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Summary

1. Background

The farming of fish and other aguatic animals and plants or aguaculture, is an increasingly important
rural activity and source of food and income for people living in the Lower Mekong Basin. This
paper reviews the status of inland aquaculture in the Lower Mekong Basin countries of Cambodia,
Lao PDR, Thailand and Viet Nam. It identifies key factors shaping aquaculture development and
provides recommendationsto increase its future importance in food production and rural devel opment
in the basin. The information contained in this report came through written contributions from and
consultations with Mekong aguaculture and rural development experts. An initial draft was prepared
in 2001 for the Mekong River Commission (MRC) Fisheries Sector Review, and subsequently edited
into this separate MRC Technica Paper on aguaculture. The paper provides atimely and important
review of aguaculture as a significant means of food production and a contributor to rural livelihoods
in the Lower Mekong Basin.

2. Statusof aquaculture

Aquaculture in the Mekong Basin is adiverse activity. It encompasses breeding, rearing and sae of
fish fry and fingerlings, and growing of wild or artificially-reared fry and fingerlings in enclosed or
semi-enclosed water bodies, such as ponds, rice fields and fish cages. The products from aquacul-
ture are marketed, and often also used for home consumption. Supplying inputs for farming, such as
fish seed and feed, and handling, processing, marketing and consumption of aguaculture products
are important components in the livelihoods of men, women and children in many rura households
in the Mekong Bagin.

There has been a steady growth in inland aguaculture production in al countries of the Lower
Mekong Basin over the past 10 years, from around 60,000 tonnes in 1990 to around 260,000 tonnes
in 1999/2000. This equates to 12-13 percent of the total freshwater aquatic animal production in the
Lower Mekong Basin (an estimated 2,036,000 tonnes). This does not include production of fish and
shrimp in the brackish waters of the Mekong Delta. The development of aquaculture in the Mekong
Basin has been uneven though. Most aguaculture production takes place in the Mekong Delta in
Viet Nam and on the Korat Plateau in Northeast Thailand, with much less production in Cambodia
and Lao PDR. Nevertheless, this review suggests that official government statistics probably under-
estimate the importance of small-scale aquaculture, and that it is increasingly widespread and of
growing importance as a source of food and income for rura households.

Government policy has contributed significantly to the recent growth in aquaculture. Over the past
10 years governmentsin all Mekong countries have increased investment in research, infrastructure,
education and extension. The governments of Thailand and Viet Nam have invested considerably
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more resources in aguaculture, and Viet Nam has an ambitious plan for capacity building and
extension. Research support has traditionally focussed on technical issues, and less on formulating
and implementing farmer-driven research agendas, but recent shifts towards adaptive, farmer-needs-
driven aguaculture development are evident.

The sustainability of aguacultureis closaly linked to the natural resource base in the Mekong Basin.
Small-scale aguaculture can contribute to environmental improvement, such as through dry season
water storage and recycling of agricultura wastesthrough aguaculture ponds. Environmental concerns
relate to water pollution from other sectors, such as agriculture, water shortages, spread of aquatic
animal diseases, adverse impacts of intensive cage fish farming, trematode infections and loss of
genetic diversity through poor breeding practice and ill-considered trans-boundary movement of
stocks. These problems can be mitigated by adoption of better farm management practices and
farming systems, and development strategies that integrate aquaculture into the farms and natural
ecosystems of the basin. Where the objective is poverty alleviation, support based around an
understanding of poor peopl€e's livelihoods can be a valuable development strategy.

3. Futureof aquaculture

The future will see continuing expansion of aguaculture within the Mekong Basin. At the macro-
level, population trends for the basin suggest an additional 400,000 tonnes of agquatic animal product
will be needed in 10 years to maintain consumption at present levels. Aquaculture development will
have a critica role in contributing to this demand.

Throughout the rura areas of the basin, experience shows that small-scale farm households make
individualy small but important contributions to aguaculture production. The potentia for increasing
the impact of aguaculture on rural development in the Mekong Basin is substantia. In some areas
where wild fish supply islimited and there is serious food insecurity and poverty, such asthe highland
areasof Lao PDR and Viet Nam, and away from the Tonle Sap-Mekong River corridor in Cambodia,
aquaculture can and should be used to improve food security. To increase the positive impacts of
aquaculture throughout the basin, targeted support needs to be provided to small-scale aquaculture
and to the special obstacles that poor people face, such as access to credit and extension support.

The technologies for small-scale aguaculture have been largely put in place over the past 10 years,
which is a significant achievement. The technologies for small-scale aquaculture that work for poor
rural households can be characterised as ones which require low investment, little risk and provide
quick returns. They also are smple, easy to copy, easy to extend, trainers can be easily trained and
they contribute to locd fish supply. These aguaculture technologies may include ponds, nursing of
fish in hapas in common water bodies, raising of fish in rice fields and simple cage culture
technologies.

Aquaculture will require various inputs to support its anticipated growth, such as sufficient fish
seed, feed for thefish (fertilisersand feeds), and land areaand water. Servicesthat support aguaculture
are important, particularly at local levels. In rurd areas where there is potential for aquaculture,
sarvices are needed to extend knowledge and build institutional support. Involving poor people
requires a shift in extension thinking away from technology towards a more flexible people-centred
and participatory approach using innovative communication mechanisms. Focusing government
support on small-scale aquaculture and understanding and working with poorer rural households
will provide a necessary balance to more commercialy-oriented aquaculture.
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Severa regional, basin-wide, issues will also affect the future of aquaculture. These include sharing
of experiences and knowledge on aquaculture development, particularly small-scale aquaculture
and working towards common policy on basin-wideissues. Two issuesthat deserve particular attention
are control of aquatic animal diseases and reduction of the risks to wild stocks from the introduction
of exatics or, through trans-boundary movement, the mixing of genetically-different indigenous fish
strains.

To date, development of aquaculture has been largely sectoraly driven. In future, governments and
supporting agencies will give more attention to the promotion of aguaculture within a rural
development framework. MRC's focus on environmentally-sustainable development in sub-basins
shared by more than one country provides an opportunity for testing more systematic approaches to
aquaculture and for raising the profile of aquaculture as a tool for poverty aleviation.

4. Recommendations

4.1 Aquaculture within the framework of the Mekong Basin Development Plan. Dividing the
Mekong Basin into catchments or clusters of catchments, as proposed by MRC, provides the
opportunity for systematic support to aguaculture development that targets poverty and food
insecurity. The catchment approach is quite new, therefore, a step-by-step approach should be
adopted using the lessons learned from pilot projects to gradually extend knowledge to other
catchments.

4.2 Support for small-scale aquaculture and services for aquaculture development. Future
development support should build effective services that support the objectives of small-scale
farms and poor households. This approach will require considerable capacity building among
local, provincid and national ingtitutions to encourage use of participatory approachesto planning
and extension, improve access to knowledge and devel op nationa planning processes and policy
which focus on the needs of rural households.

4.3 Strategically analyse aguaculture development requirements. The potentia for aguacultureis
probably greatest in food insecure and remote areas of the basin. These areasinclude the highlands
and areas away from the Mekong and large fishing grounds such asthe Great Lakein Cambodia.
To support this, a strategic andysis of aquaculture potential in sub-basins should be carried out.

4.4 Research cooperation. Regional research cooperation should be encouraged as a cost-effective
means of addressing key constraints to aguaculture development, such as those identified in the
review. Collaborative research should particularly include small-scale rural aquaculture
practitioners from impoverished households in remote aress.

4.5 Development of common policy in the Mekong Basin. There are anumber of aquaculture-
related issues that transcend national boundaries, such as the movement of live aguatic animals
between watersheds, and the use of exotic species. The former raises concerns about the | oss of
genetic diversity and the spread of aguatic animal diseases. Proliferation of exotic speciesin
natural waterways will be detrimental for indigenous species. Cooperation among riparian
countries is necessary to prepare common policy and management strategies that address such
issues. It ishoped that MRC will continue to support the valuable work of the Technical Advisory
Body on Fisheries M anagement and other riparian bodies that enhance communication and address
common development concerns.
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4.6 Communication and partnerships. There are opportunitiesto build more effective partnerships
among various development agencies working in aquaculture and rural development in the
basin. Cooperation and sharing of experiences between stakeholders through effective
communication isimportant if the intellectual and capital resources available are to be used to
the best advantage.
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fhvt?
varvb,km rkarcBamRt varst ngvarrk CataeTeTotkBgmanskmPaBekneT gy agp I ps

enktamCnbT ehyvakCaRbPBmbGshar ngf)akcN IsrabRbCaCned Brsenik g
GagTenemKgeRkam. GthTenHBntieT,gv g nvsanPaBvarv, kmTksabenktambN b
T skoGagTenemKgeRkamdcCa kmCa T,av & nggwotNam. GtbTkbgag nvktaknk
Ed I man FKNCCakarGPuDEnvarv, km ngp I CaGnsasnedm, begnnvsarsxanrbsva
koeB 1 GnaktceBakarp I tmbGahar ngkarGPVDinCnbTenk gGagTagm . ral
Btmantd I BNngenik oGt TenH) anmkBuPaKTanCaseNr ngkarBeikHeyab I Camy
GkCnap karnangEpkvarvh, kmemKgngGPVDinCnhT . esckRBagdbgftv)anerobcelg
k2001 srabeFkarBntiem ReLgvgedvsyClpIrosKNkmkarTenemKg mrc)
ehyk)anBntitksr I Cabnbnabdake DeTAk gGthTheckeTsedayELk2rbs
KNSkmkarTenemKg (wrey SBuarv,km . GtoTendk)anp nvkarBntiem BeLgv)
CasxanngTaneB Bev 1 The Hvsyvanv, ke I CameFiis)aydca)acmy srabCyd Rkap I t
moGahar ngkartckcayeThd | CvPaBrsenktamCnb Tk gGagTenemKg.

SanPaBuarib,km’

vavh kmkgGagTenemKgCasknPaBmy yagT 1T Ly skPaBenHmmankarbgrt BC karPas
ngkar EkknktemSingknktBC KcCakarcBmb nkntemingknRtBC I jaskgFmCat
rtam BkINs b, nmeendkgEdn TKKNE rBakkNe o TCtdcC8 tanRsH vl s ngebift.
p 1t Rt b )anmkBuarv, kmtv)anek kende I TpSr ngEtgEteRR)assrabptpgky
iKsarpgtdr. karp RedmTnsrabcBmdcCs® fBC ngeN karkfTa kartkeqy kar Bkdr
ngkareRbR)asp I tp Hvarvh, kmKCasmasPaBdsxansrabCvPaBrsendrbshrs fis
ngkmarkgRkmRKsarCaghenrsenktamTCnbTTemmKg.
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Cag10qakngeThentt mankarekneL.gCal dabceBaHp I tp Hvarvb, kmTk sabenktam
DN RbeT senGagTenemKgeRkamKRomeNB 60:000¢tanentkgqal990 eTHbEN
260)000¢tanendga1999-2000. trelxentesngl2-13°enpltplstTksib
srhenikgGagTenemKgeRkam -cnn)ansin22036:000¢tan;. trelxenHmnTanrm
pBalnvp I tp IRt nghgaTkPavendond SNITenemKgeT,y . KaGPvDEnVSyvanvb,
kmenakgGagTenemKgKmnTan)anesKeendeLyeT . p I tp Hvarvb, kmPaKeRcnek tman
enddbnd SN rTenemKgk gfbeTsevotNam ngenddbnxgrabkratPak\sanbeTs ef
td ErmCamyngp 1tp Emycnnteenik gfbeTskmCa ngRbeTsLav. yagNamj
karBntieLgv jenHog  fastCapvkar rbsrdiP)alRoth I CaeFkar )ansanendTabend
sLyeThe I sarsxanenvs yvarvb, kmFntc BeRBaHskmPaBenkkBgrkral dal yagag
thyedrtrysgsxainCRbPBCN I ngmbGaharsrabRCaCnenktamCnbT .

neya)ayrbsrdaP)a l)anrmcENKyagsxand Ekarrk 1t s f2rbsvsyvanb, km.
rahkarBKbRKgk gry%eB 1 CagL0akngmkrbs hNaReT senktamTenemKg anekn
sLgnvkarmeyake IEpRsaRCarehdarcnasm karGhr ngkargarSBpSay. reaP)alfoeTsef
noRbeT sewtNam)aneFuneyakyagerene IRbPBEnFanvarvh,km- ehyAbeTsewtNam
manEpnkary agFmy Sedie D karbegnsmtPaB ngkargarpsBplay . CaTeThkarkaiT
kargartsaRCav )anepatttsThe I bBabeckeTs ngmanbncbncenkeLy eThe Bkarbegt
ngGnviebobvarRsarCaryag Lt InCamykskr tingnieB I f2enimanPSstaghaa g nvkar
EAbRb 1 ceBatikarGPyDEnvarv, kmtamrebobegRoDtCnven CakEs groskskr .

cIPaBrosvs yvarvh, km)anPabKayagCts teTAngm I danFnFanFmCatendk gGagTen
amKg. varvb, kiFntcGacrmeENKd Rkartk 1 Grbrsin acCatamry3kar SkTkenkrohd )ag
ngkarettR)aseLgv g nvkaksN LkskmtamrysHvarv, kmCaedm. kg I Caghcn
ceBeHbBabrsinTekTgeTAngkaroB I TkEd EbNamkBusymycnndcCa vsykskm kar
skTk karrkral dalenCoRoePTvarst -strsentkgTk! pbBal enkarcBamit
koEorCalkNR0B Bvb,km kargRBn ngkar )ethgenOiesenTc -BCST] tamryRkarbgpt



FIESivwalel Agjudluliul e il Uie LUWES IVIEKUI Y DAl

BCGNTy ngkarb Raslrp I skid manCqqgBRoeTsmyeTHRbeTsmyeTot. bBaTag
GseniGachty )ankatbnyedayRtvGnvtnkargarikbfKgk sdan eGay )ankantt Ifbesr
ngrmbBal nvy TSRS GPYDEwarD, kneTik gk s din ngfbBreGkFnCatenGagTagml .
Tstcliedm,kathny PaBRkk ngkarbegnceNHdgd I CvPaBrsenirbsRCaCrikRkGacCa
yTs#sGPDindmnte Imy .

Gakitka lenvs yvarvb, kin?
varvb, kmkBgrkral da INtQbQrteTAGnaK tendk gGag TenemKg . kgry®B110qs
eTmxehKtCakrtmetk nnakartbCaCnenGgTagm IrbsGagnghtvkarp I tp lvarst
bEnmenn400000 etaneTotedm,rkSar)anmves rPaBetbR)askgkrtbch,n. karGPvDin
varv, kmngedrtyagsxanenik gkarteB j esckitvkarent.

bTBesaFn)anboej FreniKbdbnCnbTenGagTen ksdantc2CalkNRKsarkeFeLg
ey K I bEn)anrmcENKyagsxanceBaHp I tp Bvarvi,km. skanB 1 P:Bsrabbegn
\TB Bvarvh, kme EkarGPvDinCnb TkgGag TenemKgmanefenKrsm. enktamdbnmyc
nntd DkarptpoftFmCatmank Nt ngmanGsnsxes, igFnFrehykakeTotend deCa
enitamdbnxgrabRoeTs LangevotNam kdcCadbndachs yal enbeT skmCaed Henk
0pyBTensabngTenemKg varvh, kmGacngKh, ftv)anefbR)asedm,eFeGayRbesteT g
nvsnsxes,ig. edm, begn\TB I CaCrmanenvarvb, kmendk gGagTenTagm I karkaBar
iGaycTsedtvateThe Bvsyvanb, kmFnte ngra osKCaKrHd IoCaCrRkik kBoCoRo TH
AcCaTT I )annvkarkTRTCa\NTan ngkarpSBpSay Caeclm.

beckvTiasrabvarvt, kmFntcht)andakec J yegT I T Rayigry B 100kngeTh ecky
Serc)ineCakCy yagreFg . ralbeckvTiavarvb, krFntctd R erd | CvPaBrsenitamCnioT
Gacmancrk Rk N3Caescktukare I kanmeyaKFakTab kardbfybfan bncbne
shykCakarp [cN )angabrhstdr. vakman EkN2smBagay#s Bkgkarc 1gtam
ngpsBpsayEd | GkhetgonGaceFkarbgat)anyaggayis I TmngenivaGacrmcENK
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d D karptpoftsacenitammi ain. beckvTiavarv, kniTagenHGacrmioBall vkarcBakttamRsH
kartfobnftkgha)a (Hapay kgEdnTkrm karcBamktkgtts ngral beckyvTiacBambttam
EoryagsimB.

vanvh, krttvkarFnFaniKbyagedm, KaBarnviarrk 1t HaseBfmxrbsiadeCattuman BCRECNRE
2CngcNi neepdfBmTagTk. esvekmianvh, kmminsarssxanNzsCa Bessenkkm I dn.
enktamCniTEd I manskanB Bvarvh, km ra l esvakimdty )angKeFedm, begnceNAdg ng
begteGaymankarkaTCasabn . AbCaCnrkRked I BakBnftveFeGayKatcabGamNeTkel
karpSBpSayecaymnepste DbeckyTieeT,y koTsechQaneqeHeTArkvFmygayhs Higkar
clrm ngberp IRbeysCnRbCaCnedm,eFCam B dan bEgkedayefbR)asnvynkar
TnakTngKabegtveeoobf2. epate DkarkeRTrosraiP)al ceBatanvb, kit ngoeNHg
Fd 1 )anmkBkarrmkargarCamyRbCaCnRkRkenktamd bnCnbTngp ICalngdsxanmy
ooim gopHe TArkmakavarv, ke bBaN CkmbEnmeTot .

bBanansenk gdbnngtamGag Ten Tagm B Gacngmanp I bHBal pgEdra Bvarvb, kmenkef
GnaKt. TagGsenhktoBal TagkarrmTBesaFn ngceNHdgKae | karGPvDinvarvh, km
CaBessvarvb, kmFntc ngkareFkargareqaeTArkneya)ayrme BoBasGagTenTagm .
bBasBrEd I Kryket TkdakCachgKkartt tBntiCgBBKvarst ngkarkatnynuekit
fakd D karskk gFmCated TNz I mkBRbePTnac ImkBetkiRsk rh lasbrqgibeTs
ngkardakerhbnRbeP TRtkgRskEd I manesenTcepdcpka.

rhtmka B bch,n karGPuDEnvarvb, knmankarrk 1t asentkgdbnyagTIT Ly .
kgeB 1 GnaKt raaP)a IngbNaPakgarkaBaraeTeTotngp I kary ket TkdakbEnmeTot
ocdm, Cr g vgpvanvh, kiandkgRkoxNGPVIICnib T, karyketTkdakrosKNekmkar TeremKg
vrc) ETR BkarGPyDineGaymancrPaBEpkbrsanendk gtpkenGagTenkd I rme 1K
dicnCagmyRoeTsp Inimkassrabsak 1,gral Epnkartd 1 )angrobcCatbBnva rvb,km
ngsrabAbm I nura Eksanvanvh, ke ¢FCamefee)ay SrabeFkerkatony PBAGK .
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Gnsisn?

4-1 " vanv, krkofkox N KargarenEpnkar Gy EnGag TenemKf
kartogeck Gag TenemKgCadbnrg TkePog rCasNendbnrgTkePaydetd I anes seday
KNSkmkarTenemKg ovrey pInwkassraberobeCaRbBnedm, ATRTd B karGPvDin
varvb, kmed I maneka DediCy st 1 d I PaBRKRK ngbBiGsnsxes,g. TsediKbiKg
dbnrgTkePagKCabBaafenieLy deckTsedAc as NasKh,itv)anekeRbR)asnvral bz
0TBesarnEd I )anmkBRKoKerag sakBesaFnnanaedm, BRgknveeNHdgCabeN 26t TArk
dbnrgTkeRgdeTeTot .

4-2  karkaTvanb kiknte - ngesieknsrabGRinanb, kit

KarKakTd karGPvDinnaeB I GnaK tKh, ksagnvesakmdmantbs TPaBEd IRTRTgd I
TsedCalkN3tctac ngrKsartkRk . eKalechenHtAmveGaymankarBRggsmtPsB
bEnmeTotd I sabnfakCat ext ngm I dangdm,¢ IkTkctd DkarefoR)asra I Tsedien
karc I rmedm,eFkarksagEpnkamgkargarp$BpSy begnkary Idg ngGPvDinrald
eNrkarenkarksagEpnkarCat ngneys)aytd lepateThe lesckftvkarrbsRbCiCnend
tamCnoT .

4-3 \PiKCayTsise I ralesckitikarkgkarGPyDinanb ki

skanB I PsBenvsyvarv, kmKmante I FeFgNasenktamdbndichs ya l enGagTen
I Bmanes rPaBmbGahar. dbnTagenarmbBal Tagdbnxgrab ngabndeTeToted
endpy BTenamKg ngednensaTF2deCabg TensabenfbeTsknCa. e, KATd Hkar garent
karvPakCay Tsis énra | skanB I PaBuarvh, knendk gEpkenGagTenkh ftan Gnvt.

4-4 - shibthtkatsaiCa?
keshiythtkarsarCavk gdbnkh,ktv)ane EkTke thd | CameFii )ay dmanfh S TPaB
ool gclaRsaynvra l JosKCaKntoeBakarGPvDEnvarvh, kmdcEd I )anbga j vk gGtT
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sBkarBntieLgvpent. keshkarkargarRsaviCakh, rmbBal Casxannvrall Gk
Crag vav, kmec2tamCnbTed EmanRPBmkBRkmiK sarRkRkenktamdbndacts yal
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Aquaculture can dso contribute to improving human nutrition. Rura diets in the Mekong Basin rely
on rice as the predominant form of carbohydrate and for a significant amount of protein. Thisrice
diet is deficient in the essential amino acid, lysine. Fish, however, is a rich source of lysine.

Aquaculture is a source of cash and food for rura households. Cash outlay may be required for
fingerlings, so some form of income is usudly necessary (earned through the sde of fish produced or
from other farm products). In poor households, the families that engage in aquaculture often consume
the fish, and this may spare other livestock for income generation (especidly chickens and pigs). In
Lao PDR, experience from aFood and Agriculture Organization (FAO) project showsthat the mgjority
of fish farmers engage in aguaculture primarily for household food security, with income generation
as an added bonus where surplus fish are produced (Funge-Smith 19994). Fish production for food
security generaly requires little labour once the pond is established. It istherefore not only the tonnage
that makes aquaculture important in the basin —it is the number of households engaged in production.

The spectrum of people involved in aquaculture is wide, and includes low income and poor people,
aswell asthe better off with more assetsto invest. For the better off, aguaculture can offer alucrative
return on investment, as can be seen, for example, in freshwater cagefarmsin Viet Nam. Thebasin's
people are also involved in the supply of inputs, such as fish seed and feed, and in post harvest
activities. In the Mekong Delta, for example, factories processing river catfish fillets for export
provide employment for a significant number of women.

Even though some assets are needed to invest in aguaculture production, poor landless people can
become involved and benefit from well-targeted aquaculture interventions. For example, in Lao
PDR, landless poor people who did not have access to ponds were involved in a successful and
sustainable fish-nursing network (Lithdamlong et al. 2002).

To date, the approach to aguaculture devel opment has emphasi sed increasing aquaculture productivity,
but such production and technol ogy-oriented approaches have not dways focussed on poor people. In
some cases, such an approach may even disadvantage poor people (Haylor 2001). Projectsin Lao PDR
and Cambodia over the past few years demonstrate that a focus on the participation of poor groupsin
aquaculture can make sgnificant contributions to improving rura livelihoods. Frequently, the rurd
poor will readily enter aquaculture if the basic congtraint of reliable fingerling supply can be overcome.

Women, men and children are dl involved in small-scale aquaculture, athough each may have
different roles. In the basin, there are few cultural constraints on women’s participation. In Viet
Nam, for example, women are actively involved in routine feeding and fertilisation, and are involved
in harvesting for consumption and marketing. In Lao PDR, women are actively involved in marketing
(Funge-Smith 1999a). Moreover, experiences with the MRC's Rura Extension for Aquaculture
Development (READ) project suggest that the role of women is greater in poorer households, where
men often have to work away from home on aseasond or daily basis. In some areas, the distance of
the aquaculture operation from home is a constraint, and domestic chores may conflict with the
requirements for feeding and management. Overall, women play an active role and are important
participants in small-scale aguaculture in the Mekong Basin.

1.4 Aquaculturesystemsand species

Most fish cultured within the basin are farmed in ponds and rice fields (Table 2), usudly as part of
a rice-based agricultural farming system. But, there are distinct differences between fish culture
practices throughout the basin, and between peri-urban and rural areas. Peri-urban areas have better
access to agricultura inputs (feed), and more intensive livestock production (particularly pigs and
chickens) providesuseablewastes. Technical information and fish seed are also more readily available
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due to the proximity of government fisheries stations and fish seed supplies. In Thailand and the
Mekong Deltaof Viet Nam, better infrastructure allows farmers better accessto inputs, markets and
information than is the case in more remote rural areasin Cambodia and Lao PDR.

The number of agquaculture farms and land allocated to aquaculture has grown over the past 10
years. In Northeast Thailand, there has been substantial digging of fish ponds since 1997, influenced
in part by Thailand’s economic crisis, and through the self-sufficiency and food security principles
and projects promoted by His Maesty, the King of Thailand. In Cambodia, large numbers of
household ponds have been dug by NGOs and donor agencies over the past 10 years, although only
some of these multiple purpose ponds have been used for aquaculture, and productivity of many
remains low. The available gatistics on farms and land cover, summarised in Table 2, certainly
underestimate small-scale aquaculture scattered throughout the rural areas of the basin.

Table2: Aquaculture production areas and estimated fish fingerling production in the Lower Mekong Basin (based on
1998-2000 statistics)

Pond culture  Cage/pen culture Ricefish culture  Estimated fingerling

(ha) (ha) (ha) production
Thailand* 25,862 8.96 6,519 190.6 millior?
Lao PDR 5,150° N/A 1,8964 <15 millior?
Cambodia 315 14.25 N/A 7.1 million in 1999,
(3561 cages, 9,870 t) estimated >10 million
in 2000°
Viet Nam? 51,264 39 79,750 595 million

Notes:

1 Northeast Thailand. DOF official statistics for 1998. Excludes 30 ha of ‘ditch’ culture.

2 Personal communication from Dr Khamchai L awonyawut, based on DOF estimates of production of 38,114,790 kg of
fish, and 1 kg fish requiring 5 fingerlings (in 1998) (DOF 2001).

Estimated as 51,500 households x average pond size of 0.1 ha

Estimated as 6,320 households x average stocked area of 0.3 ha

Government estimate from 1997, but probably less

So Nam and Nao Thuok (1999)

Tran Thanh Xuan et al. 2000

N~ o 0 &~ w

Aquaculture is taking off around the basin in response to demand for aquatic products within
households, from local or urban markets, and for export of some species, such as the river catfish
and freshwater prawns. Inthe

Box 1: Factors affecting small-scale aquaculture development Mekong Delta, cage culture

= Local wild fish supply, including seasonal and yearly variations of Pangas'ds has expanded
= Availability of inputs, particularly water, fish seed, feed/fertiliser repidly inrecent years, dueto

inputs and suitable land (or water area) expanding export markets.
= Loca market demand, particularly in remote rura areas Aquaculture has particularly
= Availability of support services credit, information and good potentia wherethereis
infrastructure. water and food insecurity,

and in areas where wild fish
supply isinsufficient to meet demand, either seasonally or throughout the year. The important factors
influencing aguaculture development include infrastructure, access to markets, supply of inputs,
particularly fish seed, and access to extension and other support services. In Lao PDR, for example,
economic factors such as the poorly developed market economy outside of towns, poor road
communications, the largely subsistence rural economy and limited access to long term credit, play
an important role in constraining aguaculture development.
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There are more than 30 fish and prawn species cultured in the Lower Mekong Basin, a diverse
collection of both exotic and indigenous species. A brief overview of the systems and species is
provided below, divided into different regions to illustrate the variation that occurs from the lowland
ddtaareas of Viet Nam and Cambodia, to the centra plainsin Northeast Thailand and Lao PDR, to
the upland aress in northwest Cambodia, Lao PDR and in the Centra Highlands in Viet Nam.
Additiona references are provided for readers seeking more information.

1.4.1 Mekong Deltain Viet Nam

The Mekong Ddtain Viet Nam has the largest aquaculture area in the basin, covering 329,225 ha.
Tota production (fresh, brackish and marine) in 1999? was 291,457 tonnes, worth an estimated
US$ 305 million (Tran and Tran 2000). Of this, freshwater aquaculture production made up 171,570
tonnes. Thetotal for pond culture was 80,980; cage culture was 58,410, fish-fish culture was 29,840
and Macrobrachium (prawn) culture was 2,340 tonnes. Therewere 51,264 haof pondsin the Mekong
Ddlta region of Viet Nam in 1999, though only 16,877 of these, or 33 percent, were cultured.
Production per unit of water areais high, with amean annua pond production rate of 4.8 tonnes’ha
Ponds are small, typicaly 100-500 nt in area, and are often created when earth is excavated to
elevate land for house construction. In 1999, in the Mekong Ddta of Viet Nam, 111 hatcheries
produced an estimated 1,615 million fry and 595 million fingerlings. Silver barb, Chinese and Indian
carp, tilapia and river catfish were the most abundant fish seed produced. With support from the
MRC READ? project, there has been a recent increase in hatchery production of fish seed from
snakeskin, kissing and giant gourami and climbing perch. Cages are commonly found in the river,
with the largest concentrations at Chau Doc in An Giang Province, and smaller numbers at Long
Xuyen.

The most commonly cultured fish speciesin Mekong Deltaponds areriver catfish P. hypophthal mus,
siver barb Barbodes gonionotus, common carp Cyprinus carpio, tilgpia (mainly O.niloticus and
O.mossambicus), giant gourami Osphronemus gourami, sand goby Oxyel eotrix marmor atus, hybrid
catfish Clarias gariepinus, C. macrocephal us, slver carp Hypophthal michthys molitrix, Indian carps
and snakehead Channa striatus. Polyculture isthe norm with stocking regimes and densitiesvarying
with feed availability, water quality and market price. Fish pond farming in the Mekong Ddlta is
normally integrated under the VAC system, an acronym for the Vietnamese words for “livestock,
pond and vegetables’. Extensive use is made of agricultural and fisheries by-products, some human
wastes from over-hung latrines, and abundant cheap labour, which keeps fish prices relatively low.
The MRC READ project estimated that 240,000 tonnes of farm-made feeds are used annudly in the
Mekong Delta, and so far, only minima (but growing) use is made of formulated pellet feeds. Viet
Nam, therefore, has arich experience with farm-made feeds.

In the Mekong Delta, 79,750 hectares of an estimated potential area of 209,670 ha, are presently
under rice-fish culture. Trenches 1.5-2.0 metres wide and 0.8-1.0 metres deep, and occupying 10-15
percent of the total ricefield area, are dug around the rice field periphery. Silver barb, common carp,
silver carp, tilapia, Indian carp, climbing perch, and snakeskin gourami are most frequently stocked
in rice-fish systems. Mean annua production from rice-fish systems in the Mekong Delta is 0.37
tonnes/ha, with the fish being held in the rice fields for two or three successive rice crops.

2 Ministry of Fisheries estimates for 2001 are 372,578 tonnes, consisting of 137,043 tonnes of pond fish, 64,908
tonnes of cage culture fish, 63,643 tonnes of clam and blood cockle, 71,536 tonnes of shrimp/prawn and 35,448
tonnes of other items.

3 Rural Extension for Aquaculture Development (READ) MRC project.
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In 1999, there were 4,639 fish cages in four Mekong Delta provinces, each ranging from 50 to
400 e in size, with larger cages commonly consisting of living quarters on top and the submerged
cage portion below. River catfish, snakehead, red-tail tin foil barb (Barbodes altus), silver barb
and common carp are most often reared in cages, stocked with one major species, plus a few
common carp to utilise uneaten feed. For river catfish and snakehead, stocking densities for
nursing and grow-out are 200-300 and 80-150 fish/merespectively, at asize of 5-6 g. Other species
are stocked at 80-100 fish/m?. Fish are fed wet sticky balls of mixed rice bran, broken rice and
trash fish, costing US$ 0.10-0.14/kg. Vegetables were previously used for river catfish, but are
no longer used as ingredients as they contain carotenoids, which caused the flesh of the now
dominant species, P. hypophthalmus, to turn yellow and be rejected by fillet processing plants.
Fish are cultured for between 10-14 months and yields range from 80-120 kg/m®. Cage culture of
high value species requires investment levels beyond the reach of poor and marginal farmers.
The fish cages are heavily dependant on the supply of so-called “trash” fish, from wild fisheries
in Viet Nam and Cambodia. Using trash fish as feed transforms a low economic value product
into a higher value product — the cage reared fish. Amounts of “trash” fish collected from the
wild are substantial. No figures regarding trash fish were available to the review, but concerns
have been raised over the impact of expanding demand on the environment and the availability of
fish for poorer consumers.

The government of Viet Nam has recently begun promotion of giant freshwater prawn culturein the
Mekong Deltaregion. In 1999, there were 2,940 Macrobrachium ponds. These were typically 50-
200 n?in area and stocked with 1-5 post larvae/n?. There were also 6,730 hectares of rice-prawn
plots, which were stocked with 1-2 post larvae/m?. Macrobrachium culture is dependant on wild
seed fish, though hatcheries are being devel oped. In ponds, Macrobrachium are fed amixture of rice
bran, broken rice, fishmeal or trash fish, while no feed is provided in rice-prawn systems. Mean
annua production in 1999 was 0.33 tonnes/hectare.

The parts of the Central Highlands in Viet Nam that drain into the Mekong River have some small-
scale pond culture and cage culture. Cage culture of grass carp started in Dak Lak province in 1993
in the Ea Soup Reservoir. The number of cages in the reservoir increased rapidly, but declined in
1996 due to outbreaks of grass carp disease (Phillips 1998). Mgjor problems affecting cage culture
in the area included water pollution, fish disease and market* congtraints.

1.4.2 Mekong Detaand Tonle Sap system in Cambodia

In Cambodia, over 80 percent of aguaculture production comes from cages and pensin the Tonle
Sap Great Lake and the Tonle Sap, Mekong and Bassac River systems. Cage and pen culture
originated in the Mekong Delta and Tonle Sap system, and has a long history. Maor species
cultured in cages include the river catfish Pangasianodon hypophthalmus and giant snakehead
Channa micropeltes. Minor species include Barbodes sp., Clarias batrachus, Oxyeleotris
marmorata, Cirrhinus sp. and Leptobarbus hoevenii. Cage culturein Cambodiaisin the “trangtion”
zone between capture and culture fisheries. Some farmers use cages solely for transporting fish.
Others may hold fish in cages or pens for afew months for fattening and marketing when fish are
scarce. Still others may use cages and pens, or combinations, to grow fish from juvenile to market
size. Juvenile river catfish and snakeheads are often collected from the wild, illustrating the heavy
dependence on the wild fishery.

4 For example, disease problems in cage culture in the Ea Soup reservoir in 1997 led to farmers selling large quantities
of grass carp, with a consequent reduction in price due to limited local market capacity for fish. Interestingly the
dropin price of cultured grass carp had a“knock on” effect on prices of wild fish, withreductionsin pricesreceived
by local fishermen.

34



Fresnwater Aquacuiture in tne Lower viekong sasin

Raising fish in ponds and rice fields is less developed in Cambodia, although importance has been
increasing in recent years following promotion by NGOs and international agencies. The contribution
from the two systems is some 15-20 percent of total aquaculture production. There are two pond
systems in Cambodia. One is the intensive Pangasius culture, common around Phnom Penh and in
Kandal, a province that is near the markets of Phnom Penh. Fish fingerlings are collected from the
wild and held in small ponds and fed rice bran, or trash fish when wild fish are abundant. The second
type is low-input pond culture, rice-fish and other integrated fish/livestock/vegetable culture
techniques involving both exotic and indigenous fish species. Here, athough pond and rice-fish
culture make alimited contribution to nationd fish production, they are important for poor households
in fish-deficit areas away from the Tonle Sap and mgjor rivers.

143 LaoPDR

In Lao PDR, fish culture in ponds and rice-fieldsis practiced in many areas, and avariety of systems
are used, depending upon the agro-climate of the area. The main areas are the plains bordering the
Mekong River, and the valleysin highland areas (which cover about 85 percent of Lao PDR). There
are still considerable areas of land that could be developed for seasonal aguaculture, either as pond
or rice-fish culture. Aquaculture appeals to rural farmers in circumstances where capture fisheries
are inaccessible or require excessive effort for a limited catch. There is a small amount of cage
culture in reservoirs, and growing investment in cage culture in the Mekong River and maor
tributaries, but so far this culture system makes a relatively small contribution to aguaculture
production. The mgority of Lao PDR fish ponds are rainfed and shalow, with water depths of less
than 50 cm. The ponds, constructed by hand, are small. Fish pond development is often rapid in
areas where road building results in excavated ponds or ditches, but production is frequently
congtrained by lack of fingerlings.

The productivity of rural aquaculture ponds islow in Lao PDR and reflects the limited amount of
inputs (feeds, manures) applied to ponds, and the lack of fingerlings for stocking. In colder aress,
the reduced grow-out season aso limits productivity. A diversity of fish species are cultured in Lao
PDR including tilapia, exotic carps (Indian carp, Chinese carp and common carp), and a so indigenous
slver barb (Barbodes gonionotus and other Barbodes species). The diversity of wild fish species
(including snakehead, Anabas, catfish, edls, Carassius auratus, Cyprinus carpio® and others) and
the common occurrence of other small aguatic creatures (Rasbora, smal shrimp, frogs, and snails,
which sometimes salf-recruit in ponds), provide an important source of additional nutrition for farm
households. This small-species by-catch does not have a high market value and is usually used for
household consumption only.

Rural areas of Lao PDR are typified by their salf-reliant subsistence agriculture systems, where
agricultural surpluses are minimal and livestock typicaly forage on their own. As a result, farmers
lack the manures that could be used as fish feed. They aso lack seed, supplemental feed, technical
information or even awareness of the potentia for aquaculture. Because the population density is
low, and communications between villages are poor, the extension services that could promote
aquaculture and provide technical information are limited.

Rice fields in Lao PDR are an important source of aquatic products both from fishing and from
aquaculture. However, raising fish in rice fields is more difficult in upland areas. Rainfed and
irrigated rice fields often require terracing, and because this limits the size of individua paddy

5 There are wild feral populations of Carassius auratus and Cyprinus carpio in the mountain areas of Lao PDR,
including several variants (morphotypes) of Cyprinus carpio as described in Vietnamese literature.

35



Fresnwater Agquacuiture in tne Lower viekong sasin

fields, farmersare reluctant to cut channels or construct refuges (as recommended by most rice-fish
culture experts). Where irrigation is available (usually from stream diversion), the requirement for
deep water and refugesis reduced due to the continual flow of water into the paddy. Deep water and
refuges are also lessimportant in upland areas because temperatures are cooler.

Where irrigation is available, rice fish culture is more successful, principally due to the increased
availability of fish fry. Inupland Lao PDR, Cyprinus car pio and Carassius aur atus spawn naturally
in the rice fields and adjoining ponds. In some areas, farmers can produce their own fish seed and
thisis extremely popular as cash isnot required. An FAQO project found that rice-fish culture rapidly
expanded once farmerswere given some basic training in fingerling production. Previoudy, fingerling
shortages had been a major constraint. A DfID research project in Savannakhet found that simple
rice field aquatic resource production systems were accessible to very poor farmers.

Fingerling production is popular because it requires little investment or risk, and profits are made
quickly. Few modifications to ponds are required other than raising their walls. Once fingerling fish
are produced, they aretransferred to adjoining pondsfor on-growing. If farmsare closeto aprovincia
or district market, income can be easily generated from raising fish. Fish are raised during the rice-
growing period (typicaly 90-100 days), harvested at the same time as the rice, and often used to
reimburse labour or to celebrate the harvest. Having fish available is a'so popular since there is no
time to fish during the rice-harvesting season.

The size of the fish harvested varies according to the size stocked. Farmers prefer to stock alarger
5-10 g fish, athough smaller fish are stocked in some cases due to their cheaper price. Stocking
dengties are typicdly low, reflecting the high price of fish fingerlings and the limited amount of
money farmers have to invest. Since most farmers do not generate cash, the purchase of fish
fingerlings is frequently not possible.

Rice-fish culture is aso practiced in lowland areas; primarily for household consumption. Species
include Cyprinus carpio and Carassius auratus and Oreochromis sp. Risksto non-irrigated rice-
fish culture are principally flooding, drought and theft. Access to a water supply increases the
reliability of the system. Lack of success with rice-fish culture is typically due to the problems
previoudy mentioned. This demonstrates that not dl rice fields are suitable for fish culture, even
though they may till provide a valuable source of other wild aguatic animals.

1.4.4 Korat Plateau in Northeast Thailand

In Northeast Thailand, aguaculture has expanded significantly over the past 10 years, and the Korat
Pateau is the second largest area for aguaculture production in the basin, after the Mekong Delta.
Fish culture in ponds, rice fields, ditches and cages contributes over 38,000 tonnes according to
officia Department of Fisheries statistics for 1998 (DOF 2001). These dtatistics certainly under-
estimate the contribution made by large numbers of small-scale producers. There are 2.6 million
farm holdingsin Northeast Thailand. In the last five years, some 60,000 ponds have been dug in the
region, athough not al of these are used for aquaculture. It isnow estimated that more than 200,000
households may be involved in small-scale aquaculture and annua production from these small-
scale households is estimated as 30,000 tonnes or more. This makes atotal production about 68,000
tonnes per year if the 30,000 tonnes for small-scale production is added to the 38,000 tonnes that
DOF officidly estimated in 1998.

Pond culture predominates on the Korat Plateau. Speciesinclude amixture of tilapia (severa strains),

exotic and indigenous carp, including silver barb (Bar bodes gonionotus), common carp (Cyprinus
carpio), Indian major carp, Chinese carp, catfish and snakeheads. Pond culture is based largely on
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the use of agricultural by-products, such as manures and vegetable matter, and increasingly on
commercialy-made pellet feeds. Integrated farming is also found around urban centres where organic
waste from pigs and chickens is more readily available.

Rice-fish culture is found in Northeast Thailand, athough it has not expanded significantly in
recent years. Cage culture of tilapia, supported by larger agro-industrial concerns, has expanded in
the past three years in reservoirs, in the Mekong mainstream and in major tributaries, particularly
the Moon River. Cage culture of river catfish can also be found in the Mekong River, based on wild
caught seed. This will likely expand if the breeding technologies of the higher vaue Pangasius
bocourti become more widely adopted. Northeast Thailand is aso important in the supply of seed
and feed to areasin Lao PDR that border the Mekong River.

1.5 Consumersand mar kets

Aquaculture products are becoming amore important feature in the basin’ s fish markets, particularly
inViet Nam and Thailand. The availability of markets for aquaculture products influences the success
of aguaculture, and the availability of products from capture fisheries also has a strong influence on
markets. For example, the influx of wild fish from the Great Lake of Cambodia during early 2001
depressed Northeast Thai markets for cultured fish — snakeheads, catfish and tilapia. Thisislargely
a consequence of high catches in 2001 and improvements in infrastructure linking Cambodia with
markets in Thailand.

Aquaculture fish have a number of advantages when compared to wild fish: cultured fish can be
marketed live, providing afresher product; and cultured fish can be marketed when thereisinsufficient
wild fish and market prices are favourable. In Svay Rieng Province in Cambodia, for example, the
lowest prices are early in the year, when thereis alarge wild catch. Farmers with sufficient water in
their pondsto last the dry season can keep fish into the rainy season, and sell when prices are higher.

Infrastructure and the availability of wild fish have an important influence on marketsfor aquaculture
products. Aquaculture may alow flexibility in marketing, taking advantage of dry season shortages
and traditional festival periods. Prices of cultured fish are at their best during the Lao and the
Cambodian New Y ear periods, which take place during the dry season when fresh fish arein short
supply. As stated previoudy, cultured fish can also be sold live at the village level ensuring freshness
and agood taste. In rural areas that are not electrified and often lack ice, being able to sdll live fish
isaconsiderable advantage over wild-caught fish that may have been out of the water for sometime
since capture.

A proportion of cultured fish may be consumed at home, or at least not directly marketed. It is
typical for afamily in Lao PDR, for example, to purchase fish from a neighbour in order to acquire
fish for celebrations or festivals. According to datafrom a FAO project in Lao PDR (FAO/LAO/97/
007 — Funge-Smith 19994), 70 percent of households involved in aquaculture sold some farmed
fish. Most of the products produced from agquaculture are consumed in the basin, or nearby markets.
There are some exports from the basin, perhaps the most notable being pangasiids (presently mainly
Pangasianodon hypophthalmus) from Viet Nam. Theseriver catfish have agrowing market in the
United States and Europe as fillets. Some tilapiafillets are aso exported from Viet Nam, and there
is growing commercid interest in tilgpia production for export.

So far there is very limited value added to most aquaculture fish. Wild fish tend to be dried, smoked

and fermented, but in contrast, aquaculture is more focussed on growing a premium product and
salling fresh as needed.
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In the case of cage culturein Cau Doc, An Giang Province, the changing role of tradersisof particular
interest. Different trading networks supporting this cage culture have emerged in paralel. The
provision of small freshwater cyprinids from nearby traps has reached around 1,000 tonnes per day
in the wet season. This is traded through Cau Doc town on a daily basis to feed pangasiid and
snakehead being raised in the surrounding area. Pangasius bocourti and snakehead (Channa spp.)
fingerlings caught in dai traps, mainly in Cambodia, are aso sold for grow out in cage culture
operationsin Viet Nam. The trading networks that supply feed fish for aquaculture appear to have
developed outside the table fish networks®.

1.6 Institutional support to aquaculture
1.6.1 Policy and legislation

Government policy in al Mekong riparian countries has been supportive of aguaculture, and some
governments have production and earnings targets for future development. These pro-aquaculture
policies have supported investments in research, infrastructure, education and extension that have
contributed significantly to the growth of aguaculture in the past 10 years. Asaresult of this support,
there has probably been less attention paid to issues of inland fisheries. Thailand and Viet Nam have
invested the most resources in aguaculture; investments appear to have been lessin Lao PDR and
Cambodia. In Cambodia, most institutional support has been directed to wild fisheries, and only in
the late 1990s was aquaculture recognised in policy and a specialised aquaculture unit formed within
the Department of Fisheries.

Governments have also recognised aquaculture within the context of rural development and poverty
aleviation policies. For example, the Prime Minister’s office in Viet Nam has recently established a
policy regarding aquaculture for poverty dleviation. Thisis part of the national Hunger Eradication
and Poverty Reduction programme. In Thailand, the new congtitution promulgated in 1997 emphasises
decentrdisation of governing power to local ingtitutions in order to support local development. In
Lao PDR, the new Agricultura Policy of the government recognises the role of aquaculture in rural
development and income generation.

The policy environment outside the fisheries sector has a magor influence on the development of
aquaculture. For example, to dleviate poverty, conversion of rice fields to aquaculture ponds has been
gimulated in Viet Nam and Lao PDR through changesin land use policy. Tenureand land useissuesare

also important in the

Box 2: Experiences with farmer groups and agquaculture extension  management of village or

in Lao PDR

Aquacultureinrural areasisan activity that can be adopted by households
with quite different resource bases. Traditional development approaches
havefocused on anarrow technical packagefor aguaculture that excludes
many families. An FAO project (FAO/LAO/97/007) took a farmer group
approach that recognised the diverse situations of farmers. Supporting
farmers by enabling access to fingerlings, coupled with an exploratory
approach to what was practically achievable, allowed farmers to develop
their culture system in accordance with a risk level that they found
acceptable. Householdswith better water resources or greater interest in
fish culture, weretrained infingerling production. Decentralising fingerling
production is a crucial factor in sustaining stocking activities in remote
areasthat cannot accessfingerlings produced by provincial hatcheries.

community fish ponds in
northeast Thailand and Lao
PDR. Government policies
promoting internationd and
regional trade and
infrastructure development
have influenced aguaculture
development as well by
leading to greater movement
of fish fingerlings, feedsand
fertilisers, and of fish to
markets.

5 Personal communication from Simon Bush, based on an unpublished report to MRC.
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Laws and regulations have been developed at various levels, but there is no separate legidation on
aquaculture in any Mekong riparian country. Aquaculture tends to be considered as part of national
fisheries legidation. Fisheries legidation has recently been revised, or is undergoing revison in
Cambodia, Thailand and Viet Nam to reflect changing circumstances. In Cambodia, a new law is
being developed that will place more emphasis on the management of aquaculture, as well as co-
management of fisheries resources. In Thailand, anew law is being considered that will place more
emphasis on community-based management in line with the new constitution. In Viet Nam, afisheries
law has been drafted that places more emphasis on aguaculture as a sub-sector within fisheries.
Development of specific regulations on aquaculture will be prepared under the fisheries law.

At present, most line agenciesinvolved with aguaculture are in atrangitiond state, driven by a sectora
perspective. The development of new ingtitutional mechanisms and governance strategiesis, however,
required to accommodate the shift in emphasis towards loca development and governance.

At theregiona level, the 1995 Agreement that established the Mekong River Commission provides
aframework for cooperation among riparian countries in the basin, and indeed there has been some
increased cooperation in research, development and education in the past 10 yearsthat has contributed
to aguaculture development in the basin. There are, however, trans-boundary policy issues relevant
to aguaculture that have yet to be addressed. These include issues related to the introduction of
exotic species, cooperation in controlling the spread of fish diseases, and genetic issues related to
movement of indigenous cultured fish. In the future, such cooperation may become important for
management of genetic resources and aguatic animal health within the basin.

1.6.2 Institutional support

Government ingtitutions supporting extension, research, education, and training exist in al riparian
countries. Thailand and Viet Nam have invested considerably more resources in aquaculture, and
Viet Nam has an ambitious plan to support capacity building and extension for aguaculture.
Investment in government hatcheries has also been substantial in Thailand. Research support has
traditionally focussed on technical issues, and less on formulating and implementing farmer-driven
research agendas. Similarly, extension haslargely been prescriptive rather than farmer-needs based.
It isonly more recently that more adaptive, farmer-needs-driven aguaculture has been piloted (Box
2). Awareness of the need for such approaches is growing. For example, in the Mekong Delta, the
government of Viet Nam has just completed a policy document that emphasi ses creating an enabling
environment to overcome technological condraints. However, the paradigm shift from technology
transfer to supporting and empowering farmers and rura households will take time.

Governments, and to alesser extent
non-government institutions, are Box 3: Targeting women in aquaculture extension
involved in extension support, a While women are invariably involved in many of the stages of
critical factor for the success of aquaculture, targetting of women in extension is often
aquaculture. Without access to problematic. Training activities and meetings often take place

. . . during the day when women are busy with household activities.
appro_pnate extension and input Women may not travel between villages and do not have long
supplles, aquaculture can suffer periods of time available to attend training. Seed production is
failures. For example, large an activity that can be highly suitablefor women’ sinvolvement,
numbers of ponds were dug by provided that the production site is located near to the house.
NGOsand international agenciesin
Cambodia during the late 1980s and 1990s, but without any training and extension, that led to poor
practice and limited success. Extension support aso has to be sendtive to the needs of the target
audience; for example women (see Box 3) or those who do not speek the national language well.
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A feature of extenson in the basin is the relatively small number of extension workers compared to
the number of rural farmers. In Tien Giang Provincein Viet Nam, the READ project estimated there
are 10 aguaculture extension staff for 350,000 households, while typically in Cambodia and Lao
PDR, there is a most one aquaculture extension officer per province. This situation is unlikely to
change much in the future, and therefore innovative extension approaches and partnerships must be
developed. There has been some success with aternative approaches, such as using private seed
suppliers to supplement traditional government extension activities. In Lao PDR, farmer groups
have been established and appear to have been successful as a means of self-help and a focus for
government extension (Box 4). The past 10 years has seen some successin extension in the Mekong
Basin, and there are now better innovative techniques than before. To meet the needs, future work
will have to concentrate on innovative approaches.

The large number of agencies, donors and NGOs supporting aquaculture, either as a sector, or
increasingly as part of rural development, makes the need for coordination and effective
communication increasingly important.

1.7 Aquacultur e and the environment

Aquaculture operations can impact the surrounding environment and in turn be impacted by it.
Small-scale aguaculture can contribute to environmental improvement but on- and off-farm
environmental interactions need consideration in the promotion of aquaculture in the Mekong Basin.

Box 4: Seed producers as an extension resource 1.7.1 Positive environmental

Group approachesto extension facilitate exchange of ideas, and
concurrent devel opment of supply and distribution systemsfor
fingerlings. Typically, once fingerling supplies are developed,
demand far outstrips production capacity. Thisencouragesother
farmers to become involved in fingerling production. Lack of
resourcesfor long-term extension support requiresthat farmers
becomeindependent within one or two crops. Focusing on seed
production limits the numbers of farmers that need extension
support, but can still impact awider, |ess-accessibletarget group.
When governments support seed production in remote areas,
farmers from even more remote areas may access this resource.
Seed producers can be effectively used as trainers since they
usually have agood appreciation of what is possible under local
conditions. It should be recognised that seed producers and
tradersmay not fit poverty criteriafor assistance, however they
may beacritical resourcein hel ping poor householdsto engage
inlow risk aguaculture. L ong-term strategic support tofingerling
producersthrough accessto quality broodstock and support with
fish health issues, can reduce the cost of extension, while still
impacting a much wider target group.

benefitsfrom aquaculture

Small-scale aquaculture ponds store
water that can be used for livestock,
watering vegetables, and as a
domestic water supply during the
dry season. Integration of fish ponds
intoirrigation networkscan increase
the benefit of water prior to
discharge into fields. The income
generated from fish production per
unit areais greater than that of rice
production, and generaly requires
less water. Ponds also provide a
means of recycling nutrients and
organic matter. As part of the
household livelihood strategy, a
pond is an important natural asset
for small-scale farm households.

1.7.2 Environmental impactsarising from outsidetheaquacultur e sector

Environmental conditions impact significantly on aquaculture, due to natura climatic fluctuations
or man-made changes. For example, in Lao PDR, most fishponds are seasona due to the six
month dry season. Ponds are shallow and dry quickly, and high temperatures may be a problem.
Heavy rain during the monsoon season can cause flash flooding, which enables fish to escape.

40



Fresnwater Aquacuiture in tne Lower viekong sasin

Inthe Mekong Ddta area of Viet Nam, heavy flooding has caused significant damage to aquaculture,
athough household losses were reduced by a corresponding increase in the wild catch in culture
ponds. Poorly sited ponds, such as “barrage ponds’ in dammed streams in mountainous areas of Lao
PDR are particularly prone to flood damage. Floods and droughts, which occur naturaly in amonsoon
climate, can be exacerbated by deforestation and ill-considered water management schemes. Equaly,
diversion of water to create aguaculture ponds may adversaly impact other users of water resources.

Other human activities can also severely affect aguaculture. The disposal of polluting wastes into
shared river and canal systems by upstream users can have devastating effects on aguaculture ponds
downstream. Thisis a particular concern in the highly populous Mekong Delta, and in parts of the
Korat Plateau in Northeast Thailand. Potentially damaging wastes in the basin include pesticides,
and tannery and sugar processing effluent. Pesticide use in rice fields can a so have a major impact
on fish being raised in rice fields. However, adoption of Integrated Pest Management (IPM)
techniques can substantially decrease pesticide use and improvefish and rice yields. Such approaches
deservefurther attention in the Mekong Deltaregion of Viet Nam, where pesticide use and consequent
health and environmental problems appear to be particularly significant (Anon. 2002).

1.7.3 Environmental impactsarising from within the sector

Aquaculture can lead to adverse impacts on the environment, including impacts on wild fisheries.
These environmenta issues, while less significant than impacts arising from outside the sector,
need to be properly assessed and managed.

Aquaculture production within the basin relies heavily on exotic (introduced) carps and tilapias,
which often escape to the wild and may pose arisk to wild fisheries (Welcomme and Vidthayaonon
1999). Government policy in some riparian countries emphasises promotion of indigenous species
aquaculture. The argument for culturing indigenous species rather than exoticsisto reduce potential
risks to the biodiversity of the basin caused by introduction of alien (non-native) species. The
success to date shows that some indigenous species are more profitable than exotics and may be
readily adopted by farmers. For example, Barbodes (Puntius) in Lao PDR was readily adopted by
hatchery operators and farmers when simplified hatchery techniques became available.

The use of indigenous species for aquaculture has to be accompanied by broodstock management
programmes that contribute to maintaining genetic diversity. In Thailand, for example, there is
some evidence of loss in genetic diversity through widespread hatchery breeding of Barbodes.
Thus, while favouring indigenous fish is a positive environmental move, the approach needs to be
supported by effective broodstock management strategiesincorporating genetic concerns and species
policies that reduce the movement and mixing of genetically-different stocks and strains.

There have been a number of fish disease outbreaks in the Mekong Basin, and it is likely that such
problems will increase in future with further expansion and intensification of aquaculture. While
the occurrence of large-scale fish disease outbreaks has been rare since the spread of epizootic
ulcerative syndrome in the 1980s, occasiona serious outbreaks and low-level, chronic, hedlth
problemsare known to beaconstraint to small-scale pond culture. Recently, there have been outbreaks
of disease in Macrobrachium in the Mekong Delta, and cage culture in the Mekong and Bassac
Rivers, and reservoirs in central Viet Nam have suffered fish losses in the past five years.

The infection of humans from liver flukes (trematodes) is a serious human health concern in parts

of the Mekong Basin where raw fish is consumed (WHO 1999). Aquaculture can be a means to
reduce infection of trematodes, but may also be a source of infection. In Lao PDR, trematode
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infection of wild fish occurs where rivers and streams and paddies are used as latrines. But in Lao
PDR, infection from cultured fish is less likely since nightsoil fertilisation of pondsis not practiced.
Although there are over-hung latrines in ponds in the Mekong Delta, epidemiological studies into
their role in causing infections are lacking. Risk factors and preventative management strategies
require further research. Human nightsoil has been used as a pond fertiliser in Viet Nam, athough
the practice has now been banned by the government. Indeed, it may be environmentally better to
use ponds as latrines rather than to randomly dispose of nightsoil around the farm.

The conversion of wetlands and even parts of rice fields to fish ponds can lead to losses in wetland
habitat and wild fisheries. Such problems have to be avoided through better planning approaches
that consider both aguaculture and wild fisheries. Aquaculture should “add-value’ to natural resources
and the livelihoods of people that depend on natural resources.

Thereisan environmental concern regarding the culture of predatory fish speciesthat require supplies
of wild fish to sustain culture. This mainly concerns snakehead and pangasiid cage culture in
Cambodia and Viet Nam. The environmental or human food implications of the use of such large
guantities of fish as feed are not understood. Is the practice, for example, taking food away from
poorer groups of people? Would availability of cheap ice improve the quality of the catch so that it
could be better used? Could the fish be marketed in another way? Could more resource-efficient
feeds be devel oped? Better understanding of such issues, through feed and bio-economic studies, is
required to support policy decisions for efficient resource use.

The mgjority of stocked fish seed comes from hatcheries, though some species, for example, Pangasius
and snakeheads in Cambodia, Macrobrachium in Viet Nam, and a smal number of other species
such as sand goby, are collected from the wild. In Viet Nam, recent successesin Pangasi us breeding
(Pangasianodon hypophthalmus and Pangasius boucourti) have led to more farmers stocking
hatchery-reared catfish, although some farmers till prefer wild-caught seed. Increasingly in the
Mekong Delta, prawns are coming from hatcheries, as demand for post-larvae rises. Whether thisis
because of diminishing wild supply, or high demand, or a combination of both, is not known. From
thelimited information available, there appears to be no evidence that juvenile collection isawasteful
use of the resource, although other species are discarded in the process.

As widely found throughout the Mekong Basin, water and sediments from fertilised semi-intensive
aquaculture ponds can be recycled and efficiently used on agricultural crops without environmental
concern. By contrast, more intensive farming practices, particularly those associated with large
concentrations of cage farms where wastes are discharged directly into the water body without
treatment, risk localised water pollution. This has led to deterioration of water quality and fish
disease outbreaks, for example, with grass carp cage culture in the reservoirs in Dak Lak. Larger-
scale developments of cage culture may aso result in traditiona fishers losing access to fishing
grounds. Such problems can be addressed through better cage culture management practices that
reduce feed losses, better sitelocation for cages, and | ocalised management arrangements that reduce
conflicts and maintain the number of cages and production within the assmilative capacity of the

water body.
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Aquaculture 2
sub-sector analysis

2.1 Developments, opportunitiesand threats

2.1.1 Aquacultureand itsrolein food security and livelihoods

Inland aguaculture will continue to contribute to food security and poverty aleviation among people
living in the Lower Mekong Basin, at macro- and micro-levels.

At the macro-level in the basin, the overall demand for agquatic products for human consumption
over the next 10 years will require additional sources of fish, and aquaculture will have a
critical role in meeting this demand. Preliminary calculations based on figures supplied by the
MRC, suggest demand in 10
years time of around 2,440,000
tonnes (Box 5). Thus, an
estimated additional 440,000

Box 5: Population growth and fish production estimates

With a projected population growth in the Mekong basin of 2
percent/year, the demand for fish is expected to grow

correspondingly, and in 10 years time, the demand for fish will
have risen by 22 percent. Based on current estimates of supply
at around 2 million tonnes per year, thismeansthat an additional
440,000 tonnes of fish (or aquatic products) will be required.
Thesefiguresrequire verification by research and more detailed
analysis, but suggest that fish supply must increase by over
40,000 tonnes per year in the next decade, just to maintain
present consumption levels. Itisuncertain whether production
from wild capture fisheries can increase at this rate and
aguaculture production, culture-based fisheries and possibly
imports are all expected to contribute to the growing demand.
It is therefore likely that aquaculture will become be a major
contributor to fish supply and with the Mekong basin’ scurrent
aquaculture production levelsat around 260,000 tonnes per year,
substantial increasesin aquaculturewill clearly be necessary. If
aquaculture alone is required to “fill the gap”, then by 2010
an annual production of 700,000 tonnes will be required.

tonnes of aquatic animal product
will be required in the Lower
Mekong Basin to even maintain
consumption at present levels.
This estimate is highly uncertain,
as there are several unknowns,
but it provides an indication of
the scale of the issue.

The growing demand for aguatic
products will be met in various
ways. Capture fisheries represent
one source, and although
sustainable yields are not known,
there hasbeen an apparent increase
over the past 10 years. Stocking
and harvesting of fish from

reservoirs may also contribute. Infrastructureimprovementswill have an affect, offering opportunities
for the import of fish (as is the case with transport of marine and freshwater fish from central
Thailand to urban centresin Northeast Thailand). If thereislessfish, then people may aso substitute
other protein sources, although this is nutritionally not ideal because of deficiencies with other
forms of animd protein.
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Aquaculture is certainly a key to significant increases in fish production in the future, though it is
difficult to predict the amount. For aquaculture to meet the predicted demand gap, as indicated in Box
5, an increase of around 40,000 tonnes per year would be required. Current rates of expansion over the
past 10 years suggest a four-fold increase from around 60,000 in 1990 to 260,000 in 2000. Further
expangon at this rate would certainly help fill the gap, dthough consderable condraints exist.

At the micro-leve, there are considerable differences in supply and demand for fish throughout the
basin, and the potential for aguaculture is very uneven. Within areas close to the large floodplains,
large supplies of wild fish may meet demand for aguatic products. In areas where wild fish supply is
limited, and there is food insecurity (such as in the highland areas or away from the Tonle Sap-
Mekong River corridor in Cambodia), aguaculture can contribute to meeting loca demand. These
remote areas contain some of the poorest people in the basin (Haylor 2001).

Experience suggeststhat where there is market demand, and inputs (particularly fish seed) and support
sarvices are available, aguaculture is rapidly adopted by farmers. In MRC READ project aress in
Cambodia, for example, there has been a 20-30 percent increase in the number of rural households
practicing aquaculture in the past two years. Smilar high rates of expansion have been seen in parts of
the mountainous aress of northern Lao PDR. With provison of inputs, particularly fish fingerlings and
support services, aquaculture can contribute significantly to meeting future needs.

It isimportant to emphasi se that aquaculture and wild fisheries management should not be considered
as separate, unrelated activities, since households are often involved in both. The direction of policy
and development efforts towards aguaculture, as an “easy” means of increasing fish production,
could result in a dramatic loss of wild fisheries resources. Unless attention is paid to both wild
fisheries and aguaculture, food security could be reduced, in particular for poor people.

Box 6: Rice and fish

On averagethe protein requirement in adultslies between 0.8-1.0 g protein/kg body weight/day, whichin
the Mekong River region is often satisfied or close to satisfied on an annual basis, although seasonal
malnutrition is common in some areas. However, total protein requirement is only part of the story in
human nutrition and cases of malnutrition. Firstly, over half of the daily protein requirement is provided
by thericeinthediet. Secondly, inlowland areas (where the bulk of the population lives) around 40-80%
of animal protein comes from aguatic animals (Interim Committee for the Coordination of Investigations
of the Lower Mekong Basin, 1992; Gregory and Guttman 2002). Thirdly, the nutritional quality of the
protein differs greatly and has an impact on human health.

Rice is, for human consumption, deficient in lysine, an essential amino acid (one that cannot be
synthesised from other sources) and although meats (poultry, beef and pork) have a higher lysine
content thanriceit isonly about % of the concentration in fish and other aquatic products (Garrow and
James 1993). If the fish and other aquatic animalsin atypical rural lowland diet (where 52 percent of
protein derived from rice, 36 percent from aguatic animals and 12 percent from other meats, isreplaced
with other meats, the result is alysine deficient diet.

Although thismay not seem like alikely scenario in the short term, agovernment policy that promotes
intensification of rice production with associated increased use of pesticides, as well as concurrent
support for conversion of ‘swamplands’ into irrigated rice lands, adeclinein fishin the diet isalikely
result. The importance hereisthat other livestock products do not readily replace this decline asthey
are nutritionally different in terms of lysine, the amino acid rice is most deficient in from a human
nutritional perspective. Policies to manage the fisheries resources (including small scale fisheries)
and promotion of small scale aquaculture can ensure that the rural diet remains nutritionally balanced.
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2.1.2 Whowill grow thefish?

Rura areas of the basin, and in particular farm households involved inrice culture, offer the greatest
potential for expansion of aguaculture. Small-scale farmers involved in aquaculture will sell some
of the fish they produce and use some for household consumption. Specialised aguaculture farms
will sdl all of their product. The development of agquaculture is strongly influenced by market
demand, particularly in local markets. Market demand will, to some extent, depend on the availability
of consumerswho can pay the price, often US$ 0.75-1.00 per kg or more. Rural per capitaincomeis
often in the range of US$ 120-150 per year, dthough Lao PDR and Cambodia are lower in cash
terms. This may limit the scope for aquaculture development in some areas, and closdly tie it to
development of infrastructure and urban expansion. Thiswill probably come gradually, and in some
areas cautious development is advised, based on understanding of local markets.

In promoting aquaculture, there is a choice between production or producers. Throughout the rural
areas of the basin, experience shows that small-scale farm households make individualy-small, but
important, contributions to agquaculture production. In the households of small-scale farmers,
aquaculture contributes income through sae of fish, but ponds also provide household food. Thisis
augmented sometimes through the catching of wild fish in nearby streams and rivers and the
harvesting of small self-recruiting aquatic species that enter the pond. The recommended approach
is to emphasise small-scale aquaculture for rural households, and to promote equitable participation
in aguaculture production within the basin. Such an approach can contribute to food security among
poor households, poverty dleviation and rural development. Too much emphasis on commercia
large-scal e export-oriented aquacul ture can diminish support to the small-scal e sector, lead to inequity
in rural development, and create environmental problems through conversion of wetlands and
pollution from intensive farming.

Thereisan argument that poor people cannot enter aquaculture becausethey do not have assets. However,
experience in the Mekong Basin shows that poor people can become involved and benefit from
aquaculture, provided they have access to land or water bodies where fish can be raised. Indeed,
aquaculture may provide alow risk means for hel ping poor households make better use of their land. In
the case of landless people, there are opportunities for them to provide services to the aquaculture sector
(such as seed callection, fingerling nursing or collection of inputs for ponds). However, the gpproach
has to be targeted to address the specia obstacles that poor people face, such as access to credit and
extenson support. The approach to aquaculture development focusing on poverty dleviation should be
incrementa, participatory, adaptive, and support the building of basic husbandry and management skills
among risk-adverse poor and landless people, with limited financia capital (Haylor 2000).

2.1.3How will thefish begrown?

The technologiesfor small-scal e aguaculture that work for poor rural households can be characterised
as ones which require low investment, little risk and provide quick returns. They adso are smple,
easy to copy, easy to extend, trainers can be easily trained and they contribute to locd fish supply.
These aguaculture technol ogies may include ponds, nursing of fish in hapasin common water bodies,
raising of fish in rice fields and even simple cage culture technologies. Concentration should be on
technologies that integrate with the rice-based farming systems, which predominant in the basin.

In Viet Nam and Lao PDR, households practicing aquaculture can increase income and improve
food security by introducing fish culture into their farming systems. In order to improve farmers
incomes, it is government policy in these countries to promote aguaculture as an addition to other
formsof farming. There are choices regarding how to diversify rice farming systems. If diversification
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involves growing a second or third crop of rice, fish production will have to be sacrificed because
the varieties of rice used require less water and more pesticides. Raising fish in conjunction with
fewer rice crops and using traditional varieties of rice, may actually be more effective in terms of
income and/or food production (Box 6). There is a strong nutritional argument for maintaining a
balance between fish and rice because between them, they provide a balanced diet. Policies to
manage fisheries resources (including small-scale wild fisheries) and promotion of small-scale
aguaculture can ensure that the rura diet remains nutritionally balanced.

2.1.4 What inputsarerequired to support aquaculture?

There are a number of important inputs required to support aquaculture, particularly sufficient fish
seed, feed for the fish (fertilisers and feeds), and land area and water to grow fish. Will these be
sufficient to support the anticipated growth in aquaculture?

Fish seed and fingerlings

The availability of good quality and healthy fish fingerlings is a pre-requisite for the development
of aguaculture. The supply of seed for aquaculture has increased substantialy in the past 10
years, especiadly in Thailand and Viet Nam, where significant hatchery and nursery devel opment
has occurred involving both the government and private sector. In Northeast Thailand, fish
fingerlings are sold at the farm gate (government also supplies some seed, but their emphasisis
shifting to stocking of public waters). Fingerlings are aso sold in the Mekong Delta of Viet Nam
through extensive networks of hatcheries, nursing stations and fry and fingerling traders. In
Cambodia and Lao PDR, many ponds are not regularly stocked because of the lack of access or
availability of fish fingerlings, although with an increasing number of farmers involved and
improving infrastructure, the market incentives and supply of seed will increase. The widespread
adoption within the basin of the *hapa technology (nursing of fry to large fingerling size in small
net cages), has contributed to the availability of larger fingerlings that are less vulnerable to
predation when stocked in ponds.

There are at least two hillion fingerlings’ used for producing around 250,000 tonnes of agquaculture
product within the basin. For aquaculture to grow, a significant expansion in hatchery and nursing
capacity will be required. Rural aguaculture is constrained by access to fingerlings, but experience
suggests that local small-scale hatcheries can have a big impact. The Asian Institute of Technology
(1997) considers that the centralised, large, government hatchery model has not been successful.
Local small-scale hatcheries, hapanursing and trading networks, and on-farm breeding have proven
to be a better catalyst for rural, small-scale aguaculture. Further development of hapa nursing and
nursing networkswill therefore be essential to support aquaculture, particularly in areas of Cambodia
and Lao PRD that lack good infrastructure. Without local networks, seed will be transported over
large distances between cathchments, with an attendant risk of genetic mixing of fish stocks and
spread of disease.

There are aso constraints on small-scale hatcheries that need to be addressed, such as inbreeding
problems and difficulties in breeding some species (such as Pangasius) due to lack of pond space,
and lack of breeding technology and broodstock management. Therefore, the emphasis should be on
small-scale hatcheries supplying local needs, supported by loca hapa and nursing networks, and
with some back-up by larger hatcheries or broodstock centres that maintain diverse genetic stocks

” Roughly estimated as 50 percent survival of fingerlings, reaching an average market size of 250g. There is some
disagreement in the figures in Table 2, and research is required on this issue.
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Box 7: Decentralised private fish seed supply in southern Lao PDR (based on the work of RDC/
AlIT —see Haylor 2001).

Proven system for:

== Promoting decentralised private sector seed production, and networking amongst sectors of small-
scaleproducers.

== Providing functional requirements similar to existing livestock vaccination systems.

== Communicating aguaculture extension messages.

== Supporting operational budget at the local institutional level in line with work done.

== Building local management capacity.

Addresses following devel opment i ssues:

== The need for fish seed for peopleinterested in small-scale aquaculture.

== Thelack of productivity of large-scale public sector hatcheries and their competing with the private
sector.

== Theneedfor communication that is akey requirement in an emerging industry.

== Limited operational budget of line agencies available at local level.

=« Limited management capacity of local level line agencies.

and broodstock of larger species. The role of government and private sector investment in such
centres needsto be carefully analysed asthe basis for development of effective genetic management
and species strategies for the basin. Governments, in particular, may have an important role to play
in genetic conservation, athough incentives to encourage the private sector to invest more in such
activities need to be explored as well.

Speciesto be cultured

The fish to be cultured should be lower in the food chain as thiswill dlow rural farmersto use more
readily available feeds, and becauseit is more ecologicaly efficient. The bulk of existing aquaculture
production is from omnivorous and herbivorous species, both indigenous and exotic, which can be
grown in ecologicdly efficient ways. The emphasis should continue, although markets will dictate
demand. In many rura areas of the basin there is a preference for indigenous species, and this should
be supported by broodstock management strategies that preserve genetic diversity. For carnivorous
species, such as snakeheads, that will continue to be cultured, emphasis should be on improving
efficiency of feeding systems to ensure that: fish diets do not contain wild fish that are consumed by
poor people; they make efficient use of fish protein; and they reduce pollution loads on the
environment. Research work on indigenous species, such as that supported by the AIMS project of
MRC, is dso to be encouraged.

Feed andfertilisers

The feed required for fish is supplied directly or through stimulating productivity in ponds and rice
fields by the addition of organic or inorganic fertiliser. Inputs come from on-farm, athough because
many rice-based farms are constrained by lack of inputs to aguaculture ponds, intensification of
aquaculture will require off-farm inputs. Rice bran is an important fertiliser, but other inputs are
auitable aswdll, depending on local resources. Suitable resourcesinclude vegetation, chemical fertilisers,
human “night soil” and the waste from integrated livestock/vegetable production. The inputs are
likely to be diverse and will change over time, depending on what farmers grow and their resource
limitations. Geographicaly, off-farm inputs are more readily avalable in Viet Nam and Thailand, but
not in Cambodiaor in Lao PDR, athough both the latter two countrieswill have access to more inputs
as infrastructure improves and as markets for agriculture inputs (fertilisers and lime) develop.
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In rura areas of Cambodia and Lao PDR, farmers are likely to continue to use a diverse choice of
feedsfor sometime. The speciesraised will aso have an influence. For example, thewidely promoted
green water system using chemical fertilisers is more suitable for exotic tilgpia than for indigenous
species. Integrating fish culture with livestock represents an opportunity, but mainly in peri-urban
areas where livestock are kept in pens. With the exception of the Mekong Deltain Viet Nam, rurd
livestock are usudly not penned. The constraints imposed by competition for manure, bran and
other agricultural by-products need to be addressed through an analysis of current and future needs
and appropriate extension support.

Water andland

Water of sufficient quality and quantity is required for aquaculture. Most of the small-scale
aguaculture ponds in the basin are rainfed, and therefore use and success can vary from year to
year, depending on rainfall. The use of water is not likely to be a constraint with rainfed ponds,
unless the climate in the basin changes dramatically. In irrigated farming areas, or where there is
multiple use of water, other considerations may arise. The policy for water use is changing in the
Mekong Basin, and more emphasis is being given to making the most economic use of water.
Aquaculture will haveto be considered in thisprocesswhereit is part of amultiple use environment
(e.g. ponds in irrigated areas, cage culture). Aquaculture can be an efficient user of water,
particularly when integrated with agriculture. The MRC water utilisation programme will provide
a forum for discussion on policy issues related to the use of water, and aquaculture, though a
small user, should be considered.

Water quality may become aconcern in future. Ponds in several parts of the basin are faced with
turbidity and productivity problems due to poor and acidic soils, and inappropriate management
practice. Such problems can be addressed through adoption of better water management practices.
In more ‘open’ farming systems such as cages in lakes, rivers and reservoirs, or the culture of
fishin rice fields, pollution is a concern. Integrated pest management (IPM), which reduces the
use of pesticides in farming, should be explored. In cage and pen culture located in open access
waters, more attention will be required to ensure that industrial or human effluent does not
affect aguaculture.

The availability of land in some parts of the basin may be a loca constraint, but overal, land is
available to support aguaculture development. Rice-growing land or marginal land in rice-growing
areas can be used for pond construction, although in some areas, such as the uplandsin Lao PDR,
the scarcity of flat land restrictsland useto rice cultivation. Although Lao PDR hasalow population
density, the availability of good agricultural land and land suitable for wet rice cultivation is a a
premium. The approach for aguaculture should be to add value, promote diversity and make better
economic use of land wherever possible.

2.2\What support servicesarerequired?

With the basi c technologies for small-scale aguaculture largely put in place over the past 10 years,
future support should emphasise extension of knowledge and building of ingtitutional support for
rural households where there is potential for aquaculture. Evidence from the basin shows that a
major impediment to poor people's involvement in aquaculture is the lack of understanding of
their livelihoods and objectives. Involving poor people requires a shift away from technology
towards amore flexible people-centred and participatory approach in both extension and research.
Policies, ingtitutions and processes should al support poor peopl€e's involvement in aguaculture
(Haylor 2001).
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2.2.1 Local and community level

The building of support services at the local level is crucia in expanding aquaculture. Experiences
from the basin indi cate that aquaculture hasfailed where it was promoted without effective extension
support, or focused too much on technology, without understanding the socio-economic constraints
of rural households.

Becauselack of people and resources are aconstraint to extension systems, government should partner
with both the private sector and NGOs. Mass media could be used, along with other new approaches
to spreading information. For example, in Lao PDR, partnerships between loca government, farmer
groups, fry traders and nursing networks were effectively used for extension. Women' s organisations,
such as the Women's Union, have also been used in Lao PDR and Viet Nam.

Thereis aso aneed for integrated approaches to extension and service provision at the loca level.
The decentralisation processes now being seen across the basin provide an entry point for this.

An important constraint to poor people’s involvement in aguaculture is lack of savings and lack
of access to credit. Credit systemsin rural areas are undeveloped and difficult to access in Lao
PDR and Cambodia, but relatively well developed in Thailand and Viet Nam. The Viet Nam
Bank for Agriculture and Rural Development, for example, provides loans for freshwater fish
culture, provided farmers have a“red book” demonstrating “ownership” of the land as collateral.
Credit should be analysed as part of the process to support farm households entering into
aguaculture. The specia difficultiesfaced by poor househol ds have to be recogni sed and addressed
by supporting agencies.

2.2.2 National level issuesand policy

Building local capacity and adopting new approaches to extension within an integrated rural
development or catchment management approach, will require policy change. Aquaculture policy is
different from that required for wild fisheries, as it is more about extending information and more
easly defined than capture fisheries policy. Capture fisheries policy is likely to be more focused on
co-management. Nationa leve policy development for aquaculture will need to emphasise building
of capacity and supporting locd ingtitutions, processes and general governance that support rura
farmers. There is certainly scope for further development of policy, which supports small-scale
aquaculture within a rural development framework. There are also considerable opportunities to
share experiences in policy development within the basin, as al countries are working within this
changing environment.

2.2.3Regional level issues

Thereareregiona basin-wideissuesthat affect aquaculture and opportunitiesfor cooperation among
riparian countries in mutual support and policy development. These include national issues that are
common to the region, and regional issues that are common to each of the countries.

The common national issuesrelated to aquaculture mainly concern the need for sharing of experiences
and expertise in small-scale aquaculture and its growth within a rura development framework.
There are considerable opportunities for riparian countries to share such information, improve
communication, promote technical and research cooperation, and discuss new approaches. There
may also be opportunitiesfor networking and sharing among small-scale producers, athough language
will clearly be a congraint.
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Two regional issues that deserve particular attention are aquatic animal disease control and policies
that reduce the risks to wild stocks from introduction of exotics or trans-boundary movement and
mixing of genetically-different indigenous fish strains.

Cooperation in aquatic animal disease control

Aquatic animal diseases can rapidly spread across catchments and national boundaries, leading to
loss of fish stock and producers' livelihoods. Also, expertise in fish disease control varies between
countries, so some sharing will be beneficia. Among the various components of an effective
aquaculture health management plan, advance planning (contingency planning), can significantly
reduce the social and economic impacts of a serious disease outbreak. Prompt action is crucial.
Often disease spreads because of lack of action rather than lack of scientific knowledge. Therefore,
a practical trans-boundary action plan incorporating the following elements is recommended: i)
develop effective disease surveillance and reporting systems; ii) strengthen diagnostic services,
iii) improve human resources and build national and regional capacity to engage in disease
management activities; iv) strengthen emergency preparedness for facing newly-emerging diseases,
V) support development of gppropriate policy, legidation and regulatory frameworks; vi) promote
consensus building, community participation, and private sector involvement; and vii) empower
local communities with knowledge and tools to better understand and reduce the risks of diseases.

Management of genetic resources

There is a need to develop joint policy or strategies for the management of exotic fish species
because of concern about their impact on the natural ecosystem. Where practical, indigenous fish
species should be used for aguaculture, but they too may be subject to inbreeding and mixing of
strainsunlesscareistaken. To preserve genetic diversity, polices concerning broodstock management
and trans-boundary movement are needed.

2.3 Information needs and gapsto befilled for aquaculture

As the technologies for small-scale aguaculture are now readily available, there is less need for
technical research. More emphasis should be given instead to communication and extension of
exigting knowledge in ways that are relevant to rural households. Examples of “best practice’
approaches are available, and there is a need to share such experiences more widely.

Better coordination and exchange of information and experiences is becoming increasingly necessary,
asisthe need to engagedl relevant stakeholders, including poor households, in moreinclusive diad ogues.

Officia fisheries statistics on aguaculture still underestimate small-scale aquaculture, athough
censuses and household surveys demonstrate its increasing importance. To reflect the importance
of the small-scale aguaculture sector, government fisheries agencies should consider collaborating
with other sectorsin order to get datain rura areas, as has worked well in Lao PDR.

To support small-scale aquaculture, research agendas should utilise participatory approaches and be
driven by farmer and devel opment needs. Better linkagesare a so required between research, extension
and education providers and focus should be on the needs of small farmers. These include:

= Promoting indigenous fish agquaculture through research on husbandry and genetics, and
development of appropriate policy;
« Deveoping suitable feeds and making efficient use of feeds and fertiliser;
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« Conducting bio-economics research on the use of wild caught fish as feed for predatory fish;

= Encouraging rice farmers to add aquaculture to their production and adopt integrated pest
management methodsto avoid harmful pesticides. Thiswould include demonstrating the economic
benefits of both IPM and aquaculture, and providing relevant technical information. A study
could be conducted which would demonstrate how the methods used by farmers in Bangladesh,
which combine IPM farming with aquaculture, could usefully be applied in the basin;

=« Reducing risks to rurd livelihoods from aquatic animal diseases,

= Deveoping poverty-focussed aguaculture systems, including appropriate cage culture systems,
and

= Developing environmental management systems for more intensive aquaculture systems such
as cageculture.

2.3.1 Research onrice-based far ming systems

Increasing rice production is often promoted by national and international agencies, without
considering other ways of using the land. Raising fish in rice fields may give a higher return to the
farmer than growing a second or third rice crop. Common property floodplain areas may have a
higher value for the community in general as breeding or feeding habitats for fish, than if wetlands
are drained and managed for agriculture purposes. Research cooperation is needed between
agriculture, fisheries and rural development programmes and agencies to determine which options
provide the best livelihoods for farm households and for the community in generd.

Thereis aneed to promote effective collaboration with the agricultural sector because it has proven
methodologies for technology transfer and farmer-focused participatory extension and training
techniques, including IPM, which the fishery sector could usefully adopt.

2.3.2 Development of indigenousfish species

Indigenous fish species are often preferred by Mekong consumers and should be promoted for
aquaculture. This will require support for the development of broodstock management plans that
prioritise prevention of inbreeding and maintenance of genetic diversity. Consideration should aso
be given to the role of the private sector (which dominates hatchery and nursery systems), and
government hatcheries, and their roles and financia incentives in conserving genetic materia for
selected species.

2.4 Theneed for integrated planning and regulation

The approach to development of aguaculture to date has largely been a sectora one. Governments
are now giving more attention to promoting aquaculture within arural development framework. The
promotion of aguaculture should use food insecurity and poverty as a starting point for aguaculture
interventions. This means using participatory research to identify and overcome the constraints to
establishing agquaculture initiatives; building capacity in ingtitutions (particularly local ones) for
extension and management; and integrating aquaculture into fisheries projects and wider rurd
development strategies.

The catchment management approach promoted by the MRC as part of the Basin Devel opment

Plan, provides an opportunity to develop and test more systematic approaches to support aguaculture
development, within a broader capture fisheries and rura development framework.
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The following genera points should be considered in promoting aguaculture within the context of
rural development:

= Support capacity building in local, provincial and national institutions for participatory
approaches to extension and research;

= Encourage effective partnerships among government, NGOs and the private sector that address
the needs of rura households;

= Increase use of mass media and experiment with other cost-effective approaches to extension;
= Shareinformation on best policy and practices, and

= Strengthen the voice of poor aquatic resource users in the policy development process.

2.5 Threatsto aquacultureand possible solutions

Threats to the development of aquaculture and possible solutions can be summarised as follows:

= Extension activities by government institutions are constrained because they lack staff and
resources. Human resources are available at thelocal level, but they need training in participatory
approaches. To overcome these congtraints, new extension partnershipsincorporating al available
resources and expertise must be created.

« The policies needed to support an integrated approach to aguaculture and fisheries are not yet
in place, developing them will take time and progress will be dow as experience builds. Selected
pilot studies and opportunities to exchange experiences can contribute to policy development.

= Degradation of the environment is an important threat both to aguaculture and wild fisheriesin
the basin. Aquacultureis affected by natural disasters, aguatic animal diseases, escape of exotic
species and water pollution. Management strategies need to be put in place to deal with these
issues.

=  Sectoral approaches hinder cross-sectoral integration, as does the lack of coordination among
donors that sometimes occurs. Cross-sectoral coordination and cooperation is traditionally
difficult, but may improve where agencies are working together at the local level.

« Markets and market access have been little studied in the basin, compared to the more technical
aspects of aquaculture development. Better understanding of markets and market routes can
provide a basis for improving producers  access to markets, and aso maximising opportunities
for other employment and income generation within aguaculture.
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Recommendations 3
for aguaculture within

the context of Mekong
fisheries and the basin’s

devel opment

Aquaculture development within the Mekong Basin is essential to meet future demand for agquatic
products, and should be used for aleviation of food insecurity and poverty in the basin. To maximise
its potentia contribution to the basin’ s devel opment, aquaculture should be supported as a component
of thefishery sector and aspart of development planning in the basin. The following recommendations
have been made for the MRC and member governments.

3.1 Planning and implementation approach

3.1.1Useof acatchment-based approach

The division of the Mekong Basin into 10-20 catchments or clusters of catchments for planning
purposes, is being proposed by MRC as part of the Basin Development Plan. This new approach
provides an opportunity for systematic support for the development of aguaculture and wild fisheries
management, within a broader basin development framework.

It isrecommended therefore:

That aquaculture development be supported as part of the catchment approach.
That an understanding of peopl€' s livelihoods and their relations to aguatic resources be used as
the starting point for aquaculture and fishery management interventions in the respective
catchments.

= That aguaculture potential be identified within catchments in a participatory manner and
integrated with assessments of fisheries status and requirements for ingtitutional support.

Within the catchments of the Mekong Basin, capture fisheries and aquaculture (including culture-
based fisheriesin reservoirs) are strongly interdependent. The development of aquacultureis closely
related to the availability of and access to wild fish. If wild fish are not readily available, then
aquaculture will have more success provided that farmers have access to markets, adequate seed and
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infrastructure. In areas of the basin where fish are aways or seasonally scarce, aguaculture has
shown successin tackling poverty and providing protein. In areas where wild resources are abundant,
aguaculture may be less important. In such aress, fisheries development efforts should target better
management of existing wild fish resources and securing poor peopl€’ s access to them. Dividing the
Mekong Basin into selected catchments provides a logica starting point for targeted interventions
that address poverty and food insecurity in the basin. From a fisheries resources perspective, it
alows those locations most influenced by water management interventions, such as dams, to be
identified and management actions taken. This approach is therefore in accord with MRC' s efforts
to develop aBasin Devel opment Plan. Asthe catchment approach isquite new, astep-by-step approach
to implementation is suggested.

It isrecommended therefore:

= That pilot catchments be selected for testing the approach, depending on the aquatic resources
available and the extent of poverty

= That lessons learned from pilot projects should be gradually extended to other catchments.

3.2 Supporting small-scaleaquaculture

There is a need to support future development of aguaculture within the Mekong Basin, but the
emphasis should be changed. Over the past 10 years, technology devel opment has been emphasised
and technologies for small-scale aguaculture are now largely devel oped, with the exception of some
work on indigenous species.

It isrecommended therefore;

= That the main thrust of future aquaculture development should be directed towards small-scae
aquaculture.

= That emphasis be given to building effective support services for small-scale aguaculture.

= That planning processes and policy reflect the needs of rural households and support improved
accessto extension services.

= That research agendas of national institutions, and indeed the MRC’ s own agenda of support,
should evolve, based on the needs and livelihoods of rura households.

There are some experiencesaready (e.g. inthe MRC READ project areas, in southern Lao PDR, the
NACA regiona STREAM Initiative), but thereisaneed to further share and extend these approaches
to other aress.

The greatest potentia for small-scale aquaculture to contribute to development probably liesin the
food insecure and remoter areas of the basin, such as the highlands, or in areas away from major
fisheries of the Mekong and the Great Lake in Cambodia. Potential varies throughout the basin, and
should be assessed in a coordinated way.

It isrecommended therefore:

= That aspart of acatchment planning approach, strategic analysis of aquaculture potential should
be undertaken to support aguaculture in key areas.
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3.2.1 Building extension capacity

For participatory approaches to planning and extension to be successful, donor and other support
agencies have to shift their focus from a technical one to an approach which emphasises capacity
building, learning and communications.

It isrecommended therefore:

« That priority be given to developing the capacity of locd, provincid, and nationa ingtitutions in
order to foster their adoption of participatory approaches to planning and extension that reflect
the needs of rura households.

= That building of capacity be apart of asystematic approach to devel oping aguaculture extension
within the catchments of the Mekong Basin.

« That the needs for capacity building and institutiona responsibilities should be evaluated as
part of the catchment development approach.

3.2.2 Buildingfarmer-driven aquacultur er esear ch agendas

Many national institutions in the Mekong Basin remain strongly oriented towards technical
research, development and verification. This should shift towards support of small-scale aquaculture
within the context of rural development.

It isrecommended therefore:

« That with limited personnel and budgets, research capacity should be directed more towards
rural development and poverty aleviation, through participation of intended beneficiaries in
identifying needs, design and implementation of projects; in training and extension; and in
monitoring and evauation.

= That thedevelopment of research agendas be based on the needs of rural householdsand supported
by devel oping researchers capacity to undertake participatory research, monitoring and evauation.

= That the active participation of aguaculture researchers be encouraged within rural devel opment
initiatives and catchment-focused approaches.

= That because the catchment approach itself will generate considerable research needs, that it be
used as an opportunity for aguaculture researchers to join in and closely influence a rural
development process.

There are a number of research needs and issues identified in this review, such as indigenous fish
culture, rice-based farming systems, and others. The development and implementation of these
research activities can be effectively tackled through further strengthening of research cooperation,
both within and between countries.

It isrecommended therefore:
= That opportunities for effective research cooperation and networking among riparian countries

and research ingtitutions should be encouraged wherever possible, such as being promoted within
the STREAM Initiative and the AIMS project.
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3.2.3 Regional cooper ation in development of policy

There areanumber of aguaculture-related issuesthat transcend nationa boundarieswithin the Mekong
Basin, such asthe trade in fingerlings and movement of aquatic animals between catchments, which
raise genetic and health concerns. Introduction of new species or strains without proper precautions
may aso lead to unintended negative impacts. Cooperation among the riparian countries will be
essentia in preparing common and agreed-upon policy and strategies for addressing such issues.

It isrecommended therefore:

= That cooperation between riparian countries be promoted to develop strategies or policies of
mutual interest and shared experiences in aquaculture development.

There are a number of key issues that emerge from this review where cooperation and common
policy development might be promoted.

Support of low-input aquaculture suited to the context of poor-peoples’ livelihoods.

There are opportunities for poverty-foccused low-input aguaculture throughout the basin, and
opportunties to promote effective sharing of experiences and expertise anong Mekong countries to
support such developments.

Exotics, indigenous species and trans-boundary movement of aquatic animals

The use of exotic fish species, due to concern over their impacts on the natural ecosystem, should be
avoided, where possible. Research is needed to assess risk and develop appropriate management
strategies and agreed-upon common policies for exotics. The use of broodstock of indigenous fish
species may be subject to some congtraints, due to genetic differences among stocks. Such issues
might be addressed, for example, by using wild fish caught relatively close to the area of use, or
encouraging local hatcheries. Again, common policy should be prepared and adopted.

It isrecommended therefore:

= That risk analyses be carried out to evaluate the impact of the introduction of exotic species and
formulate appropriate policies.

= That apolicy to promote the use of Mekong Basin species for aquaculture should be prepared
by the riparian countries to improve broodstock management. This approach can be closely
coordinated with catchment-based development approaches to aquaculture and fisheries.

« That aMekong Basin policy for trans-boundary movement of aquatic anima species, including
introduction of species, be formulated for catchments and Mekong countries.

Establishment of a Mekong aquaculture health management plan
Increased aquaculture development in the Mekong Basin will probably lead to more agquatic animal
disease outbreaks, and pathogens could easily spread beyond catchments and national boundaries.

In addition to adversely impacting the livelihoods of small-scale farmers, these may adversely impact
wild fish species.
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It isrecommended therefore:

= That an aguatic anima health management plan be established in the Mekong Basin, in accord
with the recommendations of the FAO/NACA Asia Regional Project, “ Assistance for the
Responsible Movement of Live Aquatic Animals’, and in accordance with the provisions of the
“Ada Regiona Technical Guidelines on Hedlth Management for the Responsible Movement of
Live Aquatic Animals and the Beijing Consensus and Implementation Strategy” (FAO/NACA
2000).

« That aMekong health management plan should be practical and seek to address the risks
associated with outbreaks of aquatic animal diseases and the spread of serious pathogens within
the basin.

3.2.4 Improving accessto lear ning, communication and policy development

There are also considerable opportunities for the sharing of experiences and knowledge and the
promotion of cooperation among ingtitutions and donor agencies within the lower Mekong Basin,
and also for the sharing of experiences outside of the basin (e.g. on IPM and rice field aquaculture/
fisheries, promotion of co-management, and the use of indigenous species).

It isrecommended therefore:

« That further communication and exchange of information and learning experiences should be
given a high priority in support of the development of aguaculture.

= That communications should also seek to alow better access to knowledge by resource usersin
support of building of capacity and policy development.

Government and donor resources to support aguaculture development are likely to be constrained in
coming years. This emphasi ses the importance of effective cooperation among national ingtitutions
to support extension and research activities.

It isrecommended therefore:

= That more cooperation among supporting agencies (donors, development banks) should be
promoted to support riparian ingtitutions.

« That more emphasis should be given to development led by riparian country ingtitutions, and
with coordinated support of these institutions from donors and other regional and international
organisations.

=  That the catchment approach should be used to provide lessonsfor better coordinated institutional
arrangements and lessons for more effective donor coordination in particular.
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