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1.

1.1

1.2.

Introduction

Basin Development Plan

The second phase of MRCb6s Basin Devel opment
provide an integrated basin perspective through the participatory development of a rolling
Integrated Water Resources Managen{feWRM) based Basin Development Plan. The plan

will comprise the following elements:

. Basinwide Development Scenarigswhich will provide the information that
Governments and other stakeholders need to develop a common understanding of the
most acceptablealance between resource development and resource protection in the
Lower Mekong Basin, taking into account developments in the upper Mekong Basin.
The results will guide the formulation of the IWRb&sed Basin Development
Strategy.

° An IWRM-based Basin Deelopment Strategywhich provides a shared vision and
strategy of how the water and related resources in the LMB could be developed in a
sustainable manner for economic growth and poverty reduction, and an IWRM
planning framework that brings this stratemo the various transboundary and
national planning, decisiemaking and governance processes.

° A _Project Portfolio of significant water resources development projects and
supporting nosstructural projects that would require either promotion or
strenghened governance, as envisioned in the 1995 Mekong Agreement.

The preparation of the Plan will bring all existing, planned and potential water and related
resources development projects in a joint basin planning process, through a combination of
subbasinand sector activities, and a basiide integrated assessment framework.

Formulation and assessment of scenarios

The formulated basiwide development scenarios represent different levels and combinations
of sectoral development and consider the many dpwetnt synergies and tradé#s among

the different waterelated sectors, such as irrigation and hydropower synergies and
hydropower and fisheries tradeoffs. The table below summarizes the scenarios agreed by the
countries.

Considered scenarios
No. | Short Title Full Title Development Interventions/Projects
Period

Baseline situation
1 BS Baseline scenario Year 2000 infrastructure
including existing HEP dams

Definite future situation

2 2015UMD Upper Mekong dam | 2000- 2015 Baseline extended tadlude
scenario the full HEP cascade on the
Lancang
3 2015DF Definite future 2000- 2015 2015UMD plus 25 additional
scenario HEP dams in LMB and 2008

irrigation and flood measures

5 Impacts on valuable ecosystems/habitats: 12/07/2010
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Foreseeable future situation

development scenario

4 203020Y LMB 20-year plan 2010- 2030 2015 DF plus 11 LMB
scenario mainstream dams and planng
tributary dams, irrigation, and
water supply
5 203020Y-w/o | LMB 20-year plan 2010- 2030 As above, excluding 11 LMB
MD scenario without mainstream dams
mainstream dams
6.1 | 203020Y-w/o | LMB 20-year plan 2010- 2030 As above plus 6 LMB
LMD with 6 mainstream mainstream dams in upper
dams in Northern Lao LMB
PDR
6.2 | 203020Y-w/o LMB 20-year plan 2010- 2030 203020Y, excluding the two
TMD with 9 mainstream Thai mainstream dams
dams
6.3 | 203020Y-w/o | LMB 20-year plan 20162030 203020Y, excluding the two
CMD with 9 mainstream Cambodian mainstream dam
dams
7 20301 20Y Mekong delta flood 2010- 2030 Baseline plus 3 options for
Flood management scenario flood control in Cambodia ang
Vietham Delta
Long term future situation
8 2060LTD LMB long-term 20302060 203020Y plus all feasible
development scenario infrastructure developments i
LMB
9 2060 VHD LMB very high 20302060 As above, extended to full

potential infrastructure
developments

First the development scenarios are assessed on a range of hydrological indicators to evaluate
future water availability and use, and the flow changes caused by different levels of water use,

taking into account the existing and planned developmernt®itlpper Mekong Basin. The

scenarios for the foreseeable and the long term future will be assessed with and without

consi

der ati
transboundary economic, social and environrea | i

on of cl

mat e

change i
mpact s

and

mpact s.
| WRM

The
requi

In these assessments, the development scenarios are evaluated against 13 main indicators that

can

measur e

how we

each

scenari o

achieves

development, social development and enwinental protection. As well, a basin wide

6equityo

ndi cator

i s i ncl

uded that

measur es

each country that each scenario produces, taking into account benefits from existing water use
and further planned investmis in each country.

After basinwide consultations on the assessment results, the countries will determine which
development scenario would provide the most acceptable balance between economic,
environmental, and social outcomes in the LMB, and woulthbmutual benefits to the LMB
countries. It is noted that in choosing a development scenario, the LMB countries are not
committing to a particular set of projects (which are in any case subject to feasibility studies,
ElAs etc.), but are identifying a ddepment space within which they can plan and work.
Conflicts and tradeffs may occur, but within the agreed vision and outcome of the IWRM
based Basin Development Strategy.
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1.3. Purpose and Scope of this Annex

In this Annex results of the assessment of thpaicts of the hydrological changes brought
about by the various basidevelopment scenarios on the Tonle Sap ecosystem and the
associated species diversity are presented.

Chapter 2 describes the Assessment methodologghapter3 the unique role of & Tonle

Sap Great Lake ecosystem as a O0fish factory6 f
an variety of (rare and endangered) species is described. Emphasis is on migratory fish
species and the key features of the Mekong River hydrologicaemsysind flood

characteristics that are important for the maintenance of theses species and their habitats. The
information presented in this chapter has been taken directly from a number of key
publications on the Tonle Sap ecosystem, fish migration angnspg patterns and inland

fish production. The most important publications used are listed in the Reference list.

Expected impacts of the above mentioned scenarios on the state and functioning of the Tonle
Sap system are described in ChapteThe impact mainly pertain to changes in flood
conditions in the area: that is changes in total flooded area, changes in ecosystem types being
flooded, changes in flood depth and duration and changes in the timing of the flooding.

In the impact assessment predicthanges in water quality of the rivers discharging into the

lake are also taken into consideration. These changes result from expected changes in
agricultural area and agahemical use, as well as in expected changes in waste water
discharges in the basunder thevarious development scenari@hanges in sediment supply

to the system, due to sediment trapping by the Chinese dams, the tributary dams and the dams
on the mainstream is also briefly discussed.

7 Impacts on valuable ecosystems/habitats: 12/07/2010



2. Assessment Methodology

2.1. General Approach

2.1.1 Main drivers ofchange

The basin development scenarios under consideration consist of a (combination of a) number
of elements: further hydropower development by construction of storage reservoirs (a cascade
of dams in the Upper Basin in China, dams on thitaries), construction of ruwf the river

dams on thenainstream, implementation of flood protection measures in the Cambodian and
Vietnamese floodplains, development of irrigated agriculture, and increase in domestic and
industrial water use driven bypulation growth.

These developments (causes of impact) induce a number of changes in the physical and bio
chemical environmerdf the Tonle Sap arethat ultimately have an impact on the human use
of the natural resources.

The hydropower developmergsults in changes in river flow regimes. These changes on their

turn result in changes in water levels in the downstream channels and ultimately in changes in

flood volumesandflooding patterns in th&onle Sap area. At the same timenstruction of

stomge reservoirs may result in a sharp decreas
proportion of the inflowing sediment may become trapped in the resersira.result the

sediment inflow into the Tonle Sap Lake may reduce.

Further development dahe irrigated agriculture and the increased domestic and industrial
water use have an effect on river flows (part of the extracted water will not return to rivers)
and on the water quality. Return flows from agriculture may be polluted by pesticides and
nutrients, whereas domestic and industrial waste water discharges may result in increased
levels of BOD, nutrients and contaminanisis will be the case for both the mainstream as

for the local rivers draining into the Tonle Sap Lake.

The main causes ahpacts are thus changesflimod volume,changes in flooding pattern and
changes in water qualityncluding changes in suspended sediment concentraliohgo of
the scenarios climate change has been taken into account as well.

2.1.2 Indicators for assessnm

Environmental impacts that may result fréime dangesn flood volume and flooding pattern
are changes iarea and distribution of valuable ecosystems/ habithisse changes, on their
turn have a number of secondary impacts:

¢ Changes in ecosystemopluctivity
0 Fish and other aquatic animals
o0 Otherproducts
e Changes in environmental services provided
0 Water supply in the dry season
0 Flow regulation
0 Water purification capacity
o Cultural/religious values
0 Aesthetic/tourism/recreational values
e Changes in ecosyems/habitat existence and biodiversity, flora and fauna

Changes in water qualitpay have an impact on:

8 Impacts on valuable ecosystems/habitats: 12/07/2010



2.2.

The availability of good quality drinking water;

Agricultural production in flooded areas (fertilizing effect of sediment);
Wetland productivityfertilizing effect of sediment);

Fish production (nutrient status of flood watemg

Biodiversity.

The environmental assessment concentrated on the environmental development objectives
and the key environmental indicators as agreed upon idetredopnent scenarioassessment
processthat are relevant in the Tonle Sap arsmintenance of wetland productivity and
ecosystem services and conservation of biodiversity. Another environmental objective of the
BDP, maintenance of water quality is discussed searate Annex, Annex E, Impacts on
Water Quality.

Quantification of impacts

The impacts of théasindevelopmentcenarioson the Tonle Sapystemhave been assessed

as much as possible quantitativelyyea and distribution of valuable wetland ecosysteand

so ecosystem productivity and biodiversity, directly depanthe extent, depth and duration

of the annual flooding. and have been assessedobvgrlaying GIS maps of the important
ecosystems/habitats with maps displaying the changes in floodimtitioas (extent, depth

and duration) Not only average conditions were taken into consideration but also changes
during a hydrologically wet and a hydrologically dry year. This resulted in maps displaying
the change in total area of each of the ecosyéteisats and an indication of areas in which
flood conditions (depth, duration) change. The impacts of these calculated changes in wetland
area, as well as in depth and duration of the flooding, on ecosystems and biodiversity have
mainly been assesség expert judgment, applying simple impact functions that describe the
relationship between an external condition (e.g. flood duration) and an internal ecosystem
condition (e.g. production).

Assessment of the impacts on biodiversity concentrated on thehiflegpecies anad number

of rare and endangered spedieat are known to be dependentapcertain ecosystem/habitat.
Losses of these specific ecosystecan bedirectly translated to losses of these specific
species.

Important data sources were the @IRWetland map, level 5 (MRC, Environmental
programme, 2005), the flood model results produced by MRC IKMP (Information and
Knowledge Management Programme) and processed by de BDP hydrologist and GIS
persons. The area mapped was the area that flooded dieirigrgest historically known
flood, the flood in the year 2000.

Information of ecosystems, habitats, rare and endangered species etc. was taken from a
variety of sources, amongst other a number of publications of the MRC Environment
programme, the WalFish Center in Phnom Penh, BirdLife International Indochina, the
World Wide Fund for nature (WWF), the International Union for theggoration of nature

(IUCN) andvarious government and ngovernment organizations in the LMB countries.

9 Impacts on valuable ecosystems/habitats: 12/07/2010



3.

3.1.

The TonleSap Gr eat Lake
iImportance for ecology and Lower Mekong
fisheries

Introduction

The Tonle Sap Great Lake is one of the largest freshwater lakes in Southeast Asia. It appears
that the lake originated about 5,000 years ago. The unique hydedlogggme of Tonle Sap

Lake is characterized by an annual inflow of Mekong waters into the lake basin during the
wet season, when the water levels in the Mekugg At the end of the wet season, the flow
reverses and the lake empties again. This hydiadbgycle supports and maintains high
biodiversity and productivity, particularly fish, plant communities, and wildlife, which are the
resource base for the national economy of Cambodia. Nearly half of the Cambodian
popul ati on dependaes, about dndn raillioh of kvieiah $s fish dependent
community. Tonle Sap Lake furthermore plays a vital role in Khmer cultural identity, which

is reflected in the traditions, livelihood, festivals, and taste. It is believed that the Khmer
Angkor civilizationand many temples could not prosper without the rich natural resources of
Tonle Sap Lake as sources of wealth. Evidence of cultural influence of Tonle Sap Lake can be
found in the baseliefs of the Bayon temple. Figure 1 shows the generablayf the sea

(After ADB, 2005).

Recognizing the ecological, economical, and saditural value of the Lake, the Royal
Government of Cambodia decided to designate the whole Tonle Sapabhdkeadjacent
floodplain, flooded forests and riveras Biosphere Reserve der the Man and Biosphere
Program of UNESCO in October 1997. Parts of its wetlands are includgu iAngkor
World Heritage Site under the World Heritage Conventiorghttp://whc.unesco.org); in a
Ramsar SitéBoeng Climar and Associated River System and Floodplaitlerthe Ramsar
Convention littp://ramsar.org); and n the Protected Area Systeas GMS Hotspot Arear
Important Bird Area (IBAYChhnuk Tru, Stung/Chi Kreng/Kampong Sya&ieal Srongae).

Figure 1: General lay out of the Tonle Sap Great Lake (After ADB, 2005)

..........

comt
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3.2. Physical resources

3.21 Climate

Cambodia's climate is dominated by the tropical wet and dry monsoons. The southwest monsoon brings

the rainy seam from midMay to midSept ember or early October, whi | e
flow of drier and cooler air lasts from early November to March. Temperatures are fairly uniform at

around 25°C throughout the Tonle Sap Basin area. Average annual raib&livesen 1,300 and 1,900

millimeters, with the largest amounts in the southeast.

3.2.2 Topography and soil

The Tonle Sap Lake is surrounded by a rather flat floodplain. The soils are mainly developed in
unconsolidated alluvial deposits, comprising clay, siihds and gravel.

3.2.3 Groundwater

Groundwater depth in the area varies considerably. The water table changes with rainfall, specific local
geomorphologic conditions, and the distance to the permanent water of the Tonle Sap Lake. Manganese
is reported to be fouhin the groundwater in concentrations that might cause some consumer
inconvenience (e.g., staining of laundry and sanitary ware, taste), though it is not believed to have any
negative health effects. Although arsenic concentrations are found in the \getendhroughout
Cambodia, they commonly do not pose a problem.

3.24 Surface water

The Tonle Sap Lake is connected to the Mekong River through the 100 km long Tonle Sapifgjver.
seven percent of the water in the Tonle Sap Lake comes from the MekongRivieg an average

wet season, about 52 percent comes in directly through the Tonle Sap River, and 5 percent flows
overland through the floodplain from the Mekong. Another 30 percent comes from rivers that flow
directly into the lake and about 13 percenhes from rainfall over the lake itself.

The annual ihd ¢ydiaaldchapged betevéen high and low water levels, is crucial in
maintaining this highly productive system that has adapted to the exceptionally high natural variability
of the lake ével. Between the dry and the wet season the volume of the lake ranges from abodt 1.3 km
up to 75 kni, its surface area varies from 2,500 %op to about 15,000 Kmand its water level
increases from 1.4 m to 10.3 m above sea level.

The quality of surdice water shows extreme variations. In the dry season, pollution by human and
household waste can be high near densely populated areas.

3.3. Ecological resources

3.3.1 Fisheries and aquatic biology

The flooding of the extensive plain covered with forest and otherstyy vegetation enables the
transfer of terrestrial primary products into the aquatic phase and entry intwitikdood webs.
Sedimentation occurs almost exclusively in the floodplain. The floodplain vegetation plays a crucial
role in ecosystem produetly by providing habitats, substrate area, and food for aquatic organisms.
Many fish specieshave commercial value, and more than 100 species are caught regularly. However,
about a dozen make up the bulk of the catches, by weight and value. A wide ebaetiye (seining,

lifting, casting) and passive (traps, hooks and line, gillnets) fishing gear and methods are used. Fish
behavior (migration, habitat preference, reaction to water quality changes, feeding strategies) is
exploited in the fishery. The esof destructive gear and practices (poisoning, electrocution, brush
parks, damming, and pumping of channels) are widespread. The importance of the area for fisheries in
the entire Lower Mekong Basin is discussed in more detail in Section 6.

Other aquaticanimals with direct livelihood significance include water snakes, mollusks, and
invertebrates such as shrimp. Water snakes are common in the Tonle Sap ecosystem, and five species

11 Impacts on valuable ecosystems/habitats: 12/07/2010



commonly are caught and traded. Around the lake, commercial rearing o¥ecapticodiles is
practiced. Il ndi cators suggest that the current us e
optimum ecosystem productivity.

3.3.2 Timber and nontimber forest products

The natural floodplain vegetation is used for the collection ofreetyaof wood and notwood forest
products. Wood is collected for domestic use, including for (i) fuel wood or charcoal, (ii) construction
material, (iii) use in brick kilns, (iv) fish processing (smoking and drying), and (v) the construction of
fishing gear. The dominant species includBarringtonia acutangula, Diospyros cambodiana
Terminalia cambodianaGmelina asiatica Ficus heterophylla and Vitex holoadenonNonwood

forest products include a wide range of plants used as food, and for medicinagsuigrohumans and
animals. Lianas (in particul@@ombretum trifoliatumBreynia rhamnoidesTetracera sarmentosand

Acacia thailandica are collected for furniture and fishing gear production. Other plant products
include fruits, seeds, resins, tubdrark, and mushrooms. Some forest animals and their products are
collected, including bee wax and honey. Some larger animals are used as pets (macaques, iguanas,
birds), traded, or consumed as food. Birds are hunted for food, pets, and trade. Eggscieel ¢otle
consumption. Aquatic plants are collected for human consumption, as feed for farm animals, or for
further cultivation (e.g., lotus).

3.3.3 Biodiversity

The Tonle Sap ecosystems are exceptionally important for global biodivergitg a@enetic, species,
habitat and ecosystem procdssels.

At the ecosystem level, Tonle Sap Lake and its floodptaintain the largest continuous natural
wetland areas/habitats remaining in the Mekong River systerharelery high ecosystem diversity.
Tonle Sa ecosystsm comprises at least major subecosystemsthe permanent water body or the
Great Lake itself, rivers and streams, seasonally inundated foseatynally inundated shrubland
seasonally inundated grasslands, receding and floating ricefields, seafiooalgd crop fieldsand
marshes and swamps.

With the very highecosystem diversitythe Tonle Sap ecosystem has exceptionally high species
biodiversity is one of the most productive inland waters, and is one of the mosthiistdant lakes in

the wald. It has >197 species of phytoplankton, >46 species of zooplankton, >57 species of
zoobenthos, >215 fish species, >225 bird species (>104 waterbird species), >46 mammal species, >42
reptile species, >370 plant specieghe flooded forests and floodpia. Among these arat least44

species having gbally threatead status, i.e. Tritically Endangered2 bird, 2fish, 1 mammal, and 2

reptile species)l2 Globally Endangere@® bird, 4 fish, 4mammaj and 2 reptilespecies) 17 Globally
Vulnerable(9 bird, 2 mammal, $eptile, and 1 planspecies)ard 8 Globally Nearthreatened®6 bird, 1

mammal, and 1 reptilspecied At least 6important species are endemics to the Mekong River region

(5 endemic fish and 1 endemic reptile species)

With the globalloss of wetlands, the Tonle Sap Lake and its relatively intact ecosystem processes are
exceptionally important for global biodiversity. The species richness of the Tonle Sap ecosystem is

only partly known. In a recent inventory, 885 species of floodpdéants and animals were found in

the Tonle Sap. However, this does not include, for instance, the 197 species of phytoplankton that have

been identified separatel@ver 170 species of plants have been identified from the shores around Lake

Tonle Sap. Mangpecies are deciduous, shedding leaves with the rising water. Over 140 species of fish

have been recorded in the VLake. The | akeobs pr oduc
contribution to the annual fish production in Cambodia.

@ Open water bodie#cluding Tonle Sap Lake

Open water bodies, including the Tonle Sap Lakpport at least 78ird species (Davidson, 2006).
Among these are 1 Globally Endangeférkater Adjutant.eptoptilos dubius3 Globally Vulnerable
Spotbilled PelicanPelecanus plippensis Milky Stork Mycteria cinerealLesser Adjutanteptoptilos
javanicus;and 4 Globally Neathreatened Greheaded Fish Eaglehthyophaga ichthyaetu§riental
DarterAnhinga melanogastePainted StorlMycteria leucocephaland Asian Golden Weaw®loceus
hypoxanthusThe open lake area of Tonle Sap is an important feeding area of Beaded Gulls
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Larus brunnicephalug2% of the global population) and Whiskered T&hlidonias hybridug(the
highest known concentrations in Southeast Asia). T&alp Lake is not only one of the most fish
abundant lakes of the world, is also of globalfish biodiversity conservationalue as habitat for at
least 2 Critically Endangerddekong Giant CatfisiPangasianodon gigag@an Endemic speciesising

the floodedforestsas nursgy groundand theTonle Sap Riveas amigratory corridor for mature fish
moving to the Mekong River) and Giant Pangastasgasius sanitwongséan Endemic species); 4
Globally Endangered Mekong Freshwater Stingbagyatis laosensjslul i enés Gol den Carp or
line Barb Probarbus jullieni(usng Tonle Sap Lake, Tonle Sap River, and its flooded forests as
spawning habitats) aotian Shadlrenualosa thibaudeausng Tonle Sap Lake and Tonle Sap River
as spawning habitats), and Tricol@harkminnow Balantiocheilos melanopterusMany other
additional fish species of conservation concern inclatideast 4 Endemic specieSye-spot Barb
Hampala dispar;Thicklip Barb Probarbus labeamajgrandGiant BarbCatlocarpio siamensigne of
thewot déds | argest cyprinid fish).

(b Inundated forestand shrublands

Seasonally inundated forests and shrublands surrounding the Tonle Samrkakaique in both

structure and floristic compositioOver 200 species of plants have been found in the inundated
forestsMost of the forests are distributed at the upper limit of open water around the lake, along river

channels and major tributarieBtees are usually ¥ 15 (or up to 20) m tall and are inundated by a

maximum of 41 6 m of water, up to 8 months/ye&@easonally inundated shrublands, consisting of

mediumsized trees not taller thani24 m with a closed canopy, are encountered in the areas between

flooded forest and inundated grasslandvio s t pl antdsecardeuodfslbgod heir |l eave
waterwhen the flood submerges the branches. New Ilaveswhenreceding waters expose the trees

and shrubs to the air again around NovenibecemberFlowering and fruit production takes place

during the late dry and early wet season. Fish play an impodiann seed dispersal.

The forests and shrublands contaimumber of Endemic plant species, &gmandura harmandii,
Terminalia cambodiana, Coccoceras anisopodum, Diospyros bejaudii, Diospyros cambodiana,
Garcinia loureiri, Acacia thailandica,and Hydnocarpus saigonensisMajor communities include
Barringtonia acutangulaElaeocarpus madopetal@ndDiospyros cambodiandloating and emergent
herbs includingBrachiaria mutica, Eichornia crassipe®olygonium barbatumpP. tomentosunand
Sesbania javanicaNoteworthy are also a number of grass and sedge species i.e. WilORiz®
rufigpogonwhich is very important in terms of gene pool and genetic biodiversity conservation and the
Globally VulnerableCynometra inaequifoliayhich is a species of legumiesthe Fabaceae family

Over 200 species of fish use this habitat as a feeding, breeding, and nursery Gnewvdody species
of this forest are often laden with fruits and seeds at the time of inundation, providing food 3dr the
species of frukeatng fish of the Lower Mekong Basin.

Lake Tonl e Sap 6 salsoone af thd madstenthorthnd breeding sitesdor large waterbirds
in Asia the system supports at least 85 bird species (Davidson, e species are believed to
migrate to otbr wetlands in the Lower Mekong Basin during periods of high water level on Lake
Tonle SapFlooded forest and flooded shrubland habitatpport ateast 12 gpbally threatened bird
species 1 Critically Endangered Whitshouldered IbiPseudibis davisonil Globally Endangered
Greater AdjutantLeptoptilos dubius;5 Globally VulnerableEastern Sarus Cran@rus antogone
sharpii, Spotbilled PelicanPelecanus philippensisMilky Stork Mycteria cinerea,Lesser Adjutant
Leptoptilos javanicus and Manchurian Retwarbler Acrocephalus tangorum5 Globally Near
threatened Greheaded Fish Eaglehthyophaga ichthyaetu§riental DarterAnhinga melanogaster
Black-headed IbisThreskiornis melanocephalu®ainted StorkMycteria leucocephalaand Black
necked StorlEphippiorhynchus asiaticus.

Theyalso support at least 12 mammal species (Davidson, 2806)wvhich areglobally threatenedl
Critically Endangered Irrawaddy Dolphi@rcaella brevirostris;4 Globally Endangere#iairy-nosed
Otter Lutra sumatrangthe aea holds globally significant populations of this species and is the single
most important priority area for otter surveys in Cambodia), Fishing®@anailurus viverrinus and

just outsidet he f |l ooded Rucenas didliaddoHog Meerdxis porénus 2 Globally
Vulnerable Smootitoated Ottetutrogale perspicilataand Greater Slow Lorif\Nycticebus cougang

and 1 Globally Neathreatened Silvered Leaf Monkéyrachyoithecus cristatusvhich is less well
adapted to swimming long distances than L-taied Macaque.
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Other mammal species of interest reported in flooded forests of the Tonle Sap system include-the Long
tailed MacaqueMacaca fascicularisthe Common Palm CiveRaradoxurus hermaphroditus-lying
FoxesPteropus spand other batsLoris Nydicebus spp.Giant Flying SquirrelPetaurista sp.and

many other squirre]sLeopard CatPrionailurus bengalensisSmall Asian MongooseHerpestes
javanicus and many rodents. There is a strong relationship between the presence of seasonally flooded
shrubsand rice crop damage due to rodents (loss of flooded fofegigcreased rice crop damage;
shorttree shrublands are key shelter and nesting habitat of rodents especially during flooding period).

Seasonally flooded forests and shrublands ofTibele Sapsystem or more specifically Tonle Sap
Biosphere Reserve (TSBR) are the single most important wetland for reptile conservation in Southeast
Asia. TSBR supports at least 10 globally threatened reptile species : 2 Critically Endangered Siamese
Crocodile Crocodylus siamensiand River TerrapiBatagur baska2 Globally Endangered Yellow
headed Temple Turtlelieremys annandali{one of the large Asian swamp turtles, lives in slow
moving muddy rivers, feeds on aquatic plants and fruits falling down from taadsfsian Giant
Softshell TurtlePelochylys cantori{the Tonle Sap system supports a regionally important population
and perhaps the most important in Southeast ASiablobally Vulnerable Asian Box Turtl€uora
amboinensisBlack Marsh TurtleSiebenroclélla crassicollis(in floodplain ponds), Giant Asian Pond

Turtle Heosemys grandi§n muddy substrates in ponds that dry out during the dry season), Malayan
Snaileating TurtleMalayemys subtrijugéricefield turtlei the most numerous turtle around ToSlkep

Lake, favored for its meat and used in traditional medicine), and Asiatic Softshell TArtigda
cartilagineg and 1 Globally Neathreatened Burmese Pythd&ython molurusione of the biggest
shakes of the world, lives in flooded forests, nests orgtbend within dense shrubs during the dry
season, is an excellent swimmer and can stay submerged for up to 30 minutes. The skin, meat and
blood are traded on the domestic and international market.

Most turtle species breed in the dry season when huiiséurlzthnces and the risk of fire are highest.
Some species lay eggs in submerged substrates within ponds that labett. dBgasonally flooded
forests and shrublands with numerous pools are the most important habitats for turtles especially during
the dryseason, particularly in areas with high numbers of fruiting trees. Change in flood levels in the
dry season will thus impact these species.

At least 105 wild crocodiles were recorded in Tonle Sap between-28®8 now the total wild
population may notxxeed a few pairs. The existing large, unregulated crocodile farming industry and
strong incentives for the harvesting the last remaining wild individuals are primary threats to wild
crocodiles in the TSBR. Suitable but unoccupied crocodile habitat remahms TSBR.

The forests and shrublands also suppioet Rainbow Watersnakenhydris enhydrigmost abundant

species caughtand Tonle Sap Watersnalnhydris longicaudasecond abundant species cadght
Cambodi ads only known EToneeSap takerardpRiver) which( liges the mi ¢
flooded forests and is closely associated to shallow water edge hdbfesds on small fish, frogs and
crustaceans, and plageimportant r ol e i n t has foddadureedfa nestiogocslgniest o€ m
large waterbirds, for crocodiles, and for human consump#mother species of interess the King

Cobra.

(c) Seasonally inundated grasslands

Seasonally inundated grasslands are common on the floodplains of the TonEdSapo the water

edge, floating oemergent vegetation forms dense mats or stands up to 3 meters 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, Polygorbarbatumand Sesbania
javanica Other plant species found on the upper reaches of the inundated plain include several
grasses, includindgechinochloa staginasedges includingCyperus pilosis, Rhynchospoip., and
dicotyledons such ageschynomene inth, Impatiens sp., Ludwigia hyssopifoliand Nelumbo
nucifera(lotus).

The gasonally inundated grasslands, together with herbaceous wetlands including sedge beds and
agroecosystems of the Tonle Sap systampport at least 135 bird species (Davidso®&2Campbell

et al., 2006) of whichat least 17 are globally threatenéCritically Endangered Bengal Florican
Houbaropsis bengalensiand Whiteshouldered IbisPseudibis davisonil Globally Endangered
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Greater AdjutantLeptoptilos dubius 9 Globally Vuherable Eastern Sarus Crafgus antigone

sharpii, Eastern Imperial EaglAquila heliaca Manchurian Reed Warblekcrocephalus tangorum
Greater Spotted Eaglaquila clanga Lesser Adjutanteptoptilos javanicusMilky Stork Mycteria

cinereg Spotbilled PelicanPelecanus philippensidasked FinfooHeliopais personataand Yellow

breasted BuntingEmberiza aureola and 5 Globally Neathreatened Painted Storklycteria
leucocephala Asian Golden WeavePloceus hypoxanthuysBlacknecked StorkEphippiorhynche
asiaticus Oriental DarteiAnhinga melanogasteand Blackheaded IbisThreskiornis melanocephalus

A mammal species of interest depending on the Tonle Sap flooded grasslands is the Asiatic Jackal
Canis aureus.

(d) Marshessmall pools and seasonal wetlands

The marshes small pools and seasonal wetlands in the area are vital in maintaining breeding stocks of
floodplain fish, including aibreathing species (e.g. gouramies, walking catfish), while in the wet
season they function as breeding and nursery geofmdmany fish species, the black fish. These
wetlands are important for almost all water birds in the Lower Mekong Basin, particularly cormorants,
Oriental Darter, Spebilled Pelican, Greater and Lesser Adjutants, Milky Stork, Wendgked Stork

Ciconia episcopus Blacknecked StorkEphippiorhynchus asiaticusPainted Stork, the Globally
Endangered Whitshouldered IbisPlegadis davisoniGlossy IbisP. falcinellus Black-headed Ibis
Threskiornis melanocephalug/hitewi nged Duc Kk, P Hdlideadus @usoryphusrey Eagl e
headed Fish Eagle, the Globally Vulnerable Masked Finfftaliopais personataand the Globally
Nearthreatened Sarus Cra@eus antigone

(e) Overall conservation status

The 2004 International Union for Conservation of Naturé Batural Resources (IUCN) Red List of
Threatened Species mentions 197 species in Cambodia considered at risk of extinction, endangered,
critically endangered, or vulnerable. Many of these are found in the Tonle Sap ecosystem. Of the 197
species mentionelly IUCN, 24 are critically endangered, 39 are endangered, and 53 are vulnerable. In
the Tonle Sap ecosystem, 5 critically endangered species (2 fish species, 2 bird species, and the
Siamese crocodile) are potentially still present. However, none of thes&s is endemic to Tonle

Sap. As a consequence of 3 decades of unrest, access to the project area has been at times difficult, and
a biodiversity inventory of the Tonle Sap ecosystem is far from complete.

In Cambodia, 22 species are classified as dafiaient. This could mean that some of these species are
threatened, though data are insufficient to assess their condition in full. Several fish species,
particularly among those that grow large, are endangered. In its 2004 Red List, IUCN classified the
giant Mekong catfish Rangasianodon gigasas critically endangered. The heavy exploitation of
crocodile and the endemic Tonle S&atersnake Enhydris longicaudp also is of particular
conservation concern. The Siamese crocodilim¢odylus siamengids aitically endangered in the

wild, though it is widely bred and kept in captivit@rcaella brevirostris the freshwater Irriwaddy
dolphin that is found in the Mekong, is occasionally also seen in the Tonle Sap Lake. The biodiversity
in the Tonle Sap is beknown for birds. Of the 104 water bird species that have been recorded in the
Tonle Sap, 89 are abundant, while 14 are considered internationally significant. The two core areas of
the Tonle Sap Bird Reserve, Prek Toal and Lake Chhmar, have the mosjenedaspecies. Prek Toal

is the most important breeding area.

3.34 Land and Crops

The continuous expansion of agricultural land into the floodplain to address the rising population and
low productivity of paddy fields has come at the expense of the natudeflioforest vegetation. The
competition between the natural assets of flooded forest and rice and other agriculture crops is
increasingly undermining the productivity of the Tonle Sap ecosystem. The foreshore of the Tonle
Sap's permanent lake and the ribanks provide land, even only seasonally, to the landless poor, who
also benefit from being in the vicinity of water for their crops.

3.35 Livestock

Livestock is important for the livelihood of many people. Pigs are held widely in floating villages and
througlout the floodplain. Cattle provide traction for rice farmers, and flooded forest is burned in
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places to promote the growth of grass for cattle grazing. Even the poorer households can afford ducks
and chicken. Ducks also generate income through their ymsstrcontrol in rice fields.

Economic development

Most of the activities in th8onle Saparea are based on fisheries or agriculture. Fish processing is
widespread, while agriculture focuses on rice production in most places. Infrastructure facdities ar
largely absent, particularly in the floating or stilted villages. The few access roads are mostly in poor
condition. Although ports and landing sites lack basic infrastructure, they contribute effectively to
livelihood generation. The lake is used faartsportation of people and goods, including petroleum
products and fish. Most of the people transported are foreign tourists. Low water levels in the dry
season limit the size and traffic of boats.

Social and cultural resources

More than 1.2 million peoplén the Tonle Sap area depend on fishing for their livelihood. People
typically live in villages, grouped in communes. Many fisher folk are highly mobile, migrating within
the floodplain and lake to find fishing opportunities. The Tonle Sap fish and flindgsources are

also part of the livelihood strategies for many people living outside the project area. The distribution
and quality of health and education facilities vary. Both are lacking indaked communities. The
historic temple complex of Angk Wat, located in the area, is an important tourist attraction. Buildings
and features of archaeological and historical significance (e.g., Khmer Empire era temples and shell
mounds) are scattered throughout the area.

Importance of the Tonle Sap wetland system for fisheries

Cambodia has the world's most productive inland fish&rgingle hectare of floodplain can produce

up to 230 kilograms of fish a year. In terms of value, the overall fishing sector accounts for 10 to 12
percent of gross domestic prod(&DP) and contributes more to income, jobs and food security than

in any other country. The inland fisheries has an annual catch conservatively estimated at about
400,000 tons. Tonle Sap fisheries account for almosttiivds of the total catch in Camdia. In

2006, the Inland Fisheries Research and Development Institute of the Fisheries Administration
estimated the value of fisheries and other aquatic resources of the Tonle Sap Lake conservatively at
$233 million a year (Baran et al., 2007).

3.6.1 Relationshp between fish production/catches and flood characteristics

Based on literature on other large river systems elsewhere in the world BararEeBaltai N. van
Zalinge, Ngor Peng Sun, Floods, floodplains and fish production in the Mekong Basin: preseatt
trends, MRC miscellaneous publications, not datédjtified a number of factors that determine fish
production in the Mekong Basin. They are discussed below:

) Water level
The correlation between thetal catchand the river discharge in the satyear has been extensively
documented for large river systems around the world. It has also been shown more specifically that
catches could be strongly related to the higiter flood regime at the beginning of each season, and
that fish grow more quicklywhen flood levels are higher.

Also for the Lower Mekong it has been shown that higher floods directly result in higher fish
production. Although many factors are involved, higher floods produce larger amount of fish and keep
a number of important habttaviable. Observations on the bagt (Dai) fishery for migrating fish in

the Tonle Sap River during 1995002 indicate that yedo-year variations in maximum Mekong River
flood levels and related Tonle Sap floodplain inundation strongly affect thgidish seeFigure 2.
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Figure 2: Relationship between the maximum flood level of the season and the fish
catch of the Dai or Bag net fishery in the Tonle Sap River.

High fish yields in years with high floods is explained by anbar of factors. Firstly spawning success

of fishes is related to available spawning grounds: higher floods inundate larger floodplain areas, so
creating larger spawning areas. Secondly, a high flood also means that fishing activities are dispersed
more eenly over larger areas giving better possibilities for young fishes to survive. The above stated is
not valid for all fish species: the fishing lot catch of snakeh€dwhiina micropeltgswas highest one

year after a high flood (Van Zalinge et al. 2003).

Other factors of importance are the sediment concentrations of the floodwater and the dissolved oxygen
conditions. Sediments carried by the Mekong waters to the Tonle Sap Lake bring in the essential

nutrients that enter i ner the flodd ¢he momeksedément it braught ive b s .

This leads to improved survival and growth of fish and hence to higher fishery yields (see also Section
6.1.6).

(9 Duration of the flood
A longer period of flood provides a longer growth period for fishes, amdfibre a higher yield. This
strong correlation between the annual fish production and the duration of the flood has been clearly
demonstrated for many river systems. However, as the process is linked to organic matter decay and
nutrient release, the relanship seems to be asymptotic, a plateau being reached after a certain
duration.

(h) Timing of the flood
Most tropical fish species release eggs just before or during the flood, which results in their spreading
into floodplains. In the Mekong River, risingaters trigger spawning in adults of many species such as
Pangasiids and juveniles drift towards the Tonle Sap system where they grow. Timing of the flood and
duration of the flood season during which the juveniles can grow are therefore two parametdlis that
influence the total production (see also Section 7).

Delays in the onset of the flood will result in delays in the arrival of oxyggnwaters.Dissolved

oxygen levels in Tonle Sap water generally decline during dry season, until the inflowgefheich

water at the beginning of flood season. While fish may swim to more oxygenated waters, eggs and
larvae are unable to move and may be adversely affected if the arrival of the flood is delayed. Flow
changes also have an impact on the drift of lfistiae and juveniles.

(i) Regularity of flooding
After early rainfalls and river level rise have prompted migration and spawning, small drought periods
can cause massive mortality of eggs, fish larvae and fry as well as amphibians. Sticky fish eggs can
becone suddenly exposed on vegetation, while larvae and juveniles can get killed as the water recedes
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and small ponds dry up. This factor has scarcely been mentioned in the literature, but sometimes
happens in the Tonle Sap region where it can result in massistality.

M Characteristics of the flooded zone
For fishes, floodplains are favorable as a feeding zone (release of nutrients, primary production and
detritus based food chain), and because they provide shelter to juveniles against predation (shallow
water, flooded vegetation). The importance of different flood plain habitats for the ecosystems
functioning is partly unknown, but the diversity of food resources and habitats allows multiple
strategies, species, sizes, stages and life cycle strategiededFlmrests are essential in providing
shelter and living habitats for large variety of biota, but on the other hand shrub and grass land provides
often the largest variety of biodiversity. Grass land is obviously playing a major role in nutrient cycling
and supports a high fish production.

(k) Physical/chemical conditions
The quality of flood waters has an impact on the flood plain ecosystem e.g. by bringing sediments and
nutrients to the system. Nutrient bearing sediment is important for primary produgtimy dhe fish
growth. Changes in the sediment load can cause major changes in the fish production.

In the Tonle Sap area, sediments are largely being trapped at the interface between theiatxygen
waters of the lake and rivers and the oxygeor wates of the floodplain, giving rise to a rich riparian
vegetation of tall trees. The waters above the floodplain are much clearer than the lake waters, as nearly
all sediments have been filtered out.

According to Van Zalinge (2003) this explains why thechgier hectare appears to be stable no matter
whether natural habitats or agricultural lands are flooded. The biological productivity is derived from
the sediments in the waters of the lake, rivers and especially their border areas and not from the
extensve floodplains themselves. The sediments contain the nutrients needed by the phytoplankton.
Phytoplankton blooms do not occur in the lake, because of intensive grazing by zooplankton and fish.

Oxygen conditions obviously affect where fish can live aqptcduce and how different species have
developed strategies for avoiding unfavorable conditions. Floodplains are by and large oxygen poor
environments. Because of oxygen transport and dispersion, border areas between the well oxygenated
lake proper and toutaries and floodplains have more favorable oxygen conditions than areas deeper in
the floodplains. Open areas inside the floodplains such as lakes and fields offer better oxygen
environments and safety zones for fish. Flow can transport large massesxiaf water both in the
horizontal and vertical direction and trap or kill fish in these limited areas. One explanation for the
observed fish deaths may be the anoxic water inflow.

Fish migration

3.7.1. Introduction

The importance of migratory behavior among Meg River fishes has been acknowledged for long,
many economically important fish species are known to be highly migratory. Some species undertake
longitudinal migrations, while others make only localized and lateral migrations. Longitudinal
migratory fishspecies begin to spawn in the Mekong River at the beginning of the rainy seasen (May
August). Fish eggs and fry are carried by the current and swept into the floodplain areas around the
Tonle Sap Great Lake and the areas south of Phnom Penh. When theefledes, most of fish species
migrate to deeper waters in the lakes, rivers or tributaries (lateral migration), but many species will
undertake longer migrations (longitudinal migrations) to the Mekong River

Based on their migration behavior two grogbdish are distinguished: white fish and black fish. When
floodplains drain at the end of the wet season, water remains in lakes and scattered depressions, which
continue to shrink in size and number during the dry season. Floodplain water bodies betome h
oxygen is depleted and food and shelter diminish, with many ponds drtrgpmpletely. So the fish,

which feed and grow on flooded areas must either return to the river as the waters recede, or remain
and endure the poor conditions on the floodplain.
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Species which | eave flooded areas and return to riwv
fi shesd, as they spend most of t hdishrspediesmigrate i n t ur bi
into flooded areas during the monsoonsseaand migrate over long distances to-skgason refuges at

the end of the flood season. Representatives of this group are some of the cyprinids, such as
Cyclocheilichthys enoplaSoldier river barb or ChhkolgndCirrhinus microlepis(Small mud carp or

Prul/Kralang) as well as the river catfishes of the family Pangasiidae.

The species of fish which remaim lakes and swampen the floodplain are known as lateral migrants

or Oblack fishesbo, as they spen dcotofekbyrcherhidals es i n r €
dissolved from floodplain vegetation. Decomposition of vegetation causes floodplain water to be acidic
and depleted in oxygen, stresses which black fishes can tolerate. Most black fishes can breathe air,
while many species can sureiwout of the water for long periods, and most can move overland in
search of new water bodies. A few species can bury themselves deep in the mud and wait until the next
flood. Many black fishes are used in aquaculture and are transported alive to mahkegtsare
normally referred to as nemigratory, although they perform short seasonal movements between
permanent and seasonal water bodies. Examples of-fiddickpecies in the Mekong are the climbing

perch Anabas testudinelisthe clarias catfishes (e.@larias batrachu}y and the striped snakehead
(Channa striata

An additional group, intermediate between bldiskes and whitdishes is formed by the smlled
greyfish. Species of this group undertake only short migrations between floodplainsarehtdjers
and/or between permanent and seasonal water bodies within the floodplain.

3.7.2. Spawning habitats

Spawning habitats are generally believed to be associated with either rapids and deep pools of the
Mekong mainstream and tributaries or with floodpgai(e.g. among certain types of vegetation,
depending on species). River channel habitats are, for example, used as spawning habitats by most of
the large species of pangasiid catfishes and some large cyprinids sGgbl@sheilichthys enoplos
Cirrhinus microlepis and Catlocarpio siamensisFloodplain habitats are used as spawning habitats
mainly by blackfish species.

Many species that spawn in river channels in the apster column rely on particular hydrological
conditions to distribute the offspdn(eggs and/or larvae) to downstream rearing habitats. Information

on spawning habitats for migratory species in the river channels of the Mekong Basin is scarce. Only
for very few species, spawning habits are well described. For many species, in pdaicldgpwater
mainstream spawners such as the river catfish species, spawning is virtually impossible to observe
directly. Information about spawning has been obtained indirectly from observations of ripe eggs in
fishes

For fishes that spawn in mairver channels, spawning is believed to occur in stretches where there are
many rapids and deep pools, e.g. (1) the Kratiéhone Falls stretch; (2) the Khone Falls to
Khammouan/Nakhon Phanom stretch; and (3) from the mouth of the Loei River to Bokeo/Chiang
Khong. The KratieKhone Falls stretch and the stretch from the Loei River to Luang Prabang are
particularly important for spawning.

3.7.3. Fish migration and hydrology

There is a clear relationship between fish life cycles, fish habitats, and hydrology. Midisktias
respond to hydrological changes and use hydrological events as triggers for the timing of their
migrations. This is illustrated in the figure below, where peak migration periods are correlated with the
annual hydrological cycle. Most species mtgrat the start of the annual flood and return at the end of
the flood, producing the two peaks shown in the figure.
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Figure 3: Relationship between migratory activity levels and water discharge in the
Lower Mekong Basin. Blue Line: average monthly discharge (m3/sec) of the Mekong
River at Pakse, Red Line: number of migrations reported (based on 50 species from 51
sites along the Mekong mainstream) (after Poulsen et al, 2002)
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Also, the spawning season is tuned according to tiydrology, and almost all species spawn at the
onset of the monsoon season. Only a few species, spawn during the dry season.

3.7.4. Major migration systems in the Mekong

Different species have developed different life strategies to cope with the environnrentaltances,
however, generalizations can be made, e.g. on migratory patterns. Three main migration systems
associated with the lower Mekong River mainstream have been identified. These three systems are
called the Lower Mekong Migration System, the Midtfiekong Migration System, and the Upper
Mekong Migration System. Although these different systems are-géotamected and, for many
species, overlapping, the Lower Mekong Migration System is the most important system for the Tonle
Sap fisheries.

The LowerMekong Migration Systemawvers the stretch from the Khone Falls downstream to southern
Cambodia, including the Tonle Sap system, and the Mekong Delta in Viet Nam. The migration is
driven by the spatial and temporal separation of flsedson feeding aneéaring habitats in the south

with dry-season refuge habitats in the north. The rise in water levels at the beginning of the flood
season triggers many migrating fishes to move from the dry season habitats just below the Khone Falls,
e.g. in deep pools algrnthe Kratie- Stung Treng stretch, towards the floodplain habitats in southern
Cambodia and the Mekong Delta in Viet Nam. Here they spend the flood season feeding in the fertile
floodplain habitats. Some species spawn on, or near the floodplain, whtremsspawn far upstream,

i.e. above Kratie, and rely on the water current to bring offspring to the floodplain rearing areas. The
Tonle Sap Great Lake system is one of the key factors for the integrity of this system.

As a result of increasing water dimrge from the Mekong River at the onset of the flood season, the

water current of the Tonle Sap River changes its direction, flowing from the Mekong into the Tonle

Sap River and towards the Great Lake. This enables fish larvae and juveniles to eftariéh®ap

from the Mekong by drifting with the flow. Together with the floodplains of the Mekong Delta in south
Cambodia and Viet Nam, these floodplains are the

An important group of species, which undertakes ttyipe of migration, belongs to the genus
Henicorhynchusin terms of fisheries output, these fishes are among the most important of the Lower
Mekong. For example, in the Tonle Sap River Dai fishery, species of the gmisorhynchus
account for 40 peree of the total annual catch. Larger species, suclCatocarpio siamensjs
Cirrhinus microlepis Cyclocheilichthys enoplogndProbarbus jullienj as well as several members of

the family Pangasiidae, also participate in this migration system.
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The Sean tributary system (including the Sekong and Srepok Rivers) deserves special attention here.
This important tributary system is intimately linked with the Lower Mekong Migration System, as
evidenced by many species such Henicorhynchussp. andProbarbus jullieni extending their
migration routes from the Mekong River mainstream into the Sesan tributary system. In addition, the
Sesan tributary system also appears to contain its own migration system. Many of the species (e.g. all
the species mentioned abdvare believed to spawn within the Mekong mainstream in the upper
stretches of the system (from Kratie to the Khone Falls, and beyond) at the beginning of the flood
season in Maylune. Eggs and larvae subsequently drift downstream with the current totlmeach
floodplain feeding habitats in southern Cambodia and Viet Nam. The main characteristics of the Lower
Mekong Migration System are shown in Figure 4.

Figure 4: The Lower Mekong Migration System. Black arrows indicate migrations at the
beginning of the dry season, grey arrows indicate migration at the beginning of the
flood season
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The importance of drifting larvae and juveniles has been documented through intensive sampling of
larvae fisheries in the Mekong Delta in Viet Narurldg a sampling period of only 45 days in June
July 1999 127 species were identified from the larvae and juvenile drift.

A general Omigration calendard, as it is wvalid
is given in Figure 5 after Risen et al (2004)Triggers for initiation of migrations are not well
understood, although it is generally assumed that increased discharge in itself is a main trigger for
migrations: fish typically start to migrate upstream to spawning grounds wheratbe level starts to
increase, spawning while the water level is still increasing to ensure that the current brings eggs and
larvae into nursery areas on the floodplain further downstream.

After spawning, the adult fish also move into the flooded af@asng the flood season the fish feed

intensively in the flood zone, growing and building up fat layers for the following dry season, when
food is scarce.
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As the water level starts to drop and the floodplain dries, most fish seek refuge in permanent wate
bodies, mainly in deeper parts of the main river channel. Fish following this pattern thus utilize three
distinct habitats (spawning grounds, feeding habitats and dry season refuges).

Figure 5: General migration calendar for Mekong fish species
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3.7.5. Key issues for the maintenance of the Tonle Sap/Lower Mekong fisheries

Although emphasis is on issues related to migratory fishes, the issues are equally relevant for all fish
species and indeed for the ecosystem as a whole. Bastballgnost important issue in relation to the
ecological functioning of the Mekong River from the point of view of migratory fishes is that critical
habitats are maintained in time and space. This includes the maintenance of connectivity between them,
i.e. through migration corridors. The annual hydrological pattern, including its role in the creation of
seasonal floodplain habitats, as well as its role as a distributor of fish larvae and juveniles through
passive drift, is of a high importance.

The following key ecological attributes for migratory species are identified:

Dry season refuge habitats Deep pools in the Krati8tung Treng stretch of the Mekong mainstream. Th
habitats are extremely important for recruitment for the entire lower Mekor|
Basin including floodplains in southern Cambodia (including the Tonle Say
Great Lake System) and the Mekong Delta in Viet Nam.

Flood season feeding and Floodplains in the Mekong Delta in Viet Nam, in southern Cambodia, and

rearing habitats the Tonle Sap syem. These habitats support the major part of Mekong
fisheries.

Spawning habitats Rapids and deep pool systems in the Kra@one Falls, and in the Sesan

catchment. Floodplain habitats in the south (e.g. flooded forests associate
the Great Lake)

Migration routes The Mekong River from Kratie Stung Treng to southern Cambodia and the
Mekong Delta in Viet Nam.

Between the Mekong River and the Tonle Sap River (longitudinal
connectivity).

Between floodplain habitats and river channels (latenahectivity). Between
the Mekong mainstream and the Sesanrcatbhment (including Sekong and
Srepok Rivers).

Hydrology The annual flood pattern responsible for the inundation of large areas of
southern Cambodia (including the Tonle Sap system) and therigdbelta is
essential for fisheries productivity of the system.

The annual reversal of the flow in the Tonle Sap River is essential for
ecosystem functioning. If the flow is not reversed (or if reversal is delayed
fish larvae drifting from upstream spaing sites in the Mekong River cannot
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access the important floodplain habitats of the Tonle Sap System. A delay
flow reversal would also lead to a reduced floodplain area adjacent to the
and lake, and thus, reduced fish production.

Changed hydralgical parameters e.g. as a result of water management
schemes, result in changed flow patterns, which in turn may change
sedimentation patterns along the river. Examples of this already exist in sq
tributaries where hydropower dams have been construetgalting in
sedimentation, and thus in disappearance of deep pool habitats.

The importance of (longitudinal) migratory fish that rely strongly on ¢kelogical connectivity
between floodplains and river channels, in the total fish catch is condidérah Zalinge et al. (2000)
estimate that longitudinal migrants contribute 63% to the catch of the major Tonle Sap fisheries.
Poulsen et al. (2002) estimate the contribution to be 48%.

The remaining proportion of the floodplain yield originates fromltfackfish species, i.e. species that
spend their entire life on the floodplain. However, many bfisiles are predators, including the
abundantChanna(shakeheads), and it may be assumed that they feed heavily on whitefishes which
have moved into theftoodplain habitat.

Conclusions

Based on above review of the literature a number of conclusions can be draaretbhtmportance
for the impact assessment:

e Alteration of the hydrology of the Tonle Sap Lake system would cdnefellowing changes
andimpacts :

0 The naximum water level during the flood season is a very important factor for the
productivity of the system. Lower maximum flood level would

A decreasavailability and areas of inundatedsting breeding spawning, feeding
habitats in floodplen, resulting inimpacts on fish productivity andverall
biodiversitydue to wetland ecosystem alteration and conversion

A decrease sedimentation, which lowers the nutrient supesulting inimpacts
on soil fertility, primary productivity, and agultural/aquatic/forest production

A increase drought problems on ricefieldsd agreecosystems resulting in
impacts on rice producticend agricultural production

0 The mnimum water levelduring the dry season is a very important factor for defining
wetland haliats. Higher minimum water level would

A provide more dry season refuge for fish

A increase permanent inundation of seasonally terrestrial habitats at the edge of the
Lake resulting indegradtion of the flooded forests and other terrestrial and
submerged aaic vegetation, which would impact a number of species typical
to these areas

o0 The duration of flooding determines the proportion in which wetland conditjaquatic
andterrestrial or wet and dry conditiongdevail in the floodplain. Shorter/longer dticen
of flooding would

A change wetland habitats availabiliynd thus have aimpacts on fish/aquatic
production and livestock productiglikely to decrease)

A change wetland habitat characteristics, leading ifmpacts on vegetation
zonation, flora/fauna héats and distribution, and biodiversity, which would
impact peoplé Bvelihoods(also likely to increase the invasion of alien species)

0 A decreasen water level fluctuation range would decrease the width of the wetland zone,
the maintenance of wetlamgbitats and their biodiversity.

e Tonle Sap Great Lake has a high and unique ecological value, harboring a large number of
rare and endangered flora and fauna species;

e The socio- economic value of the Tonle Sap fisheries is extremely high. Longitudinal
migrating (between Tonle Sap and the main river) fish make up for probably more than 50%
of the yield;

e To maintain ecosystem integrity and ecosystem produdtieimportant that:

o fish migration should not be hindered. It is extremely important thatlfvagrfg eggs and
larvae should be allowed to drift into he Tonle Sap area in the period May tillutyig
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early flooding of the area is also important because at the end of the dry season the water
quality in the remaining refuges may become very poooXiah Inflow of oxygenrich
floodwater has to improve this situation, if not the lateral migrating species (black fish)
may not survive;

the deeper the flood and the larger the flooded area, the higher the fish production will be;
inflow of fine sedimentss of crucial importance for the maintenance of the productivity

of the system;

a variety of floodplain habitats is important for the functioning of the system. Although
shrub and grasslands are probably more important than flooded forests, the ldt#¢r hab
is of crucial importance as well. The impacts of deeper and longer flooding on the flooded
forests is not well known at the moment and requires further investigation; and

at the start of the dry season (February) longitudinal migration to the dignsedHages
should be possible.
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4. Impacts of BDP scenarios

4.1. Introduction

Wetland habitats are of crucial importance for the ecological functioning of the Tonle Sap Great Lake
ecosystem. Structure and functioning of the wetlands is narrowly linked to tltemakfisoding of the

area: as stated in Chap®&not only the size of the flooded area is of importance, but also the depth,
duration, volume and timingf the flood In the following section changes in flood characteristics that
would result underthe various scenariosare described. Figure 6 shows the distribution of the
important wetland types over the area.

Figure 6: Wetland map of the Tonle Sap area

4.2. Changes in diotic conditions

4.2.1 Flooded areas

Flooded areas in the e Sap basin under the various scenarios are given in Table

Table 1: Changes in flooded area for a dry, average and wet year under the various

scenarios

Average year Dry year Wet year
Baseline 1,263,060 1,120,931 1,407,601
Definite Future 1,223,221 1,082,797 1,388,181
Change from baseline (ha) -39,839 -38,134 -19,420
Change from baseline (%) -3.2 -3.4 -1.4
20 Year Plan 1,208,232 1,029,996 1,391,067
Change from baseline (ha) -54,828 -90,935 -16,535

25 Impacts on valuable ecosystems/habitats: 12/07/2010































































