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Annex&1.1:&&NHI&Team&of&Technical&Experts&

1)! Mr.!Gregory!Thomas,!Project!Manager/Chief!of!Party!

Mr.! Thomas! has! over! 35! years! of! experience! as! an! environmental! advocate,! professor,! and!

project!manager.! ! In!addition!to!practicing!natural! resources! law!and!planning,! for! the!past!26!

years!Mr.! Thomas! has! served! as! the! founder! and! president! of! NHI.! ! In! this! capacity,! he! has!

spearheaded!many!international!projects!focused!on!improving!the!management!of!developed!

river! systems! to! protect! biodiversity! and! restore! natural! values! and! environmental! services,!

which! have! aggregated! to! several! million! USD! in! scale.! ! His! areas! of! expertise! include! water!

resources! management! and! planning,! hydropower! reoperation,! energy! policy,! international!

environmental! law! and! conservation,! and! building! negotiations! and! consensus! processes! for!

natural!resources!management!projects.!

!

2)! Mr.!George!Annandale,!Dam!Engineering!and!Sediment!Management!Expert!

Dr.! Annandale! has!more! than! 40! years! of! experience! as! a! civil! engineer! specializing! in! water!

resources! engineering.! ! He! offers! services! in! the! field! of! fluvial! hydraulics,! design! and!

engineering;! reservoir! and! water! supply! management;! and! hydrology! and! hydraulics.! ! As! a!

recognized! expert! in! reservoir! sedimentation!management! he! has! published! numerous! peerF

reviewed! papers! and! is! author,! coFauthor! and! contributing! author! to! eight! books! on!

sedimentation!and!scour.!He!was!named!by!International!Water!Power!and!Dam!Construction!as!

one!of!20!engineers!who!globally!made!a!significant!contribution!to!dam!engineering.!

!

3)! Mr.!Lilao!Bouapao,!Social!Science!Expert!

Dr.!Bouapao!has!over!20!years!of!experience! in!social! sciences,!water! resources!management,!

statistics!and!project!management!in!tropical!environments!in!Lao!PDR,!Viet!Nam,!Thailand!and!

Cambodia.!!He!is!familiar!with!the!environmental!and!social!issues!and!key!stakeholders!involved!

in!development!efforts!in!SE!Asia.!!His!has!served!as!a!senior!advisor!to!the!International!Finance!

Corporation,! the! Mekong! River! Commission! and! the! Department! of! Water! Resources! of! the!

Ministry!of!Natural!Resources!and!Environment!of! Lao!PDR.! ! For! the! latter,!he!worked!on! the!

development! of! the! Nam! Ou! River! Basin! Profile,! revisions! to! the! Lao! PDR! Water! Law,! and!

contributions! to! the!Water! Resources! Strategy! and! Policy! in! Lao! PDR.! ! He! has! also! provided!

advice!on! environmental! and! social! aspects! of! the!Nam!Theun!2!Hydropower!Project! and! the!

Don!Sahong!Hydropower!Project!for!the!power!companies.!

!

4)! Mr.!Kent!Hortle,!Fishery!Mitigation!Expert!

Kent! Hortle! has!many! years! of! experience! as! a! project!manager! or! specialist! in! fisheries! and!

aquatic!ecosystem!assessment!and!management,!mostly! in!developing!countries!such!as! IndoF

China,! Indonesia! and! Papua! New! Guinea.! ! As! an! Adjunct! Research! Fellow! at! Charles! Sturt!

University,!Australia,!and!an! independent!consultant,!Mr.!Hortle!has!completed!or!contributed!

to!more! than!100! reports!or!publications,!presented!at! several! conferences!on! fish!biology!or!

limnology,! and!worked!with! clients! such! as! the!Don! Sahong!Hydropower!Company,! Challenge!

Programme!on!Water!and!Food,!the!Mekong!River!Commission!(MRC),!WorldFish,!and!Wetland!

Research!&!Management.!His!most! recent! fullFtime!positions! included!Chief! Technical!Advisor!

for!the!MRC!(2009F2011),!Coordinator!for!the!Assessment!of!Mekong!Capture!Fisheries!Project!

(2001F2005),! and! management! of! the! Environmental! Monitoring! Program! for! PT! Freeport!

Indonesia!(1995F2001).!!He!holds!a!BSc!Honours!in!Zoology!from!Monash!University.!!!

!

5)! Mr.!Erland!Jensen,!Informatics!Expert!

Mr.!Jensen!has!worked!in!a!variety!of!positions!in!the!Mekong!River!basin,! including!as!a!Chief!

Technical!Advisor!for!the!Mekong!River!Commission!Secretariat!and!DANIDA.!His!expertise!spans!

environmental!impact!analysis!related!to!hydropower!development,!climate!change,!hydrology,!
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sediment! dynamics,! nutrient! processes! and! carbon! balance! to! primary! production! and! to!

fisheries!productivity.!

!

6)! Mr.!Prakash!Kaini,!Hydraulic!Engineering!Expert!

Mr.!Kaini!is!an!experienced!hydraulic!engineer!from!Nepal!with!a!PhD!in!Water!Resources!from!

Southern! Illinois! University,! Carbondale,! and! a! Masters! in! Hydropower! Engineering! from! the!

Norwegian!University!of!Science!and!Technology.!!He!has!held!positions!wiith!Golder!Associates!

in!Colorado!and!is!currently!employed!by!the!City!of!Aurora!in!Colorado.!!He!has!authored!and!

coFauthored! several! reports,! articles! and! conference! papers,! including! “Maintaining! Sediment!

Flows!through!Hydropower!Dams!in!the!Mekong!River!Basin”!that!was!coFauthored!with!other!

members! of! the! NHI! Team! and! published! in! the! Journal! of! Water! Resources! Planning! and!

Management.!

!

7)! Mr.!Philip!Knight,!Global!Information!Systems!(GIS)!Expert!

!

8)! Mr.!Mathias!Kondolf,!Fluvial!Geomorphology!Expert!

Dr.!Kondolf!is!a!fluvial!geomorphologist,!environmental!planner!and!Professor!of!hydrology,!river!

restoration! and! environmental! planning! at! the! University! of! California,! Berkeley.! His! current!

research! includes! the! Lower! Colorado,! Sacramento,! Trinity,! and! Klamath! Rivers! of!

California/Oregon;!the!Apalachicola!River,!Florida;!and!the!Lower!Mekong!River.!!!

!

9)! Mr.!Martin!MallenFCooper,!Fishery!Science!and!Fishway!Biology!Expert!

Dr.!MallenFCooper!has!been!a!fishway!biologist!for!30!years!and!has!designed!over!200!fishways!

in!Australia!and!overseas,!from!fish!locks!and!fish!lifts!on!large!dams!to!lowFlevel!poolFtype!and!

natureFlike!fishways.!He!works!closely!with!engineers,!managers!and!diverse!interest!groups,!to!

develop!solutions!that!are!not!only!siteFbased!but!integrate!ecological!objectives!over!different!

spatial!scales.!

!

10)!Mr.!Peter!Meier,!Hydropower!Economy!Expert!

Dr.! Meier! is! a! hydropower! economist! and! consultant! to! the! World! Bank! with! extensive!

experience! in! risk! assessment,! and! economic! and! financial! analysis! of! hydro! projects! (in! Asia!

including! Trung! Son! (Vietnam),! Dasu! and! Tarbela! (Pakistan),! Rampur! and! the! Upper! Krishna!

power!projects!(India),!Nam!Theun!2!(Laos)).!He!was!formerly!Chief!Economist!of!Asia!Power!(a!

New!Zealand!based! IPP),! and!has! also! advised!ADB,! KfW,!UNDP,! JBIC! and!many!Governments!

(India,! Philippines,! and! Vietnam)! on! tariff! and! power! sector! reforms,! PPAs,! environmental!

economics!and!investment!appraisal.!!!

!

11)!Mr.!PeterFJohn!Meynell,!Environmental!and!Natural!Resources!Expert!

PeterFJohn! is! a! freshwater! biologist! with! more! than! 30! years! of! experience! in! dealing! with!

environmental!and!development!issues!in!South!East!Asia,!South!Asia!and!Southern!and!Central!

Africa.! ! As! well! as! being! the! team! leader! of! the! International! Centre! for! Environmental!

Management’s!MK3!(Optimising!Cascades!or!Systems!of!Reservoirs!in!Small!Catchments)!Project,!

he!has!led!research!in!enhancing!ecological!diversity!of!reservoirs!with!constructed!wetlands!and!

environmental!flow!regimes.!

!

12)!Mr.!Thomas!B.!Wild,!Hydrologic!and!Sediment!Modeling!Expert!

Dr.!Wild!is!a!Postdoctoral!Fellow!at!the!School!of!Civil!and!Environmental!Engineering,!Atkinson!

Center! for! a! Sustainable! Future! at! Cornell! University.! His! specialty! is! developing! and! applying!

new!modeling!tools! for!solving!water! resources!and!environmental!problems,!especially! in! the!

areas!of!storm!water!management,! fluvial!water!quality,!and!reservoir!sediment!management.
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Annex&3.1:&&

Hydrology&and&Fisheries&Analysis&Conclusions&

Prepared'by'Erland'Jensen,'2016.'

!

!
Figure!3.1Z1.!Map!showing!locations!for!fisheries!catch,!Dai!fisheries,!Lee!trap!fisheries,!migration,!larval!drift!and!general!

catch!in!Cambodia.!Data!from!these!stations!is!used!for!analysis!in!technical!reports!(see!reference!list!for!details).!!
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Definitions!
Trend:'Is'an'underlying'pattern'of'behaviour' in'a'time'series,'which'could'be'partly'or'nearly'
completely' hidden' by' the' recognized' amounts' of' unexplained' variation' in' the' time' series'
(noise).' '

Variability:' Denotes' how' stretched' or' squeezed' a' distribution' is.' Variability' is' typically'
measured'by' the'quotient'of'mean'and'standard'deviation.'

Change:' Is' the' transition' from'one' state' to' another' significantly+ different+state,'e.g.' change' in'
variability'or'trend.'A'α+='5%'significance'level'is'used.''
See:''https://en.wikipedia.org/wiki/Type_I_and_type_II_errors#Type_I_error'

Trigger:'An'event'that'causes'a'particular'action,'process,'or'situation.'

Pulse:'A'rapid'rise'in'discharge.'

Pulse'rate:'Change'in'discharge'between'500'm3/s'and'2500'm3/s'per'day.'

Monotonic:' A' function' is' called' monotonic+ if' and' only' if' it' is' either' entirely' increasing' or'
decreasing. '

Overfishing:'The'practice'of'commercial'and'nonUcommercial'fishing'which'depletes'a'fishery'by'
catching'so'many'adult'fish'that'not'enough'remain'to'breed'and'maintain'the'population.'
Overfishing'exceeds'the'carrying'capacity*'of'a'fishery.'(*the'supportable'population'of'a'species,'
given'the'food,'habitat'conditions'and'other'resources'available'within'a'fishery.)'

CPUE:'Catch'per'Unit'Effort.'
!
!
Hydrology!
Change!in!water!level!

Downstream'river'water'level'changes'due'to'the'operation'of'hydropower'dams'was'predicted'
by' modelling' (see' [A]),' and' is' now' supported' by' monitoring' by' Mekong' River' Commission'
Secretariat' (MRCS).''For'the'Chinese'dams'the'changes'gradually'took'place'after'2008'when'the'
large'Xiaowan' and'Nouzhadu'dams'were'filled'and'commissioned.'For'the'Vietnamese'dams'the'
changes' gradually' took' place' between' 2002' and' 2008,'with' the' large' dams'Yali' and' Sesan'4'
starting'operation'2002' and'2010.'
'
The'change'to'higher'water' level' in' the'dry'season'and' lower'water' level' in' the'wet'season' is'
documented'by'the'hydrographs'from'Chiang'Saen'for'the'Chinese'dams'and'from'Ban'Kamphun'
for' the'Vietnamese'dams.''The'change'is'documented'further'downstream'e.g.'at'the'Prek'Kdam'
station' in' the'Tonle' Sap'River.' 'The' time'when' the'upUgoing'water' level'passes' the' longUterm'
mean'is' delayed.''The'time'when'the'downUgoing'water'level'passes'the'longUterm'mean'is'also'
delayed,'see'Figures'3.1U2,'3.1U3'and'3.1U4.'
'
These'delays'are'evident'in'the'hydrographs'showing'stages'at'Chiang'Saen'in'the'years'2004'to'
2015,'see'Figure'3.1U5.''In'the'years'2004U05'the'water'level'follows'the'average'(although'with'
large' fluctuations)'but'gradually,'the'delay'appears'and'becomes'very'visible'in'2014'and'2015'
(see'Figure'3.1U5).'
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!

!
Figure!3.1+2.!Water!level!at!Chiang!Saen!in!Thailand!south!of!the!Chinese!–!Thai!border.!The!black!line!shows!long!term!
average.!The!average!from!1960!to!2008! is!compared!to!the!average!from!2009N2015!where!the!Chinese!dams!were!
filling!and!commissioned!(Green!line),!and!to!year!2014!as!the! most!different!from!average!year!(red!line).!

!

!
Figure!3.1+3.!Water!level!at!Ban!Kamphun!covering!the!Se!San!and!Sre!Pok!rivers.!The!black!line!shows!long! term!
average.!The!average!from!1960!to!2001!is!compared!to!the!average!from!2002N2008!where! the!Vietnamese!dams!were!
filling!and!commissioned!(Green!line),!and!to!year!2008!as!the!most! different!year!from!average!(red!line).!(The!Yali!dam!
was!commissioned!in!2010!and!not!included.)!

!

!
Figure!3.1+4.!Water!level!at!Prek!Kdam!35!km!into!the!Tonle!Sap!River!showing!the!same!trend!as!at!Chiang!Saen!and!Ban!
Kamphun.!The!black!line!shows!long!term!average.!
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!

!
Figure!3.1+5.!Water!level!at!Chiang!Saen!from!2004N2015,!long!term!average!(blue)!and!by!years!(red)!showing!the!
gradual!increased!delay!and!change!of!water!level!in!the!dry!and!wet!seasons.!

!

Change!of!timing!of!in!–!out!flow!to!the!Tonle!Sap!Lake!

The'timing'of'the'inflow'and'outflow'to'and'from'the'Tonle'Sap'Lake'has'been'rather'constant'
during'the'years'1960U1971'and'1991'to'2014.'The'inflow'is'more'chaotic'than'the'outflow'and'
can' have'several'reversals,'especially'during'the'dry'season,'where'small'differences' in'water'
level' between' Phnom'Penh' port' and' Prek' Kdam' occurs.' The' inflow' during' the' period' 2009U
2014'is'on' average'delayed'by'15'days'and'the'out'flow'by'10'days'compared'to'the'longUterm'
average' form' 1960U2008,'see'Table'3.1U1.'These'delays'may'not'be'significate'but'may'reflect'
the'delay'of'the'upUgoing' stage,'see'Figure'3.1U6.'
!
!
!
!
!
!
!
!
!
!
!
!
!

!

*Exclusive!1972N1990!because!of!invalid!data.

Table!1! Inflow!day! Outflow!day!
! Avg!2009+14! Avg!60+08! Avg!2009+14! Avg!60+08!
Average! 193.8! 179.0! 279.8! 269.8!
Diff! 14.8! 10.0!
Stdv! 13.4! 24.8! 9.0! 13.0!
! T.test!60N08!to!09N14! T.test!60N08!to!09N14!
! 0.057! 0.046!
T.test,!two!tailed,!different!variance,!α=0.05!
!

Table!3.1+1.!In!flow!'Start!day'!of!year!was!defined!as!the!reversal!from!outflow!to!
inflow!with!at!least!20!days!of!consecutive!inflow.!!In!flow!‘End!day’!of!year!was!
defined!as!the!reversal!from!inflow!to!outflow!with!at!least!50!days!of!consecutive!
outflow.!(The!20!and!50!days!excludes!minor!fluctuations.)!

+
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!

!
!

!
!

!

!
Change!in!the!monsoon!

No'significant'changes'in'the'onset'and'offset'of'the'monsoon'(measured'by'precipitation)'was'
found'and'therefore'cannot'have'caused'the'changes'in'water'level,'delay'of'the'up'and'downU
going' water'levels'and'inflow'to'the'Tonle'Sap'Lake,'see'[A].'
!

Daily!peaking!and!hourly!variations!

Hydropower'creates'daily' and'hourly'variations' in'water' level' and'discharge,' typically' during'
the' evening.''The'variations'created'by'Vietnamese'dams'are'visible'at'the'Ban'Don'and'Voeun'
Sai' monitoring' station'where'water' level' peaks' daily.' ' At'Ban'Don' the' peaks' are' around' 1U2'
meters'and' at'Voeun'Sai'around'0.5'meters,'see'Figure'3.1U7'and'Figure'3.1U8.'
!

!
Figure!3.1+7.!Ban!Don!hydrograph!showing!daily!peaking!of!1N2!meters.!Ban!Don!station!is!just!below!the!Sre!Pok!4!
hydropower!dam.!

Figure!3.1+6.!Prek!Kdam!hydrograph!and!Tonle!Sap!(TS)!in!and!outflow!average!start!end!days!1960N08! (Yellow)!and!2009N
14!(Brown).!Delay!up!and!Down!are!the!days!between!the!long!term!daily!average! 1960N2008!(Blue!graph)!and!the!2009N
2015!daily!average!(Green!graph)!passing!the!annual!average! 1960N2008!(black!line),!21!and!14!days!respectively!(Right!
Braces).!
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!
!

Fisheries!
The'yearly' fish' cycle' for'migratory' species' is'assessed'by' the'Dai' catch' fisheries,' the'Lee' trap'
fisheries,'the'general'catch'and'the'larvae'migration'in'combination'with'the'MRCS'hydrological'
data.' Only' species' marked' as' important' in' the' MRCS' Fisheries' databases' were' included.'
Examples'of' the'combined'data'is'shown'in'Figure'3.1U9'and'3.1U10.'
!

!
Figure!3.1+9.!Combination!of! inNout! flow!to!–! from!the!Tonle!Sap!Lake!Light!blue! line!–pos=out,!neg=in),!water! level!at!
Prek!Kdam!(dark!blue!line),!Dai!catch!(Light!blue!bars),!lee!trap!catch!(Yellow!dots!with!black!point),!general!catch!(green!
dots!–shown!in!negative)!and!Lunar!phases!Q2!and!Q3!(YellowNgreen!dots!forming!tilted!bars.!For!details,!see![D],![E]!and!
[F].!+

!
!
!
!
!
!
!
!
!
!
!

Figure!3.1+8.!Variations!in!Water!level!at!Voeun!Sai!monitoring!station!from!15!min!sample!frequencies.!The!peak!
water!level!marked!with!red!dots.!Hour!21:00!is!marked!with!vertical!bars.!The!daily!peaking!is!around!0.5!meter.!The!
Voeun!Sai!monitoring!station!is!about!200!km!downstream!of!the! Vietnamese!dams!on!the!upper!Sre!Pok!River.!This!
distance!delays!the!peaking!from!around!18:00! hours!at!the!dam!to!around!21:00!hours!at!the!monitoring!station.!
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+
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+
+
+
+
+
The+conclusions+from+the+hydrological+and+fisheries+datasets+are:+
+

•! The+ Dai+ catch+ documents' the' out' migration' from' the' Tonle' Sap' Lake' of' migratory'
species.''The'large' out'migration'normally'starts'in'October'and'ends'in'February'the'
following'year'(see'Figure'3.1U9).'''

Three'triggers'(T1,'T2,'T3)' that'all'must'occur'were' identified:' (i)'Down'going'water'
stage,'(ii)' reversal'to'outflow'from'the'Tonle'Sap'Lake'and'(iii)'Lunar'phases'Q2'and'
Q3.' (See' the' light'blue'bars' in'Figure'9' that'peak'when'the'moon' is' in'phase'Q3'and'
Q4.)' (Lunar' phases:' Four' phases' from' new' moon,' first' quarter,' full' moon' and' last'
quarter.'Here' the' terms'Q1,'Q2,'Q3' and'Q4' are'used.).' For' close'up'of'Triggers,' see'
example'in'Figure'3.1U12'and'[D].'

'
•! The+Lee+trap+catch+documents'the'upstream'migration'from'refuge'in'the'mainstream'

to'spawning' grounds'into'Lao'PDR'and'into'the'3S'and'other'Cambodian'tributaries.'
This' takes'place' at' the'start' of' the'upUgoing'water' stage,' typically' from'MayUJune' to'
October.' In' 2009,' the' Lee' trap'monitoring' continued' into' December' and' showed' a'
continuous'migration.'''

'
One'trigger'(T4)'was'identified:'The'start'of'the'up'going'water'stage'(see'Figure'3.1U
12).'

'
•! The+general+catch+data' show'a' continuous'steady' level'over' the'year' for'mainstream'

stations.'Tonle' Sap'Lake'stations'show'the'same'peak'at'out'migration'time'as'the'Dai'
catch.' (See' green' dots' in' Figure' 3.1U12,' showed' in' negative' to' provide' space' in' the'
graph'and'Figure'3.1U11A'and'3.1U11B.)'''

The' max' length,' the' number' of' individual' species' and' weight' show' no' monotonic'
change' over' the' period' from' 2003U2013,' indicating' that' overfishing' does' not' take'
place'and'that'variations'in'catch' therefore'is'related'to'the'changes'in'hydrology.'(See'
[C]).' 'However,' individual' species' show' monotonic'decline' in' catch'and'max' length,'
indicating' overfishing' for' such' species,' while' others' show' monotonic' increase'

Figure! 3.1+10.! Combination! of! Tonle! Sap! Discharge! (red! and! blue),! Discharge! at! Pakse! and! Stung! Treng,! Larvae!
concentrations! from!MRCS!databases! (Brown!dots!–log! scale),! Larvae!concentrations! (Black!dots! log! scale! NRegional!
survey!2009),!peak!pulses!with!high!larvae!concentrations!(Yellow!dots!on! Stung!Treng!discharge).!For!further!details,!
see![B].!!
+
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indicating'they'take'over'habitat'from'declining'species'(Peng+Bun+et+al.,'2015).' 'Such'
changes' may'also'be'caused'by'habitat,'climate'or'hydrological'changes.'''
'
No'trigger'identified.'

!

!
Figure!3.1+11A.!Max!length!of!species!per!sample!show!no!monotonic!change.!

!
Figure!3.1+11B:!Total!weight!per!Sample!show!no!monotonic!change.!
!

•! The+larval+drift+data'from'the'national'Cambodia'larvae'sampling'places'TS=Tonle'Sap'
River' and'MU=' Chaktomuk'both'LB=Left'Bank,'RB=Right'bank'and'MB='Mid'River'
were' used' (brown' dots)' and' data' from' the' RS=Regional' survey' 2009' (Black' dots)'
(see' Figure' 3.1U12).' ' In' 2009,' the' regional' survey' (Black' dots)' and' the' national'
survey' (Brown'dots)' show'similar' results'but' the' regional'survey' spanned'a' longer'
period' and' show' larvae' concentrations' also' outside' the' national' sampling' period.''
Figure'3.1U10'shows'the'data'sampling'periods'(Triangles'on'the'U8000'line)'and'the'
larvae'concentrations' (log10'scale)'per'sample.'''
'
The' concentrations' vary' from'very' low' to' very' high' in' synchronization'with'major'
discharge' pulses,' here' measured' at' Stung' Treng' (Yellow' dots' on' the' green' Stung'
Treng' curve).' ' Even'when' the' stable' inflow' to' the'Tonle' Sap'Lake' has' not' started,'
spawning'takes'place,'see'years'2009U2010'in'Figure'3.1U10.'

'
One'trigger'identified'(T5).' 'The'trigger'for'spawning'is'therefore'the'onset'of'major'

pulses,'with'a' rate'(Increase)'of'500U2500'm3/s*day.''See'[B]'for'details.'
'

The'regional' larvae'survey'(Black'dots' in'Figure'3.1U10'and'Figure'3.1U12)'sampling'
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in'March'and'NovemberUDecember' show'that'larvae'are'drifting'Uand'spawning'takes'
placeU'also'in'the'dry'period.'

!
Annual!Migration!Cycle!
Based'on' the'above'observations' the' annual' cycle'of'migration'and' spawning' for' floodplain'
species,' driven'by'specific'triggers,'can'be'established.'
'
Starting'with' the'out'migration' from' the' flood'plains' (Refuge+migration)' triggered'by' falling'
water' level'in'the'Mekong'at'start'of'outflow'from'the'Tonle'Sap'Lake'and'the'occurrence'of'
Lunar' phases' Q1' and' Q2' (Triggers' T1,' T2' and' T3),' see' Figure' 3.1U12.' ' As' the' flood' plains'
disappear,'the'out'migration'is'for' refuge'in'the'mainstream'(deep'pools)'in'the'dry'season.'
'
Triggered'by'the'next'upUgoing'stage'(Trigger'T4),'migration' further'upUstreams'passing' the'
Khong' Falls'and'into'tributaries'in'Cambodia'and'Lao'PDR'takes'place'(Upstream+migration+–+
spawning).'
'
Spawning'is'triggered'by'high'discharge'pulses'(Trigger'T5)'and'larvae'drift'along'with'the'pulse'
where' different' velocities' and' distances' merge' larvae' of' different' ages' between' 2U50' days.''
Spawning' takes'place'even' if' the' inflow' into' the'Tonle'Sap'Lake'has'not'started' (Larvae'drift'
into'the' Vietnamese'floodplains).' 'When'pulses'are'strong'enough'to'reverse'the'flow'into'the'
lake,' larvae' drift'with' the' current' into' the' lake' /' flooded' areas' and' the' cycle' continues' over'
again'(Major+larvae+ drift+period).''See'Figure'3.1U12.'



Sustainable+Hydropower+Master+Plan+for+the+Xe+Kong+Basin+!
!

! Annex!3.1—10!

 

 
 

 
!
!
!
!
!
!

!
Change!in!Fisheries!Catch!by!Hydrological!Changes!
During' the'period'2008U2013,'only' important' species' from'Kandal' Sang'var,'Kratie'Koh'khne,'

Ratanakiri'Day'Lo,'Stung'Treng'Ou'Run,'Ratanakiri'Fang,'Stung'Treng'Pres'Bang'stations'were'

used.'

'

In'Halls+et+al.' (2013),'a'relation'between'a'calculated'Flood'Index'(FI;'see'definition'in'Table'2'
explanation'box' and' details' in' [A]' and'Halls+ et+ al.,' 2013)' and'Dai' catch'by'Weight' and'CPUE,'
provides'a'model'to'estimate'these'values' based'on'the'Flood'Index.'

'

 

T1!

Figure!3.1+12.!Example!overview!from!Figures!9!and!10!of!periods!of!migration,!refuge,!spawning!and!triggers!(T1NT5).!Note!
the! larvae!drift!scale!is!a!log10!scale.!The!larvae!concentration!is!measured!in!numbers!per!unit!volume!of!water.!
 
DaiCatch!Big:!Cath!of!big!fish!in!the!Tonle!Sap!River!during!out!migration!end!of!the!wet!season.!
Change!In:!Reversal!of!flow!into!the!Tonle!Sap!Lake.!
Change!Out:!reversal!to!flow!out!of!the!Tonle!sap!lake.!
ST!Pulses:!Pulses!measured!at!the!Stung!Treng!HydroNmeteorological!station!
Survey!2009!at!MU:!Regional!larvae!survey!at!Mukdahan!(Same!place!as!the!national!surveys!take!place)!
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“The'model'explains'almost'70%'of'the'variation'in'the'observed'catch'rates'….'and'the'model'
residuals'are'reasonably'well'behaved”'(Halls+et+al.,'203).''See'explanation'box'under'Table'3.1U2.'
'
The' remaining' variation' may' be' explained' later' by' changes' in' Nutrients' and' Oxygen'
concentrations' etc.'
'
Using'the'model'formulas,'the'expected'mean'sampled'fish'weight'and'CPUE'is'calculated'for'the'
periods'1991U2007'and' for'2008U2014,' indicating' that' the' decline' in' the'period'2008U2014' is'
related' to'the'FI.''(See'Table'3.1U1.'Explanation'box.)'
'
Table!3.1+2.!*Mean!sampled!fish!weight!(all!species!combined)!(Kg).!

Period! FI! Weight!(kg)! CPUE! Correlation! R2!

Avg!91+07! 642266! 0.011906! 235.3466! 2004+14!Weight!per!haul!+!FI! 0.78!
Avg!08+14! 491227! 0.009886! 184.6469! 2004+14!Weight!per!haul!+!TF! 0.81!
%!diff! 76.48! 83.03! 78.46! TF!+!FI! 0.90!

 
Table!3.1+2.!Explanation!box:!(TS+GL:!Tonle!Sap!Lake++Great!Lake)!

“A!flood!index!(FI)!is!used!to!quantify!both!the!extent!and!duration!of!the!flood!each!year,!(y):!!

Where!(FAy,d)!is!the!flooded!area!of!the!TSNGL!System!in!year!(y)!on!day!(d),!measured!above!the!mean!
flooded!area!for!the!model!period!1!January!1997!to!31!March!2009.!FIy+=+Σd+ (FAy,d)”+(Halls+et+al.,!2013).!

“The!model!predicts!that!fish!biomass,!indicated!by!the!mean!daily!catch!rate!of!a!dai+unit!during!the!fishing!
season!(October–March),!increases!exponentially!with!the!(FI)…!as!follows:!!

CPUE!=!83.88.e1.6063E–06*FI”+(Halls+et+al.,!2013).!

“The!relationship!between!mean!sampled!fish!weight!(all!species!combined)!and!the!flood!index!with!fitted!
exponential!model.!Weight+=!0.0054e1.231E–06FI.!R2!=!0.59”!(Halls+et+al.,!2013).!

!
!

The'Flood'Index'is'an'approximation'of'the'total'through'put'of'water'in'the'Tonle'Sap'Lake,'see'
Figure'3.1U13.''The'correlation'between'the'Flood'Index'(FI)'and'the'total'Flow'(TF)'is'0.90,'see'
Table'3.1U2.' 'Relating'the'catch'weight'per'haul'to'FI'and'TF'gives'high'correlation'coefficients.''
For'the'period' 2004U2014,'the'coefficients'are'0.78'and'0.81,'indicating'that'the'TF'is'a'slightly'
better'parameter' than'FI'explaining'the'variations'in'Dai'catch,'see'Figure'3.1U13.'
!
!

!
Figure!3.1+13.!Tonle!Sap!Lake!total!in!and!out!flow,!Flood!Index!and!Dai!catch!by!weight!of!all!species.!Note!the!constant!
inflow!around!40!km3/Y.+
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The'calculated'decrease' in'table'1' in'weight'and'CPUE'can'be'explained'by'the'change' in'total'
water' volume'in'The'Tonle'Sap'Lake,'not'by'change'in'inflow'from'the'Mekong'River,'which'was'
almost' constant' around' 40.2' km3/Y' with' a' standard' deviation' of' 7.5' km3/Y.' ' The' large'
variations'if'Total'Flow' (TF)'comes'from'the'Tonle'Sap'Lake'catchment'itself,'see'Figure'3.1U13.''
The'expected'change'in'inflow' because'of'change'in'water'level'in'the'dry'and'wet'seasons'(See'
Figures'3.1U2U4)'has'so'far'not'changed'the' Mekong'inflow'volume.'
'
That'the'inflow'is'still'almost'constant'may'be'due'to'the'large'variations'in'actual'discharge'(in'
and' out)'of'the'Tonle'Sap'Lake'at'specific'water'level'differences'between'Phnom'Penh'Port'and'
Prek' Kdam'stations,'see'Figure'3.1U14.''The'inflow'timing'related'to'the'water'level'at'Kampong'
Luang'in'the'Tonle' Sap'Lake'defines'the'actual'discharge'and'therefore'even'lower'water'levels'
during'the'flooding' season'may'still'provide'the'same'inflow'volume.'
!

!
Figure!3.1+14.! In! (blue!–negative)!and!Out! (brown!–positive)! flow!versus!water! level!difference!between!Phnom!Penh!
Port! (PP)! and! Prek! Kdam! (PK)! stations.! ! For! a! specific!water! level,! different! large! discharge! variations! can! take! place!
dependent! on! the! concurrent!water! level! at! Kampong! Luang! in! the! Tonle! Sap! Lake.! Note! that! for! larger!water! level!

differences! both! for! in! and! out! flow! the! max! discharge! stabilizes! around! N5000! and! 10000! m3/s! (See! polynomial!
regression!curves).!!

!
General!Migration!Trends!
The'general'migration' in' the'Mekong'River'was'analysed' for' three'groups'of' fish,'Mainstream'
Longitudinal,'Tributary'longitudinal'and'Floodplain'habitat'lateral'species.'The'migration'data'is'
from' the'MRCS'migration'database'for'the'years'1999'and'2000.'
'
The'pattern'for'floodplain'species'and'for'the'Lee'trap'fisheries'is'the'same'with'a'bulk'following'
the' up'going'stage,'see'[E].'
'
Tributary'species'follow'this'migration'pattern'but'with'two'bulks'per'Year,'one'at'the'up'going'
stage'and'one'at'the'beginning'of'the'dry'season.'
'
The' riverine' species' (Mainstream)' show' migration' pattern' all' year' although' with' bulks' in'
January' and'June,'see'Figures'3.1U15'and'3.1U16.''For'details'see'[F].'
'
The'all'year'migration'can'explain'the'large'concentration'of'larvae'monitored'through'the'
year'and' the'extraordinary'high'concentrations'during'the'floodplain'fish'migration'during'
the'up'going'stage,' see'[B].'
!
!
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!
Figure!3.1+15.!Up!migration!of!Mainstream!Longitudinal,!Tributary!longitudinal!and!Floodplain!habitat!lateral!species.!The!
‘Number!of!Migrating!species’!(N=17483)!contains!the!total!number!of!species!found!in!the!samples.!The!discharge!(QH)!is!
from!Stung!Treng!average!1910N2015.!

!

!
Figure!3.1+16.!Down!migration!of!Mainstream!Longitudinal,!Tributary!longitudinal!and!Floodplain!habitat!lateral!species.!
The!‘Number!of!Migrating!species’!(N=17483)!contains!the!total!number!of!species!found!in!the!samples.!The!discharge!
(QH)!is!from!Stung!Treng!average!1910N2015.!

!

Conclusion!
The' conclusion' is' that' migration' takes' place' all' year' round,' both' for' seeking' refuge' and' for'' '
spawning.''The'present'changes'in'hydrology'to'higher'water'levels'in'the'dry'season,'lower'in'
the' wet'season,'the'delay'raising'and'receding'stages'and'the'delay'of'the'annual'inflow'to'the'
Tonle'Sap' Lake'has'not' influenced'the'migration'and'spawning'as'no'overall'variation' in'max'
length'of'fish,' weight'or'CPUE'was'found.'
'
For'some'larger'species'monotonic'decline'in'max'length'and'catch'has'been'reported'as'well'as'
monotonic' increase'for'other'species'(Peng+Bun'et+al.,'2015).' 'This'may'indicate'overfishing'of'
the'large'valuable'species.'
'
The'rather'large'variations'in'catch'can'be'explained'by'the'variations'in'the'Flood'Index'(FI)'or'
slightly'better'by'the'Total'Flow'(TF)'passing'through'the'floodplains.'
!
!

! !
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The!summary!of!findings!is!taken!from!the!following!reports,!some!of!which!are!also!
provide!as!annexes!in!Section!3!of!the!Master!Plan:!

[A]'Hydro'Meteorological'and'sediment'assessment'at'Chiang'Saen,'Stung'Treng,'Kratie'and'
Tonle' Sap.'2015.'

'

[B]'Analysis'of'larvae'sampling'2002U2013:'Annex'3.4' '
'

[C]'Analysis'of'Catch'sampling'2003U2013:'Annex'3.3'
'

[D]'Dai'fisheries'1994U2014:'Annex'3.5'
'

[E]'Lee'trap'fisheries'1994U2013:'Annex'3.6'
'

[F]'Analysis'of'Migration'data'1999U2000:'Included'in'Annex'3.2'
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Introduction!
!

The$ Srepok,$ Sesan$ and$ Se$ Kong$(Xe$Kong)$ rivers$ (“3S”)$make$ up$ the$ largest$ tributary$ system$
in$ the$ lower$ Mekong$ River$ system,$ downstream$ of$ Khone$ Falls.$ They$ are$ critical$ habitats$
for$ migratory$fish,$which$move$within$these$systems$and$between$the$Mekong.$ The$Lower$Sesan$
2$Dam,$which$ is$ almost$ complete,$blocks$ the$Sesan$and$Srepok$rivers$ from$fish$migration$and$
replaces$a$large$section$of$ flowing$riverine$habitat$with$the$lakeIlike$habitat$of$a$reservoir;$this$
leaves$ the$ Xe$ Kong$ River$ as$ the$ only$ remaining$ freeIflowing$ large$ tributary$ in$ the$ lower$
Mekong.$
$
Hydropower$dams$are$proposed$for$the$Xe$Kong$River$and$the$opportunity$remains$to$do$this$
strategically$to$minimize$loses$to$fish$production$and$livelihoods,$and$thereby$minimize$impacts$
on$people.$ A$key$to$fish$productivity$in$the$region$is$the$migration$of$fish,$which$has$been$well$
established$ by$ many$ authors$ (Dugan$ et# al.,# 2010).$ Migrations$ of$ Mekong$ fish$ species$ into$
tributaries$ are$ well$ known$ and$ many$ artisanal$ fisheries$ are$ based$ around$ these$ migrations;$
however,$ the$ extent$ and$ distance$ that$ these$ migrations$ penetrate$ upstream$ in$ the$ Xe$ Kong$
River$are$unknown.$
$
In$ the$upper$Xe$Kong$River$ the$Tat$Kalang$waterfalls$ are$reported$ to$be$20$m$high$ creating$ a$
barrier$ to$ fish$migration$ (Baird$ and$ Shoemaker,$ 2008),$ but$ there$ are$ no$ specific$ hydraulic$ or$
physical$ data$ about$ the$ site$ to$ confirm$ this.$ The$ falls$ are$ located$ close$ to$ the$ Xe$ Kong$ 5$
Hydropower$Project$dam$site.$$The$objective$of$this$report$is$to$provide$information$on$what$we$
do$know$about$the$Mekong—Xe$Kong$fish$migration$and$also$to$assess$ the$extent$ that$the$Tat$
Kalang$falls$are$a$barrier$to$fish$migration,$and$thereby$to$inform$a$strategic$hydropower$plan.$
$
Timing!of!the!Fish!Migrations!in!the!Xe!Kong!River1$

A%wet%season%spawning%migration%
Based$on$anecdotal$evidence,$perhaps$over$50$species$of$ fish$begin$moving$up$the$Xe$Kong$at$
the$beginning$of$the$rainy$season$in$late$April,$May$and$June$when$waters$begin$to$rise$in$the$Xe$
Kong$ mainstream$ and$ its$ tributaries$ (Warren$ and$ Chantavong,$ 2013).$ $ The$ origins$ of$ the$
migration$are$from$two$main$sources:$1)$dry$season$refuge$habitats$(deep$pools)$in$the$Mekong$
mainstream$ in$ Cambodia$ close$ to$ the$ confluence$ of$ the$ Xe$Kong$ and$ the$Mekong,$ and$ 2)$ dry$
season$ refuge$ habitats$ (deep$ pools)$ in$ the$ lower$ and$ middle$ sections$ of$ the$ Xe$ Kong$
mainstream.$$The$fish$that$arrive$at$the$confluence$have$traveled$there$from$the$Tonle$Sap$Great$
Lake$of$Cambodia.$ $At$some$stage$in$late$December,$and$apparently$under$the$influence$of$the$
full$moon$ lunar$ phase,$ the$ density$ of$ fish$ (many$ of$ them$ small$ species$ less$ than$ 15$ cm$ total$
length)$ reaches$ such$ a$ magnitude$ that$ its$ very$ presence$ triggers$ an$ upstream,$ nonI
reproductive,$densityIdependent$migration.$$

There$is$little$published$data$about$fish$migrations$in$the$Xe$Kong$River$Basin$(see$Figure$3.2I1).$$
Baird$ (1995a),$ reported$ that$ the$ majority$ of$ fish$ species$ in$ the$ Sesan$ River$ in$ northeast$
Cambodia$migrate$to$and$from$the$Sesan$River$and$the$Mekong$at$various$times$of$the$year$to$
spawn$and$shelter$ in$ the$shallows,$ streams,$pools$and$rice$ fields.$ $Given$ that$ the$Xe$Kong$has$
many$similar$characteristics,$it$is$likely$that$the$situation$there$is$similar$(Baird$and$Shoemaker,$
2008).$$$Baird$et$al.$(1999)$present$information$about$the$migrations$of$many$species$of$fishes$in$

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
1%Excerpts%from%a%report%by%Terry%Warren,%prepared%for%the%Natural%Heritage%Institute%in%2016.%
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the$Xe$Kong$Basin$in$Laos.$$However,$“there$is$certainly$much$about$the$migrations$of$even$the$
most$ important$ fish$ species$ that$ has$ yet$ to$ be$ documented”$ (Baird$ and$ Shoemaker,$ 2008).$$
Some$of$the$main$fish$migrations$in$the$Xe$Kong$Basin$are$tentatively$outlined$below$(Baird$and$
Shoemaker,$2008).$$

May%to%July%

“Every$year$during$this$period$when$the$monsoon$rains$arrive$and$the$rivers$and$streams$start$
to$swell,$many$species$of$fish$begin$to$migrate$up$the$Xe$Kong$from$the$Mekong,$and$from$the$
lower$areas$of$the$Xe$Kong$into$smaller$tributaries.$$At$this$time,$fish$also$migrate$up$the$Sesan$
and$Srepok$Rivers$(Baird,$1995a).$$
$
Some$ of$ the$most$ prominent$ species$ that$migrate$ at$ this$ time$ of$ year$ are$ the$mediumIsized$
cyprinid$carps$(“white$ fish”),$Scaphognathops$bandanensis$ (Pa$pian),$2$Mekongina$erythrospila$
(pa$saIi),#Labeo$erythropterus$(now$Labeo$pierrei)$(Pa$va$souang),$Bangana$behri$(pa$va$na$no),$
Hypsibarbus$malcolmi$(pa$pak$kom),$Cirrhinus#molitorella$(pa$keng),$and$possibly$others.$$Most$
of$ these$ species$ enter$ tributaries$ to$ spawn$ during$ the$monsoon$ season$ (Baird$ and$ Flaherty,$
2004).$$
$
At$around$the$same$time$of$year,$a$number$of$species$of$ “black$ fish,”$ including$Channa$striata$
(Pa$ kho),$ Clarias$ batratchus$ (Pa$ douk),$ Systomus$ orphoides$ (Pa$ pok),$ Trichogaster$ spp.$ (Pa$
kadeut),$Rasbora$spp.$(Pa$sieu$ao),$and$others,$also$enter$streams$and$other$wetlands,$including$
lowland$ rice$ fields,$where$ they$ reproduce$ (Baird$ et$al.,$ 1999,$ cited$ by$ Baird$ and$ Shoemaker,$
2008).$$Also$in$May,$a$number$of$Pangasid$catfish$enter$the$Xe$Kong$from$the$Mekong$River.$One$
large$species$is$Pangasius$krempfi$(Pa$souay$hang$leuang),$which$migrates$up$the$Mekong$from$
the$sea$and$brackish$water$areas$in$the$Mekong$Delta$of$Vietnam$to$spawn$in$freshwater$during$
the$ rainy$ season$ (Roberts$ and$ Baird,$ 1995a;$ Hogan$ et# al.,$ 2004,$ 2007,$ cited$ in$ Baird$ and$
Shoemaker,$2008).$ $Other$Pangasid$catfishes$migrate$up$the$Xe$Kong$from$the$Mekong$during$
this$ period,$ including$ Pangasius$ larnaudei$ (Pa$ peung),$ Pangasius$ hypophthalmus$ (Pa$ souay$
kheo),$Pangasius$bocourti$(Pa$nyang),$and$Pangasius$macronema$(Pa$nyone$thamada)$(Baird$et$
al.$1999;$2004$cited$by$Baird$and$Shoemaker,$2008).$$In$addition,$other$large$catfishes,$Wallago$
attu$ (Pa$ khao)$ and$Wallago$ leeri$ (Pa$ khoun),$ migrate$ up$ the$ Xe$ Kong’s$ tributaries$ at$ the$
beginning$of$the$rainy$season”$(Baird$and$Shoemaker,$2008).$
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Figure'3.2+1.%A%map%of%the%Xe%Kong%Basin%showing%the%major%cities,%towns,%provinces,%districts%and%major%river%systems%
throughout%the%Xe%Kong%Basin%in%Laos%(copied%here%with%kind%permission%of%Baird%and%Shoemaker,%2008).%

July%to%September%

At$the$height$of$the$rainy$season,$between$July$and$September,$Labeo$erythropterus$(now$Labeo$
pierrei)$ (Pa$va$souang)$and$Bangana$behri$ (Pa$va$na$no)$migrate$upriver$and$spawn$near$ the$
surface$of$the$water$and$in$the$middle$of$the$channel$of$the$Xe$Kong.$This$happens$both$in$the$
upper$ river$ in$Kaleum$District$ and$ in$ lower$parts$ in$Sanamxay$District.$ $ Local$people$ call$ the$
spawning$behavior$of$this$species$Pa$oke$peo,$which$means$“the$fish$go$out$to$the$main$part$of$
the$channel”.$ $Floating$gill$nets$(mong$lai)$are$used$to$catch$large$spawning$individuals$at$this$
time$of$year.$These$fish$are$caught$throughout$the$mainstream$Xe$Kong$River,$but$also$along$the$
Xe$Kaman,$where$individual$species$can$reach$up$to$20$kg.$$In$the$mainstream$Xe$Kong,$some$of$
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these$large$L.$erythropterus$reportedly$reach$20–30$kg.$$Sa$Khe$Village$in$Samakhixay$District$is$
one$of$the$main$communities$involved$in$the$fishery.$
!
September%to%November'

Wallago$ attu$ (Pa$ khao)$ and$ Wallago$ leeri$ (Pa$ khoun)$ migrate$ out$ of$ some$ medium$ sized$
lowland$tributary$streams,$such$as$the$Xe$Khampho,$Xe$Pian,$Tangao$and$Khaliang,$at$the$end$of$
the$ rainy$ season,$ and$ form$ part$ of$ important$ bagnet$ (chip)$ fisheries$ associated$ with$ this$
movement$of$these$very$large$predatory$fish.$$At$the$end$of$the$monsoon$season,$many$species$
of$ fish$ begin$ retreating$ from$ streams$ and$ wetlands,$ and$ move$ into$ larger$ perennial$ water$
bodies,$especially$large$rivers.$$At$this$time,$fenceIfilter$traps$(tone)$and$wing$traps$(li)$are$used$
to$catch$them.$$This$is$one$of$the$most$important$fisheries$for$rural$people$in$the$Xe$Kong$Basin.$
It$ is$ the$time$of$year$when$the$ largest$quantities$of$ fish$are$caught;$often$enough$to$make$fish$
paste$ (Pa$ dek)$ for$ consumption$ throughout$ the$ year.$ People$ from$ many$ ethnic$ groups,$ and$
especially$ethnic$Lao$people,$also$dry$ fish$as$ “Pa$katao”$or$simply$“Pa$ tao”$during$ this$season,$
but$ it$ is$ especially$ common$ for$dried$ fish$ to$be$prepared$ in$ the$dry$ season.$ $At$ this$ time,$ the$
Pangasius$krempfi$ (Pa$souay$hang$ leuang)$ that$migrated$upriver$at$ the$beginning$of$ the$rainy$
season$all$migrate$downriver$into$Cambodia$and$later$Vietnam$(Hogan$et$al.$2004;$2007,$cited$
by$ Baird$ and$ Shoemaker,$ 2008).$ $ However,$ there$ are$ no$ fisheries$ associated$ with$ these$
migrations,$as$they$probably$travel$down$the$strongest$part$of$the$main$channel,$where$fishing$
is$not$possible$at$this$time$of$year.$Other$large$Pangasid$catfish$also$move$downriver,$although$
some$stay$in$deepIwater$areas$for$the$duration$of$the$dry$season.$ $The$mediumIsized$cyprinid$
carps,$ Scaphognathops$ bandanensis$ (Pa$ pian),$Mekongina$ erythrospila$ (Pa$ saIi),$ Hypsibarbus#
malcolmi$ (Pa$ pak$ kom),$ Labeo$ erythropterus$ (Pa$ va$ souang),$ Bangana$ behri$ (Pa$ van$ na$ no),$
Cirrhinus$molitorella$(Pa$keng),$and$others$also$migrate$out$of$the$Xe$Kong’s$tributaries,$moving$
back$ in$ to$ the$Mekong$ at$ Stung$Treng,$ northeast$ Cambodia.$ $ These$ fish$ then$move$ down$ the$
Mekong,$where$they$congregate$near$a$place$called$Tong$Deng$in$Khmer$or$Thong$Deng$in$Lao$
near$ the$Stung$Treng–Kratie$provincial$border.$ $ Strangely$enough,$ they$ then$ turn$around$and$
begin$ migrating$ up$ the$ Mekong$ past$ Khone$ Falls,$ with$ some$ migrating$ upriver$ as$ far$ as$
Thailand”$(Baird$and$Flaherty,$2004).!

December%to%January'

“During$ this$ season,$ large$Probarbus$ jullieni$ (Pa$ eun$dta$deng)$ and$Probarbus$ labeamajor$ (Pa$
eun$khao)$cyprinid$carps$migrate$short$distances$for$spawning$purposes$(Baird,$2006b,$cited$in$
Baird$and$Shoemaker,$2008).$$Villagers$living$along$the$lower$Xe$Kaman$claim$that$these$species$
are$mainly$ found$ in$ the$mainstream$Xe$Kong$ channel.$ $There$ are$ various$places$ along$ the$Xe$
Kong$where$they$are$wellIknown,$such$as$TaIneum$Village$in$Lamam$District.$!

February%to%March%'

As$water$ levels$drop,$ large$numbers$of$small$ cyprinids,$ including$Henicorhynchus$ lobatus$ (Pa$
soi$ houa$ lem),$ H.$ siamensis$ (Pa$ soi$ houa$ po),$ Paralaubuca$ typus$ (Pa$ tep),$ Labiobarbus$
leptocheilus$ (Pa$ lang$ khon),$ Lobocheilus$ melanotaenia$ (Pa$ khiang$ khang$ lai),$ Cirrhinus$
microlepis$ (Pa$phone$mak$koke),$Botia$ spp.$ (Pa$mou$man),$Crossocheilus$ reticulatus$ (Pa$ toke$
thoi),$Thynnichthys$thynnoides$(Pa$koum),$and$a$number$of$others$migrate$from$the$Great$Lake$
and$Tonle$sap$River$ in$the$south$up$the$Mekong$and$eventually$ into$the$Xe$Kong.$ $Baird$et$al.$
(2003,$cited$by$Baird$and$Shoemaker,$2008),$estimated$that$at$least$thirtyItwo$species$migrate$
up$to$Khone$Falls$from$the$Great$Lake$in$Cambodia$each$year,$and$the$same$species$are$believed$



Sustainable+Hydropower+Development+for+the+Xe+Kong+Basin!

Annex%3.2—6%
%

to$ migrate$ from$ the$ Great$ Lake$ up$ the$ Mekong$ and$ then$ to$ the$ Xe$ Kong$ in$ southern$ Laos.$$

Essentially,$ these$ fish$all$migrate$up$ the$Mekong$with$ some$continuing$upriver$passed$ the$Xe$

Kong$ confluence$ at$ Stung$ Treng$ town$ and$ others$ turning$ right$ into$ the$ Xe$ Kong$ (left$ bank$

tributary).$$Local$people$believe$that$these$fish$migrate$back$downriver$at$the$beginning$of$the$

rainy$season,$although$some$may$remain$in$the$Xe$Kong$Basin$all$year.$$Baird$et$al.$(2003,$cited$

by$Baird$and$Shoemaker,$2008)$have$demonstrated$that$ the$ timing$of$ these$ fish$migrations$ is$

closely$ linked$ to$ lunar$ phases,$ although$ hydrological$ factors$ are$ also$ a$ significant$ factor$

(Warren$et$al.,$1998).$$

$

On$the$Xe$Xou,$the$fish$are$able$to$move$upriver$via$the$Xe$Kong$and$Xe$Kaman,$to$as$far$as$the$

large$ rapids$ called$ “Pha$Phawng”$ or$ “Brawng”$ in$Brao.$ $On$both$ the$Xe$Kong$ and$ the$Xe$Xou$

rivers,$ large$dams$are$now$planned$for,$and$these$will$represent$bioIgeographical$barriers$ for$

fish$ migrations.$ On$ 24$ February$ 2004,$ the$ first$ author$ observed$ large$ schools$ of$

Henicorhynchus$lobatus$(Treu$riel$in$Brao$and$Pa$soi$in$the$Lao$language)$moving$up$the$Nam$

Kong$from$the$Xe$Kong$near$Viangxai$Village,$which$is$about$18$km$upstream$from$the$mouth$of$

the$ Nam$ Kong.$ $ Ethnic$ Brao$ villagers$ said$ that,$ for$ the$ Nam$ Kong,$ fish$ are$ able$ to$ migrate$

upriver$as$far$as$the$Tat$Heu$Mam$Waterfalls,$which$is$about$20$km$upstream$from$Viangxai$and$

reaches$ 50$m$ in$ height$ during$ the$ dry$ season.$ $ During$ this$ season,$ there$ are$ also$ important$

migrations$ of$ small$ loach$ fish$Nemacheilus$ and,$ or$ Schistura$ spp.$ (Pa$ it)$ up$ the$ Xe$Kong$ and$

other$ large$ rivers$ in$ the$basin.$These$ fish$do$not$move$ together$with$Henicorhynchus$ lobatus$

(Pa$soi),$but$migrate$along$the$edge$of$ the$Xe$Kong$during$approximately$ the$same$season.$ In$

recent$ years,$ Pa$ soi$ runs$ have$ declined$ but$ Pa$ it$ migrations$ have$ become$ relatively$ more$

important$ to$ local$ livelihoods.$ These$ species$ are$ much$ more$ important$ for$ Xe$ Kong$ Basin$

livelihoods$ than$ they$ are$ for$ those$ living$ near$ the$ mainstream$Mekong.$ $ All$ the$ fish$ species$

mentioned$above$are$consumed$by$humans,$and$are$of$importance$to$local$people”$(Baird$and$

Shoemaker,$2008).$

$

Pa%soi%migrations:%the%farther%up,%the%fewer%fish%
Henicorhynchus$spp.$(Pa$soi)$populations$that$migrate$up$the$Xe$Kong$have$long$been$extremely$
important$for$the$livelihoods$of$local$people.$Henicorhynchus$spp.$are$the$most$numerous$of$the$
approximately$thirtyItwo$species$of$small$cyprinid$fishes$that$migrate$up$the$Xe$Kong$from$the$

Cambodian$Great$Lake$ (Baird$et#al.$ 2003,$ cited$by$Baird$and$Shoemaker,$2008).$ $However,$ in$
recent$years$the$populations$of$these$migratory$species$have$become$smaller$and$less$frequent$

within$ the$ Xe$ Kong$ system.$ $ For$ example,$ in$ Sompoi$ Village,$ Sanamxay$ District,$ near$ the$

Cambodian$ border,$ there$ were$ reportedly$ three$ significant$ runs$ of$ Henicorhynchus$ up$ the$
mainstream$Xe$Kong$River$in$2004.$$However,$upriver$there$were$fewer$migrations$noticed$by$

fishers.$For$example,$in$Done$Chan$Village,$Lamam$District,$at$the$southern$border$with$Attapeu,$

fishers$reported$two$Pa$soi$migrations$up$the$Xe$Kong$in$2004,$but$in$the$same$year$only$one$Pa$
soi$migration$was$observed$in$Nava$Keng$Luang$and$TaIneum$villages,$in$Lamam$District,$not$far$
upriver$from$Xe$Kong$City.$Further$upriver,$north$of$Kaleum$District$center,$ in$Kloung,$Talang$

Mai,$and$Lai$Po$Villages,$ fishers$reported$that,$historically,$Pa$soi$used$to$migrate$passed$their$
villages$every$year,$but$that$for$the$last$three$or$four$years$they$had$not$seen$any!$$$

These$observations$by$ fishers$are$ significant$ in$ the$ light$of$ recent$ claims$by$ the$MRC$and$ the$

Department$of$Fisheries$in$Cambodia$that$Henicorhynchus$spp.$migrations$from$the$Great$Lake$
are$not$ in$decline,$but$ that$populations$are$ instead$ fluctuating$based$on$differences$ in$annual$

flooding,$with$more$flooding$resulting$in$higher$fish$populations$(see,$for$example,$Hortle$et$al.,$
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2005,$cited$by$Baird$and$Shoemaker,$2008).$$While$hydrological$factors$are$critical$for$Mekong$
fish$ production,$ including$ the$ species$ in$ question,$ the$ situation$ is$ likely$ to$ be$ much$ more$
complicated$ than$ annual$ fish$ production$ being$ based$ on$ hydrological$ factors$ alone.$ $ Other$
management$factors$certainly$affect$these$fish$stocks.$$Locals$are$claiming$that$the$populations$
have$ steadily$ declined$ over$ a$ decade$ or$ so,$ with$ seasonal$ fluctuations$ based$ on$ hydrological$
patterns$playing$a$role.$ $Meusch$et$al.$(2003,$cited$by$Baird$and$Shoemaker,$2008),$ found$that$
many$of$the$households$that$they$studied$in$Attapeu$claim$that$they$are$no$longer$able$to$catch$
enough$fish$to$preserve$sufficient$quantities$of$Pa$dek$(fermented$fish)$to$eat$over$the$year.$$This$
is$probably$largely$due$to$declines$in$Pa$soi$migrations.$$

It$ appears$ likely$ that$ the$main$ purpose$ of$ Pa$ soi$ fish$migrations$ during$ the$ dry$ season$ is$ to$
distribute$ the$ population$ over$ a$ wide$ area$ so$ as$ to$ optimize$ these$ algae$ eaters’$ feeding$
opportunities$(Roberts$and$Warren,$1994;$Roberts$and$Baird,$1995;$Baird$et$al.,$2003,$cited$by$
Baird$ and$ Shoemaker,$ 2008).$ $ This$means$ that$Pa$ soi$ migrate$ upriver$ until$ reaching$ a$ point$
where$the$density$of$their$numbers$is$below$a$certain$level.$ $ If$ the$density$remains$below$this$
level,$ the$ migration$ will$ go$ no$ further.$ If$ the$ density$ increases$ above$ that$ level,$ the$ Pa$ soi$
migration$will$continue$until$another$point$where$low$density$is$reached$and$maintained,$or$the$
fish$ will$ migrate$ upriver$ as$ far$ as$ they$ physically$ can,$ before$ encountering$ bioIgeographical$
barriers,$in$order$to$optimize$their$density$within$the$maximum$available$habitat.$$This$is$likely$
why$Pa$soi$migrations$were$observed$every$year$ in$ the$past$as$ far$up$ the$Xe$Kong$as$Kaleum$
District,$but$ in$recent$years$ they$have$not$been$seen.$ $There$are$ few,$ if$any,$ fish$reaching$ this$
part$ of$ the$basin$ compared$ to$previous$ years.$ $ This$ could$ either$be$because$ there$ are$ just$ as$
many$fish$as$before,$but$they$are$being$caught$before$they$get$far$upriver,$or$because$there$are$
fewer$fish$overall$than$in$the$past.$!
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Table'3.2+1.%Summary%of%some%of%the%main%Mekong%–%Xe%Kong%Basin%fish%migrations%referred%to%in%this%report.%

Timing'of'
migrations'

Important'
families'
involved'

River'
systems'
involved'

Specific'places'
along'Xe'Kong'
where'
migration'is'
known'to'pass'

Direction'and'from'
where'to'where'
approximately'

Main'triggers''

Late%April,%
May%and%June%
(Warren%and%
Chantavong,%
2013).%

Cyprinidae,%
Siluridae,%
Bagridae,%
Sisoridae%
and%
Pangasiidae.%

Mekong,%Xe%
Kong,%Sesan%
and%Srepok.%

Attapeu,%Xe%
Kong%City.%

Upstream%from%deep%
pool%habitats%in%the%
Cambodian%Mekong,%
deep%pool%habitats%in%
the%Xe%Kong%and%
highly%likely%the%Great%
Lake%in%Cambodia.%

Rising%water%and%
general%changes%
in%physical%and%
chemical%
characteristics.%

May%to%July%
(Baird%and%
Flaherty,%
2004).%

Cyprinidae%
and%other%
families,%but%
Cyprinidae%is%
dominant.%

Mekong,%Xe%
Kong,%Sesan%
and%Srepok.%

Attapeu,%Xe%
Kong%City.%

Bi_directional%and%
enter%tributaries%for%
spawning%and%later%
for%dry_season%refuge%
in%lower%reaches%of%
rivers%in%deep%pools.%

As%above.%

July%to%
September%
(Baird%and%
Flaherty,%
2004).%

Cyprinidae%
and%other%
families,%but%
Cyprinidae%is%
dominant.%

Mekong%and%
Xe%Kong.%

Upstream%
around%Old%
Kaleum%and%
Sanamxay%
District.%Xa%Khe%
Village%in%
Samakhixay%
District.%

Upstream%spawning%
migration.%

As%above.%

September%to%
November%
(Baird%and%
Flaherty,%
2004). 

Cyprinidae,%
Siluridae%and%
certain%
members%of%
Pangasiidae. 

Xe%
Khampho,%
Xe%Pian,%
Tangao,%
Khaliang%
streams,%Xe%
Kong%and%
Mekong 

General%
movement%
downstream%
past%all%major%
cities%and%
villages. 

Downstream%from%Xe%
Kong%tributaries%back%
into%the%Xe%Kong%and%
eventually%the%
Mekong%in%northeast%
Cambodia%close%to%
Thong%Deng%(Lao%
language).%After%a%
period%of%
recuperation,%some%
species%then%start%
moving%back%
upstream%again%and%
may%even%reach%areas%
in%Thai%international%
waters. 

Falling%water%
level. 

December%to%
January%(Baird%
and%Flaherty,%
2004). 

Cyprinidae%
and%
specifically%
two%large%
species%of%
barbine%
Cyprinid%
belonging%to%
the%
Probarbus%
genus). 

Xe%Kong Ta_neum%Village,%
Lamam 

Possibly%bi_directional%
and%moving%
specifically%to%
historical%breeding%
sites%(deep%pools)%for%
spawning%over%a%few%
days%of%weeks. 

Lunar%cycle%and%
water%level. 

%



Sustainable+Hydropower+Development+for+the+Xe+Kong+Basin!

Annex%3.2—9%
%

Timing'of'
migrations'

Important'
families'
involved'

River'
systems'
involved'

Specific'places'
along'Xe'Kong'
where'
migration'is'
known'to'pass'

Direction'and'from'
where'to'where'
approximately'

Main'
triggers''

February%to%
March%(Baird%
and%Flaherty,%
2004).%

Cyprinidae%is%
dominant,%
but%
Cobitidae%
also%
important.%

Great%Lake%of%
Cambodia,%
Tonle%Sap%
River,%
Mekong,%Xe%
Kong%and%Xe%
Xou.%

Stung%Treng,%
Attapeu%and%Xe%
Kong%City,%Old%
Kaleum%in%
Kaleum%District,%
Viangxai%Village%
on%the%Nam%
Kong,%Sompoi%
Village%in%
Sanamxay%
District,%Done%
Chan%Village,%
Lamam%District%
and%Nava%Keng%
Luang%and%Ta_
neum%Villages%in%
Lamam%District.%.%

Upstream%to%the%3S%
rivers%and%then%migrate%
back%downstream%
again%at%the%beginning%
of%the%wet%season,%
some%having%already%
spawned.%

As%above.%

%
' '

Figure'3.2+2.%Location%of%migration%MRCS%monitoring%sites.%
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Analysis!of!Migration!Data:!1999E2000!

Definitions%
Trend:'Is$an$underlying$pattern$of$behaviour$in$a$time$series,$which$could$be$partly$or$nearly$
completely$hidden$by$the$recognized$amounts$of$unexplained$variation$in$the$time$series$
(noise).$ $

Variability:'Denotes$how$stretched$or$squeezed$a$distribution$is.$Variability$is$typically$
measured$by$ the$quotients$of$mean$and$standard$deviation.$

Change:'Is$the$transition$from$one$state$to$another$significantly#different#state,$ex$change$in$
variability$or$trend.$$A$5%$significance$level$is$used$(p#<0.05).$

Trigger:'An$event$that$is$the$cause$of$a$particular$action,$process,$or$situation.$

Pulse:'A$rapid$rise$in$water$level$and$discharge$of$more$than$500$m3/s$per$day$to$2500$

m3/day.$

Pulse'rate:'Change$in$discharge$per$day$(m3/s$per$day).$

Monotonic:'A$function$is$called$monotonic#if$and$only$if$it$is$either$entirely$increasing$or$
decreasing.$ $

Overfishing:'The$practice$of$commercial$and$nonIcommercial$fishing$which$depletes$a$fishery$
by$ catching$so$many$adult$fish$that$not$enough$remain$to$breed$and$replenish$the$population.$
Overfishing$exceeds$the$carrying$capacity$of$a$fishery.$

%
Migration%monitoring%
The$ specific$ purpose$ of$ this$ analysis$ is$ to$ assess$ any$ monotonic$ trends$ in$ the$ migration$
monitoring$ data$from$1999I2001,$the$period$where$migration$data$is$available$in$the$Mekong$
River$Commission$Secretariat$(MRCS)$fisheries$database$(see$Figure$3.2I2).$ $
$
The$migration$data$is$classified$per$species$into$three$migration$groups:$$

1.! Mainstream$Longitudinal,$ $
2.! Tributary$longitudinal$and$$
3.! Floodplain$habitat$lateral.$

Up$and$downstream$migration$is$registered$with$monthly$intervals$as$start$and$end$months.$
$
Analysis$is$done$for$the$Whole$Mekong$system,$the$3S$system$and$for$the$Xe$Kong$system.$
$
The$main$aim$is$to$get$a$temporal$overview$of$the$migration$time$for$the$three$migration$groups,$
both$for$up$and$downstream$migration$and$relations$to$the$flood$pulse$measured$at$Stung$Treng$
average$1910I2015.$$For$the$riverine$species,$this$is$compared$to$the$Dai$catch$and$the$Lee$trap$
catch$ timing.$
%
% !
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Migration%timing—for%all%of%the%Mekong%
!

%
Figure'3.2+3.%Up%migration%of%Mainstream%Longitudinal,%Tributary%longitudinal%and%Floodplain%habitat%lateral%species.%The%
‘Number%of%Migrating%species’%(N=17483)%contains%the%total%number%of%species%found%in%the%samples.%The%discharge%(QH)%is%
from%Stung%Treng%average%1910_2015.$

%
For$the$upstream$migration,$the$floodplain$species$bulk$corresponds$to$the$Lee$trap$catch$bulk$

upstream$migration$ during$ the$ up$ going$ water$ stage$ in$ June$ I$ July,$ where$ floodplain$ species$

continue$ their$up$migration$after$refuge$ in$ the$river$(deep$pools)$during$ the$dry$season$(Blue$

curve).$

$

The$ tributary$ species$ also$ follow$ this$ pattern,$ but$ have$ an$ additional$ bulk$ early$ in$ the$ year$

around$ February$(Red$curve).$$The$Riverine$species$migrate$all$year$at$a$largely$constant$rate$

(Green$curve);$see$Figure$3.2I3.$

$

The$ flood$ plain$ species$ down$migration$ timing$ shows$ two$ bulks,$ one$ right$ after$ the$major$

upstream$ migration$ in$ July$–$August$and$one$around$October,$similar$ to$the$tributary$bulks$

(see$Figure$3.2I4).$$

%

%
Figure!3.2+4.+Down+migration+of+Mainstream+Longitudinal,+Tributary+longitudinal+and+Floodplain+habitat+lateral+species.+The+
‘Number+of+Migrating+species’+(N=17483)+contains+the+total+number+of+species+found+in+the+samples.+The+discharge+(QH)+is+
from+Stung+Treng+average+1910Q2015.+

%
%
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%

The$ mainstream$ longitudinal$ migration$ species$ show$ variation$ during$ the$ year,$ but$ have$
migration$all$ year$in$line$with$the$all$year$up$migration$shown$in$Figure$3.2I3.%%
%

This$ combination$ of$ floodplain$ and$ riverine$ species$ up$ and$ down$ migration$ can$ explain$ the$
yearI round$ concentration$ of$ larvae$ drift.$ $ During$ the$ up$ going$ stage,$ the$ highest$ larvae$
concentrations$ are$ found$as$ both$ floodplain$ and$ riverine$ species$migrate$ for$ spawning,$while$
the$ lower$ concentrations$ the$ rest$ of$ the$ year$may$be$due$ to$ the$ riverine$ species$ distribution$
over$the$year.$
%

Migration%timing%–%pr.%species%

Reducing$the$total$number$observations$to$one$observation$per$species$ for$both$up$and$down$
migration$ gives$ a$ similar$picture$ as$ in$ Figures$ 3.2I3$ and$ 3.2I4.$ $ At$ the$ peaks$of$ up$migration$
around$20I25$species$ were$recorded$and$at$the$peak$down$migration$of$riverine$species$alone,$
about$ 25I35$ species$ were$ recorded$ (see$ Figures$ 3.2I4$ and$ 3.2I6).$ $ A$ total$ of$ 119$ different$
migratory$species$were$recorded$migrating$either$ up$and/or$down.$
%

%
Figure'3.2+5.%Up%migration%of%Mainstream%Longitudinal,%Tributary%longitudinal%and%Floodplain%habitat%lateral% species.%The%

‘Number%of%Migrating%species’%(N=119)%contains%the%total%number%of%individual%species% found%in%the%samples.%The%discharge%

(QH)%is%from%Stung%Treng%average%1910_2015.+

%

Figure'3.2+6.%Down%migration%of%Mainstream%Longitudinal,%Tributary%longitudinal%and%Floodplain%habitat%lateral%species.%The%

‘Number%of%Migrating%species’%(N=119)%contains%the%total%number%individual%species%found%in%the%samples.%The%discharge%

(QH)%is%from%Stung%Treng%1910_2015.



Sustainable+Hydropower+Development+for+the+Xe+Kong+Basin!

Annex%3.2—13%

%

Migration%timing%–%Xe%Khong%

For$the$Xe$Khong$watershed,$the$variations$are$the$same$as$for$all$of$the$Mekong$migration$(See$
Figures$3.2I3I4$and$3.2I7I8).$
%

%

Figure!3.2+7.+Up+migration+of+Mainstream+Longitudinal,+Tributary+longitudinal+and+Floodplain+habitat+lateral+ species+on+the+

Xekhong+River.+The+‘Number+of+Migrating+species’+(N=498)+contains+the+total+number+ of+species+found+in+the+samples.+The+

discharge+(QH)+is+from+Stung+Treng+average+1910Q2015.+

%
%

Figure'3.2+8.'Down%migration%of%Mainstream%Longitudinal,%Tributary%longitudinal%and%Floodplain%habitat% lateral%species%on%

the%Xekhong%river.%The%‘Number%of%Migrating%species’%(N=498)%contains%the%total% number%of%species%found%in%the%samples.%

The%discharge%(QH)%is%from%Stung%Treng%average%1910_2015.%

%

Conclusions%

The$ migration$ of$ Mainstream$ Longitudinal,$ Tributary$ Longitudinal$ and$ Floodplain$ Habitat$
Lateral$ species$show$distinct$variations$over$the$year$for$floodplain$and$tributary$species$both$
up$and$down,$ while$mainstream$species$migrate$up$and$down$all$year.$
$
Migration$ is$partly$ for$ refuge$ in$deep$pools$during$ the$dry$ season$ for$ floodplain$and$ tributary$
species$ and$for$spawning$for$all$species.$
$
The$timing$with$spawning$can$be$seen$in$the$larvae$report$(Annex$3.4$in$this$Master$Plan).$

$
% !
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Fish!Migration!Barriers!in!the!Upper!Xe!Kong!River! and!Developing!LeastEImpact!
Hydropower2$
$
Methods%
!

An$onIsite$survey$was$done$on$3I7$April$2016.$Access$was$by$road$to$the$Xe$Kong$River$6.3$ km$
upstream$ of$ the$ Tat$ Kalang$ Waterfalls$ and$ the$ survey$ was$ done$ by$ kayak$ over$ two$ days,$
finishing$ 12.8$km$downstream$of$ the$most$ upstream$waterfall.$ GPS$ coordinates,$ photographs$
and$ video$were$ taken$of$ the$ falls,$ habitats$were$ recorded$ and$ fisher’s$ catches$were$ examined$
where$possible.$
$
Figures$ 3.2I9$ and$ 3.2I10$ show$ the$ reach$ surveyed$ in$ relation$ to$ the$ catchment$ and$ major$
features.$
%
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
2%Prepared%by%Martin%Mallen_Cooper%and%Erland%Jensen%for%the%Natural%Heritage%Institute.%

Reach!surveyed!by!NHI,!April!
2016!

Figure'3.2+9.%Profile%of%Xe%Kong%River%showing%major%features,%planned%mainstem%hydropower%(Meynell%2014),%and%the%

reach%surveyed%by%NHI%in%April%2016.!
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!
Figure'3.2+10.'Map%of%the%Se%Kong%catchment%showing%SWAT%boundaries,%deep%pools%(green%symbols),%rapids%(pink%
symbols)%(Meynell,%2014);%and%the%reach%surveyed%by%NHI%in%April%2016.!
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Results%
!

!

Hydraulics%–%Fish%Barrier!

The$Tat$Kalang$Waterfalls$ are$a$ series$of$ rapids$rather$ than$waterfalls.$There$are$ three$main$
rapids$and$other$smaller$rapids$which$are$spread$over$12$river$km$and$fall$approximately$40$
m$ from$ 287$ m$ elevation$ to$ 248$ m.$ The$ three$ main$ rapids$ (Table$ 3.2I2)$ have$ changes$ in$
elevation$ of$1$to$4$m$but$these$are$not$vertical$drops$that$are$consistent$across$the$river.$ The$
rapids$ have$ variable$ but$ low$ gradients$ with$ side$ channels$ that$ can$ be$ considered$
consistently$ passable$ by$ fish$ at$ low$ and$ high$ flows.$ We$ observed$ them$ at$ low$ flows$ and$
around$ all$ rapids$ there$were$ paths$ of$ low$water$ velocity$ and$ turbulence$ easily$ passable$ by$
fish.$

Passage$at$ high$ flows$ can$also$be$ inferred$ from$ the$geomorphology.$High$water$marks$were$
visible$ on$ the$ sides$ of$ the$ valley$ and$ these$ regions$ had$ high$ roughness$ of$ large$ rocks;$ these$
create$zones$of$low$water$velocity$and$turbulence$at$high$flows$which$provide$for$the$passage$
of$fish.$Direct$evidence$of$these$zones$is$shown$by$the$numerous$small$deposits$of$sand$on$ the$
sides$ of$ the$ channel.$ These$ were$ on$ the$ downstream$ sides$ of$ boulders,$ indicating$ the$
presence$of$low$water$velocities$on$the$channel$edge$at$high$flows,$which$enables$sand$grains$ to$
settle.$

From$these$observations,$we$conclude$these$rapids$are$not$a$barrier$to$fish$movement$at$ low$
or$high$flows.$
$
Table'3.2+2.'Locations% of% Tat% Kalang% rapids.%Note% that% the% elevations% from% the%GPS%are% only% accurate%to%within%a%few%
meters.%

Rapid% Longitude% Latitude% Elevation%
1% 106.942527% 15.984870% 287.57%
2% 106.940934% 15.982977% 283.25%
3% 106.939363% 15.980957% 282.77%

!

%
Figure'3.2+11.%Rapid%1%showing%high%water%velocity%in%the%middle.%%On%the%edges%are%low%water%velocities%passable%by%fish.%
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%
!
$
$

Figure'3.2+12.%Rapid%3%showing%a%1%m%drop%but%low%water%velocities%and%low%turbulence%on%the%sides%
that%are%passable%by%fish.!
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%
Figure'3.2+13.%Another%small%typical%rapid.%

Fish%Catches'

As$ this$ is$a$ single$survey$of$ a$ short$ reach$of$ river$over$ two$days$ in$one$season,$ it$ can$only$be$
considered$ a$ “snapshot”$of$ the$ fish$ assemblage$ in$ the$ area.$ A$ few$ fishers$were$ observed$ and$
they$caught$10$species$which$are$listed$in$Table$3.2I3.$
%
Table'3.2+3.'' Fish%species%caught%by%fishers%on%5%April%2016%near%Ban%Talouey,%upstream%of%Tat% Kalang%rapids.%

Maximum!
Size!

(Fishbase)!
(cm)!

Reported!
maximum!
weight! in!
river!reach!

Migration!month!
(MRC!data)!

%

Upstream!
Start! End!

Downstream!
Start! End!

CATFISHES!(Siluriformes)! % % !

1!

!

2!

!

8!

!

9!Bagarius(yarrelli((Sisoridae)! 200! 20!kg!
Hemibagrus(wyckioides((Bagridae)! 130! % 4! 5! % %
Clupisoma(sinense((Schilbeidae)! 31! % 3! 6! % %

CARPS!(Cypriniformes)! % % % % % %
Incisilabeo(behri((Bagana(behri)! 60! 10!kg! % % 1! 2!
Hampala(macrolepidota! 70! % 6! 7! 11! 12!
Scaphiodonichthys(acanthopterus! 31! %
Poropuntius(normani! 13! %
Sikukia(gudgeri! 18! %
Raiamas(guttatus! 30! %

SPINY!EELS!(Synbranchiformes)! % %
Mastacembelus(favus(70(cm! 70! %
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Three$groups$of$ fishes$were$ caught:$ catfishes,$ carps$ and$one$ species$ of$ spiny$eel.$ Two$ large$
fishes$were$present,$Bagarius#yarrelli#(Figure$3.2I14),$a$predatory$catfish,$which$is$reported$to$
grow$ to$20$kg$ locally$ and$ Incisilabeo#behri# (prev.$Bagana#behri)$ (Figure$3.2I15),$which$ eats$
algae$and$ grows$ to$10$kg$ locally.$ All$ the$other$species$were$small$ (<$30cm)$ (Figure$3.2I16).$
No$ mountain$ loaches,$ which$ have$ high$ endemism$ in$ the$ region,$ were$ caught$ but$ can$ be$
expected$in$the$ steeper$shallower$tributaries$and$in$the$headwaters.$
$

%
%

Figure'3.2+14.%Bagarius%yarrelli,%a%predatory%catfish.%

% %
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MainIstem$ species$ that$migrate$ long$ distances$ (“white$ fish”)$ were$ not$ present,$ although$ they$
may$be$present$ in$ the$wet$ season.$ The$exception$may$be$ Incisilabeo#behri#which$ is$present$ in$
the$Sesan$and$Srepok$rivers$and$migrates$in$the$Mekong.$It$is$known$to$migrate$upstream$ in$ the$
Xe$ Kong$ and$ fishers$ target$ this$ spawning$ migration$ (Baird$ and$ Shoemaker,$ 2008).$
Certainly,$ the$ presence$ of$ this$ species$ and$ the$ others$ listed$ in$ Table$ 3.2I3$ confirm$ the$
connectivity$ of$this$upper$river$reach$with$lowland$reaches.$
$
Table$3.2I2$includes$a$category$of$“migratory”$from$www.Fishbase.org.$The$scale$of$migration$is$
unknown$ for$ these$ species$ although$ it$ appears$ to$ be$ short$ distances.$ For$ example,$Hampala#
macrolepidota# is$ abundant$ in$ Nam$ Ngum$ Reservoir$ (FishBase,$ 2016),$ presumably$ completing$
migrations$ upstream$ of$ the$ dam.$ Further$ discussion$ on$ fish$migration$ in$ the$ upper$ Xe$ Kong$
River$and$implications$for$strategic$hydropower$are$provided$below.$
%

%
%

%
%%Figure'3.2+15.%Incisilabeo%behri,%a%carp%species%that%eats%algae%on%rocks.%

%
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%
Figure'3.2+16.%Typical%small%species%caught.%The%lower%7%species%are%carp%species%with%a%catfish%and%a%spiny%eel%at%the%top.%

Habitats!

The$habitats$of$ the$Xe$Kong$River$are$described$by$Meynell$ (2014)$ in$10$km$reaches$from$the$
headwaters$ to$the$confluence$with$the$2S$system.$ In$the$reach$near$Tat$Kalang$rapids$and$ the$
Xe$Kong$5$HPP$there$is$little$detail$as$there$had$not$been$any$ground$survey.$
$

In$ the$19$km$reach$ (6.3$km$upstream$and$12.8$km$downstream$of$Ban$Taloeuy)$ surveyed$by$
kayak$ in$ the$present$ study,$ rocky$habitats$ dominated$with$ large$ amounts$ of$ exposed$bedrock$
and$ large$ broken$ rock$ (Figure$ 3 . 2 I 13$ and$ Figure$ 3 . 2 I 17).$These$ provide$ a$ substrate$ for$
algae$ and$ grazing$marks$ from$ large$ fish$ (probably$ Incisilabeo# behri)$ in$ the$wet$ season$ were$
common$ (Figure$3.2I18).$
$

Riffle$habitat$was$common$and$these$were$mainly$mediumIsized$rocks$and$cobbles$with$small$
amounts$ of$ gravels.$ Pools$ were$ present$ between$ the$ riffle$ and$ rapids.$ Although$ no$ depth$
measurements$were$ taken,$ the$pools$appear$to$be$deep$and$presently$provide$refuge$for$ large$
fish$(e.g.$20$kg).$ $Meynell$(2014)$ lists$the$deep$pools$as$confined$to$ lower$reaches,$but$did$not$
have$access$to$data$further$upstream.$$One$fish$that$was$caught$has$exopthalmia$ (bulging$eyes)$
(Figure$3.2I19)$indicating$that$it$had$been$caught$at$depth$and$pulled$rapidly$to$the$ surface.$
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%
Figure'3.2+17.%Exposed%bedrock%of%river%channel.%Note%high%sands%on%far%bank%deposited%at%higher%flow.%

%
Figure'3.2+18.%Marks%from%fish%grazing%on%algae%at%high%water%levels.%
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%
Figure'3.2+19.%Exopthalmia%(bulging%eyes),%a%form%of%barotrauma,%indicating%that%this%fish%had%been%caught%at%depth%and%
pulled%rapidly%to%the%surface.%The%injury%suggests%that%deep%pools%are%present%in%this%reach.%

Figure%3.2_20.%At%the%most%downstream%reach%the%valley%and%river%broadens%and%sand%bars%with%cobble%form%on%the%inside%
bends.%
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%
%

Figure'3.2+21.%Tributary%stream%near%Ban%Talouey%showing%low%turbidity%(upper%photo)%and%where%it%entered%the%turbid%Xe%
Kong%main_stem%(lower%photo).%

Discussion%
The$Tat$Kalang$rapids$ immediately$downstream$of$ the$Xe$Kong$5$dam$site$ are$not$ a$barrier$
to$ fish$movements$ and$ the$ fish$ observed$ in$ the$ fisher’s$ catches$ confirm$ it.$ These$ upper$ Se$
Kong$reaches$are$sufficiently$productive$to$support$large$fish$(10I20$kg)$and$have$deep$pools$
that$provide$refuge$in$the$dry$season,$with$habitats$that$provide$active$feeding$in$the$dry$and$
wet$ seasons.$ The$ steep$ sided$ valley$ does$ not$ have$ floodplains$ or$ flooded$ forest$ and$ hence$
would$not$be$as$productive$as$lower$reaches$with$these$features.$
$
The$ two$ larger$ species$ and$ some$of$ the$ smaller$ species$ collected$ are$known$ to$migrate$ and$
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further$ studies$ would$ almost$ certainly$ expand$ the$ migratory$ list.$ With$ the$ exception$ of$

Incisilabeo# behri# (the$ large$ algae$ grazer)$ these$ species$ migrate$ short$ to$moderate$ distances$
and$ it$ is$ the$ maintenance$ and$ connection$ between$ spawning$ and$ feeding$ habitats$ that$ is$

essential$ to$ sustain$populations.$Many$of$ these$species$ require$ flowing$water$ (lotic)$habitats$

in$which$ to$spawn.$ A$dam$that$has$extensive$riverine$habitats$upstream$of$ the$reservoir$can$

sustain$some$of$these$species$that$do$not$need$to$migrate$hundreds$of$kilometres.$ In$the$Nam$

Ngum$ Reservoir$ Bagarius# species$ use$ rocky$ fastIflowing$ reaches$ upstream$ (Sinthavong$
Viravong$ pers.$ comm.).$ However,$ this$ is$ unlikely$ to$ apply$ to$ the$ proposed$ Xe$ Kong$ 5$ HPP$

reservoir$because$an$inundation$map$(Figure$3.2I21)$shows$that$there$would$be$little$flowing$

water$ habitat$upstream$to$sustain$species$requiring$this$type$of$habitat.$

$

Figure'3.2+22.%The%upper%Xe%Kong%catchment%showing%the%river%that%would%be%inundated%(light%blue)%from%the%proposed%
Xe%Kong%5%Dam%(red)%(Norconsult,%2008).%
$

From$ the$ limited$observations$ of$ fish$ and$ limited$ fish$distribution$ data$presented$ in$ the$EIA$

(Norconsult,$2008)$there$are$potentially$two$models$of$fish$distribution$and$migration$in$these$

upper$reaches$and$each$has$different$ implications$for$balancing$hydropower$with$ impacts$on$

society$and$the$environment:$

$

•! Model$ 1$ (Figure$ 3.2I22)$ assumes$ that:$ there$ are$ two$ zones$ of$ lowlands$ and$ uplands;$

longI$ distance$ and$ smallIdistance$migratory$ fishes$ in$ the$ lowlands$migrate$upstream$

of$ the$ Xe$Kong$5$dam$site;$and$specialized$upland$species$are$present$in$high$gradient$

upper$ tributaries.$

$

•! Model$2$(Figure$3.2I22)$assumes$that:$there$are$three$zones$of$ lowlands,$ intermediate$

and$ uplands;$longIdistance$migratory$fishes$in$the$lowlands$do$not$migrate$upstream$of$
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the$ Xe$ Kong$ 5$ dam$ site;$ smallIdistance$migratory$ fishes$ are$ present$ in$ the$ lowlands$
and$ the$ intermediate$ zone$ including$ upstream$ of$ the$ Xe$ Kong$ 5$ dam$ site;$ and$
specialized$ upland$species$are$present$in$high$gradient$upper$tributaries.$

$

%
Figure'3.2+23.'Model%1%(top%figure)%and%Model%2%(bottom%figure)%of%fish%migration%in%the%Xe%Kong%River.$
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The$implications$for$hydropower$are$that$high$fish$productivity$is$maintained$by$retaining$fish$
migration$ corridors$and$ the$upstream$extent$of$migrations$ could$provide$a$ strategic$ location$
for$hydropower.$ In$Model$1$ longIdistance$and$shortIdistance$migrations$overlap$with$ the$Xe$
Kong$5$HPP$site$and$habitats$become$the$limiting$factor$in$upstream$distribution.$ In$Model$1,$
impacts$on$longIdistance$migratory$species$caused$by$the$Xe$Kong$5$dam$would$have$broader$
impacts$ on$Mekong$ fisheries,$ as$ has$ been$discussed$ for$ the$ Sesan$and$ Srepok$ rivers$ and$ the$
Lower$Sesan$2$Dam$(Ziv$et#al.,#2012).$
$

In$ Model$ 2$ longIdistance$ migrations$ are$ downstream$ of$ the$ Xe$ Kong$ 5$ damIsite$ and$ short$
distance$ migrations$ overlap$ with$ the$ site.$ $ In$ this$ scenario,$ the$ species$ with$ shortIdistance$
migrations$contribute$ significantly$ to$ localised$productivity,$ livelihoods$and$ food$ security$but$
would$likely$make$little$contribution$to$Mekong$mainIstem$fisheries.$ If$this$model$has$validity$
then$ the$Xe$Kong$5$HPP$may$represent$a$more$suitable$compromise$than$downstream$mainI$
stem$dams$on$the$Xe$Kong$River$which$would$impact$migratory$fishes$from$the$Mekong$River.$
We$recommend$that$ fishers$be$ surveyed$ to$establish$ the$distribution$of$migratory$ fishes$and$
the$seasonal$(wet$and$dry)$change$in$fish$composition.$

#
Upland#Species$

In$ both$models,$ upland$ species$ are$ present$ in$ upper$ tributaries.$ These$ are$ small$ specialized$
fish$ species$ adapted$ to$ high$ gradient$ mountain$ streams$ (Kottelat,$ 2001);$ they$ have$ high$
endemism$and$conservation$value$(Ziv$et#al.,#2012),$and$often$provide$a$valuable$ food$source$
for$ local$ villagers$ (Baird$ and$ Shoemaker,$ 2008).$ Although$ their$ generic$ habitats$ are$ known,$
their$ specific$distribution$ in$ the$upper$Se$Kong$ is$unknown,$which$has$a$significant$ influence$
on$the$extent$that$the$Xe$Kong$5$HPP$would$impact$these$fish.$
$

The$proposed$Xe$Kong$5$HPP$has$a$high$dam$(198$m)$and$ inundates$40$km$of$ the$upper$Xe$
Kong$River$ (Norconsult,$2008).$ If$ the$upland$species$are$mainly$ in$ the$headwaters$upstream$
of$ this$ inundation$ then$ impacts$ are$ much$ less,$ but$ if$ they$ have$ key$ spawning$ or$ feeding$
habitats$ within$ the$ inundation$ area$ then$ the$ impacts$ are$ high$ and$ loss$ of$ species$ and$
biodiversity$ become$ likely.$ Understanding$ the$ distribution$ and$ use$ of$ these$ habitats$ would$
enable$ productive$ compromises;$ for$ example,$ if$ the$ inundation$ zone$ of$ the$ reservoir$
submerges$a$key$spawning$habitat,$then$the$dam$crest$could$be$lowered$or$the$dam$operated$ at$
a$ lower$ level$ seasonally$ to$ ensure$ spawning.$ Hence,$ a$ recommendation$ is$ to$ survey$ the$
distribution$of$upland$species$in$the$upper$Xe$Kong$River$and$the$habitats$they$are$using.$ This$
needs$to$include$independent$methods$of$sampling$in$a$stratified$design$(e.g.$tributary$size$by$
elevation),$as$well$as$surveys$of$fishers.$

In$ the$absence$of$ a$ survey$and$detailed$data$on$ the$ specific$habitat$use$of$upland$species,$ the$
alternative$strategy$to$conserve$biodiversity$is$to$keep$a$representative$selection$of$habitats.$ In$
hydropower$ development,$ including$ the$ upper$ Xe$ Kong$ system,$ this$ can$ be$ achieved$ by$
leaving$ some$ tributaries$ freeIflowing$ and$ connected$ with$ the$ mainIstem$ while$ damming$
others.$ $ Figure$3.2I24$shows$examples$of$dam$sites$that$are$alternatives$to$the$Xe$Kong$5$HPP$
that$would$ retain$ the$ upper$ Xe$ Kong$ River$ and$ tributaries$ freeIflowing$ and$ thereby$maintain$
diverse$aquatic$habitats$for$biodiversity.$
$

The$strategy$of$leaving$representative$habitats$assumes$that$upland$species$within$a$ catchment$
have$ wellImixed$ genetics$ within$ each$ species;$ hence,$ if$ a$ species$ becomes$ extirpated$
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from$ a$ tributary,$ the$ assumption$ is$ that$ the$ genetic$ diversity$ of$ the$ species$ is$ retained$in$
other$nearby$tributaries.$ For$many$species$ this$ is$a$sound$assumption,$but$ it$ is$not$ universal$
and$ some$ species$ show$ little$movement$ between$ subItributaries$ and$ this$ results$ in$ isolation$
and$high$genetic$differentiation$between$populations$(e.g.$(Hughes$et#al.#2012)).$ For$ the$upper$
Xe$Kong$this$type$of$genetic$information$would$take$an$extensive$study.$
$
An$ additional$ hydropower$ option$ that$ could$ be$ investigated$ for$ the$ upper$ Xe$ Kong$ system$ is$
the$ use$ of$ pumped$ storage,$ where$ two$ reservoirs$ are$ used:$ the$ upstream$ one$ generates$
electricity$ in$ peak$ periods$ and$ then$ offIpeak$ electricity$ is$ used$ to$pump$water$back$ upstream$
from$the$downstream$reservoir.$
$

$
Figure'3.2+24.The%upper%Xe%Kong%catchment%showing%the%river%that%would%be%inundated%(light% blue)%from%the%proposed%Se%
Kong%5%Dam%(red).%

Aquatic#Productivity#of#the#proposed#reservoir#of#the#Xe#Kong#5#HPP$

Where$ reservoirs$ replace$ flowing$ rivers,$ biodiversity$ declines$ (Kottelat,$ 2015)$ and$ the$
impounded$water$ is$ almost$ universally$ less$ productive$ for$ fish.$ The$ reduction$ in$ productivity$
is$a$function$of$the$original$productivity$of$the$river,$the$shape$of$the$reservoir,$the$operation$of$
water$ levels,$ and$ the$ extent$ of$ flowing$ river$ habitat$ retained$ upstream.$ Lowland$ floodplain$
rivers$are$more$productive$than$upland$rivers$with$no$floodplains;$shallow$reservoirs$with$stable$
water$levels$are$more$productive$than$deep$reservoirs$with$fluctuating$water$levels;$and$flowing$
river$habitats$upstream$enable$some$spawning$habitats$to$be$retained$and,$if$the$river$length$ is$
sufficient$(e.g.$>100$km),$it$provides$for$shortIdistance$migrations.$
$
The$proposed$Xe$Kong$5$ reservoir$ is$ in$ the$upper$ reaches$of$ the$ river$with$ no$ floodplains$ so$
the$original$productivity$is$less$than$the$lowland$reaches$of$the$river.$ However,$the$extent$that$
lowland$ fish$ species$ are$ migrating$ to,$ and$ using$ the$ deep$ pools$ and$ habitats$ in$ the$ upper$
reaches$ is$ unknown,$ and$ hence$ the$ extent$ that$ lowland$ productivity$ is$ linked$ to$ fish$ use$ of$
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upland$habitats$is$unknown.$
$
The$proposed$reservoir$would$be$very$deep$and$fluctuate$25$m$ in$elevation,$which$prevents$a$
productive$ littoral$ (edge)$ zone$ developing,$ while$ the$ extent$ of$ the$ reservoir$ leaves$ very$ little$
river$ habitat$ upstream.$ Hence,$ the$ Xe$ Kong$ 5$ reservoir,$ as$ proposed$ and$ operated,$ will$ be$
very$ unproductive$ for$ fish.$ This$ highlights$ the$ importance$ of$ optimizing$ social$ and$
environmental$outcomes$downstream$and$this$largely$relates$to$environmental$flows.$
$
Environmental#Flows$

The$Xe$Kong$5$HPP$ is$ intended$to$ capture$ flow$in$ the$early$wet$ season$ (July$and$August)$and$
release$ throughout$ the$year,$ but$with$higherIthanInatural$ flows$ in$ the$dry$season$ (Figure$3.2I
25).$ Although$the$exact$hydrograph$would$vary$between$wet$and$dry$years,$the$seasonality$of$
flows$ is$generally$retained.$

%
Figure'3.2+25.%Example%of%monthly%inflows%(blue%bar)%and%outflows%(black%symbols%and%line)%from%the%Xe%Kong%5%HPP,%from%
the%ESIA%(Norconsult,%2008).$

The$main$ impact$ of$ changing$ flows$ on$ river$ ecology$ and$productivity$ is$ the$ hourly$ variation$
within$a$day.$ The$Xe$Kong$5$HPP$is$ intended$to$operate$to$meet$peak$daily$energy$demands.$
The$ESIA$(Norconsult,$2008)$describes$two$proposed$modes$of$operation:$peaking$for$either$6$

hrs$ (B6$mode)$ releasing$236$m3$ sI1$ or$peaking$ for$16$hrs$ (B16$mode)$ releasing$115$m3$ sI1$

(Figure$3.2I26).$ Outside$of$these$peaking$periods$a$baseflow$of$12$m3$ sI1$would$be$provided$as$
an$ environmental$ flow$ for$ the$ river,$ which$ is$ equal$ to$ the$ minimum$ dry$ season$ flow.$ The$
combined$mean$daily$flow$of$these$regimes$would$be$80$m3$sI1.$
%
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Figure'3.2+26.%Example%of%hourly%flows%downstream%of%the%Xe%Kong%5%HPP%under%two%operating%modes%of%6%hr%and%16%hr%
hydropeaking%(Norconsult,%2008).%

%
This$ type$ of$ flow$ release,$ termed$ hydropeaking,$ severely$ reduces$ downstream$ aquatic$
productivity$and$interrupts$the$life$cycles$of$fish.$ The$daily$fluctuations$in$water$levels$prevent$
algae$forming$in$edge$(littoral)$and$shallow$zones$of$the$river$because$they$are$dried$out$every$
day.$ For$ fish$ these$ fluctuations$ can$ stimulate$ them$ to$ spawn$ on$ inundated$ banks$ and$
vegetation,$which$is$a$common$strategy$for$Mekong$fishes,$but$in$this$case$it$leaves$the$eggs$ to$
dry$out$and$die$as$the$water$recedes$at$the$end$of$the$hydropeaking$period.$ Hence,$the$ hourly$
variation$ in$ flows$ has$ a$ major$ impact$ on$ the$ river$ ecosystem,$ biodiversity$ and$ fish$
productivity.$
$
The$ impact$ of$ hourly$ variation$ on$ flows,$ however,$ can$ be$ entirely$ mitigated.$ There$ are$ two$
main$approaches:$i)$if$there$is$a$cascade$of$dams$the$lowest$dam$can$be$used$for$reIregulating$ and$
providing$ continuous$ baseload$ energy$ rather$ than$ peak$ energy,$ and$ ii)$ build$ a$ reI$
regulating$ weir$ downstream$ that$ holds$ the$ volume$ of$ the$ daily$ hydropeak$ which$ is$ then$ reI$
released$to$simulate$the$natural$regime.$ The$Xe$Kong$5$HPP$is$not$in$a$cascade$of$dams$so$ the$
second$approach$would$be$appropriate$if$no$further$dams$downstream$were$built.$
$
Preliminary$ calculations$ of$ the$ daily$ hydropeaking$ volume$ suggest$ it$ is$ approximately$ 6.6$ GL$
(gigalitres)$and$the$reIregulating$weir$would$need$ to$be$approximately$20$m$high$and$ located$
more$than$5$km$downstream.$ The$weir$would$spread$the$hydropeak$over$24$hours$releasing$ a$

daily$mean$ of$ 80$m3$ sI1.$ The$ reIregulating$ weir$ could$ also$ be$ used$ to$ add$ natural$ daily$ and$
weekly$variation$ in$ flow.$ The$ river$ ecosystem$would$ then$be$much$ less$ impacted$ –$ assuming$
that$water$ temperatures$were$ similar$ upstream$ and$ downstream$ of$ the$ dam$ –$ and$would$ be$

based$around$a$baseflow$of$80$m3$sI1$with$natural$variation,$rather$than$12$m3$sI1$that$fluctuates$

up$ to$ 115I236$m3$ $sI1$ $daily.$ The$ added$ advantage$ of$ this$ approach$ is$ that$ the$ reIregulating$
weir$can$have$small$turbine$and$this$can$generate$energy$as$it$provides$environmental$flow.$
$
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%
Figure'3.2+27.%Diagram%of%a%re_regulating%weir%downstream%of%Xe%Kong%5%Dam.$

$
Summary%and%Recommendations%

The$Tat$Kalang$rapids$are$not$a$barrier$to$fish$movements$but$whether$fish$are$migrating$long$
distances$from$the$Mekong$or$Xe$Kong$lowlands$and$moving$upstream$of$the$Xe$Kong$5$HPP$ dam$
site$ remains$ unknown.$ The$ dam$ site$ may$ overlap$ with$ these$ migrations$ or$ be$ in$ an$
intermediate$ zone$ between$ uplands$ and$ lowlands$ where$ mainly$ shortIdistance$ migrants$ are$
present;$if$it$is$the$former$there$are$potentially$much$greater$regional$impacts.$
$
In$addition$to$potential$impacts$on$migration$and$fish$production$the$Xe$Kong$5$HPP$may$have$



Sustainable+Hydropower+Development+for+the+Xe+Kong+Basin!

Annex%3.2—32%
%

major$ impacts$on$biodiversity$as$ the$upland$reaches$of$ the$Xe$Kong$have$numerous$small$ fish$
species$ that$ are$ endemic.$ The$ proposed$ reservoir$ would$ inundate$ extensive$ reaches$ of$
upland$ tributaries.$ The$ specific$ habitats$ of$ the$ endemic$ species,$ and$ whether$ they$ are$ found$
within$the$proposed$reservoir$area$or$further$upstream,$are$unknown.$
$
These$ two$ issues$–$ the$extent$ that$ lowland$ species$use$upland$ reaches$and$ the$distribution$of$
upland$ endemic$ species$ I$ influences$ whether$ the$ Xe$ Kong$ 5$ HPP$ project$ represents$ an$
acceptable$ tradeoff$ between$ fish$ and$ energy$ production,$ which$ leaves$ the$ very$ productive$
lowland$reaches$intact.$ To$inform$this$we$recommend:$
$

i.)! surveying$fishers$to$establish$the$distribution$of$migratory$fishes$and$the$seasonal$ (wet$
and$dry)$change$in$fish$composition$in$the$upper$reaches,$and$

ii.)! a$ survey$of$ the$distribution$of$ the$upland$ species$ in$ the$upper$Xe$Kong$River$ and$ the$
habitats$ they$ are$ using.$ This$ needs$ to$ include$ independent$ methods$ of$ sampling$in$
a$stratified$design,$as$well$as$surveys$of$fishers.$

$
In$ the$ absence$ of$ these$ surveys$ and$ any$ further$ data$ we$ recommend$ that$ consideration$ be$
given$ to$ alternative$ sites$ for$ the$ Xe$ Kong$ 5$ HPP$ that$ use$ tributaries$ upstream$ but$ leave$ the$
main$ stem$ of$ the$ Xe$ Kong$ freeIflowing$ and$ leave$ a$ range$ of$ smaller$ tributaries$ freeIflowing.$
These$ alternative$ sites$ may$ also$ include$ a$ pumped$ storage$ system,$ where$ water$ is$ pumped$
upstream$in$offIpeak$periods$and$hydroIelectricity$is$generated$in$peak$periods.$
$
The$ proposed$ Xe$ Kong$ 5$ HPP$ would$ have$ a$ major$ influence$ on$ downstream$ flows.$ The$
seasonality$ of$ flows$ is$ largely$ retained$ but$ hourly$ fluctuations$ to$meet$ peak$ energy$ demands$
are$predicted$to$be$high.$If$the$project$proceeds$then$a$reIregulating$weir$would$be$essential$ to$
eliminate$ hourly$ fluctuations$ and$ maintain$ a$ more$ natural$ hydrograph,$ which$ minimises$
losses$ to$ river$ productivity$ downstream.$ This$ assumes$ that$ the$ dam$ proceeds$ in$ a$ broader$
catchmentIbased$ Xe$ Kong$ hydropower$ strategy$ that$ did$ not$ include$ mainIstem$ dams$
downstream$of$Xe$Kong$5.$
$
The$Xe$Kong$5$HPP$has$potential$ to$have$ significantly$ less$ impacts$on$ fish$productivity$of$ the$
lower$Xe$Kong$than$downstream$dams.$ However,$two$key$knowledge$gaps$on$fish$distribution$
and$ecology,$as$described$above,$need$specific$ investigation.$ If$ the$project$proceeded$ it$would$
need$to$be$in$a$larger$Xe$Kong$hydropower$strategy$and$a$reIregulating$weir$would$need$to$ be$
included.$
$
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Figure!3.3Z1.!Location!of!six!stations!in!Cambodia!used!in!this!report:!1)!Kandal!Sang!Var,!2)!Kratie!Koh!Khne,!3)!Ratanakiri!

Day!Lo,!4)!Stung!Treng!Ou!Run,!5)!Ratanakiri!Fang,!and!6)!Stung!Treng!Pres!Bang,!
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Trend:'Is!an!underlying!pattern!of!behaviour!in!a!time!series,!which!could!be!partly!or!nearly!
completely! hidden! by! the! recognized! amounts! of! unexplained! variation! in! the! time! series!
(noise).! !

Variability:' Denotes! how! stretched! or! squeezed! a! distribution! is.! Variability! is! typically!
measured!by! the!quotients!of!mean!and!standard!deviation.!

Change:' Is! the! transition! from!one! state! to! another! significantly+ different+ state,! ex! change! in!
variability!or!trend.!A!5%!significance!level!is!used!(p+<0.05)!

Trigger:'An!event!that!is!the!cause!of!a!particular!action,!process,!or!situation.!

Pulse:'A!rapid!rise!in!water!level!and!discharge!of!more!than!500!m3/s!per!day!to!2500!m3/day.!

Pulse'rate:'Change!in!discharge!per!day!(m3/s!per!day)!

Monotonic:' A! function! is! called! monotonic+ if! and! only! if! it! is! either! entirely! increasing! or!
decreasing! !

Overfishing:'The!practice!of!commercial!and!nonKcommercial!fishing!which!depletes!a! fishery!
by! catching!so!many!adult!fish!that!not!enough!remain!to!breed!and!replenish!the!population.!
Overfishing!exceeds!the!carrying!capacity!of!a!fishery.!

CPUE:'Catch!per!Unit!Effort!

!
Catch%Sampling%
The! specific! purpose! of! this! analysis! is! to! assess! any!monotonic! trends! in! catch! in! the! period!
from! 2003K2013! (2006K2007!missing),! the! period!where! catch! data! is! available! in! the!MRCS!
fisheries! database.!!The!catch!does!not!include!Dai!and!Lee!trap!catches,!only!general!catch.!
!

Only! important! species! are! considered! (Marked! Imp! or! Yes)! in! the! database.! ! Data! from! six!
stations!in! Cambodia!is!used:!Kandal!Sang!Var!(413),!Kratie!Koh!Khne!(630),!Ratanakiri!Day!Lo!
(794),!Stung! Treng!Ou!Run!(688),!Ratanakiri!Fang!(773),!Stung!Treng!Pres!Bang!(778),!see!map!
(Figure!3.3K1)!above.!!The!numbers!in! brackets!are!the!distances!in!km!to!the!sea.!
!

The!reason!for! looking!for!monotonic!trends! is!to!see!if! the!catch!has!been!affected!during!the!
period.! ! Especially! overfishing! and! change! in! environment,! ex.! Hydrology,! could! make! major!
changes! affecting!the!catch.!
!

To!distinguish!between!overfishing!and!environmental!impact!it!is!assumed!that!overfishing!will!
result!in!decline!in!mean!weight!of!individual!species,!resulting!in!relatively!fewer!large!fish!and!
relatively! more! small! fish,! while! change! in! hydrology! would! result! in! a! general! decline! (or!
increase)!in!fish! population!but!maintain!the!size!ratio.!
!

“Assuming! that! recruitment! is! constant,! a! decline! in! the! mean! weight! of! individuals! in! a!
population! through! time! is! indicative!of! increasing!rates!of!exploitation!as! fewer! large! (older)!
individuals!survive! with!time”!(Halls!et+al.,!2013:!101).!!
 
Catch!individuals,!length!and!weight!
To!assess!the!change,! individuals,! their!max! length!and!weight! from!the!sampling!data! is!used!
directly!by!looking!at!Individuals!per!Sample,!Max!length!per!Sample!and!weight!per!Sample.!
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.!This!is!unusual!as!most!numbers!of!individuals!per!sample!are!less!than!10!in!73414!of!the!84927!

samples.!

!
Figure'3.3*2.!Number!of!individuals’!pr.!Sample.!High!values!occur!around!January!at!the!time!of!major!migration!from!

flooded!plains!(Tonle!Sap!Lake!and!the!delta)!takes!place.!(N=84927!samples).!The! trend!line!shows!no!monotonic!trend.!

Note!the!huge!numbers!ex!in!2010\01!related!to!catch!at! Kandal!Sang!Var!during!the!out!migration!period!from!the!Tonle!

Sap!Lake.!

!

!
Figure'3.3*3.!Total!weight!per!sample.!(N=84927!samples).!The!total!weight!pr.!Sample!shows!the!same!pattern!as!the!

number!of!Individuals!per!Sample!(fig!1).!The!trend!line!shows!no!monotonic!trend.!

!

!
Figure'3.3*4.!The!Max!Length!per!Sample.!(N=84927!samples).!The!trend!line!shows!no!monotonic!trend,!the!Max!Length!

has!remained!constant!over!the!period.!

Large! variations! take! place! interKannually,! but! no!monotonic! trend! (decline! or! increase)! was!
found! for!the!max!length,!weight!and!number!of!individual!species.!
!
This!is!in!line!with!the!conclusions!in!Halls!et+al.,!2013!for!Dai!fisheries.!
!
“Estimates!of!mean!weight! for!all! species!combined!as!well!as! those!species! that!contribute!to!
the! majority!of!the!catch!by!weight!have!shown!considerable!variation!during!the!fifteenKyear!
monitoring! period,! but! with! no! evidence! of! a! continuous! monotonic! decline...”! (Halls! et! al.,!
2013:!102).!
!
For!individual!species!changes!in!max!length!and!catch!has!been!recorded!Bun,!Phen!and!Nam!
2015.!
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“In!the!absence!of!any!clear!trend!in!total!catch,!research!has!since!looked!at!catches!for!different!

species! in! the! fishery.! Between!1998! and!2014,!we! found!declining! trends! in! catches! of! large!

species! such!as!the!Sutchi!river!catfish!(Pangasianodon+hypophthalmus)!(maximum!length:!130!
cm).!

!

Similar! trends! were! observed! for! three! mediumsized! species,! Cyclocheilichthys+ enoplos+
(maximum!length:!74!cm),! the!smallKscaled!mud!carp!(Cirrhinus+microlepis)!(maximum!length:!
65! cm)!and!Osteochilus+melanopleura+(maximum!length:!40!cm).! !By!contrast,!catches!of!small!
mud! carps!(Henicorhynchus+spp.)!trended!upwards!over!the!same!period.!!At!the!same!time,!the!
total! lengths!of!some!fishes!have!been!declining.!Such!changes!may!indicate! the!population! is!

being! “fished! down”! with! declining! production! of! large! highKvalue! species! accompanied! by!

increased! production!of!small!lowKvalue!shortKlived!species”!(Ngor,!Chheng!and!So,!2015:1).!

!
“Apart!from!increased!fishing!effort,!other!factors!behind!the!declining!catches!of!these!large!and!

mediumKsized! fishes!may! be! hydrological! and! hydraulic! changes,! habitat! degradation,! loss! of!

habitat!connectivity!and!climate!change”!(Ngor,!Chheng!and!So,!2015:1).!

!
Catch!over!distance!
The!distance!to!the!sea!is!different!for!the!monitoring!stations!used.!With!outKmigration!from!

flood! plains!of!the!delta!and!the!Tonle!Sap!Lake!to!refuge!in!the!river!/!deep!pools,!a!constant!

catch!level!is! provided!at!the!6!monitoring!stations,!see!Figure!3.3K5.!

!

!
Figure'3.3*5.!Catch!weight!per!Sample!at!the!six!different!monitoring!stations!(the!number!is!the!distance!to!the!sea).!Only!
Sang!Var!(Small!dark!dots)!show!different!pattern!due!to!the!high!catch!rates!during!out!migration!from!the!Tonle!Sap!Lake.!
At!other!times!the!catch!weight!is!at!the!same!level!for!all! stations.!

!
Conclusions%
The!general!catch!shows!no!monotonic! long! time! trend! in!overall! catch,! size!or!number!of!

individuals! although! large! interKannual! changes! are! observed.! This! is! the! same! pattern!

found!for!the!Dai!fisheries!in!Halls!et+al.,!2013.!
!

The!catch!was!also!found!stable!and!at!the!same!size!at!all!6!stations!apart!from!Sang!Var!that!

benefit!from!the!outKmigration!from!the!Tonle!Sap!Lake!at!the!end!of!the!wet!season.!
!

Looking!at!individual!large!and!medium!species!(valuable!species)!(Ngor,!Chheng!and!So,!2015),!

has!found!decline!in!max! length!and!catch!but!also!found!increase!in!max!length!and!catch!for!

other!(less!valuable)!species.!

%
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Annex&3.4:&&

Analysis&of&larvae&sampling&2002G2013&

&
!

!

Figure!3.4Z1.!Larvae!sampling!places!used!in!this!report.!TS=Tonle!Sap!River,!MU=!Chaktomuk!(Sometimes!named!CK),!

LB=Left!Bank,!RB=Right!bank,!MB=!Mid!‘bank’,!RS=Regional!Survey!2009.!
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Definitions!
Trend:' Is#an#underlying#pattern#of#behaviour# in#a# time#series,#which#could#be#partly#or#nearly#
completely# hidden# by# the# recognized# amounts# of# unexplained# variation# in# the# time# series#
(noise).# #

Variability:' Denotes# how# stretched# or# squeezed# a# distribution# is.# Variability# is# typically#
measured#by# the#quotients#of#mean#and#standard#deviation.#

Change:' Is# the# transition# from# one# state# to# another# significantly+ different+ state,# ex# change# in#
variability#or#trend.#A#5%#significance#level#is#used#(p+<0.05)#

Trigger:'An#event#that#is#the#cause#of#a#particular#action,#process,#or#situation.#

Pulse:'A#rapid#rise#in#water#level#and#discharge#of#more#than#500#m3/s#per#day#to#2500#m3/day.#

Pulse'rate:'Change#in#discharge#per#day#(m3/s#per#day)#

!
Abbreviations!
GL## Great#Lake#(Tonle#Sap#Lake)# #

TS## Tonle#Sap#

LP## Luang#Prabang#

NK## Nong#Khai#

NP## Nakhon#Phanom#

UB## Ubon#Ratchathani#

PK## Pakse#

DS## Don#Sahong#

ST# #Stung#Treng#

KT## Kratie#
PP## Phnom#Penh#(Chaktomuk),#

BS## Bassac#River#(Vinh#Xuong,#An#Giang)#

MK## Mekong#River#(Quoc#Thai,#An#Giang)#

IFReDI# Inland#Fisheries#Research#and#Development#Institute# #

MRCS# #Mekong#River#Commission#Secretariat#

MDS# MultiYDimensional#Scaling
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Larvae!Sampling!
The#specific#purpose#of#this#analysis#is#to#identify#triggers#of#spawning#and#to#describe#the#larvae#
drift# related#to#the#hydrological#changes#in#time#and#by#location.##This#is#important#as#changes#
in#hydrology#may#impact#the#migration,#reproduction#and#productivity.#
#
The#larvae#analysis#relates#the#hydrology#to#larvae#drift#in#the#Lower#Mekong#Basin,#in#particular#
around#the#Tonle#Sap#lake#entrance#in#Phnom#Penh#and#upYstreams#to#Pakse#in#Lao#PDR.#
#
The#hydrology#data#is#the#manual#and#telemetric#data#from#MRCS#and#the#larvae#data#is#from#the#
2002Y2013#data# sampling#by# IFReDI#and#a#Regional# larvae#survey# in#2009.# # Important# species#
are# species# listed#as# important# in#the#MRCS# fisheries#species# list#and#species# for#which# larvae#
age#can#be# calculated#by#a#correlation#with#length.#
#
The# larvae# sampling#method# in# the#Mekong#River# is# standardized#using#Bongo#nets# of# specific#
size# at# specific# times# and# locations.# # A# flow#meter# is# attached# to# measure# the# water# volume#
filtered.# # See# MRC,# 2013# a;# Tharith,# Sophat# and# Phanara,# 2003# and# locations# on# Figure# 3.4Y1#
above.#
!
Life!Cycles!
Quotation#from#Tharith,#Sophat#and#Phanara,#2003,#pg.#61:#
“As# water# levels# on# floodplains# including# the# TSYGL# system# begin# to# fall,# typically# by# mid–
October,# fish#begin#to#migrate#to#refuge#habitat#including#deep#pools#in#the#main#channel.#These#
migrations# peak# in# January#when# catch# rates# in# the# dai+ fishery# reach# a#maximum#during# the#
fishing#season# (October–March).##As#water#levels#begin#to#rise#again#in#April,#fish#begin#upstream#
migrations#to# spawning#habitat#in#the#main#channel#and#tributaries.#The#lee+trap#fishery#targets#
these#upstream# spawning#migrations.#Spawning#typically#occurs#in#June#or#July#corresponding#to#
the# time# of# flow# reversal# in# the# Tonle# Sap# and# the# start# of# floodplain# inundation.# Larvae# and#
adults#return#(often# drifting#passively#with#the#flow)#to#colonise#downstream#floodplain#habitat#
where# they# feed#and# grow#until#water# levels#begin# to# fall#again# in#October.#Drifting# larvae#are#
sampled#by#the#larvae# monitoring#programme#between#June#and#September.#Other#species#may#
remain#resident# in# the# main#channel#or#on# the# floodplain# throughout# the#year,#or#may#exhibit#
similar# migratory# behaviour# but,# over# smaller# distances.# Other# generalist# species# may# adopt#
more#opportunistic#behaviour# according#to#the#prevailing#conditions”#(See#Figure#3.4Y2).#

!
!

!
!

!

!

!

!

!

Figure' 3.4+2.! The! generalized! lifeQcycle! and!
migration!model!for!important!whitefish!species!in!
the! LMB.! (Source:!Tharith,# Sophat# and# Phanara,#
2003,#Figure#33).!
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Similarity!
The#similarity#of#larvae#species#at#different#locations#in#the#Mekong#River#is#shown#in#Figure#3.4Y
3# below# (MRC,# 2015).# # Species# sampled# from# Kratie# to# the# Vietnamese# delta# show# higher#
similarity#and#are#quite#different# from#samples#further#upstream#at#Don#Sahong,#Kratie#etc.##For#
a#detailed#explanation,#see#MRC,#2015.#

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
!

Figure'3.4+3.!Average!linkage!cluster!(a)!and!MDS!(b)!analyses!on!the!species!abundance!
(Bray!Curtis!similarity)!of!the!fish!larvae!sampled!by!seine!netting!at!11!sites.!The!11!sites!
in!include:!LP!Luang!Prabang,!NK!Nong!Khai,!NP!Nakhon!Phanom,! UB!Ubon!Ratchathani,!PK!
Pakse,!DS!Don!Sahong,!ST! Stung!Treng,!KT!Kratie,!PP!Phnom!Penh!(Chaktomuk),!BS!Bassac!
River! (Vinh! Xuong,! An! Giang),!MK!Mekong! River! (Quoc! Thai,! An! Giang)! (Source:! MRC,!
2015;!Figure!3.13).!

!
Triggers!
For#the#Spawning#and#larvae#drift#the#following#triggers#are#considered:#

•! Discharge,#
•! Pater#level#and#
•! Pulses#

!
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Larvae&Drift&Pattern&
!

!
Figure'3.4+4.!Larvae!drift!from!Cambodian!larvae!surveys!2002=2013!and!the!regional!survey!2009!compared!to!Tonle!Sap!in!and!out!flow!(Blue!and!red!graphs),!water!levels!
at!Stung!Treng,!Pakse!and!Mukdahan!and!pulses!(sudden!rise!in!water!level)!for!important!species.!Large!pulses!that!triggered!spawning! are!marked!with!yellow!dots,!small!
pulses!with!small!green!dots!on!the!green!Stung!Treng!discharge! curve.!Triangles!denote!the!start!and!end!of!the!yearly!sampling.!Note!the!Log10!scale!for!Number!of! larvae!
pr.!water!volume!pr.!sample.!!

!
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The$larvae$sampling$by$IFReDI$normally$starts$around$June$and$lasts$until$October,$but$in$years$
2009$ and$2010$it$started$already$in$April$and$March.$The$regional$survey$had$a$single$sampling$
starting$ early$March$2009.$$Outside$these$periods$larvae$still$drift,$but$no$detailed$sampling$has$
taken$place.$
$
Specific$ high$ concentrations$ are$ found$ during$ the$ raising$ stage$ of$ the$ river.$ $ And,$ within$ the$
raising$ stage$significant$differences$in$larvae$concentrations$are$measured$(see$Figure$3.4K4).$$
(Note$the$log10$scale$ for$number$of$larvae).$
$
Relating$these$larvae$drift$peaks$to$the$pulses$in$discharge,$it$is$seen$that$the$drift$peak$(number$
of$ larvae)$ occurs$ after$ high$ discharge$ pulses$ (Marked$with$ yellow$ dots$ at$ their$ peak$ on$ the$
green$ discharge$graph$from$Stung$Treng).$$Between$such$pulses$drift$falls$to$a$lower$level.$The$
regional$ survey$in$2009$show$same$pattern,$although$fewer$samples$were$taken$(Black$dots$in$
2009).$ $At$the$ beginning$of$ the$sampling$periods$2009$and$2010$larvae$were$sampled$outside$
the$raising$stage$ period$showing$lower$levels$that$may$exist$during$all$the$dry$period.$
$
The$ larvae$species$composition$differs$at$different$places$on$the$Mekong.$ $An$overview$can$be$
seen$ in$similarity$graphs$(Figure$2$in$MRC,$2015).$
!
Larvae&Location&in&the&River&
Most$IFReDI$surveys$are$done$at$the$right$banks$(RB)$at$the$sampling$sites,$but$sampling$is$also$
done$ both$midKstream$(MB)$and$on$the$left$banks$(LB),$see$Figure$1$above$for$locations.$
$
The$ location$ or$ drifting$ larvae$ in$ the$ Mekong$ River$ around$ Phnom$ Penh$ at$ the$ MU$ and$ TS$
sampling$ sites$is$quite$similar$at$both$banks$and$in$the$middle$of$the$river$(see$Figure$3.4K5$and$
Figure$3.4K6).$$$
$
The$number$of$larvae$per$Volume$water$per$Sample$is$largely$the$same$in$the$years$2011,$2012$
and$ 2013$at$both$the$MU$and$the$TS$sampling$sites$on$Left,$Right$and$MidKstream.$ $Number$of$
samples$ on$the$RB$ is$much$higher$ than$on$the$MB$and$LB$locations,$but$ larvae$concentrations$
are$similar.$
!

!
Figure'3.4+5.!Number!of!larvae!per!sample!and!per!water!volume!at!the!MU!(Chaktomuk)!sampling!sites!left!(LB),!mid!(MB)!
and!right!(RB)!banks.!

!
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!
Figure'3.4+6.!Number!of!larvae!per!sample!and!per!water!volume!at!the!TS!(Tonle!Sap)!sampling!sites!left!(LB),!mid!(MB)!
and!right!(RB)!banks.!

!
The$evenly$distributed$larvae$contents$exist$even$the$velocity$is$quite$different,$at$the$same$
time,$in$ the$mainstream$Mekong$at$MU$and$in$the$Tonle$Sap$river$at$TS$(see$Figure$3.4K6$
and$Figure$3.4K7).$
$

!

!
Figure'3.4+7.!River!cross!section!of!the!Mekong!mainstream!at!the!MU!sampling!site!from!2003M07M03.!

!
!

!
Figure'3.4+8.!River!cross!section!of!the!Tonle!Sap!River!at!the!TS!sampling!site!from!2003M07M03.!
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Pulse&Size&and&Duration&
The$size$and$duration$of$the$pulses$that$trigger$spawning$(see$Figure$3.4K4)$are$significant.$$The$
rate$(change$ in$discharge/day)$increases$over$the$upKgoing$stage$period.$ $Later$pulses$require$
still$higher$rate$as$ they$propagate$already$considerable$water$masses$(see$Figures$3.4K9,$3.4K10$
and$3.4K11).$$
!

!
Figure'3.4+9.!Spawning!pulses:!The!rate!is!the!discharge!change!(increase)!per!day!at!Stung!Treng.!Blue!dots:!all!pulses.!
Yellow!dots:!Spawning!triggering!pulses,!see!Figure!3.4M4.!

!
Figure'3.4+10.!Rate!of!spawning!pulses!in!2009!and!2010.!Later!pulses!increase!with!more!than!2000!m3/s*day!(Zoom!of!
Figure!3.4M9).!

!
Figure'3.4+11.+Rate!of!spawning!triggering!pulses!and!their!duration!at!Stung!Treng!from!2006M2014.!Low!pulses!can!last!
longer!than!high!pulses,!otherwise!the!magnitude!and!duration!is!random.+
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Pulse&Velocity&
The$ propagation$ velocity$ of$ the$ pulses$ depends$ on$ the$water$ level.$ The$ higher$water$ level$ the$
faster$ the$ pulse$moves.$ The$ time$ for$ the$ pulse$ to$ get$ to$ the$ Tonle$ Sap$ /$ Delta$ flood$ plain$ at$
Phnom$Penh$ during$the$major$spawning$period,$varies$from$around$35$to$2$days,$dependent$on$
the$start$place$ and$different$water$levels.$$The$variation$is$considerable$over$the$year$(See$Figure$
3.4K12).$
!

!
Figure'3.4+12.!Flow!delay!from!different!locations!to!Phnom!Penh.!The!vertical!bars!show!the!larvae!sampling!periods.!The!
distances!are!measured!from!the!top!of!a!tributary!or!from!a!fixed!location!on! the!mainstream!to!Phnom!Penh.!The!velocity!
measurements!are!from!MRCS!ADCP!surveys!in!2011M! 2013.!

Larvae&Ages&
Larvae$ ages$are$ calculated$by$ correlating$ larvae$ lengths$ and$ages$ from$MRC,$ 2013b.$ Second$ to$
fourth$degree$ polynomials$are$calculated$and$restricted$in$validity$between$min$and$max$larvae$
lengths$ registered$ in$MRC,$2013b.$Larvae$age$ is$ then$ calculated$using$ registered$ length$ in$ the$

MRCS$larvae$database$as$ parameters$to$these$polynomials.$All$polynomials$have$a$R2$higher$than$
0.95.$

The$age$of$larvae$arriving$at$Phnom$Penh$varies$considerably,$from$a$few$days$to$around$50$days$
(see$Figure$3.4K13).$$The$mixed$ages$at$Phnom$Penh$can$be$explained$by$the$pulses$as$spawning$
triggers.$
$
When$a$major$pulse$starts$upstream,$mature$fish$start$spawning.$Eggs$and$larvae$flow$along$with$
the$ pulse$ and$ as$ the$ pulse$ passes$ locations$ downstream,$ spawning$ starts$ there.$ A$ spawning$
cascade$is$ created.$When$the$pulse$arrives$at$Phnom$Penh$it$carries$along$high$concentrations$of$
larvae$(and$ probably$also$the$mature$species$returning$to$the$floodplains).$
$
The$pulse$velocity$during$the$larvae$sampling$season$varies$with$the$discharge$and$in$2012K2013$
varied$between$35$and$3$days$for$equal$distances$(see$Figure$3.4K13).$$The$velocity$is$the$average$
velocity$ measured$by$ADCP.$Velocity$along$banks$and$river$bed$is$lover$and$the$age$distribution$
between$2K50$days$ (see$ Figure$3.4K13)$ is$ in$ line$with$ the$ average$pulse$velocity$ and$ the$pulse$
diverse$velocity$between$midKstream,$bed$and$banks.$
$

As$the$larvae$are$evenly$distributed$across$the$river$(see$Figures$3.4K5$and$3.4K6),$some$will$flow$
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slower$along$the$ banks$and$a$mix$of$ages$from$2K50$days$emerges.$$It$is$also$possible$that$some$
larvae$have$come$from$ further$upstream$than$Se$Done$ in$Lao$PDR$or$that$some$larvae$already$
have$grown$to$juvenile$size$ and$were$not$included$in$the$larvae$samples.$
!

!
Figure'3.4+13.!Age!of!larvae!arriving!at!Phnom!Penh!sampling!stations!MU!and!TS.!Data!from!2003M2005!are!probably!less!
accurate!than!data!from!2012M2013!as!different!sampling!methods!were!used.!

Arrival&Time&at&Phnom&Penh&
The$ spawning$ trigged$by$ large$water$pulses$and$ the$ subsequent$drift$ along$with$the$pulse$ can$
explain$that$larvae$arrive$at$the$Tonle$Sap$river$entrance$at$the$time$when$the$flow$reverses$into$
the$ lake$and$spreads$into$the$Vietnamese$delta$floodplain.$

The$larvae$ages$(50K2$days)$can$be$explained$by$the$drift$along$the$pulse$at$the$various$flow$rates$
at$ midstream$ and$ along$ the$ banks$ or$ bed$ and$ form$ spawning$ in$ different$ locations$when$ the$
pulse$ passes.$$The$timing$of$arrival$is$then$perfect,$as$the$same$large$pulse$provides$the$inflow$to$
the$ Tonle$ Sap$ Lake$ and$ spreads$ into$ the$ southern$ floodplains–Kmagnificent$ orchestration$ by$
nature$(see$Figure$3.4K14).$
$
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!

&
&

Conclusions&
Spawning$ is$ triggered$by$ the$upKgoing$stage$and$by$ large$pulses,$often$with$rates$of$500$ K2500$
m3/s$ per$day.$ $ The$ larvae$ arrive$ at$Phnom$Penh,$when$reversal$ into$ the$Tonle$ Sap$Lake$ takes$
place$by$the$ same$large$pulses$because$the$larvae$drift$with$the$pulse.&
$
The$concentration$of$different$ages$can$be$explained$by$a$spawning$cascade$as$the$pulse$moves$
downKstreamK–when$ the$ pulse$ arrives$ at$ a$ specific$ location,$ fish$ start$ spawning;$ and$ a$mix$of$
drift$ velocities$near$banks,$bottom$and$midstreams.$The$even$distribution$in$the$river$between$
left,$right$ banks$and$mid$river$suggest$a$mixed$flow$velocity$creating$a$mixed$age$composition.$
$
The$triggers$for$the$major$spawning$events$are$the$increasing$water$level,$discharge$and$larger$
pulses.$

Figure'3.4+14.!Year!2008!larvae!arrival!time!at!the!TS!and!MU!monitoring!stations!in!Phnom!Penh.!The!arrows!show!the!

peaking!of!the!larvae!concentration!aligned!with!the!pulse!peaks.!For!graph!explanations,!see!Figure!3.4M4.!
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Dai&fisheries&1994G2014&

!

!

)
Figure!3.5Z1.!Dai!catch!row!3.!Image!Google!Earth.!2016.!

!
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Definitions%
Trend:'Is#an#underlying#pattern#of#behaviour#in#a#time#series,#which#could#be#partly#or#nearly#
completely# hidden#by#the#recognized#amounts#of#unexplained#variation#in#the#time#series#
(noise).###############

#Variability:'Denotes#how#stretched#or#squeezed#a#distribution#is.#Variability#is#typically#
measured#by#the# quotients#of#mean#and#standard#deviation.#

Change:'Is#the#transition#from#one#state#to#another#significantly+different+state,#ex#change#in#
variability#or#trend.#A#5%#significance#level#is#used#(p+<0.05).!!

Dai%Fisheries%

Dai#fisheries#or#Bagnet#fisheries,#is#a#special#
kind# of# fisheries# setup# in# the# Tonle# Sap#
River# from#Phnom#Penh#and#around#35#km#
upstream.# Today# there# are# 14# rows#
numbered#from#2P15#(Row#1#was#removed),#
see#Figure#3.5P2.#
#
Bagnet# fishers# are# allowed# to# set# up#
operations# middle# of# September# and# start#
catching# early# October.# They# continue#
fishing#until#March#when#the#current#out#of#
the# Tonle# Sap#River# has# become# slow.# # Dai#
units# are# operated# singly,# but# are# joined#
with# three# to# eight# others# in# rows# across#
the# river,# which# sometimes# form# large#
barrages# that# leave# just# enough# space# for#
navigation.#
#
The# MRCS# fisheries# database# contains# Dai#
fisheries# data# from# 1994# till# 2014.# The#
sampling# has# changed# over# time# regarding#
both# frequency# and# sites.# A# detailed#
description# can# be# found# in# (Halls# et+ al.,#
2013).#

This# analysis# does# not# calculate# total# catch#
or#catch#per#unit#effort#(CPUE)#but# looks#at#
the# timing,# trends# and# variability# in# the#
samples# and# links# these# to# fish# migration#
patterns# and# triggers.# Since# 2008# the# data#
was# divided# into# small# and# big# fish# catch#
samples.# The# distinction# between# big# and#
small#fish#is#made#by#the#fishermen.#
# # # # #
# # # # # # Figure'3.5+2.!Dai!fisheries!row!2?!15!locations.# !
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The# migration# pattern# is# described# by# temporal# and# locational# trends# correlated# with#
migration# triggers.#
!

Triggers%
For#the#Dai#fisheries#the#following#migration#triggers#are#considered:#

•! Discharge,#water#level#and#current#changes#
•! Lunar#cycle#(Phases)#

!

!

!

Figure'3.5+3.!Lunar!phases:!Four!phases!from!new!moon,!first!quarter,!full!moon!and!last!quarter.!Here!the!terms!Q1,!Q2,!

Q3!and!Q4!are!used.!Source:!Wikipedia:!https://en.wikipedia.org/wiki/Lunar_phase!

Migration%Pattern%
The#main#migration#pattern#related#to#the#Dai#fisheries#has#been#described#before,#see#ex.#Deap#
Loeung#or#Halls,#et#al.,#2013.#
!

!
Figure'3.5+4.!The!combination!of!Dai!Catch!of!Big!fish!from!2008!to!2014!with!flow!into!and!out!of!the!Tonle!Sap!Lake,!the!

Lunar!cycles!and!water!level!at!Prek!Kdam!hydro!meteorological!station.!The#zero#(0)# line#divides#the#Tonle#Sap#inflow#
and#outflow;#negative#values#denotes#inflow,#positive#values# outflow.# Red# and# yellow# points# show#when# flow#
changes# from# in# to# out# (red)# and# from# out# to# in# (yellow).##!
+

From#Figure#3.5P4#it#can#be#seen#that#the#migration#out#of#the#Tonle#Sap#Lake#has#at#least#three#
triggers,#the# start#of#the#major#outflow,#the#falling#water#level#and#the#lunar#phases.#The#actual#
start#may#not#be# recorded#as#the#Dai# fisheries#sampling#starts#at#different#times#in#October#or#
November,# shortly# after# the# flow# reverses# to# outflow# –and# then# at# the# time# when# the# lunar#
phase#enters#Q2.# #During#Q2#and# Q3#the#migration#out#is#peaking,# to#slow#down#until#the#next#
Q2PQ3#period.#A# total#of#5#such#periods# were#recorded# for#big# fish#species# from#2008#to#2014#
ending#at# the# time# the#water# level# in# the#Tonle#Sap# lake#gets#near# its# annual#minimum#of# less#
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than#2#km3#of#volume.#For#the#Tonle#Sap#Lake#area#and# volume,#see#NHI,#2016.#
#
A#high# concentration#of# suspended# sediments# is#mainly# related# to# the# inflow# to# the#Tonle# Sap#
Lake# and#is#therefore#not#found#to#be#a#migration#trigger#(NHI,#2016).#
!

Variability%
Variability!in!Dai!catch!season'

The#start#and#end#of# the#Dai# fisheries# is# legally#regulated# from#October# to#March#and# the#start#
and# end# times# of# the# year# has# not# changed# significantly# over# the# period# from# 2008# to# 2014.#
Average# Start# day# of# year#was# 296# (24.10)# and# average# End# day# of# year#was# 61# (02.03)# the#
following#year,#see#Figure#3.5P5.#
!
!

!
Figure'3.5+5.!Start!end!day!of!year!and!duration!in!days!of!Dai!fisheries.!

The#end#day#for#the#major#inflow#to#the#Tonle#Sap#Lake#is#also#the#start#day#for#the#major#outflow#
which#is#on#average#day#280#of#the#year.##This#is#16#days#(296P280)#before#the#average#Dai#catch#
started#in#the#period#from#2009P2014#(see#Table#3.5P1).#
#
The# average# 10# days# delayed# start# of# the# major# outflow# from# the# Tonle# Sap# Lake# has# not#
influenced# the#start#of#the#Dai#fisheries#as#it#still#starts#later#in#October#regulated#by#legislation#
(Table#3.5P1).#
#
Table'3.5+1.!Inflow!day/outflow!day!to!the!Tonle!Sap!Lake.!

! Inflow'day! Outflow'day!
! Avg'2009+14! Avg'60+08! Avg'2009+14! Avg'60+08!
Average! 193.8! 179.0! 279.8! 269.8!

Diff! 14.8! 10.0!

Stdv! 13.4! 24.8! 9.0! 13.0!

! t?test!60?08!to!09?14! t?test!60?08!to!09?14!

! 0.057! 0.046!

t?test,!two!tailed,!different!variance,!α=0.05!

*Exclusive!1972?1990!because!of!invalid!data,!see!NHI,!2016.!
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Variability!in!catch'

Dai# catch# sampling# separated# the# catch# into# small# and# big# species# in# 2008.# Before# that,# both#
small# and# big# species#were#mixed,# see# Figures# 3.5P6# and#3.5P7.# # The# sampling# from#Dai# catch#
show# large#variability# for# both#small#and#big# important# species.#Especially# for#big#species# less#
than#10#species#dominate# the# catches.#Species#numbers#refer# to#MRCS#Dai#catch#database#and#
registered# as# important# in# the# MRCS# species# list.# # Also# over# time# (years)# there# are# large#
variations.##Of#the#37#important#species#represented# in#the#samples,#29#big#species#and#15#small#
species#count#low#numbers.##Temporally,#there#are#large# variations#between#years#related#to#the#
Total#Flow#(TF)#through#the#Tonle#Sap#Lake.#
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

+
!
!!

Figure'3.5+6.!Sampling!sizes!of!important!small!species!1994?2014!from!Dai!fisheries.!Zoom!for!high!resolution!image.!

Figure'3.5+7.!Sampling!sizes!of!important!big!species!2008?2014!from!Dai!fisheries.!
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The#Dai#catch#is#closely#related#to#the#Total#Flow#(TF)#passing#through#the#Tonle#Sap#Lake.#

#

In#Halls#et+al.#(2013),#a#relation#between#a#calculated#Flood#Index#(FI)#(see#definition#in#Table#3.5P
2#explanation#box#and# details#in#Halls#et#al.,#2013)),#and#Dai#catch#by#Weight#and#CPUE,#provides#a#

model#to#estimate#these#values#based#on#the# Flood#Index.#

#

“The#model# explains# almost# 70%#of# the# variation# in# the#observed# catch# rates#….#and# the#model#

residuals#are#reasonably#well#behaved”#(Halls#et+al.,#2013).##See#explanation#box#under#Table#3.5P2.#
#

The# remaining# variation# may# be# explained# later# by# changes# in# nutrients# and# oxygen#

concentrations# etc.#
!

!
Figure'3.5+8.!Tonle!Sap!Lake!total!in!and!out!flow,!Flood!Index!and!Dai!catch!by!weight!of!all!species.!Note!the!constant!
inflow!around!40km3/Y!form!the!Mekong!River.!

Using#the#model#formulas,#the#expected#mean#sampled#fish#weight#and#CPUE#is#calculated#for#the#

periods# 1991P2007#and#for#2008P2014,#indicating#that#the#decline#in#fish#weight#and#CPUE#during#

the#period#2008P2014#is#related#to#the#FI#(see#Table#3.5P2.#Explanation#box).#

Table'3.5+2.!*Mean!sampled!fish!weight!(all!species!combined).!FI:!Flood!Index.!TF:!Total!Flow!

Period! FI! *Weight'(kg)! CPUE! Correlation! R2!

Avg'91+07! 642266! 0.011906! 235.3466! 2004+14'Weight'per'haul'+'FI! 0.78!
Avg'08+14! 491227! 0.009886! 184.6469! 2004+14'Weight'per'haul'+'TF! 0.81!
%'diff! 76.48! 83.03! 78.46! TF'+'FI! 0.90!

 

 
#

Table 3.5-2 Explanation box: (TS-GL: Tonle Sap Lake -Great Lake). Halls et al., 2013. 

“A flood index (FI) is used to quantify both the extent and duration of the flood each year, (y): 
Where (FAy,d) is the flooded area of the TS-GL System in year (y) on day (d), measured above the mean 
flooded area for the model period 1 January 1997 to 31 March 2009. FIy = Σd (FAy,d)” 

 
“The model predicts that fish biomass, indicated by the mean daily catch rate of a dai unit during the fishing 
season (October–March), increases exponentially with the (FI)… as follows: 

CPUE = 83.88.e1.6063E–06*FI” 

 
“The relationship between mean sampled fish weight (all species combined) and the flood index with fitted 
exponential model. Weight = 0.0054e1.231E–06FI. R2 = 0.59.” 
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The#Flood#Index#is#an#approximation#of#the#total#Flow#(TF)#of#water# in#the#Tonle#Sap#Lake,#see#
Figure#3.5P8.##The# correlation#between#the#Flood#Index#(FI)#and#the#Total#Flow#(TF)#is#0.90#(see#
Table#3.5P2).#

#
Relating#the#catch#weight#per#haul#to#FI#and#TF#gives#high#correlation#coefficients.#For#the#period#
2004P2014#the#coefficients#are#0.78#and#0.81,#indicating#that#the#TF#is#a#slightly#better#parameter#
than#FI# explaining#the#variations#in#Dai#catch#(see#Figure#3.5P8).#
#
The#calculated#decrease#in#Table#3.5P2#in#mean#samples#fish#weight#and#CPUE#can#be#explained#
by# the# change# in# total# Total# Flow# in# The# Tonle# Sap# Lake,# not# by# change# in# inflow# from# the#

Mekong#River,#which#was# almost#constant#around#40.2#km3/Y#with#a#standard#deviation#of#7.5#

km3/Y.#The#large#variations#if#Total# Flow#(TF)#comes#from#the#Tonle#Sap#Lake#catchment#itself#
(see#Figure#8).##The#expected#change#in#inflow# because#of#change#in#water#level#in#the#dry#and#
wet#seasons#(See#Figure#3.5P1P3)#has#so#far#not#changed#the#Mekong#inflow#volume.#
#

Conclusions%
The#Dai#catch#fisheries#from#October#to#March#are#based#on#the#out#migration#from#the#Tonle#Sap#
Lake.# During#the#downPgoing#stage#the#major#trigger#is#the#lunar#phases.#
#
During#Q2#and#Q3#migration#peaks#and#during#the#down#going#stage#this#happens#5#times#(over#5#
months).#The#sediment#concentrations#peak#during# the#upPgoing#stage#and# is#not#considered#a#
trigger.#
#
The#catch#is#strongly#correlated#to#the#Total#Flow#of#water#passing#through#the#Tonle#Sap#Lake.#
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Annex&3.6:&&

Lee&trap&fisheries&1994G2013&

!

!

Figure!3.6Z1.!Lee!traps!fisheries!on!the!Khone!Falls.!

!

!
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Definitions%
Trend:' Is# an#underlying#pattern#of#behaviour# in#a# time#series,#which#could#be#partly#or#
nearly# completely#hidden#by#the#recognized#amounts#of#unexplained#variation#in#the#time#
series#(noise).# #

Variability:'Denotes#how#stretched#or#squeezed#a#distribution# is.#Variability# is# typically#
measured#by# the#quotients#of#mean#and#standard#deviation.#

Change:'Is#the#transition#from#one#state#to#another#significantly+different+state,#ex#change#
in# variability#or#trend.##A#5%#significance#level#is#used#(p+<0.05).#

Lee%Trap%Fisheries%
The#monitoring#of#the#Lee# trap#fisheries#began#in#1994# in#the#Hoo#Som#Yai#channel# below#the#
Khone#falls#(see#Figures#3.6R1#and#3.6R2).#
#
Monitoring#was#conducted# over#a#fiveRweek#period# between#May#24#and#June#30# with#samples#
collected# three# times# each# week# until# 2008,# where# the# monitoring# period# was# extended# by#
three# months#until#the#end#of# September,#as#the#traps#are# then#either#submerged#or# destroyed#
by#rising#flood#waters#(MRC,#2013).#
#
The#MRCS#database#contains# Lee#trap#fisheries#data#from#1994#to#2013.#
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
!
!
This#analysis#does#not#calculate#total#catch#or#catch#pr.#unit#effort#(CPUE)#but#looks#at#the#timing,#
trends#and#variability#in#the#samples#and#links#these#to#fish#migration#patterns#and#triggers.#Since#
2008#where#sampling#was#extended#and#only#data#from#this#period#is#used.#
#

Figure'3.6+2.!Lee!trap!fisheries!sampling!locations!and!locations!of!above!images!(Arrows).!
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The# migration# pattern# is# described# by# temporal# and# locational# trends# correlated# with#
migration# triggers.#
!

Triggers%
For#the#Lee#trap#fisheries,#the#following#migration#triggers#are#considered:# #

•! Discharge##
•! Water#
•! level#and#
•! Current#changes#

!
Migration%Pattern%
The#migration#pattern#has#been#described#before,#see#ex.#MRC,#2013.##
!

!
+
+
+

!
!

The#Lee#trap#fishery#takes#place#during#the#up#going#stage#of#the#Mekong#River.##In#years#2009,#
2010# and#2012,#2013#it#is#clear#that#the#major#catches#take#place#at#the#first#up#going#stage,#after#
which#it# continues#during#the#wet#season#at#an#almost#constant#level.##In#2009,#the#registration#
continued#until# end#of#December#and#showed#a#gradual#decline#in#catch#weight,#see#Figure#3.6R2#
–#yellow#dots,#example#arrow# in#2012.##The#general#catch#further#south#at#Kratie#goes#on#all#year#
(green#dots#under#the#xRaxis).#
#
As# catch# is#almost# constant#after# the# initial#peak,#no#visible# connection# to# the#Lunar#phases# is#
seen.# The#trigger#is#the#up#going#stage#/#increased#discharge#and#velocity.#
#
The# upstream# migration# LMS# (Lower# Mekong# System)# species# in# preparation# for# spawning,#
probably# in#the#MMS#(Middle#Mekong#System).#
#
Conclusion%
The#Lee#trap#fishery#starts#with#the#up#going#stage#of# the#Mekong#River#where#a#peak# in#catch#
occurs.# Thereafter#an#almost#constant#but#slightly#falling#catch#level#(measured#by#weight)#was#
recorded.# #With# an# extended# period# in# 2009# until# December# this# trend# continued# during# the#
whole#period.#
#
No# relation# to# Lunar# cycles# were# recorded.# # The# trigger# for# the# upstream# migration# is# the#
increase#in# discharge#/#velocity.#

Figure'3.6+3.!The!combination!of!Lee!trap!catch!from!2008!to!2013!with!flow!into!and!out!of!the!Tonle!Sap!Lake,!the!
Lunar!cycles!and!water!level!at!Prek!Kdam!hydro!meteorological!station.!The!zero!(0)!line! divides!the!Tonle!Sap!inflow!
and!outflow;!negative!values!denotes! inflow,!positive!values!outflow.! Red!and!yellow!dots!show!when!flow!changes!
from! in! to!out! (red)!and! from!out! to! in! (yellow).! Yellow! dots!mark! the! Lee! trap! fisheries! per!weight.! Zoom! for!high!
resolution!image.!
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Fish%collection%sites%in%the%Xe%Kong%Basin.%

NHI$site$
number$ Latitude$ Longitude$

Elevation$
(m)$

Stream$
Size$ Source$ Project$Site$Number$

1! 14.5956! 106.5564! 80! large! Kotellat!2011! 097056!
2! 14.6086! 106.5522! 80! large! Kotellat!2011! 097057!
3! 14.6128! 106.5536! 80! large! Kotellat!2011! 097055,!097059,!097060!!
4! 14.6200! 106.5550! 80! large! Kotellat!2011! 097058!
5! 14.6206! 106.5528! 80! large! MRCS! 113!
6! 14.6350! 106.5839! 80! large! MRCS! 112!
7! 14.6758! 106.5858! 82! large! MRCS! 114!
8! 14.6794! 106.4842! 90! small! Kotellat!2011! 097052,!097053!
9! 14.6925! 106.4781! 86! small! Kotellat!2011! 097051,!097051A,!097054!

10! 14.7253! 106.4950! 90! medium! Kotellat!2011! 097050!
11! 14.9000! 107.1500! 134! medium! MRCS! 589!
12! 14.9072! 106.8483! 95! large! MRCS! 117!
13! 14.9356! 107.0519! 160! small! Kotellat!2011! 097061,!097061A!
14! 14.9386! 106.8869! 100! large! MRCS! 116!
15! 14.9497! 106.8839! 110! small! MRCS! 115!
16! 15.2450! 106.7519! 120! medium! Kotellat!2011! 097062!
17! 15.2586! 106.7733! 130! small! MRCS! 120!
18! 15.2706! 106.7436! 119! large! MRCS! 119!
19! 15.2908! 106.9461! 240! small! Kotellat!2011! 097066!
20! 15.2989! 106.9031! 206! small! Kotellat!2011! 097067!
21! 15.3089! 106.7119! 117! large! MRCS! 118!
22! 15.3164! 106.6408! 153! small! Kotellat!2011! 097071,!097072!
23! 15.4811! 106.7247! 143! large! Kotellat!2011! 097065!
24! 15.5047! 106.7672! 146! large! Kotellat!2011! 097064!
25! 15.5125! 106.8008! 162! small! Kotellat!2011! 097063!
26! 15.7150! 106.8025! 190! large! Kotellat!2011! 097068,!097069!
27! 15.7344! 106.7494! 194! large! Kotellat!2011! 097070!
28! 15.9853! 106.9423! 320! large! Xe!Kong!5!EIA!2008! Xe!Kong!5!EIA!2008!
29! 14.7825! 107.1558! 158! small! Kotellat!2009! 117033!
30! 14.7925! 107.4350! 370! small! Kotellat!2009! 117032!
31! 14.9814! 107.0611! 201! small! Kotellat!2009! 117030!
32! 15.0064! 107.0855! 227! medium! Kotellat!2009! 117029!
33! 15.0578! 106.6028! 731! medium! Kotellat!2009! 117041!
34! 15.2300! 107.1968! 858! small! Kotellat!2009! 117031!
35! 15.3609! 107.2030! 1118! medium! Kotellat!2009! 117040!
36! 15.4553! 107.2704! 1197! small! Kotellat!2009! 117038!
37! 15.4848! 107.1852! 1225! small! Kotellat!2009! 117036!
38! 15.5121! 107.3215! 1112! small! Kotellat!2009! 117034!
39! 15.5177! 107.2242! 1188! small! Kotellat!2009! 117035!!
40! 15.5209! 107.3328! 977! medium! Kotellat!2009! 117039!!
41! 15.5735! 107.2174! 1166! medium! Kotellat!2009! 117037!

%
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Combined%species%list%of%MRCS,%Kottelat%2009%&%2011,%and%the%Xe%Kong%5%EIA

!
Acanthocobitis!sp.!n.!'Xe!Kong'!
Acanthopsoides!delphax!
Acanthopsoides!gracilentus!
Acanthopsoides!hapalias!
Acantopsis!sp.!
Akysis!ephippifer!
Akysis!inermis!
Akysis!varius!
Albulichthys!albuloides!
Amblyceps!serratum!
Amblyrhynchichthys!truncatus!
Anabas!testudineus!
Anguilla!marmorata!
Annamia!normani!
Annamia!sp.!n.!'Bolaven'!
Auriglobus!nefastus!
Bagarius!bagarius!
Bagarius!suchus!
Bagarius!yarrelli!
Bagrichthys!macracanthus!
Bagrichthys!obscurus!
Balitora!annamitica!
Bangana!behri!
Barbonymus!altus!
Barbonymus!gonionotus!
Belodontichthys!truncatus!
Botia!helodes!
Botia!modesta!
Brachirus!harmandi!
Catlocarpio!siamensis!
Channa!gachua!
Channa!micropeltes!
Channa!striata!
Chitala!blanci!
Chitala!ornata!
Cirrhinus!jullieni!
Cirrhinus!microlepis!
Cirrhinus!molitorella!
Cirrhinus!spilopleura!
Clarias!batrachus!
Clarias!gariepinus!
Clarias!macrocephalus!
Clupeichthys!aesarnensis!

Clupisoma!sinensis!
Cosmochilus!harmandi!
Crossocheilus!atrilimes!
Crossocheilus!oblongus!
Crossocheilus!reticulatus!
Cyclocheilichthys!enoplos!
Cyclocheilichthys!repasson!
Cyclocheilicthys!enoplos!
Cyclocheilicthys!sp!
Cynoglossus!microlepis!
Cyprinus!carpio!
Dasyatis!laosensis!
Datnioides!undecimradiatus!
Devario!gibber!
Doryichthys!contiguus!
Esomus!metallicus!
Garra!cambodgiensis!
Garra!cyrano!
Garra!fasciacauda!
Glyptothorax!filicatus!
Glyptothorax!lampris!
Glyptothorax!laosensis!
Glyptothorax!zanaensis!
Gyrincheilus!aymonieri!
Gyrinocheilus!aymonieri!
Gyrinocheilus!pennocki!
Hampala!dispar!
Hampala!macrolepidota!
Helicophagus!waandersii!
Hemibagrus!nemurus!
Hemibagrus!spilopterus!
Hemibagrus!wyckioides!
Hemimyzon!khonensis!
Hemimyzon!sp!
Hemisilurus!mekongensis!
Henicorhynchus!cryptopogon!
Henicorhynchus!lineatus!
Henicorhynchus!lobatus!
Henicorhynchus!siamensis!
Heterobagrus!bocourti!
Homaloptera!confuzona!
Homaloptera!smithi!
Homaloptera!tweediei!
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Homaloptera!yunnanensis!
Hyporhamphus!limbatus!
Hypsibarbus!lagleri!
Hypsibarbus!pierrei!
Hypsibarbus!sp.!
Kryptopterus!bicirrhis!
Kryptopterus!cryptopterus!
Labeo!chrysophekadion!
Labeo!dyocheilus!
Labeo!pierrei!
Labeo!pierri!
Labiobarbus!leptocheila!
Labiobarbus!siamensis!
Laides!longibarbis!
Laocypris!sp.!n.!'Xe!Kong'!
Lates!calcarifer!
Lepidocephalichthys!hasselti!
Leptobarbus!hoevenii!
Lobocheilos!melanotaenia!
Lobocheilos!rhabdoura!
Lobocheilos!sp!
Luciosoma!bleekeri!
Luciosoma!spp!
Lycothrissa!crocodilus!
Macrochirichthys!macrochirus!
Macrochirichtys!macrochirus!
Macrognathus!semiocellatus!
Macrognathus!siamensis!
Macrognathus!teaniagaser!
Mastacembelus!armatus!
Mastacembelus!favus!
Mekongina!erythrospila!
Micronema!apogon!
Micronema!bleekeri!
Micronema!cheveyi!
Micronema!micronemus!
Monopterus!albus!
Monotrete!cambodgiensis!
Monotrete!cochinchinensis!
Monotrete!suvattii!
Monotrete!turgidus!
Mystacoleucus!atridorsalis!
Mystacoleucus!marginatus!
Mystus!atrifasciatus!
Mystus!singaringan!
Nemacheilus!longistriatus!

Nemacheilus!pallidus!
Nemacheilus!platiceps!
Neolissochilus!blanci!
Notopterus!notopterus!
Ompok!bimaculatus!
Onychostoma!meridionale!
Opsarius!koratensis!
Opsarius!pulchellus!
Osphronemus!exodon!
Osteochilus!hasselti!
Osteochilus!hasseltii!
Osteochilus!lini!
Osteochilus!melanopleura!
Osteochilus!microcephalus!
Osteochilus!schlegeli!
Osteochilus!waandersii!
Oxyeleotris!marmorata!
Pangasianodon!hypophthalmus!
Pangasius!bocourti!
Pangasius!conchophilus!
Pangasius!krempfi!
Pangasius!kunyit!
Pangasius!larnaudii!
Pangasius!polyuranodon!
Pangasius!sanitwongsei!
Pangasius!siamensis!
Pangasius!sp.!(juv.)!
Pangio!anguillaris!
Pangio!fusca!
Papuligobius!ocellatus!
Parachela!maculicauda!
Paralaubuca!barroni!
Paralaubuca!riveroi!
Paralaubuca!typus!
Parambassis!cf.!siamensis!
Parambassis!siamensis!
Plotosus!canius!
Poropuntius!bolovenensis!
Poropuntius!carinatus!
Poropuntius!laoensis!
Poropuntius!lobocheiloides!
Poropuntius!normani!
Pristolepis!fasciata!
Probarbus!jullieni!
Probarbus!labeamajor!
Pseudolais!pleurotaenia!
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Pseudomystus!siamensis!
Pteropangasius!micronemus!
Pteropangasius!pleurotaenia!
Puntioplites!falcifer!
Puntioplites!proctozysron!
Puntis!brevis!
Puntius!arotaeniatus!
Puntius!aurotaeniatus!
Puntius!brevis!
Puntius!rhombeus!
Raiamas!guttatus!
Rasbora!amplistriga!
Rasbora!atridorsalis!
Rasbora!borapetensis!
Rasbora!daniconius!
Rasbora!myersi!
Rasbora!paviana!
Rasbora!rubrodorsalis!
Rasbora!trilineata!
Rhinogobius!taenigena!
Scaphiodonichthys!acanthopterus!
Scaphiodonichthys!sp.!n.!'Dakchung'!
Scaphognathops!bandanensis!
Scaphognathops!stejnegeri!
Scatophagus!argus!
Schapioodonichthys!acanthopterus!
Schistura!bolavenensis!
Schistura!clatrata!
Schistura!dorsizona!
Schistura!fusinotata!

Schistura!imitator!
Schistura!khamtanhi!
Schistura!nomi!
Schistura!sp.!
Schistura!sp.!n.!'Bolaven'!
Schistura!sp.!n.!'Dakchung'!
Schistura!tizardi!
Serpenticobitis!octozona!
Sewellia!diardi!
Sewellia!elongata!
Sewellia!sp!
Sewellia!sp.!n.!'Dakchung'!
Sewellia!speciosa!
Sikukia!gudgeri!
Sundasalanx!mekongensis!
Syncrossus!beauforti!
Systomus!sp!
Tenualosa!thibaudeaui!
Thynnichthys!thynnoides!
Tor!laterivittatus!
Tor!sinensis!
Tor!tambra!
Tor!tambroides!
Trichogaster!trichopterus!
Trichopsis!schalleri!
Trichopsis!vittata!
Wallago!attu!
Wallago!leerii!
Xenentodon!canciloides!
Yasuhikotakia!nigrolineata!

%

%

%

% %
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Annex!5.2:!!Roster!of!Contributors!to!Findings!and!Conclusions!

The$ Findings$ and$ Conclusions$ from$ the$ workshop$ of$ Xe$ Kong$ fisheries$ experts$ reflects$ the$
inputs$ from$ participants$ in$ the$ workshop,$ providers$ of$ materials$ used$ in$ the$ workshop,$
individual$consultations,$and$reviewers$providing$comments.$$$$

LAO!EXPERTS—LISTED!ALPHABETICALLY!BY!GIVEN!NAME!

EXPERT! AFFILIATION! NATURE!OF!CONTRIBUTION!
AKHANE!PHOMSOUVANH! DEPUTY!DIRECTOR,!DEPARTMENT!

OF!LIVESTOCK!AND!FISHERIES!
COMMENTER!

BOUNTHONG!SAPHAKDY! DIRECTOR!GENERAL,!DEPARTMENT!
OF!LIVESTOCK!AND!FISHERIES!

COMMENTER!

BOUTTAVONG!SOMVANG! DIRECTOR!GENERAL,!MINISTRY!OF!
NATURAL!RESOURCES!AND!
ENVIRONMENT!

PARTICIPANT!IN!WORKSHOP!

DOUANGKHAM!SINGHANNOUVONG! DIRECTOR!GENERAL,!LAO!AQUATIC!
RESOURCES!RESEARCH!CENTER!

COMMENTER!

KAVIPHONE!PHOUTHAVONG! LAO!AQUATIC!RESOURCES!
RESEARCH!CENTER!

COMMENTER!

OUDOM!PHONEKHAMPENG! VICE!PRESIDENT,!NATIONAL!
UNIVERSITY!OF!LAO!

COBHOST!AND!PARTICIPANT!IN!
WORKSHOP!

PHOUVIN!PHOUVASANH! PROFESSOR,!NATIONAL!
UNIVERSITY!OF!LAO!

PARTICIPANT!IN!WORKSHOP!

SANHYA!SOMVICHITH! MINISTRY!OF!ENERGY!AND!MINES! PARTICIPANT!IN!WORKSHOP!
SEUMEE!SOULITA! VICE!DIRECTOR,!SEKONG!

PROVINCIAL!OFFICE!OF!
AGRICULTURE!AND!FORESTRY!

PARTICIPANT!IN!WORKSHOP!AND!
COMMENTER!!

SOMPHAN!PHANOUSIT! LAO!AQUATIC!RESOURCES!
RESEARCH!CENTER!

PARTICIPANT!IN!WORKSHOP!

SOUVANNY!PHOMMAKONE! DEPARTMENT!OF!LIVESTOCK!AND!
FISHERIES!

COMMENTER!

VIENXAY!SOPHACHANH! LAO!NATIONAL!MEKONG!
COMMITTEE!

PARTICIPANT!IN!WORKSHOP!

VILAYPHONE!VOLAPHINE! DIRECTOR,!ATTAPEU!PROVINCIAL!
OFFICE!OF!AGRICULTURE!AND!
FORESTRY!

PARTICIPANT!IN!WORKSHOP!AND!
COMMENTER!

VITHOUNLABANDITH!
PHATHOUMMABUD!

MINISTRY!OF!ENERGY!AND!MINES! WORKSHOP!PARTICIPANT!

VONSINE!VONGINKHAM! MINISTRY!OF!NATURAL!
RESOURCES!AND!ENVIRONMENT!

PARTICIPANT!IN!WORKSHOP!

!

!

!

!
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FOREIGN!EXPERTS—LISTED!ALPHABETICALLY!BY!SURNAME!

EXPERT! AFFILIATION! NATURE!OF!CONTRIBUTION!
IAN!BAIRD! PROFESSOR,!UNIVERSITY!OF!

WISCONSIN!
PARTICIPANT!IN!WORKSHOP!AND!
COMMENTER!

ERIC!BARAN! WORLD!FISH!CENTER! PROVIDED!MATERIALS!FOR!
WORKSHOP!

KENT!CARPENTER! PROFESSOR,!OLD!DOMINION!
UNIVERSITY!

COMMENTER!

PHEN!CHHENG! DIRECTOR!GENERAL,!INLAND!
FRESHWATER!RESEARCH!AND!
DEVELOPMENT!INSTITUTE!OF!
CAMBODIA!

PARTICIPANT!IN!WORKSHOP!AND!
COMMENTER!

IAN!COWX! PROFESSOR,!UNIVERSITY!OF!HULL! PROVIDED!MATERIALS!FOR!
WORKSHOP!

ASHLEY!HALLS! CONSULTANT! PARTICIPANT!IN!WORKSHOP!
KENT!HORTLE! CONSULTANT! PARTICIPANT!IN!WORKSHOP!
ERLAND!JENSEN! CONSULTANT,!NHI!TEAM!! PARTICIPANT!IN!WORKSHOP!
MAURICE!KOTTELAT! CONSULTANT! INDIVIDUAL!CONSULTATION!
MARTIN!MALLENBCOOPER! CONSULTANT,!NHI!TEAM! PARTICIPANT!IN!WORKSHOP!
PETERBJOHN!MEYNELL! CONSULTANT! INDIVIDUAL!CONSULTATION!
SO!NAM! MEKONG!RIVER!COMMISSION!

SECRETARIAT!
PARTICIPANT!IN!WORKSHOP!

VORADETH!PHONEKEO! MEKONG!RIVER!COMMISSION!
SECRETARIAT!

PARTICIPANT!IN!WORKSHOP!

GREGORY!THOMAS! NHI!TEAM! COBHOST!AND!PARTICIPANT!IN!
WORKSHOP!

BINH!DANG!THUY! PROFESSOR! PARTICIPANT!IN!WORKSHOP!
TERRY!WARREN! NHI!TEAM! PARTICIPANT!IN!WORKSHOP!
!
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ຏຌົຂບຄກາຌຘຌົະຌາ ແຖະ ຘະນ ຼຸຍຂ ýຈເນຌັ  

າກ 

ກາຌຘ າຓະຌາຍຌັຈາຏ ຆໆຽທຆາຌຈ າຌກາຌຎະຓຄົໃຌແຓໆຌ າເຆກບຄ  
ຌະບຌນ ທຄທຽຄຌັ, ຘຎຎ ຖາທ 

26 - 27 ກຌັງາ 2016 

 

 
ໃຌຖະນທໆາຄທຌັþ 26 – 27 ເຈĀບຌກຌັງາ ຎþ 2016, ຓະນາທýະງາໄຖແນໆຄຆາຈ ແຖະ ບຄົກາຌ NHI (THE NATURAL 

HERITAGE INSTITUTE) ເຆýໆ ຄເຎັຌບຄົກາຌຘາກຌົþໆ ຍ ໆ ຂĀ ຌກຍັຖຈັຊະຍາຌ ໄຈ ປໆທຓກຌັຈັກບຄຎະຆຼຸຓຘ າຓະຌາຍຌັຈາຏ 

ຆໆຽທຆາຌຈ າຌທýຆາກາຌຎະຓຄົ ໃຌແຓໆຌ າເຆກບຄ ເຆýໆ ຄໄຈ ຓþຏ ຆໆຽທຆາຌາຄຈ າຌກາຌຎະຓຄົຄັໃຌ ຘຎຎ ຖາທ ແຖະ ຘາກຌົ

ເຂົ າປໆທຓແຖກຎໆຽຌທາຓປ , ຏຌົຄາຌາກກາຌົ ຌທ າ ແຖະ ຄັໄຈ ຘະແຈຄທາຓເນຌັຂບຄຉຌົຉ ໆ ຼຸຈຎະຘຄົໃຌກາຌ

ກະກຽຓປໆາຄþໆ ຘບຈໆບຄາຄຈ າຌທýະງາຘາຈ ໃຌກາຌຘ າຄ “ແຏຌຄາຌຈ າຌທາຓງĀຌງຄົໃຌກາຌຑຈັະຌາເຂĀໆ ບຌໄຒຒາ: 

SUSTAINABLE HYDROPOWER MASTER PLAN” ຘ າຖຍັບໆາຄແຓໆຌ າເຆກບຄ. ໃຌກາຌຘ າຓະຌາັ ຄຌþ ຎະກບຍຓþແຂກþໆ ຊĀກເຆþຌ

ເຂົ າປໆທຓ 22 ໆາຌ ແຖະ ຓþຏ ຘຄັເກຈກາຌເຂົ າປໆທຓບþກ າຌທຌເກĀບຍເົໆ າກຌັກຍັແຂກþໆ ຊĀກເຆþຌ ຖທຓໄຎເຊýຄຌກັທýຆາກາຌ 

ແຖະ ຑະຌກັຄາຌຈ າຌຌະໂງຍາງາກຍຌັຈາກະຆທຄ ແຖະ ບຄົກາຌຉໆາຄ ໃຌຂັ ຌຘ ຌກາຄ ແຖະ  ບຄຊýໆ ຌ þໆ ກໆຽທຂ ບຄກຍັທຽກ

ຄາຌກາຌຑຈັະຌາເຂĀໆ ບຌໄຒຒາ ແຖະ ທຽກຄາຌຈ າຌກາຌຼຸ ຓບຄກາຌຎະຓຄົ. ຌບກາກຌþ ກ ງຄັຓþຑະຌກັຄາຌາກຘ າຌກັຄາຌ

ເຖຂາýກາຌບຄົກາຌແຓໆຌ າຂບຄ (MRCS) ແຖະ ຘະຊາຍຌັກາຌົ ຌທ າກາຌຎະຓຄົໃຌແນ ໆ ຄຌ າ  ແຖະ ກາຌຑຈັະຌາ 

(IFREDI) າກຖາຈຘະບາຌາກັກ າຎ ເງ. 
 

ຍຈົຘະນ ຼຸຍນງ  
ຼຸຌໆາຑýເຘຈຂບຄກາຌຎະຓຄົໃຌແຓໆຌ າເຆກບຄ 

  

ແຓໆຌ າເຆກບຄ ແຖະ ແຓໆຌ າຂບຄຉບຌຖຼຸໆ ຓາກຍໆບຌþໆ ແຓໆຌ າຄັຘບຄຑຍົກຌັຌັ ຌໄຈ ຎະກບຍກຌັເຎັຌຘໆທຌþໆ ຓ þ

ທາຓບຼຸ  ຈຓົຘຓົຍ ຌþໆ ຘຼຸຈາຄຈ າຌຏຌົຏະຖýຈຂບຄບໆາຄແຓໆຌ າຂບຄ. ງ ບຌທໆາ ແຓໆຌ າເຆກບຄ ແຓໆຌຘາຂານ ກັຂບຄແຓໆຌ າຂບຄ

þໆ ຓ þໃຌຉບຌຖຼຸໆ ຓຈັາກຌ າຉກົຉາຈບຌຑະເຑຄັຖຄົຓາ ເຆýໆ ຄຓຌັງຄັເຎັຌຍໆບຌþໆ ຓ þເຄ ĀໆບຌໄຂໃຌກາຌເĀໆ ບຌງ າງຂບຄຎາແຍຍ

ບýຈຘະຖະດ ໆ  ຌຍັາກຉົ ຌຌ ານາະເຖຍໆບຌþໆ ແຓໆຌ າຂບຄໄນ ຎໆບຄຖຄົໃຘໆ, ຌþ ແຓໆຌເຘັ ຌາຄþໆ ຘຄັຖທຓທາຓຓþຼຸຌໆາ ແຖະ ຍ ໆ

ຓ þບຄົຎະກບຍໃຈþໆ ຘາຓາຈຈົແຌໄຈ ຘ າຖຍັຎະຆາກບຌຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງໃຌແຓໆຌ າຂບຄ. ບໆາຄແຓໆຌ າເຆກບຄ ແຓໆຌ

ຌຍັໄຈ ທໆາເຎັຌຘ ຌຖທຓຂບຄຆະຌýຈຎານ າງກທໆາ 213 ຆະຌýຈ. ຓþ າຌທຌ 64 ຆະຌýຈຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງໄຎຓາ ແຖະ 61 
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ຆະຌýຈຎາຌþ ເຎັຌຆະຌýຈຎາþໆ ຓ þຘະເຑາະໃຌ ບຄຊýໆ ຌ (ຑຍົເນຌັຘະເຑາະໃຌບໆາຄແຓໆຌ າເຆກບຄ) [14] [2], [3].  າຌທຌ 21 

ຆະຌýຈຎາແຓໆຌໄຈ ຈັດ ໆ ໃຌຍຌັຆþຎະເຑຈຎາþໆ ຊĀກໄຑຼຸກາຓ þໆ ກ າຌຈົໂຈງບຄົກາຌ IUCN. [1]. ບþກນ າງກທໆາ 60 ຆະຌýຈ

ຎາຌັ ຌ ແຓໆຌເຎັຌຎາþໆ ຓ þþໆ ດ ໆ ບາໃຘຘະເຑາະໃຌເຂຈຉບຌເýຄຂບຄບໆາຄແຓໆຌ າເຆກບຄ. [1]; ຉບຌຖຼຸໆ ຓຂບຄບໆາຄແຓໆຌ າເຆກບຄ

ແຓໆຌຉບຍຘະໜບຄາຄຈ າຌຓທຌຘາຌຂບຄຎາþໆ ຘ ຄຘຼຸຈ ແຖະ ຓþທາຓບຼຸຈຓົປັໆ ຄຓþາຄຈ າຌຆະຌýຈນ າງກທໆາ.  

 

 ຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງໃຌໄຖງະາຄໄກ þໆ ໄຈ ເຂົ າຓາໃຌແຓໆຌ າເຆກບຄ ແຓໆຌາກເຂຈຎາກແຓໆຌ າໃຌຎະເຈ

ນທຽຈຌາຓ, ະເຖຉຄົເຖຆາຍ ແຖະ ຑĀ ຌþໆ ໄກ ຽຄ ໃຌຍ ຖýເທຌຌັ ຌ ແຖະ ເĀໆ ບຌງ າງຓາາກແຓໆຌ າຂບຄເຂຈຑາກໃຉ ຂບຄ 

ຘຎຎ ຖາທ ແຖະ ýຈຉາເທຌັບບກຘໆຽຄເໜĀບຂບຄຎະເຈກ າຎ ເງ. ຓþຎານ າງຆະຌýຈþໆ ຓ þກາຌເĀໆ ບຌງ າງ ຓþທາຓ

ຉ ບຄກາຌແນ ໆ ຄþໆ ດ ໆ ບາໃຘຘະເຑາະ ເຆັໆ ຌ ກາຌໄນ ຂບຄຌ າ, ກ ບຌນþຌ, ຑĀຈຑຌັຉໆາຄ ແຖະ ຘýໆ ຄບĀໆ ຌ ເຑĀໆ ບໃນ ຘາຓາຈຓþກາຌ

ຂະນງາງຑຌັຘ າເຖຈັ. ເຂĀໆ ບຌະເຎັຌຘýໆ ຄþໆ ເຎັຌຂ  າກຈັຉ ໆ ກາຌຏໆາຌເຂົ າໄຎຂະນງາງຑຌັ ແຖະ ແນ ໆ ຄບາໃຘຂບຄບານາຌ ແຖະ 

ກາຌກກັຂຄັຌ າກ ເຎັຌຘýໆ ຄໜÿໆ ຄþໆ ເປຈັໃນ ແນ ໆ ຄþໆ ດ ໆ ບາໃຘ າຌທຌໜÿໆ ຄຓົຖຄົໃຉ ຑĀ ຌຌ າ.  

 

 ຖະຍຍົຌýເທຈຂບຄແຓໆຌ າເຆກບຄþໆ ດ ໆ າຄຈ າຌຎະເຈກ າຎ ເງ ແຓໆຌຓþຖກັຘະຌະþໆ ເຈັໆ ຌໄຎຈ ທງຎໆາໄຓ ເຂຈົໆ ຄຑຽຄ 

þໆ ເຎັຌຎໆາຓþຌ າຊ ທຓໃຌເຂຈຍ ຖýເທຌແຓໆຌ າຘາງນ ກັ ແຖະ ຍຌັຈາຘາຂາຂະໜາຈຌ ບງຉໆາຄ ໃຌຂະຌະþໆ ຑາກຘໆທຌþໆ ດ ໆ ໃຌ 

ຘຎຎ ຖາທ þໆ ດ ໆ ເໜĀບແຂທຄບຈັຉະຎĀຂÿ ຌໄຎ ແຓໆຌຓþຖກັຘະຌະເຈັໆ ຌາຄຈ າຌທາຓ ບງຆຌັຂບຄຘາງຌ າþໆ ດĀຈບບກໄຎþໆ ຓþ

ຑĀ ຌເຎັຌຖກັຘະຌະນþຌຈາຌ. ຘýໆ ຄເນ ົໆ າຌþ ຓຌັໄຈ ກາງເຎັຌເຂຈþໆ ຓ þກະແຘຌ າþໆ ໄນ ໄທ ແຖະ ເຂຈທຄັເຖýກþໆ ເຎັຌຍໆບຌþໆ ຓ þຌ າໄນ 

ໆບງເຎັຌ າຌທຌນ ທຄນ າງ, ຘýໆ ຄເນ ົໆ າຌັ ຌ ຓຌັໄຈ ຊĀກບ ບຓປບຍຈ ທງນþຌຈາຌþໆ ຓ þທາຓ ບງຆຌັໃຌເຂຈແຓຐໆັຄ. ເຂຈþໆ ຓ þ

ແຓຐໆັຄເຎັຌຑĀ ຌþໆ ຈýຌຆາງ ແຓໆຌປກັຘາຍຌັຈາຘາຂາແຓໆຌ າຂະໜາຈຌ ບງþໆ ໄນ ຎໆບຄຖຄົໃຘໆແຓໆຌ າໃນງໆເຆັໆ ຌແຓໆຌ າເຆກບຄ. 

ຘýໆ ຄເນ ົໆ າຌþ ແຓໆຌກາຌຎະຘຓົຎະຘາຌກຌັາຄຈ າຌຖະຍຍົຌýເທຈþໆ ເບĀ ບບ າຌທງໃນ ແກໆທາຓນ າກນ າງາຄຈ າຌຆະຌýຈຑຌັຎາþໆ

ຓ þເບກກະຖກັໂຈຈເຈັໆ ຌ ຍ ໆ ທໆາະເຎັຌາຄຈ າຌກາຌເĀໆ ບຌງ າງຂບຄຎາ ແຖະ ເຎັຌແນ ໆ ຄþໆ ດ ໆ ບາໃຘຘະເຑາະຂບຄຎານ າງ

ຆະຌýຈ. ຓþຎານ າງຆະຌýຈþໆ ເຎັຌຆະຌýຈຎາþໆ ຓ þຘະເຑາະໃຌແຓໆຌ າເຆກບຄ ເຌĀໆ ບຄາກທາຓເໝາະຘຓົາຄຈ າຌແນ ໆ ຄþໆ ດ ໆ ບາ

ໃຘþໆ ເຎັຌເບກະຖກັ. ຆະຌýຈຎາþໆ ຓ þກາຌຂະນງາງຑຌັໃຌເຂຈົໆ ຄຑຽຄຌ າຊ ທຓ þໆ ດ ໆ ໄກ ກຍັຍ ຖýເທຌໜາຌ າþໆ ຓ þກາຌໄນ ແຍຍ

ບýຈຘະຖະ, ໄຂໆ ແຖະ ຖ ກຎາໄທບໆບຌະຊĀກຑຈັໃນ ແຂທຌຖບງໄຎຌ າຌ າຖຄົຘ ໆ ຉບຌຖຼຸໆ ຓ ກຍັຼຸຈຘ ຄຘຼຸຈຂບຄກະແຘຌ າþໆ ໄນ  

ຖຄົຘ ໆ ເຂຈຑĀ ຌþໆ ົໆ ຄຑຽຄຌ າຊ ທຓþໆ ເຎັຌຍໆບຌບະຌຼຸຍາຌຂບຄຖ ກຎາເນ ົໆ າຌັ ຌ. ຖະຍຍົຌýເທຈໃຌແຓໆຌ າເຆກບຄþໆ ດ ໆ ຉບຌເýຄເໜĀບ

ແຂທຄບຈັຉະຎĀຘາຓາຈເຎັຌຍໆບຌþໆ ຓ þຖກັຘະຌະຘະເຑາະþໆ ໂຈຈເຈັໆ ຌ ແຖະ ຍ ໆ ຘາຓາຈຈົແຌໄຈ ໃຌແຓໆຌ າຘາຂາບĀໆ ຌ. 

 
ຏຌົກະຍົຂບຄເຂĀໆ ບຌໄຒຒາໃຌແຓໆຌ າຘາງນ ກັຉ ໆ ກຍັກາຌຎະຓຄົໃຌແຓໆຌ າເຆກບຄ: 

  

ກາຌກກັເກຍັຌ າຉາຓຖະຈ ກາຌດ ໆ ຉບຌເýຄຂບຄແຓໆຌ າໃຌບໆາຄເກຍັຌ າຂບຄເຂĀໆ ບຌໄຒຒາໃຌບໆາຄແຓໆຌ າເຆກບຄບາຈະ

ຘົໆ ຄຏຌົĀ: 

1. ເຎັຌແນ ໆ ຄ າຓານາກýຌþໆ ໝັ ຌຄົຂບຄຄັຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງ ແຖະ ຎາþໆ ຍ ໆ ຓ þກາຌເĀໆ ບຌງ າງ; 

2. ຼຸຈຉ ໆ າຘຼຸຈຂບຄກາຌຎໆຽຌແຎຄກາຌໄນ ຂບຄຌ າໃຌຖະຈ ຐົຌ;  
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3. ກາຌເຑþໆ ຓຘ ຄຂÿ ຌຂບຄຖະຈຍັຌ າໃຌຖະຈ ແຖ ຄ;  

4. ກາຌເກþຈຌ າຊ ທຓໃຌເຂຈົໆ ຄປາຍຑຽຄຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າະເກþຈຂÿ ຌຆ າຆ າກທໆາໃຌຆໆທຄຖະຈ ຐົຌ;  

5. ເຎັຌຘາງເນຈໃນ ຓþຏຌົຘະ ບຌຉ ໆ ກາຌຎໆຽຌແຎຄຂÿ ຌຖຄົຂບຄຌ າþໆ ໄນ ໃຌແຉໆຖະທຌັ ແຖະ ກາຌເຆາະເĀໆ ບຌໃຌ

ແນ ໆ ຄþໆ ດ ໆ ບາໃຘ; 

6. ເປຈັໃນ ຉະກບຌþໆ ແຂທຌຖບງຌ າຌ າຖຄົຘ ໆ ຉບຌຖຼຸໆ ຓຖຼຸຈຌ ບງຖຄົ ແຖະ  ບຌໂປຓາຈບານາຌຉໆາຄໄທ ໃຌບໆາຄ

ເກຍັຌ າ. 

 

ໂຈງບþຄຉາຓທາຓປ າງແປຄຂບຄຘýໆ ຄເນ ົໆ າຌັ ຌ, ກາຌຎໆຽຌແຎຄາຄຈ າຌບຼຸກົະຘາຈ ແຖະ ຑ ຓຘຌັຊາຌທýະງາ 

ບາຈຘົໆ ຄຏຌົຘະ ບຌþໆ ເຘງນາງໃນ ແກໆກາຌເĀໆ ບຌງ າງ, ກາຌຂະນງາງຑຌັ ແຖະ ກາຌດ ໆ ຖບຈຂບຄຎາໃຌເຂຈຑĀ ຌþໆ ົໆ ຄປາຍ

ຑຽຄຌ າຊ ທຓ ແຖະ ຆະຌýຈຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງຉາຓຘາງແຓໆຌ າ, ໂຈງຘະເຑາະແຓໆຌຖະຍຍົþໆ ເກþຈຂÿ ຌໃຌຑາກຘໆທຌ

ຎະເຈກ າຎ ເງ [8].   
 

ຏຌົເກຍັກ ຎາ ແຖະ ທາຓນ າກນ າງໃຌແຓໆຌ າເຆກບຄ ບາຈຓþຖກັຘະຌະຖຼຸຈຖຄົບຌັເຌĀໆ ບຄຓາາກຘາງເນຈ:  

 

i) ກາຌຖຼຸຈຖຄົຂບຄຎາþໆ ຏໆາຌຂÿ ຌໄຎໃຌຉບຌເýຄຂບຄແຓໆຌ າ;  

ii) ບຈັຉາກາຌຖບຈຉາງþໆ ຖຼຸຈຖຄົຂບຄຎາþໆ ໃນງໆເຉຓັໄທ, ຎາຌ ບງþໆ ຏໆາຌເĀໆ ບຄກັຎໆັຌໄຒຒາ ແຖະ າຄ

ຖະຍາງຌ າ; 

iii) ກາຌຎໆຽຌແຎຄຘະຑາຍຂບຄແນ ໆ ຄþໆ ດ ໆ ບາໃຘາກຎະເຑຈຌ າໄນ ຓາເຎັຌຌ າຌý ຄ; 

iv) ກາຌຈຈັແຎຄຂບຄກາຌໄນ ຂບຄຌ າໃຌຉບຌຖຼຸໆ ຓ ແຖະ ກາຌຎໆຽຌແຎຄາຄຈ າຌຼຸຌຌະຑາຍຌ າþໆ ເກþຈຂÿ ຌຉາຓຓາ 

ທາຓເຎັຌໄຎໄຈ þໆ ຎາຓþກາຌເĀໆ ບຌງ າງະຖບຈຉາງຏໆາຌຂÿ ຌຓາຉບຌເýຄຂບຄແຓໆຌ າ ແຖະ ຏໆາຌຖຄົຉບຌຖຼຸໆ ຓຂບຄ

ແຓໆຌ າ (ຖທຓໄຎເຊýຄ າຑທກຖ ກຎາþໆ ແຂທຌຖບງຉາຓກະແຘຌ າ) ບຌັເຌĀໆ ບຄຓາາກຍຌັຈາຎັຈໃຈັໆ ຄþໆ ກໆາທຓາຂ າຄເýຄຌັ ຌ 

ບາຈະເຎັຌກາຌຎະຉýເຘຈþໆ ະຘະໜຍັຘະໜ ຌ າຌທຌເຂĀໆ ບຌໄຒຒາþໆ ເຑþໆ ຓຂÿ ຌໃຌແຓໆຌ າເຆກບຄ. ເຊýຄແຓໆຌທໆາ ເຂĀໆ ບຌຄັ 7 

ແນໆຄþໆ ຓ þແຏຌະຘ າຄໃຌແຓໆຌ າເຆກບຄ ຘາຓາຈຏໆາຌເກຌຓາຈຉະຊາຌຂບຄບຄົກາຌ MRC ຘາຓາຈຘ າຄາຄຎາຏໆາຌþໆ ຓ þ

ຎະຘýຈýຑາຍເຊýຄ 95% ຂບຄຆະຌýຈຎາຘາຓາຈຏໆາຌໄຈ ໃຌເຄ Āໆບຌໄຂກາຌໄນ ຂບຄຌ າ [11], ບຌັໃຈþໆ ະຘາຓາຈເຎັຌຉທົແຌ

þໆ ຈþໃຌາຄຎະຉýຍຈັ, ຏຌົກະຍົþໆ ະທþ ຌບາຈະງຄັເຎັຌຍຌັນາຉົ ຌຉ þໆ ຘົໆ ຄຏຌົໃນ ຓþກາຌຖຼຸຈຖຄົຄັໃຌຈ າຌຓທຌຘາຌ 

ແຖະ ທາຓນ າງນ າງາຄຈ າຌຆະຌýຈຑຌັ. 

ຂ  າກຈັາຄຈ າຌໆາແປຄໃຌກາຌຖຼຸຈຏໆບຌຏຌົກະຍົþໆ ບາຈເກþຈາກເຂĀໆ ບຌໄຒຒາ ຉ ໆ ຈ າຌກາຌຎະຓຄົໃຌແຓໆຌ າເຆກບຄ 

 ຘýໆ ຄກþຈຂທາຄຂບຄາຄຎາຏໆາຌ ແຓໆຌບາຈຘາຓາຈຖຼຸຈຏໆບຌຏຌົກະຍົໄຈ  ໂຈງກາຌຘ າຄາຄຎາຏໆາຌຽຍຂÿ ຌຓາ ແຉໆ

ທໆາ ຏໆາຌຓາກ ງຄັຍ ໆ ຓ þາຄຎາຏໆາຌຽຓþໆ ຓþຎະຘýຈýຑາຍໃຌກາຌຌ າໃຆ ກຍັເຂĀໆ ບຌໄຒຒາþໆ ຓ þໃຌແຓໆຌ າຂະໜາຈໃນງໆໃຌເຂຈ

ປ ບຌຆຼຸໆ ຓĀຈັໆ ຄແຓໆຌ າເຆກບຄ. ຓຌັແຓໆຌບໆາຄເກຍັຌ າþໆ ຓ þຏຌົກະຍົບຌັໃນງໆນ ທຄຉ ໆ ກຍັກາຌເĀໆ ບຌງ າງຂບຄຎາ.  

Annex 5.3–4
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ຏຌົກະຍົາຄຎາຏໆາຌຉ ໆ ບໆາຄເກຍັຌ າ ເຎັຌຏຌົກະຍົþໆ ຍ ໆ ຘາຓາຈນ þກຖ ຽຄໄຈ  ນ Ā ຍ ໆ ຘາຓາຈຖຼຸຈຏໆບຌໄຈ : ໃຌຈ າຌýຈຘະຈþ

ແຖ ທ ຓຌັແຓໆຌຘýໆ ຄþໆ ຘາຓາຈເຎັຌໄຎþໆ ະເຎþຈຌ າໃຆ ບໆາຄເກຍັຌ າເຑĀໆ ບປກັຘາບຈັຉາທາຓໄທຂບຄກາຌໄນ ຂບຄຌ າþໆ ຑຽຄຑ ຘ າ

ຖຍັເĀໆ ບຄກຌົກັ ແຖະ ກາຌເĀໆ ບຌງ າງຂບຄຖ ກຎາຉະນ ບຈໄຖງະາຄເຊýຄຼຸຈຌ າþໆ ໄນ ຏໆາຌຎະຉ ຌ າ ແຖະ ໃຍຑຈັ. ແຉໆເຊýຄ

ດໆາຄໃຈກ ໆ ຉາຓກາຌເຎþຈຌ າໃຆ ຌ າໃຌຖະຍຍົຈັໆ ຄກໆາທ ແຓໆຌະຘົໆ ຄຏຌົກະຍົຉ ໆ ກຍັກາຌຏະຖýຈກະແຘໄຒຒາ ແຖະ ຖາງປຍັາກ

ກýຈະກ າຈັໆ ຄກໆາທ, ກ ໆ ໃນ ເກþຈຍຌັນາþໆ ຓ þຏຌົກະຍົໂຈງກຄົຉ ໆ ກຍັກາຌແຖກຎໆຽຌາຄຈ າຌກາຌຍ າຖຼຸຄປກັຘາາຄກາຌຎະຓຄົ 

ແຖະ ຼຸຈຎະຘຄົຂບຄເຂĀໆ ບຌ ໄຒຒາ. ຎານ າງຆະຌýຈþໆ ຓ þກາຌເĀໆ ບຌງ າງໃຌແຓໆຌ າເຆກບຄແຓໆຌຉ ບຄກາຌຌ າþໆ ຓ þກາຌໄນ ນ າງ

ກທໆາແນ ໆ ຄþໆ ດ ໆ ບາໃຘນ າງແນໆຄເຑĀໆ ບກາຌຂະນງາງຑຌັ. ເຑາະຘະຌັ ຌ, ກາຌກ າຌຈົຑĀ ຌຂບຄບໆາຄເກຍັຌ າþໆ ະຘ າຄເຂĀໆ ບຌແຓໆຌ

ຓþທາຓ າເຎັຌþໆ ະຉ ບຄຓþກາຌຎະເຓþຌຏຌົກະຍົ ແຖະ ກາຌຉຈັຘýຌໃþໆ ຉ ບຄ າຌÿຄເຊýຄຈ າຌທາຓງĀຌງຄົ. ເຊýຄແຓໆຌທໆາ 

ໂຄກາຌເນ ົໆ າຌັ ຌະຓþກາຌຌ າໃຆ ເຂĀໆ ບຌແຍຍຌ າໄນ ຏໆາຌ ນ າງ ນ Ā ໜ ບງກ ຉາຓ ແຉໆຑທກເຂາົກ ໆ ງຄັຓþທາຓ າເຎັຌþໆ ຉ ບຄຓþ

ກາຌຘ າຄບໆາຄເກຍັຌ າþໆ  າເຎັຌ ໃຌຖະຈຍັນທົຂບຄເĀໆ ບຄກຌົກັ ແຖະ ຌþ ກ ແຓໆຌຏຌົກະຍົþໆ ຘ າຌັບþກບຌັໜÿໆ ຄເຆັໆ ຌກຌັ. 

ກາຌແຏໆຑຌັແຍຍຽຓຂບຄຎາ ໂຈງຓþທາຓໝາງາຄຈ າຌກາຌເຑາະຖ ຽຄໃຌບໆາຄເກຍັຌ າ ແຓໆຌຍ ໆ ຘາຓາຈຈົແຌ

າຄຈ າຌຆະຌýຈຎາ, ຏຌົຏະຖýຈ ນ Ā າຄຈ າຌຆþທýຈກາຌເຎັຌດ ໆ þໆ ໄຈ ຓþກາຌຘ ຌເຘງໄຎ ເຓĀໆ ບກາຌ າກາຌຎະຓຄົໃຌແນ ໆ ຄຌ າ າ

ຓະຆາຈແຓໆຌຓþກາຌເຆĀໆ ບຓໂຆຓໄຎຈ ທງກາຌຘ າຄເຂĀໆ ບຌ. ຒາຓຖ ຽຄຎາ ໂຈງົໆ ທໄຎແຖ ທແຓໆຌຘýໆ ຄþໆ ຓ þຖກັຘະຌະແຉກຉໆາຄ 

ແຖະ ໂຈງົໆ ທໄຎຓຌັກ ເຎັຌຆະຌýຈຎາþໆ ຓ þຓ ຌໆາþໆ ຉ ໆ າ, ເຎັຌຘýໆ ຄþໆ ເປຈັໃນ ທາຓນ າກນ າງຂບຄຎາຓþກາຌຖຼຸຈຖຄົ, ຓþທາຓ

ແຉກຉໆາຄາຄຈ າຌÿຌ, ກ າຓະຘýຈ ແຖະ ໂຄຘ າຄຂບຄກາຌຉະນ າຈ; ແຖະ ຓþທາຓຆ າຌýຆ າຌາຌþໆ ແຉກຉໆາຄກຌັບບກໄຎ

ນ າງກທໆາກາຌຊĀເບາົກາຌນາຎາໃຌແນ ໆ ຄຌ າ າຓະຆາຈ. ກາຌດ ໆ ຖບຈຂບຄຆະຌýຈຎາແຓໆຌະຍ ໆ ຂÿ ຌກຍັກາຌເຑາະຖ ຽຄຎາຑຽຄ

ດໆາຄຈຽທ ນ Ā ຆະຌýຈຎາþໆ ຎໆບງໄທ . ຑາງໃຉ ເຄ Āໆບຌໄຂþໆ ຍ ໆ ເນຌັຑ ບຓຄັເຄ Āໆບຌໄຂຈ າຌກາຌເຓĀບຄ ແຖະ ເຘຈຊະກýຈ ນ Ā ງ ບຌ

ທໆາກາຌຂາຈຏຌົຎະໂນງຈþໆ ຑຽຄຑ , ກາຌເຑາະຖ ຽຄ ແຖະ ກາຌຎໆບງຎະຊý ຓໄທ  ແຖະ ຆະຌýຈຎາບາຈຓþທາຓຘໆຽຄຉ ໆ ກາຌ

ຘ ຌຑຌັ. 

ຏຌົກະຍົຘະເຑາະຂບຄບໆາຄເກຍັຌ າ 

 

ເຂĀໆ ບຌþໆ ດ ໆ ຉໆບຌຖຼຸໆ ຓໃຌແຓໆຌ າເຆກບຄ ບາຈຘົໆ ຄຏຌົຘະ ບຌາຄຖຍົþໆ ໃນງໆກທໆາຉ ໆ ກຍັກາຌຖບຈຉາງຂບຄຎາຆະຌýຈ

ຉໆາຄþໆ ຓ þກາຌເĀໆ ບຌງ າງ ໃຌ ໄຖງະາຄໄກ ແຖະ ທາຓຘ າເຖຈັໃຌກາຌຂະນງາງຑຌັຂບຄຑທກຓຌັ ເຓĀໆ ບຽຍກຍັເຂĀໆ ບຌþໆ ດ ໆ

ຉບຌເýຄຂບຄແຓໆຌ າ ເຆýໆ ຄຘາງເນຈເຌĀໆ ບຄຓາາກເຂĀໆ ບຌຉບຌຖຼຸໆ ຓະຍ ໆ ຘາຓາຈງບຓປຍັກຍັກາຌເĀໆ ບຌງ າງຂບຄຎາþໆ ຓ þ າ

ຌທຌນ າງຉ ໆ ກຍັຑĀ ຌþໆ ແນ ໆ ຄþໆ ດ ໆ ບາໃຘໃຈໜÿໆ ຄ, ຑĀ ຌþໆ ຌ າຊ ທຓþໆ ເຉຓັໄຎຈ ທງກາຌຂະນງາງຑຌັ ແຖະ ກາຌຈ າຌນ ກັແນ ໆ ຄþໆ ດ ໆ

ບາໃຘ. ຂ ແຌະຌ າຉ ໆ ກຍັþໆ ຉັ ຄຂບຄເຂĀໆ ບຌໄຒຒາຂບຄເຂĀໆ ບຌເຆກບຄ # 1A ບາຈກາງເຎັຌຘýໆ ຄກþຈຂທາຄາຄຂÿ ຌຖຄົຂບຄຆະຌýຈຎາ

þໆ ຓ þກາຌເĀໆ ບຌງ າງຄັໝຈົþໆ ຓ þໃຌບໆາຄແຓໆຌ າເຆກບຄþໆ ດ ໆ ໃຌຂບຍເຂຈ ຘຎຎ ຖາທ, ເຆýໆ ຄຍ ໆ ຘະເຑາະແຉໆໃຌແຓໆຌ າເຆກບຄ 

ແຉໆຖທຓໄຎເຊýຄຘາຂາຉໆາຄເຆັໆ ຌ ເຆກະຓາຌ, ເຆຆ  ແຖະ ຌ າກບຄ ເຆýໆ ຄແຓໆຌ າເນ ົໆ າຌັ ຌບາຈເຎັຌຍໆບຌþໆ ຓ þຓ ຌໆາþໆ ຘ າຌັໃຌ

ກາຌຂະນງາງຑຌັຂບຄຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງບþກນ າງຆະຌýຈ. ຓຌັແຓໆຌຘýໆ ຄþໆ ຘຓົທຌþໆ ະຉ ບຄໄຈ ຓþກາຌົ ຌýຈກໆຽທກຍັ 

ເຂĀໆ ບຌ #1A ບາຈຓþຏຌົກະຍົþໆ ຓ þຖກັຘະຌະ າງĀກຍັເຂĀໆ ບຌເຆຆາຌ 2 ຉບຌຖຼຸໆ ຓໃຌຎະເຈກ າຎ ເງ ເຆýໆ ຄກ ຓþກາຌ

ກþຈຂທາຄາຄຂÿ ຌຖຄົຂບຄຎາຘ ໆ ແນ ໆ ຄຂະນງາງຑຌັþໆ ຘ າຌັ. 
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ເຆກບຄ # 5 ະເກþຈຓþຌ າຊ ທຓງາທໄຎຉາຓແຖທຂບຄແຓໆຌ າ ແຖະ ບາຈເປຈັໃນ ຌ າໄນ ກຍັĀຌຘ ໆ ເຂຈຑĀ ຌþໆ ຎໆາຎບຄ

ກຌັເຆເຆຈັ (Xe Xet NPA). ໃຌເຓĀໆ ບທໆາຂ ຑýາຖະຌາເນ ົໆ າຌັ ຌຓþກາຌງກົຂÿ ຌຓາ, ນ ກັກາຌໃຌກາຌຎບຄກຌັຖໆທຄໜາໄຈ ຓþ

ກາຌແຌະຌ າທໆາ ຓຌັທຌະຉ ບຄຓþກາຌຖະຓຈັຖະທຄັ ເຑĀໆ ບຆບກນາາຄເຖĀບກບĀໆ ຌາຄຈ າຌþໆ ຉັ ຄຂບຄເຂĀໆ ບຌ. NHI ໄຈ ຓþ

ກາຌທýເາະນາþໆ ຉັ ຄþໆ ເໝາະຘຓົ ໂຈງແຌະຌ າໃນ ທໆາ þໆ ຉັ ຄຂບຄນທ ງບາຆ າ ເຎັຌາຄເຖĀບກþໆ ເໝາະຘຓົບຌັໜÿໆ ຄ ເຑĀໆ ບຈົ

ແຌາກແຓໆຌ າຘາງນ ກັ.   

 ຆະຌýຈຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງ ແຓໆຌໄຈ ຓþຎະກຈົໃນ ເນຌັໃຌໄຖງະ 56 km ຂÿ ຌໄຎເໜĀບເýຄແຓໆຌ າເຆກະຓາຌ ເຆýໆ ຄ

ຌຍັາກເຂĀໆ ບຌເຆກະຓາຌຆຌັຆາງນາຎາກແຓໆຌ າ. ຓþຎາຂະໜາຈຌ ບງນ າງຆະຌýຈþໆ ໄຈ ຑຍົເນຌັໃຌແນ ໆ ຄຈັໆ ຄກໆາທ [2], [3]. 

ຆະຌýຈຎາຓþກາຌເĀໆ ບຌງ າງແຓໆຌກ ຎະກຈົໃນ ເນຌັໃຌ ເຆຆ  ເຆýໆ ຄໃຌຎະຼຸຍຌັແຓໆຌງຄັຍ ໆ ຌັໄຈ ຓþກາຌກ ໆ ຘ າຄເຂĀໆ ບຌ. ຓຌັໄຈ ຓþ

ກາຌເຆĀໆ ບຓຉ ໆ ກຍັເຆກະຓາຌດ ໆ ຉບຌຖຼຸໆ ຓຂບຄເຂĀໆ ບຌຆຌັຆາງ ແຖະ ກໆບຌþໆ ະເຊýຄຎາກແຓໆຌ າເຆກບຄþໆ ບຈັຉະຎĀ. ຘýໆ ຄຌþ ຓຌັໄຈ 

ຘະແຈຄໃນ ເນຌັທໆາ ກາຌໄນ ຂບຄເຆຆ ແຓໆຌຓþກາຌກþຈຂທາຄາກງບຈຌ າຉະນ ບຈປບຈຎາກແຓໆຌ າþໆ ໄນ ຖຄົຘ ໆ ແຓໆຌ າຂບຄໃຌ

ະເຖþຌໃຉ . ດໆາຄໃຈກ ໆ ຉາຓ, ຓຌັກ ງຄັຍ ໆ ຓ þຂ ຓ ຌþໆ ຑຽຄຑ  ເຑĀໆ ບþໆ ະກ າຌຈົເຊýຄຼຸຌໆາຂບຄຍຌັຈາຘາງຌ າຈັໆ ຄກໆາທ ໃຌາຄ

ກາຌເĀໆ ບຌງ າງຂບຄຎາ ເຑĀໆ ບຂະນງາງຑຌັ ແຖະ ກາຌເຑາະຖ ຽຄ. ຊ າຘາງຌ າຈັໆ ຄກໆາທຌþ  ໄຈ ຓþກາຌກ າຌຈົທໆາຓþທາຓຘ າຌັຉ ໆ

ກາຌເĀໆ ບຌງ າງຂບຄຎາ, ຘýໆ ຄþໆ ທຌະຉ ບຄຓþກາຌເບາົໃໃຘໆແຓໆຌ ກາຌເຎþຈຌ າໃຆ  ເຂĀໆ ບຌເຆກະຓາຌຆຌັຆາງ ໃຌຑĀ ຌþໆ ບໆາຄ

ປຍັຌ າ ແຖະ ປ ຍແຍຍກາຌໄນ  ເຑĀໆ ບະຌ າໄຎຘ ໆ ທາຓຉ ບຄກາຌຂບຄຆະຌýຈຎາເນ ົໆ າຌັ ຌ. ຘýໆ ຄຌþ ບາຈະເປຈັໃນ ຉ ບຄຓþກາຌ

ເຎþຈຌ າໃຆ ເຂĀໆ ບຌເຆກະຓາຌຆຌັຆາງ ເຆັໆ ຌຈຽທກຌັກຍັກາຌຈຈັແກ Āຌຖະຍຽຍກາຌຂບຄບໆາຄເກຍັຌ າ. 

ຆະຌýຈຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງແຓໆຌໄຈ ຓþກາຌຑຍົເນຌັໃຌໄຖງະ ~75 km ໃຌຘາຂາແຓໆຌ າໃຌຌ າກບຄ າກ

ເຂĀໆ ບຌຌ າກບຄ #2 ໄຎນາຎາກແຓໆຌ າþໆ ໄນ ຖຄົຘ ໆ ແຓໆຌ າໃນງໆ. ຘາງຌ າຈັໆ ຄກໆາທຌþ ແຓໆຌຓþທາຓເຖýກ ແຖະ ຓþທຄັເຖýກນ າງ. ຘýໆ ຄ

ເນ ົໆ າຌþ ບາຈະຓþທາຓຘ າຌັຉ ໆ ກຍັຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງເຑĀໆ ບກາຌຂະນງາງຑຌັ. ຊ ານາກຘາງຌ າຈັໆ ຄກໆາທຓþກາຌກ າຌຈົທໆາ

ເຎັຌຍໆບຌþໆ ຓ þທາຓຘ າຌັຘ າຖຍັຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງເຑĀໆ ບກາຌຂະນງາງຑຌັ, ຘýໆ ຄþໆ ທຌເບາົໃໃຘໆແຓໆຌະຉ ບຄໄຈ ຓþ

ກາຌເຎþຈຌ າໃຆ  ເຂĀໆ ບຌຌ າກບຄ # 1 ເຑĀໆ ບປກັຘາປ ຍແຍຍກາຌໄນ ຂບຄຘýໆ ຄແທຈຖ ບຓເຆັໆ ຌຈຽທກຌັກຍັþໆ ໄຈ ກ າຌຈົຓາຂ າຄເýຄ

ຌັ ຌ. ຘýໆ ຄຌþ ບາຈະເປຈັໃນ ຉ ບຄຓþກາຌເຎþຈຌ າໃຆ ເຂĀໆ ບຌ ເຆັໆ ຌຈຽທກຌັກຍັກາຌຈຈັແກ Āຌຖະຍຽຍກາຌຂບຄບໆາຄເກຍັຌ າ. 

 

ນ ກັກາຌþໆ ຘ າຌັ ແຖະ ຂ ຘຓົຓຼຸຈຉýຊາຌ: 
 

x   ໂຈງົໆ ທໄຎແຖ ທ, ຉບຌເýຄຂບຄບໆາຄໂຉໆຄຂບຄແຓໆຌ າເຆກບຄ ແຓໆຌຓþທາຓຘ າຌັນ າງາຄຈ າຌຆະຌýຈຎາþໆ

ຓ þຘະເຑາະໃຌ ບຄຊýໆ ຌ [1]; ໃຌຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າ ແຓໆຌຓþທາຓຘ າຌັາຄຈ າຌຓທຌຘາຌຂບຄຘýໆ ຄþໆ ຓ þ

ຆþທýຈຖທຓໄຎເຊýຄທາຓນ າກນ າງາຄຈ າຌຆະຌýຈຎາ. ງຼຸຈະຘາຈໃຌກາຌຑຈັະຌາແຓໆຌບາຈຉ ບຄບþຄໃຘໆ

ທາຓຘຓົຈຼຸຌກຌັຖະນທໆາຄກາຌປກັຘາາຄຈ າຌຓທຌຘາຌ ແຖະ ທາຓນ າກນ າງາຄຈ າຌຆþທະຌາຑຌັ. 
 

x ບໆາຄແຓໆຌ າເຆກບຄ ແຓໆຌຘ ຌຖທຓຂບຄຎານ າງກທໆາ 213 ຆະຌýຈ. ຓþ 64 ຆະຌýຈþໆ ເຎັຌຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງ

ໄຎຓາ ແຖະ ບþກ 61 ຆະຌýຈແຓໆຌເຎັຌຎາþໆ ດ ໆ ຘະເຑາະໃຌ ບຄຊýໆ ຌ (ຑຍົຘະເຑາະແຉໆໃຌບໆາຄແຓໆຌ າເຆກບຄ) 
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[2], [3]. ຓþ າຌທຌ 21 ຆະຌýຈຂບຄຎາເນ ົໆ າຌັ ຌ ແຓໆຌໄຈ ຓþກາຌຂÿ ຌຍຌັຆþໃຌຎĀ ຓແຈຄຂບຄ IUCN ທໆາເຎັຌ 

“ຆະຌýຈຎາþໆ ຓ þທາຓຘໆຽຄຉ ໆ ໄຑຂົໆ ຓຂ ໆ ”. [1] 
 

x ໃຌຂະຌະþໆ ຘໆທຌນ າງຂບຄຆະຌýຈຎາþໆ ຓ þໃຌແຓໆຌ າຂບຄຓþກາຌຂະນງາງຑຌັ ໃຌຉບຌຉົ ຌຂບຄຖະຈ ຐົຌ, ຍາຄ

ຆະຌýຈແຓໆຌຓþກາຌຂະນງາງຑຌັຉະນ ບຈຄັຎþ [4] ແຖະ ຑທກຓຌັຓþຘບຄປ ຍແຍຍກາຌເĀໆ ບຌງ າງຂບຄຎາ 

ແຖະ ກາຌຖບງຉທົຖຄົຂບຄຖ ກຎາໃຌຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າຉະນ ບຈຎþ [7]. ຓþຎານ າງຆະຌýຈþໆ ເĀໆ ບຌງ າງຂÿ ຌ

ໄຎຉບຌເýຄຂບຄແຓໆຌ າເຑĀໆ ບຂະນງາງຑຌັ, ນາບານາຌໃຌຉົ ຌຖະຈ ຐົຌ, ກຍັກາຌຂະນງາງຑຌັþໆ ຓ þດໆາຄ

ນ ທຄນ າງ າກເທຖາຈັໆ ຄກໆາທຌþ ຌົເຊýຄໄຖງະþໆ ຓ þກາຌຎໆຽຌແຎຄຂບຄຖະຈ ຐົຌ. ຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງແຓໆຌະ

ບາໃຘດ ໆ ໃຌທຄັເຖýກຉໆາຄຉະນ ບຈປບຈ າງຖະຈ ຐົຌ. ຎາຘໆທຌໃນງໆໃຌແຓໆຌ າເຆກບຄແຓໆຌຓþທາຓຘ າຌັຉ ໆ

ກາຌຍ ຖýໂຑກຂບຄຓະຌຼຸຈໂຈງບþຄໃຘໆຖກັຘະຌະຈັໆ ຄກໆາທ. 
 

ກຼຸຌແຘ າຌັþໆ ກທຈຑຍົໂຈງບþຄໃຘໆທາຓປ þໆ ຓþໃຌຎະຼຸຍຌັ 

ຍຌັນາ 1: ຘýໆ ຄໃຈþໆ ກໆຽທຂ ບຄເຊýຄທາຓຘ າຌັຂບຄແນ ໆ ຄþໆ ດ ໆ ບາໃຘຂບຄຎາໃຌແຓໆຌ າເຆກບຄ ໃຌຈ າຌþໆ

ກໆຽທຑຌັເຊýຄຖະຍຍົແຓໆຌ າຂບຄ? 

ກາຌຎະຓຄົໃຌແຓໆຌ າຂບຄ ແຓໆຌຓþຼຸຈຑýເຘຈþໆ ເຎັຌຖກັຘະຌະຘະເຑາະໂຈງຓþຎາ າຌທຌນ າງ þໆ ຓ þກາຌເĀໆ ບຌງ າງ

ໄຖງະໄກ ແຖະ ໄຖງະໃກ  ເຑĀໆ ບທາຓຘຓົຍ ຌາຄຈ າຌທຄົບຌຆþທýຈ ແຖະ ກາຌຂະນງາງຑຌັ. ຖະຍຍົບໆາຄແຓໆຌ າຂບຄແຓໆຌ

ໄຈ ຎະກຈົໃນ ເນຌັກາຌເĀໆ ບຌງ າງຂບຄຎາຂະໜາຈໃນງໆ ຄັດ ໆ ໃຌຉບຌຖຼຸໆ ຓ ແຖະ ຉບຌເýຄຂບຄຌ າຉກົ. ເຎັຌþໆ ປ ກຌັທໆາ 

ຓþ າຌທຌນ າງþໆ ຘຼຸຈຂບຄຎາແຉໆຖະຆະຌýຈ ແຖະ ຎະຖýຓາຌຖທຓþໆ ນ າງþໆ ຘຼຸຈ ຂບຄຓທຌຘາຌþໆ ຓ þກາຌເĀໆ ບຌງ າງ ແຓໆຌຓþ

ກາຌເĀໆ ບຌງ າງໃຌເຂຈ 3-S ຘາຂາແຓໆຌ າ ຉະນ ບຈປບຈຎາກແຓໆຌ າþໆ ໄນ ຖຄົຘ ໆ ແຓໆຌ າຂບຄ, ຑĀ ຌþໆ ົໆ ຄຑຽຄຌ າຊ ທຓໃຌ

ຎະເຈກ າຎ ເງ, ະເຖຉຄົເຖຆາຍ ແຖະ ເຂຈແຓໆຌ າຂບຄເຈທຉາ [4]. ຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງໄຖງະໄກ þໆ ໄຈ ຓþກາຌຌ າໃຆ 

ຉບຌຉົ ຌຂບຄແຓໆຌ າເຆກບຄ າກແຓໆຌ າຂບຄເຈທຉາþໆ ຎະເຈນທຽຈຌາຓ, ະເຖຉຄົເຖ ຆາຍ ແຖະ ຑĀ ຌþໆ ໃກ ຽຄ, າກ

ແຓໆຌ າຂບຄຉບຌໃຉ ຂບຄຖາທ ແຖະ ຉບຌຉາເທຌັບບກຘໆຽຄເໜĀບຂບຄຎະເຈກ າຎ ເງ. ຓþນ າງຆະຌýຈຎາþໆ ຓ þກາຌເĀໆ ບຌ

ງ າງແຓໆຌຓþທາຓຉ ບຄກາຌແນ ໆ ຄþໆ ດ ໆ ບາໃຘþໆ ຓ þຖກັຘະຌະຘະເຑາະ ເຆັໆ ຌຌ າໄນ , ນþຌ, ຑĀຈຑຌັ ແຖະ ບĀໆ ຌ ເຑĀໆ ບໃຆ ເຂົ າໃຌ

ກາຌຂະນງາງຑຌັໃນ ຓþທາຓຘຓົຍ ຌ. ເຂĀໆ ບຌໄຒຒາແຓໆຌເຎັຌຘýໆ ຄກþຈຂທາຄບຌັໜÿໆ ຄຉ ໆ ກາຌເຂົ າເຊýຄແນ ໆ ຄຂະນງາງຑຌັ, ແນ ໆ ຄ

þໆ ດ ໆ ບາໃຘໃຌກາຌຆບກນາບານາຌ ແຖະ ຍໆບຌþໆ ເຎັຌຌ າຊ ທຓໃຌແນ ໆ ຄþໆ ດ ໆ ບາໃຘ ຍໆບຌþໆ ຓ þຖະຈຍັຌ າຄົþໆ .  

 

ແຓໆຌ ເຆກບຄ ແຓໆຌຓþຖກັຘະຌະຘະເຑາະþໆ ໂຈຈເຈັໆ ຌ ເຎັຌຘາຂານ ກັບຌັຘຼຸຈ າງຂບຄຖະຍຍົແຓໆຌ າຂບຄþໆ ງຄັຓþກາຌ

ໄນ ໂຈງຎັຈຘະາກຘýໆ ຄກþຈຂທາຄຌຍັາກງບຈຌ າ ຉະນ ບຈປບຈໄຖງະາຄþໆ ໄນ ຖຄົຘ ໆ ະເຖþຌໃຉ . ຉາຓເຘັ ຌາຄຂບຄຓຌັ

ແຖ ທ ແຓໆຌ າເຆກບຄແຓໆຌໄນ ຏໆາຌຎະເຈຖາທ ເຆýໆ ຄຓຌັກ າເຌþຈາກຆາງແຈຌຎະເຈທຽຈຌາຓໄນ ຏໆາຌຎະເຈຖາທ ແຖະ 

ຎະເຈກ າຎ ເງ ແຖ ທ ໄນ ຎໆບຄຖຄົໃຘໆແຓໆຌ າຂບຄ ແຖະ າກກາຌໄນ ຏໆາຌເຂຈຘາງຌ າ ຆ າຍ , ຎາກແຓໆຌ າຉຄົເຖຆາຍ ແຖະ 
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ເຂຈເຈທຉ າ ໃຌຎະເຈນທຽຈຌາຓ. ໂບກາຈຂບຄຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງາກແນ ໆ ຄບາໃຘໃຌຖະຍຍົແຓໆຌ າຂບຄ ແຓໆຌໄຈ ຓþ

ກາຌຉກົຖຄົກຌັເຑĀໆ ບໃນ ຍຌັຖຼຸໄຈ ຘýໆ ຄþໆ ຘ າຌັþໆ ຘຼຸຈ ນ Ā ໃນ ຓþຂບຍເຂຈກາຌຘ ຌເຘງþໆ ຌ ບງþໆ ຘຼຸຈĀ: 

x ຓþເຂĀໆ ບຌໄຒຒາ 7 ແນໆຄຂບຄຌົþຌ þໆ ໄຈ ຘ າຄຘ າເຖຈັແຖ ທໃຌແຓໆຌ າຖ າຌຆ າຄ ຉບຌເýຄ ເຆýໆ ຄເຎັຌຘýໆ ຄþໆ ກþຈຂທາຄກາຌ

ເĀໆ ບຌງ າງຂບຄຎາໂຈງຘຓົຍ ຌ. 

   

x ເຂĀໆ ບຌໃຌຎະເຈໄþໆ ຘ າຄຂÿ ຌເຑĀໆ ບກາຌຆຌົຖະຎະາຌ ແຖະ ຑະຖຄັຄາຌໄຒຒາໃຌເຂຈຑ ຑຽຄໂຖາຈ (Khorat 

Plateau) ເຎັຌຘýໆ ຄþໆ ຓ þຏຌົກະຍົຉ ໆ ກາຌຂÿ ຌຖຄົຂບຄຎາຉະນ ບຈແຓໆຌ າຓ ຌ ແຖະ ແຓໆຌ າຆþໃຌຍາຄຘໆທຌໃຌຎþ. 

 

x ຓþເຂĀໆ ບຌໄຒຒາ 13 ແນໆຄໃຌຎະເຈນທຽຈຌາຓþໆ ໄຈ ຓþກາຌກ ໆ ຘ າຄໃຌແຓໆຌ າເຆຆາຌ ແຖະ ເຆຎບກ þໆ ະເຎັຌຘýໆ ຄ

ກþຈຂທາຄກາຌເĀໆ ບຌງ າງຂບຄຎາໄຈ . 

 

x ເຂĀໆ ບຌໄຒຒາໃຌຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າເຆຆາຌ 2 ບຌັþໆ ຓ þແຏຌະຘ າຄໃນ ຘ າເຖຈັໃຌຎþ 2017. ເຆýໆ ຄຓຌັະກາງເຎັຌຘýໆ ຄ

ກþຈກັ ຌກາຌເĀໆ ບຌງ າງຂບຄຎາເຂົ າຘ ໆ ເຆຆາຌ ແຖະ ເຆຎບກ ໃຌຂະຌະþໆ ຎະເຈກ າຎ ເງງຄັຍ ໆ ຌັຓþາຄຏໆາຌຎາþໆ

ໄຈ ປຍັຏຌົຈþ. 

 

x ເຂĀໆ ບຌþໆ ຘ າຄຘ າເຖຈັແຖ ທ ແຖະ ກ າຖຄັຓþກາຌກ ໆ ຘ າຄບþກ າຌທຌ 8 ແນໆຄ ດ ໆ ໃຌຘາຂາແຓໆຌ າໃຌຉບຌເໜĀບຂບຄ ຘຎຎ 

ຖາທ: 
 

o ຌ າກະຈýຄ (ຌ າເþຌ 2 ແຓໆຌໄຈ ຓþກາຌກ ໆ ຘ າຄແຖ ທ; ເຂĀໆ ບຌເþຌນþຌຍ ຌ ແຓໆຌດ ໆ ຍ ຖýເທຌຎາກແຓໆຌ າເþຌ ແຖະ ແຓໆຌ າ

ງທຄ ເຆýໆ ຄເຎັຌຘາງຌ າຈຽທກຌັກຍັຌ າກະຈýຄ) 

o ຌ າຄຽຍ (ຓþ າຌທຌ 2 ເຂĀໆ ບຌþໆ ໄຈ ກ ໆ ຘ າຄຘ າເຖຈັແຖ ທ, ບþກ 1 ເຂĀໆ ບຌກ າຖຄັດ ໆ ໃຌໄຖງະກ ໆ ຘ າຄ)  

o ຌ າຄ Āໆຓ (ຌ າຄ Āໆຓ 1, 2 ແຖະ 5 ແຓໆຌດ ໆ ໃຌໄຖງະເຎþຈຌ າໃຆ  ແຖະ ຌ າຄ Āໆຓ 3 ແຓໆຌດ ໆ ໃຌໄຖງະຑýາຖະຌາ)  

o ຌ າຖþກ (ຌ າຖþກ 2 ແຓໆຌດ ໆ ໃຌໄຖງະເຎþຈຌ າໃຆ , ຌ າຖþກ 1 ແຓໆຌດ ໆ ໃຌກາຌທາຄແຏຌຂັ ຌຘຼຸຈ າງ)  

o ຌ າາຌ (ຓþ າຌທຌ 1 ເຂĀໆ ບຌþໆ ໄຈ ຓþກາຌກ ໆ ຘ າຄແຖ ທ ແຖະ ບþກ 1 ເຂĀໆ ບຌþໆ ກ າຖຄັຓþກາຌກ ໆ ຘ າຄ)  

o ຌ າບ  (#2, #5 and #6 ແຓໆຌໄຈ ຓþກາຌກ ໆ ຘ າຄແຖ ທ, ກາຌກ ໆ ຘ າຄ 1, 3, 4 ແຖະ 7 ແຓໆຌກ າຌຈົະເຖþໆ ຓກາຌກ ໆ ຘ າຄ 

ໃຌຎþ 2017) 

o ຌ າຄາ (ຓþ າຌທຌ 1 ເຂĀໆ ບຌþໆ ກ າຖຄັຓþກາຌກ ໆ ຘ າຄ) 

o ຌ າາ (ຓþ າຌທຌ 1 ເຂĀໆ ບຌþໆ ຘ າຄ, ບþກ 1 ເຂĀໆ ບຌດ ໆ ຑາງໃຉ ກາຌກ ໆ ຘ າຄ) 

 

ເຂĀໆ ບຌໄຒຒາ າຌທຌ 2 ແນໆຄ þໆ ຎະຼຸຍຌັແຓໆຌກ າຖຄັຓþກາຌກ ໆ ຘ າຄໃຌແຓໆຌ າຂບຄ ເຆýໆ ຄຓຌັກ ໆ ເຎັຌຏຌົກະຍົຉ ໆ ກາຌ

ເĀໆ ບຌງ າງຂບຄຎາເຆັໆ ຌກຌັ. ຘþໆ ຄກþຈຂທາຄຉ ໆ າຄຎາຏໆາຌþໆ ເຂĀໆ ບຌໄຒຒາໄຆງະຍ ຖþ ໄຈ ຓþກາຌກ ໆ ຘ າຄຌັ ຌະຓþກາຌຖຼຸຈຏໆບຌຏຌົ

ກະຍົໃຌຂບຍເຂຈໃຈໜÿໆ ຄຈ ທງກາຌຘ າຄາຄຎາຏໆາຌຽຓ. ປ ທໆາ ເປĀບຌກັຂບຄເຂĀໆ ບຌໄຆງະຍ ຖþ ໂຈງຖທຓແຖ ທແຓໆຌຓþ

ຘýໆ ຄþໆ ຍ ໆ ເກþຈຎະໂນງຈ ແຖະ ຍ ໆ ຓ þຖກັຘະຌະຘະເຑາະþໆ ະເປຈັໃນ ຎາþໆ ເĀໆ ບຌງ າງຖຄົຉບຌຖຼຸໆ ຓຘາຓາຈຖບຈຏໆາຌໃຍຑຈັຂບຄ

ເĀໆ ບຄກັໄຎໄຈ . ເຂĀໆ ບຌໄຒຒາຈບຌຘະໂປຄະເຎັຌຘýໆ ຄþໆ ບຈັຉຌັປ ຘະໂປຄ ເຆýໆ ຄເຎັຌຆໆບຄາຄກາຌເĀໆ ບຌງ າງþໆ ຘ າຌັຂບຄຎາ 
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þໆ ຏໆາຌາກເຂຈຌ າຉກົໃຌເຂຈຈັໆ ຄກໆາທ. ໂຄກາຌຈັໆ ຄກໆາທຌັ ຌແຓໆຌະຓþກາຌຈຈັແຎຄປ ຆ າຄເຏĀບກ, ປ ບຌຖາຌ ແຖະ ປ ຘະ

ຈ າ ແຖະ ຑ ບຓຄັຓþກາຌຖຼຸຈຏໆບຌກາຌນາຎາໃຌເຂຈຈັໆ ຄກໆາທ ໂຈງຘະເຑາະແຓໆຌກາຌງ າງເĀໆ ບຄຓĀນາຎາຂະໜາຈໃນງໆþໆ ຓ þ

ກາຌກþຈຂທາຄາຄຂÿ ຌຖຄົຂບຄຎາ. າຄຏໆາຌຎາþໆ ເຂĀໆ ບຌໄຆງະຍ ຖþະ ໄຈ ປຍັຏຌົແຌທໃຈແຈໆ ແຓໆຌຘýໆ ຄþໆ ງຄັຍ ໆ ຘາຓາຈປ ໄຈ . 

ໂຈງບþຄ ໃຘໆຎະຘຍົກາຌໃຌກາຌຘ າຄາຄຎາຏໆາຌຽຓໃຌຖະຈຍັຘາກຌົ [6], ຘýໆ ຄເນ ົໆ າຌþ ແຓໆຌເຍýໆ ຄ າງກຍັທໆາະໄຈ ປຍັຏຌົຑຽຄ

ແຉໆຍາຄຘໆທຌເົໆ າຌັ ຌ. ເຂĀໆ ບຌບĀໆ ຌໃຌ ຘຎຎ ຖາທ ແຓໆຌງຄັຍ ໆ ຌັໄຈ ຓþກາຌຎະເຓþຌ ຖທຓຄັເຂĀໆ ບຌຎາກແຍໆຄþໆ ຎະຼຸຍຌັງຄັດ ໆ

ໃຌກາຌກທຈĀຌຂບຄບຄົກາຌ MRC. ເຂĀໆ ບຌເນ ົໆ າຌັ ຌ ແຓໆຌະເຎັຌຘýໆ ຄກþຈຂທາຄແຓໆຌ າຂບຄໂຈງຆþ ຌເຆþຄ ແຖະ ຓຌັປຽກປ ບຄ

ໃນ ຓþກາຌຘ າຄາຄຎາຏໆາຌຽຓ ໂຈງþໆ ຍ ໆ ປ ທໆາະໄຈ ປຍັຏຌົ ແຖະ ຎະຘýຈýຑາຍຂບຄຓຌັ. 

ບþຄໃຘໆຂ  າກຈັໃຌກາຌເຂົ າເຊýຄ, ຍຌັຈາເຂĀໆ ບຌໄຒຒາເນ ົໆ າຌັ ຌ ແຖະ ບໆາຄເກຍັຌ າຂບຄ ຑທກຓຌັແຓໆຌເຎັຌຘýໆ ຄþໆ ເປຈັໃນ 

ຓþກາຌຖຼຸຈຖຄົຂບຄກາຌເຂົ າເຊýຄແນ ໆ ຄþໆ ດ ໆ ບາໃຘຘ າຖຍັຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງຘ າຖຍັກາຌຂະນງາງຑຌັ ແຖະ ກາຌ ເຉþຍໃນງໆ. 

ຏຌົຏະຖýຈາຄຈ າຌກາຌຎະຓຄົແຓໆຌຓþຎະຖýຓາຌþໆ ຘ ຄຂÿ ຌໂຈງກໆຽທຂ ບຄກຍັຂບຍເຂຈຂບຄກາຌນາບານາຌ, ກາຌຂະນງາງ

ຑຌັ, ຍໆບຌຖຍົໄຑ ແຖະ þໆ ດ ໆ ບາໃຘໃຌກາຌເຉþຍໂຉ. ຈັໆ ຄþໆ ປ ກຌັທໆາໄຈ ຓþກາຌຘ ຌເຘງກາຌເຂົ າເຊýຄແນ ໆ ຄþໆ ດ ໆ ບາໃຘ, ກາຌເຂົ  າ

ເຊýຄþໆ ງຄັຓþຎະກຈົໃນ ເນຌັແຓໆຌກາຌເຑþໆ ຓທາຓຘ າຌັຂÿ ຌໄຎເຖĀ ບງໃຌຈ າຌທາຓງĀຌງຄົຂບຄຎະຆາ ກບຌຎາ ແຖະ ກາຌ

ຎະຓຄົ. 

 

ຘະນ ຼຸຍຖທຓແຖ ທ ບຈັຉາຘໆທຌຂບຄບໆາຄປຍັຌ າþໆ ຎະກບຍຈ ທງ ແຓໆຌ າເຆກບຄ ແຖະ ແຓໆຌ າຂບຄຉບຌຖຼຸໆ ຓາກ

ຎາກຌ າ ແຓໆຌເຎັຌຘໆທຌþໆ ຘ າຌັາຄຈ າຌຏຌົຏະຖýຈຂບຄກາຌຎະຓຄົຌ າ Āຈ. ງ ບຌທໆາເຆກບຄ ແຓໆຌແຓໆຌ າຘາຂາຉົ ຌຉ ຂບຄ

ແຓໆຌ າຂບຄໃຌຉບຌຖຼຸໆ ຓ ຈັາກບຌຑະເຑຄັຖຄົຓາ þໆ ງຄັຓþກາຌເĀໆ ບຌງ າງຂບຄຎາແຍຍບýຈຘະຖະ າກຉົ ຌຌ າໄຎນາະເຖ, 

ຘýໆ ຄເນ ົໆ າຌþ ແຓໆຌກາຌເຆĀໆ ບຓຉ ໆ þໆ ຎະກບຍເຎັຌຘýໆ ຄþໆ ຓ þຼຸຌໆາ ແຖະ ຍ ໆ ຘາຓາຈນາຘýໆ ຄໃຈຓາແຌໄຈ  ຘ າຖຍັຎະຆາກບຌຎາþໆ ຓ þກາຌ

ເĀໆ ບຌງ າງໃຌແຓໆຌ າຂບຄ. 

 

ຍຌັນາ 2: ຑາງໃຉ ຂບຍເຂຈບຌັໃຈþໆ ເຂĀໆ ບຌໄຒຒາໃຌແຓໆຌ າເຆກບຄະເຎັຌຘາງເນຈຂບຄກາຌຖຼຸຈຖຄົ

າຄກາຌຎະຓຄົ ໃຌຉບຌຖຼຸໆ ຓ? 

 ເຌĀໆ ບຄາກກາຌຎໆຽຌແຎຄກາຌໄນ ໃຌແຉໆຖະຖະຈ ກາຌໃຌແຓໆຌ າເຆກບຄ, ເຂĀໆ ບຌໄຒຒາໃຌຉບຌເýຄຂບຄແຓໆຌ າເຆ

ກບຄແຓໆຌຓþທາຓຉ ບຄກາຌþໆ ະຉ ບຄເກຍັກກັຌ າໄທ ໃຌຖະຈ ຐົຌ ແຖະ ຎໆບງໃຌຖະຈ ແຖ ຄ ເຑĀໆ ບຘ າຄຓ ຌໆາາຄຈ າຌ

ເຘຈຊະກýຈ [9]. ເຂĀໆ ບຌþໆ ດ ໆ ຉບຌເýຄແຓໆຌະຓþຖກັຘະຌະແຍຍຌັ ຌ ເຆýໆ ຄະຓþຍໆບຌເກຍັຌ າþໆ ຘາຓາຈຎໆບງໃນ ຖົ ຌບບກ 

ແຖະ ຈ ທງເນຈຌັ ຌປ ຍແຍຍກາຌໄນ ຂບຄຌ າໃຌຉບຌຖຼຸໆ ຓÿໆ ຄຓþຖກັຘະຌະຎໆຽຌໄຎຉາຓ.    

 

 ກາຌເກຍັກກັຌ າໃຌຖະຈ ກາຌດ ໆ ຉບຌເýຄຂບຄແຓໆຌ າໃຌບໆາຄເກຍັຌ າຂບຄເຂĀໆ ບຌໃຌບໆາຄແຓໆຌ າເຆກບຄ ແຓໆຌະຘົໆ ຄ

ຏຌົĀ: 

x ກາຌຊທຓຂຄັແນ ໆ ຄþໆ ດ ໆ ບາໃຘແຍຍຊາທບຌຂບຄຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງ ແຖະ ຍ ໆ ຓ þກາຌເĀໆ ບຌງ າງ ຎາຍາຄ າ

ຌທຌແຓໆຌ າຑທກþໆ ຓþຘະເຑາະໃຌ ບຄຊýໆ ຌ 
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x ຼຸຈຎໆຽຌແຎຄກາຌໄນ ຂບຄຌ າຉ ໆ າຘຼຸຈໃຌຖະຈ ຐົຌ 

x ຖະຈຍັຌ າຘ ຄຘຼຸຈໃຌຖະຈ ແຖ ຄ 

x ກາຌເກþຈຂÿ ຌຖໆາຆ າຂບຄຌ າþໆ ຊ ທຓຂຄັໃຌເຂຈົໆ ຄປາຍຑຽຄຉບຌຖຼຸໆ ຓ þໆ ເກþຈຂĀ ຌໃຌໄຖງະເຖþໆ ຓຉົ ຌຖະຈ ຐົຌ 

x ກາຌເກþຈຂÿ ຌຖໆາຆ າຂບຄກາຌໄນ ເຂົ າ ແຖະ ໄນ ບບກຂບຄຌ າໃຌະເຖຉຄົເຖຆາຍ 

x ກາຌຏຌັຏທຌໃຌປບຍທຌັຂບຄກະແຘຌ າໄນ , ກາຌເຆາະເĀໆ ບຌຂບຄແນ ໆ ຄþໆ ດ ໆ ບາໃຘ ແຖະ ແຓຉາຐໆັຄເຌĀໆ ບຄາກ

ກາຌຏຌັຏທຌຂບຄກະແຘຌ າ 

x ກາຌຖຼຸຈຖຄົຂບຄຉະກບຌຈýຌ ແຖະ າຈຘາຌບານາຌ ເຌĀໆ ບຄາກກາຌຘ າຄບໆາຄເກຍັຌ າ 

 

ບþຄຉາຓທາຓປຼຸຌແປຄຂບຄຘýໆ ຄເນ ົໆ າຌັ ຌ, ກາຌຎໆຽຌແຎຄາຄຈ າຌບຼຸກົະຘາຈ ແຖະ ຑ ຓຓþຘາຈ ບາຈະຘາຓາຈຖຼຸຈ

ຏໆບຌກາຌເĀໆ ບຌງ າງ, ກາຌຂະນງາງຑຌັ ແຖະ ກາຌຖບຈຉາງຂບຄຎາໃຌຑĀ ຌþໆ ຌ າຊ ທຓ ແຖະ ຆະຌýຈຎາþໆ ຓ þກາຌເĀໆ ບຌ

ງ າງເຂົ າໄຎໃຌແຓໆຌ າ ໂຈງຘະເຑາະຖະຍຍົþໆ ຓ þໃຌຑາກຘໆທຌຎະເຈກ າຎ ເງ [8]. ຍຌັຈາຏຌົກະຍົþໆ ເກþຈຓþໃຌຉບຌຖຼຸໆ ຓ

ຂບຄກາຌເກຍັກກັຌ າໃຌບໆາຄຂບຄບໆາຄແຓໆຌ າເຆກບຄ ບາຈເຎັຌຏຌົກະຍົþໆ ຓ þຖກັຘະຌະເຑþໆ ຓະທþ ເຆýໆ ຄໃຌຎະຼຸຍຌັ ແຓໆຌ ໄຈ 

ເຖþໆ ຓເກþຈເຎັຌຉົ ຌເນຈໂຈງກາຌເກຍັກກັຌ າໃຌບໆາຄ ໃຌເຂĀໆ ບຌຉໆາຄດ ໆ ແຓໆຌ າຖ າຌຆ າຄ, ເຂĀໆ ບຌໃຌຎະເຈນທຽຈຌາຓ ດ ໆ ໃຌ

ແຓໆຌ າເຆຎບກ ແຖະ ເຆຆາຌ, ເຂĀໆ ບຌþໆ ຓ þໃຌຘາຂາແຓໆຌ າຉໆາຄໃຌຎະເຈຖາທ ແຖະ ຌບກາກຌັ ຌ ກຍັຏຌົກະຍົບຌັ າ

າງາກເຂĀໆ ບຌຉໆາຄþໆ ດ ໆ ໃຌແຓໆຌ ານ ກັເຆັໆ ຌ: ເຂĀໆ ບຌໄຆງະຍ ຖþ, ຈບຌຘະໂປຄ ແຖະ ຎາກແຍໆຄ ນ Ā ຍ ໆ ເຆັໆ ຌຌັ ຌກ ໆ ຖຼຸຈາຄຈ າຌ

ຏຌົຏະຖýຈາຄກາຌຎະຓຄົ ແຖະ ທາຓນ າກນ າງາຄຈ າຌຆþທະຌາຑຌັແຓໆຌງຄັຍ ໆ ຌັເຎັຌຘýໆ ຄþໆ ະແ ຄເĀໆ ບດ ໆ ຉບຌຖຼຸໆ ຓ

ຎາກແຓໆຌ າ 3-S, ຓຌັງຄັຓþຂ  າກຈັາຄຈ າຌທາຓຌົາຌາຄຈ າຌຆþທະທýະງາຉ ໆ ກາຌຎໆຽຌແຎຄາຄຈ າຌ າຓະຆາຈ

ເນ ົໆ າຌັ ຌ.  ກາຌຑຈັະຌາເຂĀໆ ບຌໄຒຒາþໆ ຓ þດໆາຄໜກັໃຌຖ າແຓໆຌ າເຆກບຄ ະເຎັຌຘໆທຌຎະກບຍໜÿໆ ຄþໆ ຓ þຉ ໆ ທາຓຘໆຽຄþໆ ະ

ເກþຈໄຑເຎັຌດໆາຄງýໆ ຄ þໆ ເຎັຌຼຸຈເຖþໆ ຓຉົ ຌຂບຄຘýໆ ຄບĀໆ ຌþໆ ະຉາຓຓາ ເຆýໆ ຄບາຈຓþຏຌົເປຈັໃນ ຏຌົຏະຖýຈາຄກາຌຎະຓຄົຓþກາຌຖຼຸຈ

ຖຄົ ແຖະ ທາຓນ າກນ າງາຄຈ າຌຆະຌýຈຎາ.  

 

ຘýໆ ຄþໆ ໜ າະເກþຈຂÿ ຌໄຈ ຘ າຖຍັກາຌເĀໆ ບຌງ າງຂບຄຎາໃຌເຂຈຉບຌເýຄ ແຖະ ກາຌຖບຈຉາງຖຄົຘ ໆ ແຓໆຌ າຉບຌຖຼຸໆ ຓ 

(ຖທຓຄັຖ ກຎາໄທບໆບຌþໆ ຖບງຓາຌ າຌ າ) ງ ບຌຍຌັຈາເຄ Āໆບຌໄຂຂ າຄເýຄຌັ ຌ ຘາຓາຈຘະແຈຄໃນ ເນຌັແຍຍດໆາຄຂບຄກາຌຖຼຸຈ

ຖຄົກຍັກາຌເຑþໆ ຓຂÿ ຌຂບຄ າຌທຌຂບຄເຂĀໆ ບຌ ໄຒຒາໃຌແຓໆຌ າເຆກບຄ. ເຊýຄແຓໆຌທໆາ ຊາເຂĀໆ ບຌຄັ 7 ແນໆຄþໆ ຓ þເຎົາໝາງຘ າຄໃຌ

ແຓໆຌ າເຆກບຄນາກ ໄຈ ຎະຉýຍຈັຉາຓຓາຈຉະຊາຌຂບຄ MRC þໆ ຉ ບຄໄຈ ຓþກາຌປຍັຎະກຌັກາຌຂÿ ຌຖຄົຂບຄຎາ 95% ຂບຄ

ຆະຌýຈຎາ ຑາງໃຉ ເຄ Āໆບຌໄຂຄັໝຈົຂບຄກາຌໄນ ຂບຄຌ າ [11], ເຆýໆ ຄເຎັຌກາຌຘະແຈຄໃນ ເນຌັເຊýຄກາຌຎະຉýຍຈັþໆ ຈþໃຌຘາກຌົ, 

ຏຌົກະຍົແຍຍະທþ ຌແຓໆຌງຄັຄົເຎັຌຍຌັນາຉົ ຌຉ ໃຌກາຌນ ຼຸຈຏໆບຌາຄຈ າຌຓທຌຘາຌ ແຖະ ທາຓນ າກນ າງາຄຈ າຌ

ຆະຌýຈຎາ.  

ເຂĀໆ ບຌþໆ ດ ໆ ໃຌຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າເຆກບຄ ບາຈເຎັຌຍຌັນາາຄຖຍົþໆ ໃນງໆþໆ ຘຼຸຈຉ ໆ ກາຌຖບຈຉາງຂບຄຎາþໆ ຓ þກາຌ

ເĀໆ ບຌງ າງໄຖງະໄກ ແຖະ ທາຓຘ າເຖຈັໃຌກາຌຂະນງາງຑຌັຂບຄຑທກຓຌັ ນ າງກທໆາເຂĀໆ ບຌþໆ ດ ໆ ຉບຌເýຄ ງ ບຌທໆາ ເຂĀໆ ບຌ

þໆ ດ ໆ ໃຌຉບຌຖຼຸໆ ຓແຓໆຌະເຎັຌຘýໆ ຄþໆ ກþຈຂທາຄທາຓຘາຓາຈໃຌກາຌເຂົ າເຊýຄແນ ໆ ຄþໆ ດ ໆ ບາໃຘເຎັຌ າຌທຌນ ທຄ ນ າງ ແຖະ 

ກາຌຂະນງາງຑຌັເຑþໆ ຓຂÿ ຌໃຌເຂຈຌ າຊ ທຓ ແຖະ ຍໆບຌþໆ ດ ໆ ບາໃຘເຑĀໆ ບກາຌເຉþຍ ໃນງໆ. 
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ຼຸຈþໆ ຉັ ຄຂບຄເຂĀໆ ບຌໄຒຒາþໆ ໄຈ ຘະເໜþ ຘ າຖຍັເຂĀໆ ບຌໄຒຒາເຆກບຄ # 1A ແຓໆຌເຎັຌກາຌກþຈຂທາຄາຄຎາຏໆາຌ

ຆະຌýຈþໆ ຓ þກາຌເĀໆ ບຌງ າງ ຘໆທຌໃນງໆþໆ ເຂົ າໄຎໃຌບໆາຄແຓໆຌ າເຆກບຄ ຑາງ ໃຌເຂຈ ຘຎຎ ຖາທ, ຍ ໆ ຘະເຑາະແຉໆຘາງແຓໆຌ າເຆ

ກບຄ ແຉໆຖທຓຄັ ເຆກະຓາຌ, ເຆຆ  ແຖະ ຌ າກບຄ ເຆýໆ ຄແຓໆຌ າເນ ົໆ າຌັ ຌບາຈເຎັຌແນ ໆ ຄþໆ ຓ þຼຸຌໆາຘ າຌັຘ າຖຍັກາຌຂະນງາງ

ຑຌັຂບຄຆະຌýຈຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງ. ຊານາກຓþກາຌຑýາຖະຌາດໆາຄເໝາະຘຓົຘ າຖຍັເຂĀໆ ບຌໃຌຼຸຈ #1A ະຓþຏຌົກະຍົ

þໆ ເກþຈຂÿ ຌ າງກຍັເຂĀໆ ບຌໃຌຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າເຆຆາຌ 2 ໃຌຎະເຈກ າຎ ເງ ເຆýໆ ຄຓຌັໄຈ ເຎັຌຘýໆ ຄກþຈຂທາຄກາຌເĀໆ ບຌ

ງ າງຂບຄຎາເຂົ າໄຎຘ ໆ ແນ ໆ ຄຂະນງາງຑຌັþໆ ບຼຸຈຓົຘຓົຍ ຌ. ເຂĀໆ ບຌໃຌຼຸຈ #1A ບາຈຓþຏຌົກະຍົາຄຖຍົþໆ ເຎັຌຉົ ຌຉ ໃນ ແກໆ

ກາຌຘ າຄຖາງປຍັໃນ ແກໆບຍທົ ແຖະ ຆþທýຈກາຌເຎັຌດ ໆ ຂບຄຌົຼຸກງາກໃຌເຂຈຆຌົຌະ ຍຈົ. ໃຌຂະຌະþໆ  ເຂĀໆ ບຌຉບຌຖຼຸໆ ຓ

ຂບຄແຓໆຌ າເຆຆາຌ 2, ຘýໆ ຄບ າຌທງທາຓຘະຈທກþໆ ເຎັຌາຄຏໆາຌຎາ ບາຈເຎັຌຘໆທຌໜÿໆ ຄຂບຄກາຌຖຼຸຈຏໆບຌຏຌົກະຍົຈ ທງ

ກາຌຉຌັາຄຏໆາຌຎາໃຌເຂຈຉບຌເýຄ ແຉໆຍ ໆ ບາຈະຖຼຸຈຏໆບຌຏຌົກະຍົþໆ ເກþຈຂÿ ຌໃຌບໆາຄເກຍັຌ າໃຌເຖĀໆ ບຄກາຌຖບງຖຄົຂບຄ

ຖ ກຎາຘ ໆ ຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າ ແຖະ ຑĀ ຌþໆ ຌ ຊ ທຓþໆ ໃຆ ໃຌກາຌຎະຘຓົຑຌັ ແຖະ ແນ ໆ ຄþໆ ດ ໆ ບາໃຘເຑĀໆ ບກາຌະເຖþຌເຉþຍໂຉ 

(ເຍýໆ ຄຈ າຌຖຼຸໆ ຓ). 

   

ງຄັຍ ໆ ຓ þກາຌເກຍັຉທົດໆາຄຂບຄຆະຌýຈຎາໃຌຖ າແຓໆຌ າþໆ ຘະແຈຄໃນ ເນຌັທໆາ ຎາຆະຌýຈໃຈþໆ ະຊĀກຎýຈຉຌັາກເຂĀໆ ບຌ

ເຆກບຄ # 5. ຌົປບຈຈຽທຌþ  ຓຌັຓþກາຌປຍັປ ທໆາໃຌຉບຌເýຄຂບຄບໆາຄໂຉໆຄແຓໆຌຓþຆະຌýຈຎາþໆ ຓ þດ ໆ ໃຌຘະເຑາະ ບຄຊýໆ ຌ

ຎະກບຍດ ໆ ນ າງຆະຌýຈ. ຆະຌýຈຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງາກຉບຌເýຄແຓໆຌ າຖຄົຉບຌຖຼຸໆ ຓຂບຄຼຸຈþໆ ະຘ າຄເຂĀໆ ບຌເຆກບຄ 5 

ແຉໆໃຌຂບຍເຂຈເນ ົໆ າຌັ ຌ  າຑທກຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງໄຎຉບຌເýຄາກຼຸຈþໆ ຉັ ຄຂບຄເຂĀໆ ບຌ ແຓໆຌງຄັຍ ໆ ຌັໄຈ ຓþກາຌ

ຍຌັÿກໄທ ເĀໆ ບ. ເຑາະຘະຌັ ຌ ຑທກເປາົາຈະເຌທໆາ ຘýໆ ຄກþຈຂທາຄ ແຖະ ກາຌຘ າຄຑĀ ຌþໆ ກກັຂຄັໄທ  ໃຌເຂĀໆ ບຌເຆກບຄ #5 

ບາຈເກþຈຍຌັນາþໆ ໃນງໆກທໆາກຍັຆະຌýຈຎາþໆ ຓ þດ ໆ ຘະເຑາະແຉໆໃຌ ບຄຊýໆ ຌນ າງກທໆາໃຌຈ າຌຓທຌຘາຌຖທຓ. 

   

ກາຌນ þກຖ ຽຄທາຓຘໆຽຄþໆ ບາຈເກþຈໃຌຈ າຌຌýເທຈທýະງາ ໃຌຂະຌະþໆ ຂ ຓ ຌþໆ ງຄັຍ ໆ ຑຽຄຑ  ແຓໆຌນ ກັກາຌາຄຈ າຌ

ທýະງາຘາຈ þໆ ຉ ບຄຓþທາຓຖະຓຈັຖະທຄັາຄຈ າຌງຼຸຈະຘາຈຘ າຖຍັກາຌຑຈັະຌາເຂĀໆ ບຌໄຒຒາແຍຍງĀຌງຄົ. ກາຌເກຍັກ າ

ຂ ຓ ຌໃຌບະຌາຈົແຓໆຌກາຌແຌະຌ າໃຌຖະຈຍັຘ ຄໂຈງກບຄຎະຆຼຸຓຘ າຓະຌາຂບຄຍຌັຈາຏ ຆໆຽທຆາຌ þໆ ກໆຽທ ຂ ບຄກຍັກາຌ

ເĀໆ ບຌງ າງຂບຄຎາຈ າຌເýຄຂບຄຼຸຈþໆ ຉັ ຄຂບຄເຂĀໆ ບຌເຆກບຄ #5, ກໆບຌະຓþກາຌຉຈັຘýຌໃໃຌກາຌບະຌຼຸ ງາຈກາຌຘ າຄ

ເຂĀໆ ບຌຈັໆ ຄກໆາທ. ໃຌຂະຌະþໆ ທໆາຍ ໆ ຓ þຘýໆ ຄໃຈþໆ ຘະແຈຄໃນ ເນຌັເຊýຄທຽກຉທົýຄໃຌຑາກຘະໜາຓ, ທາຓນໆາຄໄນຘບກນ þກ, 

ທາຓນງຼຸ ຄງາກໃຌກາຌເກຍັຉທົດໆາຄໃຌຉບຌເýຄຂບຄຘາງຌ າໃຌຑĀ ຌþໆ ບໆາຄໂຉໆຄ ບາຈຓþທາຓ າເຎັຌþໆ ະປຽກປ ບຄໃຌ

ກາຌຌ າໃຆ ເຉກັຌýກþໆ ຈþþໆ ຘຼຸຈ-ບຌັຈຍັ 2 ເຆັໆ ຌທໆາ: ກາຌແຍໆຄເຎັຌຆັ ຌຂບຄແນ ໆ ຄþໆ ດ ໆ ບາໃຘໂຈງກາຌໃຆ  GIS, ກາຌໃຆ ຂ ຓ ຌ

າຈຖþ ໂຓຈເຆຌັເຆþ (remotely sensed data) ແຖະ ຉ ໆ ຈ ທງກາຌຎະເຓþຌທໆາຓþທາຓນ າກນ າງາຄຈ າຌຆະຌýຈຑຌັຎາþໆ ໄຈ 

ຓþກາຌກໆຽທຑຌັກຍັທາຓນ າກນ າງາຄຈ າຌແນ ໆ ຄþໆ ດ ໆ ບາໃຘ. ນ ຄັາກຌັ ຌ ຘາງຌ າþໆ ເຎັຌຉທົແຌ ທຌຓþກາຌຘະນຄທຌ 

ໃຌຂະຌະþໆ ຘາຓາຈຓþກາຌທາຄແຏຌງຼຸຈະຘາຈໃຌກາຌຑຈັະຌາເຂĀໆ ບຌໄຒຒາ. ຉທົດໆາຄໃຌຼຸຈເຂĀໆ ບຌເຆກບຄ #5 ະຓþກາຌ

ຊທຓຂÿ ຌຂບຄຌ າໃຌຖ າແຓໆຌ າþໆ ງາທກທໆາ ແຖະ ຌບກາກຌັ ຌຓຌັກ ໆ ະງຄັເປຈັໃນ ຌ າໄນ ກຍັĀຌຘ ໆ  ຎໆາຎບຄກຌັເຆເຆຈັ (Xe 

Xet NPA). ນາກຓþກາຌຑýາຖະຌາາກຘýໆ ຄຈັໆ ຄກໆາທຌັ ຌ, ນ ກັກາຌþໆ ແຌະຌ າໃຌກາຌຎບຄກຌັຖໆທຄໜາ ແຓໆຌໄຈ ແຌະຌ າທໆາ 

Annex 5.3–11



11 
 

ຓຌັທຌະຓþກາຌຖະຓຌັຖະທຄັໃຌກາຌຆບກນາາຄເຖĀບກບĀໆ ຌາຄຈ າຌຼຸຈþໆ ຉັ ຄຂບຄເຂĀໆ ບຌ. ບຄົກາຌ NHI ໄຈ ຓþກາຌ

ທýເາະເຊýຄຼຸຈþໆ ຉັ ຄຂບຄເຂĀໆ ບຌþໆ ເໝາະຘຓົ þໆ ໄຈ ແຌະຌ າທໆາ ນ ທງບາຆ າແຓໆຌບາຈເຎັຌາຄເຖĀບກþໆ ເຎັຌໄຎໄຈ þໆ ຘາຓາຈຘ າຄ

ເຂĀໆ ບຌ ເຑĀໆ ບນ þກຖ ຽຄໃຌແຓໆຌ າຘາງນ ກັ. ດໆາຄໃຈກ ຉາຓ ງຄັຓþກາຌຂາຈແຌາຄຈ າຌຂ ຓ ຌþໆ ກໆຽທຂ ບຄເຊýຄຆະຌýຈຎາþໆ ຓ þ

ຘະເຑາະໃຌ ບຄຊýໆ ຌໃຌຉບຌເýຄຂບຄແຓໆຌ າເຆກບຄ, ງຄັຍ ໆ ຌັຓþຂ ຓ ຌþໆ ເຎັຌຑĀ ຌຊາຌາຄຈ າຌທýະງາຘາຈໃຌເທຖາຌþ þໆ

ຑຽຄຑ þໆ ະຘາຓາຈຎະເຓþຌທໆາ ຼຸຈþໆ ຉັ ຄໃຈþໆ ະຓþຏຌົກະຍົþໆ ໜ ບງþໆ ຘຼຸຈຉ ໆ ທາຓນ າກນ າງາຄຈ າຌຆþທະຌາຑຌັ. 

      

ຍຌັນາ 3: ໃຌຂບຍເຂຈໃຈþໆ ຘາຓາຈຉຌັແຖທຌ າ, ກາຌຊທຓຂບຄແນ ໆ ຄຂະນງາງຑຌັ ແຖະ ແນ ໆ ຄນາ

ບານາຌ ໂຈງຍຌັຈາເຂĀໆ ບຌþໆ ະຘ າຄຂÿ ຌໃຌແຓໆຌ າເຆກບຄ þໆ ຘາຓາຈຖຼຸຈຏໆບຌຏຌົກະຍົ

ຈ ທງກາຌຘ າຄຘýໆ ຄບ າຌທງທາຓຘະຈທກໃນ ແກໆກາຌເĀໆ ບຌງ າງຂບຄຎາ, ຎໆຽຌກາຌເຎþຈຌ າ

ໃຆ ເຂĀໆ ບຌ ແຖະ ກາຌແຏໆຑຌັແຍຍຽຓ (ໃຌຈ າຌກາຌເຑາະຖ ຽຄ)?  

ຎັຈໃບຌັເຎັຌຉົ ຌຉ þໆ ເປຈັໃນ ຏຌົຏະຖýຈຎາຓþກາຌຖຼຸຈຖຄົ ແຖະ ທາຓນ າກນ າງາຄຈ າຌຆþທະຌາຑຌັ າກກາຌ

ຘ າຄເຂĀໆ ບຌໄຒຒາໃຌແຓໆຌ າເຆກບຄແຓໆຌຓþĀ:  

 

x ກາຌເĀໆ ບຌງ າງຂບຄຎາໃຌເຂຈຉບຌເýຄແຓໆຌຓþກາຌຖຼຸຈຖຄົ  

x ບຈັຉາກາຌຉາງຂບຄຎາໃນງໆເຉຓັໄທ ແຖະ ຎາໄທໜຼຸໆ ຓþໆ ຖບຈຏໆາຌໃຍຑຈັ ແຖະ ຎະຉ ຌ າ  

x ກາຌຎໆຽຌແຎຄກາຌໄນ ຂບຄຌ າໃຌແນ ໆ ຄþໆ ດ ໆ ບາໃຘ ເຑĀໆ ບໃນ ຖະຈຍັຌ າຓþທາຓຄົþໆ ໃຌບໆາຄເກຍັຌ າ  

x ກາຌຈຈັແຎຄກາຌໄນ ຂບຄຌ າໃຌເຂຈຉບຌຖຼຸໆ ຓ ແຖະ ທາຓຏຌັຏທຌຂບຄກະແຘຌ າ ເຌĀໆ ບຄາກທາຓ

ແຉກຉໆາຄຂບຄກາຌປຍັຌ າາກຼຸຈຎໆຽຌາຄບຼຸກົະຘາຈþໆ ເຎþຈຌ າໃຆ  

x ກາຌຎໆຽຌແຎຄາຄຈ າຌຼຸຌຌະຑາຍຌ າ 

ກາຌກþຈກຌັາຄຏໆາຌຂບຄຎາ ແຓໆຌຘາຓາຈເປຈັໃນ ຓþກາຌຖຼຸຈຏໆບຌຏຌົກະຍົຖຄົໄຈ  ໂຈງກາຌຘ າຄາຄຎາຏໆາຌ

ແຍຍຽຓ ແຉໆທໆາ ຓຌັກ ງຄັຍ ໆ ຌັຓþຉທົດໆາຄþໆ ຈþþໆ ຘາຓາຈຘະແຈຄເຊýຄຎະຘýຈýຑາຍໃຌກາຌບ າຌທງທາຓຘະຈທກໃນ ແກໆ

ກາຌເĀໆ ບຌງ າງຂບຄຎາໃຌເຂĀໆ ບຌຂະໜາຈໃນງໆໃຌແຓໆຌ າເຂຈປ ບຌຆຼຸໆ ຓþໆ ຓ þຖກັຘະຌະ າງĀແຓໆຌ າເຆກບຄ. ຎະຘýຈ ýຑາຍ

ໃຌກາຌຌ າໃຆ າຄຎາຏໆາຌ ໃຌກາຌຖຼຸຈຏໆບຌຍຌັນາຘýໆ ຄກþຈກຌັາກກາຌຘ າຄເຂĀໆ ບຌຉ ໆ ກຍັກາຌເĀໆ ບຌງ າງຂບຄຎາໃຌຉບຌເýຄ

ຂບຄຘາງຌ າ ແຓໆຌງຄັຂÿ ຌກຍັແຉໆຖະບໆາຄໂຉໆຄຂບຄແຓໆຌ າ, ຂະໜາຈທາຓຘ ຄຂບຄເຂĀໆ ບຌ, ບຈັຉາຘໆທຌກາຌໄນ ຂບຄຌ າໃຌາຄ

ຎາຏໆາຌ ແຖະ ຓທຌຘາຌໃຌກາຌເĀໆ ບຌງ າງຂບຄຎາ (ຖທຓຄັຎັຈໃບĀໆ ຌ). ຂະໜາຈຂບຄກາຌຎໆບງຌ າບບກþໆ ຓþຏຌົຈþຉ ໆ

ກາຌຘ າຄາຄຎາຏໆາຌໂຈງົໆ ທໄຎແຓໆຌຎະຓາຌ 10% ຂບຄກະແຘຌ າþໆ ໄນ ເຂົ າໃຌບໆາຄເກຍັຌ າ [11], ໂຈງບþຄໃຘໆຑĀ ຌຊາຌ

ຎະຘຍົກາຌຂບຄຘາກຌົ. ຌບກາກທໆາາຄຎາຏໆາຌແຓໆຌເຎັຌຎັຈໃþໆ ເຖþໆ ຓຓþເຂົ າໃຌກາຌບບກແຍຍ ແຖະ ຓþກາຌຈົຖບຄໃຌ

ກາຌເຖະາຉ ໆ ຖບຄກຍັຏ ຏະຖýຈຑະຖຄັຄາຌ, ຓຌັງຄັແຓໆຌຘýໆ ຄþໆ ຓ þທາຓນງຼຸ ຄງາກນ າງຘ າຖຍັຏ þໆ ເຎþຈຌ າໃຆ ເຂĀໆ ບຌໄຒຒາ 

ເຑĀໆ ບþໆ ະຎໆບງຌ າໃຌຖະຈຍັ 10% ຘ າຖຍັາຄຎາຏໆາຌ, þໆ ຏໆາຌຓາ ຌ າຄັໝຈົþໆ ໄຈ ແຓໆຌຌ າໃຆ ເຑĀໆ ບກກາຌຏະຖýຈກະແຘ

ໄຒຒາ.  
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ທາຓຘ ຄຂບຄຉþຌຎະຉ ຌ າþໆ ະຘ າຄ ຘ າຖຍັາຄຎາຏໆາຌþໆ ຓ þຎະຘýຈýຑາຍໃຌຖະຍຍົບໆາຄແຓໆຌ າຂບຄ ແຓໆຌໄຈ ຓþກາຌ

ຎະເຓþຌ ໂຈງບຄົກາຌ MRCS ໃຌຖະຈຍັ 30 m [11]. ເຊýຄດໆາຄໃຈກ ຈþ, ຎາແຉໆຖະຆະຌýຈແຓໆຌຓþທາຓຉ ບຄກາຌþໆ ແຉກ

ຉໆາຄກຌັ. ເຊýຄທໆາະຓþຎານ າງຆະຌýຈþໆ ຓ þກາຌເĀໆ ບຌງ າງຂÿ ຌຖຄົໃຌແຓໆຌ ເຆກບຄ ແຖະ ຖະຍຍົຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າ, ຓຌັຍ ໆ

ແຓໆຌເຖĀໆ ບຄຄໆາງþໆ ະບບກແຍຍຘýໆ ຄບ າຌທງທາຓຘະຈທກເນ ົໆ າຌັ ຌ ະຓþຎະຘýຈýຑາຍຑາງໃຌກາຌຌ າໃຆ ໄຈ ຘ າຖຍັຼຸກ

ຆະຌýຈຎາ. ເຊýຄແຓໆຌທໆາ ຊາຓþຓທຌຘາຌນ າງແຓໆຌຘາຓາຈຎັຍໃນ ຓຌັຓþທາຓເໝາະຘຓົ ແຉໆຓຌັກ ກໆຽທຑຌັໄຎເຊýຄກາຌຖຼຸຈ

ຖຄົຈ າຌທາຓນ າກນ າງາຄຆþທະຌາຑຌັ. 

 

ຎາþໆ ຘາຓາຈເĀໆ ບຌງ າງຖຄົຘ ໆ ຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າໄຈ ຘ າເຖຈັ ແຓໆຌຂÿ ຌກຍັຘýໆ ຄþໆ ຌ າຓາກັ ຌ ເຑĀໆ ບຎບຄກຌັຎາໂຉໃນງໆ

ຖບງຖຄົໄຎໃຌໃຍຑຈັ ແຖະ ກາຌບບກແຍຍຎະຉ ຌ າຖົ ຌ, ຎະຉ ຌ າ ແຖະ ໃຍຑຈັ. ບຈັຉາກາຌຖບຈຉາງຂບຄຎາໃນງໆþໆ ຏໆາຌ

ຖຄົຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າໃຉ ເຂĀໆ ບຌ ແຓໆຌຘາຓາຈຖຼຸຈຏໆບຌຏຌົກະຍົໄຈ  ຈ ທງຂະໜາຈຂບຄຘýໆ ຄກþຈກັ ຌ ນ Ā ຑÿຈຉýກ າຂບຄຎາ

ເບຄ ແຉໆຘýໆ ຄເນ ົໆ າຌþ ກ ງຄັຍ ໆ ຌັໄຈ ຓþກາຌຈັຉັ ຄຎະຉýຍຈັþໆ ເກþຈຏຌົຘ າເຖຈັໃຌເຂĀໆ ບຌþໆ ຘ າຄໃຌແຓໆຌ າຂະ  ໜາຈໃນງໆໃຌເຂຈ

ປ ບຌຓາກໆບຌ [6] ໃຌຎະຼຸຍຌັ, ແຓໆຌງຄັຍ ໆ ຓ þໃຍຑຈັþໆ ເປຈັໃນ ຘາຓາຈນ þກຖ ຽຄກາຌຉາງຂບຄຆະຌýຈຎາໃຌແຓໆຌ າຂບຄ ເຊýຄ

ແຓໆຌທໆາະຓþຍໆາຄຘໆທຌþໆ ຓ þກາຌຑຈັະຌາþໆ ຈþຂÿ ຌກທໆາຘýໆ ຄບĀໆ ຌແຖ ທກ ຉາຓ. 

 

ຎາຘາຓາຈໄຈ ປຍັຍາຈເຍັ ແຖະ ຉາງໄຈ າກໃຍຑຈັເຆັໆ ຌ: i) ກາຌຎໆຽຌແຎຄທາຓຈຌັຂບຄຌ າແຍຍກະຌັນຌັ 

(barotrauma), ii) ກາຌຉຈັຂບຄແປຄຈຌັ ແຖະ iii) ກາຌກະຍົຂບຄໃຍຑຈັ ແຖະ ຑາກຘໆທຌບĀໆ ຌ. ໃຍຑຈັþໆ ຉýຈຉັ ຄດ ໆ ຎາງ

ຂບຄາຄຌ າ ຘົໆ ຄຏຌົໃນ ເກþຈກາຌຎໆຽຌແຎຄແປຄຈຌັþໆ ຓ þຏຌົກະຍົຘ ຄນ າງຉ ໆ ກຍັຊຄົຖຓົຂບຄຎາ ຘýໆ ຄເນ ົໆ າຌັ ຌແຓໆຌຍ ໆ ຘາຓາຈຖຼຸຈ

ຏໆບຌຖຄົໄຈ ແຍຍຄໆາງ (ຉທົດໆາຄ:  າຑທກຎາເກຈັ) ແຖະ ຓຌັະເກþຈຏຌົກະຍົກຍັຎາໜບງþໆ ຘຼຸຈຊານາກຘາຓາຈຖຼຸຈຏໆບຌ

ຖຄົໄຈ ແຍຍຄໆາງ (ຉທົດໆາຄ ຎາໜຄັຍາຄຆະຌýຈ). ໃຌຈ າຌýຈຘະຈþ ຍາໂຕໂຕຓາ ຘາຓາຈນ ຼຸຈຏໆບຌຏຌົກະຍົໄຈ ໂຈງກາຌຌ າ

ໃຆ ໃຍຑຈັþໆ ຉýຈຉັ ຄໃຌຖະຈຍັເຖýກ ແຉໆທໆາຘýໆ ຄເນ ົໆ າຌþ ກ ງຄັຍ ໆ ຌັຓþກາຌຈົຘບຍທໆາຘາຓາຈຌ າໄຎໃຆ ໄຈ . ກາຌບຈັແໜຌຂບຄ

ແກຘໃຌຌ າþໆ ຘ ຄເກþຌ ໄຎໃຌຉບຌ າງຂບຄຌ າ ກຍັຖະຈຍັທາຓຈຌັໃຌກາຌຈັຖຽຄແຉໆ 105% ນາ 110%, ແຓໆຌຘາຓາຈ

ກ ໆ ໃນ ເກþຈຑະງາຈຉຼຸໆ ຓໂຑຄໃຌໂຉຎາ. ຎາະຉາຑາງໃຌ 2 – 3 ຆົໆ ທໂຓຄ ເຓĀໆ ບຑທກຓຌັໄຈ ປຍັແກຘເຂົ າໄຎໃຌຖະຈຍັ 140%. 

[12] 

 

 ກາຌຉຈັຂບຄແປຄຈຌັແຓໆຌກ ໆ ໃນ ເກþຈຓþກາຌຉາງຘ ຄໃຌໄຖງະເຎັຌໄຂໆ, ຖ ກຎາເກþຈໃໝໆ ແຖະ ເຑþໆ ຓກາຌຉາງຂÿ ຌຉĀໆ ຓ

ບþກໃຌໄຖງະຖ ກຎາໄທບໆບຌ. ກາຌກະຍົຈັໆ ຄກໆາທຌþ ແຓໆຌເຎັຌຘາງເນຈþໆ ຓþຖກັຘະຌະເຑþໆ ຓຂÿ ຌໃຌຎາຂະໜາຈ: ຎາຂະໜາຈ

ຌ ບງແຓໆຌະຓþຏຌົກະຍົþໆ ໜ ບງກທໆາາກກາຌກະຍົ ແຖະ ບາຈະຘາຓາຈຏໆາຌໃຍຑຈັໄຈ ໃຌຖະຈຍັເຖýກຈ ທງບຈັຉາ

ກາຌຉາງþໆ ຉ ໆ າ ແຉໆໃຌກາຌຈັຉັ ຄຎະຉýຍຈັຉທົýຄແຓໆຌະຓþຂ  າກຈັຂະໜາຈຂບຄຎາþໆ ຖບຈຏໆາຌໃຍຑຈັ ເຆັໆ ຌຂະໜາຈຖທຄ

ງາທຂບຄຖ າໂຉຎະຓາຌ 300 mm; ຎາþໆ ຓ þຂະໜາຈໃນງໆກທໆາະຓþ ໂບກາຈþໆ ະໄຈ ປຍັຏຌົກະຍົາກຘýໆ ຄຈັໆ ຄກໆາທຌþ ຘ ຄ

ກທໆາ.  
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 ຏຌົກະຍົþໆ ເກþຈາກບໆາຄເກຍັຌ າແຓໆຌຍ ໆ ຘາຓາຈນ þກຖ ຽຄໄຈ  ນ Ā ຖຼຸຈຏໆບຌຏຌົກະຍົ ໃຌຂະໜາຈþໆ ຓþທາຓເຆĀໆ ບຊĀ  

ຘýໆ ຄເນ ົໆ າຌັ ຌແຓໆຌຎະກບຍຓþ 6 ຎະເຑຈ: 

x ກາຌໄນ ຂບຄຌ າໃຌຍໆບຌþໆ ດ ໆ ບາໃຘþໆ ຓ þກາຌຂະນງາງຑຌັຓþກາຌຖຼຸຈຖຄົ 

x ກາຌຊທຓຂບຄຌ າໃຌຑĀ ຌþໆ ຎາþໆ ຓ þກາຌະເຖþຌເຉþຍໂຉ 

x ກາຌຉາງຂບຄໄຂໆ ແຖະ ຖ ກຎາໄທບໆບຌໃຌຖະຈຍັຌ າþໆ ຄົþໆ ໃຌບໆາຄເກຍັຌ າ  

x ກາຌຉກົຉະກບຌຂບຄຈýຌþໆ ເຎັຌຏຌົ າຖາງແນ ໆ ຄຎະຘຓົຑຌັ ແຖະ þໆ ດ ໆ ບາໃຘ 

x ກາຌຎໆຽຌແຎຄຼຸຌຌະຑາຍຌ າ, ເກþຈຂÿ ຌໂຈງກາຌຎໆຽຌແຎຄຖະຈ ກາຌ ແຖະ ຘົໆ ຄຏຌົໃນ ເກþຈ ບາໂຌເຆງ 

(anoxia) ໃຌຌ າþໆ ຖະຈຍັຖຼຸໆ ຓ. 

x ກາຌຎໆຽຌແຎຄາຄຈ າຌບຄົຎະກບຍຆະຌýຈ ແຖະ ຏຌົກະຍົໃຌຈ າຌຉໆບຄໂຘ ບານາຌ  

 

ຓþຎາຆະຌýຈþໆ ຓ þກາຌເĀໆ ບຌງ າງໃຌແຓໆຌ າຂບຄນ າງຆະຌýຈ þໆ ຂະນງາງຑຌັແຖ ທຎໆບງໃນ ຖ ກຎາແຂທຌຖບງໄຎ

ຉາຓຌ າ1. ກາຌໄນ ຂບຄຌ າໃຌບໆາຄເກຍັຌ າແຓໆຌຓþທາຓຘ າຌັຘ າຖຍັຂຌົຘົໆ ຄຖ ກຎາ. ຖະຈຍັກາຌຉາງຂບຄຖ ກຎາþໆ ຖບງຖຄົຘ ໆ

ຉບຌຖຼຸໆ ຓຂບຄບໆາຄເກຍັຌ າþໆ ເຎັຌເຎົາໝາງໃຌແຓໆຌ າເຆກບຄ ບາຈຂÿ ຌກຍັ 2 ກຼຸຌແþໆ ຘ າຌັ ຂບຄຖກັຘະຌະາຄຈ າຌເĀໆ ບຄໄປ

ໂຈຖýກ: 

 

i) ກາຌຎໆຽຌແຎຄໃຌເĀໆ ບຄໄປໂຈຖýກາກຌ າໄນ  ຓາເຎັຌຌ າþໆ ດຼຸຈຌý  ຄ. ຌþ ແຓໆຌກາຌຎໆຽຌແຎຄຏ ໄຖໆຖ າ þໆ ຓ þກາຌກໆຽທ

ຑຌັກຍັເງĀໆ ບ ໂຈງຘະເຑາະແຓໆຌກຍັຖ ກຎາຂະໜາຈຌ ບງþໆ ຎັຍຉທົເຂົ າກຍັກາຌຍັເງĀໆ ບໃຌຌ າໄນ . ຌþ ແຓໆຌບາຈ

ກໆຽທຑຌັກຍັກາຌຖຼຸຈຖຄົາຄຈ າຌທາຓຂຼຸ ຌໃຘຂບຄຌ າ ເຆýໆ ຄະຘົໆ ຄຏຌົໃນ ຈýຌຉຓົຘາຓາຈຓົຖຄົຑĀ ຌຌ າໄຈ ຄໆາງ; 

ຘýໆ ຄຌþ ແຓໆຌຘາຓາຈເປຈັໃນ ຖ ກຎາໄຈ ປຍັຏຌົກະຍົໄຈ ຄໆາງຉ ໆ ກາຌໄຖໆຖ າ.    

 

ii) ຍໆບຌþໆ ຎາດ ໆ ໃຌຂະຌະþໆ ຌ າໄນ ຏໆາຌຖຄົາກບໆາຄເກຍັຌ າ ະຘົໆ ຄຏຌົກະຍົໃນ ແກໆຊຄົບານາຌໃຌຖ ກຎາແຉກໃ

ໝໆ ແຖະ ຎາໄທບໆບຌþໆ ແຂທຌຖບງຌ າຌ າ (ໃຌ າຌທຌເຄ ĀໆບຌໄຂບĀໆ ຌ).  ຌບກາກທໆາ ຖ ກຎາະເຂົ າຓາໃຌ

ບໆາຄຌ າກໆບຌບານາຌþໆ ໃຆ ຖ ຽຄຆþຍໝຈົໄຎ, ຑທກຓຌັະຍ ໆ ຘາຓາຈຖບຈໄຈ  ຊາແນ ໆ ຄບານາຌþໆ    ເໝາະຘຓົນາກ

ຍ ໆ ຓ þໃຌບໆາຄເກຍັຌ າ. ເຂĀໆ ບຌໄຒຒາຌ າຉກົແຓໆຌະເກþຈຓþຏຌົກະຍົþໆ ເຑþໆ ຓຑ ຌຂÿ ຌ. 

ເĀໆ ບຄໄປໂຈຖýກຂບຄບໆາຄເກຍັຌ າ ແຖະ ເທຖາþໆ ດ ໆ ບາໃຘ ຘາຓາຈກ າຌຈົໄຈ ໂຈງຖະຈຍັຌ າþໆ ໄຈ ຓþກາຌເກຍັກກັໄທ ໃຌ

ບໆາຄ ແຖະ ບຈັຉາþໆ ຎໆບງບບກາກເຂĀໆ ບຌ. ໃຌາຄýຈຘະຈþ, ຓຌັຓþທາຓເຎັຌໄຎໄຈ þໆ ະຓþກາຌທຍຼຸຓບໆາຄເກຍັຌ າ ໃຌ

ກາຌເຎþຈຌ າໃຆ  ເຑĀໆ ບປກັຘາຖະຈຍັກາຌໄນ ຂບຄຌ າþໆ ເໝາະຘຓົກຍັເĀໆ ບຄໄປໂຈຖýກ ແຖະ ກາຌຂຌົຘົໆ ຄຖ ກຎາໃຌບໆາຄບບກໄຎຘ ໆ

                                                           
1 Here we define larvae as the phase between hatching from the egg up to the time the fish is a juvenile.  This larval 
phase can further be sub-divided into three stages: (i) Yolk-sac stage: after hatching the larva has a yolk sac, which is 
visibly attached to the anterio-ventral part of its body; (ii) Pre-larval stage: this stage begins when the eye is fully 
pigmented and the mouth and anus are open and the fish begins to feed on external prey; and (iii) Post-larval stage: 
during this stage, the urostyle completes upward flexion, the caudal, dorsal and anal fins develop, and the small fish 
begins to resemble a juvenile (Termvidchakorn, A. and K.G. Hortle, 2013).  
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ຼຸຈþໆ ຎໆບງຌ າຖົ ຌ ແຖະ ໃຍຑຈັ ກໆບຌþໆ ຑທກຓຌັະຉາງໄຎງ ບຌກາຌຂາຈແຌາຄຈ າຌບານາຌ, ໂຈງກາຌຎະເຓþຌທໆາ

ແນ ໆ ຄບານາຌþໆ ເໝາະຘຓົແຓໆຌໝຈົໄຎໃຌບໆາຄເກຍັຌ າ. ເຊýຄດໆາຄໃຈກ ໆ ຉາຓ, ກາຌທຍຼຸຓຈັໆ ຄກໆາທບາຈເຎັຌຏຌົກະຍົຉ ໆ ກຍັ

ກາຌຏະຖýຈກະແຘໄຒຒາ ແຖະ ຖາງປຍັ, ເຆýໆ ຄຓຌັະຘະແຈຄໃນ ເນຌັໂຈງກຄົກາຌແຖກຎໆຽຌຖະນທໆາຄກາຌປກັຘາກາຌຎະຓຄົ 

ແຖະ ຼຸຈຎະຘຄົຂບຄເຂĀໆ ບຌໄຒຒາ.    

ໃຌແຓໆຌ າເຆກບຄ, ຆະຌýຈຎາþໆ ຓ þທາຓຘ າຌັາຄຈ າຌເຘຈຊະກýຈþໆ ຓ þກາຌເĀໆ ບຌງ າງ ແຖະ ຂະນງາງຑຌັໃຌ

ຖະນທໆາຄຉົ ຌຖະຈ ຐົຌ ເຓĀໆ ບຎະຖýຓາຌກາຌໄນ ຂບຄຌ າþໆ ຏໆາຌບໆາຄເກຍັຌ າຓþໃຌຖະຈຍັຘ ຄກໆບຌຖະຈ ແຖ ຄ [10]. ຘýໆ ຄເນ ົໆ າຌþ ະ

ຆໆທງໃຌກາຌແຂທຌຖບງຂບຄຖ ກຎາໄຎຉະນ ບຈບໆາຄເກຍັຌ າ ແຖະ ຏຌົþໆ ຉາຓຓາຘ າຖຍັກາຌເກຍັກກັຖະຈຍັຌ າໃຌບໆາຄ ແຖະ 

ກາຌຏະຖýຈກະແຘໄຒຒາບາຈະຍ ໆ ຘາຓາຈເປຈັ ໄຈ ນ າງ. 

   

ເຊýຄດໆາຄໃຈກ ຉາຓ, ຓຌັກ ໆ ຓ þຎານ າງຆະຌýຈþໆ ຓ þກາຌຂະນງາງຑຌັໃຌຆໆທຄຖະຈ ແຖ ຄ. ກາຌຎະຉýຍຈັໃຌໄຖງະຏໆາຌ

ຓາກ ງຄັຍ ໆ ຘາຓາຈເຎັຌþໆ ເຆĀໆ ບຊĀໄຈ ໃຌກາຌຖບຈຉາງຂບຄຎາຌ ບງþໆ ຓ þກາຌແຂທຌຖບງໃຌໄຖງະໄກ ງ ບຌຑĀ ຌþໆ ໃຌກາຌ

ຎະຘຓົຑຌັຂບຄຎາໃຌໄຖງະຌ າþໆ ຓ þກາຌໄນ ຆ າ. ເທຖາþໆ ຓ þທາຓຆຍັຆ ບຌþໆ ຘຼຸຈແຓໆຌ ເຓĀໆ ບຖ ກຎາແຂທຌຖບງຏໆາຌບໆາຄ

ເກຍັຌ າ ເຆýໆ ຄບາຈເກþຈຍຌັນາໃຌຆໆທຄໄຖງະຉົ ຌຖະຈ ຐົຌ ເຓĀໆ ບກາຌຂະນງາງຑຌັແຓໆຌເກþຈຂĀ ຌໃຌຎະຖýຓາຌþໆ ນ າງ ແຉໆ

ຎະຖýຓາຌກາຌໄນ ຂບຄຌ າແຓໆຌງຄັຍ ໆ ຓ þຖະຈຍັþໆ ຘ ຄຑຽຄຑ þໆ ຘະໜບຄໃນ ແກໆທາຓຉ ບຄກາຌຂບຄກະແຘຌ າໄນ ໃຌບໆາຄເກຍັຌ າ. 

 

 ຘະນ ຼຸຍຖທຓແຖ ທ ຓຌັແຓໆຌບໆາຄເກຍັຌ າþໆ ຓ þຏຌົກະຍົບຌັຉົ ຌຉ ຉ ໆໆ ກາຌເĀໆ ບຌງ າງຂບຄຎາ ຘýໆ ຄເຖົົໆ າຌັ ຌແຓໆຌຍ ໆ

ຘາຓາຈþໆ ະຖຼຸຈຏໆບຌຖຄົໄຈ ດໆາຄຓþຎະຘýຈýຑາຍ. ຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງໃຌແຓໆຌ າເຆກບຄແຓໆຌຓþທາຓຉ ບຄກາຌຌ າþໆ ໄນ 

ຏໆາຌແນ ໆ ຄþໆ ດ ໆ ບາໃຘ ເຑĀໆ ບກາຌຂະນງາງຑຌັ. ເຊýຄແຌທໃຈກ ຉາຓ ກາຌຎະເຓþຌຖະຈຍັຂບຍບໆາຄຌ າເຑĀໆ ບຼຸຈຎະຘຄົໃຌກາຌ

ເປຈັເຂĀໆ ບຌໄຒຒາ  ຘýໆ ຄþໆ ຘ າຌັþໆ ຉ ບຄປ ເຊýຄຏຌົກະຍົ ແຖະ ຌ າຓາຑýາຖະຌາເຑĀໆ ບທາຓງĀຌງຄົ. ເຊýຄແຓໆຌທໆາ ຊາບໆາຄຌ າ

ເນ ົໆ າຌັ ຌະຓþກາຌເຎþຈຌ າໃຆ ນ າງ ນ Ā ໜ ບງກ ຉາຓເຆັໆ ຌກຍັກາຌໄນ ຂບຄຌ າ, ຑທກເຂາົງຄັຉ ບຄກາຌບໆາຄເກຍັຌ າເຑĀໆ ບຘ າຄໃນ 

ໄຈ ຖະຈຍັþໆ ເໝາະຘຓົກຍັນທົຂບຄເĀໆ ບຄໄປໂຈຖýກ ແຖະ ຘýໆ ຄເນ ົໆ າຌþ ຓຌັກ ໆ ແຓໆຌຍຌັນາþໆ ຆຍັຆ ບຌþໆ ຘຄົຏຌົກະຍົ. 

 

 ກາຌແຏໆຑຌັແຍຍຽຓຂບຄຎາ ແຓໆຌໝາງເຊýຄກາຌເຑາະຖ ຽຄໃຌບໆາຄເກຍັຌ າ ແຓໆຌຍ ໆ ຘາຓາຈຈົແຌາຄຈ າຌ

ຆະຌýຈຎາ, ຏຌົຏະຖýຈ ນ Ā ຆþທýກກາຌເຎັຌດ ໆ ຂບຄຌົ ບຄຊýໆ ຌþໆ ໄຈ ຓþກາຌຘ ຌເຘງກາຌນາຎາໃຌ າຓະຆາຈþໆ ເຘງໄຎ ໂຈງ

ກາຌຘ າຄເຂĀໆ ບຌໄຒຒາ. ຒາຓຖ ຽຄຎາໂຈງົໆ ທໄຎແຓໆຌຓþທາຓແຉກຉໆາຄບບກໄຎ ແຖະ ຎົກກະຉýແຓໆຌເຎັຌຆະຌýຈþໆ ຓ þຓ ຌໆາ

ຉ ໆ າ; ຘýໆ ຄໜÿໆ ຄກ ເຎັຌກາຌຖຼຸຈຖຄົຂບຄທາຓນ າກນ າງຂບຄຆະຌýຈຑຌັຎາ; ທາຓແຉກຉໆາຄາຄຈ າຌຉົ ຌÿຌ, ຏ ຎະກບຍກາຌ 

ແຖະ ໂຄຘ າຄາຄຈ າຌກາຌຉະນ າຈ; ແຖະ ຓþທາຓຉ ບຄກາຌາຄຈ າຌກັຘະທາຓປ þໆ ແຉກຉໆາຄກຌັ ນ າງກທໆາກາຌນາຎາ

ໃຌແນ ໆ ຄຌ າ າຓະຆາຈ. ກາຌດ ໆ ຖບຈຂບຄຆະຌýຈຑຌັຎາຍ ໆ ທຌຂÿ ຌກຍັຑຽຄແຉໆເຄ Āໆບຌໄຂກາຌຖ ຽຄ ນ Ā ຘýໆ ຄþໆ ກກັຂຄັໄທ . ຑາງໃຉ 

ຌະໂງຍາງາຄຈ າຌກາຌເຓĀບຄ ນ Ā ເຄ Āໆບຌໄຂາຄເຘຈຊະກýຈþໆ ຍ ໆ ບ າຌທງ ນ Ā ງ ບຌຏຌົຎະໂນງຈþໆ ຍ ໆ ເໝາະຘຓົ, ກາຌເຑາະ

ຖ ຽຄ ແຖະ ກາຌຎໆບງບາຈຓþກາຌແຏໆນ າງ ແຖະ ບາຈຓþຆະຌýຈþໆ ຘ ຌຑຌັ. 
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ກາຌຑຈັະຌາກາຌຖ ຽຄຎາໃຌບໆາຄ ນ Ā ໃກ ກຍັຑĀ ຌþໆ ບໆາຄຌ າþໆ ຘ າຄຂÿ ຌຓາໃໝໆ ແຓໆຌະຘາຓາຈເກþຈຎະໂນງຈໄຈ ໃນ ຏ 

þໆ ງ າງເຂົ າຓາດ ໆ ໃໝໆ ນ Ā ງາຈຑþໆ ຌບຄþໆ ຏ þໆ ດ ໆ ຈັ ຄເຈþຓ ຖທຓຄັຏ þໆ ຓ þກັຘະ ແຖະ ຎະຘຍົກາຌາຄຈ າຌເຘຈຊະກýຈ ນ າງກທໆາ

ຆາທຎະຓຄົþໆ ດ ໆ ບາໃຘ ໃຌແນໆຄຈັໆ ຄກໆາທ, ຏ þໆ ຓ þກາຌຘ ຌເຘງກາຌນາຎາາກ າຓະຆາຈ ແຖະ ເຎັຌຏ þໆ ຍ ໆ ໄຈ ປຍັຎະໂນງຈາກ

ບາຆþຍກາຌຖ ຽຄຎາ. ຘýໆ ຄເນ ົໆ າຌþ ຎົກກະຉýແຖ ທ ະຉ ບຄໄຈ ຓþກາຌຑýາຖະຌາກຌັດໆາຄກທ າຄຂທາຄເຑĀໆ ບໃນ ຓþທາຓເົໆ າຽຓກຌັ. 

ກາຌງກົຎະຘýຈýຑາຍຂບຄຎະຆາກບຌຎາþໆ ຓ þໃຌບໆາຄ ໂຈງກາຌຎໆບງຎາþໆ ເຎັຌຆະຌýຈຉໆາຄຊýໆ ຌ (ຆະຌýຈຌ າເຂົ າ) ກຌັຖະຍຍົ

ບານາຌþໆ ບຼຸຈຓົຘຓົຍ ຌຂບຄຖະຍຍົຌýເທຈ ກຍັຼຸຌໆາາຄຈ າຌບານາຌໃຌຖະຍຍົຌýເທຈþໆ ບາຈຊĀກ າຖາງາກຆະຌýຈຎາþໆ

ຎໆບງຖຄົ ນ Ā ບາຈະໄຎຎໆຽຌແຎຄໄຎ ແຖະ ຍ ໆ ຘາຓາຈຈົແຌກຍັຏຌົຏະຖýຈþໆ ໜ າະເກþຈຂÿ ຌໃຌບໆາຄ.   

 

ຍຌັຈາຏ ເຂົ າປໆທຓໃຌຄາຌຘ າຓະຌາັ ຄຌþ  ກ ງຄັໄຈ ເຌັ ຌໜກັກໆຽທກຍັຏຌົກະຍົາຄຈ າຌຼຸຌຌະຑາຍຌ າþໆ ກໆຽທ ຂ ບຄ 

ນ Ā ເປຈັໃນ ເກþຈຓþທາຓປຼຸຌແປຄຂÿ ຌຈ ທງ ບໆາຄເກຍັຌ າບາຈເຎັຌເຄ Āໆບຌໄຂເຑþໆ ຓຂÿ ຌຓາþໆ ຆໆທງໃນ ຎາຘາຓາຈຖບຈຉາງ. ຘýໆ ຄ

ເນ ົໆ າຌັ ຌແຓໆຌຎະກບຍຄັແຌທໂຌ ຓຂບຄບໆາຄເກຍັຌ າ þໆ ຈັແຍໆຄຖະຈຍັທາຓປ ບຌ, ຎະຖýຓາຌບບກຆþເຌþໆ ບາຈຘາຓາຈຖຼຸຈ

ຖຄົ ແຖະ ທາຓເຂັ ຓຂຼຸ ຌຂບຄຘາຌຏýຈþໆ ະຎົຌຓາກຍັຌ າþໆ ໄນ ເຂົ າຓາ (ຉທົດໆາຄ: າກກາຌຂຼຸຈົ ຌຍ ໆ ແປໆຉໆາຄ). ກາຌເຆĀໆ ບຓ

ໂຆຓຂບຄຼຸຌຌະຑາຍຌ າາກກາຌຂຼຸຈົ ຌແປໆ າ ແຖະ ຊໆາຌນþຌ ແຓໆຌເຎັຌຘýໆ ຄຘ າຌັບຌັໜÿໆ ຄþໆ ຘົໆ ຄຏຌົໃນ ຓþກາຌຖຼຸຈຖຄົາຄ

ກາຌຎະຓຄົໃຌແຓໆຌ າເຆກບຄ. ຘາຌໂຖນະໜກັþໆ ຎະຎົຌຓາກຍັກາຌຂຼຸຈົ ຌຍ ໆ  າ ບາຈເຎັຌຍຌັນາþໆ ຘ າຌັ ແຖະ ກາຌຎະຎົຌ

ຂບຄຘາຌໂຖນະໜກັເຂົ າໄຎໃຌບໆາຄເກຍັຌ າ ບາຈກ ໆ ໃນ ເກþຈຍຌັນາþໆ ເຎັຌບຌັຉະຖາງຉ ໆ ກາຌຍ ຖýໂຑກຎາ [13]. ຘýໆ ຄເນ ົໆ າຌþ ບາຈ

ເປຈັໃນ ຓþກາຌຘ ຌເຘງແກໆຖຈັຊະຍາຌຂບຄ ຘຎຎ ຖາທ þໆ ຎະຼຸຍຌັ ຓþທາຓຑະງາງາຓþໆ ະທຍຼຸຓຏຌົກະຍົເນ ົໆ າຌັ ຌ. 

ຘýໆ ຄເນ ົໆ າຌþ ບາຈແຓໆຌຂ ເຘງຘະເຑາະຆໆທຄໃຈໜÿໆ ຄ ເຆັໆ ຌຈຽທກຍັຖຈັະຍາຌ ຘຎຎ ຖາທ ຎະຼຸຍຌັແຓໆຌກ າຖຄັຑະງາງາຓໃຌກາຌ

ທຍຼຸຓຏຌົກະຍົເນ ົໆ າຌັ ຌ. ຘýໆ ຄເນ ົໆ າຌþ ແຓໆຌກາຌຎຽຍຽຍເຑĀໆ ບໃນ ເນຌັທາຓແຉກຉໆາຄຂບຄຘາງເນຈþໆ ເປຈັໃນ ຓþກາຌ

ເຆĀໆ ບຓໂຆຓຈ ທງເຂĀໆ ບຌໄຒຒາ ບຌັþໆ ເຎັຌຘýໆ ຄþໆ  າເຎັຌຊາທບຌ ແຖະ ຆþ ຂາຈ.  

 

ຍຌັນາ 4: ທຌະຓþກາຌເຎþຈຌ າໃຆ ເຂĀໆ ບຌໃຌແຓໆຌ າເຆກບຄ ແຖະ ຘາຂາແຌທໃຈ þໆ ະຘົໆ ຄຏຌົຉ ໆ ປ ຍ

ແຍຍກາຌໄນ ຂບຄຌ າ ໃຌເຂຈຉບຌຖຼຸໆ ຓ þໆ ຓþທາຓຘ າຌັຉ ໆ ກາຌເĀໆ ບຌງ າງຂບຄຎາເຑĀໆ ບກາຌ

ຂະນງາງຑຌັ ແຖະ ກາຌດ ໆ ຖບຈ? 

  

ະຓþເຂĀໆ ບຌບຌັໃຈໃຌແຓໆຌ າເຆກບຄþໆ ທຌຉ ບຄຓþກາຌເຎþຈຌ າໃຆ  ເຑĀໆ ບເປຈັໃນ ປ ຍແຍຍກາຌໄນ ຂບຄຌ າເນ ົໆ າ ຌັ ຌ 

ຆໆທງເປຈັໃນ ເກþຈຏຌົຈþຉ ໆ ທາຓຉ ບຄກາຌໃຌກາຌເĀໆ ບຌງ າງ ແຖະ ກາຌດ ໆ ໃຌ ບຄຊýໆ ຌຂບຄຎາ, ໂຈງຎົກກະຉýແຓໆຌຓþກາຌ

ບ າຄບþຄທໆາ “ທາຓຉ ບຄກາຌຎະຖýຓາຌກາຌໄນ ແຍຍ າຓະຆາຈ”. ທýþາຄໃຌກາຌເຂົ ານາໂຈງົໆ ທໄຎແຓໆຌ ກາຌປກັຘາໄທ 

ໃນ ນ າງþໆ ຘຼຸຈຂບຄກາຌໄນ þໆ ຎໆຽຌແຎຄຉາຓຖະຈ ກາຌຂບຄ າຓະຆາຈ ແຖະ ບຼຸຌນະຑ ຓ ໂຈງຘະເຑາະແຓໆຌເຑĀໆ ບນ þກຖ ຽຄ

ກາຌຎໆຽຌແຎຄກາຌ ໄນ ຂບຄຌ າþໆ ແຉກຉໆາຄກຌັນ າງໃຌແຉໆຖະຆົໆ ທໂຓຄ ນ Ā ແຉໆຖະທຌັ. ຘýໆ ຄເນ ົໆ າຌþ ແຓໆຌທາຓຉ ບຄກາຌໃຌກາຌ

ຎັຍຘຓົຈຼຸຌໃຌກາຌຎໆບງຌ າ ແຖະ ຉ ບຄຓþກາຌຎັຍຖະຍຽຍກາຌໃຌກາຌຎໆບງຌ າໄນ ໃຌຉບຌຖຼຸໆ ຓຂບຄບໆາຄເກຍັຌ າ.  

Annex 5.3–16
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ຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງ ຎະຼຸຍຌັແຓໆຌຓþຂÿ ຌໃຌຖະຈຍັ 56 km ໃຌຘາງຌ າເຆກະຓາຌ þໆ ໄນ າກເຂĀໆ ບຌເຆກະຓາຌ

ຆຌັໄຆ ນາຎາກແຓໆຌ າ. ຎາຂະໜາຈຌ ບງນ າງຆະຌýຈþໆ ຓ þກາຌຑຍົເນຌັໃຌແນໆຄຈັໆ ຄກໆາທ [2], [3]. ຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງກ 

ໄຈ ຓþກາຌຑຍົເນຌັໃຌແຓໆຌ າເຆຆ  þໆ ຎະຼຸຍຌັງຄັຍ ໆ ຌັຓþກາຌຑຈັະຌາເຂĀໆ ບຌໄຒຒາ. ຓຌັໄຈ ຓþກາຌຖທຓເຂົ າກຌັໃຌຉບຌຖຼຸໆ ຓ

ຂບຄເຆກະຓາຌຂບຄເຂĀໆ ບຌຆຌັໄຆ ແຖະ ກໆບຌຎາກແຓໆຌ າþໆ ໄນ ຖຄົຘ ໆ ເຆກບຄþໆ ແຂທຄບຈັຉະຎĀ. ຘະແຈຄໃນ ເນຌັທໆາ ເຆຆ ແຓໆຌ

ຓþກະແຘຌ າþໆ ໄນ ໂຈງຍ ໆ ຓ þຘýໆ ຄກþຈຂທາຄາກງບຈຌ າຖຄົນາຎາກແຓໆຌ າ ຖທຓຄັແຓໆຌ າຂບຄຌຍັແຉໆຎາກຌ າດ ໆ ະເຖþຌໃຉ . 

ເຊýຄດໆາຄໃຈກ ຉາຓ ຂ ຓ ຌþໆ ະຌ າຓາດĀຌດັຌເຊýຄຘະຑາຍທາຓເຎັຌýຄແຓໆຌງຄັຍ ໆ ຌັຓþຑຽຄຑ  ເຑĀໆ ບກ າຌຈົຓ ຌໆາຂບຄຖ າຌ າຘ າ

ຖຍັກາຌເĀໆ ບຌງ າງຎາເຑĀໆ ບຂະນງາງຑຌັ ແຖະ ະເຖþຌເຉþຍໂຉ. ຊານາກທໆາ ຘາງຌ າຈັໆ ຄກໆາທໄຈ ຓþກາຌກ າຌຈົທໆາຓþທາຓຘ າ

ຌັຘ າຖຍັກາຌເĀໆ ບຌງ າງຂບຄຎາ, ຘýໆ ຄþໆ ຉ ບຄເບາົໃໃຘໆແຓໆຌກາຌເຎþຈຌ າໃຆ ເຂĀໆ ບຌເຆກະຓາຌຆຌັຆາງ ເຑĀໆ ບຎໆບງຌ າໃນ ເຎັຌ

ໄຎຉາຓປ ຍແຍຍຂບຄ າຓະຆາຈ ຈັໆ ຄþໆ ໄຈ ບະýຍາງຓາກໆບຌ. ຌþ ບາຈແຓໆຌທາຓ າເຎັຌþໆ ຉ ບຄໄຈ ເຎþຈຌ າໃຆ ເຂĀໆ ບຌເຆກະ

ຓາຌຆຌັໄຆ ຖທຓຄັກາຌຎັຍĀຌຖະຍຽຍກາຌຂບຄບໆາຄເກຍັຌ າ ນ Ā ກາຌກ ໆ ຘ າຄແງກໃຌກາຌເຎþຈເຂĀໆ ບຌເຑĀໆ ບຎໆບງຌ າຖຄົຘ ໆ

ຉບຌຖຼຸໆ ຓĀຌໃໝໆ ເຑĀໆ ບຉ າຌກຍັຌ າþໆ ໄນ ຉກົບບກຓາາກເຂĀໆ ບຌຉບຌເýຄ ໃຌຘາງຌ າເຆກະຓາຌ. ທýþກາຌþໆ ຈþþໆ ຘຼຸຈ ແຓໆຌ

ກາຌຘ າຄເຄ Āໆບຌໄຂກາຌໄນ ຂບຄຌ າຉາຓຘະຑາຍແທຈຖ ບຓ ແຖະ ເຄ Āໆບຌໄຂາຄຈ າຌຼຸຌຌະຑາຍຌ າ ຘýໆ ຄເນ ົໆ າຌþ  ແຓໆຌຼຸກເຂĀໆ ບຌ

ະຉ ບຄໄຈ ຓþກາຌ າຌÿຄເຊýຄ. 

 

ໂຈງກາຌຎະເຓþຌຘາຓາຈຍບກໄຈ ທໆາ ເຆກະຓາຌ ແຓໆຌຎະກບຍຘໆທຌ 15% ຂບຄຌ າþໆ ໄນ ຖຄົຘ ໆ ເຆກບຄ, ກາຌໄນ 

ແຓໆຌຏýຈບບກໄຎາກຖະຈຍັກາຌຎໆຽຌແຎຄກາຌໄນ ຂບຄຌ າ ແຖະ/ນ Ā ກາຌເກຍັກກັຌ າໃຌຖະຈ ກາຌþໆ ເຂĀໆ ບຌເຆກະຓາຌຆຌັ

ຆາງ ບາຈເປຈັໃນ ຓþຑĀ ຌþໆ ຌ າຊ ທຓ ໃຌຉບຌຖຼຸໆ ຓຖຼຸຈໜບງຖຄົ (ໂຈງຘະເຑາະຘໆທຌþໆ ດ ໆ ໃຌຎະເຈກ າຎ ເງ), ເຊýຄແຓໆຌທໆາປ ຍ

ແຍຍກາຌໄນ ຂບຄຌ າ ແຓໆຌທາຓ າເຎັຌþໆ ຉ ບຄຌ າຓາດĀຌດັຌ ໃຌຂບຍເຂຈກາຌຖຼຸຈຖຄົຂບຄຌ າþໆ ເກþຈຂÿ ຌ. ກາຌເຎþຈຌ າໃຆ 

ເຂĀໆ ບຌໄຒຒາໃຌບໆາຄແຓໆຌ າຂບຄ ແຓໆຌໄຈ ຎະກບຍຘໆທຌຖະຈຍັຌ າໃຌປບຍຎþ ຌົເຊýຄຉບຌຖຼຸໆ ຓໃຌຑະຌຓົເຎັຌ. ເຊýຄແຌທໃຈກ 

ຉາຓ, ຏຌົກະຍົþໆ ເກþຈາກກາຌຎໆຽຌແຎຄໃຌແຉໆຖະທຌັ ແຓໆຌະຂÿ ຌກຍັແຉໆຖະ ບຄຊýໆ ຌນ າງກທໆາ [10]. 

ກາຌເĀໆ ບງງ າງຂບຄຎາກ ຓþກາຌຎະກຈົໃນ ເນຌັໃຌໄຖງະ ~75 km ຉາຓຖ າແຓໆຌ າກບຄ າກຼຸຈເຂĀໆ ບຌຌ າກບຄ 

#2 ໄຎນາຎາກແຓໆຌ າ. ຘາງຌ າຈັໆ ຄກໆາທຌþ ແຓໆຌຓþເຂຈເຖýກ ແຖະ ທຄັເຖýກດ ໆ ນ າງແນໆຄ. ຓຌັບາຈຓþທາຓຘ າຌັໃຌກາຌເĀໆ ບຌ

ງ າງຂບຄຎາເຑĀໆ ບກາຌຂະນງາງຑຌັ. ກາຌຘÿກຘາແຓໆຌງຄັຓþທາຓຉ ບຄກາຌເຑĀໆ ບດĀຌດັຌຘýໆ ຄຈັໆ ຄກໆາທ. ໃຌເຈĀບຌ 3 ຎþ 2016, 

ກະຆທຄຑະຖຄັຄາຌ ແຖະ ຍ ໆ ແປໆ ໄຈ ຓþຂ ຉກົຖຄົໃຌກາຌບະຌຼຸງາຈໃນ ຓþກາຌກ ໆ ຘ າຄເຂĀໆ ບຌຌ າກບຄ # 1 ໃຌຉບຌຖຼຸໆ ຓຂບຄຼຸຈ

ເຂĀໆ ບຌຌ າກບຄ # 2. ຘýໆ ຄຈັໆ ຄກໆາທຌþ  ບາຈະເຎັຌກາຌຘ າຄໃນ ເກþຈຓþບໆາຄເກຍັຌ າþໆ ຘາຓາຈກກັເກຍັຌ າໄທ ໄຈ ປບຈເຂĀໆ ບຌຌ າກບຄ 

# 2, ແຖະ ເຊýຄດໆາຄໃຈກ ຉາຓ ຓຌັກ ໆ ະເຎັຌກາຌ າຖາງແນ ໆ ຄþໆ ດ ໆ ບາໃຘຂບຄຎາ.  
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ຍຌັນາ 5: ຖກັຘະຌະບຌັໃຈþໆ ເຎັຌແຍຍ າຓະຆາຈຂບຄຖະຍຍົຌýເທຈທýະງາþໆ ະເຎັຌຏຌົ ຊາເຄ Āໆບຌໄຂ

ກາຌໄນ ຂບຄຌ າໃຌເຆກບຄນາກເຂົ າຓາຎໆຽຌແຌໂຈງເຄ Āໆບຌໄຂຄົþໆ ຂບຄບໆາຄເກຍັຌ າ?  

 ຘþໆ ຄກþຈກຌັາຄຈ າຌບຼຸກົະຘາຈຂບຄບໆາຄເກຍັຌ າ, Āຈັໆ ຄþໆ ໄຈ ຓþກາຌບະýຍາງຓາໃຌເຍĀ ບຄຉົ ຌ, ແຓໆຌເປຈັໃນ ກາຌ

ໄນ ຂບຄຌ າຆ າຖຄົ ຍຌັຈາຏຌົກະຍົເຖົໆ າຌັ ຌ ແຓໆຌບາຈຍ ໆ ຑຽຄຑ ຉ ໆ ກາຌປກັຘາຖ ກຎາþໆ ແຂທຌຖບງຓາຌ າຌ າ (Pelicice et al,. 

2015). ໃຌບໆາຄເກຍັຌ າþໆ ຓ þຖກັຘະຌະດຼຸຈຌý ຄ ຖ ກຎາຍ ໆ ຘາຓາຈແຂທຌຖບງ. ຌບກາກຌັ ຌແຖ ທ ຑທກເຂາົະບÿຈນýທເຌĀໆ ບຄ

າກຂາຈແຌາຄຈ າຌໄປຌ າຘຈັþໆ ເໝາະຘຓົ, ກາງເຎັຌເນງĀໆ ບໃນ ແກໆຎາຂະໜາຈໃນງໆ ນ Ā ຓົຖຄົຑĀ ຌຉýຈກຍັຂþ ຉຓົ ແຖະ 

ນາງໃຍ ໆ ບບກ ເຌĀໆ ບຄາກຂາຈແຌບບກຆþເຌ. ບໆາຄເກຍັຌ າບາຈເຎັຌþໆ ດ ໆ ບາໃຘຂບຄຌກັຖ າຉໆາຄ ແຖະ ເຎັຌຉົ ຌເນຈໃນ ຓþ

ບຈັຉາກາຌຉາງຂບຄຎາຌ ບງþໆ ເĀໆ ບຌງ າງຖຄົຉບຌຖຼຸໆ ຓຂບຄແຓໆຌ າຓþຖະຈຍັຘ ຄ (Jepsen et al., 1998). ບໆາຄເກຍັຌ າແຓໆຌ

ຘາຓາຈເຎັຌຘາງເນຈໃນ ກາຌເĀໆ ບຌງ າງຂບຄຎາໃນງໆຓþກາຌເກþຈຂÿ ຌຆ າ, ຌບກາກຘຌັງາຌþໆ ແປຄຂບຄກະແຘຌ າໃຌບໆາຄ

ເກຍັຌ າ ຎາ າຌທຌໜÿໆ ຄແຓໆຌໄຈ ງ ບຌກຍັຖຄົໄຎຉບຌຖຼຸໆ ຓĀຌໂຈງຏໆາຌາຄຖະຍາງ ຌ າກໆບຌþໆ ຓຌັະຑະງາງາຓຂÿ ຌໄຎຉ ໆ

ຏໆາຌາຄຎາຏໆາຌບþກັ ຄ (Jepsen et al., 1998). ຎາþໆ ເĀໆ ບຌງ າງຂÿ ຌຓາະຍ ໆ ຎະຘຓົຑຌັ ນ Ā ໄຂໆະຉາງ. ຏຌົກະຍົາຄຈ າຌ

ບຼຸກົະຘາຈເນ ົໆ າຌþ  ແຓໆຌຎົກະຉýແຖ ທແຓໆຌກໆຽທຂ ບຄກຍັເຂĀໆ ບຌໃຌແຓໆຌ າຂບຄ ເຆýໆ ຄຂÿ ຌກຍັທາຓຖາຈບຽຄຂບຄກາຌກກັ

ເກຍັຌ າ ງ ບຌກາຌຉĀ ຌເຂþຌຂບຄບໆາຄແຓໆຌ າຂບຄຉບຌຖຼຸໆ ຓ. ຈ ທງເນຈຌþ  ກ າຖຄັແປຄຂບຄຌ າþໆ ຓ þກາຌຎໆຽຌແຎຄ ຘາຓາຈເຎັຌ

ຘýໆ ຄ າຖາງຖ າຄຎະຆາກບຌຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງໄຈ  ໃຌຂະຌະþໆ ບຼຸກົະຘາຈ (ຌ າþໆ ຎໆບງບບກ) ແຓໆຌງຄັປກັຘາກາຌ

ຎໆຽຌແຎຄໃຌຎະຖýຓາຌþໆ ຌ ບງ ເຆັໆ ຌຈຽທກຌັກຍັເຂĀໆ ບຌໄຒຒາແຍຍຌ າໄນ ຏໆາຌ.  

ຉ ໆ ກຍັກາຌຎໆຽຌແຎຄເນ ົໆ າຌັ ຌ, ຆະຌýຈຎາໃຌແຓໆຌ າໃຌ ບຄຊýໆ ຌ ໂຈງົໆ ທໄຎແຓໆຌຓþຎະຖýຓາຌþໆ ຉກົຉ ໆ າຖຄົ ບຌັເຌĀໆ ບຄ

ຓາາກທາຓຍ ໆ ຘາຓາຈໃຌກາຌຘ າເຖຈັທຄົບຌຆþທýຈຂບຄຑທກຓຌັ, ຓþກາຌແຌþໆ ຈ ທງຆະຌýຈຎາþໆ ຓ þດ ໆ ໃຌຌ າຌý ຄ, ເຎັຌ

ກາຌຘທງໂບກາຈ ນ Ā ຆະຌýຈຎາຉໆາຄຈ າທ ບຌັþໆ ຓ þທາຓຌົາຌນ າງກທໆາ ແຖະ ຘາຓາຈແຏໆຂະນງາງໃຌຘະຑາຍ

ເຄ Āໆບຌໄຂຌ າຌý ຄເຂົ າຓາແຌ. ປ າງແປຄໄຎກທໆາຌັ ຌ, ຓຌັບາຈເຎັຌຆະຌýຈຉໆາຄຈ າທþໆ ຓ þກາຌປຼຸກປາຌຎາຆະຌýຈ ບĀໆ ຌ, þໆ ເນຌັ

ເຎັຌຉທົດໆາຄໃຌາຄກາຌຖ ຽຄ ແຖະ ເຎັຌຘýໆ ຄþໆ ນ þກຖ ຽຄາຄຈ າຌນທົໜໆທງກາຌຖ ຽຄ (ຉທົດໆາຄ: ຎາໃຌ ແຖະ ຎາຌýຌ) ຑທກຓຌັ

ຘາຓາຈໄຈ ປຍັຎະໂນງຈາກຘໆທຌໃນງໆາກກາຌຎໆຽຌແຎຄາຄຈ າຌຘະຑາຍແທຈຖ ບຓ. ຆະຌýຈþໆ ບາໃຘດ ໆ ໃຌຖ າຌ າ ແຓໆຌຓþ

ໆາບໆຽຄþໆ ະຓþກາຌຘ ຌເຘງໃຌທຄົກທ າຄ, ຆະຌýຈຎາþໆ ເĀໆ ບຌງ າງþໆ ຘ າຌັາຄຈ າຌເຘຈຊະກýຈ ແຖະ ຎົກກະຉýແຖ ທຑທກ

ຓຌັແຌþໆ ໂຈງຓ ຌໆາþໆ ຉ ໆ າ, ຆະຌýຈþໆ ຓ þຂະໜາຈຌ ບງ ນ Ā ຆະຌýຈຉໆາຄຈ າທþໆ ຓ þກາຌປຼຸກປາຌຎາຆະຌýຈບĀໆ ຌ. ໃຌ າຌບຄຈຽທ

ກຌັ, ຍາຄ າຑທກແຓໆຌຘາຓາຈຌ າໃຆ ບໆາຄເກຍັຌ າເຑĀໆ ບນາບານາຌ ແຖະ ຘ າເຖຈັທຄົບຌຆþທýຈຂບຄຑທກຓຌັ ຊານາກຘາຓາຈ

ເຂົ າເຊýຄແນ ໆ ຄຂະນງາງຑຌັໃຌແນ ໆ ຄþໆ ດ ໆ ບາໃຘþໆ ເຎັຌຌ າໄນ ໃຌຘາງຌ າ ນ Ā ໃຌຘາຂາແຓໆຌ າþໆ ດ ໆ ຉບຌເýຄຂບຄບໆາຄເກຍັຌ າ. ຂະ

ໜາຈຂບຄຏຌົກະຍົ ແຓໆຌປ າງແປຄຂÿ ຌ ຊ າແນ ໆ ຄþໆ ໃຆ ໃຌກາຌຂະນງາງຑຌັບຌັຉົ ຌຉ  ແຓໆຌດ ໆ ໃຌເຂຈໃກ ຽຄຉບຌເýຄ

ຂບຄຌ າາກເຂĀໆ ບຌ ແຖະ ຓþກາຌຊທຓຂຄັໂຈງບໆາຄເກຍັຌ າ. ຓþຍາຄຆະຌýຈþໆ ຓ þກາຌເĀໆ ບຌງ າງໄຖງະຘັ ຌ ກ ຘາຓາຈຖບຈຉາງ

ໃຌບໆາຄເກຍັຌ າ ຊ ານາກຑທກຓຌັຓþຂະໜາຈຖທຄງາທຂບຄກະແຘຌ າໄນ þໆ ຑຽຄຑ ໃຌແນ ໆ ຄþໆ ດ ໆ ບາໃຘໃຌຘາງຌ າþໆ ດ ໆ ຉບຌເýຄ. 

ຆະຌýຈຎາເນ ົໆ າຌັ ຌແຓໆຌຘາຓາຈຓþກາຌແຏໆຂະ ນງາງໃຌບໆາຄເກຍັຌ າ ແຖະ ຓþຘໆທຌຎະກບຍþໆ ແຏໆນ າງໃຌກາຌນາຎາົໆ ທໄຎ, 
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ເຊýຄດໆາຄໃຈກ ຉາຓ, ຏຌົຏະຖýຈຖທຓຂບຄຎາແຓໆຌຓþຖກັຘະຌະຖຼຸຈຖຄົເຓĀໆ ບຽຍກຍັຖະຍຍົແຓໆຌ າໃຌ າຓະຆາຈ. ບາຈ

ກາງເຎັຌະເຖຆາຍþໆ ຓ þຏຌົຏະຖýຈຘ ຄ (Eutrophic lakes). 

ຆໆບຄນທໆາຄຂບຄທາຓປຍັປ  þໆ ເຎັຌຘýໆ ຄປþຍຈໆທຌþໆ ຉ ບຄໄຈ  ຓþກາຌຈັຉຽຓກາຌຘ າຄຓ ຌຖະຌýý

þໆ ເຂັ ຓແຂຄຘ າຖຍັ ແຏຌຑຈັະຌາເຂĀໆ ບຌໄຒຒາໃຌບໆາຄແຓໆຌ າເຆກບຄ  

  

ຘýໆ ຄþໆ ກໆາທຉ ໆ ໄຎຌþ  ແຓໆຌກໆຽທກຍັຆໆບຄນທໆາຄຂບຄທາຓປຍັປ þໆ ໄຈ ຓþກາຌກ າຌຈົຂÿ ຌໃຌກາຌຘ າຓະຌາþໆ  າເຎັຌຉ ບຄ

ໄຈ ຓþກາຌເຉþຓເຉຓັຉĀໆ ຓ ເຑĀໆ ບໃນ ຓþທາຓເຂົ າໃຄັໝຈົກໆຽທກຍັຏຌົກະຍົຂບຄແຏຌກາຌຑຈັະຌາໃຌບໆາຄແຓໆຌ າ ເຆກບຄ 

ແຖະ ກາຌຎະຓຄົໃຌແຓໆຌ າຂບຄ. ຍຌັນາບþກນ າງບຌັ ແຓໆຌະປຽກປ ບຄໄຖງະເຎັຌຎþ ເຑĀໆ ບþໆ ະຘາຓາຈຓþ າຉບຍ ແຖະ 

ະຍ ໆ ຘາຓາຈແກ ໄຂĀຌກໆບຌþໆ ະຘ າຄປໆາຄແຏຌແຓໆຍຈົໃຌກາຌຑຈັະຌາເຂĀໆ ບຌໄຒຒາແຍຍງĀຌງຄົຓþກາຌຌ າ ເຂົ າຓາໃຆ . 

ແຌþໆ ກາຌຎະຉýຍຈັຉທົýຄ, ກະຆທຄຆຍັຑະງາກບຌ າຓະຆາຈ ແຖະ ຘýໆ ຄແທຈຖ ບຓ ທຌປຽກປ ບຄໃນ ຑທກເຂາົຉ ບຄຓþ

ກາຌເຑþໆ ຓຉĀໆ ຓໃຌກະກຽຓກາຌຘÿກຘາຏຌົກະຍົາຄຈ າຌຘýໆ ຄແທຈຖ ບຓຉĀໆ ຓ ເຎັຌບຄົຎະກບຍໜÿໆ ຄໃຌກາຌໂຄກາຌຘ າຄເຂĀໆ ບຌ

ໄຒຒາໂຈງົໆ ທໄຎ ເຆັໆ ຌຈຽທກຌັກຍັດ ໆ ໃຌໄຖງະກະກຽຓເຄ ĀໆບຌໄຂເຑĀໆ ບກາຌຓþຘýຈຘ າຖຍັ ຂ ຉກົຖຄົກາຌຘ າຎະາຌເຑĀໆ ບຘ າຄ

ໂຄກາຌ. ຍຌັນາບຌັໃຈþໆ ຘາຓາຈເຑþໆ ຓຉĀໆ ຓເຂົ າໃຌຖະຈຍັບໆາຄໂຉໆຄ, ຑທກເຂາົທຌະຉ ບຄຓþເຄ ĀໆບຌໄຂຊĀກຉ ບຄຉາຓໜາþໆ

ຂບຄ MRC.    

 

ຌýເທຈທýະງາແຓໆຌຓþຼຸຌໆານງຄັ ຘ າຖຍັກາຌຎະຓຄົໃຌແຓໆຌ າເຆກບຄ ຘýໆ ຄເນ ົໆ າຌັ ຌແຓໆຌທາຓຘໆຽຄþໆ ເກþຈາກກາຌ

ຑຈັະຌາເຂĀໆ ບຌໄຒຒາຍ ໆ ? 

 

x ບຈັຉາຘໆທຌຂບຄກາຌເກຍັກ ຎາໃຌບໆາຄແຓໆຌ າຂບຄþໆ ຉ ບຄກາຌາກແນ ໆ ຄþໆ ດ ໆ ບາໃຘໃຌເຆກບຄþໆ ດ ໆ ໃຌຖາທ ເຑĀໆ ບຍາຄ

ເຄ Āໆບຌໄຂໃຌທຄົບຌຆþທýຈຂບຄຑທກຓຌັ? ກາຌຎະເຓþຌþໆ ຈþກໆຽທກຍັຏຌົກະຍົþໆ ຓ þຉ ໆ ກາຌເກຍັກ ຎາໃຌຎະ ເຈກ າ

ຎ ເງ ແຖະ ນທຽຈຌາຓ າກຘະຑາຍþໆ ບາຈຓþກາຌຘ ຌເຘງແນ ໆ ຄຂະນງາງຑຌັ ແຖະ ກາຌຉາງຂບຄຖ ກຎາໃຌບໆາຄ

ເກຍັຌ າໃຌແຓໆຌ ເຆກບຄ ໃຌ ຘຎຎ ຖາທ ແຓໆຌນງຄັ? What is the fraction of fish  

 

x ແນ ໆ ຄþໆ ດ ໆ ບາໃຘຘ າຖຍັຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງເຑĀໆ ບຎະຘຓົຑຌັໃຌແຓໆຌ າເຆກບຄ ແຓໆຌແຌທໃຈ ແຖະ ຓþດ ໆ ໃຘ? (ເຍýໆ ຄ

ແຏຌþໆ ເຂຈຌ າໄນ ໄທ ແຖະ ຼຸຈກາຌຘ າຄເຂĀໆ ບຌຈ າຌຖຼຸໆ ຓ). 

ແຓໆຌນງຄັĀທຽກຑາກຘະໜາຓໃຌບະຌາຈົþໆ  າເຎັຌຉ ບຄຓþກາຌຎະຉýຍຈັກໆບຌະຓþກາຌຉຈັຘýຌໃໃຌກາຌກ າຌຈົຼຸຈເຂĀໆ ບຌ

ໄຒຒາໃຌຘາຂາຂບຄເຆກບຄ ແຖະ ຑĀ ຌþໆ ບໆາຄໂຉໆຄຉບຌເýຄ? 

x ຓþຂ ຓ ຌþໆ ຈþຘ າຖຍັເຌĀ ບນາກໆຽທກຍັເຂĀໆ ບຌþໆ ຘາຓາຈເຑþໆ ຓຂÿ ຌໄຈ ໃຌເຆກະຓາຌþໆ ໄຈ ຓþກາຌກ າຌຈົຼຸຈແຖ ທ (ເຍýໆ ຄ

ແຏຌþໆ ຈັຉýຈ) ບາຈຓþຏຌົກະຍົຉ ໆ ກຍັແນ ໆ ຄþໆ ດ ໆ ບາໃຘຘ າຌັຂບຄຎາþໆ ຓ þໃຌ ບຄຊýໆ ຌ. ຂ ຓ ຌເນ ົໆ າຌັ ຌຍາຄຘໆທຌ
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ແຓໆຌຓາາກ ກາຌຖາງຄາຌຂບຄໆາຌ Dr. Maurice Kottelat [2], [3] ແຖະ ໃຌຍຈົ EIA ຘ າຖຍັໂຄກາຌເຆ

ຎໆຽຌ-ເຆຌ າຌ ບງ [5]. ເຊýຄດໆາຄໃຈກ ຉາຓ, ກ ງຄັຍ ໆ ຌັຓþຏ ໃຈໄຈ ຘÿກຘາຉທົýຄໃຌນ ທງບາຆ າ.   

 

x ຓþຂ ຓ ຌ າຌທຌເຖກັຌ ບງþໆ ໄຈ ຓþກາຌກໆາທເຊýຄຆະຌýຈຎາþໆ ຓ þໃຌ ບຄຊýໆ ຌໃຌຉບຌເýຄຂບຄແຓໆຌ າເຆກບຄ, ກາຌຘ າ

ນ ທຈແຓໆຌງຄັຓþທາຓ າເຎັຌບຌັປþຍຈໆທຌເຑĀໆ ບເຎັຌຂ ຓ ຌຑĀ ຌຊາຌໃຌກາຌຎະເຓþຌາຄເຖĀບກຖະ ນທໆາຄຼຸຈນ ທງ

ບາຆ າ ນ Ā ທໆາທຌະເຎັຌ ເຆກບຄ # 5 ເຑĀໆ ບຑຈັະຌາເຂĀໆ ບຌໄຒຒາ. ເຊýຄແຓໆຌທໆາ ຼຸຈ # 5 ບາຈະຓþກາຌຊທຓ

ຂÿ ຌຂບຄຘາງຌ ານ າງກທໆາ ແຖະ ບາຈະເປຈັໃນ ຌ າໄນ ໄຎເຊýຄຎໆາຎບຄກຌັເຆເຆຈັ. ຘýໆ ຄຌþ ບາຈະຎະກບຍເຂົ າກຌັ

ເຎັຌທາຓຘ າຌັຑĀ ຌຊາຌໃຌກາຌຓþຂ ແຌະຌ າໃຌຼຸຈ ນ ທງບາຆ າ. ກາຌຎະຉýຍຈັທຽກຑາກຘະໜາຓທຌະຉ ບຄຓþ

ກາຌກ າຌຈົຄັຆະຌýຈຎາ ແຖະ ແນ ໆ ຄþໆ ດ ໆ ບາໃຘ ກຍັກາຌຎົກຎບຄແນ ໆ ຄþໆ ດ ໆ ບາໃຘþໆ ເຎັຌຉທົແຌ.  

 

x ເຆຆ  ບາຈແຓໆຌຘາງຌ າþໆ ຓ þຼຸຌຌະຑາຍຘ ຄາຄຈ າຌແນ ໆ ຄþໆ ດ ໆ ບາໃຘຂບຄຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງ. ຓຌັຓþທາຓ າເຎັຌ

ບຌັປþຍຈໆທຌþໆ ະຉ ບຄປ ເຊýຄຼຸຌໆາຂບຄກາຌຎະຓຄົໃຌແນໆຄຈັໆ ຄກໆາທ ກໆບຌກາຌຉຈັຘýຌໃໃຌກາຌ ຘ າຄເຂĀໆ ບຌເຆກບຄ 

# 1, ເຆýໆ ຄເຂĀໆ ບຌຌþ ບາຈຉຌັາຄເຂົ າຘ ໆ ເຆຆ . ຓຌັກ ຓþທາຓ າເຎັຌເຆັໆ ຌຈຽທກຌັþໆ ະຉ ບຄປ ເຊýຄກາຌໄນ ຂບຄຌ າາກ 

ບໆາຄເກຍັຌ າຆຌັຆາງ ທໆາະກຌັາຄຏໆາຌຎາາກແນ ໆ ຄþໆ ດ ໆ ບາໃຘໃຌເຆຆ . 

 

ກາຌເກຍັຉທົດໆາຄຎາ ແຓໆຌຓþທາຓ າເຎັຌþໆ ຉ ບຄໄຈ ຎະຉýຍຈັໃຌຌ າກບຄ ແຖະ ຉບຌຖຼຸໆ ຓຂບຄບໆາຄເກຍັຌ າຂບຄຌ າກບຄ 

#1 ແຖະ ບໆາຄເກຍັຌ າຂບຄຌ າກບຄ #2 ເຑĀໆ ບຎະເຓþຌຏຌົກະຍົຘ າຖຍັຌະໂງຍາງໃຌກາຌເຎþຈຌ າໃຆ ຘ າຖຍັບໆາຄເກຍັຌ າ

ເນ ົໆ າຌັ ຌ ເຑĀໆ ບກາຌເĀໆ ບຌງ າງຂບຄຎາໃຌຘາງຌ າຌົເຊýຄຎາກແຓໆຌ າ. ກາຌເກຍັຉທົດໆາຄແຓໆຌທຌະຉ ບຄໄຈ ຓþກາຌຎະຉýຍຈັ

ໃຌປບຍຎþ ຖທຓຄັຖະຈ ຐົຌ ແຖະ ຖະຈ ແຖ ຄ. ກາຌທຈັແກໂຈງກຄົແຓໆຌບາຈະເຎັຌຘýໆ ຄþໆ ຓ þທາຓເຆĀໆ ບຊĀໄຈ ນ າງກທໆາ, 

ກາຌຍບກເຖົໆ າາກ ບຄຊýໆ ຌກ ແຓໆຌຂ ຓ ຌþໆ ທຌະຉ ບຄເກຍັກ າເຑĀໆ ບຘÿກຘາ. 

ຂ ຓ ຌບຌັໃຈþໆ ຓ þທາຓຉ ບຄກາຌþໆ ະໄຈ ເຑþໆ ຓເຑĀໆ ບທາຓໝັ ຌໃໃຌກາຌຉຈັຘýຌໃໃຌກາຌບບກແຍຍ ແຖະ ເຎþຈຌ າໃຆ ເຂĀໆ ບຌ

ໄຒຒາໃຌບໆາຄແຓໆຌ າເຆກບຄ? 

x ຼຸຈໃຈແຓໆຌຼຸຈເຖþໆ ຓຉົ ຌຂບຄກາຌໄນ ເຑĀໆ ບຘ າຄຘຓົຓຼຸຈຊາຌໃຌບໆາຄເກຍັຌ າໃຌເຆກບຄ ຘýໆ ຄເນ ົໆ າຌັ ຌແຓໆຌຑຽຄຑ þໆ ະ

ນ þກຖ ຽຄກາຌເກþຌກ າຌຈົາຄþໆ ດ ໆ ບາໃຘໃຌເທຖາຎາຌ ບງຖບຈຉາງ? ແຓໆຌຘýໆ ຄໃຈþໆ ະຓþຏຌົກະຍົຉ ໆ ກາຌຏະຖýຈ

ກະແຘໄຒຒາໃຌເທຖເຎþຈຌ າໃຆ ເຂĀໆ ບຌ ເຑĀໆ ບປກັຘາກາຌໄນ ຂບຄຌ າ?  

 
x ຼຸຈຉ ໆ າຘຼຸຈຂບຄທາຓບຈົຌົþໆ ຎາຆະຌýຈຘ າຌັþໆ ຓ þກາຌເĀໆ ບຌງ າງþໆ ຌົໄຈ ແຓໆຌແຌທໃຈໃຌຘາງຌ າ/ໃຌຘະຑາຍ

ແທຈຖ ບຓຑĀ ຌþໆ ຌ າຊ ທຓຉບຌຖຼຸໆ ຓຂບຄເຆກບຄໃຌຖາທ ເຑĀໆ ບກາຌຈຈັແຎຄທາຓຘາຓາຈຍຌັຼຸຌ າໃຌເຂĀໆ ບຌ? 
 

x ຏຌົກະຍົບຌັໃຈþໆ ບາຈເກþຈຂÿ ຌາກຘýໆ ຄþໆ ເທົ າຓາຌັ ຌຘ າຖຍັ ເຆກະຓາຌຆຌັຆາງ ໃຌກາຌຎໆຽຌແຎຄຑĀ ຌþໆ ຌ າຊ ທຓ

ໃຌເຂຈຉບຌຖຼຸໆ ຓຂບຄຘາງຌ າໃຌ ບຈັຉະຎĀ ແຖະ ໃຌຎະເຈກ າຎ ເງ ແຖະ ຘýໆ ຄເນ ົໆ າຌັ ຌະຓþຏຌົກະຍົແຌທໃຈຉ ໆ

ກຍັຎາþໆ ຓ þກາຌເĀໆ ບຌງ າງເຑĀໆ ບກາຌຂະນງາງຑຌັ ແຖະ ກາຌຖບຈຉາງ? 
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ຘýໆ ຄໃຈþໆ ເຎັຌຆໆບຄທໆາຄຂບຄທາຓປຍັປ þໆ ຘ າຌັຘ າຖຍັທາຓໝັ ຌໃໃຌກາຌຉຈັຘýຌໃþໆ ກໆຽທຂ ບຄກຍັງຼຸຈະຘາຈກາຌຖຼຸຈ

ຏໆບຌຏຌົກະຍົາຄກາຌຎະຓຄົ? 

x ຎະຘຍົກາຌຂບຄຘາກຌົແຓໆຌຓþນງຄັແຈໆ ກຍັກາຌຂະນງາງຑຌັຽຓຎາໃຌບໆາຄເກຍັຌ າ þໆ ະເຎັຌງຼຸຈະຘາຈໃຌ

ກາຌຖຼຸຈຏໆບຌຏຌົກະຍົຂບຄກາຌຘ ຌເຘງຘ າຖຍັກາຌຘ ຌເຘງກາຌຎະຓຄົໃຌ າຓະຆາຈ? ກາຌຘ ານ ທຈແຓໆຌຓþ

ທາຓ າເຎັຌຉ ບຄໄຈ  າຌທຌເຊýຄທາຓແຉກຉໆາຄາຄຓ ຌໆາາຄເຘຈຊະກýຈ ແຖະ ຌýເທຈທýະງາ ຂບຄຆະຌýຈຎາ

, ຖກັຘະຌະກາຌແຏໆກະາງþໆ ເົໆ າຽຓ ແຖະ ໄຑບຌັຉະຖາງໃຌແກໆເຉກັຌýກກາຌເຑþໆ ຓຎະຆາກບຌ.  

 

ະຓþເຉກັຌýກທýເາະþໆ ຌັຘະໄໝບຌັໃຈþໆ ະຘາຓາຈໃຆ ເຂົ າໃຌກາຌຘÿກຘາ ເຑĀໆ ບຎັຍຎຼຸຄທາຓເຂົ າໃຉ ໆ ກຍັປ ຍແຍຍໃຌກາຌ

ເĀໆ ບຌງ າງຂບຄຎາໃຌແຓໆຌຌ າເຆກບຄ ແຖະ ແຓໆຌ າຂບຄຖຄົໄຎປບຈຎາກແຓໆຌ າ? 

 

x ເຑĀໆ ບຎັຍຎຼຸຄທາຓເຂົ າໃຉ ໆ ກຍັຎາຆະຌýຈໃຈຓþກາຌເĀໆ ບຌງ າງຂÿ ຌໄຎຉາຓຘາງຌ າເຆກບຄ ໃຌເທຖາໃຈ ແຖະ ຓþ າ

ຌທຌເົໆ າໃຈ ແຖະ  າຌທຌþໆ ຌ າຓາຘຌົະຌາໃຌກາຌຘ າຓະຌາ ຖທຓໄຎເຊýຄກາຌກທຈກາາຄກ າຓະຑຌັ ຉະນ ບຈ

ປບຈຘýໆ ຄþໆ ຘຄົໃຘກ  ໄຈ ງກົໃນ ເນຌັາກຏ ເຂົ າປໆທຓຍາຄໆາຌໃຌກາຌຘ າຓະຌາ ເຆýໆ ຄເຎັຌຘýໆ ຄþໆ ຓ þໆານ າງ. ກາຌກທຈກາ

ກ າຓະຑຌັ ຘ າຖຍັ ໂຄກາຌ PEER ແຓໆຌໄຈ ຓþກາຌກ າຌຈົແຖ ທ, ຖທຓໄຎຄັຆະຌýຈþໆ ຓ þໃຌຈ າຌຖຼຸໆ ຓ, ຘະຊາຌþໆ  

ແຖະ ເທຖາໃຌຉາຉະຖາຄ: 

ຆະຌýຈຎາ ຆĀໆ ບĀໆ ຌ 
ເຑþໆ ຓ

ຉĀໆ ຓໃໝໆ 

ກາຌ

ເກຍັ

ປກັຘາ 

ຎາກເຆ ເຆກບຄ ບຈັຉະຎĀ ຖທຓ 

Scaphognathops bandanensis     DNAl 32 8     

Scaphognathops stejnegeri   ຓþ DNAl 39 10     

Mekongina erythrospila               

Botia modesta           2   

Pangasius larnaudii               

Pangasius conchophilus     DNAl 60       

Henicorhynchus lobatus       1       

Henicorhynchus siamensis       3       

Ompok bimaculatus Ompok siluroides   DNAl 60 21     

Trichopodus trichopterus     DNAl   63     

Macrognathus siamensis      DNAl 1   1   

Puntioplites proctozysron               

Puntioplites falcifer   ຓþ DNAl 60 29 64   

Polynemus borneensis Polynemus melanochir             

Boesemania microlepis               

Hemibagrus cf melanurus Hemibagrus spilopterus ຓþ EtOH 60 65     

Helicophagus leptorhynchus   ຓþ EtOH 64 52 56   

Annex 5.3–21



21 
 

Osteochilus hasselti   ຓþ EtOH   15 9   

Raiamas guttatus   ຓþ EtOH 6 9     

Probarbus jullieni   ຓþ EtOH 16       
        402 272 132 806 

ກ າຌຈົເທຖາ 
ຍ ຖýຓະ

ຘýຈ 
ຘະຊາຌþໆ  ຘະຊາຌþໆ ຘະເໜþ ເຘັ ຌຂະໜາຌ ເຘັ ຌແທຄ 

ຖ ຊາເຄ ýຌຖຄົÿຌ 2 ເຈທຉາ ນທຽຈຌາຓ ບໆາຄດາຄ  10.546944° 105.334750° 
ຉົ ຌເຈĀບຌຌັທາ 1 ແຓໆຌ າຉຄົເຖຆາຍ ກາຌໂຈ  11.830540° 104.813370° 
ຉົ ຌເຈĀບຌຌັທາ 1 ແຓໆຌ າຘາງນ ກັ ກຕາຉþ  13.135810° 106.067830° 
ຉົ ຌເຈĀບຌຌັທາ 1 ຘະຉຄັແຉຕຄ/ກຕາຉþ ໂຒຕກ (ຍາຌຎບຄ)  13.559088° 106.171089° 
ກາຄເຈĀບຌຉຼຸຖາ & ເຈĀບຌຓຄັກບຌ 1 ຎາກເຆ  າຎາຘກັ  15.117935° 105.787220° 
ກາຄເຈĀບຌຉຼຸຖາ & ເຈĀບຌຓຄັກບຌ 1 ບຈັຉະຎĀ ບຈັຉະຎĀ  14.805693° 106.834478° 
ກາຄເຈĀບຌຉຼຸຖາ & ເຈĀບຌຓຄັກບຌ 1 ໄກ ກຍັບຉັຉະຎĀ ຍາຌເຆຆ  3  14.747832° 106.952433° 
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1 Introduction 
This report has been prepared for the Natural Heritage Foundation as part of the development of 
sustainable hydropower plan for the Sekong river basin. It provides an initial proof of concept to see 
if potential river reaches where rare and endemic fish species may be located in the Sekong river 
basin, from existing river reach classification and knowledge about the distribution of fish species. If 
the approach proves useful then it can be applied to other tributaries in the Lower Mekong Basin. 

The objectives of the study are: 

1. To identify ecologically important river reaches in the Sekong, especially for endemic, rare 
and threatened fish and other aquatic species. 

2. To compare the areas identified for possible additional hydropower with these and other 
ecologically important river reaches in the Sekong 

3. To identify areas that should not be developed for hydropower because of their potential 
habitats for rare and endemic fish species 

The study is therefore focused on assessing the siting options for sustainable hydropower by 
identifying river reaches that may be inundated, which have a high probability of being critical 
habitats for endemic species, which could thus be pushed towards extinction. In doing this we are 
using data which describes the character of the river reaches, highlighting those river reach types 
where endemic species are most likely to be found, and rare river reaches which may give rise to 
endemism. 

2 Method 
The method brings together several data sets that provide information on the river reach 
classification types and fish and other aquatic species recognised from the Sekong river basin 
together with information from earlier ichthyological surveys. These datasets are: 

1. River reach classification of the Greater Mekong sub-region prepared for WWF Greater 
Mekong by Lehner and Dallaire 2014 (Lehner, 2014). This classifies small sections of the 
rivers (river reaches) between 0.5 – 3 km in length according to the classes based upon 
hydrological size, physio-climatic class, and geomorphological class, as shown in Figure 2-1. 
These classes provide the basic description of the different types of rivers where endemic 
fish species have been found in the past, and allows a comparison with river reaches 
elsewhere in the basin which have been identified as potential sites for hydropower 
development. 
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Figure 2-1: Structure of the river reach classification 

 

2. IBAT (Integrated Biodiversity Assessment Tool)1 database which provides datasets on 
Protected areas, Key Biodiversity Areas (KBAs) and IUCN Red listed species. Of particular 
interest for this study are the datasets of aquatic species that have been red list assessed 
arranged by HydroBasin. HydroBasins are sub-basins or smaller catchments making up the 
larger basins; for this assessment, we use HydroBasins level 8. The aquatic species that have 
been included in these datasets are fish, Odonata (dragon flies), Molluscs (snails), crustacea, 
and aquatic plants. During the red listing process their ranges have been predicted in each 
sub-basin, and their red list status (Critically Endangered (CR), Endangered (EN), Vulnerable 
(VU), Near Threatened (NT), Least Concern (LC) and Data Deficient (DD)) provided. (IUCN, 
2017) 

This IUCN Redlist freshwater dataset has been compiled by the species specialists 
completing the IUCN Redlist assessments for those freshwater taxonomic groups in the 
Greater Mekong sub-region. The association of particular species with each hydrobasin is 
based upon the known or expected ranges of these species; it is a prediction that these 
species are likely to be found in these sub-basins. In some cases, this will be based upon field 
surveys, but for most species it remains a prediction of their likely range, rather than proven 
occurrence. Nevertheless, in the absence of field data, it is a useful dataset to work for this 
study. 

3. Ichthyological surveys principally carried out in the Sekong by Kottelat in 2009 and 2011 
(Kottelat M. , Fishes of the Xe Kong drainage in Laos - Report for WWF Aquatic Resources 
Management to Improve Rural Livelihoods of the Xe Kong Basin, 2009) (Kottelat M. , 2011). 
The locations and species found including endemic species and potentially new species to 
science have been georeferenced and linked with the prevailing river reach types in those 
areas. In addition to these ichthyological surveys the comprehensive catalogue of fish 
species found in SE Asian rivers (Kottelat M. , 22 November 2013) was consulted to identify 

                                                           
1 www.ibat_alliance.org 

Annex 7.1–5



5 
 

fish species whose holotype was first described from the Sekong and their type locality. This 
includes earlier fish type descriptions by Kottelat and Tyson Roberts. More recent village 
surveys of migratory fish on the Sekong by Terry Warren and Dr Phouvin Phousavanh for 
Natural Heritage Institute in 2016 have also been considered, especially for the listing of 55 
migratory species moving up the Sekong. 

The synthesis of these different datasets and their comparison has been pulled together using GIS, 
so that the following maps and comparative listings of the data have been prepared: 

1. Map and analysis of the river reach types for the Sekong river basin. This has been further 
divided into the HydroBasins Level 8 found in the Sekong 

2. Analysis of the rarity of river reach types, broken down into three categories – Rare river 
reach types (1 – 20 %) Medium rare (21 – 40%), Common (41 – 60%). The rarity of river 
reaches has been mapped, showing the distribution of different types. 

3. Analysis of the predicted distribution of endangered fish species in the sub-basins of the 
Sekong, according to Critically Endangered species, Endangered and Vulnerable species. 
Analysis of the numbers of endemic species found in the different sub-basins. 

4. Comparison of the river reach type composition of the sub-basins where endemic species 
and species that are potentially new to science are found, with sub-basins where existing 
and proposed hydropower dams and reservoirs are located. 

A simple risk rating of hydropower projects in the Sekong for the inundation of the preferred 
habitats of the endemic fish species has been prepared by considering the size of the reservoir in 
lengths of river reaches inundated, the proportion of rare river reaches in each reservoir and the 
proportion of high gradient and high elevation river reaches that are inundated. The dimensions for 
each of these are rated on a relative scale of 1 – 3, and these are then multiplied together to give a 
risk score. The risk scores are then grouped to give the risk ratings e.g. High (9 – 12), Medium (5 – 8) 
and Low (1 – 4) (see Table 4-6). 
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3 Results 
3.1 Analysis of river reach types in the Sekong 
The river network in the Sekong river basin are shown Figure 3-1 and the constituent river reach 
classes are shown in Figure 3-2. 

The analysis of the river reaches by size shows that large river reaches (average annual flow between 
100 – 1,000 m3/sec) mostly flow through dry broadleaf forest regions and that the rarest (less than 
10%) of the large river reaches are those that flow through dry broadleaf forest regions with 
floodplains, and those that flow through moist broadleaf forest regions at low elevations and with 
low gradient. (Table 3-1) 

Table 3-1: Analysis of large river reach lengths in the Sekong 

 

The largest proportion of the medium sized rivers (average annual flow 10 – 100 m3/sec) flow 
through dry broadleaf forest regions with low gradient, while the rarer reaches flow through moist 
broadleaf forest regions at high elevation with both high and low gradient and at low elevation with 
high gradient. (Table 3-2). 

Table 3-2: Analysis of Medium river reaches in the Sekong 

  

The largest proportion of small rivers (average annual flow 1 – 10 m3/sec) flow through dry broadleaf 
forest regions with low gradient. The rarest river reaches are those that flow through a karst region 
at high and low elevation followed by those flowing through moist broadleaf forest regions at low 
elevation and with low and high gradients. There is also a rare river reach type that flow through dry 
broadleaf forest region with high gradient. (Table 3-3). 

  

Combined Class 
Code Description

Sum of 
Reach 
Length

% of Total 
Simple 
Hydrological 
Class

24103 Large river, in dry broadleaf forest region, with floodplains 18.51 3.07
23101 Large river, in moist broadleaf forest region at low elevation, with low gradient 39.39 6.53
24105 Large river, in dry broadleaf forest region, with floodplains and sediment 221.42 36.70
24101 Large river, in dry broadleaf forest region, with low gradient 324.01 53.70

Combined Class 
Code Description

Sum of 
Reach 
Length

% of Total 
Simple 
Hydrological 
Class

33302 Medium river, in moist broadleaf forest region at high elevation, with high gradient 14.22 1.59
33102 Medium river, in moist broadleaf forest region at low elevation, with high gradient 31.69 3.54
33301 Medium river, in moist broadleaf forest region at high elevation, with low gradient 43.25 4.83
33101 Medium river, in moist broadleaf forest region at low elevation, with low gradient 145.52 16.26
34103 Medium river, in dry broadleaf forest region, with floodplains 161 17.99
34101 Medium river, in dry broadleaf forest region, with low gradient 499.43 55.80
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Table 3-3: Analysis of small river reaches in the Sekong 

 

The commonest small headwater streams with average annual flows of less than 1 m3/sec, are those 
that flow through dry broadleaf forest regions and through moist broadleaf forest regions at high 
elevation. The rare small headwater reaches flow through karst regions at high and low elevation, 
and that flow through moist broadleaf forest regions at low elevation. (Table 3-4) 

Table 3-4: Analysis of small headwater streams in the Sekong 

 

The distribution of the rare river reaches is shown in Figure 3-3 and Table 3-5. One of the hypotheses 
of this paper is that rare river reaches are more likely to provide the more isolated and different 
habitats necessary for the development of endemic species. It is therefore a necessary first step to 
identify where the rare reaches occur. Rarity is arbitrarily taken as the river reach classes with less 
than 10% of the lengths of river reaches in the same size class. 

  

Combined Class 
Code Description

Sum of 
Reach 
Length

% of Total 
Simple 
Hydrological 
Class

48100 Small river, in karst region at low elevation 4.82 0.14
48300 Small river, in karst region at high elevation 6.87 0.20
43101 Small river, in moist broadleaf forest region at low elevation, with low gradient 173.64 4.96
43102 Small river, in moist broadleaf forest region at low elevation, with high gradient 256.39 7.33
44102 Small river, in dry broadleaf forest region, with high gradient 329.47 9.42
43301 Small river, in moist broadleaf forest region at high elevation, with low gradient 404.61 11.57
43302 Small river, in moist broadleaf forest region at high elevation, with high gradient 500.5 14.31
44101 Small river, in dry broadleaf forest region, with low gradient 1822.02 52.08

Combined Class 
Code Description

Sum of 
Reach 
Length

% of Total 
Simple 
Hydrological 
Class

58100 Small headwater stream, in karst region at low elevation 5.66 0.08
58300 Small headwater stream, in karst region at high elevation 17.71 0.25
53100 Small headwater stream, in moist broadleaf forest region at low elevation 701.02 9.77
53300 Small headwater stream, in moist broadleaf forest region at high elevation 2313.33 32.25
54100 Small headwater stream, in dry broadleaf forest region 4135.52 57.65

Annex 7.1–8



8 
 

Figure 3-1: River reach network in the Sekong River Basin 
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Figure 3-2: Sekong River Reach classification with sub-basins  
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Figure 3-3: Distribution of rare river reaches in the Sekong River basin 
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Table 3-5: Lengths (km) of River reach classes in each sub-basin, with rare river reach classes highlighted 

 

Figure 3-4: Distribution of rare river reach classes by sub-basin 

Class ID Class Description 99 98 97 96 95 94 93 92 69 68 91 80 67 66 65 64 70 61 63 62 29 28 27 26 24 50 25 40 22 23 21 30 19 18 17 16 15 14 12 13 11
23101 Large river, in moist broadleaf forest region at low elevation, with low gradient 22.79 16.6 39.39

24101 Large river, in dry broadleaf forest region, with low gradient 66.25 51.64 7.71 16.93 10.03 60.22 15.83 73.28 22.12 324.01

24103 Large river, in dry broadleaf forest region, with floodplains 3.97 14.54 18.51

24105 Large river, in dry broadleaf forest region, with floodplains and sediment 23.88 49.86 23.62 26.74 18.53 9.32 69.47 221.42

33101 Medium river, in moist broadleaf forest region at low elevation, with low gradient 34.62 41.82 4.78 27.13 2.38 2.21 5.01 24.91 2.66 145.52

33102 Medium river, in moist broadleaf forest region at low elevation, with high gradient 6.92 3.14 4.8 2.03 6.06 8.74 31.69

33301 Medium river, in moist broadleaf forest region at high elevation, with low gradient 5 5.66 32.59 43.25

33302 Medium river, in moist broadleaf forest region at high elevation, with high gradient 4.15 1.09 1.54 4.66 2.78 14.22

34101 Medium river, in dry broadleaf forest region, with low gradient 37.49 3.47 13.69 11.9 8.29 7.9 18.21 38.11 6.41 24.29 1.74 1.54 91.48 40.19 11.89 95.9 35.19 20.91 1.94 28.89 499.43

34103 Medium river, in dry broadleaf forest region, with floodplains 4.43 4.62 31.09 7.84 15.99 1.54 20.72 31.09 8.84 13.74 3.73 10.81 6.56 161

43101 Small river, in moist broadleaf forest region at low elevation, with low gradient 71.22 14.46 8.94 22.52 0.64 0.46 2.84 5.75 0.64 21.78 8.78 10.99 4.62 173.64

43102 Small river, in moist broadleaf forest region at low elevation, with high gradient 27.22 9.11 17.89 63.63 1.57 22.17 11.44 3.29 8.73 9.14 7.3 3.04 44.4 4.07 7.93 4.42 5.88 5.16 256.39

43301 Small river, in moist broadleaf forest region at high elevation, with low gradient 16.23 26.58 1.75 45.25 11.79 71.41 55.05 106.2 10.32 3.21 8.39 16.65 31.76 404.61

43302 Small river, in moist broadleaf forest region at high elevation, with high gradient 7.45 29.05 47.15 8.19 54 14.51 43.4 48.39 19.38 41.32 20.38 30.28 45.73 6.38 22.94 37.92 7.57 16.46 500.5

44101 Small river, in dry broadleaf forest region, with low gradient 33.89 3.14 86.91 1.57 9.38 53.22 3.3 5.78 8.3 7.41 97.42 90.18 175.5 19.97 4.89 10.03 60.88 64.4 138.8 200.4 4.02 83.24 26.98 195.3 37.18 47.86 24.26 143.3 55.49 1.99 127.1 1,822.02   

44102 Small river, in dry broadleaf forest region, with high gradient 61.12 29.77 29.4 5.32 0.89 14.07 5.75 7.74 11 8.4 2.18 64.57 21.52 10.33 2.96 2.68 34.43 13.55 3.79 329.47      

48100 Small river, in karst region at low elevation 4.82 4.82          

48300 Small river, in karst region at high elevation 6.87 6.87          

53100 Small headwater stream, in moist broadleaf forest region at low elevation 123.4 10.9 0.67 12.65 100.8 8.08 45.26 27.51 4.11 2.03 36.38 20.9 19.16 18.43 2.5 138 29.13 72.43 11.11 2.08 6.75 8.72 701.02      

53300 Small headwater stream, in moist broadleaf forest region at high elevation 95.07 189.9 204.6 107.4 202.1 5.28 85.51 335.4 156.5 357.7 136.1 58.16 25.23 62.89 39.45 13.15 29.92 121.8 30.93 12.42 29.69 14.13 2,313.33   

54100 Small headwater stream, in dry broadleaf forest region 158.4 29.28 207.8 1.16 3.12 6.34 6.98 30.05 57.17 3.15 21.52 4.16 221.9 19.7 190.5 408.9 90.36 15.3 9.19 12.04 56.48 195.5 34.76 403.3 393.5 35.24 15.65 230.3 41.59 199.7 92.77 94.92 87.36 304.2 84.21 17.79 351.4 4,135.52   

58100 Small headwater stream, in karst region at low elevation 3.46 2.2 5.66          

58300 Small headwater stream, in karst region at high elevation 17.71 17.71        

Grand Total 365.9 348.5 5.45 353.1 649 422.2 455.9 168 517.8 293 68.35 652.2 348.5 134.3 111.5 154 675.2 37.27 412.8 872.5 368.7 105.3 42.36 42.06 179.5 327.2 50.75 673.9 677.2 70.35 30.19 406.7 92.19 410.7 156.7 150.3 130.2 487.2 146.3 29.1 548 ########
Number of rare classes in each sub-basin 4 8 1 5 5 6 4 2 6 4 1 6 4 4 1 4 4 0 4 4 3 2 1 0 2 2 0 1 2 1 1 0 0 0 1 0 0 0 0 0

Proportion of rare classes of all classes in sub-basin % 62.5 20.5 12.3 13.5 38.6 12.1 22.1 23.2 9.4 4.6 53.2 6.5 13.0 27.7 6.9 11.2 31.5 0.0 10.7 17.9 10.0 15.4 4.9 0.0 4.5 2.9 0.0 5.1 2.0 0.0 48.2 3.3 0.0 0.0 0.0 2.5 0.0 0.0 0.0 0.0 0.0

Sub-basin Code Grand 
Total
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3.2 Distribution of river reach classes in the Sekong sub-catchments 
There are 41 sub-basins delineated at HydroBasin Level 8. These are shown superimposed on the 
river reach class map in Figure 3-2 and Figure 3-3. Note that the high sub-basin code numbers are 
those in the upper catchment, thus the code numbers 91 – 99 are sub-basins in the headwaters of 
the Sekong itself, whilst numbers 61 – 69 cover the Xe Kaman. The sub-basin code numbers are 
described below. 

Sub-basin Code Description 
99 Upper catchment in Vietnam 
91 - 99 Upper catchment – Se Sap 
80  Eastern catchment of Bolevan Plateau 
70 Sekong mainstem through Sekong province 
63 - 69 Xe Kaman 
62 Xe Xou 
61 Confluence between Sekong and Xe Kaman 
40 Nam Khong 
30 Attapeu Plain 
22 - 29 Southern catchment of Bolevan – Se Pian, Se Namnoy 
21 Confluence between Sekong with Se Pian 
11 – 19, 30 Mainly in Cambodia 

 

An analysis of the distribution of the lengths of river reach classes in each sub-basin is provided in 
Table 3-5 which also has the rare river reach classes highlighted. The distribution of rare river reach 
types is shown diagrammatically in Figure 3-4. This clearly shows that the lower sub-basins have 
relatively few or no rare river reaches, in comparison to those in the highlands of the Sekong, Xe 
Kaman and Bolevan. The Sub-basins that stand out with both high rare river reach diversity and 
proportions are 99 – 91, which generally have between 4 – 6 rare reach classes and depending upon 
the size of the sub-basin may have proportions of rare river reaches between 10 up to 60%. Sub-
basin is a small basin with only one rare river reach class (Small headwater stream, in moist 
broadleaf forest region at low elevation) but making up a large proportion in a small area. The Sub-
basin with the highest proportion is 99 which has 4 rare river reach classes making up 60% of all the 
river reaches in the sub-basin. Sub -basin 98 is also interesting in that it is the only Sub-basin which 
has karst river reaches. 

The Xe Kaman sub-basins (62 – 69) have similar if slightly lower rare river reach profiles, usually 
about 4 rare river reach classes with a proportion between 10 – 20%. Sub-basin 80 on the Bolevan 
has a high diversity of rare river reaches, 6, but a low proportion about 10% largely because of the 
total length of river reaches (662 km or 10 times the lengths of 91). The lower reaches are 
distinguished by having few rare reach lengths. Sub-basin 21 is also interesting because it has one of 
the rare large river reaches (Large river, in dry broadleaf forest region, with floodplains) which makes 
up a high proportion of a relatively small sub-basin at the confluence of the Sekong with the Xe Pian. 
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3.3 Other aquatic species distribution in the Sekong river basins 
The following analysis of aquatic species has been drawn from the IBAT database, drawing on the 
IUCN Red listing of Freshwater species. The database records the probable presence of aquatic 
species (aquatic plants, molluscs (gastropods and bivalves), insects - dragon flies, crustacea (shrimps, 
prawns and crabs), and fish) in each of the hydrobasins listed above. This indication of probable 
presence is based upon the known ranges and habitats of the species that have been assessed by 
Red Listing of threatened species. It is based upon expert judgement of the assessors, rather than on 
definitive presence recorded by surveys. It is noted that IBAT data does not exist for sub-basin 70, 
which is why it is missing from the tables or coloured grey on the maps. 

The database thus provides a probable distribution of these aquatic groups in the sub-basins. The 
focus for this paper is upon fish, but the highlights of other groups are briefly described first.  

3.3.1 Aquatic Plants 
According to the IBAT database the Sekong basin lies within the ranges of 121 species of aquatic 
plants of which 113 are of Least Concern on the IUCN Red list and 8 are Data Deficient. Whilst most 
of the plant species are widely distributed throughout the basin, a few species are reported to have 
a very limited distribution through the sub-basins. These are Blyxa quadricostata and Cryptocoryne 
mekongensis, both of which are restricted to Sub-basins 18, 22 and 24 or the eastern sides of the 
Bolevan plateau; and Sagittaria pygmaea which is similarly restricted. 

3.3.2 Mollusca 
From the IBAT database of Mollusca, the Sekong sub-basins contain 74 species of which 3 are Near 
Threatened, 48 are of Least Concern and 3 are Data Deficient. The three Near Threatened species 
were first described from the Siphandone area, a recognised hotspot for mollusc biodiversity, but 
these appear to be quite widely distributed in the Sekong. There is one probable endemic to the 
Sekong, Anulotaia mekongensis, which is Data Deficient and found in the southern Bolevan and in 
some of the lower sub-basins in Cambodia. The species list is provided in Annex 2.  

3.3.3 Odonata 
The Sekong lies in the range of 98 species of dragonflies, of which 90 are considered to be of Least 
Concern on the IUCN Red list and 9 are Data Deficient. Many of the species are widely distributed 
throughout the Sekong basin. Of the Data Deficient species several are probably endemic to the 
Sekong - Amphithemis kerri and Protosticta robusta both found in the upper Sekong sub-basins 91 – 
99; Leptogomphus baolocensis found in the southern Bolevan sub-basins; Macromia septima widely 
distributed but the genus needs a review; The list of species is provided in Annex 1. 

3.3.4 Crustacea 
The IBAT database records 11 species of crustacea of which 9 are of Least Concern and 2 are Data 
Deficient. There are 5 species of Macrobrachium, including the long distance migratory species M. 
rosenbergi, which is restricted to the lower sub-basins up to the confluence of Xe Kaman with 
Sekong. There is also an endemic crab, Vietopotamon aluoiense, which was first described in A Luoi 
in Vietnam and is found in the top nine sub-basins, and a Laos endemic crab, Pupamon pealianoides, 
found in 30 of the sub-basins – both are data deficient. Sub-basins 99 and 62 appear to be the most 
biodiverse with 9 and 8 species respectively, compared to the others which have 3 – 5 species each. 
The full list of crustacea is found in Annex 3. 
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3.4 Distribution of Fish in the Sekong sub-basins  
3.4.1 Threatened fish species 
The IBAT database lists 259 species, of which 2 are Critically Endangered Catlocarpio siamensis and 
Pangasius sanitwongsei, both found in the lower sub-basins of the Sekong, though the latter will 
migrate up into sub-basins 61 and 80 and around the southern Bolevan. The distribution of Critically 
Endangered species is shown in Figure 3-5 and Figure 3-6. 

Figure 3-5: Distribution of Critically Endangered fish species in the Sekong sub-basins 
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Figure 3-6: Critically Endangered fish species by sub-basin in the Sekong 

 

 

There are 9 Endangered species found in the Sekong sub-basins, three of which are restricted to the 
lower sub-basins - Laubuca caeruleostigmata, Pangasianodon hypophthalmus and Probarbus 
labeamajor and six of which are found in the upper sub-basins and on the Bolevan - Poropuntius 
bolovenensis, Poropuntius consternans, Poropuntius lobocheiloides, Poropuntius solitus, Schistura 
bairdi, Schistura bolavenensis, and many of these are also endemic to the Sekong. 

It can be seen from Figure 3-7 and Figure 3-8, that sub-basin 21 hosts the highest number of 
Endangered fish species with a total of 7, sub-basins 80 and 91 – 99 host 5 Endangered species, the 
southern Bolevan sub-basins and the lower sub-basins in Cambodia host 4 Endangered species, but 
the Nam Khong and Xe Kaman do not appear to host any Endangered fish species. Sub-basin 21 
appears to be at a meeting point of suitable habitats for most of these species. 
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Figure 3-7: Distribution of Endangered fish species in the Sekong sub-basins 
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Figure 3-8: Endangered fish species by sub-basin in the Sekong 

 

 

There are 12 Vulnerable fish species found in the Sekong sub-basins (see Figure 3-9 and Figure 3-10). 
Three of these are found in the upper sub-basins Bangana behri, Labeo pierrei, and Yasuhikotakia 
nigrolineata as well as in a few of the other sub-basins. Schistura kontumensis  is restricted to the Xe 
Xou and upper Xe Kaman sub-basins, while the others - Datnioides undecimradiatus, 
Epalzeorhynchos munense, Hypsibarbus lagleri, Osphronemus exodon, Oxygaster pointoni, Pangasius 
krempfi, Scaphognathops bandanensis, are mainly found in the lower Sekong sub-basins and the 
southern Bolevan sub-basins. These have between 7 and 10 Vulnerable fish species. As before sub-
basin 21 has the highest diversity of Vulnerable fish species. The Nam Khong hosts only three 
Vulnerable fish species Labeo pierrei, Epalzeorhynchos munense and Osphronemus exodon. Cirrhinus 
microlepis is only found in the three lowest sub-basins in Cambodia. 
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Figure 3-9: Distribution of Vulnerable fish species in the Sekong sub-basins 
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Figure 3-10: Vulnerable fish species by sub-basin in the Sekong 

 

3.4.2 Migratory fish species 
The distribution of the important migratory fish species listed by Warren and Phouvin during their 
consultations with villagers in the upper parts of the Sekong in 2016, has been mapped as shown in 
Figure 3-11 and Figure 3-12. As expected the highest numbers of migratory fish species are predicted 
to be found in the lower reaches of the Sekong, especially in Cambodia. In the lower parts of the 
basin in Lao, about 10 – 15 species are predicted to be found in the Xe Pian tributary and in the 
mainstem up to Attapeu. Above Attapeu in the Sekong and Xe Kaman, between 5 – 10 migratory 
species are predicted through the IUCN Redlist freshwater database. 
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Figure 3-11: Distribution of migratory fish species in the Sekong sub-basins 
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Figure 3-12: Migratory fish species by sub-basin in the Sekong 
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3.4.3 Endemic fish species 
When considering the distribution of endemic species of fish (see Figure 3-13 and Figure 3-14) the 
opposite pattern to diversity of threatened species exists with the upper Sekong sub-basins 91 – 99 
having the highest number of endemics – 10 species. Sub-Basin 61 – the confluence of the Sekong 
with the Xe Kaman also has 10 endemics, and site no 21, the confluence of the Sekong with the Xe 
Pian has 9 endemics. The Bolevan sub-basins (23 – 29, 80 and 50) have 8 endemics and it is probable 
that sub-basin 70 would have a similar number (if the IBAT data existed). The Xe Kaman has 4 
endemic species, while the Xe Xou and Nam Khong have 2 endemic fish species. 

Figure 3-13: Distribution of Endemic fish species in the Sekong sub-basins 

 

Annex 7.1–23



23 
 

Figure 3-14: Endemic fish species by sub-basin in the Sekong 

 

Annex 7.1–24



24 

 

3.5 Highlighting endemic fish species sub-basins 
The surveys of fish species in the Sekong and Xe Kaman carried out by Kottelat in 2009 and 2011, 

and his earlier surveys in early 2000 when he was compiling the book Fishes of Lao, have been used 

to identify the locations and sub-basins of endemic species. These surveys also include species that 

Kottelat identifies as species new to science (these are described as sp. n. with a location e.g. 

(Annamia sp. n. 'Bolaven'), and species which are also probably new but which have a close 

resemblance to other species (these are described as aff. with specific name of similar species e.g. 

Glyptothorax aff. zanaensis). In addition, the catalogue of fish species found in SE Asian rivers 

(Kottelat, 22 November 2013) has been used to identify the locations and sub-basins where the 

holotypes of fish have been found in the Sekong river basin. These have been plotted in a matrix of 

the sub-basins in Table 3-6 and expressed graphically in Figure 3-15. 

While recognising that such an analysis is highly dependent upon where surveys have been carried 

out, rather than representing actual distributions, we can see that the sub-basin with the most 

number of endemic fish species is sub-basin 80 on the eastern catchment of the Bolevan plateau. 

Next there appears to be a strong grouping of sub-basins – 61, 62, 63, and 70 with a number of 

similar endemic species. There is another grouping of sub-basins 69, 93 and 95 with similar endemic 

species.  

3.6 Preferred habitats of endemic fish species in the Sekong 
An analysis of the preferred habitats of the fifteen endemic fish species of the Sekong is shown in 

Table 3-7.  This shows that:   

• 3 fish are high elevation species, Glyptothorax filicatus, Poropuntius aluoiensis, Poropuntius 
bolovenensis 

• 2 fish prefer cooler water - Poropuntius consternans, Poropuntius lobocheiloides, i.e. found 

in higher elevations 

• 10 species are found in streams, and 5 in rivers – of these 6 species are only found in 

streams and 1 is only found in the larger rivers – 4 are found in both rivers and streams 

• 9 species prefer fast flowing water – 2 in riffles, 8 in rapids and 5 around waterfalls 

o Riffles - Schistura nomi, Schistura rikiki 
o Rapids - Poropuntius consternans, Poropuntius lobocheiloides, Schistura clatrata, 

Schistura tizardi, Serpenticobitis octozona, Sewellia diardi, Sewellia elongate, 
Sewellia speciosa 

o Waterfalls - Poropuntius consternans, Poropuntius lobocheiloides, Sewellia diardi, 
Sewellia elongate, Sewellia speciosa 

• 4 species like clear water - Poropuntius bolovenensis, Poropuntius consternans, Poropuntius 
lobocheiloides, Pseudobagarius inermis 

• Only 1 fish is found around muddy bottoms, Akysis bilustris, which also occurs in sandy 

bottoms. Glyptothorax filicatus also occurs in sandy bottoms 

• 5 species occur in gravel and stony bottoms - Pseudobagarius inermis, Schistura clatrata, 
Schistura nomi, Schistura tizardi, Serpenticobitis octozona 

• 3 are found in rocky bottoms - Glyptothorax filicatus, Poropuntius consternans, Poropuntius 
lobocheiloides 

This analysis shows that most of the endemic species are found in the upper reaches, generally 

smaller streams and rivers, in fast flowing water, i.e. high gradient, with gravel, stones and rocky 

bottoms. They are most often found around riffles, rapids and waterfalls.
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Table 3-6: Endemic fish species found in the Sekong and its sub-basins 

 

Note that although holotypes of Rasbora amplistriga and Schistura khamtanhi were first described from the Sekong, they are also found in Mekong 
mainstream around Khone Falls, so they are not strictly endemic only the Sekong. 

 

Species Binomial 99 98 97 96 95 94 93 92 69 68 91 80 67 66 65 64 70 61 63 62 29 28 27 26 24 50 25 40 22 23 21 30 19 18 17 16 15 14 12 13 11
Acanthocobitis sp. n. 'Xe Kong' new 1
Akysis bilustris Holotype in Sekong 1
Annamia sp. n. 'Bolaven' new 1
Glyptothorax filicatus Holotype in Sekong 1 1 1
Glyptothorax aff. zanaensis probably new 1 1
Laocypris sp. n. 'Xe Kong' new 1 1 1
Pangio aff. anguillaris probably new 1 1
Pangio aff. fusca probably new 1 1
Poropuntius bolovenensis Holotype in Sekong 1
Poropuntius consternans Holotype in Sekong 1
Poropuntius lobocheiloides Holotype in Sekong 1
Pseudobagarius inermis Holotype in Sekong 1
Rasbora amplistriga Holotype in Sekong 1
Rasbora aff. atridorsalis probably new 1
Rasbora aff. daniconius probably new 1 1
Scaphiodonichthys sp. n. 'Dakchung' new 1
Schistura clatrata Holotype in Sekong 1 1 1 1 1 1 1
Schistura diminuta Holotype in Sekong 1
Schistura khamtanhi Holotype in Sekong 1 1 1 1 1
Schistura nomi Holotype in Sekong 1 1
Schistura rikiki Holotype in Sekong 1
Schistura tizardi Holotype in Sekong 1 1 1 1
Schistura sp. n. 'Bolaven' new 1
Schistura sp. n. 'Dakchung' new 1 1
Serpenticobitis octozona Holotype in Sekong 1 1 1
Sewellia elongata Holotype in Sekong 1
Sewellia diardi Holotype in Sekong 1 1
Sewellia speciosa Holotype in Sekong 1 1 1 1 1
Sewellia sp. n. 'Dakchung' new 1
Tor aff. tambra probably new 1
Tor aff. tambroides probably new 1 1 1
Yasuhikotakia splendida Holotype in Sekong 1
Total number of likely endemic species 1 0 0 0 4 0 7 1 4 0 0 14 2 0 0 0 7 3 6 9 1 0 0 2 0 1 2 0 0 0 0 3 0 0 0 0 0 0 0 0 0

Sub-basin Code
Endemic
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Table 3-7: Preferred habitats of endemic fish species 

Name Preferred habitat (from IUCN Redlist 
description) 
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Akysis bilustris Observed in streams and rivers, on sandy to 
muddy bottom with submerged vegetation 
and/or debris 

 x x       x x   x 

Glyptothorax 
filicatus 
 

inhabits hillstreams with a swift current, clear 
water and a substrate of rocks/sand. High x  x       x  x  

Poropuntius 
aluoiensis 

Found in the upper parts of a river catchment. High x             

Poropuntius 
bolovenensis 
 

It is found in clear rocky streams 
approximately 800–1,200 m asl. It feeds 
mainly on insects and does not do well in 
reservoirs. The species migrates short 
distances - probably not truly migratory, but 
undertakes local or short distance movements  

800 – 
1,200 
masl 

x      x       

Poropuntius 
consternans 

Streams with clear, cool and fast water, over 
stones, rocks, rapids and waterfalls.  x  x  x x x x    x  

Poropuntius 
lobocheiloides 
 

Streams with clear, cool and fast water, over 
stones, rocks, rapids and waterfalls.  x  x  x x x x    x  

Pseudobagarius 
inermis 
 

This species inhabits a variety of habitats from 
swift creeks to riffles in streams and rapids in 
large rivers. All of the habitats had a stony 
substrate and swift current; most of them had 
clear water (during the dry season). 

 x x x    x    x   

Schistura 
clatrata 

This species was collected in rapids, stretches 
of rivers with stone bottom (Kottelat 2000).   x   x      x   

Schistura nomi 
 

Observed in streams with moderate to fast 
water, in riffles, over gravel to stone 
substrate. 

 x  x x       x   
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Name Preferred habitat (from IUCN Redlist 
description) 
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Schistura rikiki 
 

Observed in Xe Kong main river, in riffles, over 
gravel to stone substrate.     x          

Schistura 
tizardi 
 

This species was collected in rapids, stretches 
of the main river with stone bottom and 
smaller tributaries (Kottelat 2000). 

 x x   x      x   

Serpenticobitis 
octozona 
 

Found in rapids and fast flowing waters in the 
mainriver and larger tributatries. Also in 
stretches of river with large gravel (M. 
Kottelat pers. comm. 2011). 

 x x x  x      x   

Sewellia diardi 
 

Found in fast flowing waters in rapids and 
waterfalls (Roberts 1998).    x  x x        

Sewellia 
elongata 
 

This species is found in very fast flowing 
water, rapids and waterfalls (M. Kottelat pers. 
comm. 2011). 

   x  x x        

Sewellia 
speciosa 
 

This species is found in fast flowing water, 
rapids and waterfalls (M. Kottelat pers comm. 
2011). 

   x  x x        
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Figure 3-15: Number of likely endemic fish species found in Sekong sub-basins 

 

Figure 3-16: Distribution of rare river reach classes in Sekong sub-basins 

 

When the distribution patterns of the endemic species and the rare river reaches are compared in 
Figure 3-15 and Figure 3-16, the sub-basin with the highest number of endemic species – sub-basin 
80 also has 6 different rare river reach classes, although the proportion of these is fairly low in such a 
large sub-basin. The grouping of sub-basins 69, 93 and 95 all have high numbers of rare reach 
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classes, and high proportions. Similarly, the grouping of sub-basins 70, 62 and 63 shows at least 3 – 4 
different rare river reach classes with a proportion of 15 – 25% coverage.  

It is interesting that sub-basin 61, a very small sub-basin with high proportion of endemic species 
reported as present in the IBAT database, has no rare river reach classes nor surveyed endemics. Its 
importance as a location for endemics is probably because it lies at the confluence between the 
Sekong and Xe Kaman catchments. Similarly, sub-basin 21 also has no surveyed endemics, but a high 
proportion of endemic species on the IBAT database, is also a small sub-basin on the confluence 
between the Sekong and Xe Pian. 

A more detailed analysis of the character of the rare river reaches in the sub-basins with the highest 
numbers of surveyed endemics is shown in Table 3-8: This shows that there is a lot of similarity 
between these sub-basins.  

• Sub-basins 95 and 70 contain all the rare “Large river, in moist broadleaf forest region at low 
elevation, with low gradient” 

• All 7 of the sub-basins share significant proportions (over 70% of the total lengths of rare 
river reach) of  

o Small river, in moist broadleaf forest region at low elevation, with high gradient 
o Small river, in dry broadleaf forest region, with high gradient 
o Small headwater stream, in moist broadleaf forest region at low elevation 

• 5 of the sub-basins share significant proportions (43%) of “Small river, in moist broadleaf 
forest region at low elevation, with low gradient”  

• Sub-basins 69 and 80 share  
o Medium river, in moist broadleaf forest region at low elevation, with high gradient 
o Medium river, in moist broadleaf forest region at high elevation, with high gradient 

• The karst streams are only represented by sub-basin 95 

Table 3-8: Distribution of rare river reaches in each of the sub-basins with high proportions of 
endemic fish species 

 

  

Class ID Class Description 95 93 69 80 70 63 62
23101 Large river, in moist broadleaf forest region at low elevation, with low gradient 22.79 16.6 39.39 100.0
24101 Large river, in dry broadleaf forest region, with low gradient 66.25 51.64 60.22 73.28 324.01 93.2
24103 Large river, in dry broadleaf forest region, with floodplains 3.97 18.51 21.4
24105 Large river, in dry broadleaf forest region, with floodplains and sediment 221.42 0.0
33101 Medium river, in moist broadleaf forest region at low elevation, with low gradient 2.21 24.91 2.66 145.52 25.5
33102 Medium river, in moist broadleaf forest region at low elevation, with high gradient 2.03 8.74 31.69 68.3
33301 Medium river, in moist broadleaf forest region at high elevation, with low gradient 32.59 43.25 88.4
33302 Medium river, in moist broadleaf forest region at high elevation, with high gradient 1.54 2.78 14.22 70.8
34101 Medium river, in dry broadleaf forest region, with low gradient 3.47 11.9 18.21 24.29 1.54 91.48 499.43 53.0
34103 Medium river, in dry broadleaf forest region, with floodplains 4.43 161 2.8
43101 Small river, in moist broadleaf forest region at low elevation, with low gradient 22.52 0.46 21.78 8.78 10.99 173.64 42.8
43102 Small river, in moist broadleaf forest region at low elevation, with high gradient 63.63 22.17 3.29 8.73 44.4 4.07 7.93 256.39 72.8
43301 Small river, in moist broadleaf forest region at high elevation, with low gradient 1.75 71.41 106.2 404.61 81.6
43302 Small river, in moist broadleaf forest region at high elevation, with high gradient 8.19 43.4 19.38 6.38 500.5 66.3
44101 Small river, in dry broadleaf forest region, with low gradient 33.89 86.91 1.57 53.22 97.42 90.18 175.5 1,822.02     31.6
44102 Small river, in dry broadleaf forest region, with high gradient 61.12 29.4 5.32 0.89 8.4 2.18 64.57 329.47        72.9
48100 Small river, in karst region at low elevation 4.82            0.0
48300 Small river, in karst region at high elevation 6.87            0.0
53100 Small headwater stream, in moist broadleaf forest region at low elevation 100.8 45.26 4.11 20.9 138 29.13 72.43 701.02        74.9
53300 Small headwater stream, in moist broadleaf forest region at high elevation 107.4 5.28 335.4 357.7 39.45 13.15 29.92 2,313.33     69.8
54100 Small headwater stream, in dry broadleaf forest region 158.4 207.8 3.12 30.05 221.9 190.5 408.9 4,135.52     33.1
58100 Small headwater stream, in karst region at low elevation 2.2 5.66            38.9
58300 Small headwater stream, in karst region at high elevation 17.71          0.0

Grand Total 649 455.9 517.8 652.2 675.2 412.8 872.5 12,170.00  

Sub-basin Code
Grand Total

% of total 
class lengths 
in selected 
sub-basins
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When these rare river reach types are compared to the other sub-basins, that do not have reported 
endemic fish species, the following similarities stand out, indicating that these basins have an 
increased probability of hosting endemic fish species. These are shown in Table 3-9. Note that the 
basins without any rare river reach classes have been hidden. 

• Almost all sub-basins listed contain “Small headwater stream, in moist broadleaf forest 
region at low elevation” making up the remaining 41% of this class in the Sekong, but this 
does not help in distinguishing between the sub-basins likely to have endemic species. 

• There appears to be a similarity in sub-basins 99, 98, 96, 94, and 68, i.e. the upper Sekong 
and upper Xe Kaman 

• There appears to be another grouping of sub-basins 28, 29, 64, 66, and 67, (i.e. Lower Xe 
Kaman and central Bolevan Plateau) which contain a predominance of  

o Small river, in dry broadleaf forest region, with high gradient 
o Small river, in moist broadleaf forest region at low elevation, with high gradient 
o Small river, in moist broadleaf forest region at low elevation, with low gradient 

• Sub-basin 98 contains all the small rivers in karst region at high and low elevation and almost 
all the small headwater streams in karst region at high and low elevation. 

Table 3-9: Distribution of rare river reach classes in sub-basins without reported endemic species 

 

  

Class ID Class Description 99 98 97 96 94 92 68 91 67 66 65 64 29 28 27 24 50 40 22 30 16
33102 Medium river, in moist broadleaf forest region at low elevation, with high gradient 6.9 3.1 4.8 6.1 31.7 66.0
33301 Medium river, in moist broadleaf forest region at high elevation, with low gradient 5.0 5.7 43.3 24.7
33302 Medium river, in moist broadleaf forest region at high elevation, with high gradient 4.2 1.1 4.7 14.2 69.6
43101 Small river, in moist broadleaf forest region at low elevation, with low gradient 71.2 14.5 8.9 0.6 2.8 5.8 0.6 4.6 173.6 62.8
43102 Small river, in moist broadleaf forest region at low elevation, with high gradient 27.2 9.1 17.9 1.6 11.4 9.1 7.3 3.0 4.4 5.9 5.2 256.4 39.9
44102 Small river, in dry broadleaf forest region, with high gradient 29.8 14.1 5.8 7.7 11.0 21.5 10.3 3.0 2.7 34.4 13.6 3.8 329.5 47.8
48100 Small river, in karst region at low elevation 4.8 4.8 100.0
48300 Small river, in karst region at high elevation 6.9 6.9 100.0
53100 Small headwater stream, in moist broadleaf forest region at low elevation 123.4 10.9 0.7 12.7 8.1 27.5 2.0 36.4 19.2 18.4 2.5 11.1 2.1 6.8 8.7 701.0 41.4
58100 Small headwater stream, in karst region at low elevation 3.5 5.7 61.8
58300 Small headwater stream, in karst region at high elevation 17.7 17.7 100.0

Grand Total 365.9 348.5 5.5 353.1 422.2 168.0 293.0 68.4 348.5 134.3 111.5 154.0 368.7 105.3 42.4 179.5 327.2 673.9 677.2 406.7 150.3 12170.0
Number of rare classes in each sub-basin 4.0 8.0 1.0 5.0 6.0 2.0 4.0 1.0 4.0 4.0 1.0 4.0 3.0 2.0 1.0 2.0 2.0 1.0 2.0 1.0 1.0
Proportion of rare classes of all classes in sub-basin % 62.5 20.5 12.3 13.5 12.1 23.2 4.6 53.2 13.0 27.7 6.9 11.2 10.0 15.4 4.9 4.5 2.9 5.1 2.0 3.3 2.5

Sub-basin Code
Grand Total

% of total 
class 
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4 Comparing the sub-basins with probable presence of endemic 
species with hydropower locations 

4.1 Existing and proposed hydropower projects in the Sekong 
There are four existing hydropower projects the are operating in the Sekong basin. These are: 

• Houay Ho on the Bolevan Plateau 
• Houay Lamphan on the north-east of the Bolevan 
• Xe Kaman 3, in the upper Xe Kaman near the Laos/Vietnamese border 
• A Luoi and A Lin plants which divert water from upper reaches of the Sekong in Vietnam. 

There are four others that are under construction: 

• Xe Kaman 1 located where the Xe Kaman river emerges from the hills 
• Xe Kaman – Sansay the regulating hydropower project below Xe Kaman 1 
• Nam Khong 2 on the Nam Khong tributary 
• Nam Khong 3 immediately upstream of Nam Khong2  

There are 5 dams planned or proposed on the Sekong mainstem: 

• Xe Kong downstream on the border with Cambodia 
• Xe Kong 3d and Xe Kong 3up  
• Xe Kong 4A and Xe Kong 4B 
• Xe Kong 5 

There are 9 other dams on the tributaries: 

• Xe Kaman 2A and Xe Kaman 2B  
• Xe Kaman 4A and Xe Kaman 4B  
• Dak E Mule  
• Nam Kong 1  
• Xe Katam  
• Xe Nam Noy 5  
• Xe Xou 

These existing, under construction and planned hydropower projects are shown in Figure 4-1, 
together with the Protected Areas and Key Biodiversity Areas in the Sekong Basin. In addition, the 
Natural Heritage Institute have identified several alternative dam sites, instead of the planned the 
current configurations of the mainstem dams. These are shown in Figure 4-2. 

• A_2 • Xe Kong_US1 
• A_3 • Xe Kong_US2 
• A_4 • Xe Kong_US3 
• A_5 • Xe Kong_US6 
• A_7 •  
• A_8 •  
• A_9 •  
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Now called Xe Kong 3A and Xe Kong 3B, respectively.

Xe Xet, not included in the Master Plan.

Xe Lon

Houay Axam

NHI_B

Dak E Mule Downstream

Houay Pache

Xe Xou, now eliminated from the Master Plan.
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Figure 4-1: Existing, under-construction and planned hydropower projects with Protected Areas and 
Key Biodiversity Areas in the Sekong basin 
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Figure 4-2: Alternative sites for hydropower project proposed by NHI 
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4.2 Analysis of existing and proposed hydropower projects with rare river reach 
types 

The distribution of the different types of river reach in each of the existing and proposed reservoirs 
has been analysed to assess the extent to which they contain rare river reach types, and river reach 
types likely to contain habitats favourable for endemic species. The existing and under-construction 
reservoirs are shown in Table 4-1. The analysis shows that all (100%) of the river reaches inundated 
by the A Luoi reservoir in Vietnam are rare (less than 5% of the river reaches in that size class), while 
68% of the river reaches inundated by Xe Kaman 3 are rare river reach types and 40% of the river 
reaches inundated by Houay Ho and Houay Lamphan on the Bolevan are rare types.  

Of the rare river reach types inundated, the ones most at risk by existing and under-construction 
hydropower projects, are the Medium river, in moist broadleaf forest region at high elevation, with 
low gradient of which 26% has been inundated by Xe Kaman 3, and 14% of the common Medium 
river, in dry broadleaf forest region, with low gradient will be inundated by Xepian-Xe Namnoy, Xe 
Kaman 1 and Nam Khong 2 and 3, and 16% of the Small river, in moist broadleaf forest region at high 
elevation, with low gradient have been inundated by the reservoirs on the Bolevan Plateau (Houay 
Lamphan, Houay Ho and Xepian-Xenamnoy). 

Considering the reaches which are preferred by endemic species, the, both Xe Kaman 3 and Houay 
Lamphan have a relatively high proportion of high gradient river reaches – 24% and 12% 
respectively. Three of the existing and under-construction plants have 100% of their reservoirs at 
high elevation (over 700 masl – Houay Lamphan, Houay Ho, and Xe Kaman 3. Xepian-Xenamnoy has 
62% of river reaches at high elevation. The same four hydropower plants have significant 
proportions at both high elevation and with high gradient. 

The distribution of river reach types in the planned hydropower projects is shown in Table 4-2. The 
projects that have high proportions of rare river reaches are Xe Katam and Xe Kaman 4a which both 
have 100% of rare river reaches, especially medium and small rivers in moist broadleaf forest region 
at high elevation and high gradients; Xe Nam Noy 5 HPP has nearly 80% of rare river reaches, 
especially the small rivers in moist broadleaf forest region at high elevation with low and high 
gradients. Dak e Mule has 54% of rare river reaches, especially small rivers in moist broadleaf forest 
regions at high elevation and low and high gradients. Xe Kong 5 has 87% of rare river reaches 
including about half of the lengths of large river reaches in moist broadleaf forest at low elevation 
and low gradients, the medium and small rivers in moist broadleaf forest at low elevation and high 
and low gradients. Xe Kong 3d also has 58% of rare reaches, including a similar length of the rare 
Large moist broadleaf forest region at low elevation and low gradient, as Xe Kong 5. These 2 
mainstem dams (Xe Kong 3d and Xe Kong 5), would inundate 72% of this river reach type. 

21% of the Large river reaches in dry broadleaf forest regions with floodplains would be inundated 
by Xe Kong 3up. About 23% of the rare medium rivers in moist broadleaf forest regions at low 
elevation and low gradient and 35% of those medium rivers in moist broadleaf forest regions at high 
elevation and high gradients would be lost by Xe Kaman 4b and Xe Katam. 

The reaches inundated by Xe Kaman 4a and Xe Katam would all be high gradient reaches (100%), 
and the reservoirs of Xe Kaman 4a and 4b, Dak e Meule, Xe Katam and Xe Nam Noy 5 would all be 
(100%) high elevation reaches. These same HPP have significant proportions of reaches at high 
elevation and high gradient. 
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Table 4-1: Distribution of river reach types inundated by existing and under construction reservoirs 

 

River s
ize

Eco
region

Eleva
tio

n

Gradient

Geomorphology

Rare Class

total le
ngth

 of ri
ve

r 

reach
 ty

pe in
 Se

kong

Houay La
mphan

Houay Ho

Xepian-Xenamnoy

Xekaman-Xan
xa

y

Xekaman 1

Xekaman 3

Nam Khong 2

Nam Kong 3

A Lu
oi

total le
ngth

 of ty
pe

% of re
ach

 ty
pe 

co
nve

rte
d to

 re
servoir

VietnamBolevan Xe Kaman Nam Khong

Hydropower project status Op. Op. Cons. Cons. Cons Op. Cons. Cons. Op.

kms kms kms kms kms kms kms kms kms kmsRiver reach type
Large moist broadleaf forest region low low Rare 39.39       0 -        

Large dry broadleaf forest region low Common 324.01     14.32 53.9 68.22 21.05    

Large dry broadleaf forest region floodplains Rare 18.51       0 -        

Medium moist broadleaf forest region low low Rare 145.52     11.3 11.3 7.77      

Medium moist broadleaf forest region low high Rare 31.69       0 -        

Medium moist broadleaf forest region high low Rare 43.25       11.15 11.15 25.78    

Medium moist broadleaf forest region high high Rare 14.22       0 0 0 0 0 0 -        

Medium dry broadleaf forest region low Common 499.43     5.36 7.95 22.69 31.81 67.81 13.58    

Medium dry broadleaf forest region floodplains Rare 161.00     0 -        

Small moist broadleaf forest region low low Rare 173.64     14.03 14.03 8.08      

Small moist broadleaf forest region low high Rare 256.39     0 -        

Small moist broadleaf forest region high low Rare 404.61     10.7 20.71 30.33 61.74 15.26    

Small moist broadleaf forest region high high Rare 500.50     4.23 0 3.28 0 6.19 0 0 13.7 2.74      

Small dry broadleaf forest region low Common 1,822.02  30.66 1.11 27.68 10.39 35.02 104.86 5.76      

Small dry broadleaf forest region high Rare 329.47     14.69 1.99 16.68 5.06      

Headwater moist broadleaf forest region low Rare 701.02     0 2.43 15.74 18.17 2.59      

Headwater moist broadleaf forest region high Common 2,313.33  21.68 31.61 40.64 0 8.13 0 0 102.06 4.41      

Headwater dry broadleaf forest region low Common 4,135.52  10.15 3.34 90.71 11.46 43.1 158.76 3.84      

Headwater karst low Rare 5.66         0 -        

Total Length Rare 14.93 20.71 33.61 0 17.12 17.34 0 1.99 41.07

Total Length Common 21.68 31.61 86.81 18.77 180.24 8.13 44.54 109.93 0

Total Length 36.61 52.32 120.42 18.77 197.36 25.47 44.54 111.92 41.07
% of rare reaches 40.78   39.58   27.91   -        8.67     68.08   -       1.78      100.00 

Length of high gradient reaches 4.23 0 3.28 0 14.69 6.19 0 1.99 0

% of high gradient 11.55   -       2.72     -        7.44     24.30   -       1.78      -       

Length of headwaters 21.68 31.61 50.79 3.34 93.14 8.13 11.46 43.1 15.74

% of Headwaters 59.22   60.42   42.18   17.79    47.19   31.92   25.73   38.51    38.32   

Length of high elevation 36.61 52.32 74.25 0 0 25.47 0 0 0

% of high elevation reaches 100.00 100.00 61.66   -        -       100.00 -       -       -       

Length of high elevation and high gradient 25.91 31.61 43.92 0 0 14.32 0 0 0

% of high elevationb and high gradient 70.77   60.42   36.47   -        -       56.22   -       -       -       
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Table 4-2: Distribution of river reaches expected to be inundated by planned reservoirs in the Sekong basin 

 

   

Xe Kong 3d
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River s
ize

Eco
region

Eleva
tio

n

Gradient

Geomorphology

Rare Class

total le
ngth

 of ty
pe in

 Se
kong

total length of 
reach type

% of reach 
type 

converted to 
reservoir

Large moist broadleaf forest region low low Rare 39.39                14.39 14.12 28.51 72.38            

Large dry broadleaf forest region low Common 324.01              19.85 34.92 8.31 6.95 70.03 21.61            

Large dry broadleaf forest region floodplains Rare 18.51                3.97 3.97 21.45            

Medium moist broadleaf forest region low low Rare 145.52              14.26 19.49 33.75 23.19            

Medium moist broadleaf forest region low high Rare 31.69                0 -                

Medium moist broadleaf forest region high low Rare 43.25                0 -                

Medium moist broadleaf forest region high high Rare 14.22                2.18 2.78 4.96 34.88            

Medium dry broadleaf forest region low Common 499.43              16.64 3.47 10.21 16.03 19.28 33.93 99.56 19.93            

Medium dry broadleaf forest region floodplains Rare 161.00              4.43 4.43 2.75              

Small moist broadleaf forest region low low Rare 173.64              0.64 0.64 0.37              

Small moist broadleaf forest region low high Rare 256.39              10.59 3.29 13.88 5.41              

Small moist broadleaf forest region high low Rare 404.61              5.62 14.49 3.6 23.71 5.86              

Small moist broadleaf forest region high high Rare 500.50              4.58 15.87 13.27 6.58 4.48 44.78 8.95              

Small dry broadleaf forest region low Common 1,822.02           12.31 25.87 4.71 35.96 78.85 4.33              

Small dry broadleaf forest region high Rare 329.47              2.21 1.11 3.11 6.43 1.95              

Headwater moist broadleaf forest region low Rare 701.02              46.16 17.34 3.14 66.64 9.51              

Headwater moist broadleaf forest region high Common 2,313.33           9.56 5.75 11.22 23.57 2.06 52.16 2.25              

Headwater dry broadleaf forest region low Common 4,135.52           6.05 25.58 20.88 8.23 2.91 3.81 21.4 63.72 152.58 3.69              

Headwater karst low Rare 5.66                  0 -                

Total Length Rare 75.45 6.18 0 0 61.54 1.11 9.54 4.58 23.67 27.76 0 9.36 8.08 4.43
Total Length Common 54.85 86.37 32.66 15.18 9.56 13.12 25.59 0 11.22 23.57 45.39 0 2.06 133.61
Total Length 130.3 92.55 32.66 15.18 71.1 14.23 35.13 4.58 34.89 51.33 45.39 9.36 10.14 138.04
% of rare 57.90  6.68      -           -           86.55       7.80       27.16     100.00   67.84     54.08     -        100.00   79.68       3.21         

length of high 0 2.21 0 0 10.59 1.11 6.4 4.58 18.05 13.27 0 9.36 4.48 0

% of high gradient -      2.39      -           -           14.89       7.80       18.22     100.00   51.73     25.85     -        100.00   44.18       -           

Length of headwaters 52.21 25.58 20.88 8.23 26.9 2.91 12.7 0 11.22 23.57 21.4 0 2.06 63.72

% of HW 40.07  27.64    63.93       54.22       37.83       20.45     36.15     -        32.16     45.92     47.15     -        20.32       46.16       

length of high elevation 0 0 0 0 9.56 0 5.75 4.58 34.89 51.33 0 9.36 10.14 0

% of high elevation -      -        -           -           13.45       -        16.37     100.00   100.00   100.00   -        100.00   100.00     -           

Length of high elevation and high gradient 0 0 0 0 9.56 0 5.75 4.58 29.27 36.84 0 9.36 6.54 0

% of high elevation and high gradient -      -        -           -           13.45       -        16.37     100.00   83.89     71.77     -        100.00   64.50       -           
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Table 4-3: Distribution of river reaches expected to be inundated by the additional proposed hydropower projects 
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Large moist broadleaf forest region low low Rare 39.39          8.67 8.67 22.01       

Large dry broadleaf forest region low Common 324.01        53.68 53.68 16.57       

Large dry broadleaf forest region floodplains Rare 18.51          0 -           

Medium moist broadleaf forest region low low Rare 145.52        7.6 4.23 14.92 21.85 17.8 66.4 45.63       22.33

Medium moist broadleaf forest region low high Rare 31.69          6.92 3.14 10.06 31.75       3.14 2.03

Medium moist broadleaf forest region high low Rare 43.25          3.07 3.73 6.8 15.72       0 9.65

Medium moist broadleaf forest region high high Rare 14.22          1.54 1.54 10.83       0 1.54

Medium dry broadleaf forest region low Common 499.43        0 -           

Medium dry broadleaf forest region floodplains Rare 161.00        0 -           

Small moist broadleaf forest region low low Rare 173.64        1.53 0.64 3.93 6.1 3.51         1.11

Small moist broadleaf forest region low high Rare 256.39        3.04 5.88 5.17 6.72 16.96 37.77 14.73       16.96 0

Small moist broadleaf forest region high low Rare 404.61        7.62 7.62 1.88         2.21 0.64

Small moist broadleaf forest region high high Rare 500.50        5.07 6.64 11.71 2.34         4.57 9.43

Small dry broadleaf forest region low Common 1,822.02     14.49 21.62 36.11 1.98         

Small dry broadleaf forest region high Rare 329.47        34.98 34.98 10.62       0 0

Headwater moist broadleaf forest region low Rare 701.02        0.67 1.39 3.3 0.69 1.61 11.04 8.93 27.63 3.94         22.23

Headwater moist broadleaf forest region high Common 2,313.33     3.53 5.84 12.2 17.91 7.4 46.88 2.03         36.74 22.77

Headwater dry broadleaf forest region low Common 4,135.52     1.99 67.13 69.12 1.67         

Headwater karst low Rare 5.66            2.2 2.2 38.87       

Total Length Rare 3.07 3.73 1.54 16.4 7.6 19.95 3.3 20.78 37.46 48.94 58.71 72.55 23.29

Total Length Common 0 0 0 0 3.53 5.84 16.48 12.2 17.91 7.4 142.43 36.74 22.77

Total Length 3.07 3.73 1.54 16.4 11.13 25.79 19.78 32.98 55.37 56.34 201.14 109.29 46.06

% of rare 100.00 100.00 100.00 100.00 68.28   77.36   16.68   63.01  67.65  86.87  29.19  66.38  50.56 

length of high 0 0 1.54 8.11 0 12.8 0 5.17 13.36 20.1 34.98 24.67 13

% of high gradient -      -      100.00 49.45   -      49.63   -      15.68  24.13  35.68  17.39  22.57  28.22 

Length of headwaters 0 0 0 0.67 3.53 7.23 5.29 12.89 19.52 18.44 78.26 58.97 22.77

% of HW -      -      -      4.09     31.72   28.03   26.74   39.08  35.25  32.73  38.91  53.96  49.44 

length of high elevation 3.07 3.73 1.54 12.69 3.53 5.84 0 12.2 24.55 7.4 0 43.52 44.03

% of high elevation 100.00 100.00 100.00 77.38   31.72   22.64   -      36.99  44.34  13.13  -      39.82  95.59 

Length of high elevation and high gradient 0 0 1.54 5.07 3.53 5.84 0 12.2 24.55 7.4 0 41.31 33.74

% of high elevation and high gradient -      -      100.00 30.91   31.72   22.64   -      36.99  44.34  13.13  -      37.80  73.25  
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Table 4-3 shows the distribution of river reach types in the additional proposed projects. All the 
relatively small reservoirs of the A group projects have quite high proportion rare river reach types, 
especially – A_2, A_3, A_4 and A_5 all have 100%, with A_2 and A_3 covering Medium river, in moist 
broadleaf forest region at high elevation, with low gradient, but together only covering 15% of this 
river reach type. Similarly, A_4 covers 10% of the rare river reach Medium river, in moist broadleaf 
forest region at high elevation, with high gradient.  A_5 has several rare river reaches mostly in the 
Small river, in moist broadleaf forest region at low and high elevation and high gradients, but none 
of these make a significant impact upon the total coverage of these rare river reaches. 

A_7 has a 68% coverage of the rare river reach Medium river, in moist broadleaf forest region at low 
elevation, with low gradient. A_8 has about 77% coverage of several rare river reaches, including 
Medium and small rivers, in moist broadleaf forest region at high elevation, with low and high 
gradients, and Headwaters at low elevation. A_9 has a low proportion (17%) of Small headwater 
streams in moist broadleaf regions at low elevation. 

The additional suggestions for the Upper Sekong – US1, US2, US3 basically split up the original 
proposed Sekong 5 into three sections and US6 is an upper variation of Sekong 4 reservoir. US1, US2, 
US3 all have quite high proportions of rare river reaches (63, 67 and 87% respectively of the river 
reaches covered are rare), while 29% of US6 reaches are rare. The three US1 – 3 options all have 
similar characters with the rare Medium river, in moist broadleaf forest region at low elevation, with 
low gradient, Small river, in moist broadleaf forest region at low elevation, with high gradient, and 
Headwater in moist broadleaf at low elevation. The most significant of these is the first, and 
together these three cover 35% of this type of rare river reach. 

US6 has a different character, covering 22% of the rare river reach, Large river in moist broadleaf 
forest region at low elevation and low gradient. There are also some small lengths of rare river 
reaches covered including Small rivers in moist broadleaf forest regions with low elevation and low 
gradient and Small rivers in dry broadleaf forest region with high gradient. 

In terms of rivers with high gradient, A_4 has 100 % of its river reaches with high gradient, and A_5 
and A_9 have about 50% of the river reaches with high gradient. The US options have generally 
lower proportions of river reaches with high gradients, though US3 has the highest with about 35% 
of high gradient. 

The combination of high elevation and high gradient, A_4 stands out with 100% coverage, A_5 and 
A_7 have about 31% and A_8 has 22% of river reaches in these categories. US1 and US2 have 37 and 
44% of high elevation and high gradient reaches, and US3 has 13%. The rest do not have such 
categories, making them less likely to host endemic fish species which prefer these conditions. 

The NHI options also consider two “circles” – those around Houay Axam, and those in the Upper Xe 
Kaman. These are also found in Table 4-3. The Houay Axam circle contains 66% of rare river reaches, 
of which 22% have high gradient and 38% have both high elevation and high gradient. The Upper Xe 
Kaman circle has about 50% of rare river reaches, with 28% with high gradient and 73% with high 
elevation and high gradient. Both “circles” would be likely to host endemic species of fish. 

4.3  Extension of hydropower projects into Protected areas and Key Biodiversity 
areas 

Protected Areas and Key Biodiversity Areas (KBAs) represent areas that have high biodiversity 
importance for different reasons. Protected Areas have been designated within the Sekong river 
basin at both national and district level. There are also several watershed and border protection 
forest areas that have been established in the Sekong basin. These include: 
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• Xe Sap NBCA 
• Dong Amphan NBCA 
• Dong Hua Sao NBCA 
• Xe Pian NBCA 

Key Biodiversity Areas are areas that have been identified as having known presence of threatened 
species or endemic species, often bird and mammal species. Annex 2 has the listing of KBAs and the 
reasons for their designation. In some cases, they overlap with NBCAs, but they may be wider than 
this. They have no official designation or protection, but are indicative of important biodiversity. 
There are no KBAs in the Sekong which are specific for fish or aquatic species, though some are 
important for water birds. There are two KBAs which cover part of the lower Sekong river and the 
Upper Xe Kaman. Table 4-4 shows the listing of KBAs in the Sekong river basin, and Figure 4-3 
provides a map of the protected areas and KBAs in the basin. The hydropower reservoirs that 
intersect with both Protected Areas and Key Biodiversity Areas are shown in Table 4-6. 

Table 4-4: Listing of Key Biodiversity Areas in the Sekong river basin 

Name of KBA Area (ha) Country 

Western Siem Pang  138,137  Cambodia 
Virachey  432,415  Cambodia 
Sekong River  14,116  Cambodia 
Nam Ghong  160,000  Laos 
Xe Pian  243,100  Laos 
Nong Khe Wetlands  3,900  Laos 
Xe Khampho / Xe Pian  197,280  Laos 
Xe Khampho  120,000  Laos 
Attapu Plain  71,400  Laos 
Dong Ampham  180,220  Laos 
Phou Kathong  94,000  Laos 
Bolaven North-east  73,000  Laos 
Upper Xe Kaman  34,780  Laos 
Dakchung Plateau  5,140  Laos 
Phou Ahyon  148,900  Laos 
Xe Sap  137,120  Laos 
A Luoi - Nam Dong  112,200  Vietnam 
Northern Hien  24,700  Vietnam 
Lo Xo Pass  15,000  Vietnam 

Song Thanh  95,000  Vietnam 
 

Figure 4-3 also shows the locations of deep pools and rapids and recognised Fish Conservation Zones 
(FCZs) that were mapped by WWF in 2009 and 2010. The extent of this mapping was limited to 
mainstem of the Sekong and Lower Xe Kaman. These would be covered by the mainstem Sekong 
reservoirs, Xe Kong 3 up and down, and Xe Kong 4 up and down. 
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Figure 4-3: Map of Protected Areas and Key Biodiversity Areas in the Sekong 
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Table 4-5: Hydropower projects that intersect with Protected Areas and Key Biodiversity Areas 

Dam Name PA KBA 
Sekong mainstem Name Name 

A Luoi 
 

A Luoi/Nam Dong 

Xe Kong 5 Xe Sap Xe Sap 

Xe Kong_US1 Xe Sap Xe Sap 

Xe Kong_US2 Xe Sap Xe Sap 

Xe Kong 3d 
 

Phou Kathong 

Xe Kaman   

Xe Kaman 2B Dong Ampham Dong Ampham, Upper Xe Kaman 

Xe Kaman 2A Dong Ampham Dong Ampham, Upper Xe Kaman 

Xekaman 1 Dong Ampham Dong Ampham, Upper Xe Kaman 

Xekaman-Sanxay 
 

Upper Xe Kaman 

Tributaries   

Houay Lamphan 
 

Bolevan North east 

Xe Katam 
 

Bolevan North east 

Xe Nam Noy 5 
 

Bolevan North east 

Xe Xou Dong Ampham Dong Ampham 

Nam Kong 1 
 

Nam Ghong 

Nam Kong 2 
 

Nam Ghong 

Nam Kong 3 
 

Nam Ghong 

 

4.4 Identifying hydropower locations with presence of endemic species 
The final step in this process is to map the locations of existing and proposed hydropower dams and 

reservoirs with the sub-basins that have a higher probability of containing endemic fish species. 

From the above analysis, the following sub-basins have either a proven or projected presence of 

endemic species:  

• 95 and 70 – Sekong mainstem with high proportion of “Large river, in moist broadleaf forest 
region at low elevation, with low gradient” 

• 98 – upper Sekong with high proportion of karst  

• 93, 94, 95, 96, 98, 99, 69 and 68, i.e. the upper Sekong and upper Xe Kaman 

• 70, 62, 63, 64, 66, and 67, (i.e. Lower Xe Kaman) 

• 80, 28 and 29 – Eastern & central Bolevan Plateau 

• 61 – confluence between Sekong and Xe Kaman 

• 21 – confluence between Xe Pian and Sekong 

These are mapped with the locations of the existing and proposed hydropower plants in Figure 4-4. 

There is a clear overlap between the areas that are most suited for hydropower development and 

the sub-basins where endemic species of fish are found. Some of these species are new to science 

and have not been fully described. The areas where additional hydropower potential has been 

identified also fall into the sub-basins where endemic species are located. 
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Figure 4-4: Map of the Sekong sub-basins with existing and proposed hydropower plants – sub-basins 
with probable presence of endemic species highlighted.  

 

4.5 Assessing the risk to endemic species from hydropower projects 
Table 4-6 combines the above analyses for each of the hydropower projects and their reservoirs. It 

provides information for each project on the overall length of river reaches inundated, the % of rare 

river reaches, and %s of high gradient and high gradient and elevation reaches, which have been 

identified as favoured by most endemic species. It also includes the presence of the reservoirs in 

Protected Areas and Key Biodiversity Areas, and the numbers of endemic species and threatened 

species found in each of the sub-basins where the reservoirs are located. Apart from the three Nam 

Kong reservoirs, where no endemic species were recorded or predicted, all the other reservoirs lie in 

sub-basins that contain endemic species. The Xe Kong mainstem sub-basins has the highest numbers 

of threatened species, while the reservoirs in the Xe Kaman have very few threatened species. The 

Bolevan reservoirs are also located in sub-basin that have higher numbers of threatened species.  

An assessment is then done of the risks to endemic species by each reservoir. This takes into account 

the length of river reach inundated (the shorter the length, the less risk), the river reach rarity (the 

higher the % of rare river reaches, the greater the risk) and the proportion of high gradients and high 

elevation reaches (the higher % of these river reach types, the greater the risk). Each criterion is 

scored on a scale 1 – 3 and then multiplied together to give relative risk assessments. The highest 

risk reservoirs include A_4, Xe Kaman 4A and 4B, Xe Pian-Xe Namnoy and Xe Katam. 

The reservoirs of medium risk to endemic species include A Luoi, Xe Kong 5, Xe Kong US1, US2, US3 

and US6 and Xe Kong 3d, on the mainstem, Xe Kaman 2B, Dak E Mule, Houay Ho, Houay Lamphan, 

and Xe Nam Noy 5 and A_5. 
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The reservoirs of low risk to endemic species include A-7 (because of its relatively short reservoir), 
Xe Kong 4A and B and Xe Kong 3 up, A_2, A_3, Xe Kaman 2A and 2B, Xe Kaman 1 and Xe Kaman -
Sanxay. In the tributaries the Xe Xou Hpp (Xe Xou and US-9 and US 10 appear to have low risk to 
endemics, as does A_9 and the Nam Khong HPPs. US-9 appears to be at the top end of the Xe Xou 
reservoir and may require adjustment of the Xe Xou HPP, and is located within the Dong Ampham 
NBCA. US-10 lies above the Xe Xou reservoir and is not located within the Dong Ampham NBCA, 
though the potentially dewatered reach downstream may flow through the NBCA. 

Table 4-6: Combined data on river reaches, presence of endemic and threatened species, PAs and 
KBAs for existing and proposed dams 

 

Scoring: 

  

Dam Name

Basin_ID Length of 
river reaches

% of rare river 
reaches

% of high 
gradient 
reaches

% of high 
elevation and 
high gradient 

reaches

Risk to 
endemic 
species

PA KBA Endemic 
species

Sekong mainstem km Name Name No. CR EN VU
A Luoi 99 41.07 100.0 0.0 0.0 M A Luoi/Nam Dong 10 0 5 3
Xe Kong 5 96, 95,97,98 71.1 86.5 14.9 13.5 M Xe Sap Xe Sap 10 0 5 3
Xe Kong_US1 99 33.0 63.0 15.7 37.0 M Xe Sap Xe Sap 10 0 5 3
Xe Kong_US2 98 55.4 67.7 24.1 44.3 M Xe Sap Xe Sap Predicted 0 0 3
Xe Kong_US3 96 56.3 86.9 35.7 13.1 M Predicted 0 0 3
A_7 (*) 96 11.1 68.3 0 31.7 L 10 0 0 3
Xe Kong_US6 95 201.1 29.2 17.4 0.0 M 10 0 5 3
Xe Kong 4B 95 15.18 0 0 0 L 10 0 5 3
Xe Kong 4A 93, 94,95 32.66 0 0 0 L 10 0 5 3
Xe Kong 3up 93 92.55 6.7 2.4 0 L 10 0 5 3
Xe Kong 3d 70, 80, 91, 92, 93 130.3 57.9 0 0 M Phou Kathong 10 1 5 6
Xe Kaman
A_2 69 3.07 100 0 0 L 4 0 0 0
A_3 69 3.73 100 0 0 L 4 0 0 0
A_4 69 1.54 100 100 100 H 4 0 0 0
Xe Kaman 4A 68 4.58 100 100 100 H Predicted 0 0 1
Xe Kaman 4B 68 34.89 67.8 51.7 83.9 H Predicted 0 0 1
Xe Kaman 3 69 25.47 68.1 24.3 56.2 M 4 0 0 0

Xe Kaman 2B 67, 68, 69 35.13 27.2 18.2 16.4 L
Dong Ampham

Dong Ampham, 
Upper Xe Kaman

4 0 0 1

Xe Kaman 2A 67 14.23 7.8 7.8 0 L
Dong Ampham

Dong Ampham, 
Upper Xe Kaman

4 0 0 1

Xekaman 1 63, 64, 65, 66 197.36 8.7 7.4 0.0 L
Dong Ampham

Dong Ampham, 
Upper Xe Kaman

4 0 0 1

Xekaman-Sanxay 63 18.77 0.0 0.0 0.0 L Upper Xe Kaman 4 0 0 1
Tributaries
Dak E Mule 94 51.33 54.1 25.9 71.8 M Predicted 0 0 3
Houay Ho 80 52.32 39.6 0.0 60.4 M 8 0 0 6
Xepian-Xenamnoy 80 120.42 27.9 2.7 36.5 H 8 0 0 6

Houay Lamphan 92 36.61 40.8 11.6 70.8 M Bolevan North east 10 0 0 3

Xe Katam 80 9.36 100 100 100 H Bolevan North east 8 0 0 6
Xe Nam Noy 5 80 10.14 79.7 44.2 64.5 M Bolevan North east 8 0 0 6
Xe Xou 62 138.04 3.2 0 0 L Dong Ampham Dong Ampham 2 0 0 1
US_9 62 10 0.0 0 0 L Dong Ampham Dong Ampham 2 0 0 1
US_10 62 10 0.0 0 0 L 2 0 0 1
A_5 63 16.4 100 49.5 30.9 M 4 0 0 1
A_9 63 19.78 16.7 0 0 L 4 0 0 1
Nam Kong 1 40 45.39 0 0 0 L Nam Ghong 0 1 0 3
Nam Kong 2 40 44.54 0.0 0.0 0.0 L Nam Ghong 0 1 0 3
Nam Kong 3 40 111.92 1.8 1.8 0.0 L Nam Ghong 0 1 0 3

* Note that A-7 is in a similar location as US-3. The difference in the risk to endemics is in the length of the reservoir

Number of threatened species 
predicted

Length class 
(km) Rarity class (%)

Gradient/
elevation 
class (%) Score

Combined 
Score

Risk to 
endemics

0 - 25 0 - 25 0 - 25 1 1-4 Low risk
25 - 75 25 - 75 25 - 75 2 5-8 Medium risk

>75 75 -100 75 -100 3 >9 High risk
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5 Conclusion 
This paper has considered the potential for identifying river reach types in the Sekong that may 
provide suitable habitats for species of fish that are endemic to the Sekong basin. There are at least 
13 confirmed endemic species of fish with possibly another 12 species to be described scientifically 
in this river basin. The study combines two separate lines of assessment i) the identification of the 
distribution of different types of river reach in the sub-basins of the Sekong with a focus on assessing 
the rare river reach types and ii) distribution of endemic species in these sub-basins. The distribution 
of migratory fish and threatened fish species and other aquatic species has also been described to 
complement, the endemic species, many of which have been designated as Endangered or 
Vulnerable because of their restricted ranges. The preferred habitats of many of these endemic 
species has been used to identify the river reach types where endemics are most likely to be found. 
There is a working hypothesis that endemics may be associated with rare river reach types though it 
is difficult to confirm an exact relationship. 

The second part of the paper considers the existing and planned hydropower reservoirs and assesses 
the likelihood of them covering the habitats of endemic species, thereby posing an additional threat 
to these species. This assessment is based upon, the presence of rare river reaches in the reservoir 
footprint, and the presence of preferred habitat types – small streams with high gradient and high 
elevation, together with the known presence of endemics in the sub-basins where the reservoirs are 
located.  

The paper identifies several the existing and planned hydropower projects which have a higher risk 
of inundation of habitats of endemic species. These tend to be in the upper reaches of the basin 
both on the Xe Kong mainstem and on the Xe Kaman and Bolevan Plateau. 

It is perhaps not surprising that endemic fish species share the same sub-basins where conditions ae 
most suitable for hydropower. Endemic and new to science species of fish tend to be found in the 
relatively small, fast flowing, often steep and rocky rivers that characterise the rivers in the tops of 
the catchments, e.g. top of Sekong and Xe Kaman rivers. These areas are more isolated, sometimes 
by very steep drops in elevation, e.g. in the Bolevan Plateau, and are further away from the main 
rivers where the more widely distributed species exist.  

Suitable locations for hydropower development are characterised by having a reliable source of 
water with a steep slope or large drop in elevation to create a good head of water for generation. 
The headwaters of the Sekong and the Bolevan have amongst the highest rainfall in the region, with 
the headwaters of the Xe Kaman only slightly lower, and the slopes and drop in elevation is high. 

It is unlikely that the presence of endemic species of fish alone will be sufficient reason for creating 
no-go areas for hydropower development. Rather it may be one of the reasons why a specific 
proposed hydropower plant may be not developed, for example together with a protected area and 
Key Biodiversity Area.  

It is however, important to assess the distribution of a particular endemic species that may be 
affected by a hydropower development. If the endemics are found elsewhere within the basin, then 
it may be assumed they will not be driven to extinction, if their preferred habitats are to be 
inundated by a reservoir or affected by downstream flows. The issue is that with widespread 
development of hydropower in every available location possible, many, if not all, of the locations 
where endemic species live will be impacted and the chances of species extinction will be much 
higher.  
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Part of the problem is that the distribution of many fish and other aquatic species, including the 
endemics, is not well understood for the rivers of Laos. This paper provides an attempt at identifying 
where endemic species may be found, based upon the different classes of river. It shows a 
correlation between the sub-basins where rare river reach classes occur and those where endemics 
have been found. The prediction that endemics will be found in other sub-basins where surveys have 
not been carried out, is based upon the presence of similar proportions of rare river reach classes. 
However, each major tributary and its sub-basins have a different set of endemic fish species, 
although these are often of similar families to those found in the Sekong, e.g. Schistura, Sewellia and 
Poropuntius. If the approach were to be extended to other tributaries, e.g. Xe Bang Hieng and Xe 
Bang Fai, a similar analysis of rare river reaches would have to be carried out, a comparison with the 
rare river reaches of the Sekong and an association with endemic species that have already been 
found in the river being studied. The difficulty is that the Sekong is one of the most studied of the 
Mekong tributaries, and not all of the other tributaries will have had endemics identified. 
Nevertheless, the process could be used to identify the river reaches where endemic species, if they 
exist, are most likely to be found, and to confirm whether those reaches are likely to be inundated 
by proposed reservoirs.  
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Annex 1 Species lists by sub-basin from IBAT data base 
Crustacea 

 

  

Species Binomial 99 98 97 96 95 94 93 92 69 68 91 80 67 66 65 64 61 63 62 29 28 27 26 24 50 25 40 22 23 21 30 19 18 17 16 15 14 12 13 11
Caridina  lanceifrons Atyid shrimp LC 2 1 1

Esanthelphusa  dugasti Rice field crab LC 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Leptocarpus  potamiscus Bombay prawn LC 2 1 1

Macrobrachium  dienbienphuense Prawn LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Macrobrachium  mieni Prawn LC 2 1 1

Macrobrachium  niphanae Prawn LC 34 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Macrobrachium  nipponense Prawn LC 3 1 1 1

Macrobrachium  rosenbergii Prawn LC 10 1 1 1 1 1 1 1 1 1 1

Pupamon  pealianoides

Crab, endemic to 

Laos DD 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Sayamia  germaini Crab LC 10 1 1 1 1 1 1 1 1 1 1

Vietopotamon  aluoiense

Crab, endemic to 

Sekong in Vietnam DD 9 1 1 1 1 1 1 1 1 1

Total 9 6 5 5 5 5 5 5 4 4 5 4 4 4 4 4 4 4 8 4 4 4 4 4 4 4 4 4 4 5 4 3 3 3 3 3 3 4 3 4

Presence 
in sub-
basins

Red List 
Code

Sub-basin Code
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Odonata 

 

Species Binomial 99 98 97 96 95 94 93 92 69 68 91 80 67 66 65 64 61 63 62 29 28 27 26 24 50 25 40 22 23 21 30 19 18 17 16 15 14 12 13 11
Aciagrion  azureum LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Aciagrion  hisopa LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Aciagrion  occidentale LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Acisoma  panorpoides LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Aethriamanta  brevipennis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Aethriamanta  gracilis LC 35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Agriocnemis  femina LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Agriocnemis  minima LC 11 1 1 1 1 1 1 1 1 1 1 1
Agriocnemis  nana LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Agriocnemis  pygmaea LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Agrionoptera  insignis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Amphithemis  curvistyla DD 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Amphithemis  kerri DD 9 1 1 1 1 1 1 1 1 1
Anaciaeschna  jaspidea LC 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Anax  guttatus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Anax  immaculifrons LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Anax  panybeus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Archibasis  oscillans LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Archibasis  viola LC 11 1 1 1 1 1 1 1 1 1 1 1
Argiocnemis  rubescens LC 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Brachydiplax  chalybea LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Brachydiplax  farinosa LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Brachythemis  contaminata LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Burmagomphus  divaricatus LC 35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Camacinia  gigantea LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ceriagrion  auranticum LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ceriagrion  azureum LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ceriagrion  cerinorubellum LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ceriagrion  fallax LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ceriagrion  indochinense LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ceriagrion  olivaceum LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ceriagrion  praetermissum LC 23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Coeliccia  montana DD 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Copera  ciliata LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Copera  marginipes LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Copera  vittata LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cratilla  lineata LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Crocothemis  servilia LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Davidius  fruhstorferi LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Diplacodes  trivialis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Dysphaea  gloriosa LC 21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Epophthalmia  vittigera LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Euphaea  guerini LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Euphaea  masoni LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Euphaea  ochracea LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Gomphidia  abbotti LC 35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Gomphidictinus  perakensis LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Gynacantha  subinterrupta LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Heliaeschna  uninervulata LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Idionyx  thailandica LC 10 1 1 1 1 1 1 1 1 1 1
Indocnemis  orang LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ischnura  senegalensis LC 39 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Leptogomphus  baolocensis DD 10 1 1 1 1 1 1 1 1 1 1
Leptogomphus  divaricatus LC 9 1 1 1 1 1 1 1 1 1
Lestes  concinnus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Libellago  hyalina LC 12 1 1 1 1 1 1 1 1 1 1 1 1
Libellago  lineata LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Macrogomphus  borikhanensis DD 32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Macrogomphus  matsukii DD 2 1 1
Macromia  flavocolorata LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Macromia  septima DD 29 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Merogomphus  parvus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Mortonagrion  falcatum LC 9 1 1 1 1 1 1 1 1 1
Neurobasis  chinensis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Neurothemis  fluctuans LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Onychargia  atrocyana LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Onychothemis  culminicola LC 12 1 1 1 1 1 1 1 1 1 1 1 1
Orchithemis  pulcherrima LC 21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Orolestes  octomaculatus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Orolestes  selysi LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Orthetrum  chrysis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Orthetrum  japonicum LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Orthetrum  luzonicum LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Orthetrum  sabina LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Orthetrum  testaceum LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pantala  flavescens LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Paragomphus  capricornis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Prodasineura  laidlawii LC 11 1 1 1 1 1 1 1 1 1 1 1
Protosticta  robusta DD 9 1 1 1 1 1 1 1 1 1
Pseudagrion  pruinosum LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pseudothemis  jorina LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rhinagrion  hainanense LC 26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rhinocypha  biforata LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rhinocypha  fulgipennis DD 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rhinocypha  perforata LC 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rhyothemis  phyllis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rhyothemis  variegata LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Tetrathemis  irregularis LC 11 1 1 1 1 1 1 1 1 1 1 1
Tholymis  tillarga LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Tramea  basilaris LC 5 1 1 1 1 1
Trithemis  aurora LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Trithemis  festiva LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Trithemis  pallidinervis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Urothemis  signata LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Vestalaria  smaragdina LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Vestalis  gracilis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Zygonyx  iris LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Zyxomma  petiolatum LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Total 90 90 89 89 89 89 89 89 82 82 89 80 81 81 81 81 87 81 83 80 80 80 80 80 76 80 77 80 80 86 74 69 76 64 64 64 64 72 72 72
Total DD 7 7 7 7 7 7 7 7 5 5 7 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 4 5 5 6 2 1 2 1 1 1 1 0 0 0
Total LC 83 83 82 82 82 82 82 82 77 77 82 75 76 76 76 76 82 76 78 75 75 75 75 75 72 75 73 75 75 80 72 68 74 63 63 63 63 72 72 72
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Molluscs

 

 

Species Binomial Class 99 98 97 96 95 94 93 92 69 68 91 80 67 66 65 64 61 63 62 29 28 27 26 24 50 25 40 22 23 21 30 19 18 17 16 15 14 12 13 11
Anulotaia  mekongensis GASTROPODA DD 6 1 1 1 1 1 1
Assiminea  brevicula GASTROPODA LC 9 1 1 1 1 1 1 1 1 1
Bithynia  morleti GASTROPODA DD 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Brotia  costula GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Clea  spinosa GASTROPODA DD 12 1 1 1 1 1 1 1 1 1 1 1 1
Clenchiella  microscopica GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Corbicula  baudoni BIVALVIA DD 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Corbicula  blandiana BIVALVIA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Corbicula  castanea BIVALVIA DD 35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Corbicula  lamarckiana BIVALVIA LC 12 1 1 1 1 1 1 1 1 1 1 1 1
Corbicula  leviuscula BIVALVIA DD 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Corbicula  lydigiana BIVALVIA DD 32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Corbicula  messageri BIVALVIA DD 9 1 1 1 1 1 1 1 1 1
Corbicula  moreletiana BIVALVIA LC 17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Corbicula  siamensis BIVALVIA DD 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Corbicula  tenuis BIVALVIA DD 7 1 1 1 1 1 1 1
Cristaria  plicata BIVALVIA DD 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ensidens  ingallsianus BIVALVIA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Gyraulus  convexiusculus GASTROPODA LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Gyraulus  siamensis GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Halewisia  expansa GASTROPODA LC 5 1 1 1 1 1
Hubendickia  polita GASTROPODA NT 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hubendickia  velimirovichi GASTROPODA DD 1 1
Hyriopsis  delaportei BIVALVIA LC 8 1 1 1 1 1 1 1 1
Hyriopsis  myersiana BIVALVIA DD 9 1 1 1 1 1 1 1 1 1
Idiopoma  doliaris GASTROPODA LC 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Idiopoma  ingallsiana GASTROPODA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Idiopoma  javanica GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Idiopoma  simonis GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Indoplanorbis  exustus GASTROPODA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Intha  umbilicalis GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Jullienia  harmandi GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Jullienia  microsculpta GASTROPODA DD 3 1 1 1
Lacunopsis  monodonta GASTROPODA DD 3 1 1 1
Lacunopsis  sphaerica GASTROPODA DD 1 1
Lecythoconcha  lecythis GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnoperna  fortunei BIVALVIA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Mekongia  lamarcki GASTROPODA DD 5 1 1 1 1 1
Mekongia  rattei GASTROPODA DD 5 1 1 1 1 1
Melanoides  tuberculata GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Neritina  violacea GASTROPODA LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pachydrobia  dubiosa GASTROPODA DD 1 1
Pachydrobia  incerta GASTROPODA NT 21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pachydrobia  paradoxa GASTROPODA LC 3 1 1 1
Paludomus  siamensis GASTROPODA DD 6 1 1 1 1 1 1
Paraprososthenia  brandti GASTROPODA NT 4 1 1 1 1
Parreysia  humilis BIVALVIA DD 3 1 1 1
Physunio  eximius BIVALVIA LC 3 1 1 1
Physunio  inornatus BIVALVIA LC 3 1 1 1
Physunio  micropterus BIVALVIA LC 3 1 1 1
Physunio  superbus BIVALVIA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pila  pesmei GASTROPODA LC 2 1 1
Pila  polita GASTROPODA LC 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pilsbryoconcha  lemeslei BIVALVIA LC 3 1 1 1
Pisidium  clarkeanum BIVALVIA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pisidium  javanum BIVALVIA LC 10 1 1 1 1 1 1 1 1 1 1
Pisidium  sumatranum BIVALVIA LC 10 1 1 1 1 1 1 1 1 1 1
Polypylis  hemisphaerula GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pseudodon  inoscularis BIVALVIA LC 2 1 1
Pseudodon  vondembuschianusBIVALVIA LC 3 1 1 1
Radiatula  pilata BIVALVIA LC 15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Radix  auricularia GASTROPODA LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Scabies  crispata BIVALVIA LC 23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Segmentina  trochoidea GASTROPODA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sinanodonta  woodiana BIVALVIA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sinomytilus  harmandi BIVALVIA LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Stenothyra  mcmulleni GASTROPODA DD 4 1 1 1 1
Sulcospira  dakrongensis GASTROPODA LC 9 1 1 1 1 1 1 1 1 1
Tarebia  granifera GASTROPODA LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Thiara  rudis GASTROPODA LC 15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Trapezoideus  exolescens BIVALVIA LC 6 1 1 1 1 1 1
Trapezoideus  misellus BIVALVIA DD 5 1 1 1 1 1
Uniandra  contradens BIVALVIA LC 11 1 1 1 1 1 1 1 1 1 1 1
Unionetta  fabagina BIVALVIA LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Total 36 36 36 36 36 36 36 36 33 33 36 32 33 33 33 33 36 33 35 37 37 37 37 37 33 37 35 54 37 39 34 35 48 37 37 37 35 56 56 56
Total Bivalve 13 13 13 13 13 13 13 13 13 13 13 14 13 13 13 13 14 13 15 18 18 18 18 18 15 18 15 22 18 18 17 17 24 21 21 21 18 29 29 29
Total Gastopods 23 23 23 23 23 23 23 23 20 20 23 18 20 20 20 20 22 20 20 19 19 19 19 19 18 19 20 32 19 21 17 18 24 16 16 16 17 27 27 27
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Aquatic plants 

 

Species Binomial 99 98 97 96 95 94 93 92 69 68 91 80 67 66 65 64 61 63 62 29 28 27 26 24 50 25 40 22 23 21 30 19 18 17 16 15 14 12 13 11
Acanthus  ilicifolius MAGNOLIOPSIDA LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Adenosma  indianum MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Aeschynomene  aspera MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Aeschynomene  indica MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Aglaonema  simplex LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Alisma  plantago-aquatica LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Alocasia  odora LILIOPSIDA LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Alternanthera  sessilis MAGNOLIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bacopa  monnieri MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Blyxa  aubertii LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Blyxa  octandra LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Blyxa  quadricostata LILIOPSIDA DD 3 1 1 1
Caldesia  oligococca LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Caldesia  parnassifolia LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Centella  asiatica MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Centrostachys  aquatica MAGNOLIOPSIDA LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ceratophyllum  demersum MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ceratophyllum  muricatum MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cladopus  fallax MAGNOLIOPSIDA DD 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cladopus  pierrei MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Colocasia  esculenta LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Colocasia  fallax LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cryptocoryne  ciliata LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cryptocoryne  crispatula LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cryptocoryne  mekongensis LILIOPSIDA DD 3 1 1 1
Cryptocoryne  retrospiralis LILIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Curanga  amara MAGNOLIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cussetia  carinata MAGNOLIOPSIDA DD 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cussetia  diversifolia MAGNOLIOPSIDA DD 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cyanotis  axillaris LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cyclosorus  interruptus POLYPODIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cynometra  iripa MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Dopatrium  junceum MAGNOLIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Drosera  burmanni MAGNOLIOPSIDA LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Drosera  indica MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Drosera  peltata MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Eclipta  angustata MAGNOLIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Enydra  fluctuans MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ethulia  conyzoides MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Grangea  maderaspatana MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hemisteptia  lyrata MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hydrilla  verticillata LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hydrobryum  griffithii MAGNOLIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hydrobryum  japonicum MAGNOLIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hydrobryum  tardhuangense MAGNOLIOPSIDA DD 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hydrocharis  dubia LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hydrodiscus  koyamae MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hydrolea  zeylanica MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hygrophila  auriculata MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hygrophila  pinnatifida MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hygrophila  polysperma MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hygrophila  salicifolia MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Isachne  globosa LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Juncus  articulatus LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Juncus  bufonius LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Juncus  decipiens LILIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Juncus  prismatocarpus LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Juncus  wallichianus LILIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Landoltia  punctata LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lasia  spinosa LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lemna  aequinoctialis LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lemna  perpusilla LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  erecta MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  geoffrayi MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  glabra MAGNOLIOPSIDA LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  heterophylla MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  indica MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  laxa MAGNOLIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  micrantha MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  polyantha MAGNOLIOPSIDA DD 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  rugosa MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  sessiliflora MAGNOLIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophila  villifera MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Limnophyton  obtusifolium LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lindernia  antipoda MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lindernia  crustacea MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lindernia  micrantha MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lindernia  mollis MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lindernia  procumbens MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lindernia  viatica MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Marsilea  crenata POLYPODIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Marsilea  minuta POLYPODIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Marsilea  quadrifolia POLYPODIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Monochoria  cyanea LILIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Monochoria  hastata LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Monochoria  korsakowii LILIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Monochoria  vaginalis LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Najas  graminea LILIOPSIDA LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Najas  indica LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Najas  marina LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Najas  minor LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nechamandra  alternifolia LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Neptunia  oleracea MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nymphaea  nouchali MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nymphaea  pubescens MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nymphaea  rubra MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nymphaea  tetragona MAGNOLIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Oenanthe  javanica MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ottelia  alismoides LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ottelia  cordata LILIOPSIDA LC 15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Potamogeton  nodosus LILIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Potamogeton  octandrus LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Potamogeton  wrightii LILIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ranalisma  rostrata LILIOPSIDA DD 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sagittaria  guayanensis LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sagittaria  pygmaea LILIOPSIDA LC 2 1 1
Sagittaria  trifolia LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Salvinia  cucullata POLYPODIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Salvinia  natans POLYPODIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sesbania  bispinosa MAGNOLIOPSIDA LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sesbania  javanica MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Trapa  incisa MAGNOLIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Typha  angustifolia LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Typha  orientalis LILIOPSIDA LC 36 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Typhonium  flagelliforme LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Vallisneria  natans LILIOPSIDA LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Vallisneria  spiralis LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Wedelia  chinensis MAGNOLIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Wolffia  globosa LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Xyris  wallichii LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Zannichellia  palustris LILIOPSIDA LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Total 117 117 117 117 117 117 117 117 117 117 117 78 117 117 117 117 119 117 119 78 78 78 78 78 78 78 86 88 78 88 85 85 88 60 60 60 60 85 85 85
Total Liliopsida 50 50 50 50 50 50 50 50 50 50 50 28 50 50 50 50 52 50 52 28 28 28 28 28 28 28 31 33 28 33 31 31 33 23 23 23 23 31 31 31
Total Magnoliopsida 61 61 61 61 61 61 61 61 61 61 61 45 61 61 61 61 61 61 61 45 45 45 45 45 45 45 50 50 45 50 49 49 50 33 33 33 33 49 49 49
Total Polypodiopsida 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 6 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 4 4 5 5 5
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Species Binomial 99 98 97 96 95 94 93 92 69 68 91 80 67 66 65 64 61 63 62 29 28 27 26 24 50 25 40 22 23 21 30 19 18 17 16 15 14 12 13 11
Acanthopsoides  delphax LC 25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Acanthopsoides  gracilentus LC 19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Acanthopsoides  gracilis LC 16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Acanthopsoides  hapalias LC 26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Acantopsis  choirorhynchos LC 32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Achiroides  melanorhijnchus LC 3 1 1 1
Akysis  bilustris DD 9 1 1 1 1 1 1 1 1 1
Amblyceps  serratum DD 8 1 1 1 1 1 1 1 1
Amblypharyngodon  chulabhornae LC 10 1 1 1 1 1 1 1 1 1 1
Annamia  normani LC 19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Auriglobus  modestus LC 3 1 1 1
Auriglobus  nefastus LC 2 1 1
Bagarius  suchus NT 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bagarius  yarrelli NT 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bagrichthys  obscurus LC 10 1 1 1 1 1 1 1 1 1 1
Balitora  annamitica LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bangana  behri VU 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bangana  yunnanensis DD 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Barbichthys  laevis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Barbonymus  altus LC 23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Barbonymus  gonionotus LC 19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Barbonymus  schwanenfeldii LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Belodontichthys  truncatus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Betta  prima LC 3 1 1 1
Betta  smaragdina DD 3 1 1 1
Boesemania  microlepis NT 8 1 1 1 1 1 1 1 1
Boleophthalmus  boddarti LC 23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Brachirus  harmandi LC 32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Brachirus  panoides LC 3 1 1 1
Brachygobius  mekongensis LC 11 1 1 1 1 1 1 1 1 1 1 1
Catlocarpio  siamensis CR 10 1 1 1 1 1 1 1 1 1 1
Channa  gachua LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Channa  lucius LC 3 1 1 1
Channa  marulius LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Chaudhuria  caudata DD 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Chitala  blanci NT 11 1 1 1 1 1 1 1 1 1 1 1
Chitala  lopis LC 3 1 1 1
Chitala  ornata LC 3 1 1 1
Cirrhinus  jullieni DD 3 1 1 1
Cirrhinus  microlepis VU 3 1 1 1
Cirrhinus  molitorella NT 15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Clarias  macrocephalus NT 3 1 1 1
Clupeichthys  aesarnensis LC 3 1 1 1
Clupisoma  sinensis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Coilia  lindmani LC 3 1 1 1
Cosmochilus  harmandi LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Crossocheilus  atrilimes LC 9 1 1 1 1 1 1 1 1 1
Crossocheilus  reticulatus LC 10 1 1 1 1 1 1 1 1 1 1
Cyclocheilichthys  apogon LC 3 1 1 1
Cyclocheilichthys  armatus LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cyclocheilichthys  enoplos LC 11 1 1 1 1 1 1 1 1 1 1 1
Cyclocheilichthys  furcatus LC 9 1 1 1 1 1 1 1 1 1
Cyclocheilichthys  heteronema LC 3 1 1 1
Cyclocheilichthys  lagleri LC 32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cyclocheilichthys  repasson LC 3 1 1 1
Cynoglossus  feldmanni LC 3 1 1 1
Cynoglossus  microlepis LC 3 1 1 1
Datnioides  undecimradiatus VU 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Dermogenys  siamensis LC 23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Devario  gibber LC 13 1 1 1 1 1 1 1 1 1 1 1 1 1
Devario  salmonatus DD 10 1 1 1 1 1 1 1 1 1 1
Doryichthys  boaja LC 3 1 1 1
Doryichthys  contiguus LC 10 1 1 1 1 1 1 1 1 1 1
Elops  machnata LC 2 1 1
Epalzeorhynchos  frenatum LC 3 1 1 1
Epalzeorhynchos  munense VU 23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Esomus  longimanus DD 10 1 1 1 1 1 1 1 1 1 1
Esomus  metallicus LC 3 1 1 1
Eugnathogobius  siamensis LC 3 1 1 1
Garra  cambodgiensis LC 32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Garra  cyrano DD 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Garra  fasciacauda LC 13 1 1 1 1 1 1 1 1 1 1 1 1 1
Glossogobius  giuris LC 9 1 1 1 1 1 1 1 1 1
Glyptothorax  filicatus DD 11 1 1 1 1 1 1 1 1 1 1 1
Glyptothorax  lampris LC 21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Glyptothorax  laosensis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Glyptothorax  trilineatus LC 10 1 1 1 1 1 1 1 1 1 1
Gymnostomus  caudimaculatus LC 11 1 1 1 1 1 1 1 1 1 1 1
Gymnostomus  lineatus LC 8 1 1 1 1 1 1 1 1
Gymnostomus  lobatus LC 8 1 1 1 1 1 1 1 1
Gymnostomus  ornatipinnis LC 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Gymnostomus  siamensis LC 10 1 1 1 1 1 1 1 1 1 1
Gyrinocheilus  pennocki LC 9 1 1 1 1 1 1 1 1 1
Hampala  dispar LC 8 1 1 1 1 1 1 1 1
Hampala  macrolepidota LC 3 1 1 1
Helicophagus  leptorhynchus DD 3 1 1 1
Helostoma  temminkii LC 3 1 1 1
Hemibagrus  filamentus DD 3 1 1 1
Hemibagrus  nemurus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hemibagrus  wyckii LC 12 1 1 1 1 1 1 1 1 1 1 1 1
Hemibagrus  wyckioides LC 12 1 1 1 1 1 1 1 1 1 1 1 1
Hemimyzon  ecdyonuroides DD 11 1 1 1 1 1 1 1 1 1 1 1
Hemimyzon  papilio LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Heteropneustes  fossilis LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Homaloptera  confuzona DD 23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Homaloptera  leonardi LC 3 1 1 1
Homaloptera  smithi LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Homaloptera  tweediei DD 11 1 1 1 1 1 1 1 1 1 1 1
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Species Binomial 99 98 97 96 95 94 93 92 69 68 91 80 67 66 65 64 61 63 62 29 28 27 26 24 50 25 40 22 23 21 30 19 18 17 16 15 14 12 13 11
Homaloptera  yunnanensis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Homaloptera  zollingeri LC 7 1 1 1 1 1 1 1
Hypsibarbus  lagleri VU 12 1 1 1 1 1 1 1 1 1 1 1 1
Hypsibarbus  malcolmi LC 6 1 1 1 1 1 1
Hypsibarbus  pierrei DD 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hypsibarbus  vernayi LC 3 1 1 1
Hypsibarbus  wetmorei LC 13 1 1 1 1 1 1 1 1 1 1 1 1 1
Kryptopterus  bicirrhis LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Kryptopterus  geminus LC 3 1 1 1
Labeo  barbatulus DD 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Labeo  chrysophekadion LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Labeo  pierrei VU 32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Labiobarbus  leptocheila LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Labiobarbus  siamensis LC 6 1 1 1 1 1 1
Laides  longibarbis LC 32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Laubuca  caeruleostigmata EN 10 1 1 1 1 1 1 1 1 1 1
Lepidocephalichthys  furcatus LC 15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lepidocephalichthys  hasselti LC 12 1 1 1 1 1 1 1 1 1 1 1 1
Leptobarbus  rubripinna DD 3 1 1 1
Lobocheilos  melanotaenia LC 3 1 1 1
Lobocheilos  rhabdoura LC 3 1 1 1
Luciosoma  bleekeri LC 3 1 1 1
Luciosoma  setigerum DD 3 1 1 1
Lycothrissa  crocodilus LC 3 1 1 1
Macrochirichthys  macrochirus NT 11 1 1 1 1 1 1 1 1 1 1 1
Macrognathus  circumcinctus LC 6 1 1 1 1 1 1
Macrognathus  maculatus LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Macrognathus  semiocellatus LC 6 1 1 1 1 1 1
Macropodus  opercularis LC 8 1 1 1 1 1 1 1 1
Mastacembelus  favus LC 3 1 1 1
Mekongina  erythrospila NT 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Monopterus  albus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Monotrete  baileyi LC 9 1 1 1 1 1 1 1 1 1
Monotrete  cambodgiensis LC 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Monotrete  cochinchinensis LC 3 1 1 1
Monotrete  ocellaris LC 3 1 1 1
Mystacoleucus  atridorsalis LC 14 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Mystacoleucus  marginatus LC 33 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Mystus  atrifasciatus LC 5 1 1 1 1 1
Mystus  multiradiatus LC 32 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Mystus  mysticetus LC 5 1 1 1 1 1
Mystus  rhegma DD 3 1 1 1
Mystus  singaringan LC 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nandus  oxyrhynchus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nemacheilus  longistriatus LC 28 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nemacheilus  platiceps DD 23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Neodontobutis  aurarmus LC 3 1 1 1
Neolissochilus  blanci NT 38 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Notopterus  notopterus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ompok  urbaini LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Onychostoma  meridionale LC 12 1 1 1 1 1 1 1 1 1 1 1 1
Opsarius  koratensis LC 5 1 1 1 1 1
Opsarius  ornatus LC 5 1 1 1 1 1
Opsarius  pulchellus LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Osphronemus  exodon VU 23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Osteochilus  lini LC 3 1 1 1
Osteochilus  melanopleura LC 6 1 1 1 1 1 1
Osteochilus  microcephalus LC 6 1 1 1 1 1 1
Osteochilus  vittatus LC 6 1 1 1 1 1 1
Osteochilus  waandersii LC 8 1 1 1 1 1 1 1 1
Oxyeleotris  marmorata LC 6 1 1 1 1 1 1
Oxygaster  anomalura LC 8 1 1 1 1 1 1 1 1
Oxygaster  pointoni VU 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pangasianodon  hypophthalmus EN 10 1 1 1 1 1 1 1 1 1 1
Pangasius  bocourti LC 9 1 1 1 1 1 1 1 1 1
Pangasius  conchophilus LC 9 1 1 1 1 1 1 1 1 1
Pangasius  elongatus DD 9 1 1 1 1 1 1 1 1 1
Pangasius  krempfi VU 19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pangasius  larnaudii LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pangasius  macronema LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pangasius  mekongensis LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pangasius  sanitwongsei CR 23 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pangio  myersi LC 11 1 1 1 1 1 1 1 1 1 1 1
Papuligobius  ocellatus LC 12 1 1 1 1 1 1 1 1 1 1 1 1
Parachela  maculicauda LC 3 1 1 1
Parachela  oxygastroides LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Parachela  siamensis LC 3 1 1 1
Parachela  williaminae LC 3 1 1 1
Paralaubuca  barroni LC 3 1 1 1
Paralaubuca  harmandi LC 6 1 1 1 1 1 1
Paralaubuca  riveroi LC 15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Paralaubuca  typus LC 6 1 1 1 1 1 1
Parambassis  apogonoides LC 3 1 1 1
Parambassis  siamensis LC 6 1 1 1 1 1 1
Parambassis  wolffii LC 3 1 1 1
Parasikukia  maculata LC 3 1 1 1
Phalacronotus  apogon LC 3 1 1 1
Phalacronotus  bleekeri LC 3 1 1 1
Physoschistura  pseudobrunneana LC 12 1 1 1 1 1 1 1 1 1 1 1 1
Polynemus  aquilonaris LC 6 1 1 1 1 1 1
Poropuntius  aluoiensis DD 9 1 1 1 1 1 1 1 1 1
Poropuntius  bolovenensis EN 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Poropuntius  consternans EN 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Poropuntius  laoensis LC 13 1 1 1 1 1 1 1 1 1 1 1 1 1
Poropuntius  lobocheiloides EN 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Poropuntius  normani LC 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Poropuntius  solitus EN 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pristolepis  fasciata LC 6 1 1 1 1 1 1
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Species Binomial 99 98 97 96 95 94 93 92 69 68 91 80 67 66 65 64 61 63 62 29 28 27 26 24 50 25 40 22 23 21 30 19 18 17 16 15 14 12 13 11
Probarbus  labeamajor EN 11 1 1 1 1 1 1 1 1 1 1 1
Pseudobagarius  inermis DD 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pseudolais  micronemus DD 6 1 1 1 1 1 1
Pseudomystus  siamensis LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Puntioplites  falcifer LC 3 1 1 1
Puntioplites  waandersi LC 3 1 1 1
Puntius  brevis LC 6 1 1 1 1 1 1
Raiamas  guttatus LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rasbora  amplistriga LC 6 1 1 1 1 1 1
Rasbora  aurotaenia LC 3 1 1 1
Rasbora  borapetensis LC 3 1 1 1
Rasbora  daniconius LC 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rasbora  spilocerca LC 3 1 1 1
Rasbora  tornieri LC 30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rasbora  trilineata LC 3 1 1 1
Rhinogobius  taenigena LC 4 1 1 1 1
Scaphognathops  bandanensis VU 17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Scaphognathops  stejnegeri LC 3 1 1 1
Schistura  bairdi EN 3 1 1 1
Schistura  bolavenensis EN 10 1 1 1 1 1 1 1 1 1 1
Schistura  carbonaria LC 9 1 1 1 1 1 1 1 1 1
Schistura  clatrata LC 17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Schistura  dorsizona LC 1 1
Schistura  fusinotata LC 11 1 1 1 1 1 1 1 1 1 1 1
Schistura  imitator LC 18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Schistura  isostigma LC 26 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Schistura  kengtungensis LC 3 1 1 1
Schistura  khamtanhi DD 27 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Schistura  kontumensis VU 3 1 1 1
Schistura  magnifluvis LC 6 1 1 1 1 1 1
Schistura  nicholsi LC 39 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Schistura  nomi LC 19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Schistura  rikiki DD 2 1 1
Schistura  tizardi DD 2 1 1
Scomberomorus  sinensis DD 3 1 1 1
Serpenticobitis  octozona DD 12 1 1 1 1 1 1 1 1 1 1 1 1
Sewellia  diardi DD 10 1 1 1 1 1 1 1 1 1 1
Sewellia  elongata NT 11 1 1 1 1 1 1 1 1 1 1 1
Sewellia  speciosa LC 29 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sikukia  gudgeri DD 21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sikukia  stejnegeri LC 3 1 1 1
Sundasalanx  mekongensis LC 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sundasalanx  praecox LC 6 1 1 1 1 1 1
Syncrossus  helodes LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Tetraodon  abei LC 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Thryssocypris  tonlesapensis LC 6 1 1 1 1 1 1
Thynnichthys  thynnoides LC 10 1 1 1 1 1 1 1 1 1 1
Tor  laterivittatus DD 17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Tor  tambra DD 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Tor  tambroides DD 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Toxotes  microlepis LC 22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Trichopodus  microlepis LC 3 1 1 1
Trichopodus  pectoralis LC 3 1 1 1
Trichopodus  trichopterus LC 3 1 1 1
Trichopsis  pumila LC 3 1 1 1
Trichopsis  schalleri LC 3 1 1 1
Trichopsis  vittata LC 3 1 1 1
Wallago  attu NT 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Wallago  micropogon DD 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Xenentodon  canciloides LC 14 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Yasuhikotakia  eos LC 16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Yasuhikotakia  longidorsalis DD 8 1 1 1 1 1 1 1 1
Yasuhikotakia  nigrolineata VU 20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Total 74 74 73 73 81 73 81 81 43 44 73 82 44 43 43 43 104 43 37 89 91 82 83 91 95 83 71 109 84 153 113 119 107 139 138 143 96 221 220 220
Total CR 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 1 1 1 1 1 1 1 2 1 2 1 1 2 2 2 2 2 2 2 2
Total EN 5 5 5 5 5 5 5 5 0 0 5 5 0 0 0 0 1 0 0 4 4 4 4 4 1 4 0 2 4 7 1 1 2 3 3 3 2 4 4 4
Total VU 3 3 3 3 3 3 3 3 0 1 3 6 1 0 0 0 6 0 1 8 8 8 8 8 6 8 3 7 8 10 8 8 7 9 9 9 8 10 10 10
Total NT 6 6 6 6 6 6 6 6 4 4 6 5 4 4 4 4 8 4 4 5 5 5 5 5 7 5 5 5 5 10 7 7 4 8 8 8 4 10 10 10
Total LC 45 45 44 44 51 44 51 51 31 31 44 54 31 31 31 31 69 31 25 58 60 52 53 60 64 53 53 78 54 103 82 86 77 100 99 104 68 170 169 169
Total DD 15 15 15 15 16 15 16 16 8 8 15 11 8 8 8 8 19 8 7 13 13 12 12 13 16 12 9 15 12 21 14 16 15 17 17 17 12 25 25 25
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Annex 2: Listing of Key Biodiversity Areas (KBAs) in the Sekong Basin 

 

Name of KBA Area (ha) Country

Significant 
populations of 
globally threatened 
species

Significant populations 
of endemic species 
known only to be found 
in a limited area

Significant congregations of 
one or more bird species at 
certain times in their lifecycle 
or seasonal migration

Significant populations of species 
known only to be found in a 
particular biome and/or significant 
regional/sub-regional populations of 
trigger species Amphibian
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Western Siem Pang 138,137       Cambodia 1 1 1 1 1 1
Virachey 432,415       Cambodia 1 1 1 1 1 1 1
Sekong River 14,116         Cambodia 1 1 1 1 1 1
Nam Ghong         160,000 Laos 1 1 1
Xe Pian         243,100 Laos 1 1 1 1 1 1 1
Nong Khe Wetlands 3,900           Laos 1 1
Xe Khampho / Xe Pian 197,280       Laos 1 1 1 1 1 1 1
Xe Khampho 120,000       Laos 1 1
Attapu Plain 71,400         Laos 1 1 1 1 1
Dong Ampham 180,220       Laos 1 1 1 1 1 1
Phou Kathong 94,000         Laos 1 1
Bolaven North-east 73,000         Laos 1 1
Upper Xe Kaman 34,780         Laos 1 1 1 1 1
Dakchung Plateau 5,140           Laos 1 1 1 1 1
Phou Ahyon 148,900       Laos 1 1 1 1
Xe Sap 137,120       Laos 1 1 1 1 1 1 1
A Luoi - Nam Dong 112,200       Vietnam 1 1 1
Northern Hien 24,700         Vietnam 1 1
Lo Xo Pass           15,000 Vietnam 1 1 1 1 1
Song Thanh 95,000         Vietnam 1 1 1 1 1
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Annex!7.2:!Tier!Five:!Small<scale!Hydropower!Sites!for!Local!Consumption!
As#noted#in#Section#7,#the#Sustainable#Site#Suitability#Survey,#projects#below#25MW#are#regarded#
as# too# small# to# be# practical# for# power# exports,# therefore# we# assign# them# a# separate# tier# for#
development.##These#would#replace#output#from#the#mainstream#dams#that#is#intended#for#sale#to#
EDL# for# local#consumption.# #These#aggregate# to#67#MW#and#a# total#of#295#GWh/y#new#power#
(Table#7K3#in#Section#7),#which#would#be#sufficient#for#likely#growth#in#demand#in#the#local#grid#
that#serves#Sekong#and#Attapeu#Provinces#for#well#into#the#future.# #However,#because#they#are#
small,#they#may#also#have#a#relatively#high#impact#on#migratory#fish#per#unit#of#power#produced.##
Therefore,# these# should# only# be# invited# by# the# Government# of# Lao# as# necessary# for# local#
development#requirements.##

Project(Descriptions(and(Estimated(Power(Output(

Houay#Pache##

Houay#Pache#is#estimated#to#have#a#mean#annual#energy#output#of#49#GWh#(11#MW#of#capacity)#
with#the#design#head#of#172#m#and#the#design#discharge#of#16#m3/s.##Table#7.2K1#lists#the#salient#
features#of#this#site,#while#the#layout#and#profile#of#the#project#are#shown#in#Figure#7.2K1#and#7.2K
2,#respectively.##

Table&7.2*1.&Salient(Features(of(Houay(Pache(Site.&

Item( Houay&Pache&

Location&(Province)& Sekong((
(

Location((Lat.(/Long.)((( 15º56.70’N(
106º52.51’E(

River( Xe(Kong(

Installed(Capacity((MW)( 11(

Annual(energy((GWh)( 49(

Catchment(Area((km2)( 186(

Average(annual(flow((m3/s)( 9(

Rated(head((m)( 172(

Design(discharge((m3/s)( 16(

Full(supply(level((m)( 450(

Headrace(tunnel((km)( 4.3(
Penstock((km)( 1(

Dam(height((m)( 65(
(
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&
Figure&7.2*1.&Layout(of(Houay(Pache(Hydropower(Project.&

.&

!
Figure&7.2*2.&Profile(of(Houay(Pache(Hydropower(Project.&

#
# #

Houay(Pache(
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Phak#Houay 
The#main#features#of#Phak#Houay#are#presented#in#Table#7.2K2.##The#mean#annual#energy#output#
of#the#project#is#57#GWh#(13#MW#of#capacity)#with#the#design#discharge#of#14#m3/s#and#240#m#the#
head.##The#90#m#head#out#of#240#m#design#head#is#gained#from#the#dam.##The#profile#and#location#
of#Phak#Houay#are#shown#in#Figure#7.2K3#and#7.2K4,#respectively.##

Table&7.2*2.&Salient(Features(of(Phak(Houay.&

Item( &

Location((Province)( Sekong((
(

Location((Lat.(/Long.)((( 15º54.11’N(
106º55.94’E(

River( Xe(Kong((

Installed(Capacity((MW)( 13(

Annual(energy((GWh)( 57(

Rated(head((m)( 240(

Design(discharge((m3/s)( 14(

Full(supply(level((m)( 420(

Catchment(Area((km2)( 141(

Average(annual(flow((m3/s)( 6(

Headrace(tunnel((km)( 3.4(
Penstock((km)( 2.3(

Dam(height((m)( 90(
!
!

!
Figure&7.2*3.&Profile(of(Phak(Houay(Hydropower(Project.&

&
#

Phak&Houay!
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!
Figure&7.2*4.&Layout(of(Phak(Houay.&

!

Nam#Pouang#Hydropower#Site#

Nam#Pouang#Hydropower#Site#is#designed#for#69#GWh#of#mean#annual#energy#output#(16#MW#of#
capacity)#with#design#flow#of#19#m3/s#and#design#head#of#145#m.##The#salient#features#of#the#project#
are#provided#Table#7.2K3.##The#general#layout#of#Nam#Pouang#Hydropower#Site#is#shown#in#Figure#
7.2K5#and#the#approximate#profile#in#Figure#7.2K6.#

Table&7.2*3.&Salient(Features(of(Nam(Pouang(Hydropower(Site.&

Item(

&Location((Province)( Attepeu(
(

Location((Lat.(/Long.)((( 15º41.50’N(
107º18.84’E(

River( Xe(Xou(

Installed(capacity((MW)( 16(

Annual(energy((GWh)( 69(

Rated(head((m)( 145(

Design(discharge((m3/s)( 19(

Full(supply(level((m)( 330(

Catchment(Area((km2)( 298(

Average(annual(flow((m3/s)( 11(

Headrace(tunnel((km)( 1.5(

Penstock((km)( 4(
Dam(height((m)( 20(

(

Phak(Houay 

Nam&Pouang!
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!
Figure&7.2*5.&Layout(of(Nam(Pouang(Hydropower(Site.&

 
Figure&7.2*6.&Profile(of(Nam(Pouang(Hydropower(Project.&

#
#
#
#
#
#
#
#
#
#

Nam&Pouang!
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NHI#Site_C##

NHI#Site_C#would#have#a#mean#annual#energy#output#of#43#GWh#(10#MW#of#capacity)#with#the#
design#head#of#134#m#and#the#design#flow#of#15#m3/s.# # #The#salient#features#of#this#project#are#
presented#in#Table#7.2K4.# # #Figure#7.2K7#shows#the#layout#and#Figure#7.2K8#shows#the#profile#of#
NHI#Site_C#project.##The#dam#height#is#70#m,#which#can#be#can#possibly#reduced#by#changing#the#
location# of# the# dam# (moving# upstream)# to# achieve# the# same# design# head.# # For# that,# better#
topographic#information#and#site#inspection#is#needed.###

.&&
Table&7.2*4.&Salient(Features(of(NHI(Site_C(Hydropower(Project.&

Item( NHI&Site_C&

Location((Province)( Sekong((
(

Location((Lat.(/Long.)((( 15º58.64’N(
106º42.60’E(

River( Xe(Kong(
Installed(capacity((MW)( 10(

Annual(energy( 43(

Rated(head((m)( 134(

Design(discharge((m3/s)( 15(
Full(supply(level((m)( 350(

Catchment(Area((km2)( 186(

Average(annual(flow((m3/s)( 7.7(
Headrace(tunnel((km)( 4.0(

Penstock((km)( 1.2(

Dam(height((m)( 70(

(
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!
Figure&7.2*7.&Layout(of(NHI(Site_C(Hydropower(Project.&

!
Figure&7.2*8.&Profile(of(NHI(Site_C(Hydropower(Project.&

!

# #

NHI&Site_C&
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NHI#Site_D#

NHI#Site_D#is#designed#for#42#GWh#mean#annual#energy#output#(9#MW#of#capacity)#with#the#design#
head#of#190#m#and#the#design#discharge#of#9#m3/s.##Table#7.2K5#presents#the#salient#features#of#
this#site.##Figure#7.2K9#and#Figure#7.2K10#show#the#layout#and#profile#of#this#site,#respectively.##

&&
Table&7.2*&5.&Salient(Features(of(NHI(Site(D(Hydropower(Project.&

Item( NHI&Site_D&

Location((Province)( Sekong((
(

Location((Lat.(/Long.)((( 15º30.80’N(
106º50.84’E(

River( Xe(Kong((

Installed(capacity((MW)( 9(

Annual(energy((GWh)( 42(

Rated(head((m)( 190(

Design(discharge((m3/s)( 9(

Full(supply(level((m)( 350(

Catchment(Area((km2)( 110.6(

Average(annual(flow((m3/s)( 4.7(
Headrace(tunnel((km)( 6.7(

Penstock((km)( 3.0(

Dam(height((m)( 50(
!

!
Figure&7.2*9.&Layout(of(NHI(Site_D(Hydropower(Project.&

NHI&Site_D&
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#
Figure&7.2*10.&Profile(of(NHI(Site_D(Hydropower(Project.&

 
Houay#Chalelu#Site#

The#Houay#Chalelu#1#site#is#placed#on#a#small#tributary#to#the#Xe#Kaman#between#the#Xe#Kaman#
#3#reservoir#and#the#Xe#Kaman##3#powerhouse.##The#mean#annual#energy#output#is#25#GWh#(6#
MW#of#capacity)#(see#Tables#7K1#and#7K3#in#Section#7).#

Nam#Pa#Site#

The#Nam#Pa#site#is#placed#on#a#small#tributary#to#the#Xe#Kaman#with#confluence#to#the#Xe#Kaman#
below#the#Xe#Kaman##3#hydropower#plant.##The#mean#annual#energy#output#is#10#GWh#(2#MW#of#
capacity)#(see#Tables#7K1#and#7K3#in#Section#7).#

 
 
!
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Annex!9.1:!!Illustrative!Study!of!Design!Improvements!and!Operation!Policies!
Introduction!

This%Section%presents%the%results%of%a%study%of%illustrative%design%improvements%and%operational%
policies% for% four% of% the% hydropower% dams% proposed% for% the% mainstream% Xe% Kong% River% to%
maximize%sediment%discharge.%%The%selected%dams%are%highlighted%in%Figure%9.1A1:%

1.# Xe%Kong%5%%

2.# Xe%Kong%4B%%

3.# Xe%Kong%3B%

4.# Xe%Kong%3A%

The%same%considerations%could%also%be%applied%the%other%three%proposed%dams.%%Sections%2%and%5%
of%this%Master%Plan%have%shown%that%sediment%passage%through%these%dams%is%very%important%for%
the% continued%health%and%biological%productivity%of% the%Xe%Kong%River%within%Lao%PDR,%within%
Cambodia,%and%for%the%downstream%Mekong%River,%Mekong%Delta,%and%Tonle%Sap.%%The%purpose%of%
this%work%is%not%to%suggest%that%these%dams%be%built—indeed,%Section%5%of%this%Master%Plan%shows%
that% the% impacts% they% would% impose% on% the% migratory% fishery% calls% into% question% their%
sustainability—but%to%demonstrate%that%if%they%were%to%be%built,%there%are%design%and%operational%
strategies% that%would% vastly% improve% their% ability% to% pass% sediment% through% them.% % The% other%
purpose%is%to%show%that%the%more%sustainable%dams%at%the%alternative%sites%identified%in%this%Master%
Plan%could%also%be%designed%and%operated%to%pass%sediments.%%%

This% Section% identifies% reservoir% sedimentation% management% methods% that% can% be% used% to%
increase%the%amount%of%sediment%passed%to%the%river%reach%downstream%of%these%proposed%dams.%%
Seven% alternative% designs% were% also% considered,% in% addition% to% the% proposed% dams% identified%
above.%%The%assessment%included%analyzing%sediment%removal%from%four%alternative%designs%that%
may%be%used%instead%of%the%currently%proposed%Xe%Kong%5%Dam.%%Three%alternative%designs%for%the%
currently%proposed%Xe%Kong%4%Dam%were%also%considered.%%

The%study%results%indicate%that%it%is%possible%to%increase%significantly%the%amount%of%sediment%that%
may%be%passed%downstream%of%the%cascade%of%dams%when%implementing%reservoir%sedimentation%
management%technology.%%Concurrent%implementation%of%drawdown%flushing%along%the%cascade%of%
dams%is%likely%to%increase%the%availability%of%sediment%in%the%downstream%river%reaches%from%20%%
(without% sediment% management)% to% at% least% 72%% of% current% conditions% with% the% alternative%
designs%the%currently%proposed%Xe%Kong%5%and%Xe%Kong%4%Dams.%%The%Xe%Kong%3B%and%Xe%Kong%3A%
Dams,%correctly%designed%and%operated,%would%perform%satisfactorily%to%pass%sediment%(but%not%
migratory%fish).%%The%study%has%been%executed%at%preAfeasibility%level,%i.e.,%at%the%conceptual%stage%
of%design.%
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!
Figure!9.1+1.!Location!map!of!hydropower!projects!on!the!Xe!Kong!River,!Lao!PDR.!
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Approach!

The%study%evaluated%the%potential%to%pass%sediment%through%the%four%proposed%dams%and%their%
reservoirs%by%making%use%of%established%reservoir%sedimentation%management%techniques.%%This%
was% done% by% first% considering% the% potential% to% pass% sediment% through% the% currently% proposed%
dams.%%If%it%was%found%that%the%sediment%passage%ability%of%the%currently%proposed%dams%can%be%
improved,% alternative% designs% were% conceived% and% analyzed.% % The% designs% with% the% greatest%
potential%to%pass%sediment%to%the%downstream%river%were%identified.%%%

Data!

Flow% and% sediment% data% and% the% information% on% reservoir% type% and% size%were% obtained% from%
various% sources% (such% as% ICEM,% 2010;% Meynell,% 2014% and% the% Hydropower% Database%
http://www.3sbasin.org/iucn/).% Google% Earth% also% provided% additional,% approximate%
topographic%information.%

Sediment!management!alternatives!

At%least%eleven%different%techniques%exist%to%manage%sediment%in%reservoirs%(see,%e.g.,%Annandale,%
2011).%%Not%all%of%these%techniques%are%viable%for%increasing%sediment%passage%through%the%dams%
along%the%Xe%Kong%River.% %After%consideration%of%the%problem,%it%was%decided%that%the%reservoir%
sedimentation%management%techniques%with%the%greatest%potential%for%passing%sediment%through%
the% four% dams% along% the% Xe% Kong% River% are% drawdown% flushing,% sluicing,% and% density% current%
venting.%

Drawdown(flushing(0(description(

The% objective% of% drawdown% flushing% is% to% erode% and% remove% previously% deposited%
sediment%from%a%reservoir%and%discharge%it%downstream.%%This%is%accomplished%by%first%emptying%
the%reservoir%and%allowing% the%river% flowing% through% the%reservoir% to%erode%and% transport% the%
previously%deposited%sediment.%%During%drawdown,%flushing%a%reservoir%is%brought%to%the%original%
riverAlike%condition%by%releasing%reservoir%flows%through%bottom%outlets.%%This%is%usually%executed%
during% a% lowAflow%period,% preferably% just% prior% to% the%monsoon.% %By% implementing%drawdown%
flushing%just%prior%to%the%monsoon%allows%the%reservoir%to%be%refilled%with%water%once%drawdown%
flushing%is%complete.%

It% is% important% for% flushing% flows% to% freely% discharge% through% the% lowAlevel% outlets% without%
damming;% therefore% the% need% to% implement% drawdown% flushing% during% lowAflow% periods.%%
Sediment% is%eroded%by%water% flowing%in%single%or%multiple%channels%through%the%sediment%that%
previously%deposited%in%the%reservoir.%%The%success%of%sediment%removal%by%flushing%depends%on%
the% reservoir% size,% geometry% (such% as% width% of% the% reservoir,% the% valley% side% slopes% and%
longitudinal%riverAslope),%location%of%the%lowAlevel%outlets,%the%type%of%sediment%deposited%in%the%
reservoir,%and%the%magnitude%of%the%flushing%flows.%

A% distinguishing% feature% of% drawdown% flushing% is% that% it% requires% emptying% a% reservoir% and%
allowing%the%formation%of%riverAlike%flow%conditions%over%the%previously%deposited%sediment.%%This%
requires% the%use%of% lowAlevel%gates% to%discharge% freely% the%eroded%sediment%downstream.% %The%
creation%of%riverAlike%conditions%requires%that%drawdown%flushing%be%implemented%during%lowA
flow%periods,% i.e.,% during% the% nonAmonsoon% season.% %Once%drawdown% flushing% is% complete,% the%
outlets%are%closed%and%the%reservoir%filled%with%water%for%continued%power%generation.%
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Assessment+criteria+

White%(2001)%provided%criteria%to%assess%the%potential%for%successful%drawdown%flushing.%%
In% general,% drawdown% flushing% is% successful% in% narrow,% steep% reservoirs% where% the% sediment%
transport%capacity%of%the%water%used%to%execute%drawdown%flushing%is%large%enough%to%remove%the%
amount%of%sediment%that%has%deposited%within%a%reservoir%between%flushing%events.%%In%order%to%
implement%drawdown%flushing%it%is%obviously%also%necessary%to%have%available%lowAlevel%outlets%
that% are% large% enough% to% drain% the% reservoir% and% to% freely% discharge% reAentrained% sediment%
downstream.%

To%assist%dam%designers%in%decisionAmaking,%White%(2001)%devised%six%parameters%that%may%be%
used%to%determine%the%potential%success%of%drawdown%flushing.%%The%proposed%parameters%were%
validated%by%using%data%from%14%dams%where%drawdown%flushing%has%been%implemented%in%the%
past.% %Drawdown%flushing%was%deemed%successful%at%six%of% those%dams%and%unsuccessful%at%the%
remaining% eight.% % This% recorded% experience% provides% a% good% basis% for% predicting% potential%
drawdown%flushing%success%at%other%projects.%%The%six%criteria%are%conceptually%presented%in%what%
follows.%%More%detail%may%be%found%in%White%(2001).%

Sediment+balance+ratios+(SBR+and+SBRd)+

The% sediment% balance% ratio% (SBR)% quantifies% the% ability% to% reAentrain% and% transport%
previously% deposited% sediment% during% drawdown% flushing.% % The% SBR% is% the% ratio% between% the%
amount%of% sediment% that%may%be% removed%by% the%water% flowing% through% the% reservoir%during%
drawdown% flushing% and% the% amount% of% sediment% that% has% deposited% in% the% reservoir% between%
drawdown%flushing%events.%%Conceptually,%the%SBR%is%defined%as%follows:%

!"# = !%&'(%)*+,-./(%+*ℎ1*+(12+3%+4%(-,%&+&/4')5+6./7ℎ')5
!%&'(%)*+,-./(%+&%8-7'*%&+3%*9%%)+6./7ℎ')5+%,%)*7 %

Due%to%the%fact%that%the%sediment%transport%capacity%of%the%water%used%during%drawdown%flushing%
is%determined%by%the%amount%by%which%the%water%surface%in%the%reservoir%is%drawn%down,%White%
(2001)%also%proposed%to%use%an%additional%criterion,%which%is%the%SBR%if%the%reservoir%is%drawn%
down%to%the%maximum%extent%possible.%%He%named%that%parameter%SBRd.%%

The%SBR%represents%the%sediment%balance%ratio%if%the%water%level%at%the%dam%is%drawn%down%to%the%
elevation%of%the%lowAlevel%outlet.%%Such%an%outlet%may%not%be%located%right%at%the%bottom%of%the%dam,%
due% to% design% constraints.% % The% SBRd% parameter% provides% an% indication% of% the% potential% to%
successfully%flush%the%sediment%from%the%reservoir%should%one%be%able%to%draw%down%the%water%
surface%to%the%lowest%level%possible,%i.e.,%to%the%level%of%the%riverbed%at%the%dam.%%For%flushing%to%be%
successful%both%SBR%and%SBRd%must%be%greater%than%one,%i.e.,%the%potential%to%flush%sediment%out%of%
the%reservoir%must%be%greater%than%the%amount%of%sediment%that%deposited%in%it%during%the%period%
between% flushing% events.% % SBRd% will% always% be% greater% than% SBR,% making% it,% in% essence,% a%
superfluous%parameter.%%

Drawdown+ratio+(DDR)+

Another%parameter%devised%by%White%(2001)%is%known%as%the%drawdown%ratio%(DDR).%%This%
parameter%quantifies%how%far%the%water%surface%elevation%can%be%drawn%down%using%a%lowAlevel%
outlet%(LLO).%%The%parameter%is%defined%as:%
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::# = 1 − =>
=?@A

%

The%meaning%of%the%variables%=>%and%=?@A%are%shown%in%Figure%9.1A2.%

By%making%use%of%the%fourteen%projects%where%drawdown%flushing%has%been%implemented,%White%
(2001)%found%that%if%DDR%>%0.7,%then%flushing%may%be%successfully%implemented%(see%further%on).%%

!
Figure!9.1+2.!Variables!defining!the!DDR.!

%

Flushing+width+ratio+(FWR)+and+top+width+ratio+(TWR)+

The%two%ratios%known%as%the%flushing%width%ratio%(FWR)%and%the%top%width%ratio%(TWR)%
provide%some% idea%of% the%ability% to%remove%substantial%amounts%of%deposited%sediment% from%a%
reservoir%by%means%of%drawdown%flushing.%%Figure%9.1A3%represents%an%average%cross%section%of%a%
reservoir%valley.%%Suppose%that%sediment%has%filled%the%entire%valley%and%that%an%attempt%to%remove%
sediment% through% drawdown% flushing% is%made.% %When% using% drawdown% flushing% a% channel% is%
eroded%into%the%deposited%sediment.%%The%dimensions%of%that%channel%are%defined%by%Wf%and%Wftop,%
i.e.,%the%bottom%width%and%the%top%width%of%the%channel%that%is%eroded%into%the%deposited%sediment%
during%the%flushing%event.%%The%dimensions%of%the%original%reservoir%valley%are%defined%by%Wbot%and%
Wtop,%i.e.,%the%bottom%and%top%widths%of%the%reservoir%valley.%

!
Figure!9.1+3.!Cross!section!of!reservoir!valley!and!variables!used!to!quantify!FWR!and!TWR.!

The%FWR%is%defined%as:%

BC# = C>
CDEF

%

And%the%TWR%is%defined%as:%

GC# = C>FEH
CFEH

%

fH

maxH
LLO

Wftop+

Wf+

Wtop+

Wbot+ Deposited!sediment!

Sediment!removed!by!flushing!A! B!
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From%Figure%9.1A3%it%can%be%seen%that%if%drawdown%flushing%results%in%both%the%top%and%bottom%
widths%of%the%eroded%channel%exceeding%the%top%and%bottom%widths%of%the%reservoir%valley,%then%
all% the% sediment%would% have% been% removed.% % Therefore,% in% the% ideal% case% drawdown% flushing%
would%be%successful%if%both%the%FWR%and%TWR%parameters%are%greater%than%one.%%In%cases%where%
they%are%slightly%less%than%one,%it%may%mean%that%only%part%of%the%sediment%may%be%removed.%%It%
means%that%some%but%not%all%of%the%reservoir%storage%space%may%be%preserved%in%the%long%term.%%

LongFterm+capacity+ratio+(LTCR)+

From%a%practical%point%of%view,%it%may%not%be%possible%to%remove%all%deposited%sediment%
from% reservoirs% by% making% use% of% drawdown% flushing,% as% indicated% in% the% previous% section.%%
Therefore,% what% one% wishes% to% know% is% how% much% of% the% original% reservoir% volume% can% be%
preserved% in% the% long% term% if% drawdown% flushing% is% regularly% implemented.% % The% longAterm%
capacity% ratio% (LTCR)% provides% a% measure% of% how% much% of% the% reservoir% volume% might% be%
preserved%in%the%long%term%when%regularly%implementing%drawdown%flushing.%%It%is%defined%as%the%
ratio%between%the%crossAsectional%area%of%the%channel%eroded%into%the%deposited%sediment%(the%
area% B% in% Figure% 9.1A3)% and% the% total% cross% sectional% area% of% the% reservoir% valley% prior% to%
sedimentation%(the%sum%of%area%A%and%area%B%in%Figure%9.1A3),%that%is:%

IGJ# = K4%1+"
K4%1+K+ + K4%1+"%

Validation+of+criteria+

The%criteria%defined%in%the%previous%sections%are%used%in%the%RESCON%model%(Palmieri%et%
al.%2003)%to%assess%the%potential%success%to%use%drawdown%flushing%to%remove%deposited%sediment%
from% reservoirs.% % That%model,% i.e.,% the% RESCON%model,% has% been% used% to% assess% the% dams% and%
reservoirs%investigated%in%this%study.%%The%criteria%used%in%the%RESCON%model%are%shown%in%Table%
9.1A1.%

Table!9.1+1.!Drawdown!flushing!criteria!used!in!the!RESCON!Model.!!

Parameter!Name! Criterion!

SBR! >!1!
LTCR! >!0.35!
DDR! >!0.7!
FWR! >!1!
TWR! ~!1!
SBRd! >!1!

The%viability%of%these%criteria%to%predict%the%potential%success%of%implementing%drawdown%flushing%
to% remove%adequate%amounts%of%deposited%sediment% from%reservoirs%were% reviewed%by%White%
(2001).% % He% used% information% obtained% from% fourteen% projects% to% perform% the% assessment.%%
Drawdown%flushing%was%deemed%successful%at%six%of%those%projects,%and%unsuccessful%at%the%other%
eight.%

Figure%9.1A4%and%Figure%9.1A5%compare%the%calculated%values%of%SBR,%FWR,%LTCR%and%TWR%to%the%
criteria% set% in%Table%9.1A1.% % The% comparison%of% the%DDR%values% is% shown% in%Figure%9.1A6.% % It% is%
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observed%that%the%criteria%are%substantially%satisfied.%%These%criteria%were%therefore%used%to%assess%
the%potential%for%drawdown%flushing%at%the%four%dams%and%reservoirs%reviewed%during%this%study.%

!
!
Figure!9.1+4.!Comparison!of!flushing!criteria!parameter!values!at!reservoirs!that!have!been!successfully!flushed!(White,!
2001).!

!
Figure!9.1+5.!Comparison!of!flushing!criteria!parameter!Values!at!Reservoirs!that!have!not!been!Successfully!Flushed!
(White,!2001).!
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!
Figure!9.1+6.!Comparison!DDR!Parameter!Values!and!Criteria!for!Reservoirs!that!are!Known!to!have!and!have!not!been!
Successfully!Flushed!(White,!2001).!

Sluicing(0(description(

Sluicing%is%a%sediment%management%technique%implemented%during%floods,%i.e.,%during%the%
monsoon.%%The%objective%of%sluicing%is%to%minimize%the%amount%of%sediment%that%will%deposit%in%a%
reservoir.%%This%is%done%by%creating%flow%conditions%in%a%reservoir%that%are%characterized%by%high%
sediment% carrying% capacity.% % In% the% ideal% case,% which% is% seldom% accomplished,% the% sediment%
transport%capacity%in%the%reservoir%will%be%equal%to%the%sediment%transport%capacity%of%the%river%
carrying%sediment%into%the%reservoir.%%Should%it%be%possible%to%accomplish%this%goal%the%amount%of%
sediment% carried% into% a% reservoir% from% upstream% (S1)% will% equal% the% amount% of% sediment%
discharged%downstream%(S2),%with%no%net%amount%of%sediment%depositing%in%the%reservoir%(Figure%
9.1A7).%

The%sediment%transport%capacity%in%the%reservoir%is%maintained%at%a%high%level%by%drawing%down%
the%water%surface%elevation%at%the%dam%as%much%as%possible%while%floodwaters%flow%through%the%
reservoir.%%By%doing%so,%the%energy%slope%of%the%water%flowing%through%the%reservoir%is%increased,%
thereby%maximizing%the%sediment%transport%capacity%of%those%flows.%%The%water%surface%elevation%
at%the%dam%is%drawn%down%by%using%lowA%and%/%or%midAlevel%gates%at%the%dam.%%It%is%obviously%not%
possible%to%draw%down%the%flows%in%a%reservoir%to%the%same%extent%required%by%drawdown%flushing.%%
The%reason%for%this%is%that%sluicing%is%implemented%during%high%flows%(the%monsoon)%during%which%
time%the%rate%of%flow%into%the%reservoir%is%normally%larger%than%the%freeAflow%discharge%capability%
of%lowAlevel%outlets.%

Sluicing% is% best% implemented% in% narrow% reservoirs,% located% in% relatively% steep% rivers% where%
monsoon% flow% volumes% are% large% relative% to% the% reservoir% volume.% % Successful% flushing% also%
requires%provision%of%enough%large%midA%and%lowAlevel%outlets%in%the%dam%that%will%allow%the%water%
surface%elevation%at%the%dam%to%be%drawn%down%significantly%during%flood%flows%characteristic%of%
the%monsoon.% % Dams% that% are% designed%with% the% ability% to% significantly% draw% down% the%water%
surface%elevation%at%the%dam%during%the%monsoon%have%a%much%greater%potential%to%successfully%
transport%large%amounts%of%sediment%through%the%reservoir%without%deposition;%thus%fulfilling%the%
purpose%of%sluicing.%%
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!
!!Figure!9.1+7.!Concept!of!Sediment!Pass^through!by!Making!Use!of!Sluicing.!

Assessment+criteria+

The%engineering%profession%has%not%developed%simple%criteria%for%assessing%the%potential%
success%of%sluicing%at%preAfeasibility%level%investigations.%%The%potential%for%implementing%sluicing%
has%therefore%not%been%assessed%during%this%study.%%It%is%left%for%more%detailed%assessment%during%
the%feasibility%and%design%phases%of%the%projects.%%

Density(current(venting(0(description(

When%water%with%very%high%sediment%concentrations%flow%into%a%reservoir%it%is%possible%
that%the%density%of%the%sedimentAladen%water%is%higher%than%the%water%contained%in%the%reservoir.%%
Depending%on%local%conditions%very%little%mixing%might%occur%between%the%density%current%and%the%
reservoir%water.%%This%means%that%a%dense,%sedimentAladen%current%flows%along%the%bottom%of%the%
reservoir%towards%the%dam.%

Deposition%of%this%sediment%can%be%prevented%by%releasing%the%density%current%downstream%of%the%
dam.%%This%is%accomplished%by%installing%lowAlevel%gates%at%the%dam.%%When%these%gates%are%opened%
as% the% density% current% approaches% the% dam,% the% high% sediment% concentration% water% may% be%
released%downstream%of% the%dam.% %This%means%that% the%heavy%sediment% loads%contained% in% the%
density%current%is%discharged%downstream%of%the%reservoir,%without%depositing%in%the%reservoir.%%
The%process%is%known%as%density%current%venting%(Figure%9.1A8).%%
%

!
Figure!9.1+8.!Concept!of!Sediment!Pass^through!by!Density!Current!Venting.!

%

%

+
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Assessment+criteria+

%In%order%to%assess%the%potential%for%density%current%formation%and%to%determine%the%level%
of%efficiency%by%which%density%currents%may%be%used%to%release%sediment%through%lowAlevel%outlets%
at%a%dam%require%sediment%rating%curves,%sediment%particle%size%distributions%and%water%discharge%
data%for%the%river%in%question.%%None%of%this%information%has%been%available%for%assessment%during%
this%preAfeasibility%study.%%The%approach%that%was%therefore%followed%was%to%conduct%a%sensitivity%
analysis%to%determine%under%what%conditions%density%currents%might%form%in%the%four%reservoirs%
and%how%efficient%such%currents%would%be%at%passing%sediment%through%the%reservoirs%when%using%
lowAlevel%outlets.%%For%this%purpose,%a%method%developed%by%Fan,%as%described%in%Morris%and%Fan%
(1998),%has%been%used.%%Once%the%required%sediment%and%water%discharge%data%becomes%available%
in% the% future,% studies% that% are%more% detailed% can% be% performed% to% assess% the% effectiveness% of%
density% current% venting.% % The% results% of% such% studies% will% be% used% to% determine% whether% the%
assessments%made%during%this%project%are%viable.%

Essential!design!elements!

Implementation% of% drawdown% flushing,% sluicing,% and% density% current% venting% requires%
incorporation%of%lowA%and%midAlevel%outlets%in%dams.%%Without%the%availability%of%such%outlets,%it%is%
not% possible% to% implement% any% of% the% three% reservoir% sedimentation%management% techniques%
considered%in%this%study.% %It%may%also%be%necessary%to%install%a%lining%in%the%lowAlevel%outlets%to%
resist%the%effects%of%abrasion.%

Outlets+

Dam% design% elements% required% to% facilitate% successful% implementation% of% drawdown%
flushing,%sluicing,%and%density%current%venting%include%lowA%and%midAlevel%outlets%(Figure%9.1A9).%%
The%outlets%are%used%differently%in%each%case.%

!
Figure!9.1+9.!Essential!Dam!Design!Elements!Required!to!Facilitate!Drawdown!Flushing,!Sluicing,!and!Density!
Current!Venting.!

Drawdown+flushing+

To% implement% drawdown% flushing,% executed% during% the% nonAmonsoon% season,% it% is%
necessary%to%first%empty%the%reservoir.%%This%is%accomplished%by%opening%both%the%midA%and%lowA
level%outlets.% %Using%both%outlets%allows%rapid%emptying%of%the%reservoir.% %Once%the%reservoir% is%
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empty,%the%lowAlevel%outlets%are%used%to%discharge%the%water%containing%reAentrained%sediment%to%
the%downstream%river.% %After%drawdown%flushing%has%been%completed,%the%lowAlevel%outlets%are%
closed%to%refill%the%reservoir.%%When%the%water%level%reaches%the%midAlevel%outlets,%they%are%opened%
to% allow% discharge% of% clean% water% to% the% downstream% river.% % Release% of% this% clean% water% is%
necessary%to%rinse%the%fine%sediments%that%may%have%deposited%along%the%riverbanks%and%on%the%
riverbed%of%the%downstream%river%reach.% %Rinsing%the%fine%sediment%with%clean%water%enhances%
environmental%conditions%and%appearance.% %After%rinsing%is%complete,% the%midAlevel%outlets%are%
also%closed%to%continue%filling%the%reservoir.%

Sluicing+

Sluicing%is%executed%during%flood%(monsoon)%conditions,%which%means%that%it%will%not%be%
possible% to% empty% the% reservoir.% % The%objective%during% sluicing,% i.e.,% to%maximize% the% sediment%
transport%capacity%of%the%water%flowing%through%the%reservoir,%is%accomplished%by%opening%both%
midA%and%lowAlevel%outlets.%%By%modulating%the%openings%of%the%lowA%and%midAlevel%gates%it%is%also%
possible%to%regulate%the%sediment%concentration%in%the%water%released%downstream%of%the%dam.%%
Once%sluicing%is%complete,%the%lowAlevel%outlets%are%closed%and%the%midAlevel%outlets%may%be%used%
to%rinse%fine%sediments%that%may%have%deposited%along%the%downstream%river%reach,%if%necessary.%%
Upon%completion%of%the%rinsing%process,%the%midAlevel%outlets%are%also%closed%and%the%reservoir%
refilled%with%water.%

Density+current+venting+

Density%currents%are%released%through%the%lowAlevel%outlets.%%This%means%that%these%outlets%
are%opened%to% facilitate%venting%once% the%density%current%reaches% the%dam%face.% %The%midAlevel%
outlets%may%be%used%to%control%the%sediment%concentration%of%the%sedimentAladen%water%released%
through%the%lowAlevel%outlet.%%This%is%done%by%releasing%clean%water%from%the%midAlevel%outlets%by%
opening% them%to% the%desired%degree.% %When%density%current%venting% is%complete,% the% lowAlevel%
outlets%are%closed.% %At%this%time,%the%midAlevel%outlets%may%be%opened%to%release%clean%water%to%
rinse% the%downstream%river% from%fine%sediments,% if%necessary.% %Once%completed,%all%outlets%are%
closed%to%maintain%a%full%reservoir.%

Lining+

It%may%be%necessary%to%line%the%lowAlevel%outlets%to%prevent%damage%by%abrasion.%%This%may%
be%accomplished%by%using%highAstrength%concrete,%steel%or%other%abrasion%resistant%materials%like%
basalt%tiles.%

Sediment!management!in!dam!cascades!

When%passing%sediment%through%cascades%of%dams,%as%in%the%case%under%consideration%along%the%
Xe%Kong%River,% it% is% usually% preferred% to% concurrently% release% sediments% from%all% dams% in% the%
cascade.% % This%may% be% performed% by% first% opening% outlets% at% the% upstream%dams,% followed% by%
sequential%opening%of%outlets%at%the%downstream%dams.%%Detailed%specification%of%how%this%should%
be%accomplished% is%project%specific.% %The%procedure% is%determined%by%more%detailed%study%and%
refined%through%experience%gained%during%implementation.%

!
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Hydropower!Projects!Considered!
Four%hydropower%projects%were%studied%along%the%main%stream%of%Xe%Kong%River%in%Lao%PDR.%%The%
salient%features%of%these%four%projects%are%given%in%Table%9.1A2.%

Table!9.1+2.!Salient!Features!of!the!proposed!Xe!Kong!Hydropower!Projects.! !

Item! Xe!Kong!5! Xe!Kong!4! Xe!Kong!3B! Xe!Kong!3A!

Status! F.S.!completed! F.S.!approved! F.S.!completed! F.S.!completed!

Location! Lat.!15˚58.5’/!!

Long!106˚55.8’!

Lat.!15˚30.8’/!!

Long!106˚47.3’!

Lat.!15˚22.6’/!!

Long!106˚46.8’!

Lat.!14˚34.2’/!!

Long!106˚54.9’!

River! Xe!Kong! Xe!Kong! Xe!Kong! Xe!Kong!

Installed!capacity!(MW)! 330! 300! 146! 140!

Rated!head!(m)! 188! 140! 34! 17!

Design!discharge!(m
3
/s)! 146! 240! 460! 568!

Full!supply!level!(m)! 500! 290! 160! 117!

Catchment!area!(km
2
)! 2,615! 5,400! 5,882! 9,700!

Mean!annual!flow!(m
3
/s)! 137! 205! 240! 316!

Total!reservoir!volume!!!

(mill!m
3
)!

1,356! 3,100! 425! 486!

Reservoir!length!(km)! 41! 92! 15! 21!

CIR!(Capacity!Inflow!Ratio)! 0.31! 0.48! 0.01! 0.02!

Trap!efficiency!(%)! 95! 99! 48! 55!

Sediment!yield!(t/km
2
/yr)! 280! 280! 280! 290!

!Note:!F.S.!completed/!F.S.!approved!=!Feasibility!Study!completed!or!approved!

Sediment!Management!

Proposed!facilities!–!sediment!balance!

At%this%time,%little%information%is%available%about%sediment%management%plans%at%the%four%proposed%
dams%and% their% reservoirs% along% the%Xe%Kong%River.% %By%assuming% that% sediment%management%
would%not%be%implemented%at%any%of%these%dams,%it%is%estimated%that%about%80%%of%the%sediment%
will%be% trapped%by% these% reservoirs.% %This%was%estimated%by%using%Brune%Curve% (Brune,%1953)%
based% on% the% inflow,% reservoir% size,% and% the% incoming% sediment% load.% % Table% 9.1A3% shows% the%
sediment%balance%through%the%cascade%of%four%reservoirs,%in%the%absence%of%sediment%management.%%
This%simple%calculation%shows%the%need%of%sediment%management%plans%for%sediment%transport%
continuity.%

%
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Table&9.1*3.&Sediment!Balance!through!Cascade!of!Dams.!&

Dam Catchment*
Area*(km2 )

Incremental*
Area*(km2 )

Sediment*
Yield*

(t/km 2 /yr)

Sediment*
Load*(t/yr)

Cum.*
Sediment*
Passed,*No*
Dam*Case*
(t/yr)

Cumulative*
Sediment*
Load*(t/yr)*
with*Dams

Trap*
Efficiency*

(%)

Sediment*
Trapped*
(t/yr)

Sediment*
Passed*
(t/yr)

Cum.*
Decrease*in*
Sediment*
Load*(t/yr)

Cum.*
Decrease*in*
Sediment*
Load*(%)

Xe#Kong#5 2,615 2,615 280 732,200 732,200 732,200 95 695,590 36,610 695,590 95
Xe#Kong#4 5,400 2,785 280 816,410 1,548,610 853,020 99 844,490 8,530 1,540,080 99
Xe#Kong#3B 5,882 482 280 143,124 1,691,734 151,654 48 72,794 78,860 1,612,874 95
Xe#Kong#3A 9,700 3,818 290 1,181,645 2,873,379 1,260,505 55 693,278 567,227 2,306,152 80 !
!
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Sediment!management!alternatives!

+Xe+Kong+5+

The$ Xe$ Kong$ 5$ hydropower$ project$ is$ planned$ at$ the$ top$ of$ a$ cascade$ of$ dams$ in$ the$
mainstream$Xe$Kong$River.$$This$dam$and$four$other$alternative$designs,$which$might$replace$the$
proposed$design,$were$considered$to$optimize$the$potential$to$pass$sediment$through$this$facility.$$
Principle$features$of$the$five$alternative$hydropower$projects$are$shown$in$Table$9.1C4.$$

Table&9.1*4.&Comparison!of!Characteristics!of!Xe!Kong!5!Dam!and!its!Alternatives.&

Item&

Xe&Kong&5&
Current&
Design&

Xe&Kong&5&
Alternative&1&

Xe&Kong&5&
Alternative&2&

Xe&Kong&5&
Alternative&3&

Xe&Kong&5&
Alternative&4&

Location! Lat.!15˚58.5’!
Long!
106˚55.8’!

Lat.!5˚52.90’!
Long!
106˚53.37’!

Lat.15˚52.90’!
Long!
106˚53.37’!

Lat.!15˚52.90’!
Long!
106˚53.37’!

Lat.!15˚58.5’!
Long!
106˚55.8’!

Installed!capacity!
(MW)!

330! 248! 198! 141! 248!

Rated!head!(m)! 188! 188! 150! 107! 188!
Design!discharge!
(m3/s)!

146! 146! 146! 146! 146!

Full!supply!level!(m)! 500! 431! 393! 350! 468!
Reservoir!length!(km)! 41! 32! 20! 18! 35!
Dam!height!(m)!! 188! 156! 118! 75! 156!
Reservoir!volume!
(Mill!m3)!

1,356! 1,356! 851! 541! 1,158!

CIR!(Capacity!Inflow!
Ratio)!

0.31! 0.31! 0.20! 0.13! 0.27!

Trap!efficiency! 95%! 95%! 92%! 88%! 94%!

Xe+Kong+5+reservoir+

The$ proposed$ Xe$ Kong$ 5$ reservoir$ has$ a$ capacity$ inflow$ ratio$ (CIR)$ of$ 0.31,$ which$
corresponds$to$a$sediment$trapping$efficiency$of$95%.$$The$current$design$does$not$have$a$bottom$
outlet$and$the$NHI$team$has$no$other$information$about$the$sediment$management$plans.$$Figure$
9.1C10$ shows$ the$approximate$ coverage$of$ the$proposed$Xe$Kong$5$ reservoir.$ $ It$ is$noted$ the$
reservoir$is$narrow$and$long$(41.3km).$$The$narrowCness$of$the$reservoir$is$a$positive$indicator$
of$the$potential$for$flushing,$but$the$length$and$large$volume$of$the$reservoir$may$limit$successful$
implementation$of$drawdown$flushing.$

The$ RESCON$ program$ was$ used$ to$ assess$ the$ potential$ for$ drawdown$ flushing,$ assuming$
adequately$sized$lowClevel$gates$were$available$in$the$current$design.$$Calculations$to$determine$
the$potential$ to$ implement$density$current$venting$were$also$performed.$ $The$results$of$ these$
analyses$are$presented$below.$
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&
Figure&9.1*10.!Approximate!Inundation!Area!of!the!Xe!Kong!5!Reservoir.!

Xe+Kong+5+alternative+designs+

An$alternative$dam$site$was$identified$approximately$11$km$downstream$of$the$proposed$
Xe$Kong$5$dam$site.$$Three$different$alternatives$were$studied$by$varying$the$dam$height$at$this$
location.$ $Figure$9.1C11$shows$the$schematic$ layout(s)$of$ the$alternative(s).$ $These$alternative$
options$include$headrace$and$tailrace$tunnels,$and$an$underground$powerhouse.$$The$total$length$
of$underground$work$ is$approximately$9$km.$ $The$tunnel$arrangement$provides$an$additional$
head$of$32m$compared$to$the$head$available$at$the$dam.$$It$is$assumed$that$the$geologic$conditions$
are$good$enough$for$underground$construction.$$This$assumption$requires$validation$to$proceed$
further$on$these$alternatives.$$AlternativeC1$maintains$the$same$design$head$(i.e.,$188$m)$as$in$the$
original$design.$$AlternativeC2$creates$a$design$head$of$150m$and$AlternativeC3$creates$a$design$
head$of$107m.$$Other$features$of$these$three$alternatives$are$given$in$Table$9.1C4.$
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!
Figure&9.1*11.&Schematic!of!Xe!Kong!5!Alternatives!1!to!3.!

The$ reservoir$ lengths$ in$ all$ alternatives$ are$ shorter$ and$ the$ reservoir$ volumes$ of$ two$ of$ the$
alternatives$are$smaller$than$the$proposed$design.$$These$geometric$features$provide$somewhat$
more$ favorable$ conditions$ for$ drawdown$ flushing.$ $ It$ is$ also$ noted$ that$ the$ shorter$ reservoir$
lengths$and$smaller$ reservoir$volumes$also$ require$ lesser$amounts$of$ resettlement$and$ lesser$
amounts$ of$ environmental$ impact$ due$ to$ inundation,$ should$ these$ issues$ be$ of$ concern.$ $ The$
shorter$reservoir$lengths$and$changes$in$inundated$area$can$be$observed$in$Figure$9.1C12$through$
Figure$ 9.1C13,$which$ are$ on$ the$ same$ scale.$ $ An$ attempt$ has$ also$ been$made$ to$maintain$ the$
installed$capacity$of$the$alternative$designs$as$close$to$the$original$as$possible$by$making$use$of$a$
tunnel$and$a$downstream$powerhouse$to$generate$power.$$

The$ additional$ head$ provided$ by$ the$ tunnel$ arrangement$ is$ 32m,$ which$ corresponds$ to$
approximately$42$MW$of$power$for$the$given$design$discharge.$$If$the$powerhouse$is$built$at$the$
dam$ of$ the$ alternative$ site$ (i.e.,$ tunnel$ arrangement$ is$ discarded),$ then$ each$ alternative$ will$
produce$42$MW$less$power$than$with$the$tunnel.$$In$lieu$of$a$tunnel$arrangement$a$powerhouse$
could$be$constructed$at$the$dam;$this$may$be$decided$based$on$financial/economic$optimization,$
which$is$beyond$the$scope$of$this$study.$$

In$addition$to$Alternatives$1C3,$another$alternative,$Alternative$4$of$Xe$Kong$5,$was$considered$at$
the$originally$proposed$Xe$Kong$5$dam$site.$$In$this$alternative$(i.e.,$Figure$9.1C15),$the$top$level$
of$the$dam$is$reduced$to$468$masl$(compared$to$the$current$design$level$of$500$masl),$but$a$tunnel$
arrangement—including$headrace,$powerhouse$and$tailrace$facilities$–$has$been$added$to$achieve$
the$same$head$as$before$(i.e.,$188m).$$Figure$9.1C15$through$Figure$9.1C17$illustrate$the$layout,$
tunnel$alignment,$ and$ reservoir$area$of$ this$alternative.$ $The$additional$head$provided$by$ the$
tunnel$arrangement$is$32m.$$

$
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!
Figure&9.1*12.&&Reservoir!Inundation!Area!of!Xe!Kong!5!AlternativeX1.&

$
Figure&9.1*13.&Reservoir!Inundation!Area!of!Xe!Kong!5!AlternativeX2.&
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$
Figure&9.1*14.&Reservoir!Inundation!Area!of!Xe!Kong!5!AlternativeX3.!

!
Figure&9.1*15.&Schematics!of!Xe!Kong!5!AlternativeX4.&
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&
Figure&9.1*16.&Tunnel!Alignment!of!Xe!Kong!5!AlternativeX4.&

$
Figure&9.1*17.&Reservoir!Inundation!Area!of!Xe!Kong!5!AlternativeX4.&

All$ four$of$ these$alternatives$present$better$ sediment$ flushing$potential$ through$ the$ reservoir$
than$the$current$design.$$The$RESCON$program$was$used$to$assess$the$potential$for$drawdown$
flushing$of$each.$$Calculations$to$determine$the$potential$to$implement$density$current$venting$
were$also$performed.$$The$results$of$these$analyses$are$presented$in$the$next$section.$

Xe+Kong+5+potential+to+pass+sediment+

Drawdown+flushing+

The$graphs$on$Figure$9.1C18$summarize$the$drawdown$flushing$analysis$results$for$the$
Xe$Kong$5$Dam$and$its$proposed$alternatives.$$On$the$graph$showing$the$flushing$criteria,$results$
indicating$most$of$the$parameters$having$values$greater$than$one$mean$that$implementation$of$
drawdown$flushing$would$likely$be$successful.$$Similarly,$the$values$of$LTCR$>$0.35$and$DDR$>$
0.70$ indicate$ that$ the$proposed$design$as$well$as$ the$alternatives$may$all$successfully$remove$
deposited$sediment$by$drawdown$flushing.$$However,$it$is$noted$that$the$criterion$indicating$DDR$
>$0.7$implies$that$the$dam$designs$will$contain$adequately$sized$lowClevel$outlets$allowing$the$
flushing$discharge$to$freely$flow$through$the$dam,$without$damming.$

TWR$<$1.0$is$not$a$great$concern.$$The$LTCR$parameter$compensates$for$its$effect.$$If$TWR$were$
greater$than$one,$it$would$have$resulted$in$a$LTCR$value$approximating$1.0,$which$means$that$
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drawdown$flushing$may$remove$all$deposited$sediment.$$The$fact$that$none$of$the$LTCR$values$
approaches$ one$ indicates$ that$ the$ assessment$ acknowledges$ that$ not$ all$ sediment$ can$ be$
removed$by$drawdown$flushing,$which$is$what$could$be$expected$for$TWR$<$1.0.$

!

!
Figure&9.1*18.&Comparison!of!Quantified!Values!of!SBR,!FWR,!TWR,!SBRd,!LTCR,!and!DDR!and!Criteria!for!Xe!KongX5!Dam!
and!Alternative!Designs.&

Note$that$the$Xe$Kong$5$Alternative$3$has$the$greatest$potential$to$remove$deposited$sediment$by$
making$use$of$drawdown$flushing.$$That$alternative$has$the$highest$LTCR$value,$meaning$that$it$
has$the$potential$to$remove$the$greatest$amount$of$deposited$sediment$and$retain$close$to$65%$
of$the$reservoir$volume$in$the$long$term.$$From$an$operational$point$of$view,$Alternative$3$is$also$
favored$ because$ its$ reservoir$ volume$ is$ much$ smaller$ than$ any$ of$ the$ other$ options.$ $ It$ is$
estimated$ at$ only$ 541$ million$ m3,$ whereas$ the$ currently$ proposed$ Xe$ Kong$ 5$ Dam$ has$ an$
estimated$reservoir$volume$equaling$1,356$million$m3.$$For$purposes$of$drawdown$flushing$the$
smaller$reservoir$volume$will$require$less$time$for$emptying$the$reservoir,$and$therefore$less$time$
lost$for$generating$power.$
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Based$ on$ the$ results$ it$ is$ important$ to$ note$ that$ drawdown$ flushing$ requires$ dam$ designs$
containing$lowClevel$and$midClevel$outlets$of$adequate$size.$$Correct$design$of$the$dam$is$therefore$
very$important.$$The$two$sets$of$outlets$are$required$to$draw$down$the$reservoir$water$surface$
rapidly$when$preparing$the$reservoir$for$drawdown$flushing.$$Once$the$reservoir$is$empty,$the$
lowClevel$ gates$ discharge$ flushed$ sediment$ downstream.$ $ When$ refilling$ the$ reservoir,$ once$
drawdown$ flushing$ is$ complete,$ clean$ water$ released$ from$ the$ midClevel$ outlets$ rinses$ fine$
sediment$in$the$downstream$river$reach.$$An$indication$of$the$required$size$of$the$gates$may$be$
found$on$page$33,$which$considers$requirements$for$flushing$the$entire$cascade$of$dams$using$the$
preferred$alternatives.$

Table&9.1*5.&Venting!Efficiency!(%)!for!Xe!Kong!5!and!its!Alternatives.&

Flow&
(m3/s)&

Sediment&Concentration&(mg/l)&

100& 500& 1,000& 2,000& 5,000& 10,000&

1371! 0! 0! 12! 19! 24! 28!
274! 0! 0! 17! 23! 28! 32!
685! 0! 0! 23! 28! 32! 37!
1,370! 0! 21! 27! 31! 36! 40!

Density+current+venting+

The$density$current$venting$analysis$results$are$presented$in$Table$9.1C5,$which$contains$
estimates$ of$ venting$ efficiency$ for$ various$ possible$ combinations$ of$ flow$ magnitudes$ and$
sediment$concentrations,$flowing$into$the$reservoir.$$This$approach$was$followed$because$of$the$
absence$ of$ a$ rating$ curve$ providing$ a$ relationship$ between$ river$ discharge$ and$ sediment$
concentration.$ $ For$ example,$ the$ table$ indicates$ that$ it$would$be$highly$unlikely$ for$ a$ density$
current$to$form$if$a$flood$with$a$magnitude$of$685$m3/s$discharging$into$the$reservoir$would$be$
associated$with$a$sediment$concentration$of$500mg/l.$ $This$is$concluded$by$observing$that$the$
venting$efficiency$of$such$an$event$is$zero,$i.e.,$a$density$current$would$not$form.$

On$the$other$hand,$if$that$same$flood$(685m3/s)$would$carry$sediment$at$a$concentration$of$2,000$
mg/l$then$it$is$likely$that$a$density$current$would$form.$$This$conclusion$is$made$by$observing$
from$the$table$that$the$venting$efficiency$of$such$an$event$would$be$28%.$$What$this$means$is$that$
about$28%$of$the$sediment$flowing$into$the$reservoir$would$be$contained$in$a$density$current.$$By$
passing$ this$ current$ through$ a$ lowClevel$ outlet$ at$ the$ dam,$ it$may$ be$ possible$ to$ release$ that$
percentage$of$the$incoming$sediment$downstream$of$the$dam.$

The$conclusion$made$from$Table$9.1C5$is$that$density$currents$might$form$in$the$reservoir$of$the$
Xe$Kong$5$Dam$if$the$sediment$concentrations$in$the$inflowing$water$are$high$enough.$ $It$also$
indicates$ that$ the$ venting$ efficiency$ would$ likely$ be$ approximately$ 30%.$ $ This$means$ that$ if$
density$ currents$would$ form$ then$ they$would$have$ the$ ability$ to$ discharge$ about$30%$of$ the$
incoming$sediment$to$downstream$reaches$of$the$reservoir$if$vented$through$a$lowClevel$outlet$
at$the$dam.$

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1"Average!annual!flow.!
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Additional$ work$ that$ should$ be$ completed$ is$ to$ collect$ sediment$ concentration$ and$ water$
discharge$ data,$ as$ well$ as$ particle$ size$ distributions$ of$ suspended$ sediment$ flowing$ into$ the$
reservoir$during$high$flow$conditions.$$This$information$will$be$useful$to$provide$more$confidence$
about$the$possible$formation$of$density$currents.$

Xe+Kong+4+

The$ potential$ to$ pass$ sediment$ through$ the$ Xe$ Kong$ 4$ Dam$ and$ its$ reservoir$ was$
considered$by$analyzing$the$currently$proposed$design$as$well$as$three$other$alternative$designs.$$
The$salient$features$of$these$four$alternative$designs$are$presented$in$Table$9.1C6.$

Table&9.1*6.&Comparison!of!Characteristics!of!Xe!Kong!4!and!its!Alternatives.&

Item&
Xe&Kong*4&
Current&Design&

Xe&Kong*4&&
Alternative&1&

Xe&Kong*4&&
Alternative&2&

Xe&Kong*4&&
Alternative&3&

Location! Lat.!15˚30.8’!
Long!106˚47.3’!

Lat.!15˚30.8’!
Long!106˚47.3’!

Lat.!15˚43’!
Long!106˚47’!

Lat.!15˚39’!
Long!106˚48’!

Installed!capacity!(MW)! 300! 173! 130! 152!
Rated!head!(m)! 140! 80! 60! 70!
Design!discharge!(m3/s)! 240! 240! 240! 240!
Full!supply!level!(m)! 290! 230! 230! 230!
Dam!height!(m)!! 140! 80! 40! 50!
Reservoir!length!(km)! 92! 71! 31! 47!
Reservoir!volume!(Mill!m3)! 3,100! 1,771! 768! 1,167!
CIR!(Capacity!Inflow!Ratio)! 0.48! 0.27! 0.12! 0.18!
Trap!efficiency! 99%! 94%! 88%! 91%!

+Xe+Kong+4+reservoir+

The$reservoir$volume$of$the$proposed$Xe$Kong$4$Dam$is$very$large$compared$to$the$inflow,$
corresponding$to$a$sediment$trapping$efficiency$of$99%.$$Figure$9.1C19$shows$the$approximate$
reservoir$area,$indicating$substantial$inundation.$

Xe+Kong+4+alternatives+–+overview+

Three$alternatives$were$studied$for$Xe$Kong$4$Dam.$ $The$locations$of$these$alternative$
designs$ relative$ to$ the$ location$ of$ the$ currently$ proposed$Xe$Kong$ 4$Dam$ and$ relative$ to$ the$
location$of$Xe$Kong$5$Dam$and$Xe$Kong$5$AlternativeC1$Dam$are$shown$in$Figure$9.1C20.$
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$
Figure&9.1*19.&Reservoir!Inundation!Area!of!Xe!Kong!4.!

$

!
Figure&9.1*20.!Xe!Kong!4!Alternatives.&

Xe$Kong$4$AlternativeC1$is$at$the$same$location$as$the$currently$proposed$Xe$Kong$4$Dam,$but$has$
a$reduced$dam$height.$$The$reason$for$reducing$the$dam$height$is$that$it$facilitates$implementation$
of$Xe$KongC5$AlternativeC1.$$If$the$dam$height$is$not$lowered,$the$head$at$Xe$Kong$5$AlternativeC1$
design$will$be$reduced$due$to$inundation.$$The$backwater$of$the$currently$proposed$Xe$KongC4$
Dam$reaches$the$toe$of$the$currently$proposed$Xe$Kong$5$Dam.$ $With$Xe$Kong$5$AlternativeC1$
located$downstream$of$the$currently$proposed$Xe$Kong$5$Dam,$it$is$necessary$to$lower$the$water$
surface$elevation$at$the$outlet$of$its$tailrace$tunnel.$ $The$dam$heights$of$all$the$Xe$Kong$4$Dam$
alternatives$have$been$set$such$that$their$tail$water$does$not$exceed$the$location$of$the$tailrace$
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tunnel$exit$of$Xe$Kong$5$AlternativeC1$ (see$Figure$9.1C20).$ $The$shorter$ reservoir$ lengths$and$
lower$reservoir$volumes$also$make$drawdown$flushing$more$feasible.$$Additional$head$for$power$
generation$at$Xe$Kong$4$AlternativesC2$and$C3$is$created$by$making$use$of$tunnels,$illustrated$by$
the$red$dashed$lines$in$Figure$9.1C20.$

Xe+Kong+4+Alternative+1+

The$Xe$Kong$4$AlternativeC1$design$incorporates$a$reduced$80$m$high$dam$at$the$same$
location$as$the$currently$proposed$Xe$Kong$4$Dam.$$Figure$9.1C21$shows$the$approximate$outline$
of$its$reservoir.$

$
Figure&9.1*21.&Reservoir!Cover!Area!of!Xe!Kong!4!AlternativeX1.&

Xe+Kong+4+Alternative+2+

The$Xe$Kong$4$AlternativeC2$design$incorporates$a$reduced$dam$height$of$40m,$which$is$
located$ approximately$ 40$ km$ upstream$ of$ the$ currently$ proposed$ dam$ site.$ $ This$ alternative$
includes$headrace$and$tailrace$tunnels,$approximately$7$km$in$length,$and$a$powerhouse$cavern$
(Figure$9.1C22).$$Figure$9.1C23$shows$the$approximate$reservoir$area.$

&
Figure&9.1*22.&Schematics!of!Alternative!2!of!Xe!Kong!4.!

$
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$
Figure&9.1*23.&Reservoir!Inundation!Area!of!Xe!Kong!4!AlternativeX2.&

Xe+Kong+4+Alternative+3+

The$Xe$KongC4$AlternativeC3$design$incorporates$a$reduced$dam$height$of$50$m,$which$is$
located$ approximately$ 24$ km$ upstream$ of$ the$ currently$ proposed$ Xe$ KongC4$ Dam$ site.$ $ This$
alternative$also$includes$approximately$7$km$of$tunnel/underground$work$including$headrace$
and$tailrace$tunnels$and$a$powerhouse$cavern$(Figure$9.1C24).$$Figure$9.1C25$shows$the$reservoir$
inundation$area.$

$
Figure&9.1*24.&Schematics!of!Xe!Kong!4!AlternativeX3.!
$



Sustainable+Hydropower+Master+Plan+for+the+Xe+Kong+Basin+

! Annex!9.1—27!

$
Figure&9.1*25.&Reservoir!Inundation!Area!of!Xe!KongX4!AlternativeX3.&

Xe+Kong+4+potential+to+pass+sediment+

Drawdown+flushing+

From$Figure$9.1C26$it$is$noted$that$the$flushing$criteria$are$substantially$met$at$all$four$
designs$ (except$ for$ TWR),$ which$ implies$ that$ drawdown$ flushing$ may$ be$ successfully$
implemented.$$From$a$sediment$passage$point$of$view$it$is$likely$that$Xe$Kong$4$AlternativeC2$will$
be$the$preferred$design$because$its$high$LTCR$value$implies$that$it$will$pass$the$greatest$amount$
of$deposited$sediment.$$From$an$operational$point$of$view,$it$is$also$favored$because$its$reservoir$
volume$ is$much$smaller$ than$any$of$ the$other$options.$ $ It$ is$estimated$at$only$768$million$m3,$
whereas$ the$ currently$ proposed$Xe$Kong$ 4$Dam$has$ an$ estimated$ reservoir$ volume$ equaling$
3,100$million$m3.$$For$purposes$of$drawdown$flushing$the$smaller$reservoir$volume$will$require$
less$ time$ for$ emptying$ the$ reservoir,$ and$ therefore$ less$ time$ lost$ for$ generating$ power.$ $ It$ is$
therefore$concluded$that$it$will$likely$be$possible$to$implement$drawdown$flushing$at$the$Xe$Kong$
4$Dam$and$its$alternatives,$provided$that$adequately$sized$midC$and$lowClevel$outlets$are$installed$
to$facilitate$its$implementation.$
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!

!
Figure&9.1*26.&Comparison!of!Quantified!Values!of!SBR,!FWR,!TWR,!SBRd,!LTCR,!and!DDR!and!Criteria!for!Xe!KongX4!Dam!
and!Alternative!Designs.&

Density+current+venting+

The$lack$of$a$rating$curve$providing$a$relationship$between$river$discharge$and$sediment$
concentration$ necessitated$ using$ the$ approach$ implement$ for$ the$ Xe$ Kong$ 5$ analysis$ for$
determining$ the$ potential$ viability$ of$ density$ current$ venting.$ $ The$ density$ current$ venting$
analysis$results$are$presented$in$Table$9.1C7,$which$contains$estimates$of$venting$efficiency$for$
various$possible$combinations$of$flow$magnitudes$and$sediment$concentrations.$

The$conclusion$made$from$Table$9.1C7$is$that$density$currents$might$form$in$the$reservoir$of$the$
Xe$Kong$4$Dam$if$the$sediment$concentrations$in$the$inflowing$water$are$high$enough.$ $It$also$
indicates$that$the$venting$efficiency$would$likely$be$on$the$order$of$about,$say,$25%.$$This$means$
that$if$density$currents$would$form$then$they$would$have$the$ability$to$discharge$about$25%$of$
the$ incoming$ sediment$ to$ downstream$ reaches$ of$ the$ reservoir$ if$ vented$ through$ a$ lowClevel$
outlet$at$the$dam.$
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Additional$ work$ that$ should$ be$ completed$ is$ to$ collect$ sediment$ concentration$ and$ water$
discharge$ data,$ as$ well$ as$ particle$ size$ distributions$ of$ suspended$ sediment$ flowing$ into$ the$
reservoir$during$high$flow$conditions.$$This$information$will$be$useful$to$provide$more$confidence$
about$the$possible$formation$of$density$currents.$

Table&9.1*7.&Venting!Efficiency!(%)!for!Xe!Kong!4!and!its!Alternatives.&

Flow&
(m3/s)&

Sediment&Concentration&(mg/l)&

100& 500& 1,000& 2,000& 5,000& 10,000&

205
2!

0! 0! 0! 9! 16! 21!

410! 0! 0! 0! 14! 20! 24!

1,025! 0! 0! 14! 20! 26! 29!

2,050! 0! 0! 19! 24! 29! 33!

Xe+Kong+3B+and+Xe+Kong+3A+

Xe+Kong+3B+

Xe$Kong$3B$hydropower$project$ is$planned$ to$be$downstream$of$proposed$Xe$Kong$4$
hydropower$project.$$The$main$features$of$this$project$are$listed$in$Table$9.1C8.$$Figure$19.1C27$
shows$the$approximate$inundation$area$reservoir.$$No$alternative$designs$were$found$viable$to$
replace$the$Xe$Kong$3B$Dam.$

Table&9.1*8.&Main!Features!of!Xe!KongX3B!Hydropower!Project.&

Item& Xe&Kong*3B&

Location! Lat.!15˚22.6’/!Long!106˚46.8’!

River! Xe!Kong!

Installed!capacity!(MW)! 146!

Rated!head!(m)! 34!

Design!discharge!(m
3
/s)! 460!

Full!supply!level!(m)! 160!

Catchment!area!(km
2
)! 5,882!

Mean!annual!flow!(m
3
/s)! 240!

Total!reservoir!volume!(mill!m
3
)& 425!

Reservoir!length!(km)! 15!

Bottom!width!of!the!dam!(m)! 200!

CIR!(Capacity!Inflow!Ratio)! 0.01!

Trap!efficiency!(%)! 48!

Sediment!yield!(t/km
2
/yr)! 280!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2"Average!annual!flow.!
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!
Figure&9.1*27.&Reservoir!Inundation!Area!of!Xe!Kong!3B.!(Note:!Xe!Kong!3up!is!the!same!as!Xe!Kong!3B.)&

Xe+Kong+3A+

The$Xe$Kong$3A$hydropower$project$is$proposed$at$the$most$downstream$reach$of$the$
cascade$formed$by$the$four$proposed$dams.$$Its$dam$site$is$located$near$the$powerhouse$of$the$
existing$152$MW$Houay$Ho$hydropower$project.$$Table$9.1C9$lists$the$main$features$of$the$Xe$Kong$
3A$ project.$ $ Figure$ 9.1C28$ shows$ the$ approximate$ reservoir$ inundation$ area.$ $ Investigations$
indicated$no$feasible$alternatives$for$replacing$the$Xe$Kong$3A$Dam.$

Table&9.1*9.&Main!Features!of!Xe!Kong!3A!Hydropower!Project.&

Item& Xe&Kong&3A&

Location!! Lat.!14˚34.2’/!Long!106˚54.9’!

River!! Xe!Kong!

Installed!capacity!(MW)! 140!

Rated!head!(m)! 17!

Design!discharge!(m
3
/s)! 568!

Full!supply!level!(m)! 117!

Catchment!area!(km
2
)! 9,700!

Mean!annual!flow!(m
3
/s)! 316!

Total!reservoir!volume!(mill!m
3
)& 486!

Bottom!width!of!the!dam!(m)! 200!

Reservoir!length!(km)! 21!

CIR!(Capacity!Inflow!Ratio)! 0.02!

Trap!efficiency!(%)! 55!

Sediment!yield!(t/km
2
/yr)! 290!



Sustainable+Hydropower+Master+Plan+for+the+Xe+Kong+Basin+

! Annex!9.1—31!

!
Figure&9.1*28.&Reservoir!Cover!Area!of!Xe!Kong!3A.!!(Note:!Xe!Kong!3d!is!the!same!as!Xe!Kong!3A,!and!Xe!Kong!3up!is!the!
same!as!Xe!Kong!3B.)&

Xe+Kong+3B+and+Xe+Kong+3A+–+potential+to+pass+sediment+

Drawdown+flushing+

The$ RESCON$ analysis$ performed$ on$ Xe$ Kong$ 3B$ and$ Xe$ Kong$ 3A$ Dams$ and$ their$
reservoirs$indicates$that$it$will$likely$be$feasible$to$implement$successfully$drawdown$flushing$at$
both$ facilities.$ $ This$ can$ be$ seen$ in$ Figure$ 9.1C29,$ which$ compares$ the$ drawdown$ flushing$
parameter$values$to$the$criteria$deemed$to$make$drawdown$flushing$successful.$$Only$one$of$the$
criteria,$i.e.,$TWR,$is$not$satisfied;$which$is$not$a$great$concern.$$It$is$noted$that$it$will$likely$be$
possible$to$implement$drawdown$flushing$at$these$two$dams$provided$that$adequately$sized$midC$
and$lowClevel$outlets$are$installed$to$facilitate$its$implementation.$
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!

!
Figure&9.1*29.&Comparison!of!Quantified!Values!of!SBR,!FWR,!TWR,!SBRd,!LTCR,!and!DDR!and!Criteria!for!Xe!KongX3B!and!
3A!Dams.!!(Note:!Xe!Kong!3d!is!the!same!as!Xe!Kong!3A,!and!Xe!Kong!3up!is!the!same!as!Xe!Kong!3B.)&

Density+current+venting+

The$density$ current$venting$analysis,$performed$using$ the$ same$basis$ as$ for$ the$other$
dams,$indicates$that$such$formation$may$be$possible$at$high$flows$that$concurrently$occur$with$
high$sediment$concentrations$(Table$9.1C10$and$Table$9.1C11).$$The$venting$efficiency$appears$to$
be$ slightly$ less$ effective$ at$ Xe$Kong$3A.$ $However,$ it$ is$ likely$ reasonable$ to$ assume$ a$ density$
current$venting$efficiency$of$about$20%$to$25%.$

$
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Table&9.1*10.&Venting!Efficiency!(%)!for!Xe!Kong!3B.&

Flow&
(m3/s)&

Sediment&Concentration&(mg/l)&

100& 500& 1,000& 2,000& 5,000& 10,000&

2403! 0! 0! 0! 13! 20! 24!
480! 0! 0! 9! 18! 24! 27!
1,200! 0! 0! 18! 23! 29! 32!
2,400! 0! 0! 22! 27! 32! 36!
$

Table&9.1*11.&Venting!Efficiency!(%)!for!Xe!Kong!3A.&

Flow&
(m3/s)&

Sediment&Concentration&(mg/l)&

100& 500& 1,000& 2,000& 5,000& 10,000&

3164! 0! 0! 0! 0! 15! 19!
632! 0! 0! 0! 13! 19! 23!
1,580! 0! 0! 12! 19! 24! 28!
3,160! 0! 0! 18! 23! 28! 32!
$

Cascade+of+Dams+–+flushing+

Flushing+discharges+

All$ the$ dams$ in$ the$ cascade$ have$ been$ found$ to$ be$ amenable$ to$ drawdown$ flushing.$$
However,$each$of$the$facilities$was$considered$independently$in$the$foregoing$sections.$$Because$
the$ dams$ are$ in$ a$ cascade$ it$ is$ necessary$ to$ perform$ an$ assessment$ of$ the$ effectiveness$ of$
drawdown$flushing$when$executed$in$a$cascade.$$When$flushing$dams$in$a$cascade$it$is$preferred$
to$implement$concurrently$the$procedure$at$all$dams.$$The$exact$timing$of$gate$openings,$from$the$
most$upstream$dam$to$the$most$downstream$dam,$is$determined$by$more$detailed$studies$to$be$
conducted$at$a$later$stage,$and$will$normally$be$refined$during$practical$implementation.$

Table$9.1C12$presents$the$flushing$discharges$that$may$be$considered$at$each$of$the$dams.$$The$
second$column$indicates$the$discharges$(Qf)$that$are$expected$to$result$in$viable$flushing$should$
the$ procedure$ be$ implemented$ independently$ at$ each$ dam$ (as$ determined$ in$ the$ previous$
sections).$ $ However,$ the$ fact$ that$ these$ dams$ are$ in$ a$ cascade$ requires$modification$ of$ those$
flushing$discharges.$ $The$discharges$that$will$be$used$when$flushing$the$cascade$(Qf_Cascade)$are$
shown$in$the$third$column$in$Table$9.1C12.$

$

$

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3"Average!annual!flow.!!
4"Average!annual!flow.!!
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Table&9.1*12.&Flushing!Discharges!in!Cascade.&

Dam& Qf&
(m3/s)&

Qf_Cascade&
(m3/s)&

Xe!Kong!5!AltX3! 274! 410!
Xe!Kong!4!AltX2! 410! 410!
Xe!Kong!3B! 360! 410!
Xe!Kong!3A! 632! 632!

$

For$ example,$ Xe$ Kong$ 4$ AlternativeC2$ is$ located$ immediately$ downstream$ of$ Xe$ Kong$ 5$
AlternativeC3.$$This$means$that$it$will$be$necessary$to$increase$the$flushing$discharge$at$Xe$Kong$
5$AlternativeC3$to$410$m3/s$to$ensure$that$the$flushing$discharge$at$Xe$Kong$4$AlternativeC2$is$
high$ enough.$ $ The$ higher$ discharge$ released$ from$ Xe$ Kong$ 4$ AlternativeC2$ implies$ that$ the$
flushing$discharge$available$at$Xe$Kong$3B$will$also$be$greater$than$originally$used$to$assess$its$
flushing$ feasibility.$ $For$purposes$of$ this$assessment,$ it$ is$ therefore$assumed$ that$ the$ flushing$
discharge$ at$ Xe$ Kong$ 3B$ is$ 410$m3/s.$ $ It$ is$ also$ assumed$ that$ the$ additional$ catchment$ area$
between$Xe$Kong$3B$and$Xe$Kong$3A$is$large$enough$to$ensure$that$the$flushing$discharge$at$the$
latter$facility$is$632$m3/s.$

Potential+of+cascade+to+pass+sediment+

The$effectiveness$of$flushing$the$cascade$of$dams$has$been$determined$by$calculating$the$
flushing$criteria$when$using$the$flushing$flows$required$for$flushing$the$cascade.$$Figure$9.1C30$
presents$the$analysis$results,$indicating$that$flushing$through$the$cascade$should$be$effective.$$The$
majority$of$criteria,$except$for$TWR,$are$satisfied.$

Sediment+management+combinations+

The$preferred$approach$to$managing$sediment$in$this$cascade$of$dams$is$to$implement$
sediment$management$ technology$ at$ all$ dams.$ $ This$means$ that$ it$ is$ desirable$ to$ incorporate$
adequately$sized$midC$and$lowClevel$outlets$at$all$dams$and$to$implement$a$sediment$management$
strategy$ requiring$ concurrent$ drawdown$ flushing$ at$ all$ reservoirs$ on$ a$ regular$ basis;$ either$
annually$or$at$least$every$two$or$three$years.$

Drawdown+flushing+effectiveness+

The$ effectiveness$ of$ passing$ sediment$ to$ the$ downstream$ river$ increases$ when$
implementing$ sediment$ management$ at$ all$ dams$ along$ the$ cascade.$ $ Table$ 9.1C13$ presents$
estimates$ of$ the$ reduction$ in$ sediment$ load$ in$ the$ river$ downstream$ of$ Xe$ Kong$ 3A$ when$
implementing$various$ combinations$of$ sediment$management$ in$ the$upstream$reservoir.$ $ For$
example,$if$sediment$is$not$passed$through$any$of$the$reservoirs$along$the$cascade,$the$reduction$
in$the$sediment$load$in$the$downstream$river$will$be$80%.$$It$means$that$only$20%$of$the$original$
sediment$load$will$be$present$in$the$river$if$the$cascade$of$dams$is$built$without$any$sediment$
management.$
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!

!
Figure&9.1*30.!Comparison!of!Quantified!Values!of!SBR,!FWR,!TWR,!SBRd,!LTCR,!and!DDR!and!Criteria!for!Flushing!through!
the!Cascade!of!Dams!along!the!Xe!Kong!River.!!(Note:!Xe!Kong!3d!is!the!same!as!Xe!Kong!3A,!and!Xe!Kong!3up!is!the!same!
as!Xe!Kong!3B.)&

!

Table&9.1*13.&Reduction!in!sediment!load!for!various!sediment!management!combinations.&

Management&Alternative&
Reduction&in&&
Sediment&Load&

No!Passage! 80%!
Passage!through!3B!and!3A!only!!62%!
Passage!through!3B,!3A!&!4! 43%!
Passage!through!all!dams! 28%!

On$ the$ other$ hand,$ if$ sediment$ passage$ is$ successfully$ implemented$ at$ all$ four$ reservoirs$ by$
making$use$of$drawdown$flushing$it$is$estimated$that$the$reduction$in$the$sediment$load$in$the$
downstream$river$will$only$amount$to$about$28%.$$It$means$that$the$amount$of$sediment$in$the$
river$ will$ equal$ about$ 72%$ of$ the$ current$ sediment$ load$ when$ successfully$ implementing$
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drawdown$ flushing$ in$ the$ cascade$of$dams.$ $The$ selected$projects$ to$accomplish$ this$goal$ are$
Xe$Kong$5$AlternativeC3,$Xe$Kong$4$AlternativeC2,$Xe$Kong$3B,$and$Xe$Kong$3A.$

The$estimated$reduction$in$sediment$load$when$implementing$sediment$management$at$Xe$Kong$
4$ AlternativeC2,$ Xe$ Kong$ 3B,$ and$ Xe$ Kong$ 3A$ is$ 43%.$ $ If$ sediment$ management$ is$ only$
implemented$at$Xe$Kong$3B$and$Xe$Kong$3A,$the$reduction$is$estimated$at$62%.$$It$is$therefore$
concluded$ that$ concurrently$ implementing$ sediment$management$ at$ all$ four$ dams$ along$ the$
cascade$will$significantly$increase$the$sediment$load$in$the$downstream$river.$

Density+current+venting+

In$addition$to$the$analysis$results$previously$presented$in$this$report,$a$rough$estimate$of$
venting$ efficiency$was$ also$made$ as$ a$ check$ calculation$ by$ using$ a$ relationship$ presented$ by$
Morris$and$Fan$(1998).$ $That$empirical$relationship$between$the$reservoir$ length$and$venting$
efficiency$is$expressed$as:$

!"" = −0.122. ln+(-) + 0.6907$

Where,$“Eff”$is$the$flushing$efficiency$and$“L”$is$the$reservoir$length$in$km.$$Table$9.1C14$presents$
the$sediment$venting$efficiency$with$respect$to$reservoir$length$for$different$cases.$$

It$ is$ noted$ that$ the$ average$ venting$ efficiency$ is$ approximately$ 30%$ for$ the$ most$ desirable$
projects,$i.e.,$Xe$Kong$5$AlternativeC3,$Xe$Kong$4$AlternativeC2,$Xe$Kong$3B,$and$Xe$Kong$3A.$$Based$
on$this$information$and$the$information$previously$presented$in$the$report$it$may$be$concluded$
that$it$might$be$likely$to$pass$about$30%$of$the$incoming$sediment$loads$associated$with$density$
currents,$should$ they$exist.$ $Additional$studies$ to$determine$the$potential$existence$of$density$
currents,$based$on$measured$sediment$and$water$discharge$data,$are$required$to$confirm$this$
result.$$If$it$is$found$that$density$currents$will$likely$occur,$it$will$also$be$necessary$to$determine$
whether$they$could$be$passed$through$a$cascade$of$dams.$$This$might$be$a$challenge$because$the$
upstream$ends$of$reservoirs$are$generally$very$close$to$each$of$the$dams.$$However,$it$is$noted$
that$ installation$ of$midC$ and$ lowClevel$ outlets,$ adequately$ sized,$will$ facilitate$ density$ current$
venting$should$they$occur$once$the$dams$are$constructed.$

Sluicing+

It$ is$ noted$ that$ sluicing$ effectiveness$ was$ not$ studied$ because$ general$ criteria$ for$
determining$its$success$are$not$generally$available.$$The$potential$to$use$sluicing$as$a$sediment$
management$ techniques$ requires$ more$ detailed$ investigations.$ $ However,$ it$ is$ noted$ that$
installation$of$adequately$sized$midC$and$lowClevel$outlets$will$facilitate$its$implementation,$as$it$
will$implementation$of$drawdown$flushing$and$density$current$venting.$$

Table&9.1*14.&Density!Current!Venting!Efficiency!using!Empirical!Relationship.&

Reservoir&
Length&
(km)&

Efficiency&
(%)&

Xe!Kong!5! 41! 24!
Xe!Kong!4! 92! 14!
Xe!Kong!3B! 15! 36!
Xe!Kong!3A! 21! 32!
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Alternatives&
Xe!Kong!5!AltX1! 32! 27!
Xe!Kong!5!AltX2! 20! 33!
Xe!Kong!5!AltX3! 18! 34!
Xe!Kong!5!AltX4! 35! 26!
Xe!Kong!4!AltX1! 71! 17!
Xe!Kong!4!AltX2! 31! 27!
Xe!Kong!4!AltX3! 47! 22!

Conclusions!
Sediment$management$techniques$to$facilitate$passage$of$sediment$through$the$cascade$of$dams$
consisting$of$the$Xe$Kong$5,$Xe$Kong$4,$Xe$Kong$3B$and$Xe$Kong$3A$Dams$were$considered.$$The$
methods$ that$were$ studied$ include$ sluicing,$ drawdown$ flushing$ and$ density$ current$ venting.$$
Design$ criteria$ compatible$with$ the$ preCfeasibility$ level$ of$ assessment$ performed$ during$ this$
study$have$been$used$to$determine$the$relative$level$of$success$that$can$be$accomplished$when$
using$these$sediment$management$techniques.$$

Simple$design$criteria$for$establishing$the$relative$success$of$implementing$sluicing$have$not$been$
established$in$the$profession$at$this$time.$$It$was$therefore$not$possible$to$determine$its$potential$
success$as$a$sediment$management$technique$during$this$preCfeasibility$study.$$It$means$that$the$
potential$use$of$ sluicing$as$ a$ sediment$management$ technique$ should$be$determined$ through$
more$detailed$studies$during$the$feasibility$and$design$stages$of$these$projects.$$

Drawdown$ flushing$ was$ found$ to$ be$ potentially$ feasible$ for$ the$ proposed$ designs$ of$ all$
considered$projects.$$By$considering$alternatives$for$Xe$Kong$5$and$Xe$Kong$4$Dams,$it$was$found$
that$the$effectiveness$of$flushing$can$be$considerably$increased.$$The$preferred$projects$are$the$
Xe$Kong$5$AlternativeC3$and$Xe$Kong$4$AlternativeC2.$$These$alternatives$have$reservoirs$of$lesser$
lengths$and$lesser$volumes$that$currently$proposed.$$This$means$that$sediment$removal$would$
be$ more$ effective$ because$ drawdown$ will$ occur$ more$ rapidly,$ thereby$ reducing$ power$
production$downtime.$$

It$was$found$that$the$reduction$in$sediment$load$in$the$river$downstream$of$the$cascade$may$be$
reduced$ from$ 80%$ when$ sediment$ management$ is$ not$ implemented$ to$ only$ 28%$ should$
drawdown$flushing$be$concurrently$implemented$at$all$dams$along$the$cascade.$ $The$estimate,$
therefore,$ indicates$that$the$sediment$load$in$the$downstream$river$will$ increase$from$20%$of$
what$it$currently$is$(with$no$sediment$management)$to$about$72%$of$what$it$currently$is$(when$
concurrently$ implementing$drawdown$ flushing$along$ the$entire$ cascade).$ $To$accomplish$ this$
improvement$in$the$availability$of$sediment$after$construction$of$the$cascade$it$is$necessary$to$
use$Xe$Kong$5$AlternativeC3$and$Xe$Kong$4$AlternativeC2$modified$designs$(or$other$designs$that$
may$be$devised,$which$perform$at$those$levels$or$better)$and$the$currently$proposed$Xe$Kong$3B$
and$Xe$Kong$3A$designs.$$

The$use$of$density$current$venting$in$addition$to$drawdown$flushing$may$further$ increase$the$
amount$ of$ sediment$ that$ is$ released$ downstream$ of$ the$ cascade.$ $ The$ preliminary$ estimates$
performed$during$this$study$indicate$that$it$may$be$possible$to$release$about$30%$of$the$amount$
of$sediment$entering$a$reservoir$during$the$occurrence$of$a$density$current.$$It$is$noted$that$the$
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analysis$ conducted$ during$ this$ study$ did$ not$ have$ available$ sediment$ data$ (i.e.,$ particle$ size$

distributions,$ sediment$ concentrations$ and$ sediment$ rating$ curves),$ which$ are$ required$ for$

defensible$analysis.$$However,$sensitivity$analyses$of$the$potential$of$density$current$formation$

presented$ in$ this$ report$ indicate$ the$ combinations$ of$ water$ discharge$ and$ sediment$

concentrations$that$may$result$in$such$occurrences.$$Once$sediment$data$have$been$collected,$it$

may$be$possible$to$predict$the$potential$for$density$current$formation$with$more$confidence.$$

The$preliminary$estimates$of$density$current$efficiency$indicate$that$it$is$approximately$30%$for$

Xe$Kong$5$AlternativeC3,$Xe$Kong$4$AlternativeC2,$Xe$Kong$3B,$and$Xe$Kong$3A.$$This$means$that$

it$might$be$possible$to$concurrently$vent$density$currents$through$the$cascade$of$dams,$should$

they$occur.$$However,$this$opinion$requires$further$investigation$during$more$detailed$feasibility$

and$design$studies.$$

It$ is$ therefore$ concluded$ that$ the$ availability$ of$ sediment$ in$ the$ downstream$ river,$ after$

construction$of$the$cascade$of$dams,$may$be$considerably$increased$through$implementation$of$

reservoir$sedimentation$management$technology.$ $The$analysis$results$indicate$that$the$use$of$

alternative$ dam$ designs$ combined$ with$ drawdown$ flushing$ may$ increase$ the$ availability$ of$

sediment$ in$ the$ river$ downstream$ of$ the$ cascade$ by$ about$ three$ times,$ i.e.,$ it$ is$ expected$ to$

increase$ from$20%$to$about$72%$of$what$ it$ currently$ is.$ $The$provision$of$ lowC$and$midClevel$

outlets$ required$ for$ drawdown$ flushing$ may$ also$ provide$ additional$ sediment$ management$

benefits$if$it$is$found$that$density$currents$occur$in$the$reservoirs.$$In$such$cases,$the$lowClevel$

outlets$may$be$used$to$vent$those$density$currents.$ $Similarly,$the$availability$of$lowC$and$midC

level$ outlets$ will$ also$ facilitate$ implementation$ of$ sluicing,$ should$ it$ be$ found$ during$ further$

studies$to$be$a$viable$sediment$passage$technique.$$Importantly,$it$is$emphasized$that$adequately$

sized$lowClevel$and$midClevel$outlets$should$be$provided$at$all$dams.$$Provision$of$such$outlets$

will$not$only$facilitate$drawdown$flushing,$but$will$also$make$possible$density$current$venting$

and$sluicing$should$those$management$techniques$be$found$to$be$viable.$

Recommendations!

Based$on$the$findings$of$this$study$the$following$recommendations$are$made:$$

1." Consider$ implementing$ Xe$ Kong$ 5$ AlternativeC3$ and$ Xe$ Kong$ 4$ AlternativeC2$
design$ modifications$ proposed$ in$ this$ report.$ $ These$ alternative$ designs$

significantly$improve$the$ability$to$pass$sediment$by$means$of$drawdown$flushing.$$

The$ proposed$ alternative$ designs$ should$ be$ refined$ during$ the$ feasibility$ and$

design$stages$of$the$project.$$

2." Implement$ technology$ facilitating$ sediment$management$ at$ all$ dams$ along$ the$
cascade,$i.e.,$at$Xe$Kong$5$AlternativeC3,$Xe$Kong$4$AlternativeC2,$Xe$Kong$3B$and$

Xe$Kong$3A.$$

3." Install$ adequately$ sized$ lowC$ and$ midClevel$ outlets$ in$ each$ of$ the$ dams.$ $ The$
outlets$must$ be$ adequately$ sized$ to$ facilitate$drawdown$ flushing,$ sluicing,$ and$

density$current$venting.$$

4." During$ the$ feasibility$ and$ design$ phases$ of$ the$ project,$ conduct$ studies$ to$
establish$how$the$cascade$will$be$operated$to$pass$sediment.$$This$means$that$each$

dam$ should$ not$ be$ independently$ designed,$ but$ that$ a$ comprehensive$ design$

incorporating$ all$ four$ dams$ should$ be$ performed.$ $ During$ such$ studies,$ it$ is$
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necessary$to$carefully$study$the$management$and$movement$of$sediment$through$
and$downstream$of$the$entire$cascade$of$dams.$$The$configuration$of$the$cascade$
of$dams$indicates$that$it$will$be$necessary$to$concurrently$implement$sediment$
management$ techniques$ at$ each$ of$ the$ dams.$ $When$ implementing$ drawdown$
flushing$ and$ sluicing,$ it$ is$ necessary$ to$ commence$ opening$ gates$ at$ the$ most$
upstream$dam.$$The$gates$at$the$other$dams$are$then$opened$in$succession,$from$
upstream$ to$ downstream.$ $ Refinement$ and$ optimization$ of$ such$ an$ operating$
procedure$is$necessary$as$part$of$the$feasibility$studies$and$design$of$the$cascade$
of$dams.$$Operating$procedures$for$density$current$venting$in$the$cascade$of$dams$
should$be$established$during$ the$ feasibility$and$design$stages$of$ the$cascade$of$
dams.$$$

5." Collect$ field$ data$ at$ each$ dam$ site,$ including$ particle$ size$ distributions$ of$
suspended$sediment$and$bed$load,$and$concurrent$measurements$of$suspended$
sediment$concentrations$and$water$discharge$data.$$This$information$is$required$
to$develop$sediment$rating$curves$and$to$assess$in$more$detail$the$characteristics$
of$drawdown$flushing,$sluicing,$and$density$current$venting.$$

6." Perform$additional,$more$detailed$studies$during$the$feasibility$and$design$stages$
of$the$cascade$of$dams$to:$$
A." Refine$the$drawdown$flushing$design$and$the$operating$procedures$$
B." Establish$the$viability$of$using$sluicing$to$pass$additional$amounts$of$sediment$

and$establish$the$required$operating$procedure.$$
C." Determine$whether$density$currents$are$likely$to$occur$within$the$reservoirs$

upstream$of$ the$dams,$ thereby$allowing$ implementation$of$density$ current$
venting$as$an$additional$sediment$management$technique$to$pass$sediment$
downstream.$$

D." Study$ and$ refine$ the$ operating$ procedures$ to$ successfully$ pass$ sediment$
through$ the$ cascade$ of$ dams$when$using$drawdown$ flushing,$ sluicing,$ and$
density$current$venting.$$

$
!
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