + +
scale enterprises
Excess use of agro + + + + + ++ ++ T+
chemicals
Harmful collecting _ - + + + + B -
methods
Cleaning and cultivating in | + + +++ | + + -+
interceptor
Encroachment + - + _ + - - ++
Total 543 | 8+2- | 9+1- |[5+4 | 7+2 | 7+2- | 6+3 | 7+2-
=2+ =6+ =8+ =1+ -=5 =5+ =3+ =5+
Invasion severity ++4+= | ++4+= | ++=2 | -=1- F4+ | ++=2 | ++=2 | ++=2
3+ 3+ + =3+ | + + +
Cumulative severity 5+ 9+ 10+ 0 8+ |7+ 5+ 7+
Rank (habitat quality) 2 5 6 1 4 3 2 3
Average 7.20 6.33

(Key: SK-Sembukulama, PK-Punchi Kulama, WM -Wellamudawa, MK -Mahakanumulla,
AW -Amane, PW-Palugaswewa, UK-Udakadawala and KG -Kudalugama Wewa)

3.2.4Conclusions

The assessment showed that indirect and
direct drivers of change in ecosystems
and their services are changing in both
VTCSs, thus services have affected

human wellbeing and negatively
influence on income and date-to-date
material needs, good social relations and
food security. Conservation of biological
diversity in these two tank systems is
timely required from which local people
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can benefit. It seems that short-term
targets are not sufficient for the
conservation and sustainable use of
biodiversity in VT CSs. In the sense of
political, socio-economic and ecological
aspects, policy frame for long term goals
and targets of these hereditary eco
systems are needed to take.

Recommendations

1. Restoration of tank VTCSs with
proper policy formulation, planning
and implementation .

2. To enhance surface water storage
capacity, efficient water conveyance,
and groundwater recharge that
ensure water availability throughout
the year.

3. To secure biodiversity therein
granting food  security  with
minimized siltation and improved
water quality.

4. Monitoring of water quality in VTCS
for better nutrient management to
safeguard soil and water quality.

5. Proper management of riparian
areas together with vegetation to
maintain the biodiversity.

6. Apply best management practices
such as home garden improvement,
traditional rice farming, crop
diversification and fisheries &
livestock development to ensure
healthy food and to minimize

adding of excess nutrition load into
water.

Frequent records of information,
data and analysis to improve
databases on Dbiodiversity and
knowledge sharing among different
tank cascade systems.
Documentation of  traditional
wisdom associated with VTCS in
particular to develop resilience for
climate change.
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Plate 3.26. Lymnophylla at  Plate 3.27. Ludwigia spendesvasion in
Mahakanumullatank spill Amanetank

Bt \\ e

Plate 3.28. Potomogeton petinugmvasion
in Wellamudawaank Palugaswewaank

Plate 3.210 Healthy reed bed at Plate 3.211 Severe aquatic weed
Sembukulaméank invasion in bund side -Sembukulam&ank
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Plate 3.2.12. Non-biodegradable waste dumped at a bathing site at Nachcaduwa VTCS

Plate 3.2.13. Value added products - Reed crafts by Udakadawalaank community
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3.3. Medicinal Plant Diversity

3.3.1. Introduction

In the North-central dry zone of Sri
Lanka, rainfall and surface runoff have
been stored in human-made reservoirs
since ancient times and today continue
to provide water for irrigation. These
large-scale tanks are managed and
maintained by local villagers. The tanks
are arranged in a cascadelike fashion
along shallow valley courses. They are
connected by canals and spillways and
build a complex system of floodwater
harvesting, water storage and water
distribution. Besides irrigation, the
stored water is used for domestic
purposes, desiccated tank beds serveas
pasture for the cattle and deposited
sediments are used as raw material for
brick production. Thus, the tanks have
characterized the cultural landscape of
north -central Sri Lanka for 2000 years,
and have become an identity-generating
factor for the rural everyday culture.
Some distinctive areas can be identified
in a Vilage Tank Cascade System
(VTCS) such as tank bund (TB),
Peripheral Tank Bund (PTB),
Kattakaduwa (KK), Gasgommaa (GG)
and in addition, there are adjacent
thorny bushes and dense forest in the
catchment area which play a unique
role in maintaining VTCS and its
sustainability. These are ecologically
important for the protection of the
ecosystem as well as for water
catchment. It also provides social
support for the health and well -being of
the community living in and dependent
on this ecosystem, as well as for food
and other needs. Economically, the
service rendered to the community for
the creation of lakes and adjacent area is
invaluable.

Village Tank Cascade Systems found in
Anuradhapura  District, which is
considered as the center of ancient
irrigation systems and there are a
number of unique tank systems found
in the Horiwila and Nachchaduwa
Divisional Secretariats in the
Anuradhapura District. As the VTCSs
are man-made, diverse groups of y o r a
and fauna have adapted to these
ecosystems over centuries and these
species create high diversity in the VTC
systems. These have created a
biodiversity for that ecosystem
consisting of a number of animal and
plant species. Among the plants grown
in any climatic zone as well as in the
ecosystems of Sri Lanka, medicinal
plants do a great service to the
environment and as well as life of all
living forms. Among them, the
medicinal plant that grows in associated
with the VTC S , which is a unique
ecosystem is of great environmental as
well as social and economic importance.
Medicinal plants are used not only for
medicinal purposes but also for food,
wood and firewood, for various
purposes such as the production of
essential oils, and other products etc.

Si Lanka has over 3700 flowering plant
species native to it. The number of
medicinal plants used in Sri Lanka,
endemic, indigenous and introduced
has been variously put at between 1370
1400 species of higher plants. The check
list of medicinal plants are to be found
in Sri Lanka has listed 1430 plants
belongs to 181 families, 842 genera and
1430 species of medicinal plants.
Surveys on medicinal plants have
revealed that 1370 species of medicinal
plants are to be found in Sri Lanka, some
common, some rare and valuable and
some endemic. Out of the total number
of species 173 are endemic, 208 of
commonly used are distributed amo ng
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the dry zone area and equal percentage
are spread over the wet as well as
intermediate zone.

Study Objectives

1. Assessment of traditional medicines
and traditional medical practice and
multiple medicinal products in
VTCS landscapes;

2. Preparation of an inventory of
medicinal plants available and
traditional uses in VTCS landscape;
and

3. Assessment of the impact of

biodiversity deterioration on
traditional medicine in VTCS
landscapes
3.3.2. Methodology
Study sites
Major /medium Village Tank s
Reservoir Cascade system
(VTCS)
Nachchaduwa Mahakanumulla
Wellamudawa
Punchikulama
Horiwila Palugaswewa
Bellankadawala
Sampling

Randomly selected 30 home gardensof
traditional practitioners and
knowledgeable people were visited to
collect information on Medicinal Plants
(MPs) and Medicinal Edible Plants
(MEPs) availability, usage and threat
found in each VTCS with the help of field
assistants working at Horiwila and
Nachchaduwd/ TCS landscapes

Survey techniques

Desk review was done to prepare MPs
and MEPs lists based on the existing
institutional records on past studies,
research, national inventories and
herbarium etc. The list prepared was
short listing and prioritized based on
local expert knowledge and experience
on subject (Annexes 3.3.13.32).

Interview technique

Following two techniqgues were
practiced depending on the situation
and time availability to collect
maximum information.

a. Unstructured interviews (allow
informant to talk freely on topic and
gather information)

b. Applied interviews (talk about
selected plants showing to informant
by the observer and gather
information)

1. Data entered in excel sheets based
on habitat type (using habitat
code) for each VTCS separately
and prioritized habitat type using
habitat scoring values.

2. Information gathered through the
interviews on MPs & MEPs usage,
traditional practices, other uses,
threats on MPs & MEPs etc. were
also recorded.

3. For medicinal plants that are
difficult to identify in the field
plant specimens were collected
and herbarium specimens were
prepared for correct botanical
identification.

Study tools

recorders,

Questionnaires, voice

data sheets
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3.3.2 Results and Discussion

VTCS is asocio-ecological system and

has a large variety of medicinal plants

found in various regions such as the

tank, the bund of the tank, kattakaduwa,
gasgommanand the dense forest. The
tank bund is restricted to small herbs,

shrubs and vines, the scrubland is
covered with thorny shrubs as well as

large arboreal vegetation found in

forested areas characteristic of dry zone
forests.

Considering the number of medicinal

plants found in the VTCS and the
number of the MEP plants, species
diversity can be observed. Although

vines, herbs and small shrubs can often
be seen on the tank bund and, water
loving plants and shrubs can be found at
Peripheral Tank Bund (PTB). Large trees
such as Ehela Cassia fistuljy Karanda
(Pongamigpinnata), Kumbuk ( Terminalia
arjuna), Kone (Schleichera olegsaMee
(Madhuca longifoliax were common on
the banks of the tank. Most of these are
the plants that grow in dry zone

reservoir areas. Very old valuable
medicinal plants were conserved in the

forests found in the Nachchaduwa/TCS
system.

Among the medicinal plants that grow
on the water of the tank, stamens of the
Lotus flowers (Nelumbo nuciferg seeds
of Egyptian lotus (Nymphaea pubescense
and Water lily tubers (Nymphaea
nouchal) are used medicinally and their
collection is also a threat to the survival
of those plants. Due to this over
collection of medicinal plants such as
oDiyahabarala6 (Monochoria vaginalis
which form in the wetland around the
tank, they could not be found in th ese
ecosystems at present. Many of the
VTCS surveyed were full of water and

minimum number of invasive aquatic
plants could be seen.

The main findings of the home garden
survey were that the team identified as
indigenous physicians had also grown
wet zone medicinal plant species to
increase the medicinal plant collection
and reported a large number of
medicinal plants in the home garden.
The number of medicinal plants
reported in other home gardens was
very low because they are increasingly
using home gardens to grow food crops.

Physicians who are living in these areas
well aware in medicinal plants and their
uses and the knowledge of medicinal
plants in the elderly are vast. Diseases
such as snake bites and fractures and
dislocations are common conditions,
and many of the villagers are well aware
of the usage of medicinal plants and its
medicinal properties in such conditions
(Table 3.3.2).

Selected VTCS landscapes ofHoriwila
and NachchduwaDS Divisions belongs
to dry zone area of the country. Interest
to develop home gardens using annual
herbs affected by rain fall pattern and
the long dry spell that they experience
during a year. Most of the medicinal
plants recorded are perennial herbs,
shrubs, small, medium and large trees.
Normally people in this area used to
collect medicinal plants for food and
medicinal needs from the nearby VTCS
area. The results of the survey reveal
that with compared to the Nachchaduwa
VTCS landscape Horiwila recorded
higher number of medicinal plants and
medicinal edible plants in most of the
habitat type (Table 3.3.1).
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Table 3.3.1.Occurrence & importance of Medicinal Plants (MP s) and Medicinal Edible
Plants (MEPs) in each habitat type in VTCS at Horiwila and NachchaduwaDS
Divisions

Number of medicinal plants ( MPs) and medicinal edible plants
Habitat code (MEPSs) found in Horiwila (HW) and Nachchaduwa (NH) sites

MPs (HW.) MEPs (HW.) MPs (NH.) MEPs (NH.)

C R C R C R C R

HG 48 15 40 01 29 10 21 06

B 25 01 15 - 15 - 10 01
PTB 27 - 12 - 26 02 17 -
TW 02 - 03 - 1 - 03 -

KK 37 - 16 - 30 03 27 03
SC 06 - 05 - 07 - 09 -

GG 29 - 08 -

DF 21 01 04 - 25 - 08 -

Other 29 09 11 01 07 01 08 01

(Osu uyan)
Total 224 26 114 2 140 16 103 11

MPs- Medicinal Plants, MEPs 8 Medicinal Edible Plants

Table 3.3.2. Degree of importance for providing Medicinal Plants (MP s) and Medicinal
Edible Plants (MEPs) services in each habitat types in VTCS atHoriwila DS Division.

No. Habitat Type Degree of importance for providing MP
and MEP services {Scale +10}

MPs MEPs
1 Home Garden {HG} 8 5
2 Tank water {TW} 5 6
3 Tank bund {TB} 7 6
4 Peripheral shallow tank bed 6 5
{PTB}
5 Kattakatduwa vegetation {KK} 8 6
6 Gasgommana vegetation {GG} 7 4
7 Scrublands {SC} 4 4
8 Dense Forest {DF} 6 4
9 Other {Osu uyana} 8 7

MPs- Medicinal Plants, MEPs 8 Medicinal Edible Plants
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Table 3.3.3. Degree of importance for providing Medicinal Plants (MP s) and Medicinal
Edible Plants (MEPs) services in habitat types in VTCS atNachchaduwd@sS Division.

No. Habitat Type Degree of importance for providing MP s
and MEPs services {Scale 110}

MPs MEPs
1 Home Garden {HG} 7 6
2  Tank water {TW} 4 4
3  Tank bund {TB} 6 5
4  Peripheral shallow tank bed 6 7
{PTB}
5 Kattakatduwa vegetation {KK} 7 6
6 Gasgommanavegetation {GG} - -
7  Scrublands {SC} 5 6
8 Dense Forest {DF} 7 4
9  Other {Osu uyana} 3 4

MP- Medicinal Plants, MEP & Medicinal Edible Plants
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Table 3.34. Most influential environmental factors on Medicinal Plants (MPs) and

Medicinal Edible Plants (MEPs) in two VTCS

landscapes atHoriwila and Nachchaduwa

DS Divisions.
No. Habitat Influential factor Impact on MP s Outcome Parameter: Effect
type (Environmental or and ME Ps Indicator or score
(code) social) decision space
1 HG Drought Water stress Yield loss Rain fall (-1)
Heat stress Quality loss temperature
Species loss
2 T™W Drought Water stress Yield loss Rain fall (-5)
Eutrophication Heat stress Quality loss Temperature
Introduction of Increase salinity Species loss pH, RP
new fish species Water pollution Loss of Turbidity
Soil erosion Species decline Germination of
Community Habitat seeds (+8)
participation conservation Yield & water
quality increase
3 TB Drought Water stress Yield loss Rainfall (-4)
Soil erosion Heat stress Species loss Temperature
Species decline RP
4, PTB Drought Water stress Yield loss Rainfall (-4)
Soil erosion Heat stress Species loss Temperature
Species decline RP
5 KK Drought Water stress Yield loss Rainfall (-7)
Soil erosion Heat stress Quality loss Temperature
Encroachment Increase salinity Species loss TDS, EC
Space loss Density
6 GG Drought Heat stress Space loss Rainfall (-7)
Encroachment, Water stress Species loss Temperature
Flodding Speciesreduction  Yield loss Area/Density
7 Sc Drought Water stress Yield loss Rainfall (-6)
Habitat conversion  Heat stress Quality loss Temperature
Species loss Area/Density
Space loss Species
richness
8 DF Drought Water stress Yield loss Rainfall (-8)
Habitat conversion  Heat stress Quality loss Temperature
Wildlife conflict Species loss Area/Density
Space loss Species
Policy & Biodiversity Biodiversity richness (+8)
legislations conservation increase
9. Other Drought Water stress Yield loss Rainfall (-3)
(Osu Heat stress Quality loss Temperature
uyana) Species loss Species
richness
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3.3.4. Conclusions

Home gardens belong to indigenous
practitioners in two VTCS landscapes
containing multiple crops including
large number of medicinal and
medicinal edible plants. It acts as a unit
of ex-situ conservation of medicinal
plants as well as providing medicine,
variety of nutritious foods and other
uses for households and in some
instant for income generator.

medicinal edible plants with high
demand and market value in home

garden level can make substantial
contribution to
Limited extension advices cause

serious drawback of knowledge on
medicinal plants. Awareness and
education on conservation, cultivation
and value of medicinal plants is
essential for younger generation in
these areas. At the village level people
should establish community -based

f a mi

Cultivation of cash crops instead of
food crops with high medicinal value
does not much practice at home garden
level. Promoting cultivation  of

organization to protect and enhance
their environment as well as faunal and
floral diversity

Key deliverables

Deliverables Description

Inventory of biodiversity (species and Inventories provided for terrestrial flora and fauna,

intra-species level) in the selected 5 aquatic flora and fauna, medicinal plants and crop

cascade systems (Task A) genetic resources. Please see relevantchapters and
annexes

Flora-fauna interaction assessment(Task Interactions of flora, fauna with habitats and socio -
A) ecological have been presented in relevantchapter tables
and annexes

Condition assessment report of ecological
components in VTCS (including impacts
to VTCS sustainability) (Task A)

Conditional assessment of habit quality has been
presented terrestrial biodiversity, aquatic biodiversity
and medicinal plants habitats.

In addition, quantitative conditional assessment for land
use and cover types provided in the Chapter 02 and
Chapter 04.

Qualitative assessment report of the role  Community perception of ecosystem services values
of VTCS ecosystem services in VTCS quantified in the section terrestrial biodiversity section.
community health, food security and Qualitative ecosystem services importance for aquatic
wellbeing (Task B) habited presented in the relevant annexes

More detailed qualitative and quantitative ecosystem
services assessment presented in the Chapter 4

Qualitative assessment d traditional
medicines and traditional medical
practice and multiple medicinal products
in VTCS landscapes (Task D)

This has been presented in the medicinal plant secton
and Chapter 05

Impact assessment report of biodiversity
deterioration on traditional medicine and
food
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Planned scientific papers drafted based All contents of the Chapter 3 have been designed

on the above

formatted and developed following the scientific writing
guideline. Mr.

Sujith  Ratnayake, chief technical

coordinator, and currently PhD student at UNE has been
given responsibility for the development of scientific

(draft) paper with Dr.
authors of the chapter. He will

P. B. Dharmasena and other
coordinate with the

relevant Authors and Authorities for the final outcome.

References

A proposal for Declaration as a GIAHS The
Cascaded Tank Village system (CTVS) In
The Dry Zone of Sri Lank. Ministry of
Agriculture and Food and Agriculture
organization of the United Nations, Sri
Lanka.

Community based survey on traditional genetic
resources (Medicinal Plants) in three pilot
sites, Department of Ayurveda and BACC
project, 2015. (unpublished data)

Dharmasena, P.B., (2010). Essential components
of traditional village tank systems. In:
Proceedings of the National Conference on
Cascade Irrigation Systems for Rural
Sustainability.  Central  Environmental
Authority, Sri Lanka, 9 December 2010.

Ethnopharmacology and  Biodiversity  of
Medicinal Plants, 1st Edition, Edited By
Jayanta Kumar Patra, Gitishree Das, Sanjeet
Kumar, Hrudayanath Thatoi, Apple
Academic Press, 2019 .

Geekiyanage,N and Pushpakumara, D.K.N.G.
(2013),Ecology of andent Tank Cascade
Systems in island Sri Lanka, Journal of
Marine and Island Cultures,Volume 2, Issue
2, Pages 93101.

Gunatilleke, N., Pethiyagoda, R. and
Gunatilleke, S. (2008, Biodiversity of Sri
Lanka, J. Nat. Sci. Foundation Sri Lanka,36,
pp. 25-62.
http://scholarsmepub.com/sjhss/

Madduma Bandara C.M., (1995), Tank cascade
systems in Sri Lanka: Some thoughts on
their development implications, K.A. Haq,
C.M. Wijayaratne, B.M.S. Samarasekera
(Eds.), Summaries of papers presented at
Irrigation Research Management Unit
seminar series during 1994,Colombo, Sri
Lanka, lIMI, p. 14.

Madduma Bandara, C.M. (1985), Catchment
ecosystems and village tank cascades in the

dry zone of Sri Lanka: a time-tested system

of land and water management,
J.Lundgvist, et al.(Eds.), Strategies  for
River Basin

Management, Linkoping, Sweden.

Marambe, B., Pushpakumara, D.K.N.G and Silva
P. (2012),Biodiversity and agrobiodiversity
in Sri Lanka: Vvillage tank systems,
S.I.Nakano, T.Yahara, T. Nakashizuka, S.
Yamamoto (Eds.), Biodiversity Observation
Network in the Asia -Pacific
Region, Springer, Japanpp. 403-430.

Muditha Prasannajith Perera, Evolutio n of Tank
Cascade Studies of Sri Lanka, Senior
Lecturer, Department of Geography,
University of Peradeniya, Peradeniya, Sri
Lanka.

Rekha Nianthi, KW.G. and Jayakumara, M.A.S.
(2010), Progress of research on cascade
irrigation systems in the dry zones of Sri
Lanka, Shaw, R. and Thaitakoo, D. (Ed.)

Water Communities (Community,
Environment and Disaster Risk
Management, Vol. 2, Emerald Group

Publishing Limited, Bingley, pp. 109 -137.
https://do _i.0rg/10.1108/S2040-
7262(2010)0000002010

Sugathadasa, K.S.S, Jeevandara, P.M.,
Devanarayana, A. and Pushpakumara,
D.K.N.G., (2008), A check list of medicinal
plants of Sri Lanaka, BMARI, Department of
Ayurveda and ICRAF Sri Lanka programe,
Sri Lanka Council for Agriculture Research
Policy, Colombo 2, Sri Lanka.

Wiebke Bebermeier, Julia Meister, Chandana
Rohana Withanachchi , Ingo Middelhaufe
and Brigitta Schutt (2017) Tank Cascade
Systems as a Sustainable Measure of
Watershed Management in South Asia,
Water, 9 (3) 231.

62| Page


http://scholarsmepub.com/sjhss/
https://doi.org/10.1108/S2040-7262(2010)0000002010
https://doi.org/10.1108/S2040-7262(2010)0000002010

CHAPTER FOUR

ECOSYSTEM SERVICES

4 .1.Introduction:

Village Tank Cascade System (VTCS) is a
world heritage which is a unique
agricultural system to Sri Lanka. It is
mainly located in the Dry Zone of the
country which has been sustained over
2,500 years according to the written
history. Madduma Bandara, 1985 defines
a 6cascadebod as a
village irrigation tanks organized within

a micro-(or meso) catchment of the dry
zone landscape, storing, conveying and
utilizing water from an ephemeral
rivulet.

However, the functionality and concept
of cax ade go beyond
Rat her than itds
water use, VTCS provides numerous
goods and services to the mankind and
the environment becoming an
agricultural ecosystem. Consequently,
Dhrmasena, 2017stressedthe need of a

comprehensive definition for VTCS
considering It 0s

ecology). Thus, the tank cascade
definition can be

ecosystem, where land and water
resources are organized within the
micro-catchments of the dry zone
landscape, providing basic needs to
human, floral and faunal communities
through water, soil, air and vegetation
with human intervention on sustainable
basis (Dhrmasena, 2020).

The VTCS is a manmade system with the
goal of making the man self-sufficient
with food. It is managed wi th a collective

cahangee st veelll highleghted e ip

and a collaborative effort over the years
beginning from ancient time in a
sustainable manner. Not only the
tangible benefits but also numerous
intangible benefits are provided by
VTCS. The resilience of VTCS to climate
change,
adopt the adverse impact of climate
the f
literature (Kekulandala, et al., 2020;
Imbulana and Manoharan, 2020; Melles
and Perera, 2020,). Cascade system
regulated the water floor and provide
sufficient water for mainly paddy
cultivation meanwhile controlling the
floods taking place in the Dry Zone

i(Perera, etal.,, 2020)nhi t i on .
provisional

services
The provisional services arising from
VTCS are the mostly tangible benefits
which is being mainly counted by
community at present. The contribution
of VTCS for the hydrological balance in
the Dry Zone of the country is immense
and dvds deen the Key drigng docce on
sustainable agriculture in the area.
Howewer, o due dto aagious 6 human
interference the system has been
seriously disturbed and consequently
the hydrological balance in VTCSs has
got seriously disrupted (Panabokke, et
al., 2002). There are many more
intangible benefits of VTCS some of them
have been identified and valued by
Vidanage, 2019.

At present more emphasis is given to
centralize the irrigation system with
large reservoirs rather than
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decentralizing it as such the VTCS which
has been a success story in the history.
The real functions of VTCS have been
ignored and it is being continuously

deteriorated with the time. The

provisional services are mostly valued at
present while other Ecosystem Services
(ES®) of the system have not been valued
and ignored and thus the sustainable
management of the system is a question.

A 22% of the agricultural lands of the
country are under VTCSs and thus
managing VTCSs sustainably is of
paramount  importance. = However,
sustainable management of the system
wi || not be feasib
ecosystem services are not well known.
The climate change and its impact are the
most threat on agriculture and i t
sustainable development today. In this
context, VTCS can play a major role
being is a highly resilient system and as
an adaptation measure to climate
change. However, it is not now feasible
to adopt the same land use that has been
in traditional TCSs. So, the challenge is to
bring some elementary changes in
planning, designing, and managing
VTCSs to sustain the ecosystem services
provided (Geekiyanage and
Pushpakumara, 2013).

In this context understanding the
ecol ogy of
system services with respective to land
use and lance cover are very important
and useful in various aspects including
better decision making at different
institutional level. Identification of the
capacity of landscapes for providing ES
and mapping it would facilitate the
decision making by different instructions
when an ecosystem is managed
sustainably (Brukhard, et al., 2009).
However, no such efforts are reported in
the literature which are to understand

fully the cascade ecology, ecosystem
services of VTCS and the capacity of
different landscapes in VTCS to provide
ESs Consequently, this study focusses
on fully identifying and inventorying the
ecosystem services of VTCSs while the
capacities of different landscapes in the
system for providin g ESs.

4.2 Methods
4.2.1. Study area

The study area has been identified by the
proposal writing team , for which a
description is given in Table 1.1. During
the site selection, it has been identified
tBat itfe deledded
adequately the VTCSs in the country.
Two major/medium reservoirs were

0 Machchaduwaand Horiwila. There are

three VTCSs connected toNachchaduwa
reservoir while two other VTCSs
connected to Horiwila reservoir. There
are 109 tanks under five selected VTCSs
which covers an area of 190.67 Square
kilometers.

4.22. Sample and sampling

The baseline survey was planned to
conduct using a sample of the study area
due to several reasons viz. Covid 19
pandemic and limited resources
including budget limitations. Based on

V TeCoSystemnn ¢he dvdildhlg information and its gaps

Mahakanumullaand Palugaswewa/TCSs
were selected on a purposive approach.
During the field visits and expert
consultative meetings, it was confirmed
that these cascades can reasonably
represents study site and population of
VTCSs. It was decided to follow a
stratified sampling approach to cover the
variability apparent in the system from
upper cascade to lower cascade.
Consequently, the three strata were
identified as upper cascade, middle
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cascade and lower cascade which were
specially demarcated by a GIS map as
depicted in Figure 4.1. Data collection in
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| Palugaswewa

other sections of the baseline survey was
carried out in the areas demarcated by
read lines (Figure 4.1).

PORUIRYY

okeddes |

Figure 4.1.Sampled areasjoriwila (A) andNachchaduwdB) VTCS landscapes

4.2.3. ldentification and inventorying
ecosystem services

A rapid literature survey was done to

identify ecosystem services arising from
VTCSs and list them. The community
living in VTCS are the people who has
firsthand information about the ESs of
VTCSs. They are the direct uses of VTC
who actually experience and aware
about the ESs over generations.
Consequently, identification,

inventorying and prioritizing ESs of

VTCSs were done through a PRA had
with the community in both cascades.

ESs were identified and prioritized
under four main categories viz.
Provisional services, Regulatory

services, Support services and Culural
services. The prioritization was done
through a participatory ranking which is

a PRA tool. The results of PRAs were
further validated in focus group

discussions had with other stakeholders
and experts of VTCSs.
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Plate 4.1. During PRA Exercise at

Horiwila site

Plate 4.3. During PRA Exercise at
Nachchaduwsaite

Plate 4.2. During PRA Exercise at
Horiwila site

4.2.4. Estimation of ecosystem services
demand and supply

Demand for ESs is the amount of all
ecosystem goods and services currently
consumed or used in a certain area over
a given period of time. Usually, demand
is assed not considering where ESs are
actually provided (Burkhard et al., 2012).
However, the demand for ESs is
connected with the land use and land
cover (LULC) which would be taken into
granted in quantification of the demand
of ESs. There are various approaches
found in literature used for estimation of
demand for ESs out of which a LULC
based participatory approach (Burkhard
et al., 2012; Palomo et al., 2013 and
Casado et al., 2013) will be used for

Plate 4.4. During PRA Exercise at
Nachchaduwsaite

guantification of ESs in the baseline
survey. The stakeholders participate in
the process of participatory assessment
include experts, managers and direct
users of VTCS. A scale from zero to five
will be used for the quantification of
demand for ESs where higher the value
the higher the demand.

Supply of ESs refers to the capacity d a
particular area to provide a specific
bundle of ecosystem goods and services
within a given time period. The capacity
here refers to generation of the actually
used set of natural resources and services
(Burkhard et al., 2012). A participatory
LULC based assessment will be carried
out to estimate the supply of ES by the
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VTCS where the stakeholders participate
in the assessment will be expects,
managers and direct users of VTCS
(Brukhard et al., 2009). The supply will
be assessed on a 0 5 scale wherehigher
the value the higher the supply.

4.2.5. Mapping ecosystem services

The mapping exercise of demand and
supply will be carried out by linking the

matrix of ESs supply and demand to
appropriate spatial data in GIS. The
matrices of ESs supply and demand will

be prepared based on the outcome of
part 4.3 Estimates of ES supply and
demand can be mapped in spatially
explicit units of similar biophysically

units which in this study is the LULC.

The ecosystem supply and demand
matrices will be joined with the polygon
attributes using the LULC code field as
common identifier field. The LULC map

will be obtained from the Survey
Department of Sri Lanka. This procedure
has been commonly used in the literature
of mapping demand and supple of ES

(Brukyard et al., 2009; Brukyard et al.,

2012; Mukul et al., 2017 and Geange et al.,
2019).
4.3, Results: Baseline Status

4.3.1 Identification and inventorying
ecosystem services of VTCS

An inventory of ESs arising from VTCSs

are provided in Table 3 together with

probable indicators of them. We have
identified eleven provisional services,

eight regulatory services, three main
support services and four cultural

services from VTCS during this exercise.
These can be used for different purposes
and in fu ture exercises under the Healthy
Landscape Project. However, there may
be some other important ESs that have
been missed in this quick baseline survey
and the inventory is open for further

revisions.

Table 4.1.An inventory of Ecosystem Services arising from VTCSs

Ecosystem Rationale Probable Indicators
service
Provisional services
1. Paddy and Main produce of VTCSs is Paddy. Apart from Production, productivity (Yield) and

other cereals

this, many other cereals (finger millets, corn etc.)

prevalence

are grown in paddy lands and other land use
classes (Chena, home gardens etc.)

2. Lentils and
other seed crop

A variety of lentils and other seed crops are
grown in different Land Use Classes (LUC) of

Production, productivity (Yield) and
prevalence

VTCS during different periods in a year.

3. Leafy

A variety of Vegetables, tuber crops and leafy

Production, productivity (Yield) and

vegetables,
vegetables and
tuber crops

vegetables are grown in different LUCs in VTCSs
which are sometimes specific to the LUC and the
system.

prevalence

4. Clean/ fresh
water for
drinking and
domestic use

Availability/ presence of fresh water for drinking,

washing, bathing

Amount of fresh water, number of
sources with fresh water
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5. Irrigation water Availability/ presence of water for irrigation Amount of water, Capacity of tanks,
throughout the year Number of seasons cultivate in a
year

6. Inland fisheries  Presence/ availability of edible fish No of edible species, the catch of fish

(Kg/Month), Auction value
7. Livestock Keeping edible animals and animal products Number of species, Production
(Kg/Year, Nos/Year, Litters/ Year)

8. Fodder and Presence/ availability of fodder and grasses Kinds of fodder plants, Production
grasses (Kg/ Ha)

9. Sedges and Availability/ presence of sedges with potential Number of sedges kinds, Plant
other use for weaving reeds and other utilities density, number of products,
alternative number of cottage industries
plants

10. Herbals/ Presence of plants, herbs and materials with Site specific species, Types of herbs
medicinal plans  potential use for medicine/ medical production and medicinal plants, Number of
and materials products

11. Ecotourism The potential for ecotourism for local and foreign Number of people engage in

people viz. Bird watching, adventures, home stay
etc.

ecotourism, Number of local and
foreign visitors, Number of ventures

Regulatory services

12.

Control floods/
Flood
protection

Elements of VTCS dampening extreme flood
events

Number of floods causing damages

13.

Ground water
recharge and

The timing and magnitude of runoff, flooding,
and aquifer recharge can be strongly influenced

Groundwater recharge rates, Stream
flow, water levels in wells during

maintain the by changes in land use and land cover, including,  droughts
flow in particular, alterations that change the water
storage potential of VTCS, such as the conversion
of components of tanks into cropping lands,
conversion of forests into cropping lands and
other developmental activities.
14. Water VTCS has specific components and the capacity to Water quality and quantity
purification purify water.
15. Local climate Changes in land use andland cover can locally Temperature, albedo, precipitation,
regulation affect temperature, wind, wind; Temperature amplitudes;
radiation and precipitation. Evapotranspiration
16. Global climate VTCS can play an important role in climate by Source-sink of water vapor,
regulation either sequestering or emitting greenhouse gases. methane, CO2
17. Pollination Changes in the VTCS affect the distribution, Amount of plant products;
abundance, and effectiveness of pollinators. Wind  Distribution of plants; Availability
and bees are the key actors of the reproduction of  of pollinators
a lot of culture plants.
18. Soil Nutrient The capacity of VTCS to carry out (re)cycling of, Amount of soil carbon; N, P or other
regulation e.g. N, P or others; organic matter. nutrient turnover rates
19. Erosion Vegetative cover in VTCS plays an important role  Loss of soil particles by water;
regulation in soil retention and Water flow and runoff vegetation cover; availability of

controlee also reduces soil erosion

components that controls runoff.

Support services

20.

Food security

The role of VTCS assuring food availability,
accessibility, utilization and Stability

Household food production, Food
crop diversity, percentage
household expenditure on food,
Household dilatory diversity and
Degree of access to utities and
services etc.

21. Nutrient The role of VTCS assuring nutrient security Stunting, Wasting, BMI, presence of
security malnutrition etc.

22. Conserve and The presence or absence of selected species, Indicator species representative for a
maintain (functional) groups of species, biotic habitat certain phenomenon
biodiversity components or species composition. or sensitive to distinct changes

Cultural services
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23. Recreational
and aesthetic
value

VTCS provides beautiful land escapes and has
elements with recreational potential.

Recreational and esthetic value
(non-market value), No elements
that has reactional and aesthetic
value

24. Traditional
knowledge and

Traditional knowledge on vario us aspects viz.
farming system, engineering technology,

Specific knowledge, awareness, use
of such knowledge in the system

values irrigation technology, farming practices etc.
uniquely connected with VTCS that has a bequest
value
25. Culture, There is a specific culture, traditions and customs  Specific cultural events, traditions
traditions, are connected with VTCS and customs being practice,
customs and awareness
practices
26. peac é ar m VTICS has components and activities the that Existence of specific activities
and cor p createspeace, harmony and corporation among leading to peace, harmony and

the community

corporation

4.3.2 Prioritizing ecosystem services,
a perspective of the community of
VTCS

Provisional services from VTCS ranked
by the community in two cascades under
investigation are given in Table 4.2. Two
communities have ranked the
provisional services more or less in a
similar manner. Same ranks have been
given to first six provisional services
while the rest have been ranked slightly
differently. The community identifies
Paddy and other cereal crops water for
drinking, domestic purpose and
irrigation as the first -hand provisional
services from VTCS
original function.

Regulatory services from VTCS ranked by
two communities are given in Table 4.3
They were found to be in diff erent
perceptions on prioritizing the regulatory
services. Community in Palugaswewa
cascade identified local climate regulation as
the most important regulatory service while
community of Mahakanumulla cascade
identify water purification as the most
import ant regulatory service from VTCS.
Based on the results in Table4.3, it can be
concluded that some communities in VTCS
identify climate regulation as the most
important regulatory service from VTCS.
The other communities identify water
regulation as the most important regulatory

service from VTCS. The place a significant
weight on pollination and soil nutrient
regulations as important regularity services
from VTCS. However, they have kept the
role of VTCS in global climate regulation in
the bottom of the list.

Support services from VTCS ranked by the
community in two VTCSs are illustrated in

Table 4.4. The key support services identified
during the baseline study are food security,
nutrient security and conservation and
maintenance of biodiversity. Two

bcemmgungies ipripritize j there in\ihie tsame i t 6 s

fashion where food security is mostly valued
by them. They place nutrient security and
biodiversity in second and third places
respectively.

Cultural services from an ecosystem are the
most unrevealed kind of services which
place an important role in connection to
VTCS. The connection of VTCS to the culture
of the community in the DZ of Sri Lanka is
immense which could have been one of the
driving forces on the sustainability of the
system beginning form the ancient time.
There has been a unique culture to VCTS of
the country according to written historical
sources. The cultural services from VTCS
ranked by the community in the study area
is listed in Table 4.5 Cultural services
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respectively are recreational and aeshetic
value; traditional knowledge and values;

culture, traditions customs and practices and
peace, harmony and corporation. Those who
are in Palugaswewacascade place culture,
traditions, customs and practices as the most
important cultural service from V TCS.
However, community in Mahakanumulla
cascade identifies recreational and aesthetic

value as the most important cultural service
from VTCS which has been least valued by
the community in Palugaswewaascade. Both
communities have ranked traditional
knowledge and values as the second
important cultural service from VTCS.

Table 4.2. Provisional services from VTCS ranked by the community

Provisional service

Rank given by the community

Horiwila Site Nachchaduwa site

1. Paddy and other cereals 1 1
2. Lentils and other seed crop 5 5
3. Leafy vegetables, vegetables and tuber 4 4
crops
4. Clean/ fresh water for drinking and 2 2
domestic use
5. lrrigation water 3 3
6. Inland fisheries 7 7
7. Livestock 8 6
8. Fodder and grasses 7 10
9. Sedges and other alternative plants 10 11
10. Herbals/ medicinal plans and materials 9 8
11. Ecotourism 11 9

Table 4.3. Regulatory services from VTCS ranked by the community

Regulatory service

Rank given by the community

Horiwila Site Nachchaduwa site

12. Control floods/ Flood protection 5 4
13. Ground water recharge and maintain 3 2
the flow
14. Water purification 2 1
15. Local climate regulation 1 3
16. Global climate regulation 8 8
17. Pollination 4 6
18. Soil Nutrient regulation 6 5
19. Erosion regulation 7 7

Table 4.4. Support services from VTCS ranked by the community

Support service

Rank given by the community

Horiwila Site Nachchaduwa site
20. Food security 1 1
21. Nutrient security 2 2
22. Conserve and maintain biodiversity 3 3
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Table 4.5. Cultural services from VTCS ranked by the community

Cultural service

Rank given by the community

Horiwila Site Nachchaduwa site
23. Recreational and aesthetic value 4 1
24. Traditional knowledge and values 2 2
25. Culture, traditions, customs and 1 3
practices
26.Peace, har mony and 3 4

4.33. Ecosystem services demand and
supply

The ESs identified in 4.3.1 was used in
the participatory assessment of
demand and supply. The assessments
were carried out in six areas
demarcated in Figure 1 where there
were there were eleven tanka in
Mahakanumullacascade and ten tanks

in the Palugaswwa cascade. A list of
tanks and number of Land Use (LU)
segments are given in Table 8. There
were 422 Land Use (LU) segments; 216
in  Mahakanumulla and 206 in
Palugaswewawhich were belong to
various LUCs. Each LU segment were
evaluated for demand and supply
under all ES identified in the previous
section.

Table 4.6. The tanks and number of land use segments under each tank in two

cascades under the investigation

Cascade Sample Name of the tank No of land
Number segments
Mahakanumulla 1 Amane 15
Ihala Amanankattuwa 23
Palankulama 14
Sivalagala 18
2 Achariyakulama 9
Mahakanumulla 24
Mawathawewa 21
Paindikulama 12
3 Punchikulama 19
Sembukulama 42
Wellamudawa 19
Palugaswewa 1 Dumbuluwagama 12
Kapugama 19
Panweliyaya 13
Udakadawala 21
2 Alapathwewa 14
Kudalugaswewa 39
Palugaswewa 13
Thimbiriwewa 24
3 David Wewa 19
Yakadagaswewa 32
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4.3.4. Profile of the informants farmer organization who directly
participated in the evaluation involving in the management and hold

the responsibility and the accountability.
There were 60 members Mahakanumulla
0 47 and Palugaswewad 13) from the The age distribution and the distribution
community  who had different of number of generations that they have
interactions with village tanks were been in this are depicted in Figure 4.2.
participated in the assessment. Number  The age ranges from 30 years to 85 years
of participants from Palugaswewawere with a mean and standard deviation of
comparatively less since area and 58 years and 11 years respectively.
number of tanks under this cascade was Number of generation that they have
significantly lower than Mahakanumulla been in this area ranges from one to six
(Table 1.1). Moreover, there were only  with a mean value of 3 generations and a
two farmer organizations in the area. standard deviation of 1.5 generations.
About 90% of them were males and the  The majority of them were elderly and
other 10% females. An 88% of the have been in the area several generations
informants were members of the Farmer  which indicates their kno whow about
Organization which is the village level VTCS can be expected as high. They have
key institution directly involving in the firsthand information the usefulness of
management of village tanks. Out of VTCS and ESs arising from it.
them 57% were office bearers of the

All  participants engage in p addy

Education status of the informants cultivation under VTCS while 76% of
participates in the evaluation of ES them were found to be engaged in
demand and supply is given in Tab le 9. upland  farming including chena
About 76% of informants have been cultivation and home gardening.
schooling at least up to GCE(O/L) Eventually we can conclude that they are
examination. This indicated that rich with the knowledge/ information
education level of them is considerably about VTCSs and its ecosystem services.

high evidencing that their judgements
and evaluations will be fair and

accurate.
20 40 1
154 304
% c
2 104 S 201
¢ 3]
o o
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Age Generations

Figure 4.2. Age distribution and distribution of number of generations the informants
have been living in the area.
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Table 4.7. Education status of the informant participated in the evaluation

Education level Frequency Relative Cumulative RF
frequency (RF)
No Education 0 0% 0%
Primary Education 7 12% 12%
Upto Grade 8 7 12% 24%
Upto GCE(OIL) 24 40% 64%
Upto GCE(A/L) 7 12% 76%
Pass GCE(A/L) 13 21% 97%
Above GCE(A/L) 2 3% 100%
Ecosystem services supply Mahakanumullacascade identify that there is

some relevantcapady in their cascade to
In the baselineassessed the capacity ofsupply ecotourism while the community in
different landscapes in two VTCS to supplypalugaswewaay that there is no capacity in
djfferent ES‘s. identified qnder four classesheir cascade for ecotourism. The supply of
viz., provisional services, regulatory [;spective services byChena in  both

services, support services and cultura i tound to be | hich b
services and recorded in Table 10 and Tabl&Cations were found to be low which may be

4.8, The quantificabn of supply has been QUe to_c.hanges in tHand use. During the
done on a scale from 0 to 5i{ho relevant field visits we have observed that they
capacity, 17 low relevant capacity, 4  cultivate mostly fruit crops in chena with

moderate relevant capacity, B relevant gsome irrigation facilities for commercial
capacity, 4i High relevant capacity andi5 purpose.
very high relevant capacity) where higher the

value the highethe supply. ,
g PRYY As far as regulatory services are concerned,

In both cascade the capacity to Suppl)pommunitysaythalt/lahakanumullet:ascade

provisional services ranges from 0 to 4 wher@as morecapacity supply regulatory services
4 is recoded only in two occasions; one Withcompared to that oPalugaswewecascade.

paddy lands for paddy, the other with Tankg\/lahakanumulla:ascade has comparatively a

for Irrigation water. It can beseenthatsuppl)hIgh capacity to control floods W_h'le
of provisional serice of Mahakanumuhl Palugaswewecascade has more capadity

cascade isless thatof the Palugaswewa rechargegroundwater level and maintain the

cascade. As far as the tank component if\g‘oor rather han controlling floodlIt can be

concerned, it has still some relevant capacitf€e" that both VTCS has comparatively
to supply water for cultivations. There is a'c/€vant capacity to supply support services,

reduction in its capacity to provide fisheries/0d Security, nutrient security and maintain
and clean watefor drinking and domestic and conservation of biodiversity. Most of the

use. InMahakanumuli home gardens have landscapes in both cascades have at least

some relevant capacity to supply vegetable§§|e@nt'Capéc'ty to conserve and maintain
lentils and other seed crops which is less ifi"€ Piodiversity.
Palugaswewa cascade. Community in
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Table 4.8. Ecosystem services supply by different land use in MahakanumullaVTCS

Ecosystem Services
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Paddy and other cereals
Lentils and other seed crop
Leafy vegetables, vegetables and tuber crops

Clean/ fresh water for drinking and domestic use

Irrigation water

Inland fisheries

Livestock

Fodder and grasses

Sedges and other alternative plants
Herbals/ medicinal plans and materials
Ecotourism

Control floods/ Flood protection
Ground water recharge and maintain the flow
Water purification

Local climate regulation

Global climate regulation

Pollination

Soil Nutrient regulation

Erosion regulation

Food security

Nutrient security

Conserve and maintain biodiversity
Recreational and aesthetic value
Traditional knowledge and values
Culture, traditions, customs and practices
peace,harmony and corporation
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Medium relevant capacity

3 |Relevant capacity

0 [No relevant capacity 1 |Low relevant capacity
High relevant capacity

H

Very high relevant capacity

Ecosystem servicesdemand

Similar matrices depicted in Table 4.8
and Table 4.9for supply of ESs have been
derived for the demand of ESs by
different land uses in two VTCSs and are
given in Table 4.10and Table 4.11 In the
matrix, landscapes found in particular

VTCS has been taken in to xaxis while

relevant ESs are taken

into yaxis.

Demand for each ES were assed for
various landscapes in VTCS on a scale

range from O to 5. The higher the value
the higher the demand. Demand for ESs
were found to be more or less similar in
There was a high
demand for irrigation water from Tanks

both

and

locations.
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Paddy lands in both places and from cases demand for ESs were found to be
home gardens in Palugaswewa Apart low and moderately low while there
from the Tank, farmers used to get were few cases with relevant demand.
irrigation water from agrowells which No relevant demand was observed for
are mostly located in their home gardens,  provision of ecotourism for VTCSs.
near paddy lands and Chena. There were Compared to demand for provisional
some issues reorted among the services, a fairly high demand for
community regarding sharing irrigation regulatory services can be observed in
water from village tanks. For most of the  both locations.

Table 4.9. Ecosystem service supply by different land uses in Palugaswewd& TCS
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Paddy and other cereals

Lentils and other seed crop

Leafy vegetables, vegetables and tuber crops
Clean/ fresh water for drinking and domestic
use

Irrigation water

Inland fisheries

Livestock

Fodder and grasses

Sedges and other alternative plants
Herbals/ medicinal plans and materials
Ecotourism

Control floods/ Flood protection

Ground water recharge and maintain the flow
Water purification

Local climate regulation

Global climate regulation

Pollination

Soil Nutrient regulation

Erosion regulation

Food security

Nutrient security

Conserve and maintain biodiversity
Recreational and aesthetic value

Traditional knowledge and values

Culture, traditions, customs and practices
peace,harmony and corporation
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3 |Relevant capacity High relevant capacity Very high relevant capacity

0 |No relevant capacity 1 |Low relevant capacity 2 |Medium relevant capacity
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Compared to other service types, there is
more relevant demand for support
services; food security, nutrient security
and conservation and maintenance of
biodiversity from most of the landscape
types in VTCS. It both sites, the
community identifies compara tively a

more demand for conservation and
maintenance of biodiversity. Out of four
cultural services, most demanding
cultural service is the recreational and
aesthetic value arising from landscapes
in VTCS.

Table 4.10 Ecosydem services Demand by different land use in MahakanumullavTCS

4 U 0O X ® o L U0 U 30O 0O O
25828853077 FOor g
Qe 0 x 28 m ~

Ecosystem Services 3 3 Qg’_ s ®

2
2

Paddy and other cereals 01 01 00 2 0O - 0 2 0 2
Lentils and other seed crop 01 0 0O0OO03 0010 3 0 2
Leafy vegetables, vegetables and tuber crops 11 01 01 3 1 110 2 1 2
Clean/ fresh water for drinking and domesticuse 2 1 0 0 1 1 2 0 0 0 1 0 O O
Irrigation water ]2 00103113031 3
Inland fisheries 31 02 2 0 O0O0O0O 3 0O0 10
Livestock 21 2 2 00311 3 0 2 2 2
Fodder and grasses 111 2 00 2 1 2 3 0 3 2 2
Sedges and other alternative plants 2 21 2 01101 2 0010
Herbals/ medicinal plans and materials 2 2 2 2 0 2 2 2 2 2 1 2 2 2
Ecotourism 1 0 0 0O OOOOOOUOUOTUOTOQ O
Control floods/ Flood protection 12 0 00O0OO OO O0OOO0OTO0OTPO
Ground water recharge and maintain the flow 3 3 3 2 2 - 2 3 2 2 1 2 2 2
Water purification 3 2 3 31 313 22 2110
Local climate regulation 3 2 3 2 2 2 3 2 2 0 3 2 2
Global climate regulation 2 2 2 2 0 2 3 2 2 0 3 2 2
Pollination 3 2 2 2 0 3 3 3 3 0 3 2 3
Soil Nutrient regulation 3 3 2 2 2 3 2 3 3 0 3 3 3
Erosion regulation 0 001 0 21 0002 100
Food security 3 2 2 2 2 3 3 3 2 3 0 3 2 3
Nutrient security 3 2 2 2 2 3 3 3 3 3 0 3 2 3
Conserve and maintain biodiversity 3 3313 3 3 3 31 3 3 3
Recreational and aesthetic value 3 3 3 0 3 3 - 3 3 - 2 2 3
Traditional knowledge and values 3 2 2 2 0 3 2 212 2 2 1 2
Culture, traditions, customs and practices 311102 212 2111 2
Peace harmony and corporation 31110031120 2 1 2

0 |No relevant demand

3 |Relevant demand

1 |Low relevant demand
High relevant demand

2 | Medium relevant demand
Very high relevant demand
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Table 4.11 Ecosystem services Demand by different land use inPalugaswew&TCS
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0 |No relevant demand

3 |Relevant demand

1 |Low relevant demand
High relevant demand

2 |[Medium relevant demand
Very high relevant demand

4.34. Present status of the components
of village tanks

Present condition of the components of
village tanks were studied during the

baseline survey and reported in Table
4.12 The condition of the tank and its
components were evaluated on a scale
range from O to 5. Status would be zero

if the component is missing. One
indicates high level of degradation while
5 stands for no degradation. Then lower
the value the higher the level of
degradation. In all tanks except very
few, Godawalaand Iswetiyaare missing.
We can notice that Kattakaduva and
Diyagilmaare also missing in some of the
tanks. None of the Kattakaduwawere
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found in good condition. Their condition
ranged from slightly degraded to fully
degraded. One tank in the upper cascade
in both Mahakanumullaand Palugaswewa
had an undegraded Gasgommanas per
the evaluation done by the community.
Diyagilma in some of the tank found
undegraded while the rest were at lease
slightly degraded. Based on the
assessment done by the community,
there were three tanks ranked as
undegraded. However, during the field
visits we observed that these tanks were
also filled with invasive plant species
and were some issues with their

capacities. Rest of the tanks were at least
slightly degraded.

Summary statistics of the rank-based
assessment is reported in Table 16.
Based on their mean and median level of
degradation, different components can
be ordered in descending order
respectively as Iswetiya, Godawala,
Kattakaduwa Tank, Diyagilma and
GasgommanaTheir mean and median
ranks ranged from O to 4. Thus, on the
average, village tanks have been at least
slightly degraded at present.

Table 4.12. Present status of the components of village tank$/anakanumullaand

Palugaswew& TCSs

Cascade Location Name of the tank

Component of the tank

Q

Jue |
ew|beAig
BleMEPOD

eAnons|

uewwobses
emnpexenes|

Mahakanumulla Upper Amane

lhala Amanankattuwa

Palankulama
Sivalagala
Achariyakulama
Mahakanumulla
Mawathawewa
Paindikulama
Punchikulama
Sembukulama
Wellamudawa
Dumbuluwagama
Kapugama
Panweliyaya
Udakadawala
Alapathwewa
Kudalugaswewa
Palugaswewa
Thimbiriwewa
David Wewa
Yakadagaswewa

Middle

Lower

Palugaswewa Upper

Middle

Lower

WEkFE OO0 0B DNNWDNWNMNNWOWONPENOWEDN
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3 2 2 0 0

Scale:07 No component, 1 Highly degraded, 2 Degraded, 3 Moderately degraded,i4Slightly

degraded, 5 not degraded
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Table 4.13 Summary statistics shnk-basedassessments on different components of village
tanks

Statistic Tank Diyagilma Gas gomman: Kattakaduwa Godawala Isvetiya
Mean 3 3 4 2 0 0
Median 3 4 4 2 0 0
Minimum 1 0 2 0 0 0
Maximum 5 5 5 4 5 3

4.3.4. Mapping ES demand, supply

Mapping is a powerful tool that helps tosupply and average demand of regulatory
understand complex phenomenon and thuservices from respective VTCS. lsome
facilitate the decisiommaking process. We areas demand and suppof regulatory
have mapped demand, supply and budgets strvices in the cascade in its natural balance
ESs for both cascades and made available fovhile in rest of the areas there is an
using different activities in the Healthy undersupply of regulatory service on the
Landscape Project. For an example weaverage.

present the map of regulatory services

budgets inMahakanumullavVTCS in Figure

4.3. This is the difference between average
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Figure 4.3. Provisional services provided across different landscapes in
MahakanumullavTCS
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4.4. Conclusion and recommendations

A comprehensive list of ESs arising from
VTCSs has been prepared based on the
perception of the community and ot her
stakeholders. It is made available for
using various purposes in the healthy
landscape project as well as for any other
purpose outside the project. There may
be additions and omissions to this list
meanwhile the main project is
progressing.

We have further identified how the

community in VTCSs prioritize ESs of
VTCS and reported which might have

various implications in the project.

Paddy and other serial production, water

for drinking, domestic use and irrigation

were the most valued provisional

services. Water balance and regulation
and local climate regulations were
tanked in the first place among the other
regulatory services. Food security was
the most valued support service arising
from VTCS. Recreational and aesthetic
value and culture, tradition s, customs
and practices in VTCS were the top
ranked cultural services.

The capacity to supply ES, demand for
ES and ES budgets are important
elements in decision making for
sustainable management of VTCSs. If
ESs are not benefited to the community
then it wonot be a
longer and thus suitability of the
ecosystem would be under threat. The
capacity of VTCS to supply ESs would be
variable depending on the condition of

its landscapes. We have assessed the
capacity to supply and demand of ESs
across various landscapes found in
VTCS.

High and vary high relevant capacities
were barely reported for supplying
support services across landscapes in
VTCS. The capacity to supply mostly
range from O to 2 which indicate that
there is comparatively a low capacity to
supply provisional services expected
from VTCS. The same situation was
observed with respect to other service;
regulatory services, support services and
cultural services. Land degradation and
changes land cover and land use and
other changed in cascade ecology may be
the causes of this. However, further
studies are required to model and
identify how changes in cascade ecology
impacts on the capacity of the system to
supply ESs.

The demand for ESs across landscapes
were observed samewhat different
between two VTCS under investigation
which is not unrealistic because needs
and perceptions can be variable among
different communities. However,
demand for provisions services were not
observed significantly different between
two VTCSs. There was still a high
demand for paddy production, irrigation
water in both systems. For rest of ESs the

S e@lemand cneostlyy rangédhfeom 0 ato 2

indicating available low demand for
provisional services. There was a high
demand for some regulatory services
(pollin ation, nutrient regulation) and
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support services from home gardens in
Palugaswewacascade which is not so in
Mahakanumullacascade. In both cascade,
there is either relevant demand or high
demand for cultural services associated
with the village tank. In g eneral, demand
for ESs we not either high or very high
across the landscapes in VTCS which
mostly remained at a very low level to
relevant level at present. Further studies
are suggested (similar to what was
suggested for supply side) carry out
during the project to model and
understand dynamics of ES demand
together with itds

We have mapped ES supply, demand
and budgets using Arc GIS and made
available for using for various activities
done int the Healthy Landscape Project.
Mapping is a very powerful tool that is
used to understand and explain complex
phenomenon. Other information from
different  sources viz. modeling,
statistics, remote sensing can be

det er mi

incorporated with demand supply and
budgets of ESs both specially and
temporally to visual ize and understand
complex phenomenon in the cascade
ecology. This further facilitate decision
making process towards sustainable
management of VTCS. We recommend a
comprehensive mapping study using
GIS and remote sensing where the input
from baseline can be incorporated with
other indicators of demand, supply and
budgets together with their determinant.

nants.
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Key deliverables

Deliverables

Description

Comprehensive assessment on Ecosystem services prioritization, supply and demand,

ecosystem services and functions in
VTCS (Task B)

and tradeoff analysis presented

Chapter 02 also provide impact of land degradation to
the ecosystem services

Qualitative assessment of the role of
VTCS ecosystem services in VTCS
community health, food security and
wellbeing (Task B)

This has been linked with above deliverable as well as
Chapter 3 assessment of ecological values in both VTCS

Planned scientific papers drafted based
on the above

All contents of the Chapter 04 have been designed
formatted and developed following the scientific writing
guideline. Mr. Sujith Ratnayake, chief technical
coordinator, and currently PhD student at UNE will be
coordinated with Prof. Keminda Hearth and Dr H. K.
Kadupitiya  for the development of scientific (draft)
paper in collaboration with relevant authorities of the
baseline assessmentHe will coordinate with the relevant
Authors and Authorities for the final outcome.
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CHAPTER FIVE

FOOD SECURITY AND HUMAN HEALTH

Summary

A Sri Lankan agrarian system, the
oell anga gammanado
Tank-Village system in the Dry Zone,
was designated as a Globally
Important  Agricultural  Heritage
System (GIAHS) by the Food and
Agriculture  Organization  of the
United Nations (FAO). The village
tanks host a significant agro-
biodiversity and wild biodiversity
and constitute a unique buffer against
natural disasters and climate change.
The Cascaded TankVillage System
also contributes to efficient water
management with water from one
tank flowing to another, through a
network of tanks and streams.

However, the continuation of the
Cascaded TankVillage System is
threatened by the poor income of
farmers, rural -urban migration of the
youth, deforestation, and the
degradation of the tank eco-system.
Although ecological and agricultural
importance was investigated, the
impact of this system on human
nutrition and health as well as food
security yet to be evaluated. A
baseline assessment on human
nutrition, food s ecurity and health
was carried out in Horiwila and
Thirappane Village Tank Cascade
System (VTCS) under theUNEP-GEF
funded 6Heal t hy
Managing Agricultural Landscapes
in Socio-Ecologically Sensitive Areas
to Promote Food Security, Wellbeing
andEcosystem Healt h:

The objectives of the study were: (1) to
assess human health, food security,
nutrition issues, wellbeing, and impacts;
(2) to characterize and identify locally
available nutrient -rich/ healthy foods;
(3) to find out information gaps in
relation to nutrition and health and
constraints to healthy food
consumption; (4) to assess the impact of
the current pandemic (Covid19).
Qualitative and quantitative data were
collected from 100 participants from
villages situated in two cascade

complexes in January 2021.
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N utritionally inadequate diet, especially 3.

low in calories and deficient in almost all
micronutrients were observed in the

study sites. The consumption of fruits 4.

and animal sources of foods was low.
The variety of foods consumed was not
satisfactory. Household food insecurity
in the study population was 43%, which

shows lesser access to nutritious and 5.

desired foods by the households.

Undernutrition as well as
overnutrition, especially  central
obesity was prominent in the study
population. High prevalence of non -
communicable diseases and
psychological distress was found in the

study population. The participants of 7.

the study perceived that they have a
food system which has the potential to
provide nutritious and healthy foods
and food security, but they admitted
that the system is not
optimally due to socio-economic
reasons. Although the food system in
the village tank cascade system is
highly  vulnerable with  current
socioeconomic and nutrition transition
in these rural communities, the food
and ecosystem still show potential of
building resilience at
farm/household level.

1. Based on the findings of the basel
assessment, several recommendat
are made Advocacy to the policy
and law makers (Department of
Agriculture , Environment, Forestry
etc) is needed for the biodiversity
conservation and sustainable use
interventions.

2. Interventions should be done to
conserve and restore the village
tanks with the involvement of
multi -stakeholders.

utilized 8.

Farmer awareness and provision of
necessary technical and infrastructure
support.

Plan and implement programmes
which promote the traditional and
indigenous knowledge in their food
production systems.

Conduct research to mainstream
indigenous knowledge in conserving
and popularizing the traditional
landraces that will result in
implementing effective adaptation
action on the ground.

Provide farmers necessary awareness
and inputs to enhanced popularity of
organic and locally grown food.
Programmes should be carried out to
build knowledge and understanding
of native agriculture and food systems
and help promote n
innovative ideas and best practices.
Programmes should be conducted to
transfer the traditional knowledge in
food culture using novel behavioural
communication techniques.

Promotion of local traditional
agriculture and local cuisines can be
used to promote agro-tourism, eco-
tourism and cultural activities.

the 10.Action has to be taken to provide

access to better medical facilities to
vulnerable groups such as elderly,
adults and school children and
awareness and behavioural change
communication actions must be taken.
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5.1. Introduction

Sri Lanka is a unique country which has
a long tradition of agriculture for more
than 2500 years. One of the significant
features of the dry zone agriculture
system is cascaded village tank system.
A tank cascade i s
series of tanks organized within the
micro-catchments of the dry zone
landscape, storing, conveying and
utilizing water from an ephemeral
rivul etd (Madduma

An improved definition was given later
as O6an ecosystem,
resources are organized within the
micro-catchments of the dry zone
landscape, providing basic needs to
human, floral and faunal communities
through water, soil, air and vegetation
with human intervention on sustainable
basis (Dharmasena, 2017).

The main feature of the Tank Cascade
Systems is recycling and reuse of water
through a network of small to large scale
tanks. These irrigation systems with
large  number of interconnected
reservoirs are believed to have evolved
since the third century BC. The primary
function of a village tank is to provide
irrigat ion water to dry low -land plains
for paddy farming during main
cultivation seasons. In addition, w ater
tank systems are complex manmade
ecosystems involving many natural
resources and providing a wide diversity
of functions and services. The water tank
ecosystems are comprised  with
economic (i.e., agriculture, livestock,
fishing,), ecological (i.e., groundwater
recharge, prevention of soil erosion and
floods), and socio-cultural (i.e., domestic,
leisure, festivals) and these functions are
not independent from one another
(Dharmasena, 2017). Considering the
tank cascale system as a food ecosystem,
the services provided by the system

de

w r1hee Ea?chmlen% gn

includes providing safe water for
drinking, cooking and eating, washing
and cleaning; source of water and food
for livestock and wildlife; source of
nutrition and quality food; providing a
pleasant and cool microclimate and
btiodiverse environment .that can be
conddtive to Sogd rdental &nd ?)sr;/c%oc-
social well-being and places that enrich
peopl eds | ives.

Four distinctive zones can be identified

B amaT&$ such ad (Y &uik )bund and tank

bed, (ii) associated irrigation channels
and paddy fields, éiii) parort]egted Wre?t iél '
rainfed uplanaas and,

(iv) gangoda, (hamlet or high elevation

household area) (Dharmasena 2010)as
shown in Figure 5.1. Each zone had one
or several components of ecological
significance.

The strong association between people,
tank and its environs has ensured the
system sustainability in the past, but
ignorance of this interactive association
has threatened the functions of the
biological components including the

human being. However, in the last few
decades improper land utilization , poor
crop diversity is prominently visible in

this landscape. Sustainable Land
Management measures are currently
implemented on a less than 10% of the
agricultural landscape. Intensive
cultivation taken place in some areas has
led to land degradation and consequent
deterioration of the landscape health.
Continual overexploitation of cascade
ecosystem components misuse of
chemicals in agricultural lands and
destructive human activitie s arebelieved
to be affected globally important

biodiversity as well as the human
nutrition and health.

The UNEP-GEF funded
Landscapes: Managing Agricultural
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Landscapes in SocicEcologically

Sensitive Areas to Promote Food
Security, Wellbeing and Ecosystem
Health 6 project seeks to address these
problems by implementing management

strategies  for  strengthening  the
restoration and sustainable management
of selected village tank cascade systems
(VTCS) in cascade landscapes for the
enhanced provision of ecosystem
services and protection of biodiversity. A

comprehensive baseline assessmenhas
been planned to consider the key
elements related to land degradation,

vegetation cover and biodiversity

(including plant and animal genetic

resources) and water quality. Other
related issues of much interest to the
project including human health and

nutrition and  diets, indigenous

knowledge, gender, spiritual dimensions

and wellbeing will also be addressed by
the baseline assessment.Additionally,

the baseline assssment also ains to
make a rapid assessment of the direct
and indirect impacts of the covid -19
pandemic in project locations.

Figure 5.1. Components and their relative positions in the small tank system in Sri

Lanka (Dharmasena 2010
Objectives

The objective of the baselines assessment
of the current socio-ecological and
biophysical context in the Nachchaduwa
Village Tank Cascade System (which
includes the  Mahakanumulla o}
Thirappane & Ulagalle triple VTCS
complex) and the Horiwila Village Tank
Cascade System (Palugaswewa
Bellankadawala double VTCS complex)
project selected landscapes.

Specific objectives of the baseline
assessmentelevant to the thematic
area: Human health and wellbeing,
including assessment of diet and
nutrition were to;

1. assesshuman health, food security,
nutrition issues, wellbeing , and
impacts

2. characterize and identify locally
available nutrient -rich / healthy
foods.
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3. find out i nformation gaps in
relation to nutrition and h ealth
and constraints to healthy food
consumption

4. assesghe impact of the current
pandemic (Covid 19)

5.2 Methods
Setting

Baseline assessmentsites include five

VTCS belong to two landscapes;
Nachchaduwa and Horiwila  (tank

cascade complexes), which consisted of
109 tanks spreading over total land area
of 19,067ha.Figure 2 and 3 illustrate the

selected locations demarcated by the
research  team  representing the
agroecological factors as well as
socioeconomic factors asociated with

these locations, in the upper, middle and

lower parts of the cascade system. Three
geographical areas from Horiwila and

two areas from Nachchaduwa tank

cascade complexes were selected for the
study. In this baseline assessment, a
sample of 20households were randomly

selected from each study location. All

households selected were primarily

engaged in farming.

The participants were selected by the
field officers based on the village they
live and one member (an adult male or
a female) participated in the study as the
respondents. The selected participants
were requested to gather at the common
location (a Vvillage temple, farmer
society building, or a common place)
and all meetings and data collection
interviews were conducted following

the hedth regulations and guidelines
for Covid -19 provided by the health
authorities.

Figure 5.2. Sampling
Horiwila landscape

rings of the

At the beginning of the study, the study
protocol was explained to the
participants and written consent was
obtained. The study protocol was
approved by the Ethics Review
Committee of the Faculty of Livestock,
Fisheries & Nutrition, Wayamba
University of Sri Lank a.

A total of 95 individuals (50 males and
45 females) participated in the study
and completed the assessment of

nutritional status, wellbeing, and
physical activity level. Fasting blood
glucose was measured from 85

participants and blood pressure was
measured from all 95 participants. Only
89 (44 males and 45 females)
participants completed dietary
assessment and household food security
assessment and provided

87| Page



