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1. INTRODUCTION

In recent years (2032019) the Mekong River CommissigdRC)formulated and developed a
programme for the Joint Environment Monitorig@dEMpf Mekong mainstream hydropower projects
The JEM programmatendsto monitor important parameters in hydrology, sediment, water quality,
aquatic ecology and fisheries using a system independent fiwah of the hydropower project
developers.

At the end of 2019 he International Center for Environmental Management (ICEM}p the
commissioned by the MRC aBatutsche Gesellschaft fur Internationale Zusammenarbeit GmbH
(GlZ to conductpilotsfor the JEM programme at two sites, tb®n Sahong and Xayaburi hydropower
projects,acros2020and2021 This is henceforth referceto as theJEM Pilot project

For theFisheriescomponent the JEM Pilot projedioth implements monitoring of fish abundance
and diversity angin particular at Don Sahong siteevelops new methods to assess the effectiveness
and efficiency of mitigatio measures aimed at allowing fish migration. B latter, the JEMpilot
project is planning to use fish tagging methodologies.

To complement the migration and passage study based on fish tagging, the MRC and tRéofIEM
project conduceda survey of local ecological knowledggth to document how fish pagbroughthe
Khone Rlls ando inform improvements tofish passagelhis eport presensthe results othis survey
undertaken between 10and 30" March 2021

Khone Fallss an area of the Mekong Basin where local ecological knowledgé) (sEiry developed

It has beerrecognized and documented for many years throagbre than 15 publications, starting
with the seminal work of th#IRC in 1999 for thAssessment of Mekong Fisheries Component (AMFC):
Fish Migrations and Spawning and the Impact of Water Management PrBjestious studies based

on local knowledgeand confirmed by fisheries data, hawe particular documented which species
pass at different times of the yeaB&ird 2001, Baran et al. 2005, Baran 2006)

The results of tis surveystudy contribute knowledgeral design guidanctor fish passage channels
and the factors thatre needed for optimal mitigation of dam impacts. More specifically, the study
was designed tgenerak information onthe following:

1 when and howfish arrive to Khone Falls frodownstream their preferred initial migration

channels);
1 which channels are the most important for successful fish passage (depending on species and
timing);
physical and hydrological qualitative descriptors of channels that allow fish passage;
recommerded fish passage improvements from losdb 8 A RSy (1 & andLIS NBE LISOU A @S
other channels or falls that could be further managed for improved fish passage.

=a =4 =

! Local ecological knowledgginformation obtained from natural resource users, those who depend on species

and ecosystems for their physical and cultural survival. This information has also been daméda K S NE Q
1Y 2 6t 5iRdigénbus technical knowledge aAraditiamal ecologichknowledgé @ ¢ KS NBt SGI y OS
1y26ft SRIS (2 aOASYGAFAO SO2t23&8 |yR NBaz2dz2NOS YlIyl3aSy
within the Pacific (works of Bob JohanneS)ich work ithe Mekongwas initiatedaround 2000 Assessment of

Mekorg Fisheries: Fish Migrations and Spawning and the Impact of Water Management Btd{HRC).

1



1.1. Geographic ontext

Khone Falls areomprisedof more than 31 large islands, 25 langaterfalls or waterfall areas and at
least 52 channels individually identifie@hiscreats a large number of corridors and dead ends

through which fish attempt migration. During their migratiothey are targeted by highly skilled
fishers from 16 villageas listed irFigurel-1.
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Figurel-1. Map of Khone Falls main islands, channels and villages

TheKhone Falls areasin be divided into three main zones, fraouth to north:

i)
i)
ii)

downstream of the falls, between the Mekong mainstream at the border with Cambodia
and the main waterfalls;

the middle section, corresponding to the fault line and its multiple falls and channels
around 8 main islandsind

the upstream area, North of th&ult line, where the system of islands and channels
continues but without falls.

The headdifference between upstream and downstreamreasreaches 10 metersiVe conduced
surveys irthe 16 villagesdentified below

Tablel-1. Khone Falls area villages surveyed

#1 Ban Don Tholathi , #2 Ban Don Sang, #3 Ban Don Det Tok, #4 Ban Don
#5 Ban Don En, #6 Ban Don Tan Tok, #7 Ban Don Tan Oke

#8 Ban Khone Tai, #9 Ban Khone Neua, #10 Ban Don | Som, #11 Ban Don
#12 Ban Houa Sadam, #13 Ban Don Phapheng

#14 Ban Hang Khone; #15 Ban Hang Sadam; #16 Ban Veun Kham



1.2. Previous nformation on fish migrations in Khone Falls

Khone Falls is a biological hotspot, a fisheries landmark and a migration bottleneck that has attracted
much attention in past decades. Its fish resources and fisheries have been detailed in multiple
publication covering

1 biodiversity(Baird 2001)
1 fisheiies fish bioecologyRoberts and Baird 995 Baran et al.2005); and
9 local ecological knowledg®aird and Flaherty2005 Baird 2006, 2007)

Migration patterns in Khone Fallderived from local ecological knowleddeve been summarized in
Baran(2006) (Figurel-2).
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Figurel-2: Annual fish migrationpatterns at Khone Fallsfrom Baran (2006)

Khone Falls fish bioecology is also reflected in several studies based on local ecological knowledge but
developed on a larger scal€lfan Sokhenet al., 1999;Poulsen and Valbdgrgensenl999; Poulsen
et al, 2000;Bao et al.2001, MFD 2003 Poulsen2003).

However, all these fisheries and ecological patterns refer $duation that is now 15 to 25 years old
No update has been proposed in the past 15 years despite significant changes in the pagacular
the construction of the Don Sahong Damd extensive dam development in the Lower Mekong Basin.



2. METHODOLOGY

{2aldSYFdAOrtte 3AFAGKSNRAY I TFAakSNgca pdteand anfongSish2 f 2 I A (
speciesvasfirst developedin the Pacific (Johanng$981 1989 and1993. Comparisons of findings

between local ecological knowledge surveys and scientific sufAayzat and Barari997; Ticheler
etal,1998)f SR (2 GKS O2yOfdzaAzy GKI G Agididgtsilddhagol FA 4K
reliable informationandis costeffective As arule of thumb local ecological knowledge can provide

70% of the information fol0% of the cosand time This approachvassubsequenthtaken up and

promoted Johannes et gl 2000 Rahman 2000 ValboJorgensen and PoulseB000 Baird and

Overton 2001) and associatedprotocols were reviewedand refined (Haggan et al.2003 2007,

GarciaAllut et al, 2003;Moller etal., 2004 Cowie et al.2020.

As introduced, theMekong is one of the regions of the world whergsassments based dacal
ecological knowledge have been extensively ugekdhuon Kim Chhe2000 Dubois 2005 Baird
2007 Chan Sokheng et al2008 Baran and Seng Sophedk011) but the approach was also
implemented in other river basinsorldwide (Fishcher et aJ2015 Baran et al.2015; Win Ko Ko et
al., 2016). Most of these surveys have useahd sometimes adaptedhe Mekong protocol initially
described in Poulsen and Valdgrgensen (1992000) This protocol is alse@flected in the present
study.

2.1. Questionnaires

Questionnaires were developed for the 16 villages of Khone fadksd on the initial Mekong protocol
but simplified for theCambodian and Lao contexthe gathering of informationvas undertaken
during focus group discussion (one in each village) usingquestionnaires covering the following
points:

1 howdo migratory fish arrive to Khone Falls from downstream and from upstPeam
which channels are targeted by species for initial passage?
which channels ultimatelgllow species to pass the falls?

1
1
1 what are the channel specificities that allow passage or not?
1

in the middle section of the falls, what passage improvements coultbbducted?

1 are there areas of the falls of special importance in terms of passageology?

Since these questions correspond to different sections of the faksguestionnaires were tailored
for upstream, middle area and downstream ase@hese questinnaires are detailed iAnnex1.

In each siteinterviews wereorganizecbetween 10 March and 30 March 2021 thy first authorand

a field assistantith the gudance and support dhe MRCSecretariatand national and local fisheries
related agenciefach focus group discussion or meeting involaeslo eightfishers, and never less
than three The aim was to achievebalance betweera low number of participantthat wouldlead

to opinions notcollectively validateganda high number oparticipantsthat couldresult in low group
dynamics Each fisher invited had at least 10 yeafdishing experience and 5 yeav§residence in

the site surveyed. Interviewith each group of fishers was doireLao language with notiking by

a national assistant. Detailed local maps derived from Google RBenth alsopreparedto facilitate

the discussion ieach siteWhen fishers disagreed, the answer recorded was the consensus response
agreed by most paitipants.In total more than80 fishers were surveyed for the studgompleting

each questionnaire required two to three hours and was followed by data entry on the same day (i.e.
1 village surveyed per day)



2.2. Target species

The survey was designed tower abundance, size, timing, migration behaviour, passage routes and
spawning correspondng to 30-35 questions by specie$en target species were identified for the
survey asepresentative of large groups of other species that migrate through KhoneHalisurvey

design acknowledges that thdtis not possible to survey ecological knowledge about all migratory
speciesn a place characterized by 201 fish species in 39 families, including 110 species harvested by
fishers. Furthermore, our survegimed at documenting not individual species but main passage
strategies and capabilitiesA final design consideration was that thlgiestionnaire should be
potentially usableas a JEM routinm future, while fitting within he timeavailablewith fishers(a few

hours for each interviewdndthe time available for analysidimiting the number of species tien
provides an informative, manageable surn{& species x 35 question = 350 questions per interniew

Criteria for species selection are detaileddve

0 Species migrating through Khone Falls, with broad migration patterns already mapped (MRC
Mekong Fish Database)

0 Species already identified by the MRC for transboundary management (10 Priority Species
identified at MRC Joint Workshop on transboundapg@es management in May 2016; 5
species identified and choses in 2017 as 5 Priority Fish Species for Transboundary
Management)

0 Species making a significant percentage of catches in Khone Falls fisheries (based on 6 years
of monitoringas presented iiBarn (2005);

0 Clear migration patterns, to simplify the discussion with fishers

0 Migration at different times of the year, in different water levels (important for flows in fish
passage and the selection of tagging methods

0 Species sensitive tdischarge and flow velocity, i.e. to the conditions at fish passes (Baran
2006) and

0 Species belonging to different size groups (important in relation to the selection of swimming

ability, and to tag options.

Following a selection proceasdetailed inAnnex2, ten following species were selected for thavey
as listed inTable2-1.

Table2-1. List of nigratory fish species selected for local ecological knowledge survey

Cirrhinus microlepi@aphone mak kok) Hypsibarbus malcolnfpapak nouat/pa pak kom/pa pal
Cyclocheilos enopldpa chok). Pangasiugonchophilugpa pho/pa ke)

Gymnostomus lobatuga soi houa lem) Pangasius krempfpa souay hang leuang)
Gymnostomus siamengjsa soi houa po) Pangasius macronen{ga gnone siap)

Helicophagus leptorhynchus Scaphognathops bandanengm pian)

The selectedpeciesall migrate through Khone Falls. They migrate at different times of the year, in
different water levels (important for flows in fish passage and the selection of tagging methods. They
belong to different size groupghichisimportant in relation to the selection of swimming ability, and



to tag options. Thewlsoexhibit clear migration patterns'hese species are representatives of the 6
main groups of species that migrate through Khone Rallshown irFigure2-1.

Large & medium-sized Cyprinids

Large Cyprinids
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Large js ngasiids

7
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Figure2-1. lllustration of the species selected



3. RESULTS

3.1. Information on species

The following sectionpresent the new information gathered during this survey for each of the 10
target species representing a group of migratory .fish

3.1.1. End of rainy season largand mediumsize cyprinidsKlypsibarbus malcolmi)

Previous information about the specissprovided inrable3-1 and Figure3-1.

Table3-1 Previous information about Hypsibarbus malcolmi

Name Hypsibarbus malcolmCyprinidae)

Invalid synonym | Poropuntius malcolmi

Biology Max. standard length (cm): 50; Length at maturity (cm): 29
Reproduction Pelagic mainstream spawner that breeds in the late-arearly dryseason
Ecology Found in large rivers in the dry season and moves to mediamrivers in the

wet seasons.
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Figure3-1. Migration of & &d of rainy season largeand mediumsizecyprinids in the literature

The survey results reported the followingcenttrends aboutHypsibarbus malcolnaind its group
with migration patterns as shown Figure3-2 andFigure3-3:

1 Schools migrating all day. Downstream migrations are unknown.

1 Downstreamthe species migrates upstream in Decemidamuary February (280 cm long
fish with eggs) but is found in the area the following months without migrating. Upstream
migration channels sought are Hoo Phapheng, Li Phi and Khone Fang area.

1 Mid-falls fish now never caught in Hua Sad@bon Sadantsland, andnever caughtn Hoo
Sadam Migration channels are Hoo Phapheng, Hoo Don Wai, Hoo Xang Pheuak and Hoo
Khone Lan.

1 Upstream Species absent from around Don Tan Island (unsuitable environmental oosyliti
Species migrating upstream in January at DonlEnvnstream migration betweedune and
August via the Khone Fang area (Khone Fang, Khone Souang, Khonedgomh



ConclusionHypsibarbus malcolnaind its group migrateipstream later than previously reported (now
mainly January February)the speciess not caught in Hoo Sadam anymore. It migrates downstream
in JuneAugust via the Khone Fang area.
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Figure3-3. Spatial mgration of Hypsibarbus malcolmfend of rainy season largeand mediumsize
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3.1.2. Early dry season small cyprinids (Gymnostomus. siamensis and G. lobatus)

Previous information about the species is providedatle3-7Table3-1 and Figure3-2.

Table3-2 Previous infornation about Gymnostomus siamensend Gymnostomus lobatugCyprinidae)

Name Gymnostomus siamensasid Gymnostomus lobatuEyprinidae)

Invalid synonym | Cirrihinus siamensis / Henicorhynchus siamesi<Cirrihinus lobatus /
Henicorhynchus lobatus




Biology Max. standard length (cm): 20 f&r. siamensisl5 forG. lobatus
Reproduction April to July foiG. siamensigeak in MayJune), JuneJuly forG. lobatus
Ecology Among the most abundar¥lekong species, found from the Mekong Delta up t
Chiang Khong. Migrates from Xayaburi to Chiang Khong. Migrates through K
Falls between December and February and downstream inMby Discharge
variation is a migration trigger.
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Figure3-4. Tempoal migration of & &1y dry season small cyprinidsn the literature

The survey results reported the following recent trends ab@ymnostomus siamensasd G.

lobatusandtheir group, with migration patterns as shown Figure3-5 and Figure3-6:

1 Downstream upstream migration in Januafyebruary, by small individuals -{® cm).
However, the catch is quite minimal, to the point that fishers in Veunkham cannot identify a
migration pattern any longer fo&. siamensisMigration mainly through Hoo Sadam, Hoo
Xang Peuak and Hoo Don Dai, but almost not through Hoo Phapheng and not any more
through Khone Pa Soi, as water diversion in Hoo Sahong for Don Sahong Dam leaves too little

water for attraction and passability of Khone Pa SshosenameY S| y A y 3

g I G S NiigHlights isformer central role for the migrationstbésespecies

aDeyYyz2aiz

1 Mid-falls Several villages report the quastal disappearance of upstream migrations of
early dry season small cyprinids; this includes Bam Bltaphengdast of the falls) and Ban
Khone Neuanrth of Don Khone). Several other villages re@btindance reduced by 90%
and migration pulses lasting a few days only, mainly in Februangchgols ofimmature
individualsand in the day timeDownsteam migrations remain observead JulyAugustwith
schools oflarger individuals bearing eggsnd making noisethese migration use atientral
and easterrchannels, in particular the Khone Lan area, Hoo Sadam and Hoo Phapheng.

1 Upstream similar patternsare observed in upstream villagesxcept that downstream

migration is observed earlier (Judely)

ConclusionsThese results underline the qudssappearance of species that used to be the most
abundant ones, and their upstream migrations nbmited to a few days a yearin particular in

relation to reduced water levels in former key passages such as Khone Pa Soi.
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3.1.3. Early dry season mediursized cyprinids (Scaphognathops bandanensis)
Previous information about the species is providedable3-3 and Figure3-7.

Table3-3 Previous information aboutScaphognathops bandanensi€yprinidae)

Name Scaphognathops bandanens@yfrinidae)

Reproduction Breeds in JubAugust infloodplains and streams and at the end of the rainy
season in receding waters areas. Juveniles appear in catches in April.

Ecology Found in the Middle Mekong (Xe Bangfai, Sekong, Sesan and Srepok basin

fish migrates up from Cambodia to Lao PDRunwudryFebruary, into smaller
streams and floodplains in Judely, and returns to the mainstream in
NovemberDecember.

10
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The survey results reported the following recent trends ab®caphognathops bandanensaisd
their group,with migration patterns as shown Figure3-8 and Figure3-9:

1 Overall, the pattern is unclear for that species.

1 Downstreamthe species appears in February and the upstream migration is more intense in
March-April, up to June. Individuals at that time are2® cm long and do not bear eggs. One
site mentions a downstream migration in July. The species moves upwards towards all
chamels, in particular Hoo Sadam and Hoo Phapheng (the latter being impassable)

1 Mid-falls the pattern is very different from site to site, with some villages mentioning
upstreammigrations early in the year or in Judaly. In the latter case, the directiasf
migration is unclear. @ne sites (Ban Hua Sadam, Ban Don Phaphenghtion a quasi
permanent presence of the speci@s the area-during whch migrations are not clearly
identified- while others (Ban Don Xom, Ban Khone Neua) claim a-gaasianent absnce
During upstream migrations, most channels seem to be adich seems in contradiction
with the case ofcymnostomusvhose channel options are said to be limited as too shallow:
Scaphogathops undertakes its migration at the same periodzgsnnostomusand its body
size is larger).

1 Upstream In upstream sites patterns are also uncle@r:bandanensis said to be almads
permanently present (Ban Don Tan OK, Ban DanTok, Ban Don Tholathi) or almost
permanently absent (Ban Don Xang). The only common feature in all villages is a downstream
migration around Julybut villagers do not agree about egg presendest chanrels seems
to be used for movements, in particular Hoo Sadam and the Khone Lan area.

ConclusionsPatterns are unclear for Scaphognathops bandanensis and the group of Early dry season
mediumsized cyprinids, suggesting a permanent residence in someisitegrticular upstream of
Khone Falls. Migrations are identified mainly in Jandmelgruary (upstream) and Julyugust
(downstreamj without being common to all sites. All channels seem to be used for movements.

11
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3.1.4. Dry-to early wet season large cyprinid€{rrhinus microlepisind Cyclocheilos
enoplos)

Previous information about the species is providedale3-4 and Figure3-10.

Table3-4 Previous information abouCirrhinus microlepisind Cyclocheilognoplos(Cyprinidae)

Name

Cirrhinus microlepiand Cyclocheiloenoplos Cyprinidae)

Biology

Max. standard length (cm): 74; length at maturity: 41Qy¢locheilosnoplos);
Max. standard length: 65; length at maturity: 36 rthinus microlepisT.he latter
sl Frad asgAYYSNI YR | ySNW2dzA & 2dzy

12



Reproduction Start spawning in the early flood season, JuMligust Cyclocheiloenoplos) or
May-August Cirrhinus microlepjsEggs and larvae are pelagic, and drift
downstream.

Ecology Both are founl from the Mekong Delta to Bokeo or Chiang S&:enoplos
migrates upstream as a response to the first rainfalls and downstream in Oct
- DecemberCirrhinus microlepiseems to feature several populations.
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The survey resulteported the following recent trends abo@irrhinus microlepj€yclocheilos

enoplosand theirgroup,with migration patterns as shown Figure3-11:

1 Downstream Patterns are contradictory depending on species, with villages reporting

upstream migratios (wihout eggs) foC. microlepitn FebruaryMarch, and December fdZ.
enoplos but all agree bout downstream migrationgwith eggs) in Juréuly for C. microlepis,
and limitedor no downstream migration patterfor C. enoplosinterestingly, fishers also
identified aCirrhinus microlepisreeding area on the east bank of Don Det.

Mid-falls All sites report a species collapse of catches, with now 10% to 0% of previous catches
(no more catches dof. enoploin Ban Hua SadarBanDon Sahong or Ban Don Xominong
villages with remaining catches @f. microlepisthe only common pattern is downstream
migrations of 5660 cm long individuals bearing eggs, between July and Septerbbewith

peaks lasting 1 to 3 days only. Among villages still catc@ingnoplos patterns are
contradictory and also limited to-2 days a year.

In this context, it is difficult to confin the variousupstream migration channeldentified by
fishers- among which Hoo Sadam and the Khone Lan area are mentioned a few times.

Upstream half of upstream villages report the total absendeG microlepignd C. enoplos
year round,in particular around Don Tan; other villages still report some migrations, but
patterns are contradictory (e.g. upstream in JuhdyAugust and downstream in July
September, with eggs or without f&Z. microlepisandno more clear migrations, together
with a tiny catch, folC. enoplos

Conclusionsd 5 NiE2 S NI &

gSi

a8razy

f - NBES OBLINRYARAE

and upstreamof them, and the remaining individuals caught are rmifficientto characterize

migrationsand further.
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Figure3-11. Migration patterns of Cirrhinus microlepisand Cyclocheibs enoplos Red marks indicate claims
of total absence of species year round

3.1.5. Early wet season small Pangasiid$e(icophagus leptorhynchusnd Pangasius
macronemag

Previous information about the species is providedale3-5 and Figure3-12.

Table3-5 Previous information aboutelicophagus leptorhynchuand Pangasius macronemgPangasiidae)

Name Helicophagus leptorhynchasid Pangasiusnacronema Pangasiidae)

Invalid synonym | Helicophagusvaandersiia species from Sumatra and Malaysia only)

Biology Max. total length (cm): 70; length at maturity (cm): 39.Helicophagus
leptorhynchus)Biology: Max. total length (cm30; length at maturity (cm)18.5
(Pangasius macronema)

Reproduction Eggs are observed from March to July with a peak in-Mee Helicophagus
leptorhynchus)or year round, but most often between April and J{Rangasis
macronema)with some variability in both cases.

Ecology Found basinwide. Migrates upstream at the beginning of the flood season ar
downstream at the end of the flood season.
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Figure3-12: Temporal migration oféEarly wet season small Pangasiiis the literature

The survey results reported tHellowing recent trends aboutlelicophagus leptorhynchus
Pangasius macronemnand their group, wittmigration patterns as shown irigure3-13:

Conclusions[ A 1 S- (625 NB I NI &
disappearance ot 9 I NI &

)l

Downstream Some downstream villages that. leptorhynchuss now present from January
to July without mgrating, the upstream migration happening in NovembBacember, while
others report an upstream migration (with no eggs) in Allgust. The migration dP.
macronemais only reported upwards, but timing diverges (Maidlay or MarchJuly, with
eggs in casef later months).

Mid-falls Several villages report the absence, nowPofmacronemgear round (Ban Don
Phapheng, Ban Hua Sadam) while in others the upstream migration is reported any time
between March and Augusgvery brief 2day peaks, usually indduals with no eggsp same
low-intensity stretched pattern is reported for H. leptorhynchus, with an upstream migration
spanning between June and October, but with very low peaks or even anecdotal presence
during these months without migration. In all cases abundance is exiremely low,
representing 30% to 0% of the former abundance.

Upstream villages report the presence of these species, in very low abundance, either year
round without any migration pattern, or a slight upstream migration pattern in Jiulg
St aSlrazy I NHS OBLINAYARA

gStG aSlazy aefaibirg individyaB brd dofeRoighs | y R

in sufficient numberto clearlycharacterize migrations arfyrther.
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Google Earth

Figure3-13. Migration patterns ofHelicophagus leptorhynchuand Pangasius macronem#&ed marks
indicate claims of total absence thie species year round

3.1.6. Early wet season large Pangasiid®&fgasius krempfiP. conchophilus
Previous information about the species is provided able3-6 and Figure3-14.

Table3-6 Previous information abouPangasius krempfand PangasiusonchophilugPangasiidae)

Name Pangasius krempfi, Pangasit@nchophilugPangasiidae)
Biology Max. standard length (cm): 120 (both species)
Reproduction Sexually mature fish migrate upstream from May to September, with peaks

lasting 35 days Pangasius krempfigpawn at various times of the year but
dominantly at the beginning of the flood season until October
(Pangasiugonchophilus)

Ecology Anadromous species caught from the coasts of Vietham up to ChiangRSaen
krempfi)or from theDelta also up to Chiang Sa@hconchophilus).

Populations start migrating upstream in May until Aug8siptember.
Downstream migrations in October. Water level variation is a migration trigge

16
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Figure3-14: Temporal migration ofowet season large Pangasiidsn the literature

The survey results reptad the following recent trends abolRrangasius krempfiPangasius
conchophilusndtheir group, withmigration patterns as shown figure3-15 and Figure3-16.

1 Downstream Upstream migrations in Jup&ugust contradictory information about

September October (either migrating up, or down)

1 Mid-falls upstream migration reported between June and August, with variability depending
on sites Eggsare visible during the flood period, but not at the beginning. Movements
unanimously described as in schools, at night. Abundance reduced ta050% all sites.

1 Upstream same patterns and trends as rdidll villages. Permanent very low abundance

presen@ in some sites.

Conclusionghe beginning of the migration is never reported in May, but spans mainly irAluguest.
Strong loss obundance (50 to 0% remain) and, like in other groups, some permanent presence in

very low abundance and without clear gration pattern is noted in several sites. Downstream

migration is never reported.

7 Pangasius krempfi Pangasius conchophilus

) Large Pangasiids
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3.2.

Figure3-160 a A I NI A 2 yet bdasonilBgeIPangasids a

Information on channels

The local knowledge survey was also used to gather recent information #imuahannels used by
fish for their migrations. This updated informatiattetailed below reflectsthe hydrological changes
of these past few years in a contextlsinwide dam development and climate change. Since it is
impossible to detail all channels of the fa#svironmental conditionsire presentedn nine channels
identified over the yearssimportant to fish migrationsOf particular relevance the Don Sahong
Power Company hateveloped activities to improve fish passage in theseenine channelsListed
from east towest, they are the following

[@]3

[@]3

(@]

~

(0]

Hoo Som Yai (where MRC monitoretestrap fishery for 20 yeajsand Hoo Som Pordan
next to Khone Phapheng waterfall

Hoo Sadam between Don Sadam and Don Papeng

Hoo Xang Peuak Noy, Nyoi Koong, Koum Tao Hang, Hoo Wai and Luong Pi Teng between Don
Ee Som and Don Sahgrrgnd

Hoo Don Lanext to Lee Pee waterfall

Coordinates for these channels are showiT a@ble3-7 and the environmental terminology contained
within their names is prdded in Box 1.

2 Som Pordan, the name used by then Sahong Power CompafySPC), is also locally pronounced as Som

Pa Lan.
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Table3-7: Fish passage channels improved by Don Sahong Power Company and their location

Lao name (Latin
script) Lao name (Lao script) Latitude Longitude

1 | Hoo Som Yai ®Zh pz F 13°57'32.64"N | 105°58'57.94"E
2 | Som Pordan ®ZhT? U6 S 13°57'46.10"N | 105°58'54.24"E
3 Hoo Sadam azelmb 13°58'22.51"N | 105°58'10.03"E
4 | Xang Peuak Noy areRt Ao IA? 13°57'27.50'N | 105°57'23.13"E
5  Nyoi Koong P A7 OR 13°57'4.49'N | 105°57'14.79"E
6  Khoum Tao Hang GhigeagR 13°57'6.15"N | 105°57'9.22"E
7 Luang Phi Teng aBBR G UR 13°57'24.29"N | 105°57'1.33"E
8  Hoo Wai a¥ 8& 13°57'31.77"N | 105°56'58.34"E
9  Hoo Don Lai avAS A 13°57'14.40"N | 105°54'59.28"E

Khone small to medium size waterfall
Haew:high waterfall too high for fish to pass
Hoa channel

Nyai :large Noi: small

Don island

Ban village

Box1. Environmental terminology in Lao language

3.2.1. End ofHoo Som Yai near Khone Phapheng

An aerial view and photo of this channel is provide#igure3-17, with characteristics provided in
Table3-8.

Figure3-17: Hoo Som Yai near Khone Phapheng in March 2020 (left) and October 2014 (right)
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Table3-8: Hoo Som Yai characteristics

Width
Width in dry season 6-10m
Width in wet season 6+15m

Min. depth in dry season Max. depth in wet season

Now Dry 2m
These past 2 years, months with no water Nov. to June

10 years ago 80 cm 2m
10 years ago, months with no water Water year round

3.2.2. Hoo Som Pordamear Khone Phapheng

An aerial view and photo of this channel is provide&igure3-18 with characteristics provided in
Table3-9.

&

Figure3-18. Hoo Som Pordan (left), flowing into Hoo Som Yai, in March 2020

Table3-9. Hoo Som Pordan characteristics

Width
Width in dry season 3-15m
Width in wet season 5-15m

Min. depth indry season  Max. depth in wet season

In 2021 dry season Dry 1.8 m
These past 2 years, months with no water Dec. to early June

10 years ago Dry 1.8-2m
10 years ago, months with no water April to May

20



3.2.3. Hoo Sadam

Hoo Sadam is located between Don Sadam and Don Pafseragrial view and photo of this
channel is provided iRigure3-19 and Figure3-20 with characteristics provided ifiable3-10.

This narrow channel without waterfalls is known to be important for all migrating species during most
of the year. Fishers have highlighted that this channel is special beohtise presence of pools and
other resting sites used by fish during their migrations (some pools reach 2m depth). In this channel,
fish are also caught during the downstream migration (from May until July, after which water level is
too high to catch fis).

Figure3-19. Hoo Sadam in March 2020

Table3-10. Hoo Sadantharacteristics

Width (m)
Width in dry season (m) 7-90
Width in wet season (m) 25-90
Min. depth in dry season Max. depth in wet season
In 2021 dry season Water not flowing 30-50 cm depth 3m

in some places but very shallow
upstream. Standing waters and
disconnected pools

These past 2 years, months with no water Dec. to June
10years ago Im 5m
10 years ago, months with no water Water year round
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Figure3-20. Hoo érﬁ (left: upstream; right; downstream) in March 2014

3.2.4. Hoo Xang Peuak

Hoo Xang Peuak is a major dpathway for fish migrating upstream, with two main channels and
waterfalls (Nyai = large, Noi = smalf) showrin Figure3-21.

o

Figure3-21. Hoo Xang Peuak Yai and Noy (location map)

WaterfallsKkhone Xang Peuak Yaind Khone Xang Peuak Nare 34 m high, but not wide. In May
June migratingPangasius conchophilend P. krempfipass them, Wile Pangasius macronema

cannot.Hypsibarbus spgan also get up these falls. In October, fish pass these falls more easily. These

channels used to be the places of multiple traps catching small cyprinids in Jéeleary.

Hoo Xang Peuak Y listed here as it is one of the two components of Hoo Xang Peuak channel, but
was not modified by Don Sahong Power Company for improved fish passage and is currently not

passable by fish (high waterfalBn aerial view and photo of this channel is yided andFigure3-22
with characteristics provided ihable3-11.

Hoo Xang Peuak Nowas the first passage widened by the Don Sahong Power Company as an

alternative to Hoo Sahong in the dry seasAn.aerial view and photo of this channel is provided in
Figure3-23with characteristics provided ihable3-12.

22



S v e
e c - #h
g (. i
. ¢ N
SR - LSy \ -
: >

Figure3-22. Hoo Xang Peuak Yai in January 2015 (left) and June 2015 (right)

Table3-11: Hoo Sang Peuak Yai characteristics

Width
Width in dry season 4-25m
Width in wet season 10-40m

Min. depth in dry season Max. depth in wet season
In 2021 dry season about 1.3m 45m
These past 2 years, months with no water
10 years ago 1.3 m 4-5m

10 years ago, months with no water Water year round
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Table3-12. HooSang Peuak Noy characteristics

Width
Width in dry season 3-13m
Maximum width in wet season 8-35m

Min. depth in dry season Max. depth in wet season

In 2021 dry season 10-20cm 2m
These past 2 years, months with no water

10 years ago 30-40 cm 2m
10 years ago, months with no water Water year round

3.2.5. Nyoi Koong

Nyoi Koong is a channel located 700 m upstream of Don SahongAbaarial view and photo of this
channel is provided iRigure3-24 with characteristics provided ifable3-13.

Table3-13. Nyoi Koong characteristics

Width
Width in dry season 4-40m
Width in wet season 10-70 m
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Min. depth in dry season Max. depth in wet season

In 2021 dry season Dry 25m
These past 2 years, months with no wate Dec to June

10 years ago 40-50 cm 25m
10 years ago, months with no water Water year round

3.2.6. Koum Tao Hang

Koum Tao Hang is another channel located 9Qfpstream of Don Sahong DaAn aerial view of this
channel is provided iRigure3-25with characteristics provided ihable3-14.

N

Figure3-25. Koum Tao Hang channel

Table3-14. Koum Tao Hangharacteristics

Width
Width in dry season 13-37m
Width in wet season 22-40m

Min. depth in dry season Max. depth in wet season

In 2021 dry season Dry 4m
These past 2 years, months with no water March- May

10 years ago 50 cm 4m
10years ago, months with no water Water year round
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3.2.7. Hoo Wai

Hoo Way is a major channel allowing fish to swim around the very challenging Khone Lan. It has been
the place of extensive earthworks by Don Sahong Company, with in particular blocs of rocks put in
place to provide shelter and break the current.

The chanael is wide, moderately deep, with several steps where PIT antennas can be set. However, it
is unclear whether itentrance in reverse direction compared to the main flow from Khone Lan make
is at attractive option for fishAn aerial view and photo of thhannel is provided iRigure3-26 and
Figure3-27, with characteristics provided ifable3-15.
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Table3-15. Koum Hoo Wai characteristics

Width in dry season

Width in wet season

In 2021 dry season
These past 2 years, months with no wate
10 years ago

10 years ago, months with no water

3.2.8. Luong Pi Teng

Luong Pi Teng is, like Koum FHang, a channel meant to complement Hoo Wai in bypassing Khone

Width
9-22m
23-52m
Min. depth in dry season Max. depth in wet season
50 cm 10 m
70 cm 10 m

Water year round

Lan. It is very shallow, with turbulent water most of the yef&am.aerial view and photo of this
channel is provided iRigure3-28 with characteristics provided ihable3-16.

Figure3-28. Luong Pi Teng channel

Table3-16. Luong Pi Teng characteristics

Width in dry season
Width in wet season

In 2021 dry season

These past 2 years, months with no water
10 years ago

10 years ago, months with no water

Width
5-8m
Merged with Khone Lan
Min. depth in dry season Max. depth in wet season

Dry 2m
March to June

Dry 2m
March to April
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3.2.9. Hoo Don Lai

Hoo Don Lai channel is located next to Haew Sompdamiterial view and photo of this channel is
provided inFigure3-29 and Figure3-30 with characteristics provided ihable3-17.

This is an impoant channel for small cyprinid€ifrhinus, Paralaubuca, Crossocheilus, Labiobarbus
but also cobitids and other species migrating in Janratyruary. However, exiting the channel is
challenging in the dry season. Fishers indicate that fish can only amtieswim in the lower part of
this channel in the dry season, up to the waterfalls at-may. As water levels gets higher, more fish
species can pass these falls.
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Table3-17. Hoo Don Latharacteristics

Width
Width in dry season 3-28m
Width in wet season 7-34m
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In 2021 dry season

These past 2 years, months with no
water

10 years ago

10 years ago, months with no water

Min. depth in dry season

last year 50 cm (head water)

29

40cm1m

Dry
March to April

Max. depth in wet season

1-2 m (head water)

1m



4. OVERVIEW ANBERSPECTIVES

A series of observations and perspectives is presented based on the survey results set out in Chapter
3.

Target migratory species caught in the zones surveyed

Among upstream villages, fishers frddan DonTan Tok andan DonTan Oke report the lowest
number of target fish caught {B species) during the past 3 years. They give two reasons for this:

i) the local environment is shallow and not diverse, i.e. not attractive to fish, and
iM) the villages are close to the Don Sahong Daservoir inlet, with a sbng current that
does not allow fishing any longer.

Fishing has shifted towards the west (above Khone Lan) and fishers have started gathering snail to
make a living.

In the midfalls zone, the lowest catabf speciesurveyed and the lowest abundance aeported in

Ban Houa Sadaand Ban Khone Nue8-{ specie} which is explained by the fact thitese villages
haveseen a restriction of theifishingzone (fishingnow limited to Hoo Sadam)n contractto this,
villages having access to Khone Banaterfalls(Ban Khone Nuea, Ban Houa Sadam, Ban Hoo Sadam)
still feature a higher diversity and abundance.

Downstream villages report a high diversity of species surveyed , which fishers explain by a favorable
aguatic ewvironment (east bank of the Mekong mainstream on the east bank, Tam Ee Deng deep pool
near Khone Fang).

Species passing the falls

In the past three years, among the ten target species of the swmbyfive have been identified as
migrating through the fids Cirrhinus microlepis, Gymnostomus lobatus, Gymnostomus siamensis,
Scaphognathops bandanensasid Hypsibarbus malcolhi Three speies are reported as having
upstream migration only through the fallgdngasius conchophilus, Pangasius macronamad
Pargasius krempjJi One speciesHelicophagus leptorhynchusvas sometimes reported as having
upstream migrationgut without further clarity oftrajectory noted. Similarly, in upstream villages
Cyclocheilos enoplom longerfeatures a clear pattern due to a combination of permanent presence
and very low abundanceyet upstream migration remains confirmed in downstream and-faits
villages.

Which way do migratory fish arrive to Khone Falls?

Our survey is biased by a sampling déefiei the west bank of the Mekong downstream of the falls
sinceideally Cambodian villages on the right bank should have been sampletioomever nost
responsesndicate that fish arrive to the falls from downstream through the eastern Mekong channel
(between Koh Chheu Teal Thom and the east bank) as it is much deeper than other channels (5 to 30
meter deep vs. 1 to 3 m south of Koh Lngor / Don Larkgs)then either move north towards Hoo
Phapheng, towards the central zone (Hoo Nok Gasoom, Hoo Dtat Wai), or eastwards by following the
line of deepest waters (3 to 30m deep north of Koh Lngor / Don Langa) towards Khone Fang area.

Which channels are initially then uecessively targeted by species for initial passagé/hich
channels are ultimately used by species to successfully pass the falls?

In the dry season 3 species Gymnostomus lobatus, Gymnostomus siamermsid Pangasius
macronema attempt to passipstream through

1 Hoo Kogma and Hoo Khone Souang (Khone Fang area, passable);
1 Hoo Somphamit (impassable);
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1 Hoo Xang Peuak, Hoo Khone Lan and Hoo Wair&ewne); and
9 Hoo Sadam.

However, in the latter case and in recent years lower water levelstlamdoss of currentelated
migration cues results in fish staying in Hoo Phapheng downstream of the falls, without attempting
the migration through Hoo Sadam

Hoo Nok Gasoom, Hoo Xang Peuak and Hoo Sadaohannels targeted by fish at the beginning of

the rainy season, buhey are not accessible before Jurfé@shers say that migrations start earlier in
villages that have deep pools or fish conservation zones as the fish spend the dry season in these
places but do not have to come from far awkipo Phapeng still attracts fish a lot despite reduced
discharge following Don Sahong Dam flow diversion, but passage is impossible at Khone Phapheng
and lateral channeldHoo Som Yai and Hoo Som Pordan) are now dry most of the year, for the same
reason.

In thewet seasonJune water levels are insufficient for fish to pass water falls in the Khone Fang area
and fish can only pass through Hoo Xang Pheuak, Hoo Sadam and Hoo Phapheng. In Khone Fang area
fish arrived earlier are said to wait in deep pools (in pafécat the tip of Don Langa and Bam Ee

Deng) until July.

What are the channel specificities that allow passage?

Fishers identify several factors that attract fish and allow passage:

i) adequate discharge, i.e. strong enough to be attractive but not too strong to remain
swimmable;

ii) width and depth of the channel (the more the betteand

i) higher head producing noise, high dissolved oxygenesdrand lower low water

temperature iv) presece ofmultiple resting pools or habitat complexityith multiple
steps allowing fish to progressively jpmapstream.

Due to highdischarge at Don Sahong Dam site, \thith attractive noise and oxygen levefishtend

to stayin the outflow and many do not attempt to go further upstream towards Hoo Xang Pheuak or
Khone Lan likéhey dida few years ago. This phenomenon is illustrated by the concentration of
fishers in the dam outflow.

Overall, fish passage these past years is also compromised by the high number of gears set to
compensate a drastically decreasing catch per unit effort, the increasing Usee ahonofilament
gilinets andthe return ofLitrapsin several channels

What are the passage improvements that could be further conducted?

In Khone Fang area three channels could be considered for leveling and deepening (reduction of
current water headlto improve fishpassage in the dry season

i) Hoo Kokmgalternativepassagél),
i) HooKhone Souanplternative passagg), and
iii) Hoo Khone Khouar@lternative passage 3)

In the wetseason:

i) Hoo Kokma (Alt1),

i) Hoo Khone Souang (AltZnd

iii) Hoo Khone Khouang (Alt3jut also

iv) Hoo Sam Hoongalternative passagé), and
V) HooKhon Ha{alternative passagg).
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These proposed new channel improvements are showkignre4-1. This preliminary list of options
needs to be explored further, and the characteristics of each candidate passage need to be detailed.

Figure4-1. Proposed new channels improvements in Khone Fang area

bSENJ I FSg {2YLKIYAG GKS 52y [FA OKIFIyySftf akKz2dzZ R ¢
in particular by deepening this channel and removing the 1igh threshold limiting access after
the rainy season.

A point not mentioned by fishers deserves attentiovhich is thatat Khone Lan the outlet of the
Hoo Wai improved channel is characterized by a sideway and backward curve very likely to be
unattractive to fish moving up towards Khone Lan. It is therefore recommended to redesign the
outlet of this channel to make it straighter, so that fish can naturally engage into this channel.
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