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“As we march into the 21st century; picture a glorious cloud decked morn, the sun splashing the sky with rainbow hues, and the mountains in their blazing rapture, crying out, the dawn is here, the dawn is here! But a man may say that all his thoughts are centred on that dreadful dawn when man may cry – 'O scorching sun, O cloudless sky, my mountains are but barren rocks!”
W. R. H. Perera, 1996  

(Source: Sri Lanka a Personal Odyssey by Nihal Fernando, 1997) 
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Chapter 1

1.1 Introduction

This chapter provides a general overview of Sri Lanka’s rich biological diversity, its status, trends and threats. Accordingly, it is meant as a general overview of biodiversity in the island to inform decision-makers and other stakeholders, rather than to provide an exhaustive documentation of the status of the country’s biological wealth. The chapter is structured as follows to concur with the approach adopted by the Biodiversity Conservation Action Plan which deals with forest, inland wetland, coastal and marine and agricultural biodiversity. This is also consonant with the thematic areas adopted by the Convention on Biological Diversity, which corresponds. Accordingly: 
· Section 1.1 provides a brief introduction to the chapter 

· Section 1.2 gives a overall snapshot of biodiversity status and trends in Sri Lanka.
· Section 1.3 introduces general threats to biodiversity in the country. 
· Section 1.4 deals with species biodiversity in terrestrial, inland wetland and coastal systems:
 status and trends and general threats. 

· Section 1.5 deals with biodiversity in forests, status and trends and specific threats.
· Section 1.6 deals with biodiversity in inland freshwater wetlands, both natural and manmade, 

status and trends and specific threats.
· Section 1.7 deals with biodiversity coastal and marine ecosystems, status and trends and specific 
 threats. 

· Section 1.8 deals with biodiversity in agricultural ecosystems, status and trends and specific 
threats. 

· Section 1.9 deals with the implications of biodiversity loss from an economic perspective and the 

impact on human well being. 

· Section 1.10 gives the references for this chapter.
Sri Lanka published a comprehensive Biodiversity Conservation Action Plan (BCAP) in 1999 through a widely participatory process to fulfil obligations under Article 6 of the CBD. This was updated recently with the publication of an Addendum to the BCAP in 2007, to reflect several issues that were identified as having a major bearing on biodiversity conservation in Sri Lanka since publication of the BCAP. During 2005 and 2006, Sri Lanka also carried out extensive stakeholder consultations to identify national capacity needs to implement the Convention on Biological Diversity. Eleven prioritised areas were scrutinised at several workshops. Among those prioritised were cross-sectoral integration of biodiversity considerations and the status, threats and application of the ecosystem approach for biodiversity conservation in forests, inland wetlands, coastal and marine systems and agricultural systems. There were also wide stakeholder consultations for preparing of Sri Lanka’s present Coastal Zone Management Plan. The outcomes of these wide stakeholder consultations and discussion are reflected in this document. Furthermore, Sri Lanka has carried out valuable surveys of forest biodiversity at the national level since the mid 1990s, and has embarked on continual species assessments since 1989 for identification of threats to indigenous fauna and flora, all of which have contributed to the preparation of this chapter. 
1.2 An overview of Sri Lanka’s biodiversity
1.2.1 Factors influencing Sri Lanka’s unique biodiversity
Sri Lanka is an island nation off the southern point of the Indian sub-continent between 5o 54' and 9o 52' North Latitude and 79o 39' and 81o 53' East Longitude (MOFE, 1999). Despite its small size of 6,570,134 ha, the island is home to a remarkable array of species; considered to be the richest per unit area in the Asian region with regard to mammals, reptiles, amphibians, fish and flowering plants; overtaking several mega mega diversity countries such as Malaysia, Indonesia and India (NARESA 1991). The concentration of avian species per unit area in Sri Lanka is also second only to Malaysie in Asia (NARESA 1991). Sri Lanka has a 1620 km
 coastline (CCD, 2006) and is surrounded by the territorial sea and Exclusive Economic Zone of 21,500 sq km and 517,000 sq km respectively (Figure 1).
.2.1  Geo-evolutionary history
Sri Lanka’s geo-evolutionary history has given rise to a continental island that had links with the mega biodiversity of the Indian sub-continent for a greater part of its geological history. As such Sri Lanka has  a more distinctive and richer biodiversity than most small island nations (Erdelen, 1989;Cruz, 1984
).The island was once part of Gondwanaland during the Tertiary (Cooray, 1984), along with South America, Africa, Madagascar, Seychelles and peninsular India (MoENR, 2008). After its break up in the Cretaceous, the Deccan Plate, carrying Sri Lanka and peninsular India, was isolated for about 35 million years, enabling its fauna and flora to evolve under more equatorial conditions, before rafting northwards to join up with Lauracea in the Tertiary (Ashton and Gunatilleke, 1987). Due to these lateral movements and linkages, the island’s biota contain species with a distinct Gondwanic and Lauracean ancestry (MoENR, 2008), although most species show a close affinity to those of Peninsular India (Ibid). Although Sri Lanka occurs within the Indo-Malayan Realm (Ashton and Gunatilleke, 1987), these land linkages have resulted in species that show affinities with those of the Palearctic , the Australian and the Ethiopian (now Afro-tropical, Udvardy, 1975) Regions, as clearly seen among bees, the Colubrid genus Boiga, and the shrimp genus Lancaris—now limited entirely to the highlands of Sri Lanka (MoENR, 2008). 

What makes Sri Lanka’s biodiversity unique, however, is its separation from India in the Miocene about 20 million years ago. Despite intermittent land connections that enabled biotic exchange up to about the Holocene (Deraniyagala, 1992 a), this isolation has resulted in Sri Lanka becoming a remarkable centre of endemism (Bossuyt et al., 2004, cited in Batuwita and Bahir, 2005). Overall, 43% of the island’s indigenous vertebrate fauna are endemic (IUCN and MoENR, 2007) as are 24.7% of the island’s flowering plants (Seneratne, 2001). Research at the molecular level has revealed a “unique endemic insular radiation” among Sri Lanka’s tree frogs, agamid lizards and skinks (IUCN and MoENR, 2007). Among these endemics are also many geographical relicts that were isolated in the island (Cruz, 1984, MoENR, 2008). For example, there are as much as 11 geographically relict endemic reptile genera in the island (de Silva, 2006). 
	Picture of a shrub frog

A species of tree frog of the genus Philautus,  one of several species that were isolated from the Indian group for the past 500,000 years with no biotic exchange (Bossuyt et al. 2004). 




.2.1   Topography 
The biota of Sri Lanka has also been influenced by numerous “geological upheavals and geographic movements” (Tan, 2005), resulting in the south-central mountains rising to 2500 m from the surrounding broad lowland plains that occur at 0 - 75 m above sea level (Wijeisnghe et al, 1993). The mountain regions cover about 3% of the island and comprise three distinct mountain ranges that have been isolated from each other for many thousands of years, and therefore habour faunal and floral elements that are unique to each (MoENR, 2008). Overall, the general topography of the island displays a “staircase pattern” of about 11 planation surfaces (Wickramagamage, 1998 cited in MoENR, 2008). 
.2.1   Climate 
Sri Lanka has a tropical climate that varies with seasonality of rainfall, influenced by two distinct monsoons and convectional and cyclonic effects. These features, coupled with the rainshadow effect of the central mountains, has given rise to two pronounced wet and dry zones (Figure 2) separated by the 2000 m isoheyt. The wet zone with its perhumid, ever-wet climate, has a rainfall of 2500 -5000 mm, and is stratified into low, mid and montane regions that rise to 2500 m above msl. Due to the resultant altitudinal variation, the mean temperature of the wet zone drops progressively from 270C in the lowlands to around 130C - 160C in the montane areas (Wijeisnghe et al, 1993). The dry zone spread over much of the lowlands plains, has a mean daily temperature of 300C and a long drought period of about 5 months, despite a rainfall of 1250 mm - 1900mm per year (ibid). A narrow intermediate zone with a mean annual rainfall between 1900 and 2500 mm lies between the wet and dry zones; and there are two extra dry coastal strips with prolonged drought periods in the north-west and south-east coastal region with a mean annual rainfall less that 1250 mm (Wijesinghe, et al., 1993).  
Apart from natural features, agriculture and soils have played a central role in the development of a rich agro-biodiversity in the island. Agriculture has shaped the county’s culture since the unique hydraulic civilisation of Sri Lanka that reached a peak during the 10th and 11th Centuries (Fernando, et al, 2008). Today 24 agro-ecological regions are recognised, based on variations in altitude and rainfall and the rich diversity of soils in the island that amount to fourteen of the Great Soil Groups (Panabokke, 1996).
Cultural features too have served to fashion and maintain the island’s unique biodiversity. The conservation of forests, watersheds and fauna were deeply ingrained in the culture of ancient Sri Lanka, fostered by Buddhism which promotes respect for all forms of life (MoFE, 1999). Not surprisingly, wildlife `sanctuaries' for the protection of fauna and flora existed in Sri Lanka as far back as the third century BC, while stone edicts of the twelfth century AD show that ancient rulers 
	Sri Lanka’s rainforest biome 

Sri Lanka’s wet zone in the southwest of the island, spread over about 15,000 km2, contains representatives of the world’s rainforest biome.Much of the endemic species are concentrated in this wet southwest region of the country, so that around 90% of the endemic flora and fauna are found only in this area (MoFE, 1999). As a result of environmental conditions, Sri Lanka’a rainforests are of two distinct elements: the lowland and mid-country rainforests and the montane and submontane rainforests. The respective complement of fauna and flora as well as the natural forest formations of these two groups show distinct differences (MoeNR, 2008). The forests of the southern wet lowland hills and plains are believed to be the richest species wise in 
South Asia (Ashton and Gunatilleke, 1987).  


had  promoted concepts akin to `urban nature reserves' (ibid).   

Influenced by both natural and anthropogenic features, Sri Lanka has a fascinating multitude of terrestrial, coastal and marine, inland wetland and agricultural ecosystems (Table 1). Forests are a predominant vegetation type in the island, and contain much of the biodiversity of Sri Lanka. They range from lowland, sub-montane and montane rain forests, to moist evergreen forests of the intermediate zone, the dry mixed evergreen forests of the dry zone, and thorn forests of the arid zone (Figure 3). Overall 15 distinct floristic regions (Figure 4) have been recognised in the island by Ashton and Gunatilleke, 1987.
There are several types of grasslands distributed in the wet and dry areas, at both low to high elevations. Sri Lanka also has ample wetlands from over a hundred major rivers that originate from the central mountains, and several thousand irrigation tanks and reservoirs dot the island (Figure 5). Together they provide habitats for a unique freshwater wetland fauna and flora. Being an island, Sri Lanka is also surrounded by a multitude of marine and coastal ecosystems along its coastline, featuring several types of reefs, many picturesque bays and lagoons, wide sandy beaches, mangrove habitats and coastal marshes (CCD, 2006). Furthermore, considerable biodiversity exists in human modified areas such as village home gardens, agricultural lands, and even in built-up areas such as roadsides and urban environments. Table 1 provides the distribution of land among different land uses in the country.  
1.2.2 Overall species diversity 

Not surprisingly. A high ecosystem diversity in the island has given rise to a wide range of indigenous species among which are many climatic and edaphic variants, particularly among the plants (MoFE, 1999), indicating the existence of a high genetic diversity. Furthermore, the various geo-evolutionary and geological processes in Sri Lanka, coupled with spatial variations in climate and topography, have promoted isolation of species resulting in a large number of geographically relict species not found anywhere else in the world (MoENR, 2008). 
TABLE1  : Land Balance Sheet for Sri Lanka

	Type of land
	Hectares (ha)

	Reserved land (reservoirs, streams, roads etc.)
	585,300

	Forests and catchment areas
	2,000,000

	Steep lands
	380,000

	Lands above 5000 ft. contour
	76,400

	Barren lands
	77,000

	Marshes and mangroves
	70,000

	Presently used land
	2,635,000

	Sparsely used land (chena, patana, etc..)
	728,800

	Total land area
	6,552,500


                 Source: adapted from Somasekeran (1996) cited in Madduma  Bandara  (2001) 
	Evolutionary significance of Sri Lanka’s fauna
Despite being part of the Indian subcontinent for much of Sri Lanka’s geological history, there is ample evidence to show evolutionary processed have caused species to diverge since the island severed links with peninsular India in the Miocene. For example, Sri Lanka’s Semnopithecus vetulus, Macaca sinica and  Paradoxurus zeylonensis have evolved into distinct species that are endemic to the island, although they show close similarities with the Indian S. johnii, M. radiata, and P. jerdoni respectively. Likewise, molecular genetic analysis has shown that the Sri Lankan leopard, the only representative in the island of the genus Panthera, is a unique sub species (Panthera pardus kotiya), which diverged from other felids about 1.8 million years ago and is quite distinct among the 10 subspecies of leopard in the world (Miththapala 2006).


1.2.3 Genetic diversity 

Genetic diversity among wild species is the least known among the three components of biodiversity in Sri Lanka, indicating much scope for future investigation. However, a substantial genetic diversity is inferred among both flora and fauna, and is particularly apparent in terms of morphological features among the mammals. For instance, the endemic monkeys Macaca sinica and Semnopithecus vetulus, and the slender loris (Loris lydekkerianus ) show morphologically distinct sub-specific variation that is indicative of high intra-specific genetic variability 
 TABLE 2:  Ecosystem Diversity of Sri Lanka
	Ecosystems
	Provisional extent (ha) 

	Forest and related ecosystems

· tropical wet lowland evergreen forest (lowland rain forest)+
· tropical moist evergreen forest+
· Tropical dry mixed evergreen (monsoon) forest+
· tropical thorn forest (arid zone)

· riverine forest+
· tropical sub montane forest+
· tropical montane forest+
· grasslands (wet pathana, dry pathana,  savannah) 


	141,506

243,886

1,090,981

na

22,435

68,616

3,108

Na

	Inland wetland ecosystems
· flood plains

· swamps

· streams and rivers

· reservoirs and ponds

· wet villu grasslands

· wet montane grasslands wet patanas
	na

na

5,913,800

179,790

na

na

	Coastal and marine ecosystems
· mangrove habitats+  
· salt marshes+
· sand dunes and beaches+
· mud flats

· seagrass beds

· lagoons and basin estuaries

· coral reefs 

· coastal seas
	12,500                  

23,819

19,394

9.754

na

158,017

na
na

	Agricultural ecosystems
· paddy lands

· fruit cultivations+
· small crop holdings or other field crops (pulses, sesame etc)
· vegetables (including, root and tuber crops)++
· crop plantations

· home gardens (cultivated)+
· chena lands (slash and burn cultivation)
	491,129

97,000

128,000

110,000 ha

772,000

367,800

na


Source: Statistical Compendium on Natural Resource Management for Sustainable Development (2001); and MOFE (1999)19 denoted by+ amd MoENR, 2002 denoted by ++’

(Groves, 2005). However, the increasing trend for the loss of populations of species due to habitat loss, degradation and fragmentation, is expected to have adverse effects on the genetic diversity of populations-–among both the fauna and flora—in the long-term.
1.2.4 Overview of threats to Sri Lanka’s biodiversity

Sri Lanka has a unique biodiversity with a high percentage of endemics among the nation’s biota. This heritage is now threatened, mostly as a result of past depletion of forest cover, a high and increasing population density, habitat degradation and unplanned development activities (MoENR, 1999, 2006, 2007). Consequently, Sri Lanka, together with the Western Ghats of India, is ranked among the world’s 34 biodiversity hotspots (Mittermier, et al., 2005)
that are selected based on high endemism among vascular plants and at least a 70% loss of their natural habitat. 
The main threats to biodiversity are highlighted below. The subsequent sections on forests, freshwater wetlands, coastal and marine systems and agricultural habitats provide greater detail on the more specific pressures relevant to each of these areas. 
.2.1  The main threats to Sri Lanka’s rich biodiversity  
· Habitat loss and fragmentation 

This constitutes the most serious threat to terrestrial wild biodiversity in Sri Lanka. Some of the most acute problems in this regard have been loss of forests through clearing for development or conversion to monoculture plantations, destruction through illegal slash and burn cultivation in the dry zone and encroachment for cultivation of cash crops in wet zone; ad hoc reclamation of wetlands; indiscriminate allocation of land for construction of tourist hotels in the past and establishment of aquaculture farms in coastal areas; and landfills in wetland habitats--particularly  in urban areas--for housing and commercial and industrial development (MoFE, 1999). Forest fragmentation to establish plantation agriculture and human settlements over several hundred years in the biologically rich wet zone has resulted in isolation of plant and animal populations in small forest patches, restricting their natural dispersal, and consequently increasing their vulnerability to genetic erosion. 
· Habitat degradation 

The degradation of freshwater wetlands has been severe, due to pollution and siltation from unsustainable land use (including deforestation), agricultural runoff, salinity intrusion, over extraction of water and illegal sand mining. The traditional practice of clearing wetland vegetation in forests for “deniya” cultivation with paddy or betel has also affected wetlands within wet zone rainforests. Logging of wet zone forests in the 1970s, served to degrade many of the already fragmented wet zone forests, although a high biodiversity has continued to survive in them. Habitat degradation has also been particularly acute in coastal ecosystems such as mangroves, lagoons and estuaries, due to unsustainable fishing practices, over-exploitation of resources, pollution, and unauthorized encroachment and land reclamation to convert coastal ecosystems to other uses. Many near shore coastal reefs are now severely degraded, especially in the southern region, due to coral mining for production of lime and natural El Nino effects. Many lagoons and estuaries also have lost functional area due to pollution, siltation and illegal land reclamation (CCD, 2006). 

· Over exploitation of biological resources
Over collection of bio-resources and destructive harvesting practices have resulted in reduction or loss of populations among many plant and animal species, leading them to verge of extinction. Particularly affected by unsustainable collection are marine food fish and lobsters, marine and freshwater ornamental fish, medicinal plants, and species that provide raw materials for cottage industries (such as rattan) or are of subsistence value as food items and wood for posts, poles and fuelwood.   

· Loss of traditional crop and livestock varieties 
Indigenous varieties of livestock, traditional varieties of rice and other food crops that are resistant or tolerant of pests, biotic and abiotic stresses under varied agro-ecological conditions have been largely replaced in farming systems by new high yielding varieties  (MoENR, 2002) that are heavily dependant on fertiliser and pesticides. This change has also brought about the loss of associated traditional knowledge developed over thousands of years. Furthermore, the spread of monocultures around 500 years ago during colonial rule, has been a prime factor for forest loss in the country and rampant soil erosion (MoFE, 1999).  

· Pollution 

Pollution in inland freshwater and coastal wetlands (i.e. lagoons, estuaries) and associated marshes  has been severe, due to contamination with fertilizers, pesticides, weedicides, sewage, chemical compounds from shrimp farms in coastal areas, and  dumping of solid and untreated industrial wastes. This has made many aquatic habitats unusable to freshwater species, including several endemics, that need clean clear water. Beach ecosystems area also polluted when used as dumping grounds for solid waste due to the paucity of land for safe disposal. Pollution of lagoons and estuaries has in turn severely affected the fishery industry in several lagoons. Release of ballast water and waste oil and tar from ships have added to coastal pollution.
· Human - wildlife  conflicts
The disruption of continuous stretches of forest, particularly in the dry zone, has continued over the past century for establishment of human settlements, irrigated agriculture and chena cultivation. This has greatly affected the travel patterns of wildlife, particularly elephants, and has escalated human-wildlife conflicts. At present, the human–elephant conflict has reached very high proportions resulting in continual damage to crops and habitations, injury to elephants, and frequent deaths of both humans and elephants. The proximity of human habitations and hotels to forest areas has increased the potential for garbage and crop raiding by the endemic toque macaque. Likewise, the severe fragmentation of wet zone forests due to plantation agriculture has affected primate dispersal, leading to co-occurrence of monkeys in home gardens and crop plantations. In some areas crop raiding and roof damage is severe, particularly with regard to macaques, giving rise to considerable conflict with humans, and even local extinctions due to anthropogenic factors.   
· Spread of alien invasive species
Sri Lanka’s freshwater biodiversity is threatened due to both accidental and intentional introduction of alien invasive plants and animals. Exotic waterweeds such as Salvinia and water hyacinth introduced accidentally have caused serious environmental and economic problems by reducing functional area of wetlands and loss of native species. Similarly invasive exotic fish and larvae introduced to aquaculture ponds have ousted indigenous species in natural water bodies and irrigation tanks. Several national parks also have major problems due to the spread of alien invasive species such as gorse, Prosopis juliflora and Lantana spp. Remedial measures involve a high cost for their removal and continued maintenance of these ecosystems. 
Increasing human population density Sri Lanka has a total human population of 20 million as opposed to 7.2 million when the country gained independence in 1948 (MoENR, 2002). This high population density has increased the pressure on natural ecosystems and species. The particularly high human population densities around the species rich wet zone forests have increased the risk of forest encroachment and poaching. The escalating demand for land has also resulted in the fragmentation of home gardens which are the key repositories of horticultural biodiversity, and offer important habitats for fauna, such as birds, butterflies, small mammals and the Critically Endangered and endemic western purple-faced langur. Particularly affected are villages and semi-urban areas in the wet zone, a region with a high human population density of more than 500 persons per sq km.  
	The Sinharaja Biosphere Reserve and World Heritage site is located in the densely populated wet zone sporting a population density of about 583 persons/sq km, which is almost double the average for the entire island (MOTEWA, 1994). (SPBAP, p21)An estimate of population size around the reserve based on village level administrative reports shows about 26,000 persons in 6,500 families living in about 40 villages (compared with 5,457 in 1980), with about  42-429 households located in a single village (Wijesuriya et al, 2003).
Source:  Dela, 2003


1.3  Species diversity  
1.3.1 Status 
	Sri Lanka’s wild fauna and flora are relatively well researched though considerable work remains to be carried out. National level species assessments carried out through the National Conservation Review (NCR) carried out by the Forest Department in the 1990s with the assistance of the World Conservation Monitoring Centre and IUCN-The World Conservation Union, the recent biodiversity assessments in seven important Protected Areas by the Department of Wildlife Conservation,  surveys carried out in association with the National Species Red Listing Exercise, a coastal survey by the ADB sponsored CRMP project, coastal and marine research by the National Aquatic Research Agency (NARA). Important research initiatives by individuals, universities  and Environmental NGOs have added to the knowledge base on Sri Lanka’s biodiversity. 




.11   In terrestrial and freshwater wetlands 
· Fauna  s   
Overall Sri Lanka has 677 vertebrate species, of which 43 % are endemic, and a further 262 species of migrant birds within its land area, (Table 2). Endemicity among vertebrates is highest among the amphibians (85%),  freshwater fishes (54%), and reptiles (50%). Sri Lanka is particularly noted as one of the richest countries for amphibian diversity with 3.9 species per 1000 sq km2 (Goonewardena, et al, 2006),
 with Costa Rica is a fairly distant second (Manamendra-Arachchi and Pethiyagoda, 2005). Valid amphibian species is may also increase further to 140 with the description several newly discovered species (Manamendra-Arachchi and Pethiyagoda, 2005). 

Most invertebrate taxa in the island have been incompletely surveyed, but a rich diversity is apparent among land snails from 60 genera and 26 Families (Ranawana, 2006), butterflies, dragonflies, bees, carabid beetles and spiders (Table 3). The isolation of Sri Lanka since the Miocene has resulted in a molluscan fauna that is the most distinctive in the South Asian Region, demonstrated by exceptional endemism among land snails (Naggs and Raheem et al. 2000). Sri Lanka’s land snails also have more Gondwana relict taxa than in India (Naggs and Raheem, 2000, cited in Naggs, et al, 2005), with a total of 14 species from five endemic genera (i.e. Ravana, Ratnadvipia, Acavus, Oligopsira and Aulopoma) considered geographical relicts. Among the other faunal groups that have been studied to some extent, endemism is notable among freshwater crabs (100%), dragonflies (46%), and carabid beetles (24%) with ten endemic genera (MOFE 1999). Notably several endemic species are point endemics, restricted to extremely small areas within a single forest (MoENR, 2008).  
	Picture of an endemic bird. With title and insert under it on mammals

The avifauna is very diverse with about 435 species of birds including migrants, although lower in endemics compared with other vertebrate groups. The 25 endemic species are confined mainly to the Wet Zone forests (MoFE, 1999).

Picture of an endemic mammal: title and the following text insert under it on mammals

Among the terrestrial mammalian fauna are bats shrews rodents carnivores (inclusive of the leopard and sloth bear) seven artiodactyls--including the four species of deer; five primates and one species each of elephant and pangolin (MoFE, 1999). Species diversity in systems with high human interference is also high and is dealt with below in the relevant sections.     


TABLE 3:  Species diversity among selected groups of Sri Lanka’s fauna  and flora in terrestrial and freshwater wetalnds (check %)
	Taxonomic group
	Number of species
	Number of endemic species and % endemism 
	Reference

	Land snails
	246
	204 (83%)
	Ranawana, 2006

	Dragonflies
	120
	57 ( 47.5 %)
	Bedjanic, 2006 and MoENR, 2007)

	Bees
	148
	21 (14%)
	Karunaratne and Edirisinghe, 2006

	Carabid beetles
	525
	127 (24%)
	MOFE, 1990

	Butterflies
	243
	20 (8.2%)
	Perera and Bambaradeniya, 2006

	Spiders
	501
	NA
	MoENR, 2007

	Freshwater crabs
	51
	51
	MoENR, 2007

	Freshwater fish
	82 

	44 (54%)
	Pethiyagoda, 2006

	Amphibians
	106 + x
	90+  (85%)
	Pethiyagoda, et al, 2006

	Reptiles (terrestrial)
	183
	92 (50%)
	Ranawana, 2006 

	Birds (including migrants)
	482

(220  residents)
	25 definitive* and 8 proposed  (*5% of all species and 11% of residents)
	Kotagama, et al, 2006;

	Mammals
	91
	16 (18%)
	Weerakoon, et al, 2006

	Angiosperms
	3,771
	926 (24.55%)
	Dassanayake and Fosberg (1980-2004) cited in IUCN and MoENR, 2007

	Pteridophytes (Ferns only)
	348
	48+
	IUCN and MoENR, 2007

	Mosses 
	566
	63+
	IUCN and MoENR, 2007

	Liverworts
	222
	NA
	MoENR. 2006

	Lichens
	661
	NA
	MoENR. 2006


NA= data not available . 
· Flora s   
Sri Lanka has over 3000 angiosperms (Table 3) from 214 families and 1522 genera. Of these about a quarter are endemic (Seneratne, 2001). The fact that this extraordinary endemicity occurs mainly at specific and intraspecific level makes the Sri Lankan flora of outstanding interest (Ashton & Gunatilleke, 1987). It is also remarkable that all 58 species in Sri Lanka from the Family Dipterocarpaceae, which forms the dominant structural and floristic component in the wet zone rainforests, are endemic; with 26 Stemonoporus spp. spread over the full elevation range of the wet zone (MoENR, 2008). Interestingly, these Dipterocarps also share a common Gondwanic ancestry with Sarcolaenaceae which is now endemic to Madagascar (Ducousso et al. 2004 cited in MoENR, 2008). 
Most lower plant groups are as yet insufficiently identified, but research during the past three decades indicate that there are considerable number of species of ferns and fern allies, 566 species of mosses and 222 species of liverworts (IUCN and MoENR, 2007), 896 species of algae and about 1,920 species of fungi recorded so far in the island (MOFE, 1994).   
.11   Coastal and marine ecosystems 
TABLE 4 Species diversity among selected 
faunal groups in coastal and marine ecosystems 
	Taxonomic group
	Number of species

	Hard coral species
	183*

	Echinoderms
	213+

	Marine molluscs
	228+

	Sharks
	61+

	Rays
	31+

	Marine reptiles 
	18+

	Marine mammals 
	28+

	Pelargic fishes 
	    1800+ **

	*Rajasuriya et al., 2000,   + IUCN and MoENR, 2007; ** CCDm 2006


Among the identified species in marine and coastal waters are over 1,800 pelagic species of fish (Table 4); five species of turtles that come ashore to nest on the beaches and 38 species marine mammals comprising the dugong and 37 species of cetaceans (MoENR, 2002). Among these organisms are 146 species of bony fishes that are important in the commercial food fishery (MoFE, 2000). Several species of sea snakes and a diverse array of coral and reef associated organisms, including 72 species of common fishes are found in association with coral reefs.  Genetic diversity within coastal habitats is believed to be high, and of possible economic value, but this aspect has not been investigated adequately as yet (CCD, 2006).
.11   Ex-situ collections
Sri Lanka has several institutions that engage in ex-situ conservation of terrestrial and freshwater biodiversity. They are the National Botanic Gardens, under which are the Royal Botanic Gardens at Perademiya, Hakgala, Gampaha (Henerathgoda) and Hambantota, ( Awisssawella?? ) and a medicinal plant gardens at Ganewatte and a Biodiversity Complex at Gampola. Only a fraction of species in the Botanic gardens are endemics, and the role of these institutions as reservoirs of indigenous biodiversity is not well established due to historical reasons. This trend has been reversed same what in recent times and the RBG now has 1471 specimens from local species, while the more recently developed herbarium at the Hakgala Botanic Gardens has about 2000 specimens from local species.  (needs to be checked with Dr Wijesundara)
The National Zoological gardens (NZG) at Dehiwala houses about 3500 animals from 350 species of mammals, birds, reptiles, fish, amphibians, butterflies and marine invertebrates in a space of about 10 ha. While most of the animals are non-indigenous, the zoo has initiated support to biodiversity conservation by breeding some rare and endangered species, with special emphasis on endemic ornamental fish. The NZG also promotes ex-situ conservation of indigenous species in the walk-in aviary for birds, the small cats zone and the butterfly garden. However, the role of the National Zoological Gardens for ex situ conservation is limited as yet. Overall, there are few scientifically managed captive breeding programmes for threatened animals in the country, though captive breeding has been successful with species like the leopard and elephant.  The new zoological garden to be set up at Kegalle envisages to address this need. 
Though captive breeding has been carried out for elephants at the Pinnawela Elephant Orphanage, the animals are not being reared for re-introduction to the wild. Re-introduction is the goal at the Orphan Elephant Transit Home at Uda Walawe, but such initiatives need to be more carefully  managed with the required technical expertise and stringent monitoring to ensure their long-term success. 
1.3.2  Issues and threats 

Sri Lanka has been engaged in the preparation of nationally threatened species lists since 1989 (Wijesinghe et al. 1989; 1993;
. Gunatilleke and Gunatilleke, 1991; IUCN, 2000, 2007) which have been of significant importance in formulating measures for the conservation of biodiversity in the country. This is in accord with the Convention on Biological Diversity, ratified by Sri Lanka in 1994, which requires Contracting Parties to identify important components of biological diversity for conservation and sustainable use (Article 7 of the CBD). 

The 2007 IUCN global list of threatened animals contains … species found within Sri Lanka, of which … are invertebrates, and a further … occur in the Western Indian Ocean. With regard to plants the … IUCN Red List of Threatened Plants lists … Sri Lankan species as Vulnerable, Endangered and Critically Endangered. At the national level, however, many more species were found to be under threat in the latest National Red List assessment of 2007 (Table 5). According to this list, 223 species of vertebrates are under threat of extinction, of which 62% were endemic. This comprises about 33% of all vertebrate species in the island, and amounted to one out of every two species of mammals and amphibians, one out of every three species of freshwater fish and reptiles, and one out of every five species of birds in Sri Lanka (IUCN and MoENR, 2007). Furthermore, 57 species of inland vertebrates assessed were found to be Critically Endangered. 
The percentage of threatened species among those assessed was highest among amphibians, followed closely by mammals. Despite a remarkable amphibian diversity in the island, 21 species of amphibians have become extinct during the past 100 years (IUCN and MoENR, 2007).  These include species of evolutionary importance such as Nannophrys guentheri (Guenther’s rock frog)--one of three relict frog species from an endemic genus. Among the other species to have disappeared from Sri Lanka in recent years is the Comb Duck (Sarkidiornis melanotus). Local extinctions have also occurred among several mammal and bird species in the wet zone, mainly due to loss or disturbance of tree cover in natural as well as modified areas, and the loss and degradation of wetland habitats (MALF, 1995; IUCN and MoENR, 2007). Endemic species are most affected by habitat loss and degradation as they often have poor ability to adapt to disturbed habitats. Significantly, most of the threatened terrestrial vertebrates and fishes are distributed within the wet zone with a high human population density (Figures 6 and 7).  One of Sri Lanka's flagship species - the elephant - is also threatened, and elephant populations distributed in both Dry and Wet Zones at the turn of the century have dwindled from 10,000, to about 3,000 that are now almost restricted to the Dry Zone. Hunting for trophies and ivory, along with clearing of wet montane forests were the reasons for a drastic decline of the elephant population in the past. Consequently, with the exception of a very small herd of about 20 animals (DWC, 2008 personal communication), the elephant has become locally extinct in the wet zone of Sri Lanka where they were once prolific. In more recent years, deforestation in the Dry Zone leading to habitat loss and degradation has led to an escalation of the human-elephant conflict, leading to the killing of elephants to defend crops and habitations. According to recent estimates, an elephant death is now reported every two days, mainly due to gun shot injuries (IUCN and MoENR, 2007). 

Hunting and poaching also has aggravated the threat status of many other species, such as the leopard, which is shot and speared for skins and are also prone to be killed by snares set for other species such as wild boar and deer hunted for meat  (Jayawardene, 2002 and Kittle and Watson, 2002 cited in IUCN and MoENR, 2007). 
Among the invertebrate fauna that were evaluated, the highest number awarded threat status were among the butterflies—amounting to  25% of butterfly species assessed. A 72.5% of all freshwater crab species recorded to date are also threatened. Most of the threatened species among the freshwater crabs, land snails, dragonflies are endemics.

TABLE 5:  A Summary of Some Threatened Fauna and flora  of Sri Lanka from Selected Taxonomic Groups 

	Group




	 Species in the 2007 Red List of Threatened  fauna and flora of Sri Lanka 
	Species in the 1999 List of  Threatened Fauna and Flora of Sri Lanka   

	
	Number

Assessed

(no. of endemics in parenthesis)
	Number threatened

(no. of endemics in parenthesis) 
	Number

Assessed

(no. of endemics in parenthesis)
	Number threatened

(no. of endemics in parenthesis)

	Land snails
	246 (204)
	33 (32)
	235 (198)
	117  (103)

	Freshwater shrimps
	-
	
	23  (7)
	18  (7)

	Freshwater crabs
	51 (51)
	37 (37)
	25  (25)
	25  (25)

	Dragonflies
	120 (57)
	20 (20)
	116 (49)  
	70  (49)

	Butterflies
	243 (20)
	60 (13)
	 243 (20)
	76  (13)

	Therapsid spiders
	7(5)
	1 (1)
	--
	--

	Evaluated invertebrates
	
	
	
	

	Freshwater fishes
	82 (44)
	28 (20) [34%]
	78 (32)  
	39  (32) [50%]

	Amphibians
	106 (90)
	52 (51) [49%]
	54 (35)   
	33 (31) [61%]

	Reptiles
	171 (101)
	56 (37) [33%]
	155 (81)
	87 (67 ) [[56%]

	Birds (residents only)
	227 (33)
	46 (16) [20%]
	226 (23)
	61 (22) [27%]

	Mammals
	91(16)
	41(14)  [45%]
	90 (14)
	34 (13) [38%]

	Evaluated vertebrates 
	677 (284)
	223 (138) 
	
	

	Evaluated Flowering plants 
	1099 (553)
	675 (412)
	
	


Sources: IUCN and MoENR (2007) and  IUCN Sri Lanka (2000),   
The above two lists have been prepared using different criteria. The 2007 list used the IUCN Red Listing Criteria while the 1999 list used objective, but specially designed national criteria that reflect risk of extinction.   
With regard to the 1099 indigenous angiosperm species assessed through the recent National Red Listing exercise (IUCN and MoENR, 2007), 675 species were found to be threatened, of which 412 (61%) were endemics, and 37% were Critically Endangered. Significantly, a further 72 species (6.5%) out of the total number assessed had already become extinct (ibid). The dipterocarps, with a remarkable endemicity of 100%, comprised 6.5% of the threatened plants in the list, with 42 threatened out of 58 species assessed, and one extinct species. Most of the threatened dipterocarps are confined to the wet zone (Figure 8).    

Analysis on the geographical distribution of threatened butterflies, vertebrate fauna and flora in the different administrative districts in the island show the highest concentration of threatened species  within the populous districts of the lowland wet zone and the central highlands. This is probably because much of the problems underlying loss of terrestrial and inland wetland species are anthropogenic, caused by a high population density and unplanned development that has resulted in habitat loss, modification and degradation; over-exploitation of species of resource value; spread of alien invasive species and pollution (IUCN and MoENR, 2007). These threats are consonant with drivers of biodiversity loss identified in the Millenium Biodiversity Assessment of 2005.
The loss, fragmentation, modification and degradation of natural habitats have been the prime cause for many of Sri Lanka’s terrestrial and freshwater species being pushed towards extinction (MoENR, 2002; IUCN and MoENR, 2007). The fragmentation of natural habitats, tends to isolate populations by restricting their natural travel patterns, and in addition to genetic erosion, this also causes increased conflict with humans as In the case of elephants in the dry zone. 
	The impact of habitat fragmentation on the western purple-faced langur

The availability of only small and severely fragmented forests in the range of the western purple-faced langur due to forest clearing in the wet zone has been compounded by increasing human population densities, the consequent demand for land, and the rapid loss and fragmentation of home gardens and plantations to which it had become adapted over several hundred years. This has resulted in local extinctions, so that this taxon is now listed as Critically Endangered, and among the top 25 most threatened primate taxa in the world. 
Source:  Dela, 2006


Pollution and siltation caused by improper land use has adversely affected aquatic fauna and flora and some of the lower plants. For instance, several mosses and liverworts and the fern Schizaea digitata have disappeared from around the city of Colombo, and this is attributed to pollution (MoENR, 2002). Similarly, there is growing evidence that forest dieback in the montane rainforest of Horton Plains National Park could be due to air pollution and acid rain (MoENR, 2008). 
Over exploitation has also been a major determinant of species loss in of Sri Lanka. For example, all ten species of rattans in Sri Lanka are threatened due to over-collection. Likewise, many species of medicinal or commercial value, such as ekaweriya (Rauwolfia serpentina), asoka (Saraca asoca), godakaduru (Strychnos nux-vomica), rodanti (Capparis moonii), amukkara (Withania somnifera) and bim kohomba (Munronia pumila), have become rare in the wild due to heavy collection (MALF,1995; MoFE,1994). The largest number of threatened plant species (122), amounting to 18% of all threatened plant species, are from the family Orchidaceae that yields many ornamental and epiphytic species, and four species have already become extinct. Many threatened and endemic orchids are epiphytic, so that their survival depends on the presence of the wet zone forest patches (MoENR, 2008). Similarly, a large number of many freshwater and reef fishes have become threatened due to over-collection from the wild in the ornamental fishery (IUCN and MoENR, 2007). Several valuable timber species such as satinwood (Chloroxylon swietenia), ebony (Diospyros ebenum), calamander (Diospyros quaesita) are also now listed as Endangered due to selective removal of mature trees; similarly, the Madara tree (Cleistanthus collinus) has been so heavily exploited that it is suspected to have become extinct during the latter half of the past century  (MALF, 1995). 

A minimum of 38 species of fauna and 20 species of flora (some of which are now domesticated) have already reached or have high probability of reaching invasive proportions in the country (METEWA, 2000). As these species can pose severe threats to national biodiversity, effective control measures for preventing the entry of such species to Sri Lanka, and their establishment, are considered an urgent need. 
1.4  Forests and grasslands
1.3.1 Status 

.11   Forests 
Sri Lanka falls within the Biogeographical Provinces termed the Ceylonese Rainforest and Ceylonese Monsoon forest (IUCN 1987). Figure 9 shows the per cent composition of Sri Lanka’s main natural forest categories in 1999
. Since the 1990s, several important initiatives have been carried out in Sri Lanka to assess the extent and status of the country’s forestry resource.  
	Diversity of forests in Sri Lanka 
For a relatively small country, Sri Lanka show a marked diversity of forest types as a result of the differences in spatial distribution of rainfall, altitude and soil.  The canopy height of wet zone forests show a progressive decline, as wet lowland forests occurring at heights of 0-1000 m transform into sub- montane forests at around 1000 -1500 m, and again into montane forests at elevations above 1500 m, while patches of unique pygmy forests occur in  some areas above 2000 m. The lowland intermediate zone contains yet another distinct group of vegetation termed the tropical moist evergreen forests. The dry zone has the characteristic tropical dry mixed evergreen forest, with an overall canopy height that is less than 20 m and is relatively open compared with wet zone forests.  Due to historical factors, the dry zone forests are secondary and seral, although climax vegetation can be found in isolated hills such as Ritigala. These forests change into the characteristic thorny scrub of the arid zones in the northwestern and southeastern corners of the island.  



At the beginning of the last century Sri Lanka had about 70% of land area under natural forest (Wijesinghe, et al., 1993). A forest survey based on landsat imagery carried out in 1992 by the Forest Department showed, however, that close canopy natural forests (i.e. with over 70 per cent crown closure) had dropped by then to 23.88 % of the total land area. More recent Forest Department data (unpublished) for 1999 reveal that closed canopy natural forests had dropped further to 22.55%, though all forests including “sparse forests" (mainly scrub), brought the total forest cover in the country to around 31% of the land area (Dela, 2003). Forest plantations, maintained by the Forest Department, added around 135,623 ha to the vegetation cover in 1999  3is around 91,500 ha (Table B.5.2) (Central Bank, 2001; Bandaratilleke, 2000), and about 72,350 ha of viable forest plantations had been established by 2000 (Central Bank, 2001). 
Assessment of the viability of natural vegetation in Sri Lanka through a(FD GIS unit) recent GAP analysis of the exiting Protected Areas using GIS technology (Figure 10) showed, however, that a considerable percentage of forests cover in the island falls within the condition categories of ‘moderate’ or ‘poor’. The dry monsoon forests located mainly in the northern and eastern regions of the island are the most widespread (Figure 3), and cover an area of about 10,27,544  ha at present (Table 6). The next in extent are the moist monsoon forests of the intermediate zone. In contrast, t(NCR, vol 1). he biologically valuable wet lowland forests cover only around 1,24,340.8 ha, while sub-montane and montane forests are even more scarce. The mangrove swamps in Sri Lanka are naturally fragmented and occur in a narrow inter-tidal belt that extends less than 1 km landward from the mean low water tidal level (MoFE, 2000).
Terrestrial biodiversity is also not uniformly distributed within the different types of forests. The wet zone rainforests contain nearly all the country's woody endemic flora, about 75 per cent of the endemic fauna, and all the endemic genera (MOFE, 1999). They also form the main refugia for the relict Gondwana-Deccan biota (Ashton and Gunatilleke, 1987). The level of endemism in Wet Zone forests ranges from 37 - 64 % for woody plants and 14 - 52 %  for animals, compared with 10-16% of species in the Dry Zone (MOFE, 1999).  
The National Conservation Review (NCR) carried out by the Forest Department in the mid 1990s, comprising a major biodiversity assessment of the islands natural forests over 200 ha, identified the wet lowland rainforests as the richest among Sri Lanka’s forests in terms of biodiversity and endemism, and of prime importance for soil and water conservation (IUCN/FAO/1997). These extremely fragmented wet lowland forests are also the last remnants of the once widespread mid-Miocene tropical rain forests of Sri Lanka. In terms of evolutionary importance among endemic species, however, the forests of the montane zone are the main habitats for the most conservative faunal elements in the island, due to mountain top isolation and least disturbance by biotic invasions from south India (Eisenberg and McKay 1970). 
TABLE 6: Change in Natural Forest Remaining in 1992 and 1999, by Forest Type 

	Forest type
	Total forest area (ha)

1992*
	Total forest area (ha)

1999*

	Montane forest
	3,108.0
	3,099.5

	Sub-montane forest
	68,838.0
	65,792.3

	Lowland wet evergreen forest
	1,41,549.0
	1,24,340.8

	Moist evergreen forest
	2,43,877.0
	2,21,977.0

	Dry mixed evergreen forest
	10,94,287.0
	10,27,544.1

	Riverine forest
	22,411.0
	18,352.1

	Mangroves
	8,687.0
	 9,530.5

	Total extent of “closed canopy” forest
	15,82,757.0
	14,70,636.2

	Open Canopy Sparse Forest
	4,63,842.0
	4,71,583.2

	Total forest cover in the country
	20,46,599.0
	1942219.5




Source: Legg and Jewell* (1995) and Forest Department (1998) ?? Not sure of the date. I have the data

The NCR also revealed that 79 per cent of the woody plant diversity (including 88 per cent of endemic woody plant species) and 83 per cent of faunal diversity (including 85 per cent of endemic faunal species) are represented in just eight units of contiguous forests (IUCN/FAO/FD 1997). Of these complexes, six are in the wet zone, while the intermediate and dry zones contain one each (MoFE, 1999). In this context, the fact that in the lowland and the hills. the biologically diverse lowland rain forests amount to less than 2% of the island’s total land area, with wet sub-montane and montane forests adding only a further 1.01 % and 0.05% respectively (Forest Department data for 1999?)  is a matter of serious concern. Furthermore, although a (NCR-vol 1).  bout 9,462 sq km of natural forest and scrubland amounting to 18% of the island have been declared as Protected Areas (National Environmental Outlook, ), only about 18% of this system falls within the wet zone (MoENR, 2002). (FD GIS unit) 
As a result of considerable anthropogenic factors, Sri Lanka’s rainforest biome is now represented mainly by isolated and very fragmented forest patches scattered over the wet zone, where most individual forests amount to less than 10,000 ha (IUCN.WCMC/FAO 1997). Many are suspected to be too small to sustain functional ecosystems in the long-term, or to offer viable habitats for the mammalian macro-fauna of the wet zone.  The main cause for this is deforestation on a massive scale under colonial rule for establishment of plantation agriculture during the 19th century.
	Sri Lanka’s lowland forests are characterised by a dense canopy of trees reaching 30- 40 m in height, with emergents rising through the canopy to about 45 m. Due to the height of the canopy trees and the straightness of their boles, wet lowland forests were considered at one time to be a viable source of timber, so that many of the lowland dipterocarp-dominated forests have been selectively logged in the past.
Source:  MoFE, 1999


Moreover, from the 1940s, wet zone forests began to be recognised as “ timber resources”,  and this trend continued until 1989. Consequently, much of the remaining wet zone forest forests have also been selectively logged. Of particular concern is that these forests that harbour most of the endemic species are now severely fragmented and surrounded by a high human population density.  
Accordingly 33 wet zone forests were identified for conservation after an Accelerated Review of wet zone forests, and logging was banned in all natural forests of Sri Lanka in 1990. Illegal timber felling has also been reduced, particularly in wet zone forests, as permits are now required for transportation of most species of timber value. However, illegal timber felling in forests continues to some degree in the dry zone, and more marginally in the wet zone forests. The latter is mainly for personal use during housing construction 

Even so, repeated forest assessments such as the NCR and the recent Baseline Biodiversity Survey of seven Protected Areas under the Department of Wildlife Conservation, have shown that many remnants of rainforests continue to harbour a rich biota, although further deforestation may well lead to species extinctions in them on a massive scale. There has been a remarkable improvement in ecosystem quality due to forest regeneration in some of the larger diverse wet zone forests that were rich in biodiversity but selectively logged in the 1970s (IUCN, 1993; Dela 2003). This can be attributed to the ban on official logging of natural forests in the country, and the veering away of the Forest Department’s focus from production to forest conservation. Regeneration is, however, slow, and even after eight years of a halt to logging in the Sinharaja, threatened, endemic woody species were poorly represented in selectively logged forest areas (de Zoysa et. al., 1990). However, the  conservation value of wet zone forests as the only refuge of some of the rarest faunal and floral species in the world is now recognised, and there is a positive move to engage local communities in forest conservation to halt anthropogenic disturbance to forests in all climatic zones. 
	Indicators of regeneration in  logged rainforests
In the Sinharaja forest, a long-term study of mixed-species bird flocks has revealed a slight reduction in the incidence and occurrence of bird flocks which usually move along the skid trails established in the 1970s for logging operations. Similarly, the frequency of some endemic birds in these flocks have declined, while populations of some species favouring undisturbed forest have increased. Researchers suggest that these changes are due to the gradual regeneration of logged areas to climax conditions, and the resultant changes in vegetation patterns and the fauna they sustain.(S.W. Kotagama pers com this review, Goodale and Kotagama in press a and b).
· Small mammals that are more common in primary forest now occur quite frequently in areas that were selectively logged in the 1970s, indicating that these areas are now reaching climax conditions.31 ( Dr M. Wijesinghe, personal communication, this review)   

· Vegetation observed to be in the seedlings phase in the mid 1980s are now in the building phase of the forest, and reaching the mature phase.(Dr B J P Singhakumar, personal communication, this review)   
· Long-term monitoring of skid trails opened up for logging in the 1970s has shown that the canopy cover is closing, and early successional species such as Trema orientalis and Osbeckia are dying out. These areas are being taken over by late successional species such as Shorea trapezifolia and Shumacheria castaneifolia.

(Prof. N Gunatilleke  personal communication, this review)
· There has been considerable regeneration of sub-montane forest in abandoned tea lands located in the eastern buffer zone of the reserve.  
Studies in the Kanneliya-Dediyagala-Nakiyadeniya group of forests have shown good regeneration  and maintenance of high biodiversity in logged areas of this forest to could regenerate well and posses ample biodiversity (IUCN, 1993).

(this review)
 Source of Sinharaja data : Personal communication from S W Kotagama, IAUN Gunatilleke  and M R Wijesinghe, 2003, and cited in Dela, 2003.


Much of the remaining large tracts of forests in the country (Figure 3) as well as Protected Areas (Figure 11) consist of Dry Zone forests. These forests, though less diverse than wet zone forests, are nonetheless the main habitats for large mammals including the elephant, and carnivores, ungulates and primates show their highest species diversity in the Dry Zone (MoFE, 1999). Further, the Ruhuna National Park in the Dry Zone is exceptional in terms of woody species and faunal diversity with regard to large herbivores and carnivores. The floodplains of the Mahaweli river in the dry zone are also the most important habitats in the country with regard to wildlife biomass (ibid). 
.11   Grasslands
Sri Lanka’s forests are associated with several different types of grasslands. These include: the savannas that occur as a distinct community around Bibile, with the characteristic highly inflammable grass Imperata cylindrica (iluk) and several short stature tree species dotting  the grasslands. Extensive dry patanas that are generally devoid of tree flora (except in the valley bottoms) are found in the Uva basin. They are dominated by the grass Cymbopogon nardus (mana). Wet pathana grasslands occur at very high elevations around 2000 m in association with upper montane forests, containing the characteristic tussock grass Chrysopogon zeylanicum and a scattering of Rhododendron arboreum zeylanicum trees. The damana grasslands of the Dry Zone occur mainly in the Eastern Province, and are believed to have resulted through forest clearing and repeated firing. The talawa grasslands of the lowland wet zone are also the result of forest felling and firing for slash and burn cultivation, and succession towards a climax community is already apparent in many places. The wet villu grasslands in the flood plains of rivers flowing through the Dry Zone are particularly rich in biodiversity among the large grazing and browsing herbivores such as deer and elephant. 
1.3.1 Issues and threats  

	Studies have shown that nearly 12-18 percent of the Hakgala, Horton Plains, and the total area of Kanneliya have been lost due to encroachments along the boundaries, mainly for agriculture. During the period 1956-1983, nearly 12 percent of the Sinharaja was deforested almost entirely on the periphery, so that only 66 percent of the World Heritage site remains as primary forest (Barnyard and Fernando, 1988, cited in Bogahawatte …. ).



Deforestation has been the most serious threat to terrestrial biodiversity in Sri Lanka, so that the island had lost approximately 50% of its forest cover within about 50 years. Comparison of the area under closed-canopy natural forests in 1956, 1983 and 1992 show a marked decline of dense forest from 44% (2.9 million ha), to 26.6% (1.76 million ha) to 23.88.2% (1.33 million ha) of the land area respectively (Legg and Jewel, 1995; FD, 1999). This also indicates that the rate of deforestation had increased from 42,000 ha between 1956 and 1983 to 54,000 ha between 1983 and 1992. Consequently the per capita figure of 0.12 ha of forests in 1983 had dropped by 1993 to 0.09 ha (Bandaratillke, 2000). Table 6 shows that all categories of closed canopy natural forest in the island had decreased between 1992 and 1999. Figure 12 compares the forest cover by district in the island in 1983 and 1992 (Legg and Jewel, 1995) and 1999 (Forest Department data, 1999). While some of the forest loss has been attributed to redefining of district boundaries, the acceleration of deforestation from 1983 to 1992 is attributed partly to extensive land clearing in the Dry Zone for irrigation schemes established through the Mahaweli Development Project. Much of the forest loss has been directly as a result of expansion of irrigation, human settlements, agricultural development, and other non-forest development activities such as hydro electric generation (Bogahawatte,  … ).
This trend has, however, been considerably slowed down though forest loss is still continuing. Currently about 23.5% of the land is under closed canopy forest (Forest Department, 1999). Although a drop to 17 % by 2020 was predicted if no preventive action is taken (MALF, 1995), various conservation measures have been adopted by successive governments to reduce deforestation. Consequently the rate of deforestation had dropped to 20,000 ha per year between 1994-1999. However between 2002 and 2005, about 2,48,426 ha of forest encroachments on forest reserves and 2680 detections of illicit clearing were detected (Table 7) .  
TABLE 7:  Trends in detection of encroachments 
	Year 
	Area encroached 

(ha)
	Detections 

	2002
	517.56
	1218

	2003
	950.42
	960

	2004
	567.09
	805

	2005 
	359.17
	697


Source: National Environmental Outlook (2006)

Past deforestation and continuing illegal timber felling has already reduced the biodiversity of Dry Zone forests, so that mature individuals of valuable timber species have become exceedingly rare. Many of these species are listed as threatened through the current national Red Listing process (IUCN and MoENR, 2007). While most large forests tracts do still remain in the dry zone, clearing for hydropower generation, human settlement and agriculture during the last century has considerably depleted the forest cover in this region during the last century. This in turn has increased the threat status of the large and charismatic mammalian fauna, particularly the elephant, by reducing their preferred habitats, increasing vulnerability to poaching, and disrupting wildlife migration routes with a consequent increased human-wildlife conflict. Forest loss due to chena or slash and burn cultivation is still a major threat to dry zone forests, while cattle grazing leads to degradation of Dry Zone forests and results in loss of fodder for wildlife such as elephants and other large herbivores. 
Deforestation for plantation agriculture in the 19th century, particularly  on steep slopes, has led to rampant soil erosion which affects inland and coastal wetlands and associated ecosystems and species due to siltation. Encroachments for cultivating cash crops, mainly to grow tea, by peripheral communities living near wet zone forests, is also a prime factor for recent forest loss in this region. There are localised threats to montane forest biodiversity through potato cultivation, forest fires, and forest die back. The latter is prominent in the montane forests and grasslands of Horton Plains. Grasslands of all types are threatened due to firing, over grazing by domestic cattle and conversion to other uses, and hunting is particularly high in the savanna grasslands (IUCN, 1994). 
The loss of natural habitats has caused several species to undergo local extinctions in the Western Province during the last three decades. The Recently compiled national Red List state that  amongst those most affected have been isolated populations of arboreal endemic mammals: the Purple-faced Leaf Monkey (Semnopithecus vetulus), the Golden Palm Civet (Paradoxurus zeylonensis) and the Red Slender Loris (Loris tardigradus). Birds such as the Orange-billed Babbler (Turdoides rufescens) are also suspected to have become locally extinct from some degraded and fragmented forest patches (ie., Nambapana), and the endemic Whistling Thrush (Myophonus blighi) is affected by the extensive clearance and degradation of montane forests that are converted to timber plantations and agriculture. The adverse impacts of forest loss and forest fragmentation have also had its toll on the unique and threatened shrub frogs of the genus Philautus that are restricted to the wet zone, so that several species are now extinct. 
Mature trees of several valuable timber species are rare due to selective removal for centuries, although there is adequate natural regeneration of satin wood (Chloroxylon swietenia), halmilla (Berrya cordifolia) and ebony (Diospyros ebenum) in the forest. Depletion of the non-timber forest resources has occurred in all climatic zones due to over exploitation of species of commercial or subsistence value. The nature and extent of resource use varies according to location and socio-economic level of the local communities. However, the demand for forest products such as wood for poles and posts, food items, resins, rattan and bamboo, biomass for fuelwood, medicinal plants have also added to forest degradation. As a result all ten species of rattans in the country and several bamboo and medicinal plants of commercial value are now listed as nationally threatened with extinction (MALF, 1995; IUCN and MoENR, 2007).  Fuelwood collection has been particularly damaging to forests, due to debarking of trees to increase dead wood for collection. A study on traditional forest use in Sri Lanka carried out by the IUCN for the Forest Department in 1994 found that the average quantity of fuelwood collected by active forest users was 547 kg per household per month (IUCN, 1994). Studies in wet zone forests have shown that most firewood collected is chopped wood from trees, as the available dead wood was not sufficient to cater to the high demand. This practice continues illegally even today for domestic requirements from protected areas in all climatic zones, although more prevalent in the dry and intermediate zones (IUCN, 1994; PAM&WC project, draft project completion report).
Alien invasive species also threaten several natural forests, mainly Lantana sp. at Uda Walawe National Park; Ulex europeus  at Horton  Plains National Park and Prosopis julifolra at the Bundala National Park. 
1.5  Freshwater wetlands 
1.5.1   Status 

	“Wetlands, both natural and man-made, were the centres of Sri Lanka's ancient hydraulic civilization that thrived in the island for over a thousand years and formed the hub of its cultural, economic and social  evolution.” Due to the system of land use adopted in ancient times, catchment areas and other important wetlands in the uplands were preserved under forest cover, while the Dry Zone lowlands were irrigated using water from thousands of rainfed tanks dotted throughout this region. This system of land use served to conserve the biodiversity of natural wetlands. There is also evidence that the conservation of biodiversity in man-made tanks was given consideration in Royal Decrees as early as the twelfth century AD.  
Source: MOFE, 1999


Wetlands currently make up about 15% of the land area of Sri Lanka, and are both natural and man-made. Among the former category are rivers and streams, riverine floodplains, small isolated freshwater bodies, freshwater springs, seasonal ponds and freshwater marshes. The most important of these are Sri Lanka's network of 103 major rivers that commence in the highlands and radiate across the lowland plains into the sea (Figure 5), which together constitute a total collective length of about 4,560 km (MoFE, 1999) (BCAP), and, with the river basins, cover an area of about 59,245 sq km (Manchanayake and Madduma Bandara, 1999). This (M&M, 1999), amounts to about approximating90 per cent of the island’s total land area (MEPA, 1991). Sri Lanka’s freshwater availability is considerably influenced by the country’s climate, and its location in respect of the equator and the landmass of the Indian sub-continent. The windward slopes of the central mountains receive the heaviest rainfall at altitudes between 600-1290 m during the southwest monsoon. Consequently, all (MEPA, 1991). major rivers originate in the watersheds of the central highlands (MoFE, 1999)
The river and stream basins vary in size, from less than 10 to more than 10,000 sq km; and the longest river in the island, the Mahaweli Ganga, has a length of 355 km and a drainage area of 10,448 sq km (MoENR, 2002; Manchanayake and Madduma Bandara, 1999). (M&M, 1999), Most rivers have extensive freshwater marshes and swamps associated with them, and those associated with the Mahaweli Ganga and its tributaries cover about 10,000 ha (MoFE, 1999). Some rivers also show extreme seasonal fluctuation of flow: others have a propensity for flooding, while a several that originate and flow mainly through the Dry Zone may dry up, or have a minimum flow, for a few months annually (Manchanayake and Madduma Bandara, 1999).  Most major rivers in Sri Lanka also have complex profiles, and are steep in their upper reaches before flattening out in their middle and lower reaches where they give rise to floodplains (Manchanayake and Madduma Bandara, 1999). The network of saucer -like depressions called villus in the riverine floodplains of the Dry Zone become inundated with the overflow from rivers during the rainy seasons and contract during drought months, resulting in cyclic variations of salinity and water depth which determine their high productivity (MoFE, 1999).   

Although Sri Lanka does not have large natural lakes, there are many man-made irrigation tanks, large reservoirs and irrigation canals. About two-thirds of the total area of all wetlands are man-made, and consist of rice paddies, irrigation tanks, large reservoirs, canals, and aquaculture ponds. While most irrigation tanks were originally constructed several centuries ago, they have been restored for present use. Currently about 12,000 tanks (C M Madduma Bandara pers. com. 2001 located mainly in the Dry Zone, irrigate over 500,000 ha of agricultural land. 
Figure 5 indicates the distribution of irrigation tanks. They vary in size from 1 to 6,500 ha, but the majority are small, and less than 100 exceed 300 ha in size (MoFE, 1999). At present the irrigation reservoirs and their associated canal network add up to about 2,400 sq km. (MoFE, 1999). Rice paddies, an important component of the wetland scene consisting of about 50,000 ha (Central Bank, 1998) are distributed throughout most areas of the country. Almost all wetlands (other than rice paddies) are under state ownership, while some are wholly or partly under private ownership (MoFE, 1999). 
	Freshwater invertebrate fauna include a rich variety of crustaceans: notably 68 species of cladocerans, 27 species of copepods  (of which none are endemic), 31 species of ostracods among 19 genera (with 11 endemics) and over 60 species of  decapods among which are prawns and crabs (MoFE, 1999). Inland waters and associated wetlands also contain about 140 species of rotiferans, over 31 species of freshwater molluscs (with 12 endemics), 18 species of endemic mayflies (MoFE, 1999), over 23 species of freshwater shrimps, with 18 endemics (IUCN, 2000). There are also about 51 species of endemic freshwater crabs, of  which all are endemic to the island (Bahir and NG, 2005).




The natural and man-made inland waters of the country comprise a large and valuable component of national biodiversity. The fauna and flora of inland waters vary depending on the speed of water flow, depth and quality, and the climatic zones they occur in (MoFE, 1999). The diversity of fauna in inland waters range from zooplankton and invertebrates to a multitude of macro fauna. 
Among the vertebrates in the aquatic systems are about 82 species of freshwater fishes indigenous to Sri Lanka, among which 44 are endemics (IUCN and MoENR, 2007). * They are generally riverine or marsh dwelling and their main habitats are in Wet Zone streams. Wetlands also contain numerous species of reptiles, including two species of crocodiles, hard and soft shelled terrapins, the water monitor and water snakes. Inland water bodies and wetlands also provide habitats for a multitude of water birds. The Kalametiya Sanctuary is considered to be of special importance because of its avifauna of over 150 species, including water birds. Floodplains associated with freshwater aquatic systems are also among Sri Lanka's most valuable habitats for large mammals such as deer, buffalo and elephant. Wetlands are also home to many species of freshwater algae, diatoms and other phytoplankton; floating plants; rooted aquatics; grasses, sedges, reed bamboo and ferns. These ecosystems also contain wild varieties of crop species such as wild rice (MoFE, 1999). 
Many of the wetland sites in Sri Lanka are now recognized as important, both regionally and globally; and one ??? at (Bundala) has been recognized internationally as a Ramsar site. 

1.5.2  Issues and threats  
The status of most aquatic ecosystems in Sri Lanka has deteriorated over the last three decades, as a result of reclamation, clearing of vegetation, deforestation, hydrological alterations, over extraction of fresh water for irrigation, improper land use practices that result in siltation, sand and gem mining and pollution from agro-chemical run-off, sewage and industrial effluents. Reclamation of wetlands in urban areas habitats due to landfills for housing and commercial and industrial development has been prolific, especially in the Western Province (MoFE, 1999). This has led to local extinction and drastic reduction of species associated with these ecosystems (IUCN and MoENR, 2007). For instance,  local extinction is revealed for the already threatened fishing cat (Prionailurus viverrinus) and the Otter (Lutra lutra) due to vast scale conversion of lowland marshes to other uses (ibid). Wetland deniya cultivation with paddy or betel after clearing wetland vegetation in forests has also caused loss of wetland habitats (IUCN 1995).
Pollution  and siltation of wetland habitats have made them unusable for many freshwater species that need clean clear water, amongst which are many of endemic freshwater fish (MoENR, 2002). For example, it is believed that the snake head (Channa ara)
 has become rare due to the influx of agrochemicals into its habitat. Likewise polluted waters will further imperil threatened endemics such as Puntius nigrofasciatus, Danio pathirana, Malpulutta kretseri and Rasbora vateriflori that need clean clear water. 
Hydrological alterations and over use of irrigation water are also now burgeoning problems in wetlands. Over-fishing and poaching (mainly of birds) and the uncontrolled collection of ornamental freshwater fish and water plants for export have also compounded the threat status of many aquatic species. Some water plants such as Cryptocoryne sp. are collected in bulk for the aquarium trade (MoENR, 2002), resulting in six endemic aroids of the genus Cryptocoryne being listed as Critically Threatened (IUCN and MoENR, 2007). Using beach seines to catch fish in tanks and reservoirs though banned, continues in some of the larger reservoirs to the detriment of wetland biodiversity. 
Sri Lanka’s freshwater biodiversity is also threatened due to accidental or purposeful introduction of alien invasive species of plants and animals. Eutrophication due to run-off of excessive agro-chemical application in agricultural holdings has resulted in the prolific growth of water hyacinth and other invasive aquatic weeds, further eroding the species diversity of wetlands (MoFE, 1999). Exotic species of fish have been introduced, without adequate research, for developing inland fisheries in the past, and the prolific multiplication of these species are suspected to pose a threat to the indigenous biodiversity in inland aquatic systems. It is believed that currently there are about 22 species of introduced food fish in the inland freshwaters. Some, such as Tilapia, are believed to be the direct cause of population decline among indigenous aquatic fauna  (Pethiyagoda, 1999), while others, such as the trout, common carp and rohu are now spawning in the wild. Some brackish water indigenous species introduced to freshwaters could also become invasive in the future posing a threat to the indigenous freshwater species. 
1.6  Coastal and marine biodiversity
1.6.1  Status  and trends
Sri Lanka has a variety of coastal habitats that include estuaries and lagoons, mangroves, sea grass beds, salt marshes, reefs and large extents of beaches including barrier beaches, spits and dunes.  All marine and coastal biodiversity are threatened by contamination of these waters with oil and tar released from boats and ships, and ballast water that may contain alien invasive species.
.11   Reefs  
	About 183 hard coral species (divided among 68 genera) occur in the coral reefs, and about 6 species of spiny lobsters and many other invertebrates, sea turtles and dolphins (Rajasuriya et al., 2000), and as much as 900-1000 species of coral reef fishes may be associated with these coral reefs. 
(CCD, 2006). 



Famed for their spectacular beauty, coral reefs are among Sri Lanka’s most valuable shallow water marine ecosystems. Three types of distinctly different reefs comprising coral, sandstone, and rocky reefs have been identified around the island, occurring separately or mixed together (CCD, 2006). Fringing coral reefs are found along 2% of the coastline (Swan 1983). The most extensive coral reefs in Sri Lankan waters are the patchy coral reefs in the northwestern coastal and offshore waters, occurring within the Gulf of Mannar and west of the Kalpitiya Peninsula (Rajasuriya and Premaratne, 2000, Anon, 1999).
.11   Seagrass beds  
Sri Lanka’s coastal waters have extensive sea grass beds that often occur in association with coral reef ecosystems or within estuaries and lagoons (CCD, 2006). Around 12 species of seagrasses have been recorded in Sri Lanka waters (Abeywickrema  1986,  Samarakoon and Pinto, 1988). Prolific in the basin estuaries and lagoons of Puttalam, Negombo, Mawella, Koggala, Kokilai, Jaffna and Batticaloa, these ecosystems are of particular interest as they are believed to be the main habitat of the endangered dugong (Dugong dugong), and provide valuable habitats for sea turtles. 
.11   Estuaries and lagoons   
	Sri Lanka’s lagoons are defined in the Coastal Zone Management Plan of 2006 as coastal bodies of water that may be brackish, fresh or hypersaline, and are separated from the sea over a very long period of time by any of several type of barriers that restrict water circulation. 
Source: CCD, 2006


Sri Lanka’s coastline has many picturesque and economically important estuaries and lagoons. These complex systems contain a diversity of species and a variety of coastal habitats including, mangroves, salt marshes, seagrass beds and mud flats. Overall, there are 45 estuaries, of which 28 are of the riverine type that discharge directly to the sea, and 17 are of the basin type. The Coastal Habitat Survey of 2002 carried out by the Coastal Resources Management Project (CRMP) in 2002 revealed a total basin are extent of 88,850ha for basin estuaries, and about 2,113 ha  for riverine estuaries. Lagoons, numbering about  89,  ranged from 3 ha - 7,589 ha in extent, with only eight exceeding 1,000 ha each. These extremely productive ecosystems contain at least 112 edible species of fish and economically important invertebrates including 5 annelids, 28 species of edible molluscs, over 26 species of shrimps, mud crabs and swimming crabs (Pillai, 1965; MOFE, 1999).
.11   Mangroves   
Sri Lanka’s naturally patchy mangrove areas amounted to 6080 ha as mapped by the CRMP Coastal Habitat Survey of 2002. Due to a low tidal variation hardly exceeding 75 cm, these mangroves occur as a narrow belt that rarely extends beyond 1 km landwards in inter-tidal areas of lagoons, estuaries or associated islands and river mouths where there is low wave action. The mangal vegetation in Sri Lanka comprises around 40 different species of trees, bushes, herbs and vines, of which about 25 are true mangroves. Occurring within the mangrove habitats are also many species of fish, birds and reptiles (Amarasinghe, 1996, Anon IUCN report, 1996).
.11   Salt marshes  
According to the CRMP Coastal Habitat Survey of 2002, there are around 23,800 ha of salt marshes in the country, found mainly close to the landward margin of the inter-tidal zone that has a relatively high soil salinity. Extensive salt marshes occur along the coast from Mantai to Vankalai, where the tidal flats contain about 56 species of marsh vegetation. Patchy salt marshes occur mainly in sedimented lagoon/estuarine areas such as Hambantota, Puttalam, Kalpitiya and Mundel. These ecosystems are important habitats for salt marsh vegetation, brine shrimps (such as Artemia marina), wading and migratory birds, and milk fish fry (Chanos chanos) for which these areas form nursery grounds.   

.11   Barrier beaches, spits and dunes   
Sri Lanka’s wide and sandy beaches that are famous for their scenic beauty support a distinct littoral fauna and flora. The barrier beaches isolate lagoons and swamps from the sea; spits are most common along the western and eastern coasts of the country in association with estuaries (e.g. Negombo and Kalu Ganga estuaries ), and dunes are of three types: the low, flat to slightly undulating, isolated platforms of sand less than 1m in height; the transverse primary dunes, consisting of ridges of undulating sand masses associated with stable beaches and exceeding 5 m in height,  and the secondary transgressive dunes; usually exceeding 3 m in height (CCD, 2006). The most prominent sand dunes are along the northeastern, northwestern and southeastern coasts of Sri Lanka, and the dune in the southeast coast extending from Ambalantota (Godawaya) in the Hambantota district to Sangamankande Point in the Ampara district is the longest stretch of dunes in the world close to the equator (CCD, 2006). There are many animals species associated with dunes; prominent among them are the wild donkeys of Kalpitiya and Mannar.  It is believed that areas on the southern beaches with extensive dunes, such as the Bundala National Park, were relatively little damaged from the tsunami of 2004. 
1.6.2  Issues and threats 
	Once Sri Lanka had many healthy reefs remote from human settlements, such as the Bar Reef. In contrast marine surveys in 1999 and the early 2000s have shown that live coral cover in shallow reef habitats at about 3 m depth was near zero in the Bar Reef Marine Sanctuary; only 7% at Hikkaduwa Marine Sanctuary; and down to 28% at Weligama and 20% at the Rumassala reef.
Source: CCD, 2006


The CRMP coastal habitat survey of 2002 revealed that most of  Sri Lanka’s coastal habitats have been degraded to various degrees during the past five decades, resulting in a marked reduction in the extent of coral reefs, estuaries and lagoons, mangroves, seagrass beds, salt marshes barrier beaches, spits, and dunes.
The most serious impact was the conversion of coastal habitats to other uses, destructive fishing methods, unregulated fishing effort, pollution from ships, and adverse inland activities that impact on the coastal habitats. The increase in human population density in Sri Lanka’s Coastal Zone during the past few decades has caused tremendous human-induced disruption of coastal processes, and a corresponding decline of coastal biodiversity.
Over the years, there has been extensive damage to coral reefs caused by mining. As much as 7660 tons of coral had been mined in 1984. Despite a subsequent ban imposed in 1988 on mining, collecting, transporting and processing of sea coral, 2200 tons of coral from the sea between Ambalangoda and Dickwella were mined in 1998, with 211 persons engaged in mining, collecting and transporting of sea corals (Katupotha and Wickramasinghe, 1999). 
Seagrass beds in lagoons and coral reefs have also been damaged or degraded due to the use of destructive fishing practices and polychate harvesting in sea grass beds, siltation resulting from land-based activities, changes in catchment hydrology through irrigation schemes, and sandbar formation either through natural or anthropogenic causes. Natural features  such as cyclones (in the east coast), the  ‘El Nino’ Southern Oscillation (ENSO) effect in 1998-- which led to mass scale coral bleaching and scale coral death (Arudpragasm, 2000, and the tsunami of 2004 have also served to damage coral reefs in Sri Lanka. Large scale commercial trawling, drift netting and beach seining in certain sections of the coastline have been particularly detrimental to seagrass beds. 
Coastal waters are polluted by the release of  sewage, untreated or partially treated wastewater and toxic substances from industries, tourist resorts and shrimp farms; dumping of solid waste in coastal areas,  domestic wastewater from land-based activities directly or conveyed through rivers, estuaries and lagoons. They also receive waste oil and tar released from fishing boats, ships, coastal service stations and oil spills. Lagoons and estuaries are also severely threatened by pollution from inflow of sewage, untreated industrial effluents, chemical compounds from shrimp farms, urban wastes and waste oil; fresh water flows from inland irrigation schemes; and soil disturbance from agriculture, deforestation, mining and construction inland. There has also been loss of functional area due to unauthorised encroachment and reclamation as seen at the  Bolgoda and Negombo estuaries and the Mawella and Lunawa lagoons. 
	The clearing of mangroves for the construction of ponds for shrimp farming has been particularly severe. Out of 750 ha of mangroves lost in the Puttalam area between 1981 and 1992, around 160 ha (21%) were lost due to shrimp farming. It is now accepted that mangrove habitats are unsuitable for intensive aquaculture, and mixed mangrove – aquaculture systems are being used to restore previously degraded mangrove areas.

CCD, 2006




The naturally fragmented mangrove swamps of the island have further shrunk or disappeared due to establishment of shrimp farms, lowland agriculture and housing. Such encroachments are largely responsible for a reduction of about 50% of mangrove cover between 1986 and 2002, while water pollution, siltation, and resource exploitation have degraded mangrove ecosystems. The extraction of mangrove poles and fuelwood for domestic use and twigs for the brushpile fishery are also clearly beyond sustainable levels (MoENR, 2002). Similarly salt marsh areas have been reduced through reclamation and conversion for salt production and aquaculture, with nearly 2,960 ha being lost between 1986 and 2002 in the Puttalam district? . Sand dunes, barrier beaches and spits have been affected by encroachment for construction of dwellings and transformation to agricultural lands. In some areas exotic plant species introduced for dune stabilization, such as Prosopis juliflora have become invasive. Unplanned development in the Coastal Zone and the use of beaches as dumping grounds for solid waste in urban areas have contributed to the loss or degradation of coastal habitats. Unregulated growth of the coastal tourist industry at its inception in the 1980s has also caused many problems, due to incorrect siting of tourist facilities, inadequate or poorly designed infrastructure, over visitation leading to habitat loss or damage, and many other indirect impacts such as pollution. 

Five species of turtles come ashore for nesting  use mostly the beaches along the southern coast from of Sri Lanka along Kosgoda to Palatupana and from Palaitivu islands in the northern coast and Arugam Bay in the eastern coast (CCD, 2006).Degradation of these habitats due to indiscriminate allocation of land for construction of hotels, proliferation of slums and shanties, incorrect siting of tourist facilities and urban development will increase the existing threat status of these endangered species Similarly, uunsustainable fishery practices have led to the exhaustion of the near-shore fish resource, while promotion of the use of large multi-day motorised crafts with insulated fish hold facilities has led to unsustainable fishing effort. Likewise the indiscriminate harvesting of gravid female lobsters, over collection of reef organisms in the food fishery, illegal slaughter of dolphins and the rare dugong for meat, and over collection of rare species of ornamental fish and edible sea cucumbers are examples of unsustainable use of coastal resources (MoFE, 1999). The use of trammel nets, purse seines, explosives (blast fishing), bottom-set nets, and trawlers that use long drift nets, have all served to destroy marine habitats and biodiversity, while nylon gill nets spell death to turtles and small marine mammals leading to serious problems of bycatch (MoFE, 1999; CCD, 2006). 
1.7  Agricultural biodiversity 
1.6.1   Status 
.11   Farming systems 
Sri Lanka’s traditional farming systems have developed over hundreds of years, with farmers managing production systems to best suit local conditions (MoFE, 1999). . This has given rise to a wide range of crop species and land races that are resistant to diseases and insect pests, and are suited for varied conditions of soil and climate in the island. With regard to livestock, local varieties of cattle that show high resistance to disease and tolerance of internal parasites still exist, as do some local breeds of poultry that are resistant to tropical diseases. It is recognised that maintaining this biodiveristy in agricultural lands and livestock, especially in traditional farming systems, is essential to increase national agricultural and livestock productivity, and to meet the challenges posed by cimate change, through genetic improvemeent of cultivated plants (MoFE, 1999). 
	Sri Lanka has many traditional varieties of rice that exhibit a wide range of genetic characteristics that offer potential for varietal improvement.Among these are traditional upland varieties well known for their drought tolerance; varieties grown in the coastal areas and floodplains of rivers that possess tolerance of submergence and flash floods; a few rice varieties cultivated at higher elevations (over 1000 m) that  grow at low temperatures; and several varieties that show broad-based resistance to serious pests, high salinity and other adverse soil conditions.

MoFE, 1999




Sri Lanka has 2,037,000 ha under some form of agriculture (MoENR, 2002). Due to a long history of paddy cultivation for over two thousand years, and the climatic variations under which it is grown, Sri Lanka has a high varietal diversity of Oryza sativa. Among these are several indigenous rice varieties that can tolerate adverse climatic and soil conditions, and are highly resistant to pests and disease (MoFE, 1999). Sri Lanka also has a range of cereals such as millet, sorghum and maize, and a large number of vegetables, including both temperate and tropical species that are cultivated throughout the country. Among these, cucurbits, tomato and eggplant exhibit perceptibly high genetic diversity (ibid). Chena or slash and burn cultivation though environmentally destructive, has also resulted in a high diversity of cereals that have been subject to selection by farmers. 
Sri Lanka’s spices have played a significant part in fashioning the country’s history. At present there are about eight indigenous species of Cinnamomum, of which the wild varieties occur in the natural forests of the Wet Zone. The cultivated cinnamon of commercial value is widespread in the southwestern coastal areas. There are about 10 wild races of the spice crop Elettaria cardamomum; about 500 selections and seven wild species of pepper; several indigenous varieties of Piper betle (betel leaf); about three species of nutmeg (Myristica); two species of chilli (Capsicum annum and C. frutescens) and one species each of ginger (Zingiber officinale) and turmeric (Curcuma longa). NARESA, 1991; MoFE, 1999). Local root and tuber crops such as cassava, dioscorea and innala also show a rich genetic diversity. Plantation agriculture continues to play an important role in Sri Lanka’s economy, and research at research institutions and selection through the years has resulted in considerable diversification of crops from the originally introduced germplasm of tea and rubber. The relevant research institutes have now produced high-yielding varieties that are resistant to pests and disease; and in the case of rubber, to adverse climatic conditions. With regard to coconut and sugar cane too, a number of new varieties and hybrids have been developed by the Coconut Research Institute (CRI) and the Sugarcane Research Institute (SRI) of Sri Lanka respectively (MoFE, 1999).   

.11   Home gardens 

Home gardens play a major role in maintaining canopy cover in the country, ameliorating the local climate, providing timber and wood products, and preserving crop biodiversity (MaLF, 1995). They are particularly importance for maintaining the high species and genetic diversity of fruit and other horticultural crops in the island (MoFE, 1999). Sri Lanka has a wide range of cultivars of banana (Musa spp.), including the parent species (Musa acuminata and M. balbisiana) of the cultivated banana. There is also considerable genetic variation among fruit crops such as jak, citrus, mango, avacado, jak, durian, pomegranate, rambutan, guava and papaw that have been in cultivation for a long time in this country. Home gardens are also significant repositories of spice crops. Syzygium aromaticum (clove) is widely cultivated in home gardens of the Kandy and Matale districts, and Areca catechu (arecanut or betel nut) is a common home garden species in the Wet Zone. A. concinna, a wild relative of arecanut considered endangered in the wild is also found mainly in home gardens (MoFE, 1999).  
	Studies have revealed that as much as 100 species including coconut, rubber, fruit and timber, comprising over 2500 individuals with a stem density of over 400 trees/ha
 may occur in a single 7 ha patch of home gardens (Dela, 1998). Jak tree4, providing food and timber to local people, amounted to over 51 trees/ha in the same patch of home gardens (ibid). Home gardens of the western province are also the main refuge of the critically endangered western purple-faced langur, now considered as one of the 25 most endangered primate taxa in the world.  

Dela, 1998 and in press


Such home gardens may even contain as many as a hundred species, depending on the size of the garden. Home gardens that are forest analogues have been prominent components of the country’s landscape and a chief source of multiple products for rural people  (                     ).  The timber yield from home gardens is considerable, and at least 70% of the country’s wood used for construction and industrial purposes are obtained from home gardens, rubber and coconut plantations, and trees on farm boundaries, roadsides and urban areas (MALF,1995).  Home gardens are important sources of jak (Artocarpus heterophylus), an important timber species for housing construction.  
.11   Agro-biodiversity in ex-situ conservation facilities
All crop research institutes
 and the Plant Genetic Resource Centre under the Department of Agriculture (DoA), Research Institutes for plantation crops
 (i.e. tea, rubber, coconut and sugarcane), all maintain field collections of varieties, cultivars and clones of crops within their perview used in the country. The Department of Export Agriculture (DEA) maintains germplasm of coffee, cocoa, cardamom and clove and other export crops. The Botanic Gardens in Hakgala was established in 1861 for the introduction of cinchona to the island while the Botanic Gardens at Gampaha (Henerathgoda) was opened in 1876 for the introduction of rubber. In terms of livestock the Department of Animal Production and Health (DAPH), and its centre-–the Veterinary Research Institute (VRI), do not have similar organized programmes for germplasm conservation, although they are mandated to enhance productivity and use of domesticated animals such as cattle, pigs and poultry. 
	The Plant Genetic Resource Centre (BCAp).established in 1988 under the Department of Agriculture is the main repository of crop germplasm. Its functions cover exploration, evaluation, seed conservation, biotechnology and data management. Several attempts have been made by the Plant Genetic Recourses Centre to inventory plant genetic resources that are important for food and agriculture. There is an ongoing initiative to conduct an eco-geographic survey of wild species of five priority crops, viz. rice, banana, vigna, cinnamon and pepper through crop wild relatives projects which commenced in 2005. Up to now, 215 locations have been mapped using GPS for wild species of above five crops. The Agriculture Department with the PGRC and the National Institute of Agrobiological Science (NIAS), Japan, previously  has carried out a three year collaborative project for the conservation and analysis of wild relatives of crops, which particularly focused on the genus Oryza and Vigna. The PGRC is well equipped to conserve indigenous plant germplasm of crops and their wild relatives. The PGRC is well equipped to conserve indigenous plant germplasm, but ex-situ conservation is as yet only extended to crops and their wild relatives. The absence of cryo-preservation facilities for germplasm storage is also a limitation as the present equipment permits long-term storage of germplasm at 10C.
Source:  Dela, 2007;  FAO  2007 


The 5300 accessions from about 100 crop plant species held by the PGRC in 1999 has now expanded to 11,600 accessions from 130 species. This includes about 30 species of crop wild relatives, amongst which there are five species of wild rice -– some with very specific decease resistant qualities. In the past, plant characterisation at the PCRC was based on morphological features, but characterisation based on molecular features has now commenced.  
TABLE B.7:  Germplasm Collection Status by Crop Group at the PGRC
(need to check the latest data)
	Crop Group
	Number of species
	 Number of accessions

(MoFE, 1999)
	Number of accessions

FAO report 

	Rice
	 2
	3809
	4193

	Other cereals
	 9
	785
	1367

	Grain legumes
	14
	1907
	1843

	Vegetables
	52
	2927
	

	Vegetables (legumes, cucubits, brassics, allium, leafy vegetables,  other vegetables) 
	
	
	2391

	Spices and condiments
	 9
	500
	

	Solanacious vegetables and condiments  
	
	
	1138

	Fruits
	16
	363
	162

	Root and tubers
	 7
	309
	9

	Oil seeds
	 3
	180
	373

	Medicinal plants
	12
	21
	22

	Fiber
	
	
	66

	Mustard and related spices
	
	
	121

	Wild relatives of crop species
	26
	308
	152?

	Other
	-
	96
	

	Total
	150
	11,205
	


Source: MOFE, 1999 and FAO ????
1.6.2   Issues and threats  

Agro and livestock biodiversity in the country are affected with the adoption of high yielding  varieties and breeds that are from uniform genetic stock and are relatively vulnerable to pests and disease. They also increases farmers’ reliance on agrochemicals to maintain high yields.  In the case of rice, there is a perceptible drop in the cultivation and in-situ conservation of traditional varieties that are resistant or tolerant of pests, biotic and abiotic stresses and varying agro-ecological conditions (MoFE,1999). Consequently, more than 90 per cent of the paddy lands had switched to New Improved Varieties (NIV) by the 1980s, and  the Old Improved Varieties (OIV) and traditional varieties together had declined to less than 10 per cent of the cultivated area  by the late 1909s (CB, 1998).  With the loss of traditional varieties of crops, there will be inevitable loss of valuable knowledge about their cultivation requirements and associated cultural practices over time. 
Although some plantations are now engaging in multi-cropping, mono-cropping on a large scale for establishment of tea rubber and coconut or other cash crops (such as oil palm) has also led to a significant lowering of crop diversity.  In the wet zone, mono cropping has also resulted in the clearing of forests on a large scale.  The insecure land tenure in agricultural holdings, and their small size has also resulted in the neglect of soil conservation, and over application of chemical fertilisers and pesticides. This has led loss of diversity among soil micro organisms, and reduced natural biodiversity associated with farming systems, impoverishing agro-biodiversity even further. The pollution of soil and water with agrochemicals has also had a deleterious effect on many terrestrial and freshwater indigenous species. 
	Fragmentation of home gardens

A 1987 survey of two home garden habitats in Panadura and Piliyandala indicated that only 45% of home gardens (that were mainly under 40 perches) envisaged maintaining their home gardens without selling, further fragmenting or tree felling  in the future. The change at both sites has been much more severe with degredation of almost all home gardens.

Source: Dela, in press.




Home gardens too have suffered considerable degradation in the past two decades. Home gardens in the wet zone are alarmingly affected due to urbanisation and fragmentation as a result of the high and increasing population density in this region. 

To preserve agricultural biodiversity, it is therefore necessary to conserve the farming systems, including home gardens, that produced the genetic variation; and the environment that these crops grow in together with the age old knowledge about associated cultivation practices and crop uses that lie with local people. 
With regard to livestock, much of these local strains are fast disappearing due to a strong preference for imported germplasm that is perceived as more productive. They are, however, uniform varieties that are very vulnerable to disease. Efforts by the Department of Animal Production and Health and the Veterinary Research Institute (VRI) to conserve the indigenous animal species of economic value have been constrained by insufficiency of funds and infrastructure. 
Overall, narrowing of the national crop and livestock genetic base is bound to reduce options for crop breeding in the future, increase agricultural vulnerability to climate change, pests and, disease, and with time reduce the dietary diversity of rural people.
1.8  Implications of biodiversity loss 
	While poverty incidence in urban areas were halved, rural poverty ratios declined by less than 5 percentage points, and poverty in the estate sector actually has increased. Similarly, differences in poverty ratios across provinces have been pronounced: in 2002 the poverty headcount ratio was 11 percent in the Western Province compared to around 35 percent in Sabaragamuwa and Uva provinces. 




As Sri Lanka progresses into the 21st century, there are unmistakable signs of environmental stress and degradation of the island’s biological wealth. The country supports a population of 20 million, with  22.7%  of the population living below the poverty line: (World Bank, Sri Lanka Policy Review, 2002 data), and has had to grapple with the problem of balancing economic development and the fight against terrorism (???)  with safeguarding the natural environment. .Sri Lanka is also changing from an agricultural to an industrial based economy, and presently follows a liberalised industrial policy. While the latter has focused on development of private sector-led and diverse export-oriented industries in terms of both products and geographical location, insufficient attention has been paid to ensure environmentally sustainable development. This has resulted in anthropogenic impacts of over-exploitation of bio-resources, habitat destruction, land degradation, pollution, poor disposal of wastes and rapid expansion of vehicular traffic that depend on fossil fuel combustion. There is also a relatively high level of poverty in the country despite many programmes for poverty alleviation, high adult literacy levels and relatively good health care (MoNER, 2007). 

The implications of biodiversity loss, however, for a developing country such as Sri Lanka can be considerable and wide ranging. As less than 20% of the population is as yet urban, a considerable proportion of the population continue to depend in varying degrees on bio resources for their food, income and well being. The island’s varied bio-resources are also the basis for a range of economic activities. Foremost among these are agriculture, the marine and brackish water fishery and tourism. 
Some of the most negative impacts on human well being from adverse changes in biodiversity are presented below as examples from forest, inland wetland, coastal and marine and agricultural systems.  
1.6.1 Impact of changes in forests and related ecosystems
The dependence on forest resources as a means of livelihood has dropped perceptibly in villages near wet zone forests, due to a shift towards cultivation of cash crops (Bogahawatte,  …, Dela, 2003; PILF, unpublished). Nevertheless, many villagers continue to obtain firewood, medicinal plants, food items and small wood requirements from adjacent forests (Ibid). Furthermore, many rural villagers near wet zone forests depend heavily on freshwater from forests for their daily domestic requirements (PILF, unpublished; Dela, 2003). Hence loss or degradation of forests resulting in reduced irregular water flows and drying up of natural springs and reduction of base flow of streams will affect many communities in the wet zone. Traditional activities such as crafts based on rattan and bamboo and products from Kitul tapping were major forest based income sources in the wet zone that have  declined in importance in recent years, due to diminution of the resource within forests.   

	Impact of over –collection of rattan on the rural economy and social structure.  

The rattan and bamboo cottage industry was Originally a cast based traditional activity in areas near natural forests, with  the social organisations of several villages revolving around the collection of rattan and bata and the manufacture and sale of these products. State support to expand this industry several decades back encouraged other people to take up this craft island wide. As the ndustry is dependant on 3 native species of bamboo and 10 indigenous species of rattan, in addition to other introduced species (de Zoysa and Vevekanandan, 1991), this resulted in rampant over collection from wet zone forests to meet the high market demand and a serious depletion of raw material.  Collection is now controlled with a permit scheme, but traditional workers who obtained their raw material from nearby forests have been most affected by the scarcity of the resource as  priority is given to suppliers for large commercial scale production centres located  away from forests. This exhaustion of the resource due to over–exploitation is a good example of its impact on the lives of many forest based traditional rattan craft workers who now find it difficult to obtain sufficient material to make a living  around which revolved the social organisations of villages engaged in this forest based cottage industry. 

IUCN, 1994.


In the Dry Zone, the loss of the forestry resource will affect a considerable rural population near forests that yet depend considerably on fuelwood, poles, posts, sticks and climbers, bee honey, food and medicinal plants and from adjacent forests for subsistence as well as cash income (IUCN, 1994). A reduction of these resources will also affect the rural economy of these areas. (Trad).
Other serious consequences of deforestation and forest degradation on human wellbeing are soil erosion and consequent loss of soil fertility. Soil erosion is extremely high in tea lands established on clear felled lands in the hill country, as shown by an annual soil loss of 0.3 to 0.7 tons per hectare in well-managed lands on slopes less than 20 per cent in the Upper Mahaweli Catchment area since 1980 (MoENR, 2002). Likewise, chena or slash and burn cultivation has greatly eroded the Dry Zone lowlands, especially as chena cycles have become greatly reduced from the traditional fallow period of about 10-20 years, precluding soil and forest regeneration through natural succession (MARESA, 1991).  This in turn has lead to reduced agricultural productivity in these chena plots that supply a good portion of vegetables in the market in urban areas (ibid).  
With regard to medicinal plants, rural traditional medicine practitioners near forests continue to make collections from the wild. However, unlike commercial scale collectors who over extract these resources, their collections are done in sustainable manner. Despite the popularity of western medication, traditional medication is still quite popular among a large segment of the population  as seen by about 47 state hospitals and 300 dispensaries islandwide which offer health care using traditional medicines.  It is estimated that there are 1414 plants used in traditional medicine, of which 30 of the most frequently used 50 medicinal plants in the country are directly harvested from forests. The fact that some of these species are becoming rare due to over extraction (IUCN,1994) will therefore have a negative impact particularly on the health of rural populations.  
Similarly, land clearing in the Dry Zone and disruption of elephant migration routes resulting the severe human –elephant conflict has resulted in at least about 50 human deaths and 150 elephant deaths per year in addition to large scale damage to crops and human habitations (Environmental Outlook, 2006).  
1.6.2. Impact of changes in inland wetlands

Sri Lanka’s inland waters are the only source of water for drinking, irrigated agriculture and other domestic requirements for her population of 20 million. In the dry and intermediate zones, the water collected in numerous tanks and reservoirs is vital for paddy cultivation and as a source of water for drinking and bathing. These tanks also account for about 15% of Sri Lanka's total fish production, thereby providing food and income for rural people. Pollution of these waters and wells with faecal matter and agrochemicals can be expected to increase incidence of disease among rural people, due to contact with polluted water and consumption of contaminated fishery products. 

The large reservoirs in the sub-montane wet zone are the source for hydro-power that supplies much of the country’s electricity requirements as yet. Deforestation, improper cultivation practices in upper catchment areas of drainage basins of rivers, and sand and gem mining has led to heavy siltation in streams, rivers and irrigation reserviours of this region. Not only does this adcersely affect wildlfe that inhabitat these rivers and streams, the regular supply of unsilted water for irrigation and hydropower generation for the nation will only be possible if the forests in the catchment areas of streams, irrigation canals and reservoirs are adequately protected.    
Waste disposal at open dumps in low-lying marshy lands is detrimental to wetland biodiversity as well as the health and well being of people living in their vicinity. Both marine and freshwater ornamental fish, including endemics, are at risk from over exploitation of wild stock for the export industry. This will be detrimental for the sustainability of the ornamental fish industry which earned export earnings of SLRs 593 million in 2000 (MoENR, 2002).

1.6.2. Impact of changes coastal and marine systems
The fishery sector earns valuable foreign exchange through the export of marine and aquaculture products, and provides direct employment to about 150,000 people, while indirectly sustaining at least a million. However the traditional coastal fishery has been severely affected due to over fishing. Likewise, the traditional beach seine fishery has particularly been affected due to changes in the beach environment due to tourism infrastructure and reduced beach access, and the construction of coast protection structures and coastal erosion. Consequently the revenue from this fishery  that accounted for over 40% of the total national fish landings until the early 1950s, and before the advent of motorized fishing crafts, had dropped to a mere 5% of the total fishery by the late 1980s. Coastal erosion too has a negative impact on the beach seine fishery and consequently on fishers and engaged in this occupation and their social systems, due to the consequent loss of beach area for hauling of nets and associated activities.  However, there are also instances where some of the coastal protection work/structures have had favourable impacts on fisheries due to the formation of beachfronts which fishermen now use as landing sites. Likewise degradation of estuaries and lagoons, coral reefs, mangroves, seagrass beds and salt marshes that function as vital breeding and/or nursery grounds for numerous species of fish, crustaceans and molluscs, will undoubtedly reduce the commercial value in the inshore and offshore fishery and affect the fisher communities that depend on them for their livelihood.  

The flow of excess fresh water into estuaries and lagoons from upstream irrigation projects for agricultural expansion (particularly in the southern coast) has resulted in salinity changes that adversely impact on the lagoon fishery and income of fishers that were engaged in the fishery.  This is exemplified by the decline of the traditional shrimp fishery in the Malala lagoon due to the receipt of excess fresh water from the Lunugamwehera tank. In contrast, the adverse impact on the fishery at the Koggala lagoon and lowering of cash income for fishers was due to an increase in the salinity level by the breaching of the sand bar resulting in limited inflow of freshwater into the lagoon.

Sea coral mining which involves the destruction of reefs that form natural barriers against wave action has caused severe coastal erosion along the southwest coast of Sri Lanka. This adversely affects coastal communities due to damage to houses and other infrastructure and the retarding of coastal activities such as fishing, tourism and recreation. Similarly, the presence of intact sand dunes had minimized destruction from the 2004 tsunami (e.g. Bundala National Park), while coastal infrastructure constructed where natural dunes had been destroyed were badly affected.  Furthermore, data for 1998 show that many of the 250 species of fish and 50 species of invertebrates collected from coral reefs had accounted for about 40-50% of the US $ 6.6 million received from all ornamental fish exports (Rajasuriya et al., 2000) 

 It is estimated that the cost to human health from coastal water pollution in the Colombo Metropolitan Area had increased from SLRs. 2 million in 1992, to SLRs.4 million in 1997 and SLRs. 14 million in 2002 respectively (MOFE, 2001). Pollution has also resulted in losses associated with reduced aesthetic, recreational, cultural and archaeological value; declining land prices and reduced revenue from tourism, fisheries and other development activities (CCD, 2006). Problems related to coastal pollution can be expected to increase further in the future as major social, and economic development activities continue to take place along the coastal belt. There are also definite links between increasing levels of pollution and loss of fishery productivity. For example, the estimated annual loss of income from fish sales in the Lunawa lagoon due to pollution is approximately SLRs 1,963 million, while and the total annual land value decline in the area is estimated to be SLRs 712 million (CCD, 2006). 
1.6.2. Impact of changes in agricultural systems

	It is estimated that artificial fertilizer use in Sri Lanka has increased from 20,000 t of N, P, K during 1950-51, to 195,000 t in 1974-1975 to 525,651 t in 1995. This trend has continued and use had increased by 9% from 1998 to reach 612,000 t in 1999. It is significant that the annual average level of chemical fertilizer use in Sri Lanka is estimated to be 77 kg/ha, which is two to eight times more than the usage in other Asian countries .

Source: MoENR 2002.


The agriculture sector, comprising agriculture, forestry and fishing collectively, has declined since gaining independence, and now contributes less than 18 % of the total GDP (CB , 2005). However, export agriculture based on the island’s bioresources (mainly tea, rubber and several other minor export crops) make a substantial contribution to the economy. Agricultural productivity is, however, heavily dependant on the availability of fertile soils, arable land and freshwater. Sri Lanka’s inland waters – natural and man made – remain critically important for agriculture - especially as much of the national paddy production is in the dry zone where rainfall is limited. The heavy use of chemical pesticides, herbicides and fungicides in agriculture, some of which are persistent, have degraded the soil and lead to pollution of ground and surface waters. This will adversely effect human health and agricultural productivity in the long –term.
Similarly, home gardens covering an area of 977700 ha produce wood products, provide  2,552,400 m 3  of wood annually (???) (National Environmental Outlook, 2006).  Loss of canopy trees and fragmentation of these gardens will,  therefore, reduce the in-country timber availability from non-forest sources even further.  
1.6.2. Impact of changes in biodiversity on tourism 
Tourism, viewed as the fourth most important foreign exchange earner, is wholly dependant on a clean and healthy environment and varied biodiversity. The significance of the industry as a source of foreign exchange earnings became first apparent around  1966, when tourist earnings of SLRs. 6.1 million grew to Rs. 21.5 million by 1970 with increased tourist traffic and reached Rs. 3,050 million in 1982 (Central Bank, 1998). Many of the initial centres of tourist growth in the country showed gradual erosion of cultural and traditional values that are important to Sri Lankan society, the spread of various types of social diseases and pollution that were self defeating to the long-term growth of tourism and recreational activity in these areas. By reaching the target of 2 million tourist arrivals in 2016, this sector is expected to reach the top foreign exchange earner slot in the country and offer considerable job opportunities for local people. According to estimates, both direst and indirect employment through the tourist industry had reached (1990 they had reached 24,964 and 34,950 respectively.)37,943 and 53,120 respectively by 2000 (Central Bank, 2001).  It is recognised that to reach this target, the industry should maximise the potential offered through its natural and cultural resources for expansion of the tourist industry. This requires that unpolluted natural places of unspoilt aesthetic value and adequate biodiversity are present to attract tourists interested in sustainable tourism. As such, environmental problems leading to biodiversity erosion will jeopardise the expansion of this industry in the future. 
1.6.2. Overall prognosis for the future
On the positive side, the importance of wild and biological resources from forests, wetlands, and coastal and marine systems and arable land for agricultural produce are increasingly recognised for commercial and subsistence uses for the people of Sri Lanka.  Despite the many problems that beset the conservation of biodiversity in the island, there is also a growing awareness that economic development and the well being of people are dependant on a healthy environment and abundant bio-resources. This is underscored in the National Environment Action Plan for 2003-2007 termed Caring for the Environment: Path to National Development, The National Biodiversity Conservation Action Plan, the Coastal Zone management Plan and the many projects that have been initiated for conservation of biodiversity. Nonetheless, awareness has to move toward concrete action by all segments of society to halt further biodiversity loss and degradation. Adopting CEPA to achieve this objective will therefore be of paramount important. Sri Lanka recognises that conserving the natural environment of this planet and its biodiversity is a shared endeavour that has to transcend national boundaries, and is committed to this end through significant national as well as international commitments such as the Convention of Biological Diversity.  
	Country profile  in brief  (I have to update the CB report data when I get the 2007 report)
Population status   

Sri Lanka is a multi-ethnic, multi-religious secular state, with a total population of  20 million and a population density of 310 persons per sq.km. The Wet Zone, with a very high biological diversity, and more favourable climate and better socio-economic considerations than the water scarce Dry Zone, contains about two thirds of the country’s population despite its coverage of less than a third of the island. The population in Sri Lanka is still predominantly rural as less than 20% of the population live in urban areas.  The net enrolment ratio in primary education exceeds 98% and the country has an islandwide network of approximately 10,475 schools  which include public, private and religious education centres, that provide opportunities for primary and secondary education.  
Health care and life expectancy 
Sri Lanka has achieved remarkable progress in health and social welfare relative to other low income countries and its neighboring South Asian counterparts as shown by a Human Development Index (HDI) of 0.741 in 2004. This is due to a large share of public expenditure being redistributed to households perceived to be in need in the form of  free education and health services, as well as food subsidies  and subsidised credit to improve living standards . 

Sri Lanka has relatively high standards of health care, and the national health indicators are comparable with those of developed countries.  The Government of Sri Lanka provides free health care services through a network of western and traditional health care institutions including hospitals, dispensaries and health units located in all parts of the country. There is also significant enhancement of health services for women and children through pre- and post-natal care nutritional programmes. Sri Lanka’s consistent decline in maternal mortality for over 5 decades is attributed to a wide network of maternal services which is  integrated with childcare. The life expectancy at birth for males and females  is respectively 71.7 and 76.4 years.  Infant mortality rates are low at 11.1 (per 000),  while under five mortality at 19 (per 1,000 ) live births  is  the lowest for the WHO South East Asian region. 
Education 

Education was made compulsory for all children between the ages of 5-14 in 1997, and has been free of charge to all students in state schools from the kindergarten to university entrance since 1945. Free educational services include the provision of textbooks  and material for school uniforms.fto around 7.7 of the population As a result, Sri Lanka has a high adult literacy rate of 92.5%. Gender wise the literacy rate is 94.5% for males and 90.6% for females . Sri Lanka has 13 universities (including the Open University), six postgraduate institutions and about seven institutions affiliated to the universities which offer Bachelor’s Degree courses in specialised fields.  University education is a public sector monopoly,e and free of charge, except for the Open University which is open to students of any age and with varying basic educational backgrounds. 
Status of women  

Men and women are granted equal status and rights under the Constitution of Sri Lanka and Sri Lankan women - including women in the rural areas - have a comparatively better status than women in many developing countries,. Overall there has been a perceptible upward social mobility in the status of women since gaining independence in 1948, mainly due to increased access to free education and economic opportunities for employment in the industrial sector and migrant domestic employment overseas. Sri Lanka’s Gender Development Index (GDI) in 2004 was 0.737 but the Gender Empowerment Measure (GEM) was only 0.274.. Sri Lanka has almost achieved the gender equality in primary and secondary education, especially in the generations that had access to free education.  

Housing and lifestyles 

Lifestyles are changing in Sri Lanka with increased household income, and household consumption is shifting from food (as in the past) to communication, education, recreation, housing and utilities.  The average household size is at present 4.31persons. About 70% of households now own a radio or TV and 30% own a refrigerator. Household access to motorized transport and telephone facilities stand at 22% and 25% of households respectively. The demand for houses and urban infrastructure is increasing, About 75% of the population outside the north and east live in houses with more than three rooms, and over 72% of houses throughout the island comprise modern building and roofing materials (e.g. bricks and cement for walls and tile or asbestos for roofing); about 77% of households have sanitary and toilet facilities, 73% have electricity and 71.5% of households have access to safe water – although only abut 28% have access to pipe borne water.e Consequently much of the rural population still depend mainly on well water, water from forest streams, reservoirs, canals and streams which may be contaminated with faecal matter and other pollutants.a 
Economic trends and poverty levels 

Per capita income in Sri Lanka exceeded US$1000 in 2004, but very high regional disparities remain. Despite the relatively high quality of life, about 6.6% of the population have an income of less than 1 US per day, and 775,000 families live below the official poverty line of Rs 1928/- income per month. Overall, poverty in Sri Lanka has declined since independence with a significant decline in the incidence of poverty in Sri Lanka during 1953 to 1985, but the rate of decline has slowed during the early 1990s. The country’s commitment to alleviating poverty is reflected in Sri Lanka’s macroeconomic policies which are pro-growth and pro-poor while continuing to uphold market based economic policies. Overall, the country’s monetary and fiscal policies are geared towards improving macroeconomic stability by enhancing development, increasing investment and poverty reduction. The country’s economic growth and poverty alleviation programmes focus on regionally balanced growth with rural and small and medium private sector development with the medium-term objective of macroeconomic stability and a regionally balanced economic growth rate of about 6-8 percent.  Being an open economy, open market operations prevail with considerable individual freedom. This has to some degree had a positive impact on the environment. The economic policies of the country also encourage foreign investments by providing foreign exchange and employment opportunities to catalyse the development process. 

Sources:  Central Bank (2005). Annual Report of 2004. Central Bank of Sri Lanka; Statistical  abstracts -  2005 – Department of Census and Statistics, NCED/UNDP,  2205  


Although specific fisheries catch data are not available for estuaries, lagoons and coral reefs, the available information underscore their role as fishing grounds and a source of protein for the people. For instance, estimates indicate that the Negombo estuary yielded 1,024 t of shrimp in 1999, (Sanders et al 2000) and  the Puttalam estuary provided 4,800 t of fish, annually, during the period 1990-1991. (Alwis and Dayaratne, 1992) Coral reefs contain many resources that are of export value, particularly for the ornamental fishery. It is well known that coastal resources have been of economic and subsistence value to coastal communities since time immemorial. Coastal vegetation is traditionally used by coastal communities for various purposes, such as providing food and beverage, timber for house building and boat construction, firewood, material for preparation of fishing accessories, etc. Lagoons, estuaries and coral reefs continue to provide bioresources and anchorages for fishing boats and other vessels. The scenic beauty of coastal habitats such as coral reefs, mangroves, estuaries/lagoons and beaches have considerable economic value as they attract tourists. Beaches around the island accommodate sites of religious, archaeological and historic value, and homesteads for a considerable section of the coastal population, particularly for fishing communities. They are also used for mooring of traditional fishing crafts and for many other fishery related activities 
Many coastal habitats help stabilise the shoreline. Coral reefs especially act as natural barriers against coastal erosion by dissipating high-energy wave action, which is particularly heavy during the monsoonal periods. 

Despite the decline in the relative importance of Non-Wood Forest Products (NWFPs) over the years with the growth of the national economy and improvements in living standards of rural people, (FSMP).

forests continue to yield industrial wood and small wood for rural needs and raw material for many forest based industries.2 Tables 1.15 and 1.16 provide data on the round timber and sawn logs from thinning, regeneration cutting and other forest extractions, and their respective cash values, from 1997 to 1998. FSMP).  People in rural areas at the peripheries of forests also traditionally collect items such as fuelwood, poles, posts, sticks and climbers, rattan and bamboo, bee honey, food and medicinal plants from adjacent forests.7 (Trad).Forest products also provide raw material for cottage industries, such as the rattan and bamboo handicraft industry.7 Tables 1.44 to 1.50 provide data on the growth of forest based industries, such as saw mills, timber depots, carpentry sheds, furniture shops and firewood sheds, during the period 1992 to 1998 at the  district level. They have increased markedly (Fig. 1.50.1) from 2160 in1992 to 7650 in 1998 (Table 1.43).  (FSMP). However, high quality furniture makers depend on imported rattan for about 80 per cent of their raw material  (FSMP).

Tables 1.9 to 1.12 and Fig. 1.12.1 present district level information from 1995 to 1998 on another important management aspect in the Forestry sector - namely the production of seedlings through the Forestry Sector Development Programme (FSDP), the Participatory Forestry Programme (PFP) and the Forestry Extension Services. These efforts include seedling production for reforestation programmes of the Forest Department.  With the shift in emphasis of forest policy from production to protection, forest plantations have become particularly important in terms of timber production and the yield of other wood products. The total area reforested by the Forest Department has increased from 124,050 ha in 1993 to around 135,526 ha in 1998 (Table 1.5), with much of the increase occurring between 1993 and 1996 (Fig. 1.5.1). Of this, about 95,000 ha of viable plantations exist at present. Overall, it appears that the exotics teak (Tectona grandis), Pinus and Eucalyptus comprise much of the total forest plantations.8 Tables 1.18 to 1.42 provide detailed information on the changes in extent under various cultivated species on a district basis. Among the Eucalyptus species commonly cultivated are E. grandis, E. microcorys and E. camaldulensis.  Pinus caribaea has also been extensively planted in some districts, particularly in the Kandy and Badualla districts,but planting of Pinus has been discontinued after 1989. Several other Pinus species such as P. tecunumanii, P. patula and P. kesiya, as well as other exotic species such as Swietenia macrophylla (broad-leaf mahogany), Acacia spp. Cypress spp. and Cedrela spp. have also been used for forest plantations on a lower scale. Tables 1.13 and 1.14 provide information on timber production from these forests managed by the Forest Department in 1995 and 1996.

In addition to the importance of Sri Lanka’s forests in terms of biodiversity, watershed value, and as a source of forest products, they are also important for soil conservation, regulating stream flow, ameliorating the climate and providing many other critical ecosystem services. It is, therefore, important that sufficient management capacity is built within the Forest Department and the Department of Wildlife Conservation for effective management of Protected Areas and forest resources, with due emphasis given to gaining the collaboration of local people in these efforts. Accordingly, staff capacity building is being addressed through various staff training initiatives in both departments through their respective training institutes. Tables 1.51 and 1.52 indicate the training courses offered by the Forestry Training Institute of the Forest Department.   
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� Including the shoreline of bays and inlets, but excluding lagoons





�  Data provided by the Forest Department from a survey in 1998 ?1999?





* More recently, Pethiyagoda has recorded 104 specie of indigenous fish (belonging to 36 families) in inland aquatic systems, including brackish water species.


� Is this the same as C.marulis?


� i.e. trees over 30 cm girth at breast height 


� They are the Horticultural Crop Research and Development Institute (HORDI), Rice Research and Development Institute (RRDI), Field Crops Research and Development Institute (FCRDI), Grain Legumes and Oil Crop Research and Development Centre  (GLORDC), Regional Agricultural Research and Development Centres (RARDC) at Makandura, Bandarawela, Aralaganwila, Bombuwela..  





� They are the Coconut Research Institute (CRI), Tea Research Institute (TRI), Rubber Research Institute and the Sugarcane Research Institute (SRI).
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