
A Review of Globally Important Ecosystems and Their Biodiversity of the Lower Mekong Basin
1. Introduction

This annex comprises two sections. The first describes the wetland habitats of the Lower Mekong Basin and summarizes information on the biodiversity values of each. The second section summarizes the status of knowledge of the biodiversity of the Lower Mekong Basin and highlights its global significance. The definition of wetlands used for this annex is the broad definition adopted by the Ramsar Convention.

The Lower Mekong Basin is part of the Indo-Malayan Realm that extends from Pakistan to Papua New Guinea. It reaches into the Indo-Chinese and Sundaic Sub-regions and the Southwest China Unit although the Sundaic accounts for only a minute proportion of its total land area. The Lower Mekong Basin occupies a roughly central position in this Realm.

Knowledge of the status of the biodiversity of the Lower Mekong Basin is patchy. Recent efforts of both national and international agencies have often focussed on the larger and more exotic groups, e.g. mammals and birds, while ignoring smaller less obvious groups. For example, estimates of the total number of fish species in the Lower Mekong Basin range between 436 to 1,300 species. Also, while there is some information available on turtles, almost no information exists on groups such as frogs. Invertebrates remain largely undescribed. 

The wetland biodiversity of the Lower Mekong Basin is severely threatened with some species on the brink of extinction. The destruction of natural habitats and illegal hunting for the wildlife trade are two critical factors.  The root causes of the threats are discussed in Annex VII and details of the threats faced at each of the demonstration sites are given in Annex VI.
2. Ecosystems of the Mekong River Basin

Wetlands are complex systems with a variety of physical, hydrological and vegetative characteristics. Simple categorisation of these systems is difficult. The structure and function of wetlands in the Lower Mekong Basin are inextricably linked to the seasonal hydrological pattern of the Mekong River, involving a wet season flow up to 10 metres higher than the dry season.  For the purposes of this annex, the wetlands of the Lower Mekong Basin will be considered as the following descriptive units: 

· Upland tributaries and related systems including streams, reservoirs and headwaters.

· Lowland river channels of the Mekong and its larger low-gradient tributaries 

· Permanently and seasonally inundated wetlands associated with seasonal rainfall and the annual inundation of the Lower Mekong Basin. 

· The Mekong Delta from south-eastern Cambodia through to the estuarine associations in the delta in Vietnam.
2.1 Upland Tributaries 

Tributaries on the east side of the Mekong flow from high in the Annamite Mountains and the Northern Plateau of Laos. Passing through dense stands of fringing Dipterocarpus sp. and evergreen gallery forest, these tributaries plunge steeply towards the Mekong Valley. The Korat Plateau of Thailand on the west side of the Mekong forms the southerly catchment of the middle reaches of the lower basin. Caves and waterfalls are common in karst areas. These areas have a high level of fish endemism and are vitally important for wetland associated mammal species. 

2.1.1 Headwaters and small streams 

The headwaters of the higher mountains are found on the eastern side of the Mekong River. These areas are characterised by the steepest gradients, higher altitude and rocky substrates. Smaller streams flow through a closed canopy forest, which opens as the streams widen. 

Most fish species of the headwaters appear to be permanent residents, but, with few surveys to date, little is known of the overall fish diversity. Each new headwater survey identifies new species, and further survey efforts will certainly identify additional species and contribute to the understanding of fish diversity.

The Globally Near-Threatened Grey-headed Fish Eagle Ichthyophaga ichthyaetus inhabits the larger rivers, while the Brown Fish Owl Ketupa zeylonensis and Buffy Fish Owl Ketupa ketupu associate with smaller rivers.

2.1.2 Middle reaches of tributaries

The middle reaches of the medium-sized and smaller tributaries of the Mekong River contain diverse geological features that form a number of different habitats including deep-water pools, rapids, waterfalls and gorges. There is limited flooding in the wet season, and usually there is no floodplain.

The fish biodiversity of the middle reaches of most of the larger tributaries of the Mekong is not well known. However, the fish diversity of Nam Thun, a relatively large Mekong tributary in central Laos, has been studied in more detail than many other systems and will be used to demonstrate the fish diversity of these larger tributaries. In Nam Thun, there is an endemic fish, Luciocyprinus striolatus, which can grow to 60 kg, and according to local people is known to eat monkeys. Although found in other tributaries, it is not known from mainstream channels. A herbivorous carp of the genus Poropuntius (Poropuntius cf. deauratus) is the most abundant medium-sized fish species in the Nam Thun Basin and is possibly endemic. Two new endemic species, Onychostoma sp. nov. and Scaphognathops sp. nov., both occur in the middle reaches of the river. Of the three species of Tor spp. in the Mekong, two are endemic and one is known only from the Nam Thun basin.  The eel Anguilla marmorata migrates from the Nam Thun to breed in the sea over 1,500km away. In total, of the 87 species of fish identified from the middle and upper reaches of this river, 33 (38%) were previously undescribed, and possibly endemic, species.

It is anticipated that surveys of other Mekong tributaries will yield similar levels of fish diversity. Many fish species of the middle reaches are not found in the headwaters of tributaries or mainstream channels of the Mekong or its larger tributaries. Of the 456 species identified in taxonomic studies of the Lower Mekong Basin by Kotellat (Kotellat 2000) 53 species (11%) are known from only single sub-basins. 

Large complex rapids occur frequently on the main Mekong River and its tributaries.  These support a diverse assemblage of fish (and invertebrate) species. Specialists to this habitat have a number of diverse adaptations to avoid being swept away including suckers, flattened bodies and expanded fins. The diversity of fish species from these rapids is known from only a few survey sites, and it is anticipated that further studies will reveal new species. Due to the comparatively small area of rapids in the Lower Mekong Basin, fish biodiversity experts recommend that every species permanently associated with rapids be classified as critically endangered
.  

2.1.3 Dams and artificial reservoirs 

The number of man-made dams and reservoirs in the Lower Mekong Basin is increasing with the development of new hydro-electric and irrigation schemes. Often these impoundments have limited seasonal variation in water height and possess a uniform underwater landscape. 

In terms of freshwater biodiversity, reservoirs force a shift from a riverine system to a standing water community in which only a few species are able to adapt. The fish fauna of these reservoirs is usually stocked, often with exotic species. There has been little investigation of opportunities for aquaculture of native fish species in these reservoirs.

Mitigation program for dams often propose surrounding catchments as conservation areas. However, this does little to protect aquatic biodiversity, but assists in the management of the catchment for the operation of the facility (i.e. reduction of erosion and siltation into the reservoir). Concerns for catchment biodiversity conservation typically focus on large mammals, birds and forests.

2.1.4 Caves and aquifers

Aquifers, caves and hot springs are common in limestone areas of the Lower Mekong Basin. The Khammouan karst in Laos is the most extensive karstic system in the Lower Mekong Basin. Extensive karst and cave systems also occur in western Thailand and Vietnam, few systems are found in Cambodia. 

An endemic genus and species of blind cavefish Troglocyclocheilus khammouanensis and an endemic genus and species of cave crab have been identified from the Khammouan karst in Laos. There are also reports of un-pigmented cavefish in the Ke Bang karst in Thailand. As the majority of these areas have not been surveyed fully, it is certain that additional species of fish and invertebrates remain to be discovered.

2.2 Lowland River Channels: The Mekong and its Largest Low Gradient Tributaries
Lowland river channels include the main channels of the Mekong and its major tributaries, the Nam Ngum, Songkram, Pak Mun, Xe Kong, Se San, and Srepok.  These are permanent rivers which in the dry season are relatively slow-flowing forming a series of deep pools interspersed by rapids and islands. This is most pronounced on the Mekong at Siphandon (Lao meaning 4,000 islands) in southern Laos where the best example of a braided river in SE Asia can be found, and at the Ramsar site in Stoeng Treng and in Kratie Province in Cambodia.  The main habitats associated with these systems are detailed below:

2.2.1 Main river channels

Water height in the main river channels varies by up to 10 metres between the wet and dry seasons. These channels are vitally important for the seasonal longitudinal migration of white fish species (see 3.3.3), including the commercially important cyprinids, Henicorhynchus lobatus (locally called ‘trey reil’) and H. siamensis, which migrate over 800 km from Lake Tonle Sap into Laos.  Other highly migratory groups are catfish species, including the endangered Giant Catfish Pangasianodon gigas, Pangasius sanitwongsei, P. sutchi, P. larnaudi and Jullien’s Barb Probarbus jullieni. Although the main channels support a rich assemblage of aquatic species, they exhibit little endemism.

The Mekong River and its wider low gradient tributaries are important for a distinctive guild of riverine bird species. The Globally Vulnerable Indian Skimmer Rynchops albicollis may have already disappeared from this habitat in Cambodia, Laos and Vietnam, and the Globally Vulnerable Black-bellied Tern Sterna acuticauda and Little Tern Sterna albifrons appear to be on the verge of doing so. Other significant species in this habitat include the Globally Near-Threatened Grey-headed Fish Eagle, and Great Thick-knee Esacus recurvirostris, River Lapwing Vanellus duvaucelii, and Small Pratincole Glareola lactea.

2.2.2 Deep pools

Deep pools have formed in fast flowing channels of larger rivers. These pools are maintained by the scouring of the high river flows during the wet season. In the dry season, these areas are connected by shallower stretches of the main rivers. They are very common on the Mekong in southern Laos and northern Cambodia, and on some major tributaries including the Se San, Srepok and Xe Kong.

Deep pools are a vital dry season refuge for both resident and migratory fish species and undoubtedly contain a diverse assemblage of undescribed invertebrates. These habitats are a vital dry season refuge for the Globally Critically Endangered Irrawaddy Dolphin Orcaella brevirostris, which prefers areas with a water depth greater than 8 metres.

2.2.3 Small islands and riverine sand-bars

Small islands and riverine sand-bars are common on stretches of the Mekong and its tributaries, including the Se San, Srepok and Xe Kong. They are formed by natural deposition during seasonal high river flow. The plant Anogeissus rivularis dominates the pioneer community of low-lying vegetated sandbars and rock outcrops. The older, larger sandbars, built up into islands over many years, have more substantial vegetation similar to the neighbouring gallery forest.

The smaller sand bars and islands provide safe breeding sites for many species of waterbirds, some of which are globally rare and endangered. The only recent confirmation in Indochina for the breeding of the Globally Vulnerable Black-bellied Tern was recorded on such islands. They also support the largest numbers of Great Thick-knee, River Lapwing, and Small Pratincole in South East Asia.

2.2.4 Seasonally-inundated riverine forest

A unique type of riverine inundated forest occurs on the Mekong River in the Stoeng Treng Ramsar site (between Stoeng Treng town and the Lao border). It is found on sandy islands and on isolated rocky outcrops and comprises tree species identified tentatively Barringtonia sp., Eugenia sp., and Arcacia sp..  Strangely, the trunks of the trees are often bent almost horizontal in the direction of the river flow with branches and leaves swept in the same direction (giving the appearance of being swept away). In some cases these trees are supported by large buttress roots (1-2m. high) protruding downstream to support the trunks against the current. Many of the trees have reduced, narrow leaves reminiscent of rheophyllic trees and there are many epiphytes or parasites particularly of the fig Ficus sp.. 

The biodiversity values of this habitat are not known. The inundated forest may be important for fish breeding and shelter during peak flow, and some fish species are known to feed on the fruit of the trees. The associated rocky substrate and rapids are definitely important for suitably adapted fish species. The forest may be important for monkeys and gibbons.

2.3 Permanent and Seasonally-inundated Floodplain Wetlands 

A number of permanent and seasonal lotic and lentic wetlands are found in the Lower Mekong Basin. The high wet season water levels of the Mekong inundate many of these wetlands seasonally; groundwater and seasonal monsoonal rains maintain others. These provide some of the most productive habitats in the Lower Mekong Basin and include reed and sedge beds, swamps, lotus ponds, inundated grasslands and inundated forest. 

The seasonal changes in water level of the Mekong inundated plain drives a seasonal migration of large waterbirds between wetlands. In the dry season, many species move to permanent wetlands and grassy plains around Lake Tonle Sap and the Delta, while in the wet season they retreat to higher seasonal wetlands in northern Cambodia and southern Laos. 

2.3.1 Seasonally-inundated riparian forest

One of the most important wetland habitats of the Lower Mekong Basin is the seasonally-inundated  riparian forest found on the gently-sloping plains adjacent to lakes, rivers and tributaries and submerged by the seasonal 8-10 metre flood levels of the wet season.

The composition of this forest type shares little with swamp forests and mangrove systems. Over 200 species of plants have been found in these inundated forests.  Major communities include Barringtonia acutangula, Elaeocarpus madopetalus and Diospyros cambodiana; floating and emergent herbs including Brachiaria mutica, Eichornia crassipes, Polygonium barbatum, P. tomentosum and Sesbania javanica, and a diverse mixed scrubland containing over 60 species. The woody species of this forest are often laden with fruits and seeds at the time of inundation, providing food for the 34 species of fruit-eating fish of the Lower Mekong Basin. Over 200 species of fish use this habitat as a feeding, breeding, and nursery ground and it is vitally important for breeding colonies of large waterbirds. The forest of Lake Tonle Sap is the best known and most productive example of this habitat.

3.3.1.1 Seasonally inundated riparian forest of Lake Tonle Sap

The seasonally inundated forest of Lake Tonle Sap is legendary. Acting as part of the Mekong floodplain, the flood pulse from the Mekong River reverses the flow of the Tonle Sap River to inundate the forest surrounding the Lake which expands in area from around 300,000 hectares to 1.2 million hectares at peak flood height, inundating over 500,000 hectares of forest. As the water level of the Mekong River drops, the Tonle Sap River resumes its normal direction of flow and discharges the lake into the Mekong Delta.

Over 170 species of plants have been identified from the shores around Lake Tonle Sap.  Many species are deciduous, shedding leaves with the rising water. Over 140 species of fish have been recorded in the Lake. The lake’s productivity is prolific, making a substantial contribution to the  estimated 400,000 tonnes annual fish production in Cambodia.

Lake Tonle Sap’s inundated forest is one of the most important breeding sites for large waterbirds in Asia. Species breeding in the forest include the Globally Endangered Greater Adjutant Leptoptilos dubius and White-winged Duck Cairina scutulata; Globally Vulnerable Spot-billed Pelican Pelecanus philippensis, Milky Stork Mycteria cinerea, Lesser Adjutant Leptoptilos javanicus; and Globally Near-threatened Oriental Darter Anhinger melanogaster, Painted Stork Mycteria leucocephala. These species are believed to migrate to other wetlands in the Lower Mekong Basin during periods of high water level on Lake Tonle Sap.

2.3.2 Marshes, small pools and seasonal wetlands in the lowland plain

Extensive seasonal and permanent marshes, small lakes, and other palustrine wetlands occur throughout the Lower Mekong Basin. They are usually shallow, filled by seasonal rainfall and typically are connected to river systems which in the wet season form the inundated plain of the Lower Mekong Basin.  They contain a mosaic of wetland habitats including reeds, sedge, lotus beds and open water. Submerged communities are dominated by Ceratophyllum demersum and Utricularia aurea. 

In the dry season, these wetlands are vital in maintaining breeding stocks of floodplain fish, including air-breathing species (e.g. gouramies, walking catfish), while in the wet season they function as breeding and nursery grounds for many fish species such as Oryzias mekongrnsis, Rasbora spilocerca, Indostomus sp., Boraras micros, and Amblypharyngodon chulabornae. These wetlands are important for almost all waterbirds in the Lower Mekong Basin, particularly cormorants, Oriental Darter, Spot-billed Pelican, Greater and Lesser Adjutants, Milky Stork, Woolly-necked Stork Ciconia episcopus, Black-necked Stork Ephippiorhynchus asiaticus, Painted Stork, The Globally Endangered White-shouldered Ibis Plegadis davisoni, Glossy Ibis P. falcinellus, Black-headed Ibis Threskiornis melanocephalus, White-winged Duck, Pallas’s Fish Eagle Haliaeetus leucoryphus, Grey-headed Fish Eagle, the Globally Vulnerable Masked Finfoot Heliopais personata, and the Globally Near-threatened Sarus Crane Grus antigone.  

3.3.2.1 Treapangs and nongs

Of particular note in this grouping are treapangs and nongs (Khmer and Lao names), which are small wetlands or wet grassy glades, often less than 100 ha in area, within mosaics of deciduous dipterocarp and semi-evergreen forest. Many are seasonal, while others maintain water perhaps from groundwater, throughout the dry season. Found mainly in southern Laos and northern Cambodia, these wetlands are of vital importance for biodiversity conservation.

In the dry season, they provide some of the few water sources for large mammals (elephants, gaur, deer, rhinoceros and wild cattle species; see Section 3) while in the wet season they form feeding and breeding habitats for species such as the Sarus Crane.  In particular,

· The Globally Critically Endangered Giant Ibis Pseudibis gigantea was re-discovered in this habitat in southern Laos in 1993, and it is also critical habitat for White-shouldered Ibis, Greater and Lesser Adjutants, and White-winged Duck. The highest populations of the Globally Vulnerable Green Peafowl are probably concentrated in these areas.

· One of the few remaining viable populations of the Globally Critically Endangered Siamese Crocodile is found in these wetlands.
2.3.3 Inundated grasslands 

Seasonally inundated grasslands are common on the floodplains of the Lower Mekong Basin. Close to the water edge, floating or emergent vegetation forms dense mats or stands up to 3 metres tall. As water levels rise, dense mats may dislodge and float, propelled by currents or the wind. The main species include Achyranthes aquatica, Brachiaria mutica, Eichornia crassipes, Polygonium barbatum and Sesbania javanica.  Other plant species found on the upper reaches of the inundated plain include several grasses, including Echinochloa stagina, sedges including Cyperus pilosis, Rhynchospora sp., and dicotyledons such as Aeschynomene indica, Impatiens sp., Ludwigia hyssopifolia and Nelumbo nucifera (lotus). 

As in the Delta, these areas and support Sarus Crane, White-shouldered Ibis and Greater and Lesser Adjutants. Although, in the Lower Mekong Basin, these areas are greatly disturbed, they do hold more substantial grasslands that other parts of S.E. Asia and thus are a priority for conservation. They are of crucial importance for the Globally Endangered Bengal Florican Houbaropsis bengalensis.

2.4 Deltaic Formations and the Plain of Reeds

The Mekong Delta is a classic fan delta commencing just downstream from Phnom Penh and extends over 300 km to the coast. The northern part of the Delta, commonly referred to as the Plain of Reeds, was a vast wetland depression of about 1.3 million ha encompassing the provinces of Dong Thap, Tien Giang, and Lang Sen in Vietnam, and parts of Svay Reang in Cambodia.  A large area (368,000 ha) of the Plain in Vietnam (known as "Dong Thap Muoi") is composed of acid-sulphate soils. Except for areas with relatively high ground near the Cambodian border and the river levees along the main branches of the Mekong, the Plain lies in a flat lowland region subject to seasonal flooding between July to January. At its peak between late September and the end of October, the Plain becomes practically a vast lake with some areas flooded to a depth of nearly 4m. Except for scattered ponds and swamps, during the dry season the Plain dries out.

The original plain was covered in dense vegetation with small natural streams.  However, agricultural expansion over the past 40 years has led to most natural areas being converted to rice production.  Of the initial 4 million hectares of the Delta, only 1.3 % now remains in a natural or semi-natural state.

The key wetland habitats of the Mekong Delta are described below:

2.4.1 Lowland forests

Melaleuca forests now dominate the Mekong Delta, particularly in areas of acid sulphate soils. A high proportion of them are of relatively recent origin, and many are within wood production reserves. In Lang Sen, Plain of Reeds, there are patches of the former riverine delta forest comprising Melaleuca leucodendron associated with Syzgium sp., Elaeocarpus hygrophilus, Ficus microcarpa and Cassia grandis. Peat swamps are associated with melaleuca forest in U Minh. The remaining, scattered patches of forest are an impoverished relic of a more extensive and variable forest cover. 

Although today’s melaleuca forest is low in plant biodiversity, they act as one of the few sources of fish, amphibian, reptilian and bird biodiversity in the delta. These melaleuca forests are of prime important for their breeding colonies of large waterbirds and are one of the few refuges in the Delta for freshwater species such as turtles.

2.4.2 Inundated grasslands

Formerly, extensive grasslands occurred throughout the upper Mekong Delta, today, much of this habitat is now under rice cultivation. The remaining grasslands form communities dominated by Phragmites sp., Elocharis dulcharis, E. ochrostachys, Lepironia articulata, Hymenanachne pseudo-interrupta, wild rice Oryza rufipogon (one of the few remaining sources for the natural stock of this species) and Ischaemum rugosum common towards Vam Co River. The grasslands are important for the presence of Elocharis spp., the favoured food of the Sarus Crane. In wetter areas, permanent and seasonal emergent vegetation dominates. Species include the lotus Nelumbo nucifera, Nymphacea nouchali, N. pubescens and N. tetragona.

The remaining grasslands are important for water birds including the Sarus Crane, White-shouldered Ibis, Greater and Lesser Adjutants and the Bengal Florican.

2.4.3 Mangroves

Intertidal mangrove forests cover about 280,000 hectares of the coastal portion of the Mekong Delta. Less than 40 species of mangroves are found. Successive communities are dominated by Avicennia, Brugiera. Rhizophora, Sonneratia caseolaris and Nypa fruticans. This is an ecologically important area as a breeding ground for many species of fish, crabs and shrimps. Over 300 species of fish have been recorded in the Delta.

There are no reports of vertebrates endemic to the mangrove areas, but the wildlife is diverse with mammals such as fishing cats, otters and crab-eating macaques. Salt-water crocodile are still reported in the Delta.  Many fish and shrimp species depend upon the estuaries of the delta for their breeding and nursery areas.  Some marine species of fish of the families Polynemidae (threadfins) and Tachysuridae ascend the rivers to spawn in the gradient or freshwater zone of the estuaries, while the larvae of many economically important shrimp species, spawned in the shallow coastal areas, are moved by tides into the brackish water zone where they stay as juveniles for 2-4 months amongst abundant food and safe from predators.

2.4.4 Other communities

Apart from the main communities above, the  flora of the delta is quite complex due to the variety of flood and water availability regimes. The following floral communities can be distinguished, roughly according to the descending order of water depths - submergent plants e.g. Hydrilla verticillata, Limnophila sp., are present in quite large, deeply flooded areas.  Floating plants found in low-acid and shallow water bodies are dominated by water hyacinth Eichhornia crassipes; water ferns Salvinia cucullata, Pistia stratiotes and Azolla pinnata; and duckweeds Spirodela polyrhiza and Wolffia schleidenii. Emergent plants, particularly common in stagnant, low-acid canals, include Nymphaea spp. and Nymphoides sp. (water lilies).  The Polygonum tomentosum community is very common along the banks of low-acid, slow-flowing canals, and the Phragmites karka and Saccharum spontaneum community is found on islets scattered in the area. 

3. Biodiversity Review

The wetlands of the Lower Mekong Basin support almost 100 species classified as Globally Threatened (Critically Endangered, Endangered, Vulnerable, Near-Threatened and Data Deficient). This reflects the vital contribution of the Lower Mekong Basin to global wetland biodiversity. However, it warns of the grave threats confronting many of these species in this region.

Comprehensive information on all the biodiversity of the Lower Mekong Basin is not available. Large mammals and birds are quite well documented, while other groups are less so. Thus of necessity, this review will focus on documented taxa, e.g. mammals and birds, and will consider those groups whose information base is increasing, e.g. fish and reptiles. Little information exists for groups such as amphibians and invertebrates.

3.1 Mammals 

The wetlands of the Lower Mekong Basin are vitally important for many mammals. These mammal species fall into two groups, namely:

· Permanent wetland residents

· Seasonally wetlands species, particularly reliant on wetlands with permanent water in the dry season.

 1:  Permanently wetland-dependant residents

Almost all mammals that permanently associate with wetlands are now severely threatened. Species of particular concern are:

· The Critically Endangered Irrawaddy Dolphin Orcaella brevirostris – see below.
· The Endangered Wild Water Buffalo Bubalus arnee was reported in southern Laos earlier this century. It is now believed to be close to extinction in the Mekong River Basin as the result of disturbance and hunting (horns are sold and used for traditional medicine).  

· The Endangered Lowe’s Otter Civet Cynogale lowei is endemic to the region. This species is known from one skin only collected in Tomkin.  It is reported to be found in Vietnam, Yunnan and North-eastern Thailand and may still be present in Laos or Cambodia.

· The Hairy-nosed Otter Lutra sumatrana and Smooth-coated Otter Lutrogale perspicillata are both classified as Globally Vulnerable (CITES Appendix II). Reported from smaller rivers and relatively undisturbed habitats, both species are believed to be in serious decline due to hunting. However, there are reports of viable populations in some localities in the Lower Mekong Basin.
· The Near-threatened Oriental Small-Clawed Otter Aonyx cinerea (CITES Appendix II) is found in rivers and streams in forests and in adjacent degraded areas. 

· The Near-threatened Fishing Cat Prionailurus viverrinus (CITES Appendix II) is found in lowland riverine and deciduous forest. 

· The Eurasian Otter Lutra lutra is still believed to occur in a number of different wetland habitats. It is listed on CITES Appendix I.

Recently, all of these species have been the target of heavy hunting pressure. In addition, the conversion of wetland areas to agricultural land has severely reduced available habitat, e.g. North-east of Thailand and the Mekong Delta.

 1:  Irrawaddy Dolphin

The Irrawaddy Dolphin Orcaella brevirostris inhabits coastal and larger river systems in the Indo-Malayan realm. It is believed to be Critically Endangered locally, but is classified as Data Deficient (CITES Appendix II). The former range of the Mekong population of the Irrawaddy Dolphin was from Vietnam to the Khone Falls, including Lake Tonle Sap and the Xe Kong in Attepeu Province to 200 km into Laos. Today, the population is estimated to be less than 100 individuals, which are mainly confined to Kratie and Stoeng Treng Provinces in Cambodia with occasional wet season reports from the Xe Kong. The dry season is critical for this species when the dolphins retreat to pools with a depth greater than 8 meters.

Traditional beliefs of local indigenous people in Cambodia and Laos protect dolphins, believed to be reincarnated human spirits. However, dolphins from Stoeng Treng and Lake Tonle Sap were hunted during the Khmer Rouge Regime in Cambodia (1975-79) for oil to operate machine engines.  In recent years, although dolphins are rarely targeted, they are affected by human use of the river. Over the last 10 years more than 40 dolphins have been found dead in the Mekong and its tributaries north of Kampung Cham. Of these, over 50% were entangled in large mesh gill nets.  Other deaths were attributed to explosions and shooting (by outsiders). Some boat engines are also known to confuse dolphins. 

 1:  Seasonally wetland-dependant species

Many mammal species including elephant, deer, gaur and other wild cattle species are dependant on wetlands for water during the dry season. Particularly important are those small wetlands called a nong or traepeang (see section 2.3.2.1) found mainly in dry Dipterocarp and semi-evergreen forest. Many of these species form congregations at sites of permanent water in the dry season and protection of these large mammal species will require adequate protection of these dry season refuges.

A list of endangered and threatened mammals with dry season associations to wetlands is provided in Table 1. It is uncertain whether all of these species still occur in the Lower Mekong Basin. Of particular concern are the Kouprey and the Lesser-one horned Rhinoceros. 

Table 1: Globally-threatened mammals associated with wetlands during the dry season

	Common name
	Species name
	Status
	Habitat

	Lesser-one horned Rhinoceros
	Rhinoceros sondaicus
	GT-Crit
	Lowland dense forest with significant wetlands

	Kouprey 
	Bos sauveli
	GT-Crit
	Grass plains/ Evergreen / deciduous forest mosaic

	Asian Elephant
	Elephas maximus
	GT-En
	Including evergreen / deciduous forest mosaic

	Banteng
	Bos javanicus
	GT-En
	Semi-evergreen / deciduous forest mosaic

	Tiger
	Panthera tigris
	GT-En
	Lowland dense forest with significant wetlands

	Dhole-Asian Wild Dog
	Cuon alpinus 
	GT-V
	Evergreen / deciduous forest mosaic

	Eld’s Deer
	Cervus eldii
	GT-V
	Semi-evergreen / deciduous forest mosaic

	Gaur
	Bos gaurus
	GT-V
	Lowland dense forest with significant wetlands

	Fishing cat 
	Prionailurus viverrinus
	G-NT
	Evergreen forest, adjacent to river courses

	Long tailed macaque
	Macca fascicularis
	G-NT
	Riverine forests

	Pileated gibbon
	Hylobates pileatus
	G-NT
	Evergreen forest, adjacent to river courses

	Rhesus macaque 
	Macaca mulatta
	G-NT
	Adjacent to water courses

	Silvered langur
	Semnopithecus cristatus
	G-NT
	Evergreen forest, adjacent to river courses

	Small Asian Mongoose
	Herpestes javanicus
	
	Dry dipterocarp forest

	Small Indian Civet
	Viverricula indica
	
	Semi-evergreen / deciduous forest mosaic

	Hog deer
	Axis porcinus 
	C:Ap I
	Water associated with water

	Jungle Cat
	Felix chaus
	C:Ap II
	Semi-evergreen / deciduous forest mosaic

	Sambar
	Cervus unicolor
	
	Lowland dense forest with significant wetlands


 1:  Birds

The Lower Mekong Basin is critically important for a number of globally-threatened waterbird species. These wetlands are believed to support one Globally Critically Endangered species, 4 Globally Endangered species and 10 species classified as Vulnerable. Over 20 species are listed on various Appendices of CITES.  Ranked by geopolitical units (210) according to the number of threatened species, Vietnam, Thailand, Laos and Cambodia are ranked as 10th, 12th, 27th and 37th most important countries for bird conservation in the world, although not all such species are wetland species.  

 1:  Globally important endangered species

The Critically Endangered Giant Ibis Pseudibis gigantea, long thought to be extinct, was re-discovered in 1993 along the Xe Kong floodplain in southern Laos. Small nongs and traepangs, along the Xe Kong in Attepeu Province in southern Laos and near the Se San and Srepok Rivers in Stoeng Treng, are vitally important for this species. The total world population of this species may be less than 100 individuals. 

The population of the Globally Endangered White-winged Duck Cairina scutulata in southern Lao and northern Cambodia is one of the largest remaining in the world.

The Globally Endangered Greater Adjutant Leptoptilos dubius and White-shouldered Ibis Pseudibis davisoni occur in the dipterocarp forest and wetland mosaic of northern Cambodian and southern Lao PDR. These areas are also vital for the Globally Vulnerable Green Peafowl Pavo muticus.  

The Globally Endangered Bengal Florican Houbaropsis bengalensis is found in Tram Chim on the Plain of Reeds and in the seasonally flooded grasslands of Lake Tonle Sap. Similar habitats are important for Globally Threatened -Vulnerable Sarus Crane Grus antigone, which in the wet season migrates to northern Cambodia and southern Lao to seek out non-flooded grasslands.

Globally Vulnerable species relying on the riverine habitats of the Mekong and its larger tributaries include the Indian Skimmer Rynchops albicollis and Black-bellied Tern Sterna acuticauda.

Other Globally Vulnerable species depending on a variety of wetland habitats in the Lower Mekong Basin include the Masked Finfoot Heliopais personata, Pallas's Fish-Eagle Haliaeetus leucoryphus, Greater Spotted Eagle Aquila clanga, Spot-billed Pelican Pelecanus philippensis, Milky Stork Mycteria cinerea and the Lesser Adjutant Leptoptilos javanicus.

 A list of endangered, threatened bird and protected bird species reliant on wetlands is provided below in Table 2.

Table 2: Globally threatened species of birds dependant upon wetlands in the Lower Mekong Basin

	English Name
	Species
	Global Status
	CITES Appendix

	Giant Ibis
	Pseudibis gigantea
	GT-CR
	

	Greater Adjutant
	Leptoptilos dubius
	GT-EN
	

	White-shouldered Ibis
	Pseudibis papillosa davisoni
	GT-EN
	

	White-winged Duck 
	Cairina scutulata  
	GT-EN
	1

	Bengal Florican
	Houbaropsis bengalensis  
	GT-EN
	1

	Nordmann's Greenshank
	Tringa guttifer  
	GT- EN
	1

	Spot-billed Pelican
	Pelecanus philippensis
	GT-VU
	

	Milky Stork
	Mycteria cinerea
	GT-VU
	1

	Lesser Adjutant
	Leptoptilos javanicus
	GT-VU
	

	Greater Spotted Eagle
	Aquila clanga  
	GT-VU
	2

	Green Peafowl 
	Pavo muticus  
	GT-VU
	2

	Masked Finfoot
	Heliopais personata  
	GT-VU
	

	Black-bellied Tern
	Sterna acuticauda  
	GT-VU
	

	Indian Skimmer
	Rynchops albicollis  
	GT-VU
	

	Oriental Darter
	Anhinga melanogaster
	G-NT
	

	Great-billed Heron
	Ardea sumatrana
	G-NT
	

	Painted Stork
	Mycteria leucocephala
	G-NT
	

	Asian Openbill
	Anastomus oscitans
	G-NT
	

	Black-headed Ibis
	Threskiornis melanocephalus
	G-NT
	

	Grey-headed Fish-Eagle
	Ichthyophaga ichthyaetus  
	G-NT
	2

	Sarus Crane
	Grus antigone  
	G-NT
	2

	Grey-headed Lapwing
	Vanellus cinereus  
	G-NT
	

	Asian Dowitcher
	Limnodromus semipalmatus  
	G-NT
	

	Malaysian Plover
	Charadrius peronii  
	G-NT
	

	Asian Golden Weaver
	Ploceus hypoxanthus
	G-NT
	

	Comb Duck 
	Sarkidiornis melanotos  
	
	2

	Brahminy Kite
	Haliastur indus  
	
	2

	Greater Flamingo
	Phoenicopterus ruber
	
	2

	Osprey
	Pandion haliaetus  
	
	2

	Black Kite
	Milvus migrans lineatus  
	
	2

	White-bellied Sea-Eagle
	Haliaeetus leucogaster  
	
	2

	Black-shouldered Kite
	Elanus caeruleus  
	
	2

	Western Marsh Harrier
	Circus aeruginosus   
	
	2

	Pied Harrier
	Circus melanoleucos  
	
	2

	Brown Fish Owl
	Ketupa zeylonensis  
	
	2

	Buffy Fish Owl
	Ketupa ketupu  
	
	2


 1:  Reptiles 

 1:  Crocodiles

The Siamese Crocodile Crocodylus siamensis is Critically Endangered and listed on Appendix I of CITES.  It was formerly widespread throughout the Lower Mekong River Basin, but has declined drastically due to excessive hunting and habitat destruction. This species is now very rare and believed to be extinct in the wild in Vietnam and Thailand. The small numbers confined to the south of Lao PDR and Cambodia are of extreme global importance as the last wild populations but they still face a number of threats. These include hunting, habitat destruction and harvesting of the young for crocodile farms. The natural genetic stock is also under threat from cross-breeding with both the Cuban Crocodile Crocodylus rhombifer and the Saltwater Crocodile Crocodylsus porosus encouraged by crocodile farms in the region. 

Local, but unconfirmed, reports from the Stoeng Sen northern Cambodia exist for the presence of the False Gharial Tomistoma schlegelii, listed as Data Deficient, but probably Globally Critically Endangered.

Table 3: Globally threatened crocodiles from the Lower Mekong Basin 

	Specific name
	Common name
	Global Status
	CITES
	Comment

	Crocodylus siamensis
	Siamese crocodile
	GT-Crit
	App I
	

	Gavialis gangeticus
	Gharial
	GT-En
	App I
	Unconfirmed

	Tomistoma schlegelii
	False gharial 
	DD
	App II
	Unconfirmed

	Crocodylus porosus
	Salt water crocodile
	-
	App I
	


 1:  Turtles and terrapins

Over 20 species of turtles and terrapins occur in the Lower Mekong Basin, ten of which are listed in the Red Data Book. The Chinese three-striped box turtle Cuora trifasciata and River Terrapin Batagur baska are Critically Endangered. Seven other species are listed as Globally Threatened - Vulnerable. 

The populations of all species of turtle and terrapin in the Lower Mekong Basin are thought to be in rapid decline. Many hundreds of tonnes of turtles, i.e. millions of individuals, are exported from the countries of the Lower Mekong Basin annually, many destined for the food markets of East Asia and for use in traditional medicines. 

At a workshop in Phnom Penh (Dec. 1999) on the turtle and terrapin trade, delegates recommended stronger protection measures for all turtle and terrapin species of the Lower Mekong Basin. As a result of the discussions, a proposal to list all species of Asian Box turtle Cuora spp. on Appendix I was presented to the CITES Convention in April this year. This will assist in the protection of C. galbinifrons, C. amboinensis and other Cuora species in the Lower Mekong Basin.

Table 4: Globally threatened turtles from the Lower Mekong Basin 

	Specific name
	Common name
	Glob Status
	CITES

	Batagur baska
	River terrapin
	GT -En
	App I

	Cuora trifasciata
	Chinese-three striped box turtle
	GT- En
	

	Indotetudo elongata
	Elongated tortoise
	GT - V
	App II

	Manouria impressa
	Impressed tortoise
	GT - V
	App II

	Manouria emys
	Asian giant tortoise
	GT - V
	App II

	Pelochelys bibroni (cantori)
	Asian giant softshell turtle
	GT - V
	

	Hieremys annandalii
	Yellow-headed temple turtle
	GT - V
	

	Sacalia quadriocellata
	Four-eyed turtle
	GT - V
	

	Amyda cartilaginea
	Asiatic softshell turtle
	GT - V
	

	Cuora amboinensis 
	Malayan box turtle
	G - NT
	

	Cuora galbinifrons
	Indochinese box turtle
	G - NT
	

	Hoesemys grandis
	Giant asian pond turtle
	G - NT
	

	Platysternon megacephalum
	Big-headed turtle
	DD
	

	Malayemys subtrijuga
	Malayan snail eating turtle
	
	

	Pyxidea mouhotii
	Keeled box turtle
	
	

	Siebenrockiella crassicollos
	Black marsh turtle
	
	

	Cyclemys dentata
	Asian leaf turtle
	
	

	Cyclemys tcheponensis
	Striped necked turtle
	
	


 1:  Other reptiles

Two species of monitor are found associated with the wetlands of the Lower Mekong Basin. These are the Bengal monitor Varanus bengalensis, listed under CITES Appendix I, and the water monitor Varanus salvator listed under Appendix II. Both are subjected to heavy hunting pressures.

 1:  Amphibians

There have been few systematic studies of the amphibians of the Lower Mekong Basin. Over 100 species of frogs are reported from Laos. 

 1:  Fish 

 1:  Mekong fish diversity and endemism

A recent IUCN study lists the Mekong River as one of the nine richest watersheds in the world for fish.  Of some 1,300 fish species proposed to occur in the Mekong system (including estuarine and deltaic species), over 850 have been suggested to occur in the Lower Mekong Basin. This figure is a little controversial, since not all species have been taxonomically verified. In comparison, Kotellat’s (Kotellat 2000) taxonomic studies have recorded 456 species of freshwater fish species in the Lower Mekong Basin, of these 179 (40%) are known to be endemic and 53 species (11%) are known from only a single sub-basin, illustrating the high level of local endemism. The total number of fish species in the Lower Mekong Basin probably lies between these two figures. 

In recent geological times, the Lower Mekong Basin has been through a number of dramatic changes. During the last ice age, the Mekong River may have been associated with the now submerged North Sunda River, which linked with the Chao Prya River and rivers of the eastern Malaya Peninsula. Thus, the fish species of the main channels and floodplains, although exhibiting a great diversity, have much in common with the rivers of the former system and do not exhibit high amounts of endemism.

The fish of Lake Tonle Sap and the main channels of the Mekong River are well known, reflecting the high fishing pressure and the economic importance of these species. Relatively few endemic species occur in these areas.  The greatest numbers of endemic and undescribed species are found in the tributaries, head waters, rapids, caves and peat swamps.  Each new taxonomic survey of a tributary identifies undescribed, often endemic, fish species. This is demonstrated by a recent survey of the Nam Thuen in areas above Geng Wang Fang. Eighty-seven species of fish were identified, of which 33 (38%) were tentatively classified as new species, most probably endemic to the Lower Mekong Basin. Additional surveys of limestone caves, rapids, peat swamps and waterfalls will add to the known fish species of the Lower Mekong Basin. 

Cyprinids are the dominant species in the Lower Mekong Basin, reported to comprise 50% of all fish species in the lower areas, increasing to 60% of all species in the middle reaches of the Lower Mekong Basin. 

The diversity of the Lower Mekong Basin fish is illustrated by some of its more interesting fish species:

· Boraras micros, the world’s second smallest fish at less than 12mm long, inhabits swamps of the Mekong inundated plain. 

· Fruit eating fish:  Thirty-four species of fish are reported to feed on the fruits of the inundated forest. In some parts of the Mekong fishers bait hooks with fruit and leaves to catch certain species.

· Stingrays: Three species of large fresh-water stingrays are found in the Lower Mekong Basin. These include the giant Himantura chaophraya – which has a diameter of up to 2.5metres, Dasyatis laoensis and Himantura oxyrhynchus (both up to 1m).

· Sawfish and Sharks: Sawfish, including Pristis clavate, Pristis microdon and Pristis pectinata, occur in the Lower Mekong Basin. They are becoming less common as the snout is easily ensnared in fishing gear. Freshwater sharks also occur including Carcharhinus leucas.  

· Fish that eats monkeys:  Luciocyprinus striolatus, an endemic species, which can weigh up to 60 kg, is purported by local people to have been seen taking smaller monkey close to riverine channels and associated vegetation. Found Nam Theun and other tributaries, it is not known from the larger mainstream channels.
 1:  Threatened and endangered species of fish in the Lower Mekong Basin

Table 5 provides a list of fish species from the Lower Mekong Basin listed in the IUCN Red List of Threatened and Endangered species.  Two are regarded as Globally Critically Endangered in the Lower Mekong Basin – Leaping Barb Chela caeruleostigmata and Dwarf Botia Botia sidthimunki. Of the remainder, the Giant Catfish Pangasianodon gigas is probably the best known. There are known to be two discrete populations of Giant Catfish. One is believed to migrate many hundreds of kilometres each year from the mainstream Mekong north of the Khone Falls, to stretches of the Mekong upstream of Vientiane where it is believed to spawn. The second population is below Khone Falls in Cambodia and Viet Nam. Although this population is also known to undergo seasonal migrations, the location of the breeding sites is not known.

Table 5: Globally threatened fish species from the Lower Mekong Basin 

	Species
	Common name
	Status
	CITES
	Comment

	Chela caeruleostigmata
	Leaping Barb
	GT-Crit
	
	

	Botia sidthimunki
	Dwarf Botia
	GT-Crit
	
	

	Scleropages formosus 
	Golden Arowana
	GT-En
	
	Heavily traded

	Tenualosa thibaudeaui
	Endemic freshwater Herring
	GT-En
	
	Highly migratory

	Probarbus jullieni 
	Jullien’s Carp
	GT-En
	
	Highly migratory

	Pangasianodon gigas 
	Giant Catfish
	GT-En
	
	Highly migratory

	Chitala blanci
	Royal Featherback
	GT-NT
	
	

	Aaptosyax grypus 
	
	DD
	
	

	Probarbus labeamajor 
	Thick-Lip Barb
	DD
	
	Highly migratory

	Probarbus labeaminor
	Thin-lip Barb
	DD
	
	Highly migratory

	Pangasius sanitwongsei 
	Trey po pruy
	DD
	
	Highly migratory


It is certain that a number of additional species should be added to this list. However, due to the lack of a broad-based understanding of fish diversity, fish life histories, and an evaluation of threats to species, only a superficial analysis can be made. There is currently insufficient information to make useful and comprehensive decisions related to fish biodiversity conservation in the Lower Mekong Basin. 

In the last 10 years there has been a dramatic increase in fishing effort, combined with an increase in the use of modern gears and destructive fishing practices. This has placed severe pressure on some fish species. Of grave concern, is the use of illegal fishing methods, i.e. electro-fishing and fish bombing, in sensitive habitats such as small ponds and deeper pools, which act as dry season refuges for many species. Although fish bombing is decreasing, electro-fishing is still occurring in a number of wetlands. 

Fish species populations reported to be decreasing sharply in numbers, or in some cases reported as  locally extinct, include (Kotellat 2000):

	Balantiochelius melenopterus

Cirrhinus microlepis

Luciocyprinus striolatus 

Luciosoma bleekeri
	Macrochirchthys macrochirus

Neobraynotus microlepis

Pangasius hypopthalmus

Boesemania microlepis


 1:  Fish migration in the Lower Mekong Basin

A number of different types of distinct fish migrations occur in the Lower Mekong Basin. These involved extensive movements ranging from thousands of kilometres down to very localized movements. One of the commonest methods used to refer to fish migrations in the Mekong floodplain is to classify fish as black fish and white fish. These groups can be broadly categorized as:

· Black fish - species remaining in swamps and oxbows year round with limited local, lateral migrations during the flood season onto the flood plain. These species include carnivorous and detritus feeders from the families of Channidae (Snakeheads), Clariidae (air-breathing catfishes), Bagridae (Bagrid catfishes) and Anabantidae (climbing perches).

· White fish - species typically with strong lateral and longitudinal migrations. This group includes the families of Pangasiidae (river catfishes), Siluridae (Sheatfishes), Sisoridae (Sisorid catfishes), Cyprinidae and Cobitae.

 1:  Mainstream Mekong  “White Fish” Migrations

The seasonal migration to and from Lake Tonle Sap is the largest and most significant in the entire Mekong Basin. During the seasonal inundation many species migrate to feed on the inundated plain and inundated forest of Lake Tonle Sap. As the water recedes, many fish species migrate upstream to dry season habitats, spawning areas and refuges. 

The Tonle Sap, Mekong mainstream channels, and larger tributaries are vitally important for the seasonal longitudinal migration of white fish species.  Over 100 species are probably involved in these migrations, important one include large cyprinid species Bangana behri, Cyclocheilichthys enoplos, Hypsibarbus sp., Labeo chrysophekadion, Labeo pierrei, Mekongina erythrospilus and Scaphognathops bandonensis. Other smaller cyprinid species include Henicoryhnchus lineatus, H. lotabus (locally called ‘trey reil’), H. microlepis, and H. siamensis. Labiobarbius leptochelius, Lobocheilos melanotaenia and Paralaubuca typus. Other highly migratory groups include all the catfish species, including the endangered Giant Catfish Pangasianodon gigas, Pangasius sanitwongsei, P. sutchi, P. larnaudi, and Jullien’s Barb Probarbus jullieni. The Khone Falls on the Mekong mainstream in southern Laos, presents a physical barrier to some species, especially those of secondary freshwater families (evolved from marine taxa), i.e. Ariidae, Polynemidae, Soleidae and Cynoglossidae, and larger fish species, including the Giant Catfish Pangasianodon gigas. Other species are able to negotiate these falls and have been tracked over 1,000 kilometres to their dry season habitats, e.g. Henicorhynchus lobatu. 
 1:  Migrations to marine and estuarine systems 

A number of migratory diadromous fish species, i.e. fish that migrate between marine/estuarine and freshwater or visa-versa) are found in the Lower Mekong Basin. Those species include:

· The catfish Pangasius krempfi which is believed to spend its life in the coastal waters of the South China Sea, but returns to the Mekong River to spawn (Khone Falls). Also Arius caelatus is reported to undertake diadromous migrations.

· The eel Anguilla marmorata is known to migrate from the ocean to upland tributaries for spawning and has been found over 1,500 km from the coast.

· Threadfins: Eleutheronema tetradactylum, Polynemus borneensis
· Perch: Lates calcarifer
· Herrings: Coila sp., Setipinna sp..

 1:  Other migrations

Migration patterns of species in the upper tributaries are not well understood and more intensive research in the future.

 1:  Invertebrates

The wetlands of the Lower Mekong Basin also contain a wealth of diversity of invertebrate groups. However, there have been only very limited surveys of these taxa:

Insects : There have been few detailed studies of the insects of the Lower Mekong Basin.

Crustacea : The giant fresh water prawn Macrobrachium rosenbergi undertakes an impressive migration. Adults live in the freshwater areas of the Mekong including tributaries, natural lakes, rice fields and ditches. On maturing the prawns migrate towards the estuary to spawn in saline water. After 2-6 months in the estuary, juveniles migrate back into freshwater areas. Adults can be found up to 200 km from the estuary.

Molluscs : An example of invertebrate diversity can be seen from the limited surveys for molluscs. A survey of only 500 km of the Mekong River in Thailand and Laos identified 160 mollusc species. Of these, 116 (72%) species were endemic. Full surveys are certain to identify additional species.

Coelenterates : It is urgent that further studies of all water bodies of the Lower Mekong Basin be conducted to determine the status of invertebrates.  An as yet unidentified freshwater jellyfish Moerisia sp. has been found just south of Khone Falls, and a diverse assemblage of invertebrate fauna, including sponges, are expected to be found.

� Rapids: Assume each rapid has an average area = 30 m. (river width) x 10 m. (length of rapid) = 300 m2 (0.0003 km2), thus a species occurring in 100 rapids would have a total habitat confined to 0.03km2. Thus meeting the criteria as Critically Endangered (CR B1) – confined to a limited habitat. 
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