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Objectives

The objectives for fish and fisheries are:

* Maintain fisheries and other aquatic animal (OAA) yields and fish diversity sufficient to
sustain the food, livelihoods and ecological integrity of the LMB.

* Minimize the impact of dam construction and operation on upstream migration of fish
species through design of appropriate fish passage facilities, where necessary.

¢ Minimize the impact of dam construction and operation on downstream movement of
fish species through design of appropriate operational regimes, fish passage facilities,
fish guidance systems, and appropriate turbine designs.

* Minimizefish andfisheries impacts arising from changes in the flow regime downstream
of the dam, in the impoundment, and upstream.

* Mitigateimpacts ofindividualand multiple mainstream dams onlocal and transboundary
fish and fisheries, and OAAs.

There are no MRC procedures that relate directly to fisheries or aquatic biodiversity and
management. The importance of fisheries and aquatic ecology is recognized by the
Member Countries cooperating through the Fisheries Abundance and Diversity Monitoring
Programme, and the topics of fisheries and aquatic biodiversity being included as themes
within the MRC Initiative for Sustainable Hydropower Studies (MRC, 2014) and in other
published MRC studies.

Risks

The Mekong supports the world’s largest inland fishery, and mainstream dam developments
pose direct and indirect risks in addition to those already being experienced through
tributary dam developments.

Significant impacts from mainstream dam developments on fish populations are highly
likely, including the loss of some species (locally, regionally, or basin-wide). Major declines
in the fisheries could flow on from this, with potential consequences for food security,
nutrition, livelihoods, biodiversity, and ecosystem resilience.

In large species-rich systems such as the Mekong, it is difficult to assess the impact of
any major development at the species level, thus the fish species should be classified into
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categories or guilds that have similar habitat needs and migratory behaviours (Welcomme
et al, 2006) (Table 6.1). An additional group — non-native species — should be reported
because it is expected that it will benefit from any degradation of habitat and replace lost
species, possibly to the detriment of wild fisheries. Those guilds that are likely to experience
high to very high impacts from mainstream dams (Guilds 2, 3, 8, and 9) are shaded in Table
6.1. Box 6.1 provides the indicator groups and/or species associated with each guild.

Table 6.1. Mekong fish guilds and migration

Migratory Relative impact of  Relative effect of change

Guild and Typical characteristics mainstream dams  in flow regime on fish
number on migration production

Little or no impact from

Little or no impact )
mainstream dams. However,

from mainstream

1 - Rhithron - Resident in rapids torrents, there may be high impact

) i dams (but note, .
resident rocky areas and pools in the otentially high within upland storage dams
guild rhithron. P Yo due to possible exposure of

in upland storage

riffle areas and inundation of
dams)

habitats upstream.

- Long-distance migrants
spawning in the main channel
(sometimes in upper zone
of the Mekong (Figure 6.1)
upstream of adult feeding
habitat in the main channel.

ia’i:lgfamfy - May migrate to refuges (deep High: flow variatio.r? may
channel (and  pook)inthe main chanel L P e A
tributaries) during the dry season. barriers and delayed flooding
res.ident - Pelagophilic members have ST T R G

guild drifting pelagic egg or larval

stages returning to adult habitat
using backwaters and slacks as
nurseries.

- Adults do not enter floodplain
and may be piscivorous.
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Migratory
Guild and
number

Typical characteristics

Spawn in the main channel,
tributaries, or margins upstream
of floodplain feeding and

Relative impact of
mainstream dams
on migration

Relative effect of change
in flow regime on fish
production

3- Migratory nursery habitat often with Very high: loss of
na pelagic egg or larval stages. . connectivity and flooding
channel . Very high )

Adults and drifting larvae return of spawning and nursery
spawner ) .

) to floodplains to feed. habitat

guild

May migrate to refuges (deep

pools) in the main channel

during the dry season.

Migrates from floodplain

feeding and spawning habitat
4 - Migratory to refuges (deep pools) in the
main main channel during the dry High: loss of connectivity
channel season. Medium and flooding of spawning
refuge Spawning occurs on the and nursery habitat
seeker guild floodplain and main channel

used as refuge during dry

season.

Limited non-critical migrations

in mainstream.
5- ) ) Medium: loss of connectivity
Generalist H|gh|y adaptablg, moF>|Ie, and Little or no impact  and reduced flooding of
quild static elements in their genome floodplain

rendering them highly adaptable

to habitat modification.

Limited migrations between
6- floodplains pools, river margins,
Floodplain swamps, and inundated Medium: loss of connectivity
resident floodplains. Little or noimpact  and reduced flooding of
guild Tolerant to low oxygen floodplain
(Blackfish) concentrations or complete

anoxia.
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Migratory Relative impact of  Relative effect of change

Guild and Typical characteristics mainstream dams  in flow regime on fish
number on migration production

Little impact (if
dam is upstream

7 - Estuarine - Limited migrations within the of estuary
resident estuary in response to daily and  and does not Little or no impact
guild seasonal variations in salinity. influence salinity

dynamics in

estuary).

- Enters fresh/brackish waters

to breed. High (for dams
8 - Anadro- - Enters freshwaters as larvae/ located in river . .
) ) Little or no impact
mous guild juveniles to use the area as mouths or lower
a nursery, either obligate or potamon).

opportunistic.

- Reproduction, early feeding, and

growth at sea. Very high: loss of

9 - Catadro- . o .

mous guild Juvenile or sub-adult migration ~ Very high connectivity to feeding and
to freshwater habitat, often nursery habitat
penetrating far upstream.

10 - Marine - Enters estuaries . ) . )

. . o Little or no impact  Little or no impact
visitor guild opportunistically.
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Box 6.1. Indicator groups and/or species for Mekong fish guilds

Guild 1 - Rhithron resident guild: Notopteridae: Chitala blanci (main channel with rocky
only); Cyprinidae: Gara spp., Brachydanio spp., Devario spp., Poropuntius spp., Tor spp.,
Neolissocheilus spp., Osteochilus waandersii, Raiamas guttatus, Opsarius spp., Lobocheiros
spp., Onychostoma spp.(Lao PDR), Scaphidonuchthys acanthopterus (Lao PDR), Mekongina
erythrospila (Stuntreng-3S, Lao PDR), Mystacoleucus spp.; Balitoridae: all species (e.g.
Homaloptera spp., Balitora spp.); Nemacheilidae: all species (eg. Nemacheilus spp., Schistura
spp.); Akysidae: all species (e.g. Akysis spp., Pseudobagarius spp.); Sisoridae: Gryptothorax
spp., Bagarius spp. (main channel); Datnioididae: Datnioides undecimradiatus (main channel
only); Channidae: Channa gachua, Osphronemidae: Osphronemus exodon; Gobiidae:
Rhinogobius mekongianus (above Stuntreng); Tetraodontidae: Pao baileyi (main channel
only), P. turgidus.

Guild 2 - Migratory main channel (and tributaries) resident guild: Cyprinidae: Cirrhinus
microlepis, Cyclocheilos enoplos, Cosmochirus harmandi, Probarbus jullieni; Pangasiidae:
Pangasianodon hypophthalmus (all places), Pangasius larnardii (all places), P. mekongensis,
P. bocourti (except TS system), P. concophilus (except the TS system).

Guild 3 - Migratory main channel spawner guild: Clupeidae: Clupeichthys aesarnensis
(all places), Clupeoides borneensis (all places), Corica laciniata (DT-PP-TS); Cyprinidae:
Cirrhinus prosemion, C. jullieni, Hypsibarbus spp., Puntioplites falcifer (above Kratie), P.
proctozysron (below Kratie tol DT), Labeo chrysophekadion, L. pierrei, Sikukia spp., Incisilabeo
behri, Scaphognathops spp. (above Kratie), Barbichthys laevis, Leptobarbus rubripinna,
Amblyrhynchichthys micracanthus, Botiidae: all species (Syncrossus spp., Yasuhikotakia spp.);
Pangasiidae: Pangasius macronema, Pseudolais pleurotaenia, Helicophagus leptorhynchus,
Siluridae: Walago attu, Phalacronotus spp., Kryptopterus spp.; Bagridae: Hemibagrus spp.;
Cobitidae: Acantopsis spp., Acanthopsoides spp. (prefers sandy bottom); Gyrinocheilidae: all
species; Tetraodontidae: Auriglobus nefastus.

Guild 4 - Migratory main channel refuge seeker guild: Cyprinidae: Barbonymus altus, B.
schwanefeldii , Cyclocheilichthys spp., Rasbora spp., Paralaubuca spp., Parachela spp.,
Thynnichthys thynnoides; Cobitidae: Pangio spp.; Siluridae: Ompok siluroides; Bagridae:
Mystus spp.; Pristolepididae: Pristolepis fasciata; Ambassidae: Parambassis wolfii, P.
apogonoides; Sciaenidae: Boesemania microlepis (d/s Stuntreng common, (above Khone
Falls very rare now); Tetraodontidae: Pao cambodgiensis, P. suvattii (above Khone Falls only)
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Guild 5 - Generalist guild: Notopteridae: Notopterus notopterus, Chitala ornata; Cyprinidae:
Gymnostomus (Henichorynchus) spp., Barbonymus gonionotus, Systomus orphoides,
Crossocheirus spp. Osteochirus vittatus, O. microcephalus, Hampala spp., Labiobarbus
spp., Cyclocheilichthys spp.; Syngnathidae: Doryichthys boaja (below Kratie to DT-TS),
D. deokhatoides (below Kratie to DT-TS), D. contiguus (confirmed between Vientiane-
Ubonratchathani, does not exist below Khone Falls), Mastacembelidae: Mastacembelus spp.
(e.g. M. favus, M. armatus); Ambassidae: Parambassis siamensis; Eleotridae: Oxyeleotris
marmorata.

Guild 6 - Floodplain resident guild (Blackfish): Cyprinidae: Esomus spp.; Cobitidae:
Lepidocephalichthys hasselti; Clariidae: all species (e.g. C. macrocephalus, C. cf batrachus);
Adrianichtyidae: Oryzias siamensis, O. minutillus; Hemiramphidae: Dermogenys siamensis,
Channidae: Channa striata, C. lucius; Anabantidae: Anabas testudineus; Osphronemidae:
Trichopodus spp., Trichopsis spp; Synbranchidae: Monopterus albus; Mastacembelidae:
Macrognathus spp.; Tetraodontidae: Pao cochinchinensis.

Guild 7 - Estuarine resident guild: Plotocidae: Plotosus canius (DT); Ariidae: all species
(DT); Adrianichthidae: Oryzias haugiangensis (DT); Gobiidae: Glossogobius spp. (DT-TS-PP);
Polynemidae: Polynemus spp. (DT-TS-PP); Cynoglossidae: all species (DT-PP-TS); Soleidae:
Brachirus spp. except B. harmandi and B. siamensis

Guild 8 - Anadromous guild: Pangasiidae: Pangasius krempfi, P. elongates (mainstream only);
Ariidae: all species (DT-PP).

Guild 9 - Catadromous guild: Angullidae: Anguilla marmorata, A. bicolor (all nodes);
Ophichthidae: Pisodonophis boro (DT-PP-TS).

Guild 10 - Marine visitor guild: Scombridae: Scomberomorus sinensis (DT-PP), Gerreidae: all
species (DT); Ambassiidae: all species except Parambassis spp. (DT); Terapontidae: Terapon
jarbua; Sciaenidae: all species except Boesemania; Gobiidae: Pseudapocryptes elongatus,
Periophthalmodon schlosseri

Non-native: Cyprinidae: Labeo rohita, Cyprinus carpio, Cirrhinus cirrosus, Cyprinus rubrifuscus;
Serrasalmidae: Piaractus brachypomus; Clariidae: Clarias gariepinus, Loricariidae:
Pterygoplichthys spp.; Cichlidae: Oreochromis spp.

Note: DT = Delta; PP = Phnom Penh; TS = Tonle Sap.
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183. Potential risks to fish and fisheries, including OAAs, should be comprehensively assessed.
Risks to fish and fisheries associated with hydropower development are summarized in
Table 6.2 (see Table 5.2 for risks to OAAs) and are orientated around four major themes:

* Dams are physical barriers across rivers that interrupt fish migrations both upstream
and downstream.

e Dams can change the river hydraulics from a flowing river (lotic) to a still water
(lentic) habitat in the impoundment, which inundates spawning grounds (flowing
water conditions required by many species of Guilds 1, 2, 3, 4, and 8 for egg and larval
development), disrupts larval drift, can eliminate lotic-dependent native fishes (Guilds
1,2, 3,4, and 8), and creates a habitat that suits non-native species.

* Dams alter flow regimes (hydrology) in the downstream river, from run-of-river dams
(inflows = outflows) with lesser impact, to storage dams with high impacts by altering
the seasonal timing and volume of flows. In practice, most dams have some capacity
to operate in run-of-river or storage mode, although most mainstream dams will have
very limited storage capacity. Altering flows impacts the capacity of fish to migrate; can
leave fish stranded and eggs exposed to die as a result of daily/hourly hydropeaking;
disrupts the flooding patterns of rivers; and compromises access of floodplain-
spawning species by interrupting lateral connections between the river and floodplains
(Guilds 3, 4, and 6).

¢ If the dam is associated with development of floodplains for other purposes, such as
an irrigation scheme, or if the floodplain is permanently inundated by the impoundment,
floodplains can completely lose their function in the ecosystem, especially as feeding,
spawning, and nursery areas (affecting Guilds 4, 5, and 6).

Table 6.2. Potential risks to fish and fisheries associated with mainstream dams

Risk Consequences/comments

Direct barrier effects on fish and fisheries

Ultimately may lead to loss of fish species diversity unable

to complete their life cycles (typically fish of Guilds 2, 3, 4,

and 8), usually because they are isolated from their spawning
Dams create a direct barrier to and nursery areas. Occasionally, if spawning conditions are
upstream migration of fish suitable below the dam, the species may survive, but usually at

considerably lower abundance.

The impact is usually greater if major spawning tributaries are
located upstream of the dam or drain into the impounded area.
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Risk Consequences/comments

Dams create a direct barrier to
downstream migration of fish

Impoundments also present problems to downstream migrating
fishes.

Downstream migration involves all life history stages, including
eggs and larvae that drift in the current, juveniles of limited
swimming ability, and adult fishes. This varies depending on the
species concerned.

Ultimately, disruption of downstream migration may lead to
loss of fish species diversity unable to complete their life cycles
(typically fish of Guilds 2, 3, 4, and 8), usually because they are
isolated from their nursery and feeding areas.

Mortality at hydropower structures

Fish encountering dams while
moving downstream will either
pass over the spillway, through
specially engineered bypass
channels, or be drawn into the
turbine intakes and then through
the turbines themselves.

Large numbers of larvae and juvenile fish drift passively
downstream from spawning grounds upstream, and are
drawn either into the intake of generating turbines or over
the dam'’s spillway. Both routes can cause high mortality
with consequences on the recruitment of fish to populations
downstream of the dam.

Adults passing downstream actively seek flowing water and are
drawn to turbine intakes or spillways.

High mortality or injury in
turbines.

Fish entering the turbines are exposed to a variety of physical
stresses that cause injury and death. These include pressure
changes (barotrauma), shear and hydraulic stress, turbulence,
and strikes by the turbine blades. Eggs, larvae, and juvenile

fish are particularly susceptible to injury and death in turbines.
Turbines labelled as ‘fish-friendly’ may still have a significant
impact on individual fish, resulting in high injury or mortality
rates, often up to several days after passing through the turbine.
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Risk Consequences/comments

Mortality and injury in spillways.

Fish moving over a spillway can be injured or killed if the design
of the spillway does not take fish passage into account. If the
flow is too strong, they may not be able to avoid collisions

with energy-dissipating structures or flow detectors; they

suffer abrasion against spillway walls and floor (shear) if the
water is too shallow; and may suffer ‘gas bubble disease’ and
barotrauma if the plunge pool is too deep (see Section 4.2).
Turbulent flow in the spillway basin can disorientate fish, slowing
their downstream movement, and exposing them to predatory
fish and birds.

Impoundment impacts on fish and fisheries

The impoundment inundates
deep pools and changes the
hydrodynamics from a complex
flowing water habitat to a uniform
slower flowing habitat.

The impoundment of relatively fast flowing rivers may totally
preclude riverine fishes that are dependent on flowing water
conditions for all their ecological requirements, and species that
are able to live only in running water are usually eliminated.

Riverine fishes will include species that have either drifting eggs
or sticky eggs that adhere to submerged plants, rocks, gravels,
and sand. Both types of eggs in riverine fishes require flowing
water (lotic) habitats, which is important when considering the
effects of an impoundment.

Impoundment may drown out
spawning and nursery habitats of
migratory species.

Riverine species generally decline in abundance because of the
inability to fulfil their life cycle, and are then replaced by species
that are tolerant and able to exploit static water conditions (Guild
5 and non-native species).

Impoundment may drown out
habitat riverine species typically
found in rapids and glides, i.e.
rhithron species (Guild 1).

Rhithron species (Guild 1) are lost from communities, resulting
in a loss of biodiversity, and are replaced by species that are
tolerant and able to exploit static water conditions (Guild 6 and
non-native species).

Reduced flows in the
impoundment compromise
drifting life stages of fishes.

The impoundment becomes a sink for downstream drifting eggs
and larvae that tend to be lost from the system, resulting in a
decline in fisheries of valuable migratory species (Guilds 2, 3, 4,
and 8).
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Risk Consequences/comments

Water level fluctuations in the
impoundment impinge on the
capacity for certain fish species
and OAAs to breed and grow in
the impounded area.

Compromises capacity of the impoundment to replace lost
fisheries production caused by impoundment of the river system.

Downstream impacts on fish and fisheries

Alteration in the timing, magnitude

and duration of hydrological
characteristics in downstream
river systems.

Depending on the characteristics and operations of the
impoundment, seasonal flooding patterns can be modified,
resulting in the deterioration of downstream habitat and
disruption of longitudinal and lateral migrations. In some cases,
longitudinal migration of fishes are also compromised, because
environmental cues for migration (trigger floods or flow pulses)
are lost, and passage of fish are disrupted over rapids, falls, and
other natural, partial obstructions, for example, Khone Falls. Grey
fishes (Guild 4) that rely on floodplain inundation for breeding
are constrained and do not recruit successfully. Generally, the
downstream fish community structure and population dynamics
are altered, and the fishery moves towards lesser catches of
smaller, non-migratory species of lower economic value or non-
native species. It should be noted that this impact is likely to be
minimal for Mekong mainstream hydropower projects as they
will largely operate in run-of-river mode.

Alteration in the nature, timing,
and dispersal patterns of
sediment delivery in river
systems.

The impoundment may reduce the volume of sediments and
associated nutrients passing downstream, and the productivity
of the system declines, especially in the floodplain and delta
areas, and in coastal regions (see Section 3)

Alteration of the thermal regime
downstream of impoundments.

If the impoundment stratifies (see Section 4), a reduction in
water temperature occurs due to the release of water from the
hypolimnion and suppression of the natural seasonal variation

in temperatures, the latter of which is often a trigger for fish
migration, although less so in tropical rivers. This risk may not be
prevalent in Mekong mainstream dams.

Water quality downstream
adversely affected by dam
infrastructure and operation.

84

Changes in discharge and water quality can affect all fishes
within the riverine section below dams (see Section 4).
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Risk Consequences/comments

Transboundary impacts

Disruption of the hydrological
regime and sediment delivery, and
a concomitant impact on fisheries
may be transmitted considerable
distances downstream.

The impact of dams in terms of loss of productivity may be
manifest considerable distances from the dam location. This can
have a considerable impact on rural communities dependent on
fisheries for food security and livelihoods (see Section 9).

Dams associated with

development of floodplains for If a floodplain is permanently inundated by an impoundment, the
other purposes such as irrigation floodplain can completely lose its function in the ecosystem and
schemes disrupt floodplain result in lost fisheries-related services.

function.

184. The different ecological guilds of Mekong fishes (Table 6.1) exhibit different levels of
vulnerability to the effects of dams. The most vulnerable guilds are Guilds 2, 3, 4, 8, and 9,
shaded in Table 6.1.

e The species that are most affected by the barrier effects of dams are short- and long-
distance migrators (Guilds 2, 3, and 8).

e The species that are the most vulnerable to change in flooding patterns are: (i) floodplain
spawning species (Guild 4) that move laterally onto floodplains to spawn and use the
nutrient-rich floodplain habitat as a nursery area; and (ii) juvenile life stages of short-
and long-distance migrators (Guilds 2 and 3), whose larvae drift onto the floodplain and
also use this habitat as a nursery area.

» Species with drifting larval stages are mainly the riverine fish of Guilds 2, 3, 4, and 8.
These require a minimum length of flowing water for drift that varies among species
and is presently unknown for Mekong species. However, it is likely that at least 10 km
is required for some short-distance migrants; more than 200 km for medium-distance
migrants (Guilds 3 and 4); and over 1,000 km for long-distance migrants (Guilds
2 and 8). Drifting larvae need suitable nursery habitat to occupy and grow-on in the
downstream course of their migration.

e Species that are only found in steep upland tributaries (Guild 1: rhithron species) will
be unaffected by mainstream dams, but can be at risk from upland storage dams in
tributaries, where there is inundation of habitats upstream and modification of flows
downstream. These species are often endemic (only found in that location or river)
to the region, have high biodiversity value as well as providing an important local
food source. Fishes that only use floodplains (Guild 5: black fishes) are unlikely to be
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186.
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188.
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impacted unless floodplains are permanently inundated or disconnected and/or used
for agriculture or urban development.

Many Mekong species exhibit complex life cycles that involve migration between different
areas of the river (see Figure 6.1), particularly upstream migration to spawning areas,
and downstream to nursery and feeding habitats. The timing of these upstream and
downstream migrations is variable depending on fish life cycles. Spawning of different
species in the Mekong system thus occurs across all seasons, but there are peaks during
the spring (February—March), which is the most important time, followed by the onset of
floods (June-July), and then when the water is receding (November).

The general understanding of migration patterns in the Mekong is that there are three
main groupings in the upper, middle and lower LMB (Figure 6.1) with many commercially
valuable species (possibly as many as 30 white fish species [Box 6.1: Guilds 2, 3 and 8])
migrating long distances between these zones. There is spawning along the entire Mekong,
but the middle and lower zones have significant floodplain nursery areas and spawning
areas with major migrations between the two zones (Figure 6.1). Although many species
migrate along the mainstream, they often spawn in tributaries, so the links between these
two habitats are important.

The migratory fish resource at risk from dams varies in each of the three major zones of
the river (Box 6.1). An indication of this variation is the commercial catch, which in the
upper Mekong is up to 60,000 tonnes of fish captured per year, while the middle and lower
zones are much higher annual catch rates of over 1.0 million tonnes of fish per year in each
zone. Because of the high biomass of migratory fish in the middle and lower zones and the
movement of fish between spawning and nursery habitats in each of these zones (Figure
6.1), there is much greater risk to fish populations when locating mainstream dams in these
lower zones.

Because of thelife cycles described above, a cascade of dams with sequentialimpoundments
will eliminate most riverine fish species that require flowing water (lotic) habitats, even if
fish passage is provided.

Pre-project monitoring and analyses

The monitoring approach for fish and fisheries presented in the PNPCA information should
be sufficient to establish the baseline, to inform design, and to underpin project impact and
mitigation effectiveness evaluations.

Key information to be submitted at the PNPCA stage is a fish species list grouped by guild
(guided by Table 6.1 and Box 6.1) together with relative abundance, including those species
observed and those expected to be present in the river system and conservation status of
the species. A baseline needs to be established to identify species, size composition, and

Preliminary Design Guidance for Proposed Mainstream Dams in the Lower Mekong River Basin



biomass requiring passage. Available MRC and other research data should be sourced for
this purpose.

Major river spawning areas

Major nursery areas

' Upper zone

Major mainstream migration
route

Long distance mainstream
migrants

Mainstem-tributary and
upper zone migrations
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r- Lower zone
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Figure 6.1. Generalized migration systems in the Lower Mekong Basin,
modified from Poulsen et al. (2004)
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191. The following baseline data should be collated in conjunction with the list of species in
Clause 182. Full use should be made of the MRC fisheries data and associated information
in this assessment:

the season of movement upstream and any hydrological triggers of migration (e.g.
onset of flooding cycle) for the main species;

the spatial distribution of spawning, nursery and refuge habitats for each guild within
the region (200 km upstream and downstream of the proposed site, including the lower
50 km of tributaries);

the scale of fish migration in terms of biomass of fish (based on independent studies
and fish abundance and diversity monitoring) in relation to the seasonal flows, so these
data can inform the design of fish passage facilities;

the distance (spatial scale) of cyclic migrations of each guild;

identification of fish species and OAAs that are dependent on flowing water (lotic)
habitats for spawning and larvae drift, and the required minimum distance of larval
drift to ensure successful recruitment;

the contribution, species composition, and socio-economic value of fish and OAAs
captured upstream and downstream of the dam site over the full flood cycle. These data
enable an assessment of socio-economic impacts on local and regional livelihoods,
food security, and economies, as well as informing biodiversity impacts.

192. Standard methods recommended by the MRC should be used, noting that they will be

developed and updated over time, so that there will be consistent approaches by developers
within the overall monitoring of fisheries in the river.

193. Alist of threatened fish species or fish species of high conservation value near the dam and
impoundment site, or potentially affected by the project, should be provided. An assessment

194.

of the potential impact of the development on the threatened fish species survival and

actions to mitigate such impacts should be provided.

Drawing on the hydrological and hydraulic assessments® described in Section 2.3, the

following information should inform selection of suitable fish passage options, develop
concept designs, and assess effects on habitats and fish migration:

daily and seasonal discharge linked with fish migration data to determine risks and
inform fishway design;

modelling results of the spillway and powerhouse operation, including sufficient

9 Toassess the impact on fish and fish passage design, adequate analysis must be carried out and presented at PNPCA to
allow MRC assessment of the effectiveness of the mitigation. Further detailed hydrological and hydraulic modelling may
be undertaken during in the detailed design phase.

88
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assessment of potential hourly, daily and seasonal discharge, and upstream and
downstream water levels; and spatial attenuation (distance affected downstream) of
these variations;

* headwater and tailwater rating curves; and

* modelling results of daily and seasonal hydraulics, especially distribution of water
velocity, of the impoundment to determine effects on lotic spawning habitats and larval
drift.

195. Analyses of changes, impacts and mitigation options for fish, fisheries, and OAAs should
identify the residual impacts and document where these will occur in the river, in line with
Clauses 7 and 25.

6.4 Design and operational guidance

196. Mitigation options should be evaluated to determine which ones will best address identified
risks. Table 6.3 provides a summary of mitigation approaches that can be taken to address
the broad categories of risk to fish and fisheries shown in Table 6.2. A holistic set of
mitigation measures should be implemented to address the multiple facets of change
that affect fish and fisheries. Whilst only fish-related mitigation measures are addressed
below, mitigation measures for flows, sediments, water quality and aquatic ecology in this
Guidance are also important influences on outcomes for fish. The clauses following this
table provide more specific guidance.

197. Given the lack of direct and experimental data on Mekong fishway efficacy, and the high
consequence of risks to fish and fisheries, developers should engage the services of
independent and knowledgeable fish passage experts with specific relevant regional and
global experience early in the design process. Developers are encouraged to utilize available
MRCS data, resources, and expertise at an early stage in line with Clause 16.

Table 6.3. Mitigation options for fish and fisheries for mainstream dams

Mitigation options

= Upstream and downstream fish passage facilities

= Catch-and-release programmes (unsuitable for a river and fisheries at a

Direct barrier effects on
Mekong scale)

fish and fisheries
= Hatcheries and restocking programmes (potentially in combination with

other measures); however, note Clause 247.
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Risk Mitigation options

= Dedicated design and operational choices for structures such as the
Mortality at hydropower turbine and gates

structures = Use of screens and other barrier technologies (e.g. light, acoustic) to
direct fish away from areas of high mortality risk.

= Siting and configuration of the impoundment to minimize inundation
area and important habitats such as deep holes and spawning grounds

Impacts in the = Management of impoundment water levels through Joint Cascade
impoundment on fish Operating Rules and Project-Specific Operating Rules

and fisheries = Protection of impoundment riparian habitats through local works

to protect, enhance, or introduce important habitat areas (e.g. for
spawning and nursery grounds, or shelter and feeding areas).

= Management of downstream water levels through Joint Cascade

Operating Rules and Project-Specific Operating Rules
Downstream impacts on

) = Protection of natural river bank habitats through local works
fish and fisheries

= Controls and mitigation relating to potential water quality and sediment
impacts.

198. The following guidance for fish and fisheries is divided into two sections: habitats, which
include planning of dam location and height, and operation; and fish passage, which provides
for migration of fish upstream and downstream.

Habitats

199. As flowing water (lotic) habitats are key spawning areas and are essential for larval drift,
dams should be sited and designed to maximize reaches with continuously flowing water.°
These flowing-water reaches are:

e preferably maintained within the entire impoundment by maintaining a mean channel
velocity of > 0.3 m/s;

¢ between dams and the impoundment backwater (some species will likely require 10
km reaches, while others will require 200 km); and

¢ in tributaries.

10 It should be noted that the location of all mainstream dams is already determined based on engineering design
requirements.
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200.

201.

202.

203.

Dams should be sited and designed to avoid permanent inundation or disconnection of
floodplains, which are key, usually irreplaceable, spawning and nursery habitats. Productive
fish populations are dependent on the natural inundation and drying patterns of these
habitats.

In dam operation, consideration should be given to managing river edge habitats (littoral
zone) of rocks and vegetation downstream of the dam, especially during the onset of the
wet season when many species will be spawning. Rapid water level rises are acceptable
(but see Clause 71), but draw-downs of, for example, greater than 0.5 m per day (to be
determined on a site-specific basis) in the spawning season could expose eggs. Migratory
fish may congregate below a dam with inadequate or no fish passage, and often spawn in
the area downstream of the dam.

Fluctuations in water levels in the impoundment can create a barren, unproductive
littoral edge zone in the impoundment. Lagoon systems can be created in bay areas of
the impoundment by installing small weirs, which buffer these fluctuations and maintain
nursery areas in the impoundment during draw-down periods.

Fisheries production in impounded water bodies tends to decline 5-7 years after inundation.
Traditionally, the inundated area is cleared of vegetation prior to flooding, but to support
fisheries production in the impoundment, trees should be left unlogged in selected areas to
provide increased surface area for periphyton growth, which acts as a primary food source
for fish.

Fish passage

204.

205.

206.

207.

Fish passage facilities for both upstream and downstream migration should be incorporated
into all dams on the Mekong mainstream. If fish passage is not considered viable to sustain
populations (e.g. a cascade of dams is planned that eliminates flowing-water habitats
upstream), then appropriate offset measures should be applied to compensate for potential
ecological (biodiversity), social, food security, nutrition and economic (livelihoods) losses
(MRC, 2018a).

Full effective mitigation to allow fish passage through Mekong mainstream hydropower
projects has been shown to be up to 10% of the project capital cost depending on the
project location and scale. This cost needs to be properly considered in the project financial
model and business case.

Effective upstream and downstream fish passage should be evaluated using target species.
These species should be based on commercial and livelihoods importance, broad coverage
of ecological guilds, behaviour (e.g. surface, mid-water, bottom dwelling), size (small,
medium, large), biodiversity value, and threatened species status.

Effective fish passage is defined in terms of a target percentage for the number of fish within
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each migratory species that approach the dam structure both upstream and downstream.
Sub-samples are commonly used to assess these targets, not the whole population.
Specific targets in this Guidance are based on what is required to meet the objectives stated
in Section 6.1, i.e. continued population sustainability in the Mekong mainstream. They are
not based on what has been proven successful for existing fish passage structures, noting
that many existing tropical facilities globally have design and operational flaws that this
Guidance seeks to address. The following fish passage targets are based on population
modelling and passage rates of Mekong species and hydropower dams (Halls & Kshatriya,
2009)™:

¢ Forlong-distance migratory species (i.e. Guilds 2, 3,4, and 8) at a single dam, large fishes
(>75 cm) require more than 90% passage (of numbers of each species approaching
the dam) and medium-sized (50-75 cm) fish require more than 80% passage. If there
are multiple dams, more than 95% passage at each dam site is required for both size
groups.

e Small, short-distance migratory species (Guild 4) moving between/along the river to
floodplains require more than 60% passage (upstream and downstream) between
spawning and feeding/refuge habitats.

e The above percentage passage requirements may be refined for the particular species
concerned, based on its life history and the number of dams the species has to pass to
complete its life cycle and as additional regional and site-specific information on these
aspects becomes available.

Biological and hydrological criteria for fish passage design

208.

209.

11

Flow range of fishway. The fishway needs to be designed to operate from minimum recorded
flows to the 1-in-1 year annual recurrence interval (ARI) flow (63% annual exceedance
probability). These flows need to consider climate change and flow regulation impacts
from upstream, noting that an overestimate of minimum flows can prevent a fishway from
operating.

Proportion of flow in fishway — upstream passage. A primary consideration (Williams et al,
2012) in the design of the hydropower project is ensuring that adequate flows are available

Note: the modelling is based on calculated mortality of fish through Kaplan turbines based on fish length, which may

improve with new turbine designs, and also assumes that all larvae drift successfully through the impoundment and pass
unharmed through the turbines.
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to attract fish to fish passage entrances. Adequate flows' must be directed through the
fish passage to ensure they function effectively in both the high and low flow seasons, and
at all times are sufficient to ensure optimal effectiveness to achieve fish passage targets
in Clause 207. Flow allocation for fish passage should be based on local and international
research (Armstrong et al., 2010; Bell, 1985; Larinier, 2002; Roscoe et al., 2011) with the
basis of flow allocation clearly set out in PNPCA documentation.

210. Proportion of flow in fishway — downstream passage. Dedicated downstream passage

211.

facilities at the powerhouse require 2% of powerhouse flows to pass fish effectively. This
target may be altered if more specific regional or site-specific data become available.

Considering the range of species, volume of migrations, and variation in flow conditions
encountered at a dam site, each project should consider a range of different options for fish
passage upstream and downstream. Multiple fishways at a single large site are also likely
to be needed.

212. Unless more specific site/regional data are available, upstream and downstream fish

passage facilities should ideally:
e operate all year as far as practical, within the flow range specified in Clause 208;

e pass migrating fish from 5 cm to 300 cm in length both upstream and downstream, as
well as fish eggs and larvae drifting downstream; and

e pass the migratory biomass of the Mekong River as determined during baseline
monitoring and external assessment activities, noting that this is very high, especially
in the middle and lower zones of the Mekong (i.e. approximately downstream of
Vientiane, Figure 6.1).

Upstream fish passage

213. An upstream fish passage has two separate design components:

12

Fish

Research indicates that a primary consideration in the design of a hydropower project is providing sufficient flow at the
fishway entrance to attract fish from the river into the fishway. At low flows (defined as the flow exceeded 95% of the
time, or Q95 of present flows), 10% of the flow is required for effective fish attraction into the fishway. At the upper flow
range for the fishway (1-in-1 year ARI), allocation of 10% of flow for upstream fish passage is desirable, but 2% would be
a minimum. This flow can be a combination of passage flow (along the entire fishway) and auxiliary flow (additional flow)
in the lower section of the fishway, but excludes attraction flow external to the fishway entrances(s). At very high biomass
sites (e.g. downstream of Vientiane), half of the flow allocation is needed for passage flow along the entire fishway. At
large hydropower dams that have effective fish passage, allocating 10% of the minimum river flow for fish upstream
passage is a common standard (although 30% can be used); 5% of maximum turbine discharge has also been used. As
an example, publicly available information states that the Xayaburi Dam fishway on the Mekong River provides a fishway
attraction discharge of 8.6% (86 m?/s) of low flows (Q95); 5% (240 m?/s) of the maximum turbine discharge (5,000 m?/s);
and 2.5% of high flows (10,000 m?/s). Research will test whether these flows are adequate. These targets may be altered if
more specific regional or site-specific data become available. They also do not apply to small streams or tributaries, where
fishways can potentially use 100% of flow.
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e Attraction — in terms of fish approaching the dam and locating the entrance(s); and
» Passage - through the fishways.
Attraction

214. To achieve effective attraction, fish passage design should be integrated into the earliest
project concepts, because it influences the dam axis alignment, dam and powerhouse
configuration and alignment, abutment, and training wall shapes, spillway and gate design,
and stilling basin design.

215. Physical modelling at an appropriate’ scale should be undertaken during detailed design
to accurately predict flow patterns and achieve functional fishway entrance conditions
(see Clause 24). Modelling should include the spillway, powerhouse, fishway entrances
(with auxiliary and attraction flows), and downstream river channel conditions. Separate
models may be needed of different dam components because of size limitations. Modelling
should test the full range of fishway flows, as above, to ensure fish can locate and access
entrances. Fishway entrance design and integrating it with dam design, can occur before
any fishway channel design.

216. 3D computer modelling (Computational Fluid Dynamics, or CFD) is also useful when used
in conjunction with physical modelling.

217. The key design principles in physical/computer modelling to optimize fish attraction are:

e Create continuous paths and refuges of low water velocity and turbulence that lead to
an “upstream limit of migration”, which is delineated by high water velocities without
refuge (e.g. atthe toe of spillways) and high turbulence without refuge. Fish are attracted
to the greatest discharge (turbines or spillway), and utilize low water velocities adjacent
to high discharge and high-water velocities to migrate upstream.

e Minimize recirculating flows (horizontally or vertically) and cross-flows, which trap and
delay migrating fish.

218. Multiple entrances should be provided at large dams and at sites with variable discharge.
Migratory fish will be attracted to a wide area, and the “upstream limit of migration” will vary
with discharge.

219. Fishway entrances should accommodate fish species that will use surface, midwater, and
benthic zones and the thalweg (deepest channel). The thalweg needs to lead to the fishway
entrance; the river channel may need reshaping during construction to achieve this.

220. Spillways and discharge gates should be designed and operated so that flows initiate and

13 The appropriate scale will depend on the size and geometry of the dam and river reach. For example, physical modelling
for Xayabury was undertaken at an undistorted linear scale ratio of 1: 120. The scale should allow sufficiently accurate
assessment of fish passage approach hydraulics.
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terminate adjacent to the fishway entrance(s) to maximize attraction to the fishways.

221. All spillway flow can be used for fish passage, noting that fish migrate during all seasons
and under all flow conditions.

Passage

222. Design options for upstream passage at high dams or dams with large discharge include,
but are not limited to:

* Large pool-type fishways

* Large nature-like bypass channels
* Fish locks

* Fish lifts.

223. Within upstream fishways, the following criteria may be used, unless more site-specific data
becomes available:

* Maximum water velocity for short distances (< 0.2 m; e.g. in vena contracta of slot or
orifice) is 1.4 m/s.

e Maximum water velocity in channels is 0.5 m/s.

» The maximum turbulence in a fishway pool is 40 Watts per cubic metre (calculated
using a discharge coefficient of 0.7).

e Minimum depth is 3 m under all flows, or equal to the maximum natural channel depth
(thalweg) at low flows.

* Pool length and width should be at least three times the maximum length of the largest
fish.

224. Fish passage facilities should pass the peak biomass, which requires the appropriate sizing
of fishways, and suitable cycle times of fish locks and fish lifts.

225. Predation within the fishways should be minimized. Adequate shelter for smaller species
while within the confines of the fishways should be considered, and residence time in the
fishways should be minimized.

226. Water quality should be maintained within any holding enclosures to ensure fish health.
Oxygen levels should be maintained within the fishways at >5 ppm (e.g. fish lifts).

227. Fishway designs should be flexible and adaptable, and have redundancy. For example, baffle
shapes may be adjustable or have adjustable inserts, and mechanisms of water release for
fish attraction and passage flows be adjustable over time. Feedback from monitoring and
observation of fish behaviour should lead to optimization of the fishway operation.
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228.

229.

230.

231.

If cyclic fish passage is used, such as fish lifts or locks, the period of captivity and interruption
to the normal movements of the fish should be as short as possible.

Fish exiting upstream fishways should not be drawn back over the spillway during
overtopping. Exit conditions should be sufficient to provide a stimulus for fish to exit the
fishway. The combination of suitable attraction flows, substrate, and protection from
predators is important.

Fish exiting fishways both upstream and downstream should be sufficiently healthy to
continue their natural patterns and migration routes. Direct and indirect mortality combined,
as a result of movement through the dam, impoundment, and fishways, should be in line
with the objectives (Clause 207) for the relevant guild.

If feasible, navigation locks should be designed for fish passage (see Clause 322).
Specific modifications are required for passing fish, including providing attraction flows
and additional entrance(s) for migratory fish near the upstream limit of attraction. These
aspects affect the design of gates, valves and dissipators.

Downstream fish passage

232. Downstream passage includes:

* larval drift through the impoundment;

* passage at the fish screens/trash racks;

* turbine passage of fish that pass through the fish screen; and
» passage through the spillway gates.

233. A mean channel velocity of > 0.3 m/s for the entire length of the impoundment should be

provided to maintain larval drift through the impoundment for migratory species (Guilds
2, 3, 4, 8). This requirement should be part of the initial scoping investigations and design,
because it is easier to achieve in a narrower river channel or a lower height dam.

234. Fish screens should be designed to guide downstream-moving fish away from turbines and

towards downstream fish passage facilities, which may be a shared facility with upstream
fish passage. Fish that pass through the screen will pass through the turbines; hence, the
internal spacing of fish screens should be linked with the extent that the turbine design
passes fish safely. Coarser mesh screens may be used if the turbine can safely pass larger
fish, while finer mesh screens should be used if the turbines cannot safely pass small fish.
Alternative methods to screening may be used, if these are shown to be effective through
regional or site-specific research.

235. Fish screens at high discharge sites (e.g. 2,000 to 5,000 m3/s) such as the mainstream

14 Where high debris load or a deep thalweg make suitable screens unfeasible, alternative solutions may be needed to divert
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236.

237.
238.

239.

240.

241.

242.

Mekong may divert large and medium-bodied fish, but are unlikely to divert small fish and
larvae, so turbines should be designed to pass these smaller fish.

Screens should be angled at least 45 degrees to the current and have a surface velocity
less than 0.5 m/s to prevent impingement, unless testing shows different criteria or screen
designs that will divert fish safely.

Self-cleaning screens should be installed where there are high debris loads.

For small/medium fish that pass through the fish screens, turbines should be designed to
have the following criteria, unless more site-specific data becomes available:

* To minimize blade strike, the leading-edge width of the turbine blade should be equal to
the length of the largest fish passing through the screens.

* Shear should be less than 150 cm/s/cm for 99% of exposure paths.

e To minimize impacts from sudden pressure changes (barotrauma), the pressure
change ratio should be < 0.1.

* The turbine design and placement should factor in these needs, because they may
not be met based on considerations solely for hydropower generation. For example,
to achieve a pressure ratio < 0.1, the turbines are likely to need to be deeper in the
tailwater, which requires further excavation than may be planned for only hydropower
generation needs.

At detailed design stage, a computational fluid dynamics model should be used to assess
the extent of the above values and the exposure paths of fish through the turbine.

Species with a similar size and swim bladder morphology compared with Mekong fish
should be used to assess mortality through turbines.

Spillways, aprons, stilling basins, and dissipater design should be designed to minimize fish
injury, noting that total mortality should be less than 5% for many species.

If feasible, gates on spillways should be overshot, or designed to be used fully lifted, because
undershot gates have high pressure changes and shear values that kill fish.

Fish passage operation

243.

244,

Capture fisheries in the vicinity of the fishways should be managed to ensure that mortality
caused by fishing is not excessive. No fishing should be allowed within 500 m of the fishway
entries or exits, or within the fishways.

Where ecological objectives downstream of the dam are to be met through the discharge
operating rules, any releases that do not pass through the turbines should be directed
through the fishway as a first priority, thereby ensuring that fish are attracted to the fishway
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entrance as well as maximizing operating time.

245. Where practical, hydrological conditions should be maintained to ensure that migratory fish
species can access tributaries and floodplains downstream of the dam and floodplains on
the perimeter of the impoundment.

Fish passage during construction

246. Fish passage should be provided during construction, based on an assessment of the
migratory population approaching the site and the proportion of each target species that
passes through. Navigation locks may form part of this solution.

Alternative mitigation measures and fisheries resource management offsets

247. Where fish passage rates are unlikely to be adequate to maintain viable regional fish
stocks, or local fish populations are not maintained, the developers should consider
support measures including offsets for lost fisheries and OAA resources. From a fish
and fisheries perspective, the following technical inputs should be considered in relation
to any alternative measures. The livelihood aspects of support measures and offsets are
addressed in Section 9, as follows:

» Offsets should move beyond traditional approaches of fish farming and stocking fish
and OAAs (mainly prawns), because these rarely replace the loss of fish stocks and
OAAs (and hence catches), and should be used in conjunction with other measures.

* Aquaculture (cage culture) within the impoundment of a mainstream dam would be
reliant on stable water levels and low water velocities at high flows, because fluctuating
water levels and high flows make anchoring and access problematic. Non-native
species (e.g. carp and tilapia) should not be grown in the cages, because there is a high
likelihood of escape and proliferation of non-native species in the wild to the detriment
of native species.

* Stocking of indigenous fish and OAA species in the impoundment would require
continuous stocking through the life of the project. The production from stocking
will not, however, replace the lost wild fisheries and OAA yield due to the decline in
impoundment productivity after 5-7 years. Also, the short retention time of water in the
mainstream dams prevents the build-up of primary productivity.

* Small fishways could be built on wetlands to reconnect nursery areas with river habitats.

* Re-creation of wetland habitats to support recruitment to wild capture fisheries and
OAAs, or creation of new fisheries that have been lost due to the dam and impoundment
could potentially be achieved within the impoundment by creating lagoon wetlands, or
upstream or downstream of the project by reconnecting wetlands or floodplains lost to
agriculture.
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6.5 Project monitoring and adaptive management

248.

249.

250.

251.

252.

Plans for project monitoring of fish, fisheries, and OAAs should take into account the
guidance in Clause 26. The PNPCA information should demonstrate that plans for fish,
fisheries and OAA monitoring information to be collected during construction and operation
will inform:

* developers’ needs regarding fish passage management operations; and

* indicators that may signal a need for adaptive management responses to fish, fisheries
and OAA-related mitigation measures.

The monitoring programme commenced for the pre-project assessments (Section 6.3)
should be continued during the construction and operation stages, and adapted where
needed to better inform construction and operational stage information requirements for
management. Components of the overall fish and fisheries project monitoring programme
should consider the status of fisheries and biodiversity (including OAAs), fish passage
effectiveness, and fish and OAA habitats.

Focal areas for annual review based on quantitative assessments should be:

» For the upstream fish passage: the effectiveness of: fish attraction (locating the
entrance); fish passage (through the fishway); and safe exit. Appropriate scientifically
proven methods to assess the effectiveness fish attraction and safe exit should be
adopted.

* For the downstream fish passage: larval drift in the impoundment; the efficiency of fish
screens and fish bypasses; fish passage through turbines; and fish passage through
gates and spillways. Appropriate scientifically proven methods to assess larval drift
should be adopted.

The monitoring plan presented at the PNPCA stage should show how the proportions of
the numbers of fish of each target migratory species (three species of each migratory
guild, preferably including benthic, pelagic and surface-dwelling species), and the total
biomass that are able to pass the dam successfully both upstream and downstream will be
determined and compared to the targets in Clause 207. The proportion of fish represents
fish approaching the dam at the time of sampling, hence, is robust to other changes in fish
populations that may occur due to other catchment impacts. Mortality levels of individual
species should also be estimated, as per Clause 241.

If actual percentages passing the dam are lower than the targets, a review of the facilities
and operations against the recommendations in this Guidance should be made, and actions
implemented to improve the fish passage arrangements, as per Clause 27.
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253.

254.

255.

100

Monitoring of habitats and spawning activity in littoral zones downstream of the dam should
be included in the overall monitoring plan. Findings can inform any refinements in operating
rules (sediment flushing and flood control) that may then maximize fish recruitment and
populations downstream.

In addition to recommendations for overall water quality monitoring for the project (Section
4.5), specific water quality monitoring should be undertaken in the fishways to inform if
there are any water quality-related issues that may have implications for effectiveness.
Parameters should include water temperature and dissolved oxygen.

Standard methods as prescribed by the MRC are recommended to be used to ensure robust
data and analysis, and consistent approaches by developers with the overall monitoring in
the river. Opportunities for collaborative approaches among projects on the mainstream
should be considered if possible (e.g. by using the same PIT tag system for detecting
tagged fish).
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