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1.0 INTRODUCTION TO THE PROJECT

"(QKDQFLQJ %LRGLYHUVLW\ &RQVHUYDWLRQ DQG 6XVWHQDQFH R
6HQVLWLYH $UHDVu LV D SURMHFW LQLWLDWLYH WRXBRHGLRESOHPF
from the Global Environment Facility (GEF). The ESA project has the objective of
operationalizing Environmentally Sensitive Areas (ESAs) as a mechanism for mainstreaming
biodiversity management into development in areas of high conservation significance.

The project has two major components;
1. Enabling framework to designate and manage Environmentally Sensitive Areas (ESA)
2. Applying biodiversity friendly ESA management for long term integrity and resilience of
ESAs

Under the ESA project, the area covering Kala Oya basin (downstream of Kala Wewa) and up to
Gulf of Mannar along the coastal belt (including bar reef) and the terrestrial/aquatic landpe
was identified as a potential ESA region, and the baseline survey was to be undertaken to provide
a comprehensive understanding of the current situation with regard to the natural envinoent.

The region includes high development areas as well as environmentally sensitive peustemteas
such as Wilpattu National Park.

Over the years, numerous measures have been taken to conserve biodiversity outsidectaot
areas in Sri Lanka under different laws (Acts and Ordinances). This initiative, the managenuént
Environmentally Sensitive Area (ESA) assigned by UNDP and BS will greatly strengthen such
attempts under a different concept;D Lhdscape Approach The initiative will serve as an
intermediary between the potential land use and land management by using the high
conservation value of Kala Oya river basin (based on its significant biodiversity, even outside
protected areas) as a parameter, especially in the deliberation and decision-making ggoce
involved in land use practices in Sri Lanka

Following the Ecosystem Approach/Landscape Approach and using land-use planning and
management framework as the entry point, the initiative aims to optimize multiple land

management strategies to ensure the compatibility of land use practices across landscapest
designated as ESAs with the biodiversity needs of the Kala Oya basin. Whilst several goverhmen &
policies and legislations provide the platform for the establishment of ESAs, ther¢hs unmet
need of operationalizing them. The survey project will provide baseline information necessary to
put in place the framework for necessary governance at localized and national levels, including
policy and enforcement systems.

HE OJECT

T

This project, the Biodiversity Baseline Survey of the Kala Oya Basin, provides results oheee-
month field survey on different taxonomic groupsspecifically Dragonflies and Damselflies,
Butterflies, Fish (Freshwater and Marine), Herpetofauna, Birds, Mammals and Flora (vascula
plants) in their habitats which in turn elucidates the KOD 2\D UHJLRQ: -V YDil@&XH
importance of its management, and the need for equilibrium between conservation effartd
development objectives. These include activities and mechanisms for land-use planning:
protection of major habitat blocks and provision of structural and functional connectivity eass
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the landscape during the course of development. The project evidences the indirect impacts of
development and their necessity to be factored into decision making which will subsequently
deliver benefits at local level -immediate river basin- and national level while improving the long-
term conservation prospects of the Kala Oya basin.

The ESA project of Biodiversity Secretariat stated that the Biodiversity Baseline Survey was
initially to be carried out in two sites as indicated in the Terms of Reference forsthissignment
(Annex 01). However subsequent discussions held resulted in a request for the inclusion of the
entire Kala Oya river basin including the Bar Reef without restricting to the two projecites of

the ESA project, as initially agreed.

However, it must be noted that the time frame given was not sufficient to cover the engrdent

of the basin with certain difficulties arising from this request being highlighted during dissions.
Ultimately the BDS PMU requested the team to do the maximum possible work within the give
time frame. Subsequently, the GreenTech team commenced surveying of biodiversitheKala
Oya basin focusing on the following taxa: Plants, Mammals, Birds, Herpetofauna, Fish,
Butterflies, Dragonflies, Damselflies and the Bar Reef.

The Kala Oya river basin map includes the watershed boundaries of Vanathavilluwa,
Karuwalagaswewa in the Puttalam district, Kekirawa, Galnewa, Ipalogama, Palagala, and a
portion of Nochchiyagama, Nachchaduwa, Thalawa, Thirappane, Palugaswewa in the
Anuradhapura district, and a portion of Giribawa, Galgamuwa, Ehetuwewa, Polpithigama in the
Kurunegala district and a portion of Galewela, Dambulla in the Matale district (Anned23).
However, the survey conducted was confined to the boundaries within the Anuradapura and
Puttalam districts.

For this particular study, the man REMHFWLYHYV VSHFLILHG LQ WKH f7HUPYV
follows;

To carry out a biodiversity inventory of the ESA site of Kala Oya region to assess the current
baseline information on biodiversity population and distribution, this will provide information for
defining and conserving biodiversity

Identify the potential effects and impacts for monitoring purposes of project interventions on
globally important ecosystems and species that are considered of global importance

Inventorying and developing a consistent long term database for knowing the identity and
geographical distribution of its species, areas of endemism, threatened status are important for
taking appropriate management decisions

Develop and carry out a training plan to fortify the skill sets of relevant stakeholder members for
long term monitoring and evaluation

The inventorying and monitoring of biodiversity after successful completion of tls¢udy will
provide guidance for immediate and long term management and conservation, policy and decision

NTRODUCTION TO THE PROJECT
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making of the biodiversity in the area. Monitoring will allow assessments to understahd extent
and degree of change that the recorded biodiversity in the area undergoes with time and wil al
allow for the crucial steps of continued sustainable management, using a landscape approach.

1.11 Outputs of the Study

The expected deliverables/ outputs for this study, as per the Terms of Refezemre;

1. A work plan for this assignment, methodology including sampling and data collecting
methods, indicative outline of each deliverable and a delivery schedule

2. Report and maps on ecosystem heterogeneity of the Kala Oya Region including
terrestrial, coastal and aquatic ecosystems

3. Report on the threats and conservation issues in the region that functions as basrier
enhancing the biodiversity quality

4. Statistical Analysis of baseline biodiversity information of fauna and flora species i th
ecosystems found in the two sites, to identify the endemism and the threatenustat

5. A database for continual updating and long term monitoring and a distribution map of
critical habitats displaying the threats and conservation status

6. A training plan to enhance capacities for monitoring and evaluation of biodiversity
management in the project area

(( INTRODUCTION TO THE PROJECT
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2.0 KALA OYA BASIN

The Kala Oya basin is the third largest river basin in Sri Lanka covering an area of 2,870, loh
which the major part is situated in the North-Western province, while the rest is siteakin North
Central and Central provinces of the island (Figure 1). Its elevation varies froma fevel to 600 m
above mean sea level at its headwaters, and this narrow basin is 150 km long and aboun25 k
wide on average (Perera et al, 2005). Kala Oya is not a perennial river as it driegloting some
months of the year. However, due to the diversion of the Mahaweli water through Polgolla and
Bowatenna, the riverine segment between Kala wewa and Rajangane gets adequate water. The
basin can be divided into three regions: Upper region (the area above Kala wewa); Mjiomegthe

area between Kalawewa and Rajangane Tank) and the Lower region (the area downstream of
Rajangane) (Attigalle, 2002).

Figure 1 Location of the study area

Please refer to Annex 02b for the initial map provided by the LUPPD via the BDS outlining the
District Secretariat Divisions for the corresponding maps of the study area.

Figure 2 Kala Oya observed from the bridge separating Anuradhapura and Puttalantritss

KALA OYA BASIN
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The Bar Reef is a coral reef system that is located offshore from Kalpitjyaninsula and is one of
the more pristine and largest reef systems of the country. Accordingat study done in 2003the
Bar Reef is the habitat for 156 coral species and 283 fish species. The growth of coraliseefs
predominantly influenced by the monsoons, which has a large impact on the level of turbidity and
fresh water input into the coastal waters. The bar reef sanctuary (declared in 1292prs an area

of 306.7 km and is governed by the Department of Wildlife Conservation.

Please refer to Annex 02c¢ for a map of the Protected Areas of KOB, andagp rof the protected
areas provided by the LUPPD in Annex 02d. The final study area land use map compiled by the
GIS Expert has been attached as Annex 02e.

The river basin covers many different types of ecosystems, valuable biodiversity ressuaoel is
characterized by conflicting user interests and serious degradation issues (Guukamwar 2009).
Nonetheless it is evident that such a vast array of resources and biodiverisitto be conserveih

the most optimal manner, whilst ensuring sustainable development, with the cooperation of the
various line agencies associated with the Ministry of Mahaweli Development and Environment.

KOB consists of most distinctive landform like Manawa, Ranawakanda, Kahallapallekele,
Galpaya with quarts hills punctured at different locations. Streams drain mainly westsrds
from these hills into Kala oya, dividing the area into sub-basins. The terrainuadulating, with
occasional elevated outcrops of rock, and it is traversed by a series of stream galigéssmall
river valleys. An extensive peneplain stretches from the foothills of thsesky out crops to the
Kala oya.

A study conducted by lllangasinghe, 2016 indicates that in the KOB, 76% of land is sitegtin
the dry zone and the rest in the intermediate zone. Most of the arable land is utilifed
productive farming and rest is used for settlement, forest, pasture and non-agricalkactivities.
The main land use within the KOB includes forest (68, 271 ha), Paddy (61,895 ha), Scrub area

(60,539 ha), Gardens (48, 777 ha), tanks (16,800 ha) and Chena cultivations (15,230 ha). The

forests of the basin consist of around 59,857 ha of Dry Mixed Evergreen forests; 7,531 haisf M
Monsoon Forests, 1,517 ha of Riparian forests and 4,345 ha of forest ptems (MASL, 2005).

Tanks are scattered throughout the landscape and there are also natural water holes, willagh

fill during the rainy season. Although the basin is located in the lowland$ete is a hill range
especially in the upper basin, which is also the upper catchment of the Kala Oya Rive
Geologically, KOB is situated in the North-western lowlands and lies within a Dry zone. Soils
include a variety of Reddish Brown Earths, Loams and Clays, derived from the weathering of
residual parent materials, in upper catchments areas and alluviums in the flpdains, developed
from materials that have been transported by water and deposited along the bankshef fow
areas of the Kala Oya. Geologically, KOB is underlain by protetozoic metamorphic rocks of the

Ihttp://www.sarid.net/sarid-archives/03/031219-bar-reef-management.htm
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Wannin complex and Miocene to quaternary aged sedimentary rocks. Most significanthie
phosphate deposit at Eppawala and several other mineral reserves suclokmsnite, topaz, mica
etc occur within the KOB.

Kala Oya Basin area falls in to two agro-ecological regions that receive relatively low rainfall and

comprise of high seasonal and spatial variations. The mean annual rainfall varies from 1700mm at

high elevation in the south-eastern end of the basin and drops to 1200mm towards théhnor
western part. More than two-third of the rainfall is received during the Matseason (October to
March) and for this reason major reservoirs are built across Kala Oya andriggor tributaries for
regulation of surface water (MASL, 2003). Tanks in the basin play a major role in supplyiager
for the estuary to maintain its fresh water balance and to conserve biodiversitjheTtanks also
prevent large quantities of fresh water rushing in to inundate the estuary chgirainy seasons. In
the dry season, the controlled release of tank water for cultivation purposes is adeqimataeet
the fresh water requirements of the estuary.

The climate is characterized by a wide range of meteorological parameters, most commonly

temperature, atmospheric pressures, precipitation, duration of sunshine and wind. Tiheate is
generally tropical, and can be categorized into four climatic seasons: The first im@nsoon
season from March to April, Southwest monsoon season from May to Septentherond inter-
monsoon season from October to November and the Northeast monsoon season from December
February.

As the area lies within the dry zone of the country, the temperature varigstween 30.4233.8C
with an average monthly rainfall of 120 mm. The highest rainfall occurs from November to
December (225 mm) while the driest periods are characterized by as little as 25%fmainfall per

t

month. The estuarine system is very shallow, with depths of 1.5-3 m, except in the deep channels

where depths of 4-5 m have been recorded. The major sources of freshwateharariks in the
Kala Oya basin.

There is a mean annual temperature varying between 26.5-28.5 degrees Celsius. KalasOya
situated in the Dry Zone of Sri Lanka. Base river flow depends on water generated from the
movement of groundwater into river channel during non-rainy seasons.

With increases in greenhouse gas emissions, anthropogenic activities that employ thergiof
fossil fuels, changes in land-use patterns, decreasing tree cover, dedticestand environmental
degradation, there has been an overall trend of increasing temperature. This has beesed by
an enhanced greenhouse effect in lieu of an excess of greenhouse gasesaimbsphere. There
are several issues pertaining to this specific region that are rooted in thasthropogenic
activities, which exacerbate the current levels of degradation. These will be outlined unte
6HFWLRQ BDOQKERQWHUYDWLRQ ,VVXHV:- RI WKLV UHSRUW
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The Kala Oya River Basin represents a wide array of vegetation types covering srial and
aquatic ecosystems. Terrestrial ecosystems include many dry zone vegetation tygesy fave
many special physiological and floristic characteristics and their distributioniigluenced by soil,
thermal hydrological and edaphic factors which induce more or less distinct assemhlages
Vegetation types such as Dry mixed Evergreen Forest, Moist Monsoon forest, Ripariamedt,
Scrub forest, Thorn Scrub forest, Scrub on Food plains and Sands, Chena and abandoned, Chena
Rocky out crops, Sand beaches, Home Gardens, Forest Plantation, (Teak and Eucalyptus.)

A study conducted by lllangasinghe in 2016 indicates that in the Kala Oya basin, 76% of land is
situated in the dry zone and the rest in the intermediate zone. Most of the arable land is utilized
for productive farming and rest is used for settlement, forest, pag and non-agricultural
activities. The main land use within the Kala Oya basin includes forests (68, 271 ha), paddy
(61,895 ha), scrub area (60,539 ha), gardens (48, 777 ha), tanks (16,800 ha) and Chenaiounkivat
(15,230 ha). The forests of the basin consist of around 59,857 ha of Dry Mixed Evergreest$or
7,531 ha of Moist Monsoon forests, 1,517 ha of Riparian forests and 4,345 faeast plantations
(MASL, 2005).

Coastal resources of the Kala Oya basin include varied biotopes such as mangrovagassaeds,
sand dunes, the lagoon system, bar reef marine sanctuary, etc. The bar reef marine san¢8@gy
kmz2) with very high biodiversity significance is situated at the sea mouth of the Kala Oya basin.
It is of vast ecological and economic importance, as the reefs within the sanctdangction as an
integral part of the larger economic system adjacent to coastal waters (Gunaward2089, and
Vidanage, 2005). A substantial portion (around 25%) of the Kala Oya basin comprises of
Protected Areas managed by the Department of Wildlife Conservation (Wilpattu National Park,
Kahala Pallekella Sanctuary, Sigiriya Sanctuary and Thabbowa Sanctuary). In addition, there
are a number of reserved forests and plantation forests administered by the FdDegiartment
(MASL, 2005). Weerakodicholi Forest Reserve was gazetted as of 2013 as well.

The distribution of vegetation types may be considered as broadly linked to the clienémainly
rainfall and temperature), topography and edaphic conditions. As Kala Oya is located in ¢
zone, it is characterized by tropical dry mixed evergreen forests. This type oksbris the most
abundant in the country, covering a majority of the dry zone. It is also characized by a sparse
canopy of about 20-25m in height, a sub-canopy of about 10-15 m and a well-developadishr
herb layer.

z

A total of 322 species of vascular plants have been recorded from the basin, withrzgenous
species and 22 endemics. About 50 exotic species have also been recorded among them. FI
found in this basin include)8 nationally endangered and 15 nationally vulnerable species from the m
basin area. <
>_
The major trees have a deciduous component and an evergreen component. Rock outcrops ar&
also found in many places. Ritigala is the highest peak in the dry zone, with a height of about f

766m, where vegetation has been found to be unique. The grasslands are characterized ast
X
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TVDYDQQDK:- DQG 1GDPDQD WDODZD:- 6LWXDWHG DW WKH H[WUH
the Wilpattu National Park, is the largest protected area in Sri Lanka, and contaisggnificant
biodiversity.

Figure 3 Various types of vegetation found around the Kala Oya Bas{a) (b) Tropical dry mixed evergreen forests (c)
(d) Agricultural areas and cultivations within the basin

The protection and enhancement of these forests and habitats, that serve as highlyaide
carbon sinks is imperative. The sequestration of atmospheric carbon is an ecosystesicesé¢at
can offset greenhouse gas emissions. These benefits include the conservation of soil domer
providing habitats and resources for surrounding biodiversity, regulation of climate, and
providing raw materials.

KALA OYA BASIN
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Figure 4 Various types of habitats found around the Kala Oya Basin) @tream (b) Salt Marsh (c) Fresh water aquatic
plants (d) Seasonal marsh land

Sri Lanka has a unique assemblage of plant and animal communities, and is the most recent
member of the 25 global hotspots with a significant center of endemism with its own
characteristics and a rich and diverse range of flora including valuable timber species. &rk&

also has the highest species density per unit area for flowering plants, reptiles, mammals an
possibly amphibians in the region.

Kala Oya estuary located in the western coast of North Western Province of Sri kans one of

the more biodiversity rich areas of the island. The mangrove and fisheries ecosystems in the
lagoon area have been threatened by increased population pressure and industrial activithes
poor communities in the lagoon vicinity depend on the ecosystems for their livelihood atési

and the pressure on ecosystems is believed to be exceeding sustainable levels.

Coastal resources of the Kala Oya basin include varied biotopes such as mangrovegassaeds,
sand dunes, the lagoon system, Bar Reef Marine Sanctuary, etc. The Bar Reef magnetuary
(306 kn®) with very high diversity significance is situated at the sea mouth of the Kala Oya basin.
It is of vast ecological and economic importance as the reefs within the sanctuary functionras a
integral part of the larger economic system adjacent to coastal waters. The ratpopulations of
many species are increasingly at risk, threatened by habitat loss, invasive species, aneasiog
degradation of natural environments. A substantial portion (around 25%) of the KOB comprise of
Protected Areas managed by the Department of Wildlife Conservation (Wilpattu National Rar
Kahala Pallekella Sanctuary, Sigiriya Sanctuary and Thabbowa Sanctuary). In addition, there
area number of Reserved Forests and plantation forests administered by the Forest Diepant
(MASL, 2005).
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Figure 5 Species of mature trees around the tropical dry mixed evergreen for€simmiphora caudate«hVv”
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The high diversity of ecosystems in the country, combined with the zoogeogratistory, diverse
topography and climatic variations have resulted in a wide array of habitats occupiedéiproad
range of species, extending to mammals, birds, herpetofauna, freshwater fish, as webk\asal
groups of invertebrate fauna. Sri Lanka Dry Zone tropical dry mixed evergreen fosesarbour

one of the largest elephant populations in Asia. The distinctive large mammal fauna include the

leopard, bear, elephant, deer, and sambar deer.

A total of 35 species of butterflies, 15 species of dragonflies, 29 species of fishes including 2

native, 8 amphibians 23 reptiles, 120 species of birds (106 native, and 14 migrarit® endemics

and 31 species of mamal8 native and 4 endemics have been recorded from the basin.

The estuary harbours a variety of fish species, including freshwater and brackishew#&brms.
Common species of economically important fish includ@guilla bicolor(Shortfin Eel), Etroplus

SHELEMTECH
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suratensis(Green Chromide)Chanos chano@Milkfish), Oreochromis mossambididozambique
tilapia), Mugil cephalugFlathead grey mullet) Sardinellaspp., andCaranxspp.

The estuary also supports fairly healthy populations of locally declining non-fish vertates such
as colony-nesting water birds (i.ePelecanus philippensis Spot billed pelican), reptiles
(Acrochordus granulatusittle file snake, Crocodylus palustrigviugger crocodilel.issemys punctate
-Indian flapshell turtle) and mammals (i.eLutra lutra- Old World Otter). Crustaceans form an
important component of invertebrate fauna associated with the mangals, including Portunid
crabs such asScylla serrata 2 Giant mud crab, Portunus pelagicus-Flower crab and
Macrophthalmusspp. Additionally, penaeid shrimps and the mud lobst@halassina anomala?
Mud lobster are also present. A noteworthy mollusc &eloina coaxang Mud clam, which is an
edible bivalve.

Aquatic Ecosystems include mangroves salt marshes, Paddy fields, Flood plains, fresh and
brackish waterholes, Tanks (seasonal and Perennial) Rivers and Streams, EstuaryLagdons,
Bays, Coral reefs and Sea grass beds.

A majority of the Habitats such as Coastal, salt marsh, estuary and mangroaes confined to the
lower basins of Kala Oya. In addition, monsoon forests are mainly confined to the uplpasin
where the terrain is punctured by hilly areas. Other vegetation types show basin wiseitistion.

A large number of important wetlands including man-made and natural wetlands aiteated in

the Kala Oya basin. These wetlands are imperative for sustaining the livelihoods of therbasi
community, as they have a major role in maintaining water quality, biodiversity, water quantity
regulation, fisheries, recreational activities, tourism, etc., depending on their stratelfgication
within the basin. They are among the most important ecosystems on earth. They haveifsoggnt
direct and indirect economic value. Unfortunately, they are also the most-threatened sla$
habitats in the world, mainly anthropogenic in origin. Filling (due to the competitive demand for
land) is the leading threat to wetlands, where poverty compels some people to illegally encroach
into wetlands.

Figure 6 Kala Wewa as seen from a distance
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Kala Oya estuary supports a healthy mangrove ecosystem distributed over a wide area along the
banks of Kala Oya, Lunu Oya and other streams. This mangrove forest is the largest in the
country and extends upstream about 2 km from the river mouth. As in many other nggiove
ecosystems in the dry coastal regions of Sri Lanl@hizophora mucronatand Avicennia marina

are the major constituent species.

Due to differences in depth, salinity and biodiversity, the estuarine system can be diffeated
into two major parts, the outer estuary and the inner estuary. The area betemethe mouth of the
estuary and the brackish water area of the Kala Oya is considered the inner estuatyle the
Dutch bay and Puttalam estuary area

is considered the outer estuary'-
Saltmarshes are situated behind thg
mangroves and the stability of this
ecosystem depends on the salinity infg*
the soil. Sea grass beds can be found ‘
the Dutch bay.

Figure 7 Mangrove habitats near Uppu Aru
Lagoon in Lunu Oya segment of river mouth

The distribution and abundance of the estuarine fauna is dependent on the tidal influences. About
55 fish species belonging to 33 families and 8 shellfish species belonging to 2 families have been
recorded from the Puttalam estuarine area, including the Kala Oya estuary. The wetlands,
particularly the flood plains, play an important role in minimizing flood damage to the adjacent

land areas. They also serve as a breeding site for aquatic fauna such as prawnfishndnd
support special assemblages of species.

Isolated flood plains are also present along the Kala Oya, which is connected to the river only
during the rainy season and remains a flooded wetland during other times. A large number of
reservoirs are also present within the flood plain area and although most of thara not in
working condition, they fill up during the rainy season.

Other types of water resources in the Kala Oya basin include seasonal marshlands, tae&spnal
water holes and streams. These are vital for the various species that dependhesetfor water,
and habitats for breeding, shelter and other resources.

KALA OYA BASIN
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Figure 8 Various types of water resources found around the Kala Oya Basih;Seasonal marsh land (b) Resevoir (c)
Seasonal water hole

As livelihoods in the basin area largely depend on agriculture and related activities, therehigjla
demand for water for irrigation. A large proportion of regulated water in the lowealley of the
basin is used in the irrigation sector. Domestic and industrial uses withire tkala Oya basin are
relatively low, as most of the domestic uses are non-consumptive and the industriatade is
negligible. Rural livelihood is tied up with tanks, as the main supplier of resources to the people in
the village. The tanks provide water for their main income generation activities, i.e. cultivatioh
paddy and other field crops. In addition, it provides water for other crops in hongardens
through sub surface water.

The average annual releases for Kala Oya Basin amount to 1,150 MCM. This figure includes

return flows from upper irrigation areas and excludes releases from approxima@&®) minor

tanks spread over the basin. The tanks which have less than 80 ha of a command area @utsid
16\VWHP +. DUH PDQDJHG E\ WKH $JUDULDQ 6HUYLFHV '"HSDUWI
UHOHYDQW IDUPHU RUJDQL]DWLRQV %RWK 0%$6/ DQG $6' FRQGXF
to each season to inform farmers regarding water availability, expected rainfall talie crops for

the season and the proper management of water and irrigation.

2.6 Ecosystems Covered under Present Study

The primary task of this study was to conduct a biodiversity inventory within a stigated area of

the KOB to assess the current baseline information on biodiversity population and distriout
which will provide information for defining and conserving the biodiversity to understand the
potential effects and monitor the impacts of project interventions on globally important
ecosystems and species that are considered of global importance. Due to time and monitoring
constrains the biodiversity survey was mainly done outside the existing protected aré2®
Transects) and 4 transects were undertaken within Wilpattu National Park. As katkm
transect included four 100m quadrat, they too covered different habitats. Theain ecosystems
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surveyed during this study included the following: Dry Mixed Ever Green Forests, Didied
Forest, Scrub forest, Tank associate habitats, Chena associating habitaid @oastal habitats.
Further dragonflies were also recorded within associated tank beds, rock pool and stre@hes
photographs given below provide some examples of these ecosystems.

Dry Mixed Evergreen Forests

i LR _ R
AN, L o s
Figure 9 Adjacent to Eluwankulama tank (5TQD); Forest at Manawa Kanda (T17QDVYilpattu National Park
(T24Q2)

Figure 10 [Left] Slopy forest at Hingurwalpitiya (TlSB); [Center] Riparan forets at Puliyankulama (T9QB); [Right]
Forests at Nisala Arana (T16QA-D)

Disturbed Forests and Scrub Jungles

(T24Q2);
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Figure 12 Scrub forest associated with Tank catchment (T14QA-D)

Chena Cultivation Associated Habitats
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Figure 13[Left] Chena at Wilangoda (T10QC); [Right]Chena associated with Rukafiank (T11QC)

Tank Associated Habitats

Figure 14 [Left] Aily Tank (T2QC); [Center]

Coastal Habitats
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Figure 15 Left] Dried up Salt marshes and [Right] Inland mangrove forests at Gangewadiya (T$Q@ BEx)

Manewakanda is an isolated hill surrounded by settlements and chena cultivations. Therefoee,
hill serves as refugia for many plant and animal species. Although the foothill regions of ttee si
are heavily disturbed due to human activities, the upper forested area still sugpmigood patch
of Lowland dry forest which are the typical forests of this region. Since human dibances are
relatively low in the upper regions of the hill, most of the mammal species which areiteado
disturbances have moved to tiseupper regions of the hill, thus making this area the only refugia
for the survival of these species. Therefore, these isolated hills should be pextedtom
anthropogenic disturbances to consertiee remaining biological diversity in the area (Attygalle,
Ranawana & De Silva, 2012).
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3.0 SAMPLING METHODOLOGY

Full details of the methodology developed and utilized for the Biodiversity Baseline Survey under

PA and WM project can be found as a separate Field Manu?VKH T%LRGLYHUVLW\ %DVHC
Field Manual, DWC (2008); and Biodiversity Baseline Survey: Field Manual: Revised version-
Department of Wildlife Conservation, Ministry of Environment and Natural ResourcesSri

/ D Q N.A brief overview is provided below, together with details specific to the survey of the

Kala Oya river basin such as the time of survey being during the height of the dry season in the

months from January to March 2017 over a period of approximately 12 weeks.

The Biodiversity Baseline Survey has been designed in accordance with the following protocol:

1. All major habitats in each protected area/or outside area were sampled in andard
manner that was acceptable to international refereed scientific journals. The approach
was designed to enable comparison of species richness and diversity between different
habitats

2. The locations of the survey were guided by habitat maps produced during field visits

Sampling techniques used were not destructive to any habitat, population or individual

4. Sampling methods, while necessarily differing between taxonomic groups generated
quantifiable, verifiable and repeatable results in accordance with the criteria for sampling
as specified below

5. The same survey personnel were used throughout the Survey to minimize observer biases
in species richness and abundance arising from differences in the competesiciasdd

staff. Observer consistency was checked in the field during the course oStheey.

w

The time frame provided to study and survey the extent of the area was a constrand imposed
limitations.

SAMPLING METHODOLOGY
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3.2 Criteria for Sampling and Collection of Field Data

Site selection was done to exclude protected areas within the basin as requested by the BieS.
number of sampling site in each cluster or sub basin based on the availability of time extent
of the area. Each sampling point was geo referenced in order to ensure repeatability afdteein
the future if necessary

Wherever possible, internationally recognized standard techniques were
adhered to throughout the Biodiversity Baseline Survey as clearly
described in the protocols

Sample sites (i.e. transects, quadrats and plots) were
temporally marked on the ground using GPS coordinates

Vertebrate groups were surveyed in each of the selected
habitats. Fish was surveyed in at least one and preferably
three streams, representative of each sub catchment of the
Kala Oya basin, at their upper, mid and lower reaches.

Sampling and collecting efforts were consistent between
habitats recorded (i.e. effort was not proportional to
extensiveness of habitat).

All animal specimens (if any) had the standard set of
international measurements recorded and, where possible, were
photographed while alive.

All records of specimens and observations were geo-referenced and given
a unigue identifier. They were recorded in field data forms.

GREENTECH
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3.3 Description of Sampling Units
3.3.1 Transects 1 km in length

Transects of 1 km in length were marked out in at least fous
replicates of the broadly defined habitat (i.e. vegetation
types within a protected area. They were positioned to cover
single vegetation type (the area was determined by taking i
to account a discernible measurement based on availal
maps). In areas comprising of a mosaic of highly fragment

and encompass ecotones. Where necessary or appropri
transects were extended from 1km to cover several vegetati
types along a major environmental gradient, such as altitude® ;
Such transects conform to gradsects.

(a)

(b)
— ]
— TH—
iy
]
(c) (d)

Rk

SAMPLING METHODOLOGY

Figure 16 Transects are aligned in a single line (a), in parallel (b, d) or isqaare, depending on the distribution of the
habitat, access to it and sampling logistics. They should also be aligned petigeiar to environmental gradients, such

as altitude (b, (b, c) to maximise sampling of biological diversitynft to sca}eDWC 2007

3.3.2 Quadrats 100m x 5m

The length of the quadrat used during the sampling period (four days) was demarcated using
centre line of highly visible nylon cord, marked at every 10m interval by tape. A thin pole of 2.5m

in length was aligned perpendicular to the central cord in order to determine the widthtlo#

guadrat. Cords were removed at the end of the sampling period of four days. The position at each
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100m point of the quadrat line was georeferenced using a GPS and marked usmg a cnbloure
plastic wrap tied loosely around a branch of vegetation (nQUIENEES » :
applicable in grasslands), which were removed '43\ 3:'4'*. R

completion of the surveying. &

Quadrats were aligned along a single straight line 1 km §¢ 4
length, or in a square (250m x 250m) or rectangle (350m g

150m apart This criterion is partlcularly important with
respect to mobile taxa, such as birds, to minimize thil
potential for recording the same individual in adjacent
quadrats Sometimes, where access is very restricted =‘-

its distribution, it may be necessary to establish four paralle "
guadrats, spaced at least 150m apart.

3.3.3 Plots 10m x 5m

The subdivision of quadrats into plots is critical. It enableds
the Quadrat Clearing Technique to be applied at 20r¥
intervals for reptile/amphibian incidence, small mammal:
traps to be positioned at 10m intervals and most importantly}
it provided the basis for examining potential relationships 7
between plant and animal species (amphibian, reptile or sma A +7)
mammal) and assemblages.

3.4 Sampling and Preparation

The distribution and abundance of most faunal species vari
temporally in relation to daily, seasonal or longer-term cycle
or fluctuations in their environments. This variation reflects on the genetic divengiof species as
well as the diversity of communities of which they form a part. Thus, sampling of thefeient
faunal groups was undertaken at times of day or night and during seasons of greatsiity. In
the case of plants, sampling is best done during the flowering seasonatdeast, avoiding the
driest times of year to facilitate the ready identification of species.

.’

A baseline environmental framework of information with details such as the geography,
topography, ecology including diversity and spread, hydrology and socio-economy was compiled —
through an in-depth review of available secondary information wherever possible. A preliminary =

ODOLOGY

. . . " L
reconnaissance survey was done to identify sensitive areas, preserved ecosysteeatetied s
ecosystems, base data on species abundance, climate change effects, and pollution. On-goir@
community discussions also provided additional information not readily available through =
reports, documents etc. -
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3.4.1 Sampling of Identified Habitats

The Biodiversity Baseline Survey of Kala Oya basin covered both terrestrial and aquatic habitats
(i.e. water holes, mangroves, salt marshes, rivers, streams, tanks and villugyeSial habitats

were identified using land use maps of the area and were principally based on the vegetatio
types. Terrestrial habitats were systematically sampled for plants, butterflie dragonflies,
amphibians, reptiles, birds and mammals using quadrats (100m x 5m) positioned deht
distances/ intervals along transects. Four replicate transects were positioned widlgioh habitat

type. Opportunistic observations were also recorded along transects, between quadrats, and
HOVHZKHUH WDNLQJ WKH KDELWDW:V KHWHURJHQ@HUW\ VW Q WIRWRHRG
as a single type, which was sampled systematically for fish diversity and opportunistycéor

other taxonomic groups. The head, mid and lower reaches of streams of each sub-basin were
sampled for fish.

Habitat maps that were available for this purpose from the Land Use Policy Planning Wori
Group and were created by the GIS team from overlays of a suite of geographic and
environmental variables that include geology, soil, altitude, aspect, land use and vegetation.
These maps were used as the baseline demarcations and layers to build upon during the field
surveying. Identification of species diversity was one of the main objectives, along with the
identification of the threats and statuses of these species.

Figure 17 The biodiversity baseline surveying team reviewing the maps of the Kala OyasiBa

The sampling of the taxa groups and preparation of inventories were proposeer afonsidering
the following factors;

Methodological/ sampling constraints depending on the taxonomic group

Timing and duration of the surveying

Experience of the surveyors in carrying out the sampling techniques

Weather conditions

SAMPLING METHODOLOGY
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Figure 18 The team collecting samples and taking photographic evidence

The detection of faunal species is highly variable and dependent on the complex relationship
EHWZHHQ DQ DQLPDO:V EHKDYLRXU DQG LWVa hidgb Yiédoer QP HQ W
variation in determining the composition of species in faunal assemblages.

3.4.2 Quantitative Integrated Sampling Design

Transects of 1 km in length were marked out in at least four replicatesttod broadly defined
habitat (i.e. vegetation- this was accordance with the vegetation types identified by the botanist)
types within a proposed sampling area. In areas that comprised of a mosaic of highly fragatent
habitats, some transects covered more than one type of vegetation and also included ecotones.
The 1 Km transects were divided and named as quadrat A, B, C and D.

There were different transects lined up for the different taxa groups in tterge habitat but they
were of the same length and width and in other components. For instance, teri@strabitats
were systematically sampled for butterflies using quadrats (100 m x 5 m) aligned at 150 m
intervals along transects (1 km length). Moreover, two quadrats were randomly plaaéxhg a
transect line and the percentage recorded for each butterfly species found within tamé was
recorded.

SAMPLING METHODOLOGY
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Figure 19 (a) The Biodiversity Survey team conducting field sampling (b) Marking the saing points within the
transects; The red colour tape indicates a sampling site, a Sherman trap is ediblthe bottom left (c) A ring-tailed
Civet captured with a Tomahawk; (d) Study and subsequent release of the civet

Sampling of Aquatic Habitats

The habitat maps/land used for the river basin were prepared and included a ladlgat defines
river sub-basins. These maps were used to identify river sub-basins and thieisampling of rivers
and other water bodies. In order to maintain consistency with the survey of terngt habitats,

replicates were sampled within each river sub-basin.

3.4.3 Qualitative Sampling Design

The presence of any additional species encountered along the transects between tgiasira
elsewhere within the protected area were also recorded separately. Visual Eneo@urveys were

carrled out at nlght for some taxonomlc groups such as herpetofauna and mammals, with a

spent searching eachs
habitat over the
surveyed period. The g
proposed methods were g
alternated depending
on the actual field
conditions.

Direct observations °
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were utilized to classify habitat conditions and conservation statuses of the idged sampling
locations, and these locations were geo-referenced for subsequent monitoribg tmdertaken by
the Biodiversity Secretariat if deemed necessary.

Georeferencing was undertaken during the field surveying and all the locations were given an
identifier and produced in map formats. The consolidated surveying points for all taxonomic
groups were provided upon completion of the baseline survey.

Quantitative: All vascular plant species were recorded on a pigtplot basis (10m x 5m) within
every quadrat (100m x 5m) of a transect. The number, estimated height {(wihe exception of
climbers) and DBH (Diameter at Breast Height) of individuals exceeding 5cm DBH was also
recorded. Any herbaceous species within a quadrat was recorded as present (buiduodis were
not counted).

Qualitative: The presence of additional species encountered along a transect, between quadrats,
were recorded separately. Any other additional species encountered elsewhere wikign
protected area were also recorded.

The Biodiversity Baseline Survey of Kala Oya basin covered both terrestrial and aquatic habitats
(i.e. water holes, mangroves, salt marshes, rivers, streams, tanks and villusye$eial habitats
were identified using land use maps of the area and were based principally on the wtegeta
types. The key design elements of this integrated, quantitative approach to sampling teriaistr
taxonomic groups (i.e. not freshwater fish) were as follows.

1. Each habitat type, as defined by the type of vegetation, was sampled by a minimum of
four replicate transects of 1km, taking into account as much of the environmental
variation (notably in geology, soil, aspect and altitude) as practicable given constraiofts
time and access to the area (note: it may be necessary to increase the numbeplafates,
depending on the size and shape of the protected area, and its range in environmental
variables).

2. Quadrats, measuring 100m x 5m, were positioned at 150m intervals along the 1km
transects (i.e. 4 quadrats per 1 km transect).

3. Each quadrat was divided into 10m x 5m plots, within which each taxonomic group was
sampled

4. Vascular plants were recorded in every plot of each quadrat; vertebrate taxonomaugs
were recorded within certain plots in either all quadrats (birds) or alternatpiadrats
(amphibians, reptiles and mammals). This sampling design provided the basis for
examining relationships between plant and animal species or assemblages.

SAMPLING METHODOLOG
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Figure 20 (a) Surveying in the forest (b) Marking the transect paths with bluape marker
line (a tagged red rope was used as the measurement)

(c) Marking the transect

The logistic units for planning and undertaking of field work were based on sampling a total of
4km of transects within a 2Gday period. The duration of field sessions was governed by the
minimum period considered necessary to effectively sample (trap) small mammals and p&rds
given location: it was considered to be four days/nights. Given that plants can be samplea at
rate of four quadrats (1 km) in a span of 2-3 days, equating to 4 km of saats per 20-day period,
sampling intensities for the faunal taxonomic groups were adjusted accordingly.

5 e ¥

Figure 21 (a) The team adding bait (Maldive fish) td the Sherman traps used to capture smmaimmals such as rodents
(b) Sherman trap inside a tree hollow, the blue colour tape indicates the pathhe transect (c) Tomahawk trap for
larger species of mammals

1. Plants: 2-4 quadrats over 4 days (i.e. 4 km for 20 days)
2. Amphibians and reptiles: 5 alternate plots within each of the two quadrates set day
(i.,e. 1 km per day). Any other additional species encountered elsewhere within the

area/habitats were also recorded, especially around water holes and other aquatic

habitats.
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3. Birds: 2 Variable Circular Plots (VCPs) at the beginning and end of each of the four
guadrats surveyed early morning and evening (i.e. 1 km per day)

4. Mammals: 11 traps for small mammals (e.g. rodents) at 10m intervals and 2 trimps
small carnivorous mammals at the beginning and end of each of the two quadrats along
the four transects set per day (i.e. 1 km per day, repeated over four dagbts).

5. Butterfly and dragonfly fauna: 2 Variable Circular Plots (VCPs) at the beginning and end
of each of the four quadrats surveyed early morning and evening (i.e. 1 km per day).

However visual encounter surveys in between plots and dragonfly and butterfly fauna associated
with waterholes and other aquatic habitats were surveyed using circular plot methodise
presence of additional species encountered along a transect, between quadrats asideoateas,
were also recorded separately. Any other additional species encountered elsewhdrim Wie
area/habitats were also recorded, especially around waterholes and other aquatic dtabior
dragonflies.

Note that the two quadrats sampled for mammals alternated with those sampled for
herpetofauna. The level of sampling intensity achieved during the Biodiversity Baseline Survey
over the 3-month period, involved a total of some 60 days in the field and on average two 10-day
trips per month.

Table 1 Additional survey methods used (as and when appropriate)

Taxonomic Group Method Description

Vascular plants Between quadrats Additional species recorded as present

Herpetofauna Visual encounters Along roadsides, footpaths and by water bodie
both at daytime and night. Number of individuals
and were search time recorded

Birds Opportunistic Species recorded along ecotones (e.g. roadsi
observations while travelling to and from the field
Mammals Road counts Direct and indirect observations were recorde

along roads/tracks travelled on foot or by vehicl
early morning, towards dusk and with flashlights

at night.
Waterhole counts Total count of individuals observed with

flashlights at night-time was recorded

Freshwater fish ~ Nets A range of fish nets and traps and snorkeling wi
used to catch fish in streams and water bodie
Number of individuals and sampling efforts wer
record.

Dragon flies and Visual encounter Water holes around the habitats

Damsel flies

SAMPLING METHODOLOGY
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Figure 1. 1 (a) Scenic Kala Wewa (b) Survey teams setting up Tomahawkathpsgafomsls (¢) Survey team
observing a possible dragonfly habitat

3.6 Habitats/Ecosystems Surveyed

The primary task of this survey was to conduct a biodiversity inventory within a stipuladearea

of the Kala Oya basin (please reféo maps in Annexure) to provide current baseline information
on biodiversity, population and distribution which was needed to define conservation efforts and
help understand the potential effects of interventions and monitor the impactof such
interventions on ecosystems and species considered to be of global importance.

Due to time constrains (as explained prior) the biodiversity survey was mainly done outside

existing protected areas (20 transects) with 4 transects being positioneside the Wilpattu
National Park. As each 1km transect included four 100m quadrats they too covered different

GAEENTECH
COMELILTANTS Page 41

SAMPLING METHODOLOGY

(¢



" Baseline Biodiversity Information on Fauna and Flora of Kala Oya Basin
Biodiversity Baseline Survey for the ESA Project
AMENDED FINAL REPORT
November 2017

habitats. The main ecosystems surveyed included the following: Dry Mixed Ever @r€erests,
Disturbed Forests, Scrub forests, Tank associated habitats; Chena associatedatalzihd Coastal
habitats. Furthermore, dragonflies were also recorded within associated tank bed pools and
streams. The photographs given below provide some examples of these ecosystems.

All 24 transect were categorized or grouped into the following areas for analysis.

A = Transects 1-4, Eile Wewa Area

B = Transects 5-6, Eluwankulama Area

C = Transects 7-8, Suduwelithalawa and Morapathana Areg

D = Transects 9-10, Weerakkodochole and Thabbowa Area

E = Transects 11-12, Horiwila Area

F = Transects 13-16, Galpaya, Hinguruwelpitiya, Ranawa
Kanda and Nambatiwe Area

G = Transects 17-20, Manawa Area

H = Transects 21-24, Wilpattu National Park

Please refer to Annex 033k for maps of the transects that were surveyed for the above areas.
The geographic coordinates of all sampling locations including a description of habitegtre
obtained (please refer to Annex P4

3.6.1 Freshwater stream habitats

A total of 14 sampling stations within the sub-basins of Kala Oya were sampled for mangroves,
and 9 sampling locations for the sampling of freshwater fish.

Limitations in Data Collection

Biodiversity is a complex concept that cannot be measured by a single indicator. Therarary
influencing factors that may limit data collection, and some of these are listed below.

SAMPLING METHODOLOGY
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Sampling was mostly dominated in the dry season due to the timing of this survey. Some species
counts will be affected due to this reason, and predictably few sampling was deae season
made a significant change to the total checklist of the herpetofauna. Some species such as
burrowing frogs Sphaerotheca breviceps & Sphaerotheca rolandae were only recorded at ke on
of rainy season. Thus, it is recommended to carry out the field sampling in the sedson as well

to have a comprehensive survey and sample of species from all taxonomic groups.

The type of survey technique utilized for each survey may have an influence on the results. A lack
of coverage of the geographic and environmental variations will also affect the distribution of
organisms found in the surveyed areas. In terms of survey techniques and theipeetive
efficiencies, the results from this survey show that opportunistic walks along forestteces,
using footpaths and wildlife trails generated the most information about species dsityr and

that for specific taxonomic groups such as herpetofauna, night time was more productihan

day time sampling of plots.

It was found that identification of conservdion aea baundaries was difficult as there were no
clear demarcations. Alsothere were access issues in some sampling locations due to a lack of
motable roads. In addition, the survey fid work was restrcted beause of lack ornone of
available wildlife officers from the relevant line institutions such as the Forest Department and
Department of Wildlife Conservation. The marine survey team found that there were no officers
from the DWLC who were conversant with marine surveying techniques or familiar with the
marine survey methods, scuba diving, snorkling etc. which was a limitation for the engagement of
relevant officers during the marine survey.

The survey team found severallégal tap guns #ong the foot pathways, whichmade an unsée
situation in sampling sites. There was also the risklng attacked by wild dephants during
sampling.

SAMPLING METHODOLOGY
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4.0 FLORA DIVERSITY ANALYSIS

7KH EDVLF PHWKRGRORJ\ XVHG ZDV LQ DFFRUGDQHM®IdZLWK 1%
ODQXDO- ":& 6HOHFWLRQ RI WKH WUDQVHFWW HBADVDQRWVY IUWIC
site identification visit to cover various habitat and micro habitat types. Some transsct

represented more than one habitat type within their four quadrats.

All the woody plants above 15cm GBH (Girth at Breast Height) (approx. 5cm DBH Diameter at
breast height,) within the 100m x 5m quadrat were measured and their height was redyreéye
estimation. All non-woody angiosperm species within each quadrat were recorded Heir t
HILVWHQFH $ FRQVLGHUDEOH QXPEHU RI fKDUG WHRUWUGHQ@WLI\
guadrat-vise since it was a time-consuming task, though they were reported as opdstic
observations to represent their existence. Less attention was given to the farRibaceae since
identification of them up to species level is impossible in the field. All other angiosperm families
both terrestrial and aquatic (fresh water) were thoroughly studied. Even though adjgehabitats

were not selected as quadrats, plants in aquatic habitats nearby the quadrats weperted as
opportunistic observations. No herbarium specimens were collected as there were no Ispecia
permits to do so.

All unidentified plants were photographed in a detailed manner and later identified using
references given and field notes. Canopy cover was measured at Om, 50m and 108attof
guadrat using a spherical crown densiometer. Field work was carried out during the mouwths
January, February and March 2017. All field data gathered were compiled electronically and
analyzed using MS Excel.

Nomenclature & classification used in this document is based on The Plant 132013 ver. 1.1.
Note that there are some variations from the Red Data List 2012. Conservation status is
completely in accordance with the Red Data List 2012.

The surveyed area of the Kala Oya basin lies completely within the dry zone of the country.
Though the area surveyed belongs to a single climatic zone, floristic species and their compositio
gradually changes along the river basin even within the same habitat type. Forests were taller and
denser upstream of the basin. fotal of 96 quadrats distributed among six major habitat types
were sampled.

4.2.1 Dry Mixed Evergreen Forests

This was the most frequently encountered habitat type during this survey, foundartotal of 41
gquadrats in varying locations (42.7% of the total). The canopy cover, ranging between 50-90%,
had an average of 73.34% for this type of habitat. The average canopy height varied batvi€en

to 15m while some emergent trees appeared sporadically. Canopy cover as well as the canop
height gradually increased towards upstream areas of the main river catchment. Undewss
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and ground vegetation was usually less with ground cover almost consisting of onliyligar in
some quadrats (17C, 17D). Occasionally woody lianas were found which reachedthp tanopy.

25 SN 5 . T e SR S LR e
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Figure 22 Dry mixed evergreen forest habitat at Eluwankulama cluster

Canopy of the upstream quadrats consisted mainly Dfypetes sepiari@Veera), while in lower
reaches it was dominated bMischodon zeylanicy§ammenna) Lepisanthes senegalensimowed a
gradual increment in density towards the upstream are®iospyros ebenur(Ceylon Ebony)
Diospyros ovalifoliaPsydrax dicoccpsChloroxylon swieteniéCeylon satinwood) Pleiospermium
alatum, Pleurostylia oppositaDiplodiscus verrucosusGrewia helicterifoliaand Pterospermum
suberifoliumwere also found as canopy tre&Sommiphora caudatgill mango) and tall Euphorbia
antiguorum(Antique spurge) trees were present in the canopy when the habitat reached tosvard
hill tops.

In the riparian habitats, the canopy was dominated byferminalia arjuna (Arjun tree/ Kumbuk)
together with some riparian species such Bsospyros malabaricéMalabar ebony) Manilkara
hexandra (Palu) and Stereospermum tetragonupviellow snake tree) were usually found as
emergent treesMallotus eriocarpusMallotus philippensis(Kamala tree) Suregada lanceolata
Premna tomentos&libiscus platanifolus (Maple leaved mallow)Memecylon capitellatun©chna
lanceolatalxora pavettaand Psydrax dicoccoepresented the sub canopy laye€issus latifolia
Ziziphus oenoplia(Jackal jujube), Derris parviflora and Hugonia serratawere the main liana
species found in this habitat.

Under-shrubs were dominated bglycosmis mauritianand Stenosiphonium cordifoliurtogether
with sporadic appearances o€lausena indica Murraya koenigii (Curry tree) and Murraya

paniculata Ground vegetation was not abundant and was represented by herbs such as

Andrographis alata Crossandra infundibuliformis(Firecracker flower) Ecbolium ligustrinum
Elytraria marginata Eranthemum capenselepidagathis fasciculata Psilotrichum elliottij
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Commelina undulatalLong-leaved dayflower) Pseudarthria viscidaGlinus lotoides Habenaria
plantagineaMalaxis versicolgrOldenlandia ovatifoliand Oldenlandia biflora

Figure 23 Panicuminvaded habitat and dry mixed evergreen forest habitat at Manewa kanda cluster
4.2.2 Disturbed forests

Only 8 quadrates of disturbed forests were sampled during the survey. Clear distinctidwesn
this forest type and the previous type was quite hard to be determined since alnadisforests
were disturbed to at least a small degree. These quadrats were considerestasbdd forests
considering the overall appearance of the habitat. The canopy cover of this habitat,cliianged

from 40% to 75%, averaged at 65.60 %. The average height of the canopy ranged between 5m to

10m with some emergent trees dfanilkara hexandra Some trees were covered with non-woody
lianas. Lower vegetation was denser than in the previous habitat type and no distinct
stratification were found. Ground layer was more exposed to sunlight and somneas were
covered with grasses and small sun-loving herbs.
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There were no dominant species in the canopy which consisted of a mixture of species such a
Cordia monoica, Cordia dichotoniimdian cherry), Trema orientalis(Pigeon wood) Bauhinia
racemosa, Premna tomentosa, Azadirachta indieem tree) Drypetes sepiaria, Mitragyna
parvifolia and Mischodon zeylanicus

In the median vegetation, Diospyros &ra (Narrow-leaved ebony) Croton aromaticus, Grewia
helicterifolia, Tarenna asiatica, Trema orientalis, Phoenix pusilfaeylon date palm) Senna
auriculata (Ranawara) and Benkara malabaricawere found. [pomoea marginata, Merremia
umbellata (Yellow merremia) Coccinia grandis(lvy gourd), Mikania cordata (Heartleaf
hempvine) Ichnocarpus frutescens (Black creeper) Asparagus racemosus (Wild
asparagus/Hathawariya) were some liana species found in this habitat.

4.2.3 Scrub forests

Figure 25 Scrub Forest Habitat at Eilie cluster

18 quadrates surveyed belonged to this habitat type. Most of these habitats wegemerating
ecosystems which were heavily disturbed by anthropogenic activities. Few other scrub fores
guadrats appeared to be natural and were found in and around rocky outcropsiese outcrops
were not much elevated above the existing ground level (i.e. not outcrops in hill tops). The soil
layer was very thin in these quadrats.

IVERSITY ANALYSIS

A special microhabitat was found in quadrats 6A, 6B, 6C and 6D - a sand dune situated a N
considerable distance from the sea. Some unique plant species were found in this location.,
Generally, the canopy level of this main habitat varied between 4m to 8m, but there were some
trees reaching up to 12nmsm, which play a key role in regenerating eco-systems. In natural scrub -
forests, the canopy level was low and scrubs appeared sparsely than in regeneratinysteoas. TR
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The canopy cover of this habitat type which varied between 10% to 60%, averaged at 32.9%
Most of the plants found in this habitat were thorny shrubs which were entgled in each other
and overlaid by various species of lianas. Scrubs covered the entire strata from its tofheo
ground level by their branches. In the remaining ground, various species of herbs and grasses we
found.

Dominant and the taller trees species in this habitat includeBauhinia racemosa, Manilkara
hexandra, Diplodiscus verrucosus, Grewia daif8advia-leaved crossberrySapindus emarginatus,
Azadirachta indicaand Syzygium cumin{Java plum).

Scrub species and lower trees found in this vegetation witerinda coreia(Indian mulberry),
Ziziphus oenoplia(Jackal jujube) Catunaregam spinoséMountain Pomegranate) Gmelina
asiatica, Ehretia laevis, Chromolaena odo(&am weed)Carissa spinarun{Conkerberry) Ochna
lanceolata, Flueggea leucopyrus, Cordia curassé®iaek sage) Ehretia microphyllaFukien tea
tree), Croton tiglium (Purging Croton) Dichrostachys cineregSicklebush) andStreblus asper
Asystasia gangetica(Creeping foxglove), Barleria prionitis (Porcupine flower) Blepharis
maderaspatensis, Dipteracanthus prostratus, Dyschoriste litoralis, ialuptisccumbens(Water
willow), Achyranthes aspef&haff-flower) Aerva lanata(Mountain knotgrass) Acmella paniculata
(Panicled spot flower) Ageratum conyzoidé&oatweed) Cyanthillium cinereunLittle ironweed),

Ocimum americanunfHoary basil) were some of the various herbaceous species found in this

habitat.
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4.2.4 Tank associated habitats

Figure 27 Tank associate habitat (downstream) at Manewa kanda cluster

Since ancient times, the northern dry zone was used as a cultivation ground where people ma
reservoirs to regulate the water availability throughout the year across differemteather
conditions. Some of these tanks still remain and new tanks have &lksn built in the recent past.
Hence, tank associated habitats were present in a considerable extenhefland in the dry zone
and can be recognized as a unigue habitat type. This habitat can be divided in to three
microhabitats namely tank upstream, water retaining section and tank downstream. Otlhe
tank upstream and tank downstream sections were selected as quadratdssrsurvey. Wet and
boggy soil was a common feature for both these microhabitats. In the tank upstreamitzsb, the
location of the boggy section varied to a considerable extent within the year according to the
water level of the reservoir, but in downstream habitats it varied to a very littlextent. Usually

the tank upstream habitats were less disturbed by anthropogenic activities than the tank
downstream habitats. Due to these reasons there were a few differencpkiim species and their
composition between these two microhabitats. Calculations were done by only considering the
main habitat type.

Figure 28 Tank associate habitat (upstream) at Ranawakanda cluster
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Altogether 16 quadrats were surveyed and it was found that the average canopy covehisf
habitat was 40.1%. It varied between 10% and 80% with lesser values being found in tank
downstream sections. Canopy height varied between 5m to 15m depending on the quadrat.

Dominant as well as the tallest tree species in this habitat wéFerminalia arjuna (Kumbuk).

Mitragyna parvifolia, Margaritaria indica, Barringtonia acutangulgFreshwater mangrove)
Syzygium cumini(Java plum), Diospyros malabaricdMalabar ebony) andVitex leucoxylon
(Whitewood chaste tree) were the other distinct tree species founthia habitat.

Water associated herbs whose abundance varied within the year were dominant in this &abit
These plants that bear flowers during the first three months of the year, whialtas after the

north-east monsoon, were the most common. These herbs included many Cyperaceae species,

Hygrophila auriculata Hygrophila ringens Justicia procumbensAlternanthera sessiligSessile
joyweed) Crinum viviparum (Spider lily), Blumea obligua Ammannia baccifera(Monarch
redstem) Eclipta prostrata(False daisy),Epaltes divaricataNeptunia oleracedWater mimosa)
Hydrolea zeylanicaGrangea maderaspatarifladras Carpet) andSphaeranthus africanugEast
Indian Globe Thistle)

Some of the distinct vine species wel@xystelma esculenturPentatropis capensidpomoea
marginata Ipomoea aquatic€Swamp morning-glory) andPentapetes phoenica

Aquatic and partially aquatic plants found in adjacent areas includelajas minor (Brittle

waternymph), Ottelia alismoidegWaterplaintain Ottelia), Nymphoides hydrophy|laNymphaea
nouchali (Blue lotus) Limnophila indica (Indian marshweed) andopatrium junceum(Rushlike
Dopatrium).

4.2.5 Coastal Habitats

Only 4 quadrats of coastal habitats were surveyed. Two of them were saltwater marahesthe
other two were a mixture of saltwater marsh and mangrove. In the two saltwatararshes,
canopy cover was zero as they had no tree species. Although the number of speciesifothisl
habitat was very low, plants unique to this habitat were found

The habitat consisted ofSuaeda maritima(Seepweed)Suaeda monoicaNajas maring Aerva
javanica (Desert cotton), Pouzolzia zeylanicaand Sauropus bacciformisMangroves were
dominated by Avicennia marina (Grey mangrove) together withLumnitzera racemoséBlack
mangrove) Excoecaria agallochend Rhizophora mucronat@ged mangrove). Canopy cover of the
dense mangrove was 74.1%. Marginal vegetation consisteVakameria inermis(Glory bower)
Premna serratifolia Thespesia populne@ortia tree), Grewia tenax(White crossberry) Azima
tetracanthgNeedle bush) an&alvadora persic@ustard tree)
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4.2.6 Chena and associated habitats

Figure 29 Chena associate habitat at Manewa kanda cluster

This was a highly disturbed habitat, which was cleared for Chena cultivation. Chenaais
cultivation practice that entails the clearing of the forest and cultivatation foB-4 seasons
followed by abandoing it to allow for regeneration of the forest. Only one season per year is
available for these farms since its water requirement depends directly on the Northeamssoonal
rains. After the harvesting, which takes place between Februd@harch, the remaining crops are
left idle and serve as a good food source for some wild animals such as elephantsdakigah
Chena and its marginal vegetation were assessed in this survey in 9 quadiasking Chena was
not selected within the quadrats.

Canopy cover of this habitat which varied from 5% to 40% averaged at 26.9%. There weave n
distinct canopy trees except remnants of the destroyed forest, which were useshading trees

during cultivation.

Bauhinia racemosaGrewia helicterifolia Azadirachta indica(Neem tree) Grewia damineand

Sapindus emarginatugzere the dominant pioneer tree species in these regenerating habitats. Most

sun-loving herbs and shrubs described prior in other habitats types were also auailab this
habitat.

Eili Cluster

Eili cluster consisted of transect no. 1 to 4, which are the transects that héwe lowest elevation,
studied in the survey. This cluster is situated near the sea outfall of Kala Oya, andtains the
only coastal habitats that were surveyed. Transect 4 consisted of upper meacof mangrove
forests, salt water marshes and their ecotones with scrublands and ferd@he main component of
the mangrove forest is thé\vicennia maring which is the mangrove species that typically grows
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in the seasonally inundated, flat terrain mangroves at higher elevations during tHeoéling
season. In the pockets of depressiohsmnitzera racemosand Rhizophora mucronataere found.
Although the species diversity is low in these mangroves and salt water marshes, speaied in
this habitat is unigue to the micro habitat. Tank associate habitat at transect 2 amost merged
with the nearby salt marsh, hence the plants of this habitat was a mixtureldgh ground species
as well as low ground species that tolerate salty conditions in the soil. Dry mixed eveey forest
habitat of this cluster has the sparsest vegetation as well as the lowestopy level out of the
studied transects.

Eluwankulama Cluster

Transect 5 of this cluster mainly consisted of man-made environment, whishstill regularly

maintained for irrigation and cultivation purposes. Although this habitat is good for aquatic and

water associated fauna, the plant diversity is quite low. The specialty of thikster is the

presence of many water-associated herbaceous species, which were not considered for cakulatio

The major finding of this cluster is a growth oHibiscus panduriformis a plant that was
FRQVLGHUHG DV D TSRVVLEO\ H[WLQ®EHR A détSildd-debt¥iptio@oMhisH UHG C
ILQGLQJ LV GLVFXVVHG KHUH XQGH LD fs\VihE ority aktaHiaH@rviveSHFLH V -
without anthropogenic activities. It contained some economically valued trees suchDé@spyros
ebenumTransect 6 is a unigue micro habitat, which consisted of a sand dune as in sonas affe

Wilpattu National Park. This area had a stunt vegetation and its canopy is not much higher than

3 meters.Diospyros verds the dominant tree species in this special habitat. This is a small area

DQG KLJKO\ GLVWXUEHG E\ VDQG PLQLQJ DQ®WOMDWLBH WKH IR

Morapathana Cluster

This cluster consists of a dense forest that was dominated Mischodon zeylanicuDrypetes
sepiaria Pleurostylia oppositaDimorphocalyx glabelluand Diospyros ebenunndershrub also
densely coveredstenosiphonium cordifoliumwhich was in mass flowering during the surveyed
period. The rare, endemic under shruBbutilon subumbellatunwas a special finding of this
cluster. One of the mysterious genus of ground orchids was found in quadrat 8deunense
shade ofStenosiphoniunshrubs on a sandy soil. It was Blervilia species, and a poorly known
genus of the country, due to its cryptic nature. This genus is growing by a tuber, whindar
flowers only for few days at the onset of the monsoon rains. Only after the floweringaraduces
one or two leaves for few months and then again hides under the ground only with the living
tuber. In this survey, we could find some plants with leaves. In the present Sainkan check list,
there is only one species under this genus, but we have found quite a few species Wéreni
types of leaves. It was observed that lot of illegal tree felling in this clustehel'main threat was
observed forDiospyros ebenurand Manilkara hexandra In some situations, big trees were cut
down for a small portion of timber. Not only the tree felling, but also sizing of thienber was also
done at the location. Tractor road were made by clearing the undergrowth f@msportation.

Weerakkodichole Cluster

This habitat cluster consisted of various types of forests, mainly irfienred by human activities.
Some ongoing chena cultivations, recently abandoned chena cultivations, scrublands and forests
which are re-generated after abandoning chena cultivations are present in thister. The chena
associated habitat mostly consisted of pioneer vegetation of dry zone and some remndnts o
partially burnt tree species. Scrubland habitats of this area are much thicker than theurally
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occurring scrublands and show a gradual transition in to secondary forest habitatds levident
that this area is a re-generating forest due to less number of tree®rded in this cluster, and now
it is at an intermediate level of disturbance due to its comparatively high speciesedsity than
the prime habitats in the KOB.

Horiwila cluster

This cluster consisted of both prime habitats as well as disturbed habitaBrime habitats
consisted of a dense canopy cover with a thick under growth of Rutaceae spesatsding
Atalantia monophylla Clausena indica Glycosmis mauritianaMurraya koenigii and Murraya
paniculata The canopy of this habitat consisted of another Rutaceae spe€ibforoxylon swietania
together with Grewia helicterifolieand Sapindus emerginatusthe only tank associated habitat
predominantly consisted ofVitex leucoxylonwhich has an exceptional number of trees and a
vastly extended singleFicus microcarparee with many still roots. Diversity in this quadrat is
very low due to this reason. Conditions of the secondary habitats withingtuluster were the same
as described in the Weerakkodichole cluster.

Ranawa kanda Cluster

Transect 13 & 16 of this cluster consisted of prime forest, which were in two smid. lipuadrats
of these clusters were laid to cover the level gradient of this terrain. These wereh taller forests
compared to forests in Eilie clusteDrypetes sepiariwhich was found in both these clusters were
much taller and had a more DBH compared to trees at Eili clustéepidagathis senegalensias a
dominant tree, which was a rare species in the downstream transects of the KOB. Ulader is
not much thick in this forest, which has a much visibility than the prime habitats in Howila
cluster. Ground layer had some orchid species and some prime herbaceous species, whiclsrequire
dense shade and wetness. Towards the top of the hills, some trees speciefowatavhich were
not found in lower levels. leCommiphora caudatand Euphorbia antiguorumSurrounding area of
this habitat is highly disturbed by rock blasting for floor tiles. Two other transestwere secondary
habitats which was mainly due to chena cultivation and tree felling.

Manewa kanda Cluster

Features of transect 17 & 20 are almost like the features of prime habitats in the Rankarada
cluster except the ground dwelling herbaceous species. Adjacent area of the clustsisted with n
some rock pools and their associating vegetation. That includes some rock dwelling herbaceousn
species such aBlectranthus barbatu®rthosiphon thymifloruand trees such abkicus mollis But

the quadrat 20 D, which is in a flat terrain is almost infested by the invasive tall gragsecies
Panicum maximum This representative habitat is extended in to a considerable extent along the
base of the hill. Remnants of this area indicates that it was burnt recently. Onigry few trees as
well as herbaceous species were found in this quadrat due to the thickne®amicum growth.
The forested area is an archaeological site, which has a protection status. Tcari& & 19 are
secondary habitats which were situated around Manewa Wewa. Tank upstream sectiomsisted

of trees such a3erminalia arjuna and Vitex leucoxylorand many Cyperaceae species. Disturbed
forest quadrat was a small strip between two tanks which consisted of somestim®/ered by
many lianas and vines.
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Wilpattu Cluster

Most of the surveyed clusters of this habitat were thick forests andgluluster is ranked as the
first in highest number of trees, which exceed 1000 in number. This habitat is domedaby the
typical dry zone forest speciedrypetes sepiaritogether with Mischodon zeylanicu€anopy cover
is mostly in between 80% to 90%. Sub canopy is mainly consistedadspyros ovalifoliaUnder
OD\HU LV PRGHUDWHO\ WKLFN ZKLFK GRHVQ-W DOORZQUHHO\ F
this cluster have evolved due to the physical conditions of the environment, irrespective ahan
involvement. This habitat was found adjacent to rock outcrops, which have a thin stayer
mainly in sand. Shrub species that were evolved to harsh conditions were fourtbignarea. Also,

it had many herbaceous species which lives only for few wet months of the year ginds a
pleasant sight in their flowering. This include®latostoma menthoideShamaecrista mimosoiges
Evolvulus alsinoideand Hybanthus enneaspermudich has white, yellow, blue and rose colored
flowers respectively. The orchid speci¥anda spathulatds a unique species for this micro habitat
in Wilpattu National Park.

A total of 609 species belonging to 107 families were recorded during this survey (Pleasdaefe
5HSRUW RQ 1'DWDEDVH IRU +D E LVdlDspécieRtQet WeResur@eyed ldRringD O LV W
this BBS). The highest number of species were reported from the family Fabaedsk Malvacea

and Acanthaceae were the second and third highest. 42 families were represented byopaly

species and another 16 families were represented by only two species. The tégmilltes have

been given below.

Table 2 Number of angiosperm species represented by each family in KalaBagn

1 Fabaceae 82

2 Malvaceae 41

3 Acanthaceae 29

4 Asteraceae 27

5 Euphorbiaceae 26

6 Rubiaceae 26 2

7 Cyperaceae 24 2

8 Lamiaceae 20 :EI

9 Amaranthaceae 17 p

10 Convolvulaceae 17 <

11 Phyllanthaceae 16 t

12 Apocynaceae 14 0

13 Rutaceae 14 o

14 Boraginaceae 11 L;J

15 Commelinaceae 11 -
<

511 species of the total reported plants (83.91%) are native to Sri Lanka while a fur@@species o

(4.27%) are endemic. 72 species (11.82%) are exotic species where most of them have naiuralizeg
LL
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in Sri Lankan eco-systems. Very few species of these exotics were cultivgpedies, which were
recorded only when they were present in a considerable extent of the surveyedirats.

$PRQJ WKH LQGLJHQRXV SODQWYV VSHFLHVY UHSRUWHG LQ .2%
by Red Data List - 2012. A summary of the conservation statuses of the speciesrded can be
found in Table 3 below.

Table 3 Number of angiosperm species belonging to each conservation category

CR(PE)! 1
CR> 3
EN 3 15
VU 4 42
NT 5 63
LCs 403
NE 7 75
DD 8 7

1ICR(PE) 2 Critically Endangered (Possibly Extinct);2CR 2 Critically Endangered;3EN 2
Endangered;4VU 2 Vulnerable; SNT 2 Near threatened;sLC 2 Least Concerned/NE 2 Not
Evaluated; 8DD 2 Data Deficient

Species belonging to CR(PE), CR, EN and DD categories have been given below.

Table 4 : Threatened and data deficient angiospespecies surveyed in KOB

Family Species Common Name Distribution Conservation
Status Status
Malvaceae Hibiscus Native CR(PE)
panduriformis
Burm.f.
Amaranthaceae  Aerva javanica a")roou o, Native CR
(Brum. f.) Juss. ex ua
Schult.
Fabaceae Macrotyloma axillare Native CR
(E. Meyer) Verdc. n
Phyllanthaceae Sauropus Native CR n
quadrangularis Z
(Willd.) Mull.Arg. <
Acanthaceae Hygrophila polysperms Native EN z
(Roxb.) T.Anderson <
Acanthaceae Monothecium Native EN >
aristatum =
(Nees) T. Anderson n
Amaranthaceae = Achyranthes diandra Endemic EN o
Roxb. “>"
Cyperaceae Cyperus cephalotes Native EN -
Vahl e
Cyperaceae Cyperus clarkei Native EN <
T. Cooke o
Dioscoreaceae Dioscorea trimenii o'y 1 Endemic EN 8
Prain & Bukill L
GL:H'.I."\HLLZII . v
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Species Common Name Distribution Conservation
Status Status

Ebenaceae Diospyros ebenum a¢ Native EN
J.Koenig ex Retz.

Euphorbiaceae Croton caudatus "4 C u¥y Native EN
Geiseler

Fabaceae Ormocarpum sennoide -u T,V Native EN
(Willd.) Brenan & J.
Leonard

Fabaceae Teramnus mollis oA T« Native EN
Benth.

Fabaceae Vigna aconitifolia y)™o Native EN
(Jacq.) Marechal

Malvaceae Abutilon Endemic EN
subumbellatum
Philcox

Rubiaceae Diyaminauclea ayj Endemic EN
zeylanica
(Hook.f.) Ridsdale

Rubiaceae Oldenlandia ovatifolia Native EN
(Cav.) DC.

Vitaceae Cissus adnata Native EN
Roxb.

Fabaceae Alysicarpus Native DD
bupleurifolius
(L) DC.

Fabaceae Alysicarpus monilifer Native DD
(L) DC.

Fabaceae Alysicarpus scariosus Native DD
(Spreng.) Thwaites

Fabaceae Crotalaria junced.. fi Native DD

Hydrocharitaceae Najas marinal. Native DD

Menispermaceae Tinospora sinensis Y's, " '@, ‘g Native DD
(Lour.) Merr.

Solanaceae Physalis minimaL. My 88 %Iy a§, Native DD

+ y a8 0
Hibiscus panduriformis 2 This shrub species has been found only in very few locations in Sri 2

Lanka and its last record was in 1932. It has been reported in Thunkama in Atakaléorale, —
$OXUDGKDSXUD DQG QHDU *LDQW-V WDQN LQ 0OXUXQNDQ ')§ULQ\
were found in a single quadrat (quadrat 5A) on 27th January 2017. The site wanualdy area <

situated between a canal embankment and paddy fields, which received lot of sunlifhese P
plants were in bloom in the morning and some of them had capsules. In the evening, flowers had ™
faded. A subsequent visit to the site on 10th February 2017 revealed that all thegants were n

destroyed due to land preparation for paddy cultivation for the upcoming season. However, a |
nearby location was found to have this species distributed abundantly. This location was silate =
in the flood plain of Kala Oya (8.2896 N, 79.8850 E), near the Eluwankulama causeway. This was O
also a seasonal muddy place with direct exposure to sunlight. As this specieata®und in the
nearby shady forest habitats, it could be a highly microhabitat-specific species.
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Aerva javanica 2 This plant was reported in the quadrats 1A, 1B, 1D, 2D, 3D, and 4B. This
herbaceous species is very much similar in appearance to the much commoner Aserata and
both species grow together. Hence the abundance of this herb in these quadrats is haadsts
without a thorough study.

Macrotyloma axillare? This vine was recorded only in quadrat 6A. Only a single plant was
observed with pods and flower buds.

Sauropus guadrangularid This herb was observed only twice in quadrats 9A and 10A. The total
number of plants was not exceeding 10. They were growing under shades ofanekeshrubs.

Hygrophila polysperm& This species was not found within a quadrat, but found at a drieg-
tank bed near transect 16. Few plants were growing together with other common tank bed species
such agColdenia procumbeasd Glinus oppositifolius

Monothecium aristatun? This herb was not found within a quadrat. Instead it was found in
ground vegetation of a riparian habitat at the boundary of the Sewa Lanka institute at 8.22R,
80.1005 E. It was quite an abundant species at the location.

Achyranthes diandr& This herbaceous species was reported only in quadrat 13D, in the shady
ground layer of a dry mixed evergreen forest. About 10 plants were observed.

Cyperus cephalotéshis species was found in two tanks outside the quadrats. The locations were
a tank near transect 16 and Manewa wewa near transect 19. This plant had made dense mats o
thin water layers at tank edges. It was quite an abundant species in this margiregetation.

- ™ ; .> -

Figure 30[Left] Cyperus cephalotgRight] Cyperus clarkei
Cyperus clarkei? This herbaceous species was reported in quadrat 7B. About 10 plants were
recorded at a seasonal stream edge within a dry mixed evergreen forest. They gveveng in
sandy soil that had collected due to water flow.

Dioscorea trimenii? This was reported in quadrat 21D, within the Wilpattu National Park. Only
one vine was observed.

GHEENTECH
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Figure 31[Left] Dioscorea trimenji[Right] Diospyros ebenum

Diospyros ebenurhThis hardwood tree was reported in quadrats 5D, 6B, 6D, 7A, 7C, 10A, 10B,
10D, 13A, 13C, 14A, 15C, 16A, 16D, 17B, 17D, 20B, 21B, 21C, 21D, 22A, 23A, 23B, 23C, 24B and
24D. A total of 50 trees were counted during the survey. Most of these thes$ grown as canopy
trees.

Croton caudatug This large shrubby plant was recorded in quadrats 21C, 11B,9B, 5A and 5B. It
was maostly found near aquatic habitats and flood plains.

Figure 32[Left] Croton caudatygRight] Ormocarpum sennoides

Ormocarpum sennoidésThis was found in quadrats 5D, 8D, 10C and 13D. It was an undershrub
in dry mixed evergreen forests. About 30 plants were found during the ensivevey.

Teramnus mollis2 This vine was reported in quadrat 11D and at a tank embankment near
transect 6. In the latter location, it was found growing together with the muchommoner
Teramnus labialis. Only about 5 vines were recorded.

Vigna aconitifolia 2 This ground dwelling vine was recorded at the edge of a gravel road near
transect 8. Only one cluster was observed.

Abutilon subumbellatun? This lax shrub species was found in quadrats 8C, 8D and 16D. This
species was always found growing under the dense shade of dry mixed evergreen.fotssis 10
plants were observed during the survey.
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Diyaminauclea zeylanic& This small tree was recorded in quadrats 7C, 7D and at a place nearby
to transect 6. The tree at the latter location was in bloom and carried a lot of flowersking it a
pleasant sight. About 5 trees were found in all these locations.

Oldenlandia ovatifolia? This was reported in quadrats 3C, 8A, 8B, 8C, 8D and 13D. This
herbaceous plant was present in good numbers in the shady ground layer within these gtsadra

Cissus adnata This species was reported in quadrats 10D, 11C and 12D. It was a liana that/gre
up to the canopy of the forest.

Figure 33 [Left to Right] Macrotyloma axillare, Monothecium aristatum, Sauropus quadranguldgsa aconitifolia

Table 5 Endemic angiosperm species found in Kala Oya Basin

Family Species Common Name Conservati
on Status

Acanthaceae Dicliptera neesii NT
(Trimen) L.H. Cramer

Acanthaceae Rhinacanthus flavovirens 1 =i VU
Amaras. & Wijes.

Acanthaceae Rhinacanthus LC
polonnaruwensis
L.H. Cramer

Achariaceae Hydnocarpus venenata ¥Y)e  ¥) LY)T L Y'¥Y LC
Gaertn.

Amaranthaceae Achyranthes diandra EN
Roxb.

Annonaceae Uvaria sphenocarpa LC
Hook. f. & Thomson

Asteraceae Vernonia zeylanicungL.) M O ¥y,FF, °~ FF LC
Less.

Celastraceae Cassine balae + ¢ LC
Kosterm.

Commelinaceae Murdannia spirata(L.) LC
G.Bruckn.

Dioscoreaceae Dioscorea trimenii 8y 1 EN
Prain & Bukill

Euphorbiaceae Mallotus eriocarpus X¢ ul6, "~ acC u¥y LC
(Thwaites) Mull. Arg.

Fabaceae Derris parviflora a S, -uoa ) LC

GREENTECH
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Species Common Name Conservati
on Status

Benth.

Fabaceae Painteria nitida ayy VU
(Vahl) Kosterm.

Lamiaceae Premna procumbens Sa LC
Moon

Loganiaceae Strychnos benthami NT
C.B. Clarke

Loranthaceae Dendrophthoe ligulatus VU
(Thwaites) Tiegh.

Malvaceae Abutilon subumbellatum EN
Philcox

Malvaceae Diplodiscus verrucosus G6& + ,0&D B LC
(Thwaites) Kosterm.

Malvaceae Triumfetta glabra VU
Spreng.

Melastomataceae Memecylon capitellatuin 6@ , 6ia S a % LC

a ,06"a ,1+ ,a yh

Oleaceae Chionanthus albidiflorus Pu~ a a 6&ai a2 VU
Thwaites

Putranjiavaceae Drypetes gardneri a~ * , bi VARG NT
(Thwaites) Pax & Hoffm.

Rubiaceae Diyaminauclea zeylanica ayj EN
(Hook.f.) Ridsdale

Rubiaceae Pavetta gleniei a~ p~ ,U0 o6 =+ NT
Thwaites ex Hook.f.

Rutaceae Micromelum minutum a Dlee LC
Wight & Arn.

Rutaceae Murraya glenieii NT

A total of 4,139 plants were measured in 4.8 hectares (96 100mx5m quadrats) during thisysurve
All species diversity calculations were done using these measured trees. A spmafathe

Thwaites ex Oliv.

diversity calculations has been given in the following table (Tablg 6

Figure 34 [Left to Right] Abutilon subumbellatum, Achyranthes diandra, Aerva javanica, Hibiscus pématois
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Table 6 Angiosperm diversity indices for different habitats

Habitat type

g o 9 0
S} e s =
= © 3 = < 3
(@)  c c O c
No. of quadrats 96 41 8 18 16 4 9
Species Richness [s 609 388 227 340 349 42 246
(including non-
woody species)
Species Richness [s 149 116 62 74 53 5 47
(only woody
species)
Shannon Entropy 5.75 5.26 4.96 5.07 4.24 1.65 4.65
[exp(H)]

Simpson's Index of  0.96 0.94 0.94 0.95 0.90 0.64 0.94
Diversity [1-D]

Simpson's 26.82 17.47 18.11 19.71 10.49 2.75 15.61
Reciprocal Index

[1/D]

Chao 2 Estimator 151.97 120.00 66.84 81.67 58.06 14.00 51.98
[S2]

D.M.E. Forest 2 Dry mixed evergreen forest; D. Forest Disturbed forest; T.a. habitats2 Tank
associated habitats; C.a. habitatd Chena & associated habitats

Table 7 Stem density, Species richness & Shannon Entropy for transect clusters

Eluwan Mora | Weerakko REN V]

Eili  kulama pathana dichole | Horiwila Kanda ManawaKanda Wilpattu

Total number

of woody

plants 385 187 469 251 307 840 636 1046
Stem Density | 0.048 0.046 0.117 0.063 0.077 0.105 0.079 0.131
Species

Richness 51 41 39 52 47 68 78 65
Shannon

Entropy 4577 4.326 4.094 5.001 4.636 4,525 5.133 4.183

The most abundant woody plant species within the surveyed area \Ragpetes sepiarié86.8% of
these plants were reported in dry mixed evergreen forest habitats while 10.6% was regart
scrub forests. Interestingly, only 5 plants were reported in disturb&atests. The top 20 abundant
species have been given below in Table 8.

Table 8Most abundant woody plant species within Kala Oya Basin

Rank Family Species No. of trees
1 Putranjiavaceae Drypetes sepiaria 537
2 Picrodendraceae Mischodon zeylanicus 382
3 Euphorbiaceae Mallotus eriocarpus 152
4 Ebenaceae Diospyros ovalifolia 138
5 Combretaceae Terminalia arjuna 137
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Rank Family Species No. of trees
6 Rubiaceae Psydrax dicoccos 118
7 Fabaceae Bauhinia racemosa 113
8 Rubiaceae Mitragyna parvifolia 98
9 Lamiaceae Vitex leucoxylon 91
10 Malvaceae Grewia helicterifolia 90
11 Malvaceae Grewia damine 89
12 Meliaceae Azadirachta indica 83
13 Fabaceae Dichrostachys cinerea 78
14 Sapindaceae Lepisanthes senegalensis 77
15 Euphorbiaceae Mallotus philippensis 65
16 Sapotaceae Manilkara hexandra 65
17 Rutaceae Limonia acidissima 63
18 Ebenaceae Diospyros vera 59
19 Malvaceae Diplodiscus verrucosus 59
20 Euphorbiaceae Excoecaria agallocha 55
Table 9 Most abundant woody plant species within each habitat

Habitat type Most abundant species No. of trees
DME forest Drypetes sepiaria 466
Disturbed forest Grewia damine 61
Scrub forest Mischodon zeylanicus 83
Tank associated habitats Terminalia arjuna 82
Coastal habitats Avicennia marina 25
Chena & associated habitats Bauhinia racemosa 32

The following is the ranking of transects for the most number of species recorded during the
survey Error! Reference source not foundThis includes both woody and non-woody species.

Table 10 Number of Angiosperm species in transects

Rank Transect number Cluster Number of species
1 5 Eluwankulama 174
2 14 Ranawa Kanda 168
3 2 Eilie 167
4 18 Manewakanda 165
5 10 Weerakkodichole 156
6 11 Horiwila 152
7 21 Wilpattu 150
8 9 Weerakkodichole 147
9 15 Ranawa Kanda 143
10 22 Wilpattu 135
11 6 Eluwankulama 134
12 8 Morapathana 134
13 12 Horiwila 127
14 17 Manewakanda 123
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Transect number Cluster Number of species
15 1 Eili 122
16 7 Morapathana 117
17 19 Manewakanda 113
18 3 Eili 110
19 20 Manewakanda 104
20 16 Ranawakanda 100
21 24 Wilpattu 90
22 13 Ranawakanda 81
23 23 Wilpattu 64
24 4 Eili 41
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5.0 HERPETOFAUNA DIVERSITY ANALYSIS

5.1 Introduction

Sri Lanka is particularly rich with
herpetofauna, with 38 of the 56 species ¢
DPSKLELDQV EHLQJ HQGE
amphibians are important for both their
species richness and their representation
ancient lineages.

Figure 35 Oligodon arnensis, Commor
Name: The common kukri snake or bande:
kukri

Herpetofauna constitutea significant biomass, often exceeding that of all other vertebrates. They
form important linkages in the ecosystem by providing dispersal mechanismspiants, form an
important link in the tropic structure through predation, form a potential prey-base themselves,
contribute to environmental heterogeneity, have keystone functions in maintaining ecosyst
structure and forests, and also form important symbiotic associations withamay of organisms.

Sri Lanka ranks as a great herpetological paradise in the world. It is blesaéti not only high
amphibian and reptile diversity and endemism, but also relatively high densities of individuals
interested in herpetology and publications, especially when compared with other countiies
South Asia. Sri Lanka supports a high species richness and endemicity in herpertofauna, Mith

described species of amphibians and 211 described species of reptiles. Among them thé&& are

amphibians and 125 reptiles species are endemic.

Figure 36 [Left]: Lissemys ceylonensis, Common Name: Sri Lankan flapshell turtleigRt]: Melanochelys trijuga
Common Name: The Indian black turtle

At present large scale conversion of forest areas for agriculture, plantatand settlements has
put great stress on the remaining tropical forests of the country. Changing land use paste
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habitat fragmentation and habitat destruction have caused severe threats to @mphibian and
reptiles. Also, a combination of other factors including use of organoclorine pesticided a
herbicides may have caused declining populations of once abundant herpetofauna of Sri Lanka.

Therefore it is of critical importance to comprehensively identify the Herpetofauna of Sri Lanka
in order to develop conservation measures which may help in encouraging ecotourism, building
biodiversity database, land use planning and the production of regional and international Red
Data Books of threatened species.

Figure 37 Varanus salvator, Common Name: Water Monitor

5.2 Herpetofauna Diversity in Kala Oya Basin

5.2.1 Quantitative Integrated Sampling Design

Transects of 1 km in length were marked out in at least four replicates of the broadly ddfisiz
habitats (Dry Mixed Evergreen Forest, Disturbed Forest, Scrub forest, Tank assoethhabitat,
Coastal habitat, Chena & Associating Habitats) types within 24 sampling sites coveringyiien
24,000m and an area of 120, 000%n total in Kala Oya river basin

Furthermore, the 24 sampling sites were included in eight sub-river basin areas;
Eile (transects 1,2,3 & 4)
Eluwankulama (transects 5 & 6)
Suduweli Tahala- Morapathana (transects 7 & 8)
Werakkodichole- Tahabbbowa (transects 9 & 10)
Horiwila 2Ambagahawewa (transects 11 & 12)
Galpaya- Hinguruwelpitiya- Ranva kannda- Nambatiwewa (transects 13, 14,15 & 16)
Manawa (transects 17, 18 19 & 20)
Wilpattu National Park- Thelbipuwewa (transects 21, 22, 23 & 24)

These areas comprised of a mosaic of highly fragmented habitats, some of transecéscovered

more than one vegetation type and also encompassed ecotones. 1km transects wrer f
divided and named as quadrat A, B, C & D. Herpetofauna was sampled only in A and C quadrats
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Within the quadrat 5 m x 5 m (Day) / 20 m x 5 m (night) plots were cleared at 20 m intervalgl an
time spent 15 minutes. Following summarises the sampling effort.

Figure 38 [Left]: Calotes versicolor, Common Name: Oriental Grgen Lizard; [Right]: Sggtotheca rolandae, Common
Names: Sri Lanka bullfrog, Roland's burrowing frog, southern burrowing frog, roke sand frog

Table 11 Quantitative sampling effort in Kala Oya River basin for herpetofauna

Description Of The Method Sampled Plots Details
No. of plots sampled Total time
in total 24 Km
Plot clearing (daytime): 4 plots (5m x 5m) 192 plots 48 hrs
cleared in each of 2 quadrats (100m x 5m) (4x2x24) [(292 x 15min.) /60 min.]
Plot clearing (night time): 1 plot (20m x5m) 48 plot 12 hrs
cleared in single quadrat (100m x 5m) (1x2x24) [(48 x 5min.)/60min.]

5.2.2 Qualitative Sampling Design

The presence of additional species encountered along the transect, between quaairaisewhere
within the sampling area were recorded separately. Visual Encounter Surveys wengechout at
day and night, with a similar amount of time spent (15min.) searching each habitat over the
surveyed period. Grey literature, expert evidence and local knowledge were considered fr tot
species diversity in the Kala Oya River basin. Sampling was carried out in 01 January to 31
March 2017.
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5.2.3 Species Diversity
Herpetofauna diversity in Kala Oya river basin
Number of Species
© Reptiles 86
&
|_
Amphibian 19
0 20 40 60 80 100

Figure 39 Herpetofauna diversity in Kala Oya River Basin

Nineteen species of amphibian species recorded and which included 5 families (Bufonidae,
Microhylidae, Dicroglossidae Rhacophoridae and Ranidae) and 12 generaBuftaphrynus,
Kaloula, Microhyla, Ramanella, Uperodon, Euphlyctis, Zakerana, Hoplobatrachus, Sphaerotheca,

Pseudophilautus, Polypedatesd Hylarana) (Figure 39).

Eighty six species of reptiles were recorded in the Kala Oya basin. Out of the 86 specieptidés
recorded 38were tetrapod reptiles and 48 were snakes. All recorded reptile species belong to 20

families and 59 genera

Figure 40 (a) Hylarana gracilis- Gravenhorst's frog, a species endemic
pond frog

5.2.4 Species status and their conservation status

4 amphibian & 20 reptiles endemic species respectively were found during the samplingdpier
Kala Oya River basin, as well as other species were indigenousFurthermore, accordinbeto
IUCN Sri Lankan Red Data Book 2012 which comprises of 01 Near Threatened, 15 Least %
Concern, 02 Data Deficient & 01 Vulnerable amphibian species. Also 11 Near Threatened, 54%
Least Concern, 01 Data Deficient, 10 Vulnerable, 09 Endangered & 01 critically endangered

reptiles species were recorded (Table 11, Annexes 08 & 09).
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Table 12 Status of the herpetofauna recorded in the Kala Oya river basin
Endemic Indigenous NT LC VU DD EN CR
Amphibian 4 15 1 15 1 2 0 0
Reptiles 20 66 11 54 10 1 9 1

Note: EN-Endemic, IN-Indigenous, NT-Near Threatened, LC- Least ConcernUWulnerable, DD-Data
Deficient, EN- Endangered, CR-Critically Endangered.

Considering amphibian species diversity recorded in the 8 sub basing regions Eie Hi@iwila-
Ambagahawewa and Manawa areas recorded high diversity (Tab8 and generally reptiles
diversity were high is 7 areas except Eluwankulama

Table 13 Distribution of amphibian species in Kala Oya river sub basins arteir species status and conservation status
according to the IUCN red list 2012

Conservation Status

Sub-basin # of # Species & status

ELSJi=I8 Amphi  Status NT LC VU DD EN CR
types bian
Eile area 4 18 EN4,IN14 1 14 1 2 0 O
Eluwankulama 3 16 EN3,IN13 1 13 0 2 0 0
Suduweli Tahala, 1 10 EN 3, IN7 1 8 0 1 0 0
Morapathana
Werakkodichole, Thabbowa 4 9 EN 2, IN7 1 6 1 1 0 0
Horiwila, Ambagahawewa 4 18 EN4,IN14 1 15 1 2 0 0
Galpaya Hinguruwelpitiya 5 12 EN2,INlIO 12 9 1 1 0 O
Ranva kannda,
Nambatiwewa
Manawa 4 18 EN4,IN14 1 14 1 2 0 O
Wilpattu NP 3 13 EN4,IN09 1 11 0 1 0 O

Note: EN-Endemic, IN-Indigenous, NT-Near Threatened, LC- Least ConcernlJ\Wulnerable, DD-Data
Deficient, EN- Endangered, CR-Critically Endangered.

Figure 41 [Left]: Sitana devakaiCommon name: Devaka's fan-throated lizard; [RightDtocryptis nigristigmaCommon
Name: black-spotted kangaroo lizard or black-patched kangaroo lizard
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Tablel4 'LVWULEXWLRQ RI UHSWLOHV: VSHFLHV LQ .B®D/Y\DWX W D) &R QUM UQY W VDI
according to the IUCN red list 2012

Sub-basin # of # Species & Conservation Status
habitat SEIE

types Status L V Cc

iles c u N R

(A). Eile area 4 43 END7, 5 2 6 0 3 O
IN36 9

(B). Eluwankulama 3 19 END3, 3 1 0 0 2 O
IN16 4

(C). Suduweli Tahala, Morapathana 1 43 END10, 8 2 6 0 1 1
IN31 7

(D). Werakkodichole, Thabbowa 4 39 END13, 4 2 4 0 2 1
IN26 8

(E). Horiwila, Ambagahawewa 4 31 END8, 5 2 3 0 0 O
IN23 3

(F). Galpaya Hinguruwelpitiya, Ranva 5 45 END14, 8 3 5 0 1 1
Kannda, Nambatiwewa IN31 0

(G). Manawa 4 57 END19, 1 3 7 0 2 1
IN38 0 7

(H). Wilpattu NP 3 49 END16, 7 2 8 0 4 1
IN33 9

Note: EN-Endemic, IN-Indigenous, NT-Near Threatened, LC- Least ConcernUWulnerable, DD-Data
Deficient, EN- Endangered, CR-Critically Endangered.

Figure 42 [Left]: Geochelone elegans, Common Name: The Indian star tortoise, [Right]: Hemidactylus fregatu
Common Names: The common house gecko,Pacific house gecko, the Asian house gecko

5.3 Herpetofauna diversity in Kala Oya river sub-basin areas and its
importance

5.31Eile area

The area is located at the end of the Kala Oya river basin which meets the Indian ace
Generally it is comprised of 4 major ecosystem types; Dry Mixed Evergreenest, Scrub Forest,
Tank Associate Habitats and Coastal Habitats. A total of 61 herpetofauna speciesewecorded
(Table 03 & 04) among them 11 species were endemic to the area. The major thredte to
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herpetofauna were identified as vegetation clearing for Chena cultivation, sand mining, limestone
mining and cattle farming.

5.3.2 Eluwankulama

Comparatively this area was highly modified by human activities such as cashew, coconut
plantations and paddy cultivations. But mainly 3 ecosystem types were found; Dry Mixed
Evergreen Forest, Scrub Forest and Tank Associate Habitats. Out of 35 species gietafauna
found 6 species were endemic to the area. The main threat to the herpetofauna in teaiar
clearing of natural vegetation, as this leads to loss of amphibian and reptiles micro ta&bn
main ecosystems.

5.33 Suduweli Tahala-Morapathana

53 herpetofauna species were recorded in this sub basin area and it included the enddrai@nk
speciesEutropis beddomii(Beddome's skink and critically endangered skink speciedessia
hickanala(Shark-headed Snake Skijlkn transect number 8A and 7C respectively (Table 03 & 04)
Therefore conservation of these habitats should be of high concern. The main thireahese
populations is the loss of micro habitat by clearing of forest for Chendtigations.

5.34 Weerakkodichole- Thabbowa

48 herpetofauna species were recorded in this area and it included 2 endangered specie
Cnemaspis kumarasinghdiKumarasinghe's day gecko Eutropis beddomiiand 1 critically

S,

endangeredNessia hickanalgTable 03 & 04). Those species were recorded in the transect 9C and

10C which were located in the eco tone of the dry mixed evergreen forest. This indicateghbat
protection of the forest is very important as these species are roamingthe edge of the

ecosystem. These areas are legally protected by Thabbowa sanctuary but illegal Chena

cultivations were observed during surveying.
5.3.5 Horiwila-Ambagahawewa

The areais surrounded by the agricultural lands and itis highly disturbed by the human
movement. But some of the isolated forest patches were observed and in these forastas, 49
herpetofauna species were found which included 12 endemics. Conservation of these areas will
helpful to protect Geochelone elegdimglian star tortoise) population as their preferred vegetation
types existed among the forest patches.

5.3.6 Galpaya-Hinguruwelpitiya-Ranva Kannda-Nambatiwewa

Hilly isolated forest patcheds found in this sub-region and its included 5 ecosystems types which
harbors 57 herpetofauna species. It included 16 species of amphibians (2) and reptiles (14). Thi
included 1 endangered species of skiBkitropis beddomjiand 1 critically endangered\essia
hickanala These rocky habitats make some of the best habitats for skink and gecko specig¢s tha
live in this sub basin. Unfortunately these rocky habitats were being destemyby quarry
activities even during the survey periad

-
4
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5.3.7 Manawa

A total of 75 herpetofauna species were recorded in this sub region. It compriged and 19
amphibian and reptile species respectively. It included 2 endangered species, a géokoraspis
kumarasingheia skink-Eutropis beddomiand 1 critically endangeredNessia hickanalaThere is a
high diversity of herpetofauna concentrated in fouy pes of eco systems in the area

5.3.8 Wilpaththu National Park

In Wilpathu national park sub-region area, the species diversity comprised of 62 sgeadk
herpetofauna which included 4 amphibians and 16 reptile species. It included 4 endangered
species, a geckd&znemaspis kumarasinghe skink- Eutropis beddomijia ChameleonChamaeleo
zeylanicus (Indian chameleon), a crocodileCrocodylus porosufEstuarine crocodile) and 1
critically endangered\essia hickanala

Figure 43 [Left]: Ptyas mucosa, Common Names: oriental ratsnake, Indian rat snake, [Right]: Eutrspn:arlnata
Common Names: Many-keeled Grass Skink or (ambiguously) "golden skink"

5.4 Habitat heterogeneity, species diversity and distribution

m Amphibians = Reptiles

80
70
¢ 60
% 50 45
2 40
s 30
# 20 12
" II:iI
0
Dry Mixed Dlsturbed Scrub forest Tank assoma(éoastal habitat Chena &
Ever Green Forest habitat associating
Forest habitats

Representative habitat type

Figure 44 Herpetofauna diversity vs habitat in Kala Oya River basin
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High species diversity of herpetofauna was recorded in 4 habitat types; Dry mixed enesg
forest, scrub forest, tank associate habitats and Chena & associbtar species of amphibians
and 20 species of reptiles were recorded in all of above 4 habitats

Figure 45 (a) Dendrelaphis tristis2 Common bronzeback tree snake (bankascincus fallax Peter's Lanka Skink, an
endangered skink that is also endemic to Sri Lanka
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6.0 AVIFAUNA DIVERSITY ANALYSIS

6.1 Introduction

Sri Lanka supports a rich avifauna that stands at 453 species, which includes 2aDdgecies who

are known to breed in the island. Of the breeding residents 33 are endemic species, 213 sgecies a
migrants of which 72 species are encountered rarely and therefore considasedagrants
(Weerakoon, 2012). The main reason for this high number of migratory species is dueito Sr
IDQND:V JHRJUDSKLFDO SRVLWLRQ DQG GLPHQVLRQWLQWKIRILVOD
the Central Asian Flyway. The numerically largest migratory groups are the waders, duahks
coastal birds. In the family Charadridae, 42 of 47 species are migrants, while in the famil
Anatidae. 11 of 14 are migrants (Kotagama and Ratnavira, 2010). Recent taxonomic changes
adopted by BirdLife International (2015) affected 56 species present in the island and eesult
scientific names and in some cases the common names as well as their status tedchanged
(Dayananda and Kaluthota, 2016). Most of these changes are yet to be in operatedincopeirated

to presently available literature. Trees are essential for nesting and raagtf water birds, while

the dead tree stumps in the reservoirs are used as feeding andimggserches.

Sri Lanka is divided into six Avifaunal Zones based on the distribution patterns of thesident
bird species. These include the Northern or Indian zone that shares many similaritigh tie
South Indian avifauna; Low country wet zone, Mid country wet zone and Hill country wet zone
that contain most of the endemic and threatened species; Dry zone and the Bwae, which
contain mostly common bird species as well as few rare species that atected to these zones
(Kotagama, 1989). Kala Oya river basin (KOB) is the

third largest river basin in Sri Lanka, and 76% of
land of KOB is situated in the dry zone and the res
in the intermediate zone. Therefore, the majority of
birds encountered in KOB fall within the Dry zone
avifaunal zones. In depth avifaunal studies from the
KOB are scarce, and a biodiversity survey conducte
in 2005 reported the highest number of bird diversi
in scrub forests (117) and mixed evergreen fores
(103). Riparian forests hosted the lowest birc
diversity (21 species), followed by thorn scrub an
plantation forests with 54 species. 71 bird species we
recorded from chena and chena regrowth. Perenni
large tanks and Seasonal small tanks supporte
numerous aquatic birds (MASL, 2005).

A survey carried out in Wilpattu National Park
recorded 149 species of birds belonging to 53 famili
which included 3 endemic and 7 nationally threatene
species. There were 24 species of migratory win
visitors. Wetlands such as villus and tanks provide ideal habitats for migratory wates and
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other aquatic birds. Wilpattu is a popular destination for a large number of migratory azifna
from late September to late March, since it is located along the western migrattyr way. In the
forested areasPycnonotus luteoluand Aegithina tiphia were the most abundant species, while
Halcyon smyrnensiand Phalacrocorax fuscicollizvere the most abundant in wetland habitats
(IUCN, 2006).

According to the latest national Red list, one in every five species of birds in Sri Lanka are
currently facing the risk of becoming extinct in the wild. Nearly one third of all the residenirds

in Sri Lanka are forest birds including all the endemic species. Therefore,db$srest cover and
fragmentation of forests are the main threats faced by the birds of Sri Lanka. Wetlarate also

an important bird habitat in Sri Lanka with nearly 25% of the resident birds and more than 75%
of the migrants depend on such habitats. Many of these wetland habitats are adversely inggact
due to conversion, changes in salinity and hydrology, pollution of water ways, spread of invasive
species, expansion of prawn farming and salt production. As a result, species riclarasghe
carrying capacity of many wetland habitats have declined rapidly. Even though land use change
has impacted most bird species in a detrimental manner, some species sutbrahuraspp.,
Psittacula kramerij Stigmatopelia chinensi€orvus splenden€entropus chinensisave shown a
marked increase in their range and numbers (Weerakoon, 2012).

6.2 Sampling Methodology

The main sampling method used to record terrestrial bird diversity within the Kala Oyrasin was
the Variable Circular Plots (VCPs)A total of 192 VCPs were sampled within the 24 transects
within the basin. As indicated in Figure46, VCPs were established at the beginning and end of
each quadrat within a transect to record bird -
directly or indirectly from their calls over a period of
10 minutes in duration, once early morning and onc
in the evening. The VCP is divided into quarters
each of which is recorded for 21/2 minutes.

Any bird seen or heard outside the quarter (> 20
in distance) is record as outside and as opportunist
observations. Similarly, birds observed while
travelling along a transect between VCPs ar(

recorded as opportunistic observations - Y e,
SRR T
The presence of additional species encountered elsewhere within the area is recordegtelgpa

Also, records were taken at water bodies adjacent to transects from on@ane recording stations
as necessary, preferably on more than a single occasion. Mist netting wiasrnertaken.
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Each transect is 1 km in length
1 km

Each transect has four 100m x 5m quadrats at 150m intervals

100m 150m
=y == B = &= 1
PR =) = =l

Figure 46 Location of quadrats within a transect and Variable Circular Plots withia quadrat

Further, a literature survey was undertaken to gather the state of knowledge bEtexisting
species and their distribution range within Kala Oya Basin. Field work was carried oubrfi
January to April 2017. Field identification guides - Local and international bird guide books
(Harrison, 2011; Kotagama and Ratnavira, 2010; Henry, 1998) were used as a referendsrfl
identification.

6.3.1 Overall Avifaunal Diversity within the Basin

A total of 188 species of birds belonging to 59 families were recorded during the survey period
This included nine endemic species, one proposed endemic and 46 migrant species (of which i
nine species breeding populations also has been observed in other parts of the chuntry

The nine endemics wer&alloperdix bicalcaratéSri Lanka Spur fow) Gallus lafayetii(Sri Lanka
Jungle fowl), Ocyceros gingalengri Lanka Grey Hornbill), Treron pompadoréSri Lanka Green-
pigeon) Megalaima rubricapillug Sri Lanka Small Barbe}, Pellorneum fuscocapillurgBri Lanka
Brown-capped Babbler)Dinopium psarodegSri Lanka Lesser Flameback)Tephrodornis affinis
(Sri Lanka Wood shrike) andPycnonotus melanictery$ri Lanka Black-capped Bulbul). The
proposed Endemic recorded watirundo hyperythrgRed-rumped Swallow). Othe nine endemic
species;T. pompadorahad the largest presence within the Kala Oya basi&h complete check list
of bird species observed during the survey is available in Anid&x

RSITY ANALYSIS

Of the total birds, 70 can be considered as wetland associated spe&sieeng them, the most
commonly occurring families are: Scolopacidae (13 species including sandpipers and curlews)H
Ardeidae (11 species that includes herons and egrets); Charadriidae (8 species including PIoverz
and Lapwings); Rallidae (six species that includes coots and hens) and Anatidae (five speciesO
consisting of ducks). 30 of the migrant species were found mainly associated with wetldrels
commonly occurring aquatic birds are given in Figueer.
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Figure 47 Some common aquatic birds recorded from Kala Oya basin

The total birds observed included four nationally threatened species (other than Oieg
PLIJUDQWY DOO RI ZKRP IHOO L Q RoRahd KuscdRIodyhiEastetl Crake) QHU D E C
Leptoptilos javanicuglLesser Adjutant), Chrysocolaptefestivus (White-naped Woodpecker) and

Lonchura malabaric@/Nhite-throated Munia).

Further two globally threatened species were recordéticonia episcopu@Noolly-necked Storlx

and Leptoptilos javanicuglLesser Adjutant) As per the IUCN Red List of threatened species 2016,

ERWK VSHFLHVY DUH FRQVLGHUHG DV "YXOQHUDEOHKW JGAREDOO\
rapid decline mainly due to loss and degradation of wetlands and loss of nesting tressuanah.

Yet nationally only L. javanicus is considered as vulnerable, whil@. episcopustatus is near
threatened (MoE, 2012), indicating its population is more stable in Sri Lanka. During thegent

survey, records o€C. cepiscopuwas high with eight individuals being observed in a dried up tank

within Manawakanda area (Figurel8).

A single individual ofL. Javanicuswas observed near Eluwankulama Tank (Transect 6). A recent
study on L. javanicus in the country indicated that tKH VSHFLHV . i&leStibtedLt& driyW L R Q
lowlands (rainfall <2200mm, elevation <300m). The bird showed preference for savannah/woody
savannahs, dry mixed evergreen forests, permanent wetlands, and croplands, and was
prominently found within protected areas. Habitat loss and fragmentation, hunting mgure,
agricultural intensification, and development projects were identified as potential gats faced by

the species, which varied in magnitude across the country (de Silva et al, 2015).
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Figure 48 Gathering ofC. cepiscopuis a dried up tank bed in Manawa Kanda area (near Transect 20).
6.3.2 Diversity within Habitats

Of the 188 bird species, only 11 were recorded in the VCPs during the sampling time frame
within a 20m distance and therefore were subject to further analysis (Table 1%k Balance could
betreated as opportunistic observations.

The highest species diversity was recorded from transects that included a waradt habitats
including both aquatic and terrestrial: Nabatayagama Tank and associated forests (Trahdd)
located adjacent to Namal Uyana Conservation Forest recorded the highest diversity folloiwed
Manawa tank associated habitats (Transect 19).

Of the Dry mixed evergreen forests, highest bird diversity was recorded fromanslwakanda
forests (Transect 17) followed by Higuruwelpitiya (Transect 13) andl&tank associated DMEF
(Transect 1). Least diversity was observed from DMEF of Suduwelithalawa (Traecs 7 & 8) and

this might be due to high density of the forest cover. The most commonly founddbépecies with
highest population densities within the transects weRycnonotus luteolu&Vhite-browed Bulbul),
Stigmatopelia chinensigSpotted Dove, Pycnonotus cafer(Red-vented Bulbul), Nectarinia
zeylonica (Purple-rumped Sunbird), Acrocephalus dumetorunBlyth's Reed Warbler) and
Aegithina tiphia(Common lora). Nationally threatenedC. festivuswas recorded from Transect 18
while L malabaricawas recorded from Transects 6 and 12. Few of the common bird species
observed are given in Figur4o.
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Table 15 Avifaunal diversity within the transects

Trans | Sub basin Main Habitat # of Endem | Threatened Shannon

ect specie | ics species Wiener
S National Global

1 1

Eile Tank and DMEF 39 3.089263457
2 the coastal SF and Tank 37 2 2.86802819
3 wetland Disturbed SF& 22 1 2.404241532
abandoned
quarry
4 SWM and 37 1 2.837637881
mangroves
5 Eluwankulama Tank associated 39 2 3.362404167
6 Area SF 33 5 1(VU) 2.720507655
7 Suduwelithalaw DMEF 21 1 2.620364374
8 a and DMEF 23 3 2.613919832
Morapathana
Area
9 Werakkodichole SF, aband. Chene 38 3 2.912685518
10 & Tahabbbowa Chena & Dis. 31 4 2.773988299
Area Forests
11 Horiwila area Dis. Forest & 21 1 2.740915389
tank catch.
12 DMEF & Chena 35 4 1 (vU) 2.715507563
13 Galpaya, DMEF 39 4 3.362049512
14 Hinguruwelpiti  SF & Tank 51 5 3.52172657
ya, Ranawa associated
15 Kanda & SF & Dist. 31 2 3.126275154
Nambatiwewa  Fqorests
16 area DMEF 31 3 3.260144361
17 Manawa Kanda DMEF 42 5 3.355627183
18 area Dist. Forests and 33 3 1 (VU) 3.134277433
Tank ass.
19 Tank associated 48 4 3.43915158
20 DMEF & abnd. 34 4 3.189920661
Chena
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21 Wilpattu DMEF & Villu
22 National Park SE

23 DMEF

24 DMEF & SF

37
24
21
29

DMEF- Dry Mixed Evergreen Forest§F- Scrub Forests

6.3.3 Avifaunal Diversity within the Eight Sub-Basins

For the analysis of the avifauna within the eight sub-basins, the opportunistic & encountered
are also taken in to consideration. Tablk5 provides a brief summary of the same. As indicated in

g b~ 01 b

National

Global

3.017458927
2.698676389
2.304498065
2.698424615

the table, the number of bird species observed within VCPs were highest in sub basin 6 (Galpaya)

while in two sub-basins opportunistic bird encountered were high (Eluwankulama and

Suduwelithalawa). The main reason for these high opportunistic observations was the inclusion of

birds observed in small tanks in the vicinity, adding a considerable number of aquatic birds to the

list.

Table 16 Summary information for Sub-basins

Total number Sp.

Within VCPs

Opportunistic obs.

No. of Families
No. of Endemic
Species

No of Migrant
Species

No. of Nationally

threatened species

No. of Globally

threatened species

Shannon wiener
Index

Of the 105 Species recorded, 41 were opportunistic observations, consisting mainly of migrant

Sub basin/Clusters

1 2
105 140
64 54
41 86
43 57
04 07
27 23

= 03

= 01
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wader species that occupied transect 4 and the adjoining salt marsh and mangroveirdéezating
the importance of this transect as a feeding ground for migratory waders. Nof¢he nationally

or globally threatened species were encountered from this sub-basin and the humberdeidcs

encountered (4) was less compared to the other sub-basins.

During the survey, the main threat to the area was the lack of water due to tdey weather
conditions. However, this area is also prone to flooding, especially during North-East monsoons
Sand mining was taking place in the upstream of Lunu Oya. Animal husbandry (cattle and goat
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was prominent in this area and the dung of the animals had led to eutrophication of taakis
Haphazard tourism development and land degradation due to lime quarrying also affect the
biological wealth. This area is also prone to flooding.

Figure 50 Elie Tank and Associated Coastal Wetlands

Sub Basin 2; Eluwankulama Area

Of the 8 sub basins, the highest species humber was recorded from this sub basinhianchh be
accounted to the presence of Eluwankulama Tank (Transect 5), adjoining riverine and scrub
vegetation as well as vast areas of paddy fields. Seasonal water holes appeared witAng this
attracted large numbers of aquatic birds, mainly species belonging to family Ardeidae and
Phalacrocoracidaglt should be noted that although only 54 species were within its VCRs,
separate detailed study of the area indicated presence of 140 species, indicating thetampe of
protecting this habitat which is located adjacent to Wilpattu National Park boundary and
directly receives water from the Kala Oya.

Nationally and globally threatenedL. javanicus was only observed from this area and that was a
single opportunistic recordC. festivus(White-naped Woodpecker) was also recorded from this
sub-basin. Seven endemic species were found in this sub basin.

Main threats included the heavy use of agrochemicals in the paddy fields, removal of trees for
tank rehabilitation and siltation. This area is prone to flooding.
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Sub Basin 3: Suduwelithalawa and Morapathana Area

The least number of bird species (71) was encountered from this sub basin and could be accounted
to human interventions including abandoned -cultivations (cashew) and thick forests. The
opportunistic observations (42) were mainly of the birds that flew above the traots or were
encountered within small tanks in the area. Six endemic species represented theumaf
assemblage of this sub-basin while no nationally or globally threatened species were observed
Main threats in the area include sand mining and tree felling.

Sub Basin 4: Weerakkodichole & Tahabbbowa Area

This sub basin mainly consisted of Chena (abandoned and cultivated) arféw disconnected
forest patches. There was a seasonal stream dissecting Transect 9, aaswelbt paddy area that
adjoined the sub basin, which provided habitats for several aquatic birds. The area heudi¢he
Tabbowa Sanctuary as well as the Weerakkodicholai Reserve Forests. As a result, a consilerabl
number of forest birds, including the endemic Grey Hornbill were observed from #irisa. 89 bird
species that included seven endemic species were recorded from this sub-basin. iNoaiigtor
globally threatened species were observed during the study period.

Major threats include the highly fragmented nature of the forest patches that wedisappearing
fast due to human interference such as clearing for Chena cultivation and hmmusonstruction.

Figure 52 Werakkodichole & Tahabbbowa Area

Sub Basin 5; Horiwila area

The vegetation in this sub basin was highly fragmented and degraded, predominantly due to
Chena land use. Yet the presence of small tanks (include Abaga wewa) increased the areas
potential to habour 88 Bird species. 40 species are of opportunistic observations recondédy

from the two tanks. Five endemic species and two nationally threaten@bizana fusca- Ruddy
breasted Crake (VU); and_onchura malabarica- White-throated Munia (VU) was recorded from
the sub basin. A colony oPhalacrocorax nigg(lLittle Cormorant) and Indian Night Heron was
observed at Abagaha wewa, and there was indications that these two bird species together with
few other aquatic birds use the trees in this tank for breeding purposes.

ANALYSIS

The globally threatened C. episcopus together with several migrant waders were observed in
small tank with receding waters.
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The small forest patch which is an important watershed to Abagahawewa tank should be
protected with community participation for the continuation of the nesting and roostin@féilities.
Main threats include forest clearing for Chena cultivation and use of higbncentrations of
agrochemicals that ended in the tank systems. Furthermore, clearing and burning of tank ieds
agricultural purposes is practiced.

e - - o

Figure 53 Birds and Habitat observed in Horiwila area

Sub Basin 6: Galpaya, Hinguruwelpitiya, Ranawa Kanda & Nambatiwewa area

Galawala DS Division contains a higher proportion of forest areas and rocky oops. The only
water body in this sub-basin was the Nambatiwewa Tank, which was located adjacent to Namal
Uyana Conservation Forest and most of this tank bed area was dried up, limitihg encounter of
water birds. In total 90 bird species were recorded of which only 16 were opportunistic
observations. The bird list included six endemic species, and no nationally or globally thresde
species were encountered during the study period.

The forests in the area are fragmented and threatened due to quarryingdiffierent varieties of
stones. Immediate attention should be given to quarrying industry in the area as it had athe

led to many environmental and social issues. Furthermore, sand mining in seasonal streams i
affecting the water table.
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4
Figure 54 Habitat and avifauna observed in Galpaya, Hinguruwelpitiya, Ranawa Kala & Nambatiwewa area
Sub Basin 7: Manawa Kanda area

This sub-basin includes a variety of habitats and hence a higher number of bird species (102) were
present. Manawa tank is an important habitat for aquatic birds, while the dry mixed fotes
patches associated with Manawakanda provides habitats for forest birds. 67 bird specas
encountered within the 20 m of the VCPs, including seven endemic birds. Largest concentration of
globally threatened C. episcopuswas observed from this area. Presence of the nationally
threatened Chrysocolaptes festiv(é/hite-naped Wood pecker) added to the importance of this
site. Forest clearing for Chena cultivation and the spread of invasive gini grassthee major
threats.

Figure 55 Habitat and avifauna Manawa Kanda area
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Sub Basin 8: Wilpattu National Park

Mixed habitats including tank beds, rock outcrops and dry mixed evergreen foregtse sampled
within the 4 transects set in Wilpattu National Park. The total number of birds recordedas 89
and the rainy conditions prevailed during the sampling period might have reduced the species
numbers. Seven migrant species includin@alloperdix bicalcaratdSri Lanka Spurfowl) was
recorded. Globally threatenedC. episcopusvas observed outside the transects. No nationally
threatened species were observed.

Figure 56 Habitat and a;/ifaﬁna observed around Wilpattu National Park
6.3.4 Feeding, Roosting and Nesting Concentrations

Large concentrations of feeding/roosting birds were observed on several occasionsjagpec
adjacent to in association with Eluwankulam tank and adjacent seasonal water holes (SB2), salt
march wetlands in Gange wadiya (SB1), Abagaha wewa tank (SB5) and at Kala wewa and
Rajanganaya tanks where no sampling was undertaken during the present study. It has been
reported that during the dry months of the year (JunéSeptember) a large area of the Kala wewa
shores are exposed by the receding waters. The habitat created by Hadlasv waters and the
dead trees is conducive for the fresh water bivalves which attracts thousands of Qylénto the
area (Gunawardena, 2010).

Picivorous nesting birds, other than the White bellied Sea Eagle (one nest at )SBére not
recorded during the survey. Nesting of the Sri Lanka Grey Hornbill was observed at the
Hinguruwelpitiya forest 2 SB6.
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6.3 Discussion, Threats & Issues

The survey reveadd the presence of a rich avifaunal diversity within the Kala Oya basin
including few nationally and globally threatened species. Yet their survival is threatened by
many anthropogenic as well as climate change related issues. The sub basins that ne&typnior
terms of conserving the bird diversity are Eluwankulama, Manawa kanda and Galpaya sub-basins
as well as Eilie sub basin as it is important feeding ground for migratory waderdt should be
noted that other than the Puttalam lagoon no other areas in the KOB has been designated as an
important bird area. Therefore inclusion of these sites as ImportaBirda Areas (IBAS) is
recommended and also continuous monitoring of the bird populations should be undertaken.
Attention should be given to maintain adequate tree cover consisting of tree species redjfiare
feeding and nesting requirements, while when allocating water, the importance of wetlands for
maintaining the rich biological wealth should kept in mind.
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7.0 MAMMAL DIVERSITY ANALYSIS

7.1 Introduction

The large mammals are the bedldQRZQ JURXS DPRQJ 6UL /DQND:-V YHUWHEUDYV
subspecies diversity and endemism. In addition, hoofed mammals, small carnivores such as
members of the mongoose and civet family, leopards, fishing cats, jungle cats, rustitespoats,

sloth bears, jackals, otters and leopard&sthe largest wildcat in Sri Lanka, can be found in the dry

zone of Sri Lanka. Bats and rodents are more commonly found. Unfortunately the ranges of these

species have been diminished over time due to habitat destruction and human activities

Existing Sri Lankan Mammals can be categorized into 12 orders. The following table (Table 7.1)
illustrates the orders, number of genera, number of species and percentage endeyhigrasent
day Sri Lankan Mammals.

Table 17 : The orders, number of genera, number of species and percentage endemism of preseStidagnkan
Mammals.

No. Of No. Of No.of Endemic No. Of Endemic Species
Genera Species genera
Sirenia 1 1 0 0
Proboscidia 1 1 0 0
Primates 3 5-7 0 3-5 (60-71%)
Rodentia 14 23 1 (7%) 7 (30%)
Lagomorpha 1 1 0 0
Eulipotyphla 4 1011 1 (25%) 7-8 (70-73%)
Chiroptera 16 30 0 0
Carnivora 10 17 0 4 (23%)
Pholidota 1 1 0 0
Artiodactyle 6 9 0 3 (33%)
Perisodactyla 2 1 0 0
Cetacea 20 27 0 0

L | - e ‘ : M
Figure 57 (a) The purple-faced langurTfachypithecus vetulysalso known as the purple-faced leaf monkey, is a species
of Old World monkeys that is endemic to Sri Lanka (b) Collecting photograptévidence during surveying (c) Field
teams surveying bats in cave
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Approximateley 125 species (77 Genera) of Mammals are available in Sri Lanka (Yapa &

Rathnavira 2013).Six habitat types identified in the Kala Oya
basin were surveyed for mammals: Dry Mixed evergreen fore
Disturbed Forest, Scrub Forest, Tank Associated Area, Coast
habitat and Chena Associated Area.

Thus, atotal of 48 quadrets (100 M X 5 M) were sampled for smg
medium and large sized mammals. A total of 96 quadrets we
aligned along 24 Km transects and surveyed during the surveyi
phase of the project in the following manner to investigate th
diversity of mammals. Some of the habitats were found disturbe
due to anthropogenic actvities such as agricultural practices. If
this study we studied the mammalian diversity using man

methods as described below. :

y ldentify mammals available in this area using Tracks,
Signs and Scat by setting 100X5m quadrets along th
1km line transects across various habitats

y Using Traps

y Opportunistic Survey

y Personnel Communication (Socio-ecological Survey)

7.1.1 Tracks

A familiarity with the basic track patterns allowed the
identification of mammals by the tracks they have left
behind

Tracks can state whether or not a certain species is
present in the area and roughly their behaviour

This thechniques was mainly used to identify mammalian
species by using their fore and hind limb avarage paws
size and the shape/pattern of the Paws.

7.1.2 Signs

Mammals often leave signs of their presence that act
ikeclues that aid trackers in Wild identification, allowing them to record presence of that
species

These signs include nests, dens, browse marks, food scraps and treertrhbak

7.1.3 Scat

The identification and analysis of scat is a common method for identifying the ggace of
a species in an area

Scat may contain hairs of a mammal thatexcreted which may helpthe identification.Scat
can also contain hairs from pray that has been consumed. Size and Shape of thasath
for species identification
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7.1.4 Trap Time

Traps are laid at early evening times for five consecutive days, and subsetiuen
examined and baited during morning hours.

Within 100 X 5 m quadrets, we placed 10 traps in each alternative quadrets for five cansee
nights.

Choosing an Appropriate Site
All potential habitats were covered.
Each habitat types are having 4 quadretst within 1Km (150m distance each). Quadret
number 2 and 4 (B and D) sampled for mammals while the other quadrates wiedicated
for other faunal groups.

Setting Traps
For a small mammals, 40 Shermans traps were used
For a intermediate Size Mammals, 2 Tomahawk Traps were used
Normally traps were placed around areas of fresh signs where possible (runays, bsirrow
fresh scat,grass clippings, and water loged areas).
Traps were tagged or marked for the identification of the place
Traps were tethered to a bush or stone in areas where scavengersosnmon.

Baiting Traps
Each traps was baited with a piece of burnt coconut and roasted dry fishsmall rodents
like animals
For intermediate size mammals, traps were baited using banana for herbivorousrand
fish for carnivorous

Checking Traps
Traps were checked once a day, early in the morning.If an animal was caught, collected
the animal to record the time, station number, habitat,species, age and sex
Rebaited and reset the trap

7.2.1 Opportunistic Observations

Casual observations done in all habitats outside sampling quadrats generate informadioout
rare and restricted species that are difficcult to capture. These observaiamase done both day
and night. At night search lights were used to facilitate the observations.

7.2.2 Socio-ecological Survey

Having informal conversation with villagers to find out the presence or absence ofaie wildlife
species was done throughout the survey. Such personal communication resulted in the
information gathered about important species present in differenalbitats such as leopard, flying
squirrels, elephants,etc.
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7.3 Results
7.3.1 Diversity within Habitats

For the convenience of the comparisons of diversity, 24 km line transects vwaustered to 8
areas. Out of 24, 4 transects lines were plotted inside the Wilpattu National park to gaveetter
comparison of distribution of mammals near the protected areas and to provide some indicadf
the home ranges of some mammals.

A total of 39 species (22 families and 32 Genera) were recorded during the survegecies of
bats, 4 species of cat family members, 3 species of deer, 3 species of lpastiiverrids, 2

species of squirrels, 4 muridae members, 3 cercopithicidae members and so on. All the mammals

identified in those 8 areas are shown in Tadlé.

Table 18 Observed fauna in different localities of Kala oya Basin

Clusters of Transects in Different
Locations

Conservation

Species Name Status

A B C D E F G H
Bubalusbubalis *x x x k%
Canisaureus LC * Xk k%
Macacasinica LC ok ok k k ok k%
Semnopithecuspriam LC ok ok kK ok k%
Semnopithicusvetulus EN * *
AXis axis LC * * * * * * * *
Rusaunicolour NT * * x % %
Elephasmaximus EN ok k% *  x *
Felischaus NT Xk kK kK k%
Prionailurusrubiginosus EN *
Prionailurusviverrinus EN A @
Pantherapardus EN E * *
Herpestesedwardsii LC x ok kK Kk k%
Herpestessmithii LC * * x  x %
Herpestesbrachyurus LC * *
Paradoxurushermaphoditus LC * * * ook %
Hystrixindica LC * ok k x ok x x %
Lepusnigricollis LC * ok kK Kk k k %
Mus booduga LC x ok x  x  x  x %
Rattusrattus LC * * * * * * * *
Bandicotaindica LC *
Tateraindica LC I L
Lutralutra VU *x % x % x % %
Pteropusgiganteus LC * x  ox  ox  ox % x
Funambuluspalmarum LC L . N T
Ratufamacroura LC e
Loris lydekkerianus NT %
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Clusters of Transects in Different
Locations

Conservation

Species Name Status

A B C D E F G H
Susscrofa LC T 2
Moschiolameminna LC X ok ok kK kK %
Muntiacusmuntjak NT * * *
Melursusursinus EN * *
Viverriculaindica LC e
Maniscrassicaudata NT K L S
Hipposiderosspeoris LC *
Kerivaulapicta NT * *
Hipposiderosgaleritus VU *
Megadermaspasma VU *
Pipistrelluscoromandra VU *
Cynopterus sphinx LC *
Total Number of Species 27 23 20 27 21 27 26 34

Note: A= Transect 1-4, EileWewa Area
B= Transect 5-6, Eluwankulama Area
C= Transect 7-8, Suduwelithalawa and Morapathana Area
D= Transect 9-10, Weerakkodochole and Thabbowa Area
E= Transect 11-12, Horiwila and Ambagaswewa Area
F= Transect 13-16, Galpaya, Hinguruwelpitiya, Ranawa Kandad Nambatiwearea
G= Transect 17-20, Manawa Area
H= Transect 21-24, Wilpatthu National Park

33 species of indigenous mammals were recorded from the 48 quadrates and another 6 ggeeies
recorded opportunistically in the Wilpattu National park. All those six species belong to
Chiropterans. Statuses of the identified species at Kala Oya Basin are shown in Té&Ble
Mammals Diversity and its Estimates for habitats, based on quadrates sampling ahewn in
Table 19 and Figure 58. Levels of Diversity and Endemism together with Endangered, Near
Threatened and Vulnerability of recorded mammalian species in different localities at Kala Oya
Basin are summarized in Figurg9.

Eile Wewa area (Locality A) had 27 species of mammals and out of which 3 were
endemics, 5 endangered, 3 near threatened and 1 vulnerable. The area is compiiBeyl
Mixed Evergreen Forest, Scrub Forest, Tank Associated and Coastal Habitats which are
most favourable to mammalian life.

Eluwankulama Area (Locality B) was having 23 species of mammals including 3
Endemics, 4 Endangered, 3 Near Threatened and 1 Vulnerable. This locality has Dry Y
Mixed Evergreen Forest, Scrub Forest and Tank Associated Habitats like Eile Wewa —
areas, which are suitable for the abundance of mammals. -
The Lowest numbers of mammalian species were recorded from Suduwelithalawa and:,:I
Morapathana Area (Locality/ cluster C) which i0, of which 2 are endemic, 1 endangered =
and 1 threatened. This region consists of scrubbed and tank associated hathish are =
not suitable for many species of mammals.
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Locality D (Weerakkodichole and Thabbowa Area) is comprised of Dry Mixed Evergreen
Forest and Disturbed Forest with 27 species of mammals (2 Endemic, 2 Near Threatened
and 1 Vulnerable). There are agricultural lands nearby and small domesticated
populations of goat, cattle and chicke which disturb wild fauna species. Also it was
observed that illegal timber cutting was happened in this area.

Horiwila and Ambagaswewa Area (Locality E) was having second lowest number of
mammals; 21. 2 Endemic, 2 Near Threatened and 1 vulnerable species were identified
within the habitat of Dry Mixed Evergreen, Disturbed Forest, Scrub and Chena
associated habitats. This area has low species richness due to high levels of anthropogeni
activity.

Locality F (GalaPaya) sub basin was having 27 number of identified mammal species
distributed in four type of habitats namely Dry Mixed Evergreen, Disturbed, Scrub and
Tank. 2 endemics, 3 endangered, 4 near threatened and 1 vulnerable species wereedbs

at this locality.

Locality G is having 26 species of mammals; 3 endemics, 3 endangered 3 near threatened
and 1 vulnerable within the habitats of Dry Mixed Evergreen Forest, Tank Associated

and Chena Associated.
Locality H belongs to Wilpatthu National park which recorded 2 Endemics, 4
Endangered, 5 near threatened and 4 vulnerable mammal species.

Table 19 Status of the Identified Species at Kala Oya Basin

Clusters of Transects in Different Locations
A B C D E F G H

Categories

Total Species Richness
Quadrates & Opportunistic 32 35 24 31 25 39 36 44

Quadrates only 27 23 20 27 21 27 26 34
Number of Genera 22 21 18 26 21 26 23 32
Number of Families 15 14 13 19 17 18 17 20
Number of Endemics 03 03 02 02 02 02 03 02
Number of Endangered 05 04 01 02 00 03 03 04
Number of Near Threatened 03 03 01 05 03 04 03 05 "
Number of Vulnerable 01 01 00 01 01 01 01 04 —
")
Table 20 Distribution of Mammalian Fauna in an identified six habitats aKala Oya Basin Z
Clusters of Transects MRS @ iapitat Types <Zt
- Species P Q R S T U <
1-4 (A 27 24 00 15 22 12 00 >
}_
56 (B) 23 20 00 15 15 00 00 n
7-8 (C) 20 18 00 00 00 00 00 5
9-10 (D) 27 26 20 00 00 00 00 >
11-12 (E) 21 11 14 00 00 00 15 A
1316 (F) 27 25 11 14 14 00 00
17-20 (G) 26 23 00 00 21 00 20 :,:'
21-24 (H) 34 2 00 22 00 00 00 s
Habitat Types: P = Dry Mixed Evergreen Forest, Q= Disturbed, R= Scrub forest, S= Tankssociate habitat, T= s
coastal habitat, U= Chena & associating habitats <
=
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Figure 58 Mammalian Distribution in different habitat types within the Kala Oya Lccalities (Habitat Types: P = Dry
Mixed Evergreen Forest, Q= Disturbed, R= Scrub forest, S= Tank associate habitat, T= Coaklabitat, U= Chena &
associating habitats)
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Figure 59 Status of Identified Mammals at Kala Oya basin localities

7.4 Discussion

According to the observations, 3 speciefldcaca sinica, Semnopithecus vetulus hartii, Moschiola
meminng are endemic. Considering National conservation status of Sri Lankan mammals,
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surveying area consisted of 6 species of Endangered (EN), 6 species of Near TiaegteT), and
4 species of Vulnerable (VU).

Semnopithicus vetulus EN
Elephas maximus EN
Prionailurus rubiginosus EN
Prionailurus viverrinus EN
Panthera pardus EN
Melursus ursinus EN
Kerivaula picta NT
Manis crassicaudata NT
Muntiacus muntjak NT
Loris lydekkerianus NT
Felis chaus NT
Rusa unicolour NT
Lutra lutra VU
Hipposideros galeritus VU
Megaderma spasma VU
Pipistrellus coromandra VU

According to the Figure58 most of the identified species were distributed in Dry Mixed
Evergreen Forest habitats compared to the other identified habitats followed by Scard Tank
Associated habitats. All 8 locality areas comprise of dry mixed evergreen forest ta#dii this
gives an idea about large number of Ecological Niches for mammals existing within this Dry
Mixed Evergreen Forest and species richness is highest in Dry Mixed Evergfeorests.

During the surveying period, many of the water bodies/streams within the selected localities at
Kala Oya Basin were totally dry, but otter scat was found on a several places okyosurfaces
next to dry water bodies

Ratufa macroura(Grizzled giant squirrel were recorded in all localities at Kala Oya basin
including Wilpatthu National park is categorized as a Least Concern (LC) species Nationally;
Globally it is a Near Threatened (NT) species.

All 3 species of muridae were trapped and also some of them were directly observed. i&sspec

were commonly recorded in all 8 localities. The Rusty Spotted Cat and Bandicoot Rat were
REVHUYHG RQO\ LQ ORMevaaL W\ DUHD "$pu (LOH

Compared to Wilpatthu National Park localities (transect 22 24), Species Richness and type of
Habitats are more or less similar in Locality A, B, E and F.

Also those four localities are very specific due to high endemism, near threatenediespec
endangered and vulnerable species compared to species distribution and species sidirehe
localities.
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Therefore, these four localities should further be investigated in the longreaind it is suggested
to declare these as protected areas.

Conservation of elephants in Sri Lanka

is a major problem faced by the!=

Department of Wildlife Conservation. :
The increase in human population and
expansion of areas for agriculture and
irrigation  settlement  projects has
resulted in areas available to elephant
as habitats diminishing over time. The
existing protected areas are insufficien
for year-round requirements of elephant
inhabitants and are continuing to be
degraded due to on-going huma

activity. Moreover, the range of a large portion of existing elephants is outsitle frotected area
networks set aside for elephant conservation. This has resulted in high levelsiofan-elephant
conflicts in the form of crop and property damage and human and elephant deaths. This is
inevitable when humans and elephants compete for common resources; however around 150
elephants are killed every year as a result of this conflict.

There are numerous options for the mitigation of Human-Elephant Conflict (HEC). Sonfehese
include:

X

Implementation of habitat enrichment programs to enhance the carrying capacity dfet

protected areas and provide connectivity between remaining forests and wildkfgerves.

Animal Rescue and Translocation Programs

Maintenance of elephant corridors

Electric fences including regular maintenance, monitoring systems, training of relevant
personnel and communities, introduction of user-friendly equipment, awareness of the v
LPSOLFDWLRQV RI PDOIXQFWLRQLQJ HOHFWULF IH®FHV, IHQ
URDPLQJ DUHDpu Vé&tddfehc&REAdbgitaGfett€s such as growing thorny Z

plant species, bee-hive fences, and pragmatic use of current fences in place
Elephant drives: The objective

is to drive the elephants into an|

area, usually a National Park,
and establish a barrier to
prevent them from returning.
Electric fences are sometime
used to contain elephants driven
into a particular area and
temporary electric fences ar
used as an aid to the drive
Integration  of  surrounding
communities and initiatives to
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ensure HEC is minimized, through raising awareness, educating the communitieshen t
habitats required for elephants and the reasons behind the conflicts

Efficient and collaborative institutional arrangements among the relevant Ministry of
Environment, Ministry of Land, Land Use Policy Planning Department, Department of Wildlife
Conservation, Forest Department Archaeology Department and other relevant agenesgital
for the protection of natural reserves and conservation sites including buffer zones twden
protected areas.

In addition, effective land use planning plays a vital role in minimizing disruptions to the
surrounding biodiversity and resulting habitat fragmentation from haphazard developments in
rural areas. This coordination among the relevant agencies is the most imporfactor that can
categorically consider all the aforementioned strategies and ensure that HEC iggattied.
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8.0 FRESHWATER FAUNA AND FLORA DIVERSITY
ANALYSIS

Mangrove Ecosystems

The sea is a hostile environment to animals and plants. High salinity, wave action, and
fluctuating water levels present problems that are rarely experienced in éstrial or freshwater
habitats. Few angiosperms have specialised to live in such environments and one sucysezos

that is created by such tolerant plants is mangroves. Mangroves are dicotyledonous webdybs

or trees that are virtually confined to the tropics. They often form dense foreghat dominate
intertidal muddy shores, frequently consisting of monospecific patches or bands. Mangrove
stabilize the soil and create a habitat which is exploited by a host @her organisms: through

this, and in their role as photosynthetic primary producers, they are the basis of a compales
productive ecosystem. The mangrove trees themselves, and the other inhabitants of the mangrove
ecosystem, are adapted to their unpromising habitat, and can cope with periodic immersion and ,
exposure by the tide, fluctuating salinity, low oxygen concentrations in the water, ahdbeing
tropical® frequently high temperatures. They are most extensive where there is a kivore
gradient, and occupy a broader belt on shorelines which have a large tidal range (Walsh, 1974).
Sheltered habitats are essential for mangrove development, and on coasts whiclexesed,
mangroves are localised in the lee of other coastal landforms (Davies, 1972). Associatetheri
concept of species replacement through time is the belief that the seaward species has an @bility t
prograde into shallow water. The viviparous nature of seedlings of many species of mangrovesa
appears to support this contention and several early workers regarded mangroves as 'makers

land' (Davis, 1938; Stephens, 1962). g

ANALYSI

Mangroves are defined as woody trees and shrubs which flourish in mangrove habitats (orO
mangals). True, or exclusive, mangroves are those which occur only in such habitats, or only <
rarely elsewhere. There is in addition a loosely defined group of species often described a—
mangrove associates, or non-exclusive mangrove species. These comprise a large number of species
typically occurring on the landward margin of the mangal, and often in non-mangal habitats such
as rainforest, salt marsh, or lowland freshwater swamps. Many epiphytes gisav on mangrove
trees: these include an assortment of creepers, orchids, ferns, and othersplaminy of which
cannot tolerate salt and therefore grow only high in the mangrove canopy. True mangroves
comprise some 55 species in 20 genera, belonging to 16 families. They are taxonomicallyediver

Amongst different ecosystems in Sri Lanka mangroves represent a uniquesrabBkge of
specialized fauna and flora adopted to survive in brackish water conditions and intertidahes.
At present, an estimated range of 12,000 to 15,668 ha of land is covered with mangroves but the:J_J
exact cover is unknown. In Sri Lanka 22 true mangrove and several mangrove associate floras <t
have been identified. Most importantly, this represents one third of the worldangrove species
diversity and in terms of land, 0.001 % of the world mangrove cover.
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Mangroves perform a crucial role in maintaining the ecological integrity of the coastal zone, and
the services provided are provisioning, regulatory, supportive as well as cultural sesviBeing in
between coastal and inland ecosystems, they act as filters from both sides. From the landwa
side, upland sediment and other organic and inorganic matter uploads are deposited within
mangrove ecosystems, preventing direct release of sediments and nutrientensitive coastal
ecosystems such as sea grass beds and coral reefs. From seawagalffeitts,of tides, storm surges,
tsunamis and salt wedges to fresh water ecosystems are ameliorated hence; sait-sestsitive
ecosystems, lives of people and their properties are protected. Additionally, the pdéged by
mangrove ecosystems as carbon sinks, that mitigate climate change is globally higldlasts a
prime need for conserving mangroves. Biologically, mangrove ecosystems provide feeding and
breeding habitats for species that permanently inhabit such ecosystems as aglfor those
temporarily immigrate as a part of their life cycle requirements. Economically, mangreve
provide livelihood opportunities for the coastal people through fisheries and ecotourism
opportunities in mangrove areas. The fish, shellfish and other food items obtained from
mangroves play a vital role in food and nutritional security of the coastal people.

However, mangroves cover less than 0.1 % of land area of Sri Lanka. These are the areas that
have also seen fierce human competition for commercial exploitation, urban development,
recreational uses, and waste disposal. Underlying this competition is the fdwt the vast
majority of megacities and fastest-growing cities are located in (or very close tmstal zones.
The trend for rural populations to migrate to coastal urban areas has greatlgelerated in recent
years; this is of particular concern in developing countries, where urban areas often have poor
infrastructure, planning, and resources. Another threat to coastal zones has emenyéede last

two decades? global warming and the attendant rise in sea level. Some of the recent scientific
predictions on accelerated sea-level rise as a result of anthropogenically induced global warmin
are, indeed, alarming.

Part of Kala Oya mangrove ecosystem is protected as it forms the Southesariary of Wilpattu
National Park. However, a large portion of it mainly the Lunu Oya segment of the river is
currently unprotected though Department of Forest has identified the area as a proposwddt
patch.

This mangrove ecosystem is also one of the largest remaining mangrove e¢eosyf the country
with relatively undisturbed patches scattered across islands formed in river mouth. K@ga
segments in to several branches towards the mouth, and the meandering river has formed manyq
islands. Here three main segments are identified, Kala Oya proper, Henakachchi Oya andiLun O
Oya. Amongst the three segments Lunu Oya has mangroves extended further into inland (Figure
46).
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Figure 60 Kala Oya river mouth

Methodology for Sampling Mangroves

Flora was identified by bank counts and transects. A boat was used in bank counts and GPs

locations of start and end were recorded. Four observers and two note tatemsrded the species

occurring in the banks along with the number of each species. Only the species occurring irsbank

were noted. Bank counts were done from river mouth to inland, in all thresgments of the river.

In randomly selected islands outside the boundary of Wilpattu National Park transeetgre laid
from fringing mangroves to inland. At least four transects were laid per island. BEa@ansect was

50 m in length and 1 m in width. The gap between two transects were minimally over 5 m.

Depending on the size of the island further 50 m transects were laid until the entomposition of
the island was known (Figure 61).

. Figure 61 Schematic diagram depicting data
Mangrove 2 collection procedure
b _'_I

Two diversity indices were used to find
the species richness in each location.

— Observer
§ Margalef diversity index
- " _ | Dmg = (S 21)/ LnN
T‘ Dmg ODUJDOHI-V GLYHUVL

N= total number of individuals in the
Water Body sample
S = the number of species recorded

Shannon Wiener Diversity Index

H=- Npilnp
+ 6KDQQRQ:V GLYHUVLW\ LQGH]
pi = The proportion of speciesrelative to the total number of species
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Table 21 provides the list of true mangroves found in the area and their conservationustaf

total of 14 true mangroves were found.

Table 21 True mangrove species recorded from the area

Avicenniaceae  Avicennia marina (Forsk.)
Vierh.
Avicennia officinalisL.

Combretaceae Lumnitzera racemos#illd.

Euphorbiaceae Excoecaria agallocha

Lythraceae Pemphis aciduld-orst.

Meliaceae Xylocarpus granatum

Myrsinaceae Aegiceras corniculatum(L.)
Blanco

Rhizophoraceae Bruguiera cylindrica (L.)
Blume

Bruguiera gymnorrhiza(L.)
Lamk.
Ceriops tagal (Perr.) C.B.

Robinson
Rhizophora apiculat8L.
Rhizophora mucronataamk.

Rubiaceae Scyphiphora  hydrophyllact
Gaertn.f.

Sonneratiaceae Sonneratia albd. Smith

Species typical to dry zone riverine forests and dry deciduous forest were found as

associatesTable 222).

w-Hounm-HdwndHoomounm-Hoom-H4oom-Aoom-an-HdHoom-Aoom-adunm-ounm

—Ww

: Grey mangrove/White mangrove
: Manda

: Kanna/Venkandal

. Indian mangrove

: Manda

: Kanna/Upu attha

: Teruntum bunga puteh

: Sudu beriya

: Thipparethai

: Buta-buta/Blind-your-eyes
: Thelakeeriya

: Thillai

: Muhudu wara

:Kiri maram

: Mangrove cannonball

: Mutti kadol

: Kadal manga/Somuntheri
: Black mangrove/River mangrove
: Heen kadol/Awari kadol

: Vettilaikanna/Narikandal
: Bakau Putih

: Mal kadol

: Sirukandal

: Oriental mangrove

: Rath kadol

: Tengar

: Punkanda

: Chirukandal

: Rana kadol

: Kandal

. Asiatic Mangrove

: Murunga kadol

: Kandal

‘Kalu kadol

: Sudu mal kirala/Gal kirala
: Vellai-kinnai

LC

NT

NT

LC

NT

EN

EN

VU

NT

NT

LC

VU

EN
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Table 22 The checklist of mangrove associate species and other plant species recorded from KaldDy@arippu area

Acanthaceae Acanthus ilicifolius(L.) E : Holly-leaved acanthus LC
S : Katu ekiliya
Aizoaceae Sesuvium portulacastruth.) L. E : Shoreline purslane/se NT
purslane
S : Mahasarana
T : Vankiruvilai
Amaranthaceae = Suaeda monoica Forssk. Ex E :Jambl/Jambolan NT
J.F.Gmelin T : Umiri
Amaryllidacea Crinum asiaticumL. E : Poison bulb LC
S : Tolabo
T : Vichamunkil
Arecaceae Phoenix zeylanica S : Walindi
Asclepiadaceae  Calotropis gigantea() W.T.Aiton S : Wara
Asteraceae Mikania micranthaKunth S : Wathu palu
Bignoniaceae Dolichandrone spathacéaf) S : Diyadanga NT
Celastraceae Pleurostylia opposita S : Panakka/Piyari LC
(Wall.) Alston T : Chiru/Piyari
Combretaceae Terminalia arjuna (Roxb.) Wight & E : Arjuna/Arjun tree LC
Arn. S : Kumbuk
Terminalia catappa L. E : Indian Armand
S : Kottamba
Fabaceae Derris trifoliata Lour. S : Kalawel LC
T : Pungai
Cassia auriculata(L) S : Ranawara LC
E : Matara tea
T : Avarai
Tamarindus indica S : Siyabala
T : Puli
Acacia cornigergL.)Willd. E : Bullhorn acacia LC
S : Katu andara
Caesalpinia bonduc(L) S : Kumburu LC
E : Grey nicker
T : Punaikkalaichchi
Lamiaceae Premna latifolia S : Wal midi LC
T : Erumaimulla
Lamiaceae Clerodendron inerme(L) E : Glorybower/Bagflower LC
S : Wal gurenda
T : Pichuvilathi
Malvaceae Hibiscus tiliaceud.. S : Wal beli: LC
T : Vellai
Thespesia populnegl.) Sol. ex E : Portiatree LC
Correa S: Gan suriya
Berrya cordifolia S : Halmilla LC
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E : Tricomalee wood
T : Chavandalai
Melastomataceae Memecylon umbellatuBurm.f. S: Korakaha LC
E : Blue mist
Meliaceae Azadirachta indicaA. Juss, 1830 S : Kohomba
E : Margosa
Moraceae Ficus hispida L.f S : Kata Dimbula LC
Myrtaceae Syzygium cumin{L.) Skeels. S : Madan LC
Pteridaceae Acrostichum aureur(L.) E : Golden leather fern LC
S : Karan koku
T : Minni
Rubiacea Nauclea orientaligL) S : Bakme LC
T : Vammi/Atuvangi
Salvadoraceae Azima tetracanth&dam. S : Katu niyanda LC
Sapotaceae Manilkara hexandra (Roxb.) S:Palu
Dubard
Sterculiaceae Pterospermum  suberifolium (L.) S: Velan
Willd.
Teliaceae Muntingia calabura E : Jam tree
Verbenaceae Lantana camard.. S : Gandapana

E : Lantana
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Sampling Stations and Recorded Mangrove Species

Location 01

Figure 62 indicates the location with
longitude and latitude. Location 1 was open
to sea at the river mouth. Figure 62 provides
the species found in each transect. A total of
five 50 m transects were laid. Table 23
provides the density of each species and the
' density data were depicted as a percentage.
Ceriops tagalwas the plant with highest
density in this location. The Margalef and
Shannon Wiener species richness indices were
1.9218 and 2.7304 respectively (Table 24).

Table 23 Recorded true mangrove and mangrove associate species (Trarfig@im to the forest)

Species Transect 01 (50 m) |
1 2 3 4 5
Avicennia marina 2 4 9 2 2
Avicennia officinalis 1 1 2
Bruguiera cylindrical 1 9 24 11
Bruguiera gymnorrhiza 7 4 38
Ceriops tagal 43 6 9 15 1
Excoecaria agallocha 5 5 2 2
Lumnitzera racemosa 3 1 1 3 4
Pemphis acidula 1 1 2 1
Rhizophora apiculata 3 8
Rhizophora mucronata 22 10 11 5 12
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Scyphiphora hydrophyllacea 1 1
Aegiceras corniculatum 1 1
Thespesia populnea 1 2 1
Premna serratifolia 2 1
Clerodendrum inerme 2 1 2