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Summary

In the Mekong River Basin, most fishes are migratory. Many of them migrate long distances, often
across international borders during their seasonal movements. People throughout the basin depend,
directly or indirectly, upon the migrating fish for food and livelihood. Water management projects
such as hydroelectric dams could adversely impact those migrations and thus negatively effect the
livelihoods of a large number of people.

This report identifies some key features of the Mekong River ecosystem that are important for the
maintenance of migratory fishes and their habitats. The report further discusses ways in which
available information about migratory fishes can be incorporated in planning and environmental
assessments.

Three distinct, but inter-connected, migration systems have been identified in the lower Mekong
River Basin, each involving multiple species. These are respectively the lower (LM S), the middle
(MM S) and the upper (UM S) Mekong migration systems. These migration systems have evolved as
a response to the hydrologica and morphologica shape of the Mekong in its lower, middle and
upper sections.

In acomplex, multi-species ecosystem, such asthe Mekong River Basin, single-species management
isnot feasible. Instead, amore holistic ecosystem gpproach is suggested for management and planning.
The migration systems mentioned above could be used as the initia, large-scale framework under
which ecosystem attributes can be identified and, in turn, transboundary management and basin
development planning can be implemented.

Theimportant ecological, or ecosystem, attributes of migratory fishes areidentified for each migration
system. The emphasis is on maintaining critical habitats, the connectivity between them and the
annud hydrological pattern responsible for the creation of seasona floodplain habitats.

The Lower Mekong Migration System (LMYS)

Dry season refuge habitats: Deep pools, particularly in the Kratie-Stung Treng stretch of the
Mekong mainstream.

Flood-season feeding and rearing habitats: Floodplainsin the Mekong Deltain Viet Nam, in
southern Cambodia, and in the Tonle Sap system.

Spawning habitats: Rapids and deep pool systems in Kratie-Khone Fdls, and in the Sesan
catchment. Floodplain habitats in the south (e.g. flooded forests associated with the Tonle Sap
Great Lake).
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Migration routes: The whole Mekong mainstream from the Mekong Delta to the Khone Falls,
including the Tonle Sap River (longitudina connectivity). Between floodplain habitats and river
channels (lateral connectivity). Between the Mekong mainstream and the Sesan
sub-catchment (including the Sekong and Srepok Rivers).

Hydrology: The annual floods that inundate large areas of southern Cambodia (including the
Tonle Sap system) and the Mekong Delta, and the annual reversal of the Tonle Sep River, are
essential for fisheries productivity.

The Middle Mekong Migration System (MMYS)

Dry season refuge habitats: Deep pool stretches of the Mekong mainstream and within major
tributaries.

Flood-season feeding and rearing habitats: Hoodplains of thissysem that are mainly associated
with mgjor tributaries.

Spawning habitats: Rapids and degp pool systems in the Mekong mainstream. Floodplain
spawning habitats associated with tributaries.

Migration routes: Connections between the Mekong River (dry season habitats) and major
tributaries (flood season habitats).

Hydrology: The annua flood pattern that causes inundation of floodplain areas dong major
tributaries.

The Upper Mekong Migration System (UMYS)

Dry Season refuge habitats: Occur throughout the extent of the Upper Mekong Migration
System, but are most common in the downstream stretch from the mouth of Loel River to Louang
Prabang.

Flood-season feeding and r earing habitats:Hoodplain habitats are restricted to the floodplains
that border the main river, as well as smaller floodplains along some of the tributaries.

Spawning habitats: Spawning habitatsthat are situated mainly in stretcheswhere rgpids dternate
with deep pools.

Migration routes: Migration corridors between downstream dry-season refuge habitats and
upstream spawning habitats.

Hydrology: The annual flood pattern that triggers fish migrations and causes inundation of
floodplains.

These ecosystem attributes should be taken into account when assessing impacts of development
activities. A pre-requisite for impact assessmentsisavaluation of theimpacted resource (e.g. migratory
fishes) from a fishery perspective. Undertaking such a vauation of migratory fishes is extremely
difficult because they are targeted throughout their distribution range in many different ways, and
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with many different fishing gears and operations. Given the scale and complexity of such an
undertaking in the Mekong River, it is probably not possible to fully assess the economic value of
migratory fishes.

However, a partial assessment of value, together with an assessment of information gapsisin many
cases sufficient for planning and assessment purposes. It is also important to emphasise that in the
decision-making process, quditative information and knowledge from various sources should be
included on equal terms with quantitative data. Furthermore, along with the direct value of fishery
resources, the Mekong River ecosystem provides numerous intrinsic, non-quantifiable goods and
services.

To ensure that the Mekong River Basin can continue to provide these important goods and services,
we propose that devel opment planning and environmental assessment should be based on an ecosystem
approach within which the ecological functioning, productivity and resilience of the ecosystem are
maintained. Experiences from other river basins suggest that from an economic, social and
environmenta point of view, thisis best way to utilise ariver.
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etk gGag TenemKg RtPaKetenCatbeP TRt HasT. PaKercnenBBKRth lasTELgeF

cracrpvopyeday agkatiBR0T 1 GnrCatkgravb Ias TrosBkve. fbCaCnkgGagTagm 1

Botpkedaypal redayRoeyaléTh IRbePTRED DasTsrabCabGahar ngCuPaBrsenk.

KeragRKAKQ Tk CeeRen deCaTnbvarGENGacCH\TB I GaRkkyagFnFrd Rkarb HasT rhsit
ngCal T lp I p 1 B2l CaGvOnana | CvPaBrsendrbsRbCaCnCaedco

GtbTentngbaaj nvlkNBesSCaknHmy cnnenfbBneGk Tenemkg Ed I mansardsxan
o DkartfrkSRoePTRtD 1asT ngCrkrbsttRbePTenH. GtbTeningp I CabEnmnwFEdl
eyGacTT )anBtmansGBRoeP TRt NasTEd IRty )aneKdakbBal éTAk oEpnkar ngkar
wy & 1 brsinngns.

foBnb BasTennbepSoRkatd EmanTnak TngheeTAvg eTAmk Rtv)aneKk tsKaleX j man
ek Gag TenemKgerkamed KRbBnnmy2CabTakTgKaCamyBCRtCaRcn. TagGseniCa
fBnb las TaaceaayELk2BKarvagEpkxageRkam EpkkNal ngPaKxage lenTengmKg.
foBnb s TTagenyaneqy theTAngRTgRTay C lva ngrbosRsenTenemKoeniEpkxagetkm
KNal ngxage lrbsTerent.

KgRbBneGkerHRoePT ngsa g amydcCaGagTeamKg karfKbAKgRhePTeTa l Namyena
mnGaceF )aneLy. pyeThvg eK)aneseGaymankarKbRKgmy ngkardekEpnkartamTs
cchsrabRoBneGKTagm . ralfbBnb Ras TEd Danbrysyxage | GaegfoRaskorkbxN
enkarcabepm bkgvsalPBmyT LayEd EkgentiGtsBaNenektn3PNRoBneGKTag
enf)anktvbgg J eGayeX § ngCabn eThkarfKoRKgagedn ngkareFEpnkarGPYDink gGag
GaeONVETAN.

cktn3PNdsxanrbsibBneGk reGk L sentoeP TRt HasTRty)ineKsKaleX j ceBif
foBnb RasTomy2. sardsxankkartfriSiral Crksxar? PBTakTqHeTA g eTmknagCrk
ndeNrC IvTizRbcaogtol I Fanad B karbegeGaymanCrkenidon I cTktamravCaghenkEng .
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oBnb Has TendTenemKgPaKxagetkan

Crkrsenirdilag® GngeACk2CaBes senkex tRkech ngextsgERtytambeNay TenemKg.
cNGihamardvTkdeLg  ngCrkiBC Tnab I cTkkydbnds NTenemKeenfsTs evotNam
abnPaKxagt ofoeT skmCa ngtamRbBnTensah .

CrkBokr AoBnGrggCi2ng o Tkentkgextikect I akexan ngclonrg TkeRgenTeressan.
CrkCagfenentkgdon I cTkPaKxagtg -] abrefB I cTkCvj bgTensab .

pvcracrit® RbBnTenemKgTagm I cabBdbndsNTenemKgrhvtd | akexan mmbBa
TagTensab ~TnekTngBxSry2oeNay | . nagCrkabnd cTkngTemana-TrakTngep lat;].
g Tenemkg ngGndbnrg TkeRyenTenes san ~mioBal TagTeneskg ngTertRsBk! .

Clsiis? CnnfbcaopyagF HgeIytd 1 HcdbnCaghernPakxagt, gRbeT skmCa Kt
bBa I TagRbBnTensab; ngdondsNremKg RBmTagkarhrtLbrbsTensabmansars
sxnNasceBHp 1tPBCHpl.

ioBnb HasTendTenemKgPakk Nz

Crkrsenirdi)agf — manenitamGrogCA2enTenemKg ngenktamedF2enTengmKg.
cNGihamarhTkoeLg ngCrkbBC Crkctamdon I cTkPaketenCaBes SCabtagdTenF2.

CrkBgkn®  enktamRbBnGngeACE2 ngdbonfoRbHTKTenemKg. enktamCrkBgkndbn
LcTktamedTen.

picrcrt® CabinagTenamKg -CrkrdvR)ags ng tameaTenF2 ~CrikrdvCnry .

Cls#s® RoePT RTgRTay ngvsal PaBTkCnnfbcacabNall eGaymankar I cdbnTnib
enedTenF2.
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Bnb BasTendTeremKoPaKxage

Crkrsendrdi)ag® — ektmanendTTagRbBrTenemKge I bk PakefermanendkgdonPeKxag
dkameabBmetenTene Ly d 1 1 ghe)ag.

cNGzhamardvTkdeLg  ngCrkbnBC? Crkdbn B cTkCagtenmanenidon I cTkEd |
CABROT lenTenF2 kdcCadonval Tnabyt@ tambeNayeaTentc2mycnn

CrkBok  CrkBoknfteniCaBess tamtbnBROHTKE IminGrogCle.

pucracrtt®  purebogh Ras TmanendcenHCrkrseninardvR)ageniPakxageikam ngCrkBg
knendPeKxagel.

Cls#s® RoePTRTORTay ngvsal PaBTKCnnfbcaeCaKriCr g eGaymankarh ST rbsht
ngeGaymanTkCnnd I Tngbk NI .

tktn3sm, tRoBneGKTageniKh itv)aneKy ke tTkdakendeB leFkarvayte 1Bp I brBa
ON& I mkBsknPaBGPYDinnana. karthmveGaymankarvay/te I CamnBp B oHBa I KCaker
vy temnvEnFantd 1 GacTT HrgkarbBal -] foePTRED BasT; elvsyClpl. kareF
karvay te IRbePTRtD Ras TEbbentKmankar I)akCaThpt BeRBatekktvkN tekaledirbs
vitamry kareroocCaaknPadlayvFepScPceBafbeP ThtTagent nrtamrebokenkareF ensaTng
thePT]bkrNensaTepsg2eTot.  edaysattvsal P ngPaBs Ksaj enkar
GnvtnEbbentenik g TenemKgdectehy eTheKmnGacvay temCarm)anGBsarsxand |
ssokerosRePTRED BasT .
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aTHCayagNak kgkrNCaghenkanay te ImyEpkNaRBmCamyngkanvay te Relkgf
xatEpkBtmanGacRKbRKansrabkareFEpnkar nghereKa lecikarvay tem. vaCakardca)ac
pgkclred 12 kyoeNrkareFescksercet ceNHdg ngBtmantd ImankNPaBBROPBepSy
2h, 0akbBa leGayes Kang Tmy CabrmNpakdr . benme  senteTotmCamyngte I
palnfbPBFFnC Ip I ABneGkTenemKgp leGaynmGnk3yagsamm RTBism,t
mnGackateT)in ngesvaCacn.

oo, Fang)anfa Gag TenemKgGachnp IndTBlism,t ngesvadmante I Tagen eygrests
karksagEpnkarGPvDn ngkarvayté Borsankb, Qre I m I dinTsSn3hBneGkEd Tkg
eneteyofturkSGay ) nnvkaroRB€TAenfoBneGKLs p I tP#B nglinkartxBald 1 AbBneGk
. bTBesaFnTagLayed anmkBoNaGagTenepsg2p Heyab Iz ceBitvgy brsin sgm
ngesdk enCarmyd Hop thgkarsbdesTen.
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DI CU CUA CA O HA LUU SONG ME CONG
NHUNG VAN DPE LIEN QUAN
TOI QUI HOACH PHAT TRIEN VA QUAN LY MOI TRUONG
Anders F. Poulsen, Ouch Poeu, Sitavong Viravong,

Ubolratana Suntonratana va Nguyén Thanh Ttng

Tém tit

Da s6 ¢4 ¢ luu vire song Mé cong 13 ¢4 di cu. Rat nhiéu loai trong mua di cu cta
chung di chuyén cu ly kha xa, vuot qua bién gidi qudc té. Nguoi dan song trong luu vire
tryc tiép hodc gian tiép phu thudc vao ca di cu dé 1dy thyc phdm va sinh nhai. Cac dy an
quan 1y nudc nhu cac dap thuy dién cé thé gdy hai cho su di cu, tir 46 anh hudng x4u
dén cudc séng cua mét by phan 16n dan cu.

Béo céo nay xac dinh mét sb dic tinh then chdt cta hé sinh thai song Mé Cong
lién quan dén viéc bao vé ca di cu va noi cu tril ciia ching. Bio cdo nay con thio luan
phuong hudng st dung thong tin vé ca di cu trong viéc hop tac xay dung ké hoach va
danh gia moi truong.

O ha luu song Mé Cong ngudi ta da xac dinh dugc 3 hé di cu riéng biét lién
quan dén nhiéu loai c4, c6 lién hé mat thiét voi nhau d6 1a: hé ha luu (LMBS), hé trung
luu (MMMS) va hé thugng luu (UMBS). Nhiing hé di cu nay duogc hinh thanh tir viéc
thich nghi véi diéu kién thiy van va hinh thai cia cac ving ha, trung va thuong luu cia
song Mé Cong.

Trong hé sinh thai tong hop, da loai nhu luu vuc song Mé Cong thi viée chi quan
1y don loai 1a khong kha thi. Trai lai, nguoi ta dé xuat sy tiép can ca hé dé quan 1y va
qui hoach. Nhitng hé di cu di noi & trén s& duoc st dung nhu miu ban dau, dé xac dinh
n6 thudc hé sinh thai nao, va tir d6 c6 thé van dung bién phap quan ly xuyén bién gidi
va qui hoach phat trién luu vuc.

Mbi hé di cu dugce xic dinh bdi nhitng thudc tinh sinh thai quan trong cua ca di
cu. Bao vé noi cu tra ¢o tinh nguy co, duy tri mdi lién hé giita chung va mé hinh céac
yéu t6 thily vin hang nim da tao ra noi cu trii theo mila & viing ngap 1a nhing diéu can
duoc nhin manh.

H¢ thong di cr ha luu séng Mé Cong (LMS)
Noi 4n niu trong mua khd: Vuyc sau chay doc theo dong chinh song Mé Cong dic biét

la ¢ tinh Kra Chié, Stung Treng .



Noi kiém in va v béo trong mua lii: Ving ngip ¢ dong bang song Ctru Long Viét
Nam, mién nam Cam Pu Chia va trong hé thong bién ho Tong Lé Sap.

Bii dé: hé thong thac ghénh va vyc sau tir Kra Chié dén thac Khon va luu vuc song Sé
San. Ving ngap & phia nam (nhu rimg ngap nudc khu vuc bién hé Tong Lé Sap).
Puong di cu: Trén dong chinh tir dong bang song Ciru long dén thac Khén bao gom ca
song Tong Lé Sap (chay theo hang doc); gilta noi cu tra viung ngdp va cac nhanh song
(chay theo hang ngang); giita dong chinh song Mé Cong va tiéu luu vuc song Sé San
(bao gom ca song Sé Cong va song Sré Pc).

Thuy vin: 1i hang nim lam ngép ca ving rong 16n phia nam Cam Pu Chia (bao gom ca
hé thong song Tong Lé Sap) va dong bang song Ctru Long va thoi gian song Tong Lé

Sap chay nguoc lai 1a thoi gian rat quan trong d6i véi san luong ca.

H¢ thong di cu trung luu séng Mé Cong (MMS)

Noi 4n nau trong mua khé: Vuyc sau chay doc theo dong chinh song Mé Cong va céac
nhanh chinh .

Noi kiém in va vd béo trong mua lii: Ving ngap cua hé thong nay phu thudc chi yéu
vao cac nhanh chinh.

Bii dé: hé thong thac ghénh va vuc sau dong chinh song Mé Cong. Bai dé trimg ving
ngap lién quan dén céac chi luu.

Puong di cu: Noi giita dong chinh séng Mé Cong (noi cu tri mua kho) véi cac chi luu
(noi cu trd mua 10).

Thuy véan: 14 hang nam gay nén su ngdp khu vuc doc theo chi luu chinh.

H¢ thong di cu thwong luu séng Mé Cong (UMS)

Noi 4n niu trong mia khé: Xuét hién trong sudt h¢ thong UMS nhung phd bién 1a
phan ha luu tir ctra song Loei dén Ludng Prabang.

Noi kiém in va vd béo trong mua lii: noi cu tra trong ving ngép bi thu hep trong
pham vi ving ngap cua dong chinh ciling nhu doc theo ving ngap cua céc chi luu .

Bii dé: noi dé trang phan b doc theo dong chay noi thac ghénh ké tiép vuc sau.
Puwong di cu: hanh lang di cu ndi noi cu tra mua kho & ha luu voi cac bai dé ¢ thuong
luru.

Thuy van: 14 hang ndm gay nén su ngap va kich thich ca di cu.



Heé thdng sinh thai trén day can phai duoc tinh dén khi danh gia anh hudng ciia cac hoat
dong phat trién. Piéu kién tién quyét dé danh gia anh huong 1a danh gia ngudn tai
nguyén bi anh hudng (¢ day 1a ca di cu) ddi véi vién canh nghé ca. Tién hanh danh gia
ca di cu nhu vay 1a viéc rat kho vi nhitng ca nay duoc khai thac theo nhiing ving phan
bd khac nhau, ngu cu khac nhau va thao tac khac nhau. Tién hanh dva ra muc do va
tong thé khi danh gia vé gia tri kinh té ctia ca di cu & song Mé Cong 1a khong thé duoc.
Tuy nhién, danh gia mot phan gia tri di doi voi danh gia su thiéu hut thong tin trong
nhiéu truong hop 1a thich hop cho viéc du doan va xay dung ké hoach. Mot diéu quan
trong can phai nhin manh 1 trong qua trinh dua ra quyét dinh thi thong tin vé chét
luong va sy hiéu biét tir nhidu ngudn khac nhau can phai coi ngang gia tri v6i thong tin
vé s6 lugng. Ngoai ra, di doi véi gia tri ngudn loi ca truc tiép, hé thong sinh thai song
Mé Céng con cung cip nhing ciia cai qui va dich vu khac.

Pé dam bao cho song Mé Cong c6 thé tiép tuc cung cap cia cai va dich vu d6 chung t6i
kién nghi viéc xdy dung phat trién va danh gia moi truong phai dua trén co so sy tiép
can sinh thai, trong d6 chirc nang sinh thai, san phém va tinh mém déo cua hé sinh thai
phai duoc duy tri. Kinh nghiém tir cac hé thong séng khac cho thay xuat phat tir quan

diém kinh té xa hoi va moi truong, day 1a con duong tot nhat dé khai thac dong song.



Introduction 1

1.1 Background

The Agreement on the Cooperation for the Sustainable Development of the Mekong River Basin
(The Mekong Agreement), which was signed in 1995 by the four countries of the lower Mekong
Basin (LMB), Cambodia, Lao PDR, Thailand and Viet Nam, is the legal foundation for the Mekong
River Commission (MRC). Through this Agreement the four countries are committed to:

“...cooperate in all fields of sustainable development, utilization, management and
conservation of the water and related resources of the Mekong River Basin including,
but not limited to irrigation, hydro-power, navigation, flood-control, fisheries, timber
floating, recreation and tourism, in a manner to optimize the multiple-use and mutual
benefits of all riparians and minimize the harmful effects that might result from natural
occurrences and man-made activities” (Article 1 of the Agreement).

Article 1 of the Agreement thus clearly reflects the fact that the Mekong River ecosystem provides
a wide range of benefits and resources, including fisheries. The fishery of the Mekong River Basin
is probably one of the largest and most important inland fisheries in the world * . The main reasons
for this are:

e The river contains an unusually large number of species (probably more than 1,200).
e Alarge number of people are involved in fisheries activities in the basin.
e Large areas of floodplain remain accessible for fish production.

e The annual flood pulse, which drives fish production on the floodplain, has not been greatly
affected, in contrast to most other large rivers.

e Inmost of the basin, large-scale fish migrations provide the basis for the seasonal fisheries along
their migration routes. These migrations have not been affected as in most other large rivers.

The issue of fish migration is of particular interest to the MRC, since many migratory fish stocks
constitute transboundary resources, i.e. resources shared between two or more of the riparian
countries. Resolving transboundary issues is one of the main reasons for the existence of the MRC
and, therefore, one of its core working areas.

Although much is still to be learned about fish migrations in the Mekong, documented knowledge
has substantially increased in the past decade. During this period, the Fisheries Programme of the
MRC has carried out field surveys and research that have confirmed the importance of the Mekong
fisheries and documented some of the ecological processes and functional characteristics that support
these fisheries, including the role that fish migrations play in ecosystem functioning and productivity.

! The total annual catch of the lower Mekong River Basin has been estimated at 1.5 — 2 million tonnes, and is particularly
important for food security and income generation for the large rural population of the basin.
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Fish migrations of the Lower Mekong River Basin

1.2 The purpose of this report

The intention of this report is to promote the integration of ecological information into future basin
planning processes and environmental assessment (EA) procedures for the Mekong Basin. The
emphasis is on migratory fishes and the critical habitats and ecosystem attributes that sustain this
important resource.

The main targets of the report are the three core programmes of the MRC, the Basin Development
Plan (BDP), the Water Utilisation Programme (WUP) and the Environment Programme (EP).
Specifically, the report aims to provide inputs to: (1) the basin-wide and sub-catchment planning
process of the BDP; (2) the transboundary analysis work carried out under Working Group 2 of the
WUP; and (3) the Strategic Environmental Assessment (SEA) process, which is part of the
Environmental Assessment guidelines currently being developed under the Environment Programme.

The report will also be of use as a framework for Environmental Impact Assessment purposes for
specific development projects within the basin.

The report is mainly based on basin-wide surveys of local ecological knowledge carried out by the
assessment component of the MRC Fisheries Programme during 1999 and 2000. Information from
other sources is included (and referenced) where appropriate in order to support and complement
the surveys of local knowledge.

The methods that were applied during the local knowledge surveys have been described extensively
in other publications and will not be described here (Valbo-Jargensen and Poulsen 2000; Poulsen
and Valbo-Jgrgensen 1999).

Since the report covers the highest ecological scale (i.e. the entire Lower Mekong Basin), focus on
details is limited. We will, for example, not discuss species-specific information, but will instead
describe general patterns of large-scale migration systems. Individual species are included as
examples only.
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Animal migrations 2

Animal migrations represent some of the greatest spectacles of nature. Furthermore, they also play
a key role in the culture and livelihoods in many human societies. Many hunting societies, for
example, have adjusted their seasonal movements and social structures to the movements of their
prime target animals (see for example, Berkes 1999).

Fish migrations in the Mekong River Basin are equally significant to the local people. Many fishing
communities along the rivers of the basin have adapted their way of life to the seasonal patterns of
fish migrations. A few of the most conspicuous examples are:

e Throughout the basin, villages have adapted to the seasonal migration of groups of small cyprinid
fishes belonging to the genus Henicorhynchus which takes place at the beginning of the dry
season (October-February). These migrations support very large fisheries and the surplus yield
creates the foundation for a variety of fish processing activities.

e From December to February, villages near certain sites along the river exploit the seasonal
spawning migration of the large
cyprinid Probarbus jullieni (and also
Probarbus labeamajor), one of the high-
profile “flagship’ species of the Mekong.

e The seasonal spawning migration of the
giant Mekong catfish (Pangasianodon
gigas) has experienced a dramatic
decline in recent decades, and today
only one site along the entire Mekong
River sustains a small traditional fishery
for the giant catfish (during the 2001
and 2002 season no fish were caught).

Probarbus jullieni one of the many migratory fishes of
the Mekong Many authors have devoted considerable
effort trying to define the term migration
(see for example, Dingle 1996; McKeown 1984; and others). For the purposes of this report, we
share the view of Barthem and Goulding (1997) that a rigid definition does not seem useful. But we
find it important to emphasise two issues concerning migration:

e Migration is one type of movement, distinguished from more diffuse types such as foraging for
food within a single habitat. It normally involves the “cyclic and predictable movements of a large
proportion of animals within the species, or populations of species” (as defined by the International
Convention on the Conservation of Migratory Species of Wild Animals, the CMS Convention).

e Migration is an integrated element of the entire life cycle of the animal.

Animals migrate because key habitats essential for their survival are separated in time and space.
Often, movements are guided by seasonal changes in living conditions (e.g. escaping winters or
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Fish migrations of the Lower Mekong River Basin

seasonal droughts) and/or by seasonal reproductive patterns (e.g. migrating to suitable breeding
sites). These movements have evolved with, and thus are finely tuned to, the environment within
which they occur. Migratory animals thus depend on a wide range of habitats, and their distribution
ranges cover large geographical areas. Since they move regularly between different habitats, they
are considered “living threads that tie or link widely scattered ecosystems together” (Glowka 2000).
Such links often reach beyond national borders, as is, for example, the case with many of the
migrating fishes of the Mekong Basin.

Migratory animals are well adapted to naturally occurring environmental fluctuations and changes,
but are particularly vulnerable to the abrupt environmental changes caused by human activities.
Therefore, many migratory animals are at risk of becoming endangered (see for instance the IUCN
Red list of Endangered Animals, 1996).

2.1 Fish migrations and life cycles

Inrivers, fishes have adapted to life in running water and to seasonal changes in habitat availability.
The need to migrate is part of this adaptation. Figure 1 illustrates how migrations are integrated into
the life cycles of migrating fishes.

Fish movements take place at all stages of life, even the earliest stages. In rivers, movements of fish
eggs and larvae, in the form of downstream passive drift are common, and are integrated events of
the overall movement patterns of migrating fishes. Often, migration routes and the spatial position
of spawning areas are finely tuned to hydrological and environmental circumstances, ensuring that
eggs and/or larvae drift back downstream to their rearing habitats with the flowing water.

In an ecological context, fish migrations
cannot be described without at the same
time describing essential fish habitats and
the environment within which these
habitats are embedded.
- Therefore, impacts of development
scenarios on fish migrations are not
confined to the blocking of migration

routes caused by damming of rivers.
Impacts on the environment, and thereby
on fish habitats, and changes in

hydrological patterns are equally
important.

S ning
|||||_n|l|||n I—]:Ir'l-:h. drift |
. Figure 1 B: Corresponding habitat

requirements for the successful completion
of lifecycle of fish. Depending on species,

- arrows may represent short movements (e.g.

s from lake to adjacent floodplain), or long-

distance migration. The broken arrow

represents longer-lived species, which may

|:ln|H.ni| anil Erl.'d||||_|lll|_r:|I:||||| move several times between refuges and
feeding habitats.

Figure 1A: Simplified schematic representation of life

cycle of fish. 24



Fish migration In 3
the Mekong River

In a multi-species fisheries environment such as the Mekong system, it is useful to distinguish
different species groups based on different life history strategies. The broadest classification of
fishes in the Mekong fisheries context is the classification of fishes into black-fishes and white-
fishes (Welcomme 1985).

Black-fishes are species that spend most of their life in lakes and swamps on the floodplains
adjacent to river channels and venture into flooded areas during the flood season. They are
physiologically adapted to withstand adverse environmental conditions, such as low oxygen levels,
which enable them to stay in swamps and small floodplain lakes during the dry season. They are
normally referred to as non-migratory, although they perform short seasonal movements between
permanent and seasonal water bodies. Examples of black-fish species in the Mekong are the
climbing perch (Anabas testudineus), the clarias catfishes (e.g. Clarias batrachus) and the striped
snakehead (Channa striata).

White-fishes, on the contrary, are fishes that depend on habitats within river channels for the main
part of the year. In the Mekong, most white-fish species venture into flooded areas during the
monsoon season, returning to their river habitats at the end of the flood season. Important
representatives of this group are some of the cyprinids, such as Cyclocheilichthys enoplos and
Cirrhinus microlepis, as well as the river catfishes of the family Pangasiidae.

Figure 1 is representative for both black-fishes and white-fishes. However, for black-fishes, the
arrows represent only short movements between ‘neighbouring’ habitats, whereas for white-fishes,
they represent migrations between distant habitats.

Recently, an additional group within this classification has been identified. It is considered an
intermediate between black-fishes and white-fishes and therefore has been referred to as grey-
fishes (Welcomme 2001). Species of this group undertake only short migrations between floodplains
and adjacent rivers and/or between permanent and seasonal water bodies within the floodplain
(Chanh et al. 2001; Welcomme 2001).

Virtually all fishes of the Mekong are exploited and therefore constitute important fishery resources.
All fishes are also vulnerable to impacts from development activities, including transboundary
impacts. However, long-distance migratory species (i.e. white-fish species) are particularly vulnerable
because they depend on many different habitats, are widely distributed, and require migration
corridors between different habitats. For these important fishes, the term ‘transboundary’ has double
meaning: they are transboundary resources that may be affected by transboundary impacts of human
activities.
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Fish migrations of the Lower Mekong River Basin

3.1 Important fish habitats in the Mekong Basin

Since the separation of critical fish habitats within the overall ecosystem that constitutes the lower
Mekong Basin is the main cause for fishes to migrate, it is useful to identify these habitats before
discussing migrations, i.e. the cause (habitats) first, then the response (migrations).

3.1.1 Floodplains

The flood-pulse during the monsoon season is the driving force of the Mekong River ecosystem. As
is the case for most tropical floodplain river systems, the seasonal habitats on the floodplains created
by the monsoon floods are the main “fish production sites” of the Mekong (Sverdrup-Jensen 2002).
These areas are very rich in nutrients, food and shelter during the flood season, and most Mekong
fishes depend on these resources for at least certain parts of their early life cycle.

Figure 2: Main floodplain areas of the Lower Mekong Basin.
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Fish migrations of the Lower Mekong River Basin

Figure 2 shows a map of the flooded areas of the Lower Mekong River Basin. As can be seen, the
main floodplain habitats occur in the lower part in southern Cambodia and the Mekong Delta in
Viet Nam. The most important floodplain complex is associated with the Tonle Sap River/Great
Lake system in Cambodia. In the upper parts of the basin, in Thailand and Lao PDR, floodplain
areas are smaller and are mainly associated with Mekong tributaries. In the upper parts of the basin,
i.e. approximately upstream from Vientiane, floodplain habitats become more and more scarce as
the river gradually changes to become a typical mountain river with steep riverbanks.

The migratory behaviour of many fishes
is an adaptation to these hydrological
and environmental conditions. The
timing of migrations is “tuned” to the
flood-pulse, and although different
species may have tuned their migrations
in different ways, some general patterns
can be elucidated. In general, most
species spend the dry season “fasting”
in refuge habitats. The arrival of the
monsoon and its floodwaters is an
ecological trigger for both spawning and
migration. Spawning at the right time
and place will enable offspring to enter
floodplain habitats, where they can feed. Some species spawn on the floodplain itself, whereas
others migrate upstream to spawn within the river channel and then rely on the river current to bring
the offspring to the downstream rearing habitats. Many larger juveniles and adult fish actively migrate
from dry-season shelters to the floodplains to feed. Thus, the life cycles of migrating fish species
ecologically connect different areas and habitats of rivers. From their point of view, the river basin
constitutes one ecological unit interconnecting upstream spawning habitats with downstream rearing
habitats.

Floodplains are important fish habitats during the monsoon season

3.1.2 Dry season refuge habitats

When water recedes from flooded areas at the end of the flood season, fishes have to move out of
the seasonal habitats and return to their dry season refuges. In a broad sense, two types of dry
season refuge habitats exist:

1) permanent floodplain lakes and swamps
2) river channels

Floodplain lakes are mainly used by the group of black-fish species, whereas river channel refuges
are mainly used by whitefishes. In the context of this report, the focus is on refuge habitats associated
with river channels, which are mainly used by migrating, transboundary fish stocks belonging to
the group of white-fish species.

Within rivers, deep areas are particularly important as dry season refuges. These areas are most
often referred to as deep pools. The importance of deep pools in the Mekong River Basin has
recently been documented by the MRC Fisheries Programme (Poulsen et al. 2002), in which Figure
3 shows the distribution of important deep pool habitats within the Mekong mainstream, based on
local ecological knowledge.
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Figure 3. Number of species reported using deep pools at each study site in the Mekong mainstream (based
on Local Ecological Knowledge. See: Poulsen et.al. (2002); Poulsen and Valbo-Jargensen (1999);
Valbo-Jargensen and Poulsen 2000)
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Fish migrations of the Lower Mekong River Basin

Certain stretches of the Mekong River emerge as important locations for deep pools. In particular,
the stretch from Kratie to the Khone Falls in northern Cambodia contains a large number of deep
pools that are used by many species during the dry season.

L The river stretch immediately
. upstream from the Khone Falls, as
far upstream as Khammouan/
Nakhon Phanom, and the stretch
from the Loei River to Louang
Prabang also contains many deep
pool habitats.

Interestingly, there are also
stretches that appear to contain
relatively few deep pool habitats.
Most notably, there are very few
deep pools along the stretch from
Kratie in northern Cambodia all the
way to the Mekong Delta. Further upstream, within the stretch from Paksan/Beung Khan to Vientiane/
Sri Chiang Mai, deep pool habitats are also scarce.

River dolphins surfacing at a deep pool near Kratie

3.1.3. Spawning habitats for migratory fishes

Although little is known about spawning habitat requirements for most Mekong fishes, spawning
habitats are generally believed to be associated with: (1) rapids and pools of the Mekong mainstream
and tributaries; and (2) floodplains (e.g. among certain types of vegetation, depending on species).

River channel habitats are, for example, used as spawning habitats by most of the large species of
pangasiid catfishes and some large cyprinids such as Cyclocheilichthys enoplos, Cirrhinus microlepis,
and Catlocarpio siamensis. Floodplain habitats are used as spawning habitats, mainly by black-fish
species.

Other species may spawn in river channels in the open-water column and rely on particular
hydrological conditions to distribute the offspring (eggs and/or larvae) to downstream rearing habitats.

Information on spawning habitats for migratory species in the river channels of the Mekong Basin
is scarce. Only for very few species, such as Probarbus spp. and Chitala spp., spawning habits are
well described because these species have conspicuous spawning behaviour at distinct spawning
sites. For most other species, in particular for deep-water mainstream spawners such as the river
catfish species, spawning is virtually impossible to observe directly.

Information about spawning can instead be obtained through indirect observations such as
observations of ripe eggs in fishes. Figure 4 shows the number of species with eggs that have been
observed by fishers (each “pie” in Figure 4 represents the number of species carrying ripe eggs, as
observed by fishers). For fishes that spawn in main river channels, spawning is believed to occur in
stretches where there are many rapids and deep pools, e.g. (1) the Kratie—~Khone Falls stretch; (2)
the Khone Falls to Khammouan/Nakhon Phanom stretch; and (3) from the mouth of the Loei River
to Bokeo/Chiang Khong.

Figure 4 indicates that the Kratie-Khone Falls stretch and the stretch from the Loei River to Luang
Prabang are particularly important for spawning.
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Figure 4: Number of species along the Mekong mainstream reported to have eggs in their
abdomen (see text for further explanation).
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Fish migrations of the Lower Mekong River Basin

View of the Mekong
near Kratie, northern
Cambodia. This area is
believed to be important
for spawning for many
migratory fish species.

3.2. Fish migrations and hydrology in the Mekong Basin

There is an intimate link between fish life cycles, fish habitats, and hydrology. Migrating fishes
respond to hydrological changes and use hydrological events as gauges for the timing of their
migrations. This is illustrated in Figure 5, where peak migration periods are correlated with the
annual hydrological cycle. Most species migrate at the start of the annual flood and return at the end
of the flood, producing the two peaks shown in Figure 5.

Figure 5: Relationship between migratory activity levels and water discharge in the Lower Mekong Basin
(modified from Bouakhamvongsa and Poulsen, 2000) Blue Line: average monthly discharge
(m3/sec) of the Mekong River at Pakse, Southern Lao PDR (data provided by MRC Secretariat).
Red Line: Number of migration reports (based on 50 species from 51 sites along the Mekong
mainstream).
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Also, the spawning season is tuned according to river hydrology, and almost all species spawn at
the onset of the monsoon season. Only a few species, such as Probarbus spp. and Hypsibarbus
malcolmi, are exceptions to that rule: they spawn during the dry season.
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3.3. Major migration systems of the Mekong

For a complex ecosystem, which involves such a large number of species, it is beyond the scope of
this report to discuss individual species. Although different species have developed different life
strategies to cope with the environmental circumstances, generalisations can be made, e.g. on migratory
patterns. Some of these general patterns will be outlined below (see also Sverdrup-Jensen 2002).

One of the major results of these surveys has been the identification of three main migration systems
associated with the lower Mekong River mainstream (Sverdrup-Jensen 2002). These three systems
have been termed the Lower Mekong Migration System (LMS), the Middle Mekong Migration
System (MMS), and the Upper Mekong Migration System (UMS).

It is important to note that the different migration systems are inter-connected and, for many species,
overlapping. Furthermore, their classification as ‘systems’ is based on the fact that migration patterns
are different in each. In general, the migration patterns are determined by the spatial separation
between dry season refuge habitats and flood season feeding and rearing habitats within each system.
This, again, demonstrates how migration habits are deeply embedded in the environment within
which they occur.

3.3.1 The Lower Mekong Migration System (LMS)

This migration system covers the stretch from the Khone Falls downstream to southern Cambodia,
including the Tonle Sap system, and the Mekong Delta in Viet Nam (Figure 6). As described above,
this migration is driven by the spatial and temporal separation of flood-season feeding and rearing
habitats in the south with dry-season refuge habitats in the north. The rise in water levels at the
beginning of the flood season triggers many migrating fishes to move from the dry season habitats
just below the Khone Falls, e.g. in deep pools along the Kratie-Stung Treng stretch, towards the
floodplain habitats in southern Cambodia and the Mekong Delta in Viet Nam. Here they spend the
flood season feeding in the fertile floodplain habitats. Some species spawn on, or near the floodplain,
whereas others spawn far upstream, i.e. above Kratie, and rely on the water current to bring offspring
to the floodplain rearing areas. One of the key factors for the integrity of this system is the Tonle
Sap/Great Lake system — a vast and complex system of rivers, lakes and floodplains. As a result of
increasing water discharge from the Mekong River at the onset of the flood season, the water
current of the Tonle Sap River changes its direction, flowing from the Mekong into the Tonle Sap
River and towards the Great Lake. This enables fish larvae and juveniles to enter the Tonle Sap
from the Mekong by drifting with the flow. Together with the floodplains of the Mekong Delta in
Viet Nam, these floodplains are the main “fish factories” of the lower basin.

An important group of species, which undertakes this type of migration, belongs to the genus
Henicorhynchus. In terms of fisheries output, these fishes are among the most important of the
Lower Mekong. For example, in the Tonle Sap River dai fishery, species of the genus Henicorhynchus
account for 40 percent of the total annual catch (Lieng et al. 1995, Pengbun and Chanthoeun 2001).
Larger species, such as Catlocarpio siamensis, Cirrhinus microlepis, Cyclocheilichthys enoplos,
and Probarbus jullieni, as well as several members of the family Pangasiidae, also participate in
this migration system.

The Sesan tributary system (including the Sekong and Srepok Rivers) deserves special mention
here (Figure 7). This important tributary system is intimately linked with the Lower Mekong
Migration System, as evidenced by many species such as Henicorhynchus sp. and Probarbus jullieni
extending their migration routes from the Mekong River mainstream into the Sesan tributary system
(Chanh Sokheng, personal communication, December 2001). In addition, the Sesan tributary system
also appears to contain its own migration system.
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Figure 6:

A simplified illustration of the Lower Migration System (only the major routes are illustrated).
Black arrows represent migrations at the beginning of the dry season; grey arrows represent
migration at the beginning of the flood season. See text for further explanation.
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Figure 7: The dry-season migration of Henicorhynchus spp. from the Mekong into the Sesan Tributary
system

Many of the species (e.g. all the species mentioned above) are believed to spawn within the Mekong
mainstream in the upper stretches of the system (from Kratie to the Khone Falls, and beyond) at the
beginning of the flood season in May-June. Eggs and larvae subsequently drift downstream with
the current to reach the floodplain feeding habitats in southern Cambodia and Viet Nam. The
importance of drifting larvae and juveniles has been documented through intensive sampling of
larvae fisheries in the Mekong Delta in Viet Nam (Tung et al. 2001). During a sampling period of
only 45 days in June-July 1999 from two sites (one in the Mekong River and one in the Bassac
River in An Giang Province of Viet Nam), 127 species were identified from the larvae and juvenile
drift. Fish eggs were not sampled. This illustrates how important hydrology is for the completion of
life cycles of fishes in the lower Mekong River.

Fishing for fish larvae in the
Mekong Delta (An Giang
Province of Viet Nam).
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Table 1: The 127 species caught during the larvae sampling of the Mekong and Bassac rivers, in An
Giang Province of Viet Nam. M = Mekong; B = Bassac (from Tung, et. al., unpublished AMFC

report)
1S TEDGLOSE FORE S . 5 imorikdac -.
b pivri dae T —
Chitala crnata L . \ari dae ..
Natoptanss oo foptens (husin stens o irias batrachus
ANGLNLLFORMES AE L OMFOEIE S
Ophichiyane AT Oy D
T T— | bemogenmepusits |
Cphichifys 5 | SYNBRANCHIFORMES
Pisdanaphis bor Spnbranchiceas
CLUPE FORMES L]
Cupeides eanbopss g Dpataman benpaians
CAonaaices Bornoanas Wh oysnides ap AL aes .
Gorice faciniale y—
Tiro g RGeS \Bwt i e Aa et e i -.
I YP RN ORME L apioraah gy fs s g T 6 ST
i A lLapidocaphakicihys h 1Y A Ao il 2 aTna s
Alh e hihps alhankiag [Pamgic oo, FERCIFORWES

0N G Lhaniidas
Gpnnachalius apman e Farsmbassis s 55 .

aslIEL R R TR P, Mmdahhmag

o FHEW SN S A i

Hat s s LURN-ORME S Faramiassis ol
Haroios o [T \Baandaa Farambasss so
hTAnus mcrobkeys =armhag hocorh Mand dao -.

p—

Cosmachivs hammand
Crossochoius redictibaies
Crossocholes s

Cyclachawchihys angpios

Cyciocreilchth ps microleois
Coincheil oithys repasson
Cpoinchelcithys s
Cypprinus camo
Dwirt s &0,
Epairaaitynchos munenes plogd eris crppinslenus
Ezrmaus o ialias

1Garrs famisen s
T 28 G s e s
Hanico nchue 5p 1
Favicatnehis 50 8
Fepsihantus 5o
Lt dpochalis

Lodbochaliis 50
L woinenioa iNaaken

Fesliod prlt sht s Irumca s

po oyl s chavagpr

LS O A e (o

Clsdorch ALS Msianoodolns

lstonohius 5o : LRGNED TFORIAE S
Saleioae

unypiossa harmandd

Cpmighoss us microes
poogkassws e nni
SRS Cpoglosas
RADDONTFORIAES
Raslra myarsd A i A

kil &2




Fish migrations of the Lower Mekong River Basin

3.3.2 The Middle Mekong Migration System (MMS)

From just above the Khone Falls and upstream to the Loei River, Thailand, the migration patterns
are determined by the presence of large tributaries connecting to the Mekong mainstream. Within
this section of the river, floodplain habitats are mainly associated with the tributaries (e.g. the Mun
River, Songkhram River, Xe Bang Fai River, Hinboun River, and other tributaries), so fishes migrate
seasonally along these tributaries from mainstream dry season habitats to floodplain feeding/rearing
habitats. At the onset of the flood season, fishes generally move upstream within the Mekong
mainstream until they reach the mouth of one of these major tributaries. They swim up the tributary
until they can move into floodplain habitats. At the end of the monsoon, fishes move in the opposite
direction, from floodplains through the tributary river and, eventually, to the Mekong mainstream,
where many fishes spend the dry season in deep pools. An example is given in Figure 8, based on
local ecological knowledge.

Figure 8. Simplistic illustration of the Middle Migration System.
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This is of course a very simplistic description of the main movements, and there are considerable
variations in the general pattern, both between different species and within species. Furthermore,
there are complex interconnections to the lower migration system described above, i.e. many of the
same species participate in both systems, either as genetically-distinct populations, or at different
stages of their life cycle (see later).

Figure 9. Variation in occurrence of a group of 9 Pangasiid species in the Songkhram River and adjacent
Mekong, based on Local Ecological Knowledge. See text further for explanation. The species
are: Heligophagus waandersii, Pangasianodon hypophthalmus, Pangasius bocourti,
P. conchophilus, P. djambal, P. krempfi, P. larnaudiei, P. polyuranodon, P. sanitwongsei.
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The movement of fish between the Songkhram River and the Mekong mainstream, is illustrated
in Figure 9. Each bar chart illustrates reported occurrence by month at each station over the year.
The occurrence level for each month was reported as “high occurrence’, ‘low occurrence’, or ‘no
occurrence’. It shows that all these species use the Mekong mainstream as a dry season refuge and
the Songkhram River floodplain as feeding grounds during the flood season.
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It is important to emphasise
that the two different
migration systems (LMS
and MMS) are not “closed”
ecological systems, isolated
from each other. The two
systems are in fact
interconnected. Many
species are known to
migrate over the Khone
Falls, both during the flood
season and during the dry
season, thereby demonstrating
that the Falls is not a barrier
for fish movements (Baird
1998; Roberts 1993; Roberts Fish trap in the upper Mekong River

and Baird 1995; Roberts and

Warren 1994; Singanouvong et al. 1996a and 1996b). For some species, the same fish may be part
of the lower migration system as a juvenile, and part of the middle migration system as a mature
adult. For example, important species such as Cyclocheilichthys enoplos and Cirrhinus microlepis
are mainly reported as juveniles and sub-adults in the Lower Mekong Migration System and as
adults in the Middle Mekong Migration System. The same may be true for a number of other
species, including the Giant Mekong Catfish. For other species, it may be the case that genetically
distinct sub-populations are involved in the different migration systems. However, further research
is needed before conclusions can be made on this issue.

3.3.3 The Upper Mekong Migration System (UMS)

The third migration system occurs in the upper section of the river, approximately from the mouth
of the Loei River and upstream towards the border between Lao PDR and China (probably continuing
into China, although we have no data to confirm this). This section of the river (Figure 10) is
characterised by its relative lack of floodplains and major tributaries (although there are some
floodplains associated with tributaries in the far north, i.e. the Nam Ing River, in Thailand). This
migration system is dominated by upstream migrations at the onset of the flood season, from dry
season refuge habitats in the main river to spawning habitats further upstream. This is also a multi-
species migration system, and some of the species participating in the previous migration systems
further downstream also participate in this migration, although the total number of species may be
lower.

The most conspicuous member of this migration system is the Giant Mekong Catfish, Pangasianodon
gigas. The Henicorhynchus sp., which is so important for the fishery further downstream, is also
important along this stretch of the river. For example, a fisherman from Bokeo in northern Lao PDR
reported a catch of between 100 and 200 kg per day of this fish during the month of October 2001
(Bouakhamvongsa, in prep.) This may be a genetically distinct stock compared with downstream
stocks (although further research is needed to confirm this).

Whereas the LMS and the MMS are inter-connected to a large degree, the UMS appears to be
relatively isolated, with little “exchange” between the UMS and the other migration systems. As
can be seen from Figure 3, deep pool habitats are rare for a long stretch of the Mekong between the
MMS and the UMS. Along the same stretch, observations of mature fishes with eggs are also rare.
This indicates that for many migratory species, the stretch from Paksan to the mouth of the Loei
River is a functional barrier.

38



Fish migrations of the Lower Mekong River Basin

Figure 10. Simplistic illustration of the Upper Migration System.
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Interestingly, the geographical extent of these three migration systems corresponds with elevation
contours of the lower Mekong Basin (Figure 11). In particular, there is a clear area overlap between
the extent of the Lower Mekong Migration System and the extent of the 0-149 m elevation of the
Mekong Delta/Cambodian lowlands. A correlation also occurs between the Middle Mekong
Migration System and the 150-199 m elevation represented largely by the Korat Plateau. The Upper
Mekong Migration System correlates with a plateau of 200-500 m elevation. This demonstrates

how fish migration has evolved within the surrounding physical environment.
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Figure 11: Elevation map of the Lower Mekong Basin. Note the overlap between the Lower Migration
System and the region with the dominant elevation between 0-149 m (the Mekong Plain); between
the Middle Migration System and the region with the dominant elevation between 150-199 (the
Korat Plateau) and between the Upper Migration System and the region with elevation mainly
above 250 m (Northern Highlands).
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Managing 4
migratory fishes

The two main intervention areas for the sustainable management of the fishery resources of the
Mekong are:

e management of habitats and ecosystems (environmental management)
e management of resource use (fisheries management).

Traditionally, fisheries management in the Mekong (and elsewhere) has focussed solely on ‘within-
the-sector’ issues and management activities (e.g. gear restrictions, access restriction, seasonal
restrictions). In a complex setting like the Mekong Basin, it is particularly important that fisheries
resources are managed within an overall management framework, where environmental management
is seen as a pre-requisite for fisheries management (see, for instance Coates, 2001). Fisheries
management, in its conventional application, would be of limited use in the Mekong, unless the
environment that sustains the fisheries are managed first in a sustainable manner. This requires a
multi-disciplinary approach, involving all the different “users’ of the river. The focus of this report,
therefore, is on environmental management (i.e. management of habitats and ecosystem attributes),
and not on conventional fisheries management.

With regards to the management of migratory, transboundary fish stocks, an additional requirement
is that regional, cross-border management initiatives are implemented. This is the area where the
MRC is well placed to play a key role. All the three migration systems mentioned previously extend
across international borders and thus, by nature, fall under the responsibility of the MRC.

The 1995 Agreement that established the Mekong River Commission, serves as the natural framework
under which management guidelines for migratory fishes of the lower Mekong Basin can be designed
and implemented. In addition to the 1995 Agreement, another instrument deserves mentioning here:
the Convention on Biological Diversity (CBD). The CBD is the most comprehensive international
instrument in existence for the management of natural resources. It commits signatory states to
“...the conservation of biodiversity, the sustainable use of its components and the fair and equitable
sharing of the benefits arising out of the utilisation of genetic resources...”. It further makes special
reference to the need for states to manage transboundary (i.e. migratory) stocks (e.g. Article 3:
“...contracting parties shall ensure that activities within their jurisdiction or control do not cause
damage to the environment of other states or of areas beyond the limits of national jurisdiction”. The
Convention specifically refers to the cooperation, among contracting parties in research, management
and monitoring of biodiversity, including migratory, transboundary elements of biodiversity. The
CBD has been signed by all the six riparian countries of the Mekong Basin, including China and
Myanmar. However, Cambodia, Lao PDR and Thailand have yet to ratify it.
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The main reason for mentioning the CBD in the context of this report is that the two remaining
riparian countries, China and Myanmar, which are not members of MRC, are signatories of, and
have ratified, the CBD. Therefore, the CBD commits them to the conservation and sustainable use
of biodiversity (part of which are fishery resources). Some of the fish migrations extend into China
and Myanmar and, in addition, activities undertaken in the two upper countries may impact on
downstream fishery resources, including fish migration systems.

Another reason for the relevance of the CBD is that there is a direct link between the high fish
diversity and the fisheries productivity of the Mekong (Coates 2001). This link is important to
emphasise, because fisheries issues have traditionally been viewed in separation from biodiversity
conservation, often even seen as threats to biodiversity conservation. The Mekong fisheries demonstrate
the intimate linkages between biodiversity and fisheries: biodiversity conservation can be achieved
through the promaotion of sustainable use (fisheries), and fisheries productivity can be sustained only
through biodiversity conservation.

The fish diversity of the Mekong is reflected in the diversity of fishing gears
used to catch them.

4.1. Key issues for the maintenance of ecological functioning of
the Mekong ecosystem, with reference to migratory fishes

Based on the ecological information that has been described above, key attributes of importance for
the ecological functioning and productivity of the Mekong ecosystem will be listed in the following
section. Although the emphasis is on issues related to migratory fishes, the issues are equally relevant
for all fish species and indeed for the ecosystem as a whole.

Basically, the most important issue in relation to the ecological functioning of the Mekong River
from the point of view of migratory fishes is that critical habitats are maintained in time and space.
This includes the maintenance of connectivity between them, i.e. through migration corridors. The
importance of the annual hydrological pattern is emphasised, including its role in the creation of
seasonal floodplain habitats, as well as its role as a distributor of fish larvae and juveniles through
passive drift.
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The following key ecological attributes for migratory species are identified, based on the three major
migration systems described above along the Mekong mainstream.

The Lower Mekong Migration System (LMS).

General ecological attributes

Mekong-specific ecological attributes

Dry season refuge habitats:

Flood season feeding and
rearing habitats:

Spawning habitats:

Migration routes:

Hydrology:

Deep pools in the Kratie-Stung Treng stretch of the Mekong
mainstream. These habitats are extremely important for
recruitment for the entire lower Mekong Basin, including
floodplains in southern Cambodia (including the Tonle Sap/
Great Lake System) and the Mekong Delta in Viet Nam.

Floodplains in the Mekong Delta in Viet Nam, in southern
Cambodia, and in the Tonle Sap system. These habitats
support the major part of Mekong fisheries.

Rapids and deep pool systems in the Kratie — Khone Falls,
and in the Sesan catchment. Floodplain habitats in the south
(e.g. flooded forests associated with the Great Lake).

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

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

Between floodplain habitats and river channels (lateral
connectivity).

Between the Mekong mainstream and the Sesan sub-
catchment (including Sekong and Srepok Rivers).

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

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

Changed hydrological parameters, e.g. as a result of water
management schemes, result in changed flow patterns,
which in turn may change sedimentation patterns along
the river. Examples of this already exist in some tributaries
where hydropower dams have been constructed, resulting
in sedimentation, and thus in disappearance of deep pool
habitats.
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The Middle Mekong Migration System (MMYS)

General ecological attributes

Mekong-specific ecological attributes

Dry season refuge habitats:

Flood-season feeding and
rearing habitats:

Spawning habitats:

Migration routes:

Hydrology:

Deep pool stretches of the Mekong mainstream and within
major tributaries. Of particular importance is the stretch
from the Khone Falls to Kammouan/Nakhon Phanom. Deep
pools immediately downstream from the Khone Falls also
are important for this migration system (thereby linking
the MMS and the LMS)

Floodplains of this system are mainly associated with major
tributaries (e.g. the Mun/Chi system, Songkhram River, Xe
Bang Fai River, Hinboun River).

Rapids and deep pool systems in the Mekong mainstream
(particularly along the stretch from the Khone Falls to
Khammouan/Nakhon Phanom).

Floodplain habitats associated with tributaries.

Connections between the Mekong River (dry season
habitats) and major tributaries (flood season habitats).
Access to floodplain habitats from main river channels must
be maintained.

The annual floods that inundate floodplain areas along
major tributaries must be maintained.

The Upper Mekong Migration System (UMS)

General ecological attributes

Mekong-specific ecological attributes

Dry season refuge habitats:

Occur throughout the extent of the UMS, but are most

Flood season feeding and
rearing habitats:

Spawning habitats:

Migration routes:

Hydrology:

common in the downstream stretch from the mouth of the
Loei River to Louang Prabang.

The UMS occurs within a section of the Mekong, which is
dominated by mountainous rivers with limited floodplain
habitats. Floodplain habitats therefore play a less important
role, compared to MMS and LMS. Large catches of
Henicorhynchus sp. in Bokeo Province of Lao PDR suggest
that even the limited areas of available floodplains are
important.

Spawning habitats occur mainly in the upper stretches of
the system. They are mainly situated in stretches with
alternating rapids and deep pools.

Migration corridors between downstream dry season refuge
habitats and upstream spawning habitats should be
maintained.

The annual flood pattern that triggers fish migrations and
causes innudation of floodplains.
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Khone Falls

The Khone Falls are situated on the border between Cambodia and Lao PDR and thus also demarcate
the “border” between the LMS and the MMS. It is important to emphasise that the Khone Falls are
not a barrier to migration. The Khone Falls area is probably the most studied site along the whole of
the Mekong, and large-scale migrations involving a large number of species have been documented
through intensive sampling programmes over the past decade (Baird 1998; Roberts 1993;
Singanouvong et al. 1996a and 1996b). Thus, the LMS and the MMS are in fact inter-connected.

What makes the LMS and the MMS different from each other is not that they are geographically
isolated.The difference is that in the LMS, the dry season refuge habitats are situated upstream
from the flood season feeding and rearing habitats, whereas in the MMS, they are situated
downstream from the flood season habitats. Therefore, at the onset of the flood season, in the LMS
fishes migrate downstream towards flood season habitats, whereas in the MMS, fishes migrate
upstream towards flood season habitats. As mentioned earlier, in some cases the same fish may
participate in both migration systems at different stages of their life cycle.

The UMS may be relatively isolated from the two migration systems further downstream. It thus
may represent genetically distinct populations of fishes. If so, these populations should be regarded
as separate management units. Further research, particularly on population genetics, is needed to
clarify this issue.
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Potential impacts 5
of development
activities

In order to be able to optimise the basin planning process it is necessary to identify and assess
potential impacts of different development scenarios on fisheries and the environment that sustain
them. In this section some of the potential human impacts on migratory fishes of the Mekong are
discussed.

5.1 Human impacts on the Mekong fisheries

Some of the potential impacts of development activities and projects within the Mekong River
Basin will be discussed below. Human impacts on rivers have been divided into four categories: (1)
supra-catchment (e.g. inter-basin water transfer); (2) land-use change within the basin catchment
(e.g. agricultural development, urbanisation, deforestation, land drainage, flood protection); (3)
corridor engineering (e.g. dams and weirs, channelisation, dredging, mining); and (4) in-stream
impacts (e.g. pollution, navigation, water abstraction, exploitation of native species, introduction of
exotic species) (Arthington and Welcomme 1995).

These impacts affect all the fisheries resources of the Mekong, including both black-fish and white-
fish. However, the migratory white-fish species are particularly vulnerable, because they depend on
large areas, many different habitats, and the un-hindered access to these habitats through the migration
corridors linking them. Thus, potential impacts on black-fish species can be regarded as a sub-set of
impacts on white-fish species. In the following section, we will try to identify some potential impacts
in the context of migratory fishes of the Mekong River.

An assessment of impacts should ideally contain the following processes:

e A valuation of migratory fishes as a fishery resource

e Anassessment of ecosystem attributes and processes that are required in order to sustain the
resources

e Based on the two first points, an assessment of the degree of impacts (i.e. will the resource
disappear, or will part of it be able to persist in spite of the impacts?).

In the following section, we will discuss these three points with particular emphasis on the Lower
Mekong Migration System.
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5.1.1 Valuation

In order to be able to assess impacts of different development scenarios, the potentially-impacted
resources must be quantitatively valued. This should also include a valuation of the critical ecosystem
attributes that sustain the resources. A large body of literature has emerged in recent years focusing
on assessing the value of natural resources and ecosystem services (see for instance: Barbier et al.
1996; Secretariat of the Convention on Biological Diversity 2001). Much of this literature emphasises
the difficulties associated with assessing the value of ecosystems and their multiple functions,
including, particularly, the many intrinsic, non-tangible values associated with, and services provided
by the ecosystem. Although such values are important and must be included in the overall basin
planning and impact assessment process, they are not considered in this report. Instead, the focus is
on the “direct use’ value of migratory fishes, i.e. their direct value as fisheries resources.

In this report we focus on the direct-use values of migrating fishes because they are relatively simple
to quantify (in theory, at least) compared to the intrinsic, non-tangible ecosystem values. However,
we strongly emphasise that these values must not be ignored just because they are difficult, sometimes
impossible, to quantify.

The direct-use value is most often expressed as a monetary value ($US) based on the amount of the
resource, multiplied by a known unit price. For fisheries, the amount is usually expressed in weight
(kg), although for certain specialised fisheries, the number of fish may be applied (e.g. fisheries
targeting live juveniles for stocking purposes). Ideally, a more relevant expression of the value of a
resource would be to assess the replacement value, i.e. the cost of replacing the resource with
something of equal value for the livelihood of local communities. This would, for example, include
the costs of transporting and storing foods of equivalent nutritional value to the places where people
currently eat wild fish. To carry out such an assessment would be a complex undertaking and
considered beyond the scope of this report.

The value of fisheries in the Mekong River Basin is more than just the direct-use value.
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The total direct-use value of the fishery resources of the Lower Mekong Basin has been estimated
at $US 1,478 million (Sverdrup-Jensen 2002). Such an estimate is useful in terms of demonstrating
the overall importance of the fisheries. However, for planning and impact assessment purposes,
more segregated valuation estimates are needed.

A full economic valuation that would be of use for planning and assessment purposes would require
the gathering of a large amount of information at several scales and would also require the
disaggregation of estimates both by species and by habitat (Aeron-Thomas 2001). In this regard,
migratory species pose a particular challenge, since they cover large geographic areas and depend
on a large number of habitats. Therefore, based on existing data, it is not possible to carry out a full
valuation. The resources required to carry out a full valuation may in fact be so large (both in terms
of time, money and human resources) that it may not be possible to fully valuate the Mekong fisheries,
let alone the contribution of migratory species to fisheries. However, a partial valuation based on
existing data, together with an assessment of major information gaps would still be useful, and in
many cases sufficient for planning and decision-making purposes. In the following section, we will
illustrate a process by which a partial valuation of the fisheries of migratory fishes could be undertaken.

In a multi-species environment such as the Mekong, where the coverage of quantitative, species-specific
data is limited, the large-scale, multi-species migration systems described above can instead be used as
the stratification on which assessments can be based. Thus, the valuation process can be carried out for
each of the three migration systems (with due allowance for their inter-connectedness). We will use the
Lower Mekong Migration System (LMS) as the example, and in this process we will attempt to:

(1) list all the major fisheries for migratory species within the Lower Mekong Migration System
(2) quantify each of them, where possible
(3) identify the knowledge gaps for these fisheries in terms of quantitative data.

All fisheries targeting migratory species throughout their range and migration routes should be
included in a valuation. Even fisheries for which no gquantitative data exist should be included as
“information gaps”. The migratory fishes of the Lower Mekong Migration System support at least
the following fisheries during their seasonal movements:

e Floodplain fisheries, of which migratory species constitute a proportion of the total catch (e.g.
Tonle Sap River floodplains, Great Lake floodplains and the Mekong-Bassac floodplains in
southern Cambodia)

e Great Lake fisheries, of which migratory species constitute a proportion of the total catch

e Fisheries which target migratory fishes when they leave the floodplain (lateral migration)

e The Samrah (brush park) fishery in the upper Tonle Sap River

e Fisheries targeting migratory fisheries in the Tonle Sap (dai fisheries)

o Fisheries of the Mekong Delta in Viet Nam

o Fisheries targeting migratory fishes in the Mekong between Phnom Penh and the Khone Falls
o Fisheries at dry season refuges in northern Cambodia

e Khone Falls fisheries — a proportion of which constitutes migratory fishes

e Larvae and juvenile drift fisheries in southern Cambodia and Viet Nam

This illustrates the challenge associated with assessing the value of migratory fishes in terms of
their importance in fisheries. And even if this list includes most of the larger fishing operations, it
is not complete. Many small-scale fishing activities, which are not included, may in fact catch a
significant amount of fish.
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In the following section, we will discuss each of the listed types of fisheries in terms of existing
guantitative information, species composition and information gaps.

Floodplain fisheries

As stated previously, most fish production in large rivers originates from floodplains. Even most
fishes caught in river channels are produced on the floodplains. For example, almost all the species
listed from the Tonle Sap River dai fishery (e.g. Lieng et al. 1995), spend their first important 4-5
months feeding and growing on the floodplains adjacent to the Tonle Sap River.

For the purposes of this report, the aim is then to (1) estimate the fishing yield from floodplain
habitats, and (2) to estimate the proportion of migratory (white-fish) species contributing to this
yield.

a. Yield from floodplain habitats

Several studies, both from the Mekong and from other river systems, have aimed at quantifying the
productivity of floodplains in terms of production (yield) per unit of area (Welcomme 1985; Dubeau
et al. 2001). One study with this aim was recently carried out in a small floodplain area in Kompong
Tralach adjacent to the Tonle Sap River, approximately 45 km north of Phnom Penh (Dubeau et al.
2001). The most conservative estimate of per unit area fish yield from this study is within the range
of 222-260 kg/halyear?. This corresponds with the estimate of 230 kg/ha/year of Baran et al. (in
press), cited in Sverdrup-Jensen (2002). However, it is significantly higher than estimates of floodplain
yields from Bangladesh (de Graaf et al. 2001), which estimated an average floodplain yield over a
seven-year period (1992-1999) at 86 kg/ha/year. Only once during this period (in the year with the
biggest floods, 1998-99), was the yield estimate within the range found in Kompong Tralach (228
kg/halyear) (de Graaf et al. 2001). The difference may be partly explained by the fact that the inland
fisheries of Bangladesh have been exposed to over-exploitation and habitat modification for many
years, and floodplain productivity would therefore be expected to be lower compared to the Mekong.
If the data from the Kompong Tralach study are used, the per-unit-of-area yield is thus within the
range 222-260 kg/ha/year. This can be converted into a monetary value using the initial sale price of
$US 0.68 per kg (Sverdrup-Jensen 2002).

b. Migratory species

A large proportion of the floodplain yield originates from the black-fish species, i.e. species that
spend their entire life on the floodplain, seeking refuge in permanent lakes in the floodplain area
during the dry season. However, many black-fishes are predators, including the abundant Channa
(snakeheads), and it can be presumed that they feed heavily on whitefishes which have moved into
their floodplain habitat. Unfortunately, the lack of detailed information on LMB fish diets precludes
a proper analysis of the dependence of many black-fishes on white-fishes as food, and hence an
accurate estimation of the extent to which black-fishes represent food-chain-converted white-fish.

A significant proportion of the floodplain catches are white-fish species coming from and returning
to river channels. These fishes rely on the ecological connectivity between floodplains and river
channels.

The direct contribution of migratory species to the floodplain fisheries is hard to estimate because
the fisheries are scattered, and based on a large number of people each catching relatively small

2 The figure is lower than the figure from Dubeau et al (2001) because the specialised lot/leased fishery has been
subtracted from the data. This fishery will be covered separately in this report because the proportion of migratory
fishes are different between the two types of fisheries.
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amounts for local consumption. The Kompong Tralach study collected species-specific data as part
of the ‘log-book’ system, although the amounts of each species were not recorded. Based on these
data, a measure of abundance can be obtained, i.e. the number of reports for each species reported
from the catches during the one-year study (expressed as a percentage of the total number of
reports). Such data cannot be used to estimate yield, but provide a relative figure of importance for
different species groups.

Actotal of 64 species, or species groups, were recorded (some records pooled several species together,
so the number of species is a lot higher). Although the three black-fish species, which are commonly
caught in ricefields (Anabas testudineus, Channa striata and Clarias batrachus) alone account for
24 percent of the reports, migratory species account for no less than 30 percent of the reports. The
most reported white-fish species group is the Henicorhynchus group, which account for almost 8
percent of reports. Although these figures cannot be ‘converted’ into catch, or value estimates, they
provide solid indication that migratory fishes are also important in floodplain fisheries.

The floodplain fisheries of the Mekong Delta in Viet Nam are also hugely important and, similarly,
a significant proportion consists of migratory white-fish species. Again, however, existing data do
not allow a quantitative estimate of this contribution to be made.

Future research should aim at establishing the proportion (by weight) of migratory fishes in catches
of floodplain fisheries of the Mekong.

Great Lake fisheries

The Great Lake of Cambodia has its own complex assemblage of fisheries and fisheries concessions
(lots). The main gears are fences, arrow-shaped traps and barrages.

The volume of catches from the fenced fishing lots
\ | alone is expected to exceed 100,000 tonnes annually
1% | ' (Sverdrup-Jensen 2002). Based on existing data on
\ species composition from the fishing lots (Van Zalinge
et al. 2000; Troeung and Phem 1999), the direct
contribution of migratory fishes to this yield is
estimated to be 48 percent (i.e. excluding white-fishes
converted to black-fishes through the food chain).

Migratory fishes from these fisheries thus represent
a first-sale value of approximately $US 33,000 (using
the price of $US 0.68 per kg).

Fisheries targeting migrations from floodplain
to river

Numerous small channels draining the floodplains
constitute the escape route for migratory fishes from
floodplains and back to river channels, when the
water begins to recede at the end of the monsoon
season. This provides the foundation for yet another
important fishery, the barrage/bag-net fishery. The
| \ Kompong Tralach study also included two such
Lop trap being set as part of the arrow-shaped  fisheries, draining the same floodplain area (Dubeau
trap system, Great Lake, Cambodia et al. 2001).
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The total catch from this fishery encompasses migratory species dependent on connectivity
between floodplain and river. The catch is estimated at 128 tonnes over one season (November
to February).

An estimate of the total catch from this type of fishery for a large area such as the entire Tonle
Sap catchment could be obtained by multiplying this figure with the total number of these fisheries,
adjusting for variation in drainage area for each of them. Current data does not enable us to make
this calculation.

The Samrah (brush park) fishery in the upper Tonle Sap River

The Samrah fishery is a traditional type of fishery that has been practiced for centuries in Cambodia,
particularly in the Tonle Sap River system (Sam 1999). The fishery operates over three to four
months in the dry season (January to April).

The total estimated catch from the Samrah fishery in the Tonle Sap River in Konpong Chnnang
Province was estimated at 172 tonnes in 1997 and 199 tonnes in 1998 (Sam 1999). Sam (1999) also
provided species composition of the catches. An estimated 52 percent of the catch over the two
seasons constituted long-distance migratory species. This can be considered as a conservative estimate,
since a large proportion of the catch (i.e. 20-25 percent) were identified as ‘other species’ and would
certainly also include migratory species.

If we use the average for the two seasons, the monetary value of this catch would then be $US 66,000
(using $US 0.68/kg).

Data from other provinces in Cambodia and from Viet Nam are not available.
The Tonle Sap River dai fishery

This is the most well-documented fishery of the lower Mekong Basin (Lieng et al. 1995). It specifically
targets white-fish species migrating from the Tonle Sap River to the Mekong River at the beginning
of, and well into, the dry season (October to March).

Over a five-year period from 1995 to 2000, the total annual catches from the dai fisheries varied
between 9,000 to 15,500 tonnes (Pengbun and Chanthoeun 2001). Again, using the unit price of
$US 0.68/kg, the direct-use value of the dai catch ranged between $US 10.54 million and $US 6.12
million.

Fisheries of the Mekong Delta in Viet Nam

The fisheries of the Mekong Delta in Viet Nam are extremely important. They encompass a range
of different gears and methods targeting different species groups and operating at both small-
scale and large-scale. However, very few segregated data are available. A recent survey estimated
the total annual yield from all the fisheries of An Giang Province at almost 195,000 tonnes
(RIA2/MRC, in prep.). Approximately 70 percent of this yield constituted migratory
(transboundary) species, corresponding to an annual yield of 136,000 tonnes. The direct-use
value is thus $US 92.8 million.
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Fisheries targeting migratory fishes along the stretch from Phnom Penh to Khone Falls
(including the Sesan tributary system)

Migratory fishes are targeted using various types of gears along this stretch. The most important
gears are: gillnets, seine nets, various traps, and brush parks. The fish migrations along this stretch
are also targeted by migratory fishermen, who follow the fishes for some distance on their upstream
journey, particularly from Kratie to Stung Treng and into the Sesan catchment.

In terms of quantity and species composition of the yield from this section of the river, no data are
currently available and it is thus not possible to put a monetary value on the yield.

This should therefore be included in the final assessment as an information gap.
Fisheries at dry season refuges in northern Cambodia

These fisheries largely constitute small-scale operations using multiple methods and gear types.
They have not been documented in terms of quantity and species composition, and therefore, a
guantitative valuation is not possible.

This should therefore be included in the final assessment as an information gap.
Khone Falls fisheries

The Khone Falls fisheries are among the most well documented of the entire basin, both in terms of
quantity and species composition. For instance, the annual yield for the 65,000 people living on
Khong lIsland, has been estimated at approximately four tonnes, of which almost 92 percent
constituted catches from the Mekong mainstream (Baird et al. 1998). The most important species
groups reported were the Henicorhynchus group. Since a large proportion of the Khone Falls fisheries
specifically target migratory fishes, we can assume that most of the yield originates from long-
distance migratory white-fishes, which ‘grew up’ on the floodplains in southern Cambodia and the
Mekong Delta in Viet Nam.

It is also possible to estimate yield from certain specialised gears targeting migratory species at the
Khone Falls.

However, the diversity of fishing operations at the Khone Falls is very high, and for a true and full
valuation of the fishery one would have to obtain quantitative data, including species composition,
for each operation.

Larvae and juvenile drift fisheries

This specialised fishery targets fish larvae and juveniles of certain catfish species (mainly
Pangasianodon hypophthalmus and Pangasius bocourti). The catch is used in the aquaculture
industry in the Mekong Delta in Viet Nam for stocking in cages and ponds (Trong et al. 2002).
Annual catches of 200-800 million fry have been reported for Viet Nam (Trong et al. 2002) and up
to 165,000 million in Cambodia (Van Zalinge et al. 2002).

The fishery is now banned in both Cambodia and Viet Nam due to its perceived negative impacts
on wild fish stocks of many species (Trong et al. 2002). Also, it is now possible to hatch both
target species in captivity and therefore the demand for wild-caught fry may disappear in the
future.
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The need to incorporate this fishery into a valuation process may therefore no longer exist. However,
this fishery illustrates an important aspect, which should ideally also be included in a full resource
valuation: the opportunity value. The development of the larvae fishery was a pre-requisite (and
thus provided the opportunity) for the development of the catfish aquaculture industry in Viet
Nam. This industry produces about 65,000 tonnes annually (Trong et al. 2002). Most of the
production is exported, and thus provides a substantial amount of foreign exchange earnings to
Viet Nam. The fishery resources, and the rich biodiversity of the Mekong Basin as a whole,
potentially hold large and untapped opportunity values in areas such as aquaculture, eco-tourism,
recreational fishing, etc.

Floating fish feed factory in An Giang Province, Viet Nam. The feed is produced
from dried fish (mostly imported from Cambodia) and used
in the cage culture of Pangasiid catfishes in Viet Nam.

5.1.2 Assessing ecosystem attributes and functions

The valuation process above focused on the direct-use value of migratory fishes. In the overall
assessment, it is also necessary to include some considerations of the importance (in quantitative
terms) of ecosystem attributes, such as critical habitats and migratory connectivity. These attributes
were identified in qualitative terms in Section Four. How can their role be (semi)-quantified? In the
following section, we will illustrate how this could be done and what it would require in terms of
data. Specifically, we will try to quantify the importance of one of the critical habitats for the Lower
Migration System: the deep pool refuge habitats along the Kratie-Stung Treng stretch of the Mekong
River.

As mentioned above, deep pools in river channels play an important role as dry season refuges for a
large number of species and are therefore important for recruitment of fishes at the beginning of the
flood season. One could then ask the following question:

How much of the yield from the lower Mekong (expressed in percent) depends on deep
pool refuge habitats in northern Cambodia?
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The answer to this question would provide a quantitative measure of the importance of these habitats.
But it is much easier to ask this question than it is to answer, particularly when one considers the
availability of data. Since the best quantitative data are for the Tonle Sap dai fishery, we will attempt
to provide a partial answer to the question, i.e. by answering the following question:

What proportion of the yield from the Tonle Sap dai fishery depends on deep pool refuge
habitats in northern Cambodia?

Answer:

Of the 10 most important species in the dai fishery of the Tonle Sap over the period 1995 to 2000
(Pengbun and Chanthoeun 2001), six have been reported to use deep pool habitats in northern
Cambodia (Poulsen et al. 2002)® . These six species account for 61 percent of the catch in the dai
fishery. Three of the remaining four species (Dangila spp., Thynnichthys thynnoides and Osteochilus
hasselti), have also been listed as important species in the Khone Falls “tone” trap fishery and are
believed to migrate from the Tonle Sap River to the Khone Falls during the dry season (Baird et al.
2000). They possibly also utilise deep pool habitats during the dry season. They account for another
14 percent of catches from the dai fishery (Pengbun and Chanthoeun 2001). Thus, 75 percent of the
total catch from the dai fisheries depend on the availability of deep pool habitats in Northern Cambodia
(i.e. Kratie to the Khone Falls and the Sesan/Srepok/Sekong catchment). As this estimate is only
based on the 10 most important species from the dai catches, and also does not take into account any
food-chain conversion of the juveniles of deep pool-dependent species, we consider this a conservative
estimate.

Ideally, one would have to go through a similar process for all the other major fisheries targeting
migratory fishes of the Lower Migration System in order to get a full quantification of the importance
of these refuge habitats. Other critical habitats and ecosystem attributes should be assessed through
similar processes. It is obvious that existing data do not allow for such a full quantification. And it
is questionable whether enough data will ever be available to allow for a full valuation of resources
and quantification related to ecosystem attributes. Therefore, planning and decision-making have to
be based on existing data, with allowances for information gaps.

5.1.3 Application of valuation data in decision-making and assessments

Any decisions related to planning and development within the context of a large river basin will
always have a large element of uncertainty. The many gaps in existing data and information identified
in the previous section serve as good illustrations of this.

Even if a full valuation of migratory fishes is not possible, the information above can be used as a
guide for planning purposes. It could for instance be applied within the framework of the Basin
Development Plan of the MRC, together with information on other uses, and resources, of the river.
It could also be incorporated into a future Strategic Environmental Assessment process under the
Environment Programme.

In relation to specific development projects, the data can be used in the first screening of a project.
One illustrative example is applied to the proposal to build a mainstream hydropower dam at Sambor
in northern Cambodia.

% Three of the remaining species, Dangila sp., Belodontichthys dinema and Thynnichthys thynnoides, were not included
in the deep pool study.
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Sambor is a small village situated on the Mekong River between Kratie and Stung Treng. The village
has given its name to a nearby system of rapids (the Sambor Rapids). These rapids, and associated
deep pools, are important fish habitats, particularly for spawning and refuge purposes.

A small section of the Sambor Rapids, northern Cambodia.

If the Sambor hydropower project were built, its impact on migratory fish stocks would be significant
because:

o the dam would change the hydrology and water levels for a significant distance upstream and
downstream of the proposed dam site, including the deep pool stretch between Kratie and
Stung Treng. This would eventually lead to deep pool refuge habitats filling up with sediment
and disappearing.

e the dam would cut, or significantly impair, migration corridors between floodplain habitats in
the south and refuge habitats in the north.

o the dam would interfere with the larval drift system, causing increased direct mortality as well
as indirect mortality due to the fact that changed hydrological patterns would prevent larvae
from reaching their “intended” destination.

Any proposal to build a hydropower project should incorporate the following as potential project
costs:

o the value of the migratory fishery resources (including an assessment of information gaps) that
will potentially be impacted by the project.

e adescription and quantification of all possible impacts on the fishery, including: the blocking
of fish migration and larval drift; the trapping of nutrients and sediment needed for production
downstream; reductions in oxygen levels downstream; daily water level fluctuations; and effects
on people’s fishing activities.

e if impacts can be mitigated (e.g. through design modification, management measures and/or
the inclusion of fish-ways), the cost of such mitigation measures should be incorporated into
the project.

56



Fish migrations of the Lower Mekong River Basin

o the degree to which the above mitigation measures would be expected to reduce impacts should
be assessed and taken into account (i.e. mitigation measures are rarely, if ever, able to fully
eliminate adverse impacts).

e gaps in the available data should be identified, and if these gaps are seen as constraints on
decision-making regarding the project proposal, a data collection programme aimed at filling
the gaps should be incorporated into the proposal.

Itis likely that if these additional costs were included in project proposals, some hydropower projects
would be abandoned early in the screening process.

5.1.4 Lessons learned from elsewhere

It is a tremendously difficult task to steer basin-wide development in a sustainable direction.
Therefore, it is important to learn as much as possible from experiences in other parts of the
world.

The Kissimmee River, United States of America

The Kissimmee River is situated in south-central Florida. During the 1960s and early 1970s,
the river was channelised in an effort to claim land for agricultural development. Through this
process, 75 percent of the river’s floodplain area and wetland habitats were lost. This led to a
significant change in the ecological structure and functioning of the river. Based on the negative
impacts of the channelisation project, a restoration project was authorised in 1992 and
commenced in 1999: the Kissimmee River Restoration Project. The project will take 15 years
to implement and cost $US 400 million. The strategy focuses on reestablishing historic
hydrologic conditions and reconnecting the river with its floodplain. Specifically, the following
activities will be undertaken:

e Reestablishing historic discharge patterns from Lake Kissimmee
Acquiring 85,000 acres of floodplain and watershed land in both the upper and lower basin

e Continuous backfilling of 22 miles of canal
e Removal of 2 water control structures
e Recarving of 9 miles of former river channel

For further information on the Kissimmee River project, see the website of the South Florida Water
Management District (www.sfwmd.gov).

The Skjern River, Denmark

The Skjern River is a small river in western Denmark. In the 1960s, similar to the Kissimmee River,
it was channelised, and its floodplain area drained with the main purpose of agricultural development.
However, it soon became apparent that the new agricultural land was not fertile and the negative
impacts of the channelisation started to emerge. Therefore, it was decided to restore part of the river
to its former river channel and reestablish more than half the historic floodplain area of the river
basin. The Skjern River Restauration Project was initiated in 1999 and the river works completed in
2002, at a cost of 254 million Danish Kroner (equivalent to about $US 33 million).
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The main lessons from the two projects are:

e The channelisation resulted in a range of different negative impacts, such as a decrease in fish
stocks, a decrease in other aquatic fauna, an increase in pollution (eutrophication) of aquatic
ecosystems, a draining of rivers and a loss of the recreational and aesthetic values of the river basin.

e The planning process leading to the decision to channelise the rivers was based on single-sector
priorities and did not take the multiple-use nature of the river basin into account.

e The planning process did not include ecological considerations and, as a consequence, the
impacts which emerged after the channelisation projects was not anticipated.

e Most of the features that the restauration projects seek to restore are of similar nature to the
ecosystem attributes for the Mekong River mentioned in Section 4 of this report.

These two examples illustrate a general trend in river basin development of the past: river basins
were developed with little consideration for their ecological functions. Of large rivers of comparable
size with the Mekong, the Mississippi River in North America and the Rhine in Europe have both
suffered serious ecological problems (Arthington and Welcomme 1995). A great deal of resources
and effort are now being spent to try and restore these rivers to good ecological functioning (see
also, Cowx and Welcomme 1998).

It has been generally realised that rivers are more valuable when their original ecology is maintained.
It would be an important achievement of the MRC and its member countries, if development could
be planned and implemented without compromising the ecological integrity and productivity of the
river. If that is possible, the Mekong will never need to be rehabilitated.

5.1.5 Conclusions:

As the previous section showed, there are many gaps in existing knowledge about Mekong fisheries
in general, and migratory fishes in particular. Therefore, further data collection aimed at filling
some of these gaps should be encouraged. On the other hand, it is also important to emphasise that
development activities within the Mekong Basin will not wait until complete knowledge about the
ecology of the basin is available, so existing knowledge must be used as the foundation for planning
and assessment purposes, as long as the information gaps are acknowledged and taken into account
in the decision-making process.

As illustrated previously in this report, we can use existing data to demonstrate, for example, that
development projects could significantly decrease the quality of, or access to, dry season refuge
habitats along the Kratie-Stung Treng stretch of the river. These impacts, if accounted for in estimating
the cost of the project would likely mean that the project would not be economically viable. The
same considerations would apply to many other proposed dam projects in the LMB.

Another important issue to emphasise is that for a large and complex ecosystem such as that of the
Mekong Basin, decision-making cannot be based solely on quantitative data (e.g. fisheries yield
data). Decisions should be taken within the framework of a holistic ecosystem approach where both
guantitative data and qualitative information are taken into account on equal terms. In such a
framework, fisheries are just one of many ecosystem services that should be considered.

The vision for the Mekong River Basin has been stated by the Mekong River Commission as: ““an
economically prosperous, socially just and environmentally sound Mekong River Basin’ (MRC Strategic
Plan 2001-2005). It is of course much easier to formulate such a vision than to implement it. One of the
major roles of the MRC is to translate this broad vision into a number of more specific and tangible
goals. This report may be seen as an attempt to formulate some suggested goals for the river from one
point of view, that of the conservation and sustainable use of migratory fishes of the Mekong.
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