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Executive Summary

Capture fisheries in the Lower Mekong Basin (LMB) have a centuries-long history and are important
to the livelihoods of millions of people in the region. Despite this importance, fisheries are not
adequately represented or considered by planning agencies involved in development of the resources
of the Mekong, particularly for hydropower. Particular aspects that have received little attention are
the potential impact of damming on ichthyoplankton drift and subsequent fish stock-recruitment
processes throughout the river and on the biodiversity of small-sized non-commercial species. The
aim of this study was to determine the key spawning areas for the major commercial fisheries of the
Mekong through assessment of the distribution and relative abundance of larval and juvenile fishes in
the mainstream Mekong River (and to a lesser extent the tributaries).
The objectives of the study were:
i. quantitative assessment of fish and fisheries recruitment through extensive field studies of
distribution of larval and juvenile life stages and from indigenous knowledge;
ii. descriptions of larval and juvenile fish communities at multiple, permanent reference sites
throughout the study area and monitoring of community structure in relation to spatial and
temporal shifts in mesohabitat characteristics throughout an annual cycle; and
iii. assessment of the likely impacts of hydropower developments on fish biodiversity and
fish community dynamics, including evaluation of the likely impact of damming in the
mainstream Mekong on capture fisheries.
The ichthyoplankton and juvenile and small-sized fishes were sampled at 11 locations in 2009
using conical plankton nets and micromesh seine netting. Catch composition from conical plankton
and seine netting varied between sampling locations. Conical plankton net catches were dominated by
Clupeidae, Cyprinidae and Pangasiidae, and seine net catches by Cyprinidae, Clupeidae and Gobiidae.
Considerable differences were found in capture rates by the different gears at the different stations.
Conical plankton net catches and species diversity at Luang Prabang, Stung Treng, Pakse and Don
Sahong were considerably lower than elsewhere. By contrast, seine net catches at Luang Prabang
and Stung Treng were considerably higher, although catches at Pakse remained poor in terms of both
number and diversity. Seine net catches at the lower Mekong Delta sites were considerably lower than
elsewhere except Pakse, although diversity of species caught was high. This was possibly a reflection
of the deeper channels sampled in this region.
Seasonal variation in species diversity was found in the conical plankton net catches at each
sampling site. The greatest number of species and hence diversity was generally found in the May –
September periods. This was particularly notable at Nong Khai, Nakhon Phanom, Kratie and Phnom
Penh. Diversity tended to be higher earlier (February – May) at Luang Prabang, but was more stable
throughout the year at Vinh Xuong (Mekong River) and Quoc Thai (Bassac River). These differences
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probably reflect the influence of the flooding regime and site topography on catches, with the sites in
the delta influenced as much by tidal regimes as flooding cycles. Fish caught were generally drifting
larval life stages or juveniles.
Seasonal variation in species diversity was found in the seine net catches at each sampling site.
The number of species at each site, and hence diversity, was fairly stable except at Phnom Penh where
the number of species increased throughout the year. The opposite trend was found at Stung Treng
and Quoc Thai (Bassac River). The lack of major differences in diversity between seasons probably
reflects the species caught by seine netting being typically small-sized residents complemented by
increasing numbers of a few major species associated with the flooding cycle.
Overall, regional patterns of economically important species and biodiversity in the
ichthyoplankton were identified, with a distinct component in the upper reaches around
Luang Prabang, a second grouping in the upper-middle reaches (Nong Khai, Nakhon Phanom and
Ubon Ratchathani), a third associated with the Khone Falls region (Pakse, Don Sahong and Stung
Treng) and a final grouping in the lower floodplain/delta region (Kratie, Phnom Penh, Quoc Thai
on the Bassac River and Vinh Xuong, on the (Mekong River). These components relate well with
the migratory systems recognised in the Mekong Basin. However, of importance to this study, is
that individual fish in the ichthyoplankton were often less than 20 mm long, indicating larval life
stage that had been in the river for up to 15 days for pangasiid and some cyprinid species, such as
Henicorhynchus and Laides, but considerably longer for other species. If the fish are in the drift for
this period of time, based on passive flow, it is possible they spawned several hundred kilometres
upstream, depending on location and period of the flood cycle.
The composition of the seine net catches was significantly different from that caught by conical
plankton nets and included (with the exception of Vinh Xuong on the Mekong River and Quoc Thai
on the Bassac River) a greater diversity of species, including many that were only caught by seine net.
These represent important components of the fish community and probably the trophic interactions in
the river ecosystem that are likely to be lost if large sections of the river are to be impounded by the
construction of hydropower dams.
The impacts of Mekong mainstream hydropower dams in terms of upstream fish passage are well
recognised. But the implications of disruption to downstream migration and dispersal or impacts of
impoundment on resident small-sized species to maintenance of fish biodiversity and fish community
dynamics are largely unexplored. This study provides considerable insight into potential impacts
on the ichthyoplankton and fish recruitment as well as biodiversity. Generally the downstream fish
community structure and population dynamics are likely to be altered because the impoundment itself
drowns out spawning and nursery habitats of migratory species. It also acts as a sink for downstream
drifting eggs and larvae, inevitably disrupting downstream dispersal of ichthyoplankton and juvenile
life stages. Mortality from passage through turbines is especially critical for these life stages: eggs,
larvae and juvenile fishes are particularly susceptible to injury and death when they pass through
turbines or over spillways, with consequences on the recruitment to populations downstream of the
dam. Even if larvae and juvenile fishes survive passage over spillways or through turbines, any injury
suffered during passage is likely to reduce survival during their onward journey. This is a major
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issue because no mechanism exists to prevent ichthyoplankton passage through the turbines or over
spillways, i.e. there are not appropriate screening or diversion methods available.
Several conclusions were forthcoming from the study:
• Sampling was restricted to sites in the mainstream of the Mekong and the study does not
account for recruitment processes and the contribution of the major tributaries. It is therefore
recommended that ichthyoplankton studies are carried out upstream and downstream of
major tributaries to account for the contribution these make to recruitment dynamics.
• Reproductive cycles were previously considered to be associated with the rising water level
at the beginning of the rainy season (May – July). Results from the current study suggest
that reproduction is at discreet times of the year associated with the rising water level (June
– September) or protracted over extended periods, or indeed throughout the year, including
around the dry season (February – May). It is therefore recommended that future studies do
not neglect the contribution made to the fish community from species that reproduce outside
the wet season.
• Despite being an aim of the project, accurate determination of spawning habitats remains
elusive. It is recommended that environmental impact assessment studies on dam
developments must include specific elements to determine the locations of spawning habitats
accurately and quantify the likely impact of the development of fish recruitment.
• Considerable information has already been collected on the larval and juvenile life stages of
fishes of the Mekong. However, there is a critical need to consolidate all data on migration
and ichthyoplankton drift from EIAs and research-orientated programmes to fill gaps in this
study and allow greater confidence in interpreting the impacts of hydropower development
in the Mekong. It is also critical that studies on ichthyoplankton drift are included in any
impact statement of proposed dams.
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1

Introduction

Capture fisheries in the Lower
Mekong Basin (LMB) have a
centuries-long history and are
important to the livelihoods of
millions of people in the region.
Total catch by the various fisheries
has increased dramatically and now
exceeds 2.6 million tonnes annually,
worth in excess of US$2.5 billion
(Baran et al., 2006; Barlow et al.,
2008; Hortle et al., 2008; Baran
and Janhenen, 2009; Dugan et al.,
2011 and MRCS, 2011). Despite
the importance of the endemic fish
fauna to global biodiversity and
the fisheries to local communities
and national economies of the
LMB countries, fisheries are not
adequately represented or considered
by planning agencies involved in
development of the resources of
the Mekong (Friend et al., 2009;
MRCS, 2011). In particular, in recent
years there has been a resurgence
of interest to promote hydropower
schemes throughout the LMB, fuelled
by rising energy prices and increasing
energy demand in the region. This
Figure 1.1: Location of existing and proposed hydropower
has resulted in a proliferation
schemes in the Mekong River Basin
of potential schemes to use the
hydropower potential of the river
(Figure 1.1). In particular, a large number of dams are proposed on the upper part of the mainstream
Mekong in northern Lao PDR (Figure 1.2; Barlow et al., 2008).
Unfortunately, little attention has been given to the potential impact of these hydropower schemes
on fish biodiversity and fisheries. Yet it is widely accepted that dams are detrimental to fisheries (Petts,
1984). Dams block fish migrations, inundate spawning and nursery areas and disrupt fish recruitment
process. Halls and Kshatriya (2009) suggested that 60 – 90 % of migrating fish must pass upstream
to maintain viable stocks. However, they and others (e.g. Baran et al., 2009; Dugan et al., 2011) were
Page 1
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unable to find evidence in the global literature to suggest that the necessary rates of upstream-passage
success around dams could be sustained in large tropical rivers, even for a small number of species,
so the potential impact of damming in the Mekong is likely to be serious. Furthermore, in many
tropical systems, many species migrate upstream and spawn in the headwater reaches, with the eggs
and larvae drifting downstream to repopulate the river and floodplains in the lower reaches. These
are the fisheries resources that replenish the stocks downstream which often form the basis for major
capture fisheries in the floodplains (McConnell, 1987). Such a mechanism will be potentially lost in
the Mekong, causing disruption to the recruitment processes for the main commercial species.
This possible loss of production and recruitment to the capture fisheries is of concern because fish
is an integral part of the livelihoods of rural people in the LMB, providing employment, income and
nutrition (Dugan et al., 2011). Fisheries are exploited primarily by poor, rural people. Fish supply 40
– 80% of animal protein consumed in the LMB, and are a major supplier of several micronutrients,
notably calcium and vitamin A. Consumption of inland fishery products (converted to whole-fresh-fish
equivalents) is 41–51 kg/person/year across the four LMB countries. There are no readily available
foods to substitute for fish in the diets of people in the LMB. Hence, fisheries are extremely important
for food security and livelihoods, and any impact on production is likely to be detrimental to food
security for the region.
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Figure 1.2:

Profile illustrating location of proposed hydropower schemes in the Lower Mekong River Basin

Part of the reason for the inadequate consideration of the impacts of LMB dams and hydropower
schemes on fisheries is that information on the basic ecology of the fish fauna is limited to a few major
commercial species. Little is known about fish-recruitment processes and population dynamics of the
majority of species, and how these contribute to sustaining the fish community structure and dynamics
(Halls et al., 2011). This is particularly important because juvenile fish-recruitment dynamics are good
indicators of the impact of hydropower and other water-resource development schemes. Studies of
larval fishes provide information on location of spawning grounds in space and time, determination of
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habitats used (and required) by fish during their larval phase, fishery-independent estimates of stock
size and stock boundaries, new fisheries, feeding habitats of larvae, condition of larvae, recruitment
fluctuations and historical changes in all of the above.
To gain an understanding of the potential impact of damming in the LMB on fisheries resources
and the lives of people who depend on them, there is a need to gauge the relative importance and
location of the various spawning grounds, ichthyoplankton drift and juvenile-recruitment processes
throughout the river. This can be assessed using ichthyoplankton and juvenile fish surveys at selected
sites along the length of the Mekong, especially in Lao PDR where most of the dams are proposed.
Ichthyoplankton is fish eggs, larvae and small juveniles that drift with the current and a form of
dispersal of the early life stages to replenish adult stocks. The relative abundance of ichthyoplankton
at the different sites should provide a measure of the importance of different stretches of the river for
fisheries recruitment and production.
The aim of this project was to determine the key spawning areas for the major commercial fisheries
of the Mekong through assessment of the distribution and relative abundance of larval and juvenile
fishes in the mainstream Mekong River (and to a lesser extent the tributaries).
The objectives of the study were:
i. quantitative assessment of fish and fisheries recruitment through extensive field studies of
distribution of larval and juvenile life stages and from indigenous knowledge;
ii. descriptions of larval and juvenile fish communities at multiple, permanent reference sites
throughout the study area and monitoring of community structure in relation to spatial and
temporal shifts in mesohabitat characteristics throughout an annual cycle;
iii. assessment of the likely impacts of hydropower developments on fish biodiversity and
fish community dynamics, including evaluation of the likely impact of damming in the
mainstream Mekong on capture fisheries; and
iv. training Mekong country scientists in juvenile fish monitoring, including larval and juvenile
fish taxonomy.
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2

Sampling Methods

2.1 Spawning behaviour and habitats of fish
There is considerable confusion over the nomenclature of the different life stages embryonic and
young fish go through before they resemble adults. Balon (1975) proposed a system of nomenclature
and gives references to earlier systems, but this is cumbersome because it involves numerous larval
stages. It was therefore recommended only three stages were used, as defined below.
• Egg stage: for a variable time from extrusion from the female, the embryonic fish is
separated from its environment by a membrane, the egg shell or case.
• Larval stage: From the time the fish hatches from the egg until it becomes scaled (in those
species which have scales) and morphologically resembles the adult.
• Juvenile stage: From the time the fish becomes scaled and morphologically resembles the
adult until it migrates to the sea if it is an anadromous species, or if not, until it is one year
old, provided it is also sexually immature.
The choice of the most appropriate method for sampling eggs, larvae and juveniles is aided by
knowing the spawning habits of the fish species and also knowledge of the habitat in which the eggs
and larvae/juveniles occur.
Fish have diverse forms of reproduction. Some fishes produce large numbers of small eggs while
others produce few eggs of large diameter. They show different spawning behaviour and use diverse
spawning grounds. Balon (1975 & 1981a, b) classified fish into 33 groups known as reproductive
guilds (Table 2.1) on the basis of ontogeny, spawning behaviour and the place of egg deposition,
Although it is not necessary to consider all Balon’s categories, it may be helpful to consider the
reproductive guild into which the species fits before planning a sampling programme.
Assigning species to the correct reproductive guild is problematic unless behavioural and early
ontogenic data are available, which is a problem for species from the LMB. Consequently, it was
recommended that a simplified system of reproductive guilds (Table 2.2) was adopted, according
to the classification proposed by Balon (1975) and the concept modified by Chadwick (1976),
Balon (1981a, b), Mahon (1984), Berkman & Rabeni (1987), Bruton & Merron (1990),
Oberdorff & Hughes (1992), Boet et al. (1999) and Cowx (2001).
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2.2 Larval and juvenile fish sampling
Conical plankton nets with a mouth opening of 100 cm in diameter, length 1.3 m and a mesh size of
500 μm were used to sample drifting eggs and larvae (Figure 2.1). The large mouth opening was used
because it increases the time the net can be set during the flooding period before it becomes clogged
with debris. The nets were set 30-70 m from the riverbank, depending on flow conditions and 2 m
or less below the surface. Nets were set 4 times, approximately every 6 hours (00.00, 06.00, 12.00
and 18.00 hour) at each location for replication. The duration of the set varied between 15 and 30 +
minutes depending on the time of the year and volume of water being filtered with debris and fish
larvae to avoid clogging and spilling of water.
Table 1: Classification of reproductive strategies of fish based on spawning habits (after Balon 1975, 1981a. b)
I. Non guarders
A: Open substrate spawners
1. Pelagic spawners
2. Benthic spawners
a) Spawners on coarse bottoms
i. Spawners on coarse bottoms
with pelagic larvae
ii. Spawners on coarse
bottoms with pelagic larvae
b) Spawners on plants
i. Obligate spawners on plants
ii. Non-obligate spawners
on plants
3. Terrestial spawners
B: Brood hiders
1. Benthic spawners
2. Crevice spawners
3. Spawners on invertebrates
4. Beach spawners

II. Guarders
A: Substratum choosers
1. Rock tenders
2. Plant tenders
3. Terrestial tenders
4. Pelagic tenders
B: Nest spawners
1. Rock and gravel nesters
2. Sand nesters
3. Plant material nesters
a) Gluemakers
b) Non-gluemakers
4. Froth nesters
5. Hole nesters
6. Miscellaneous-materials nesters
7. Anemone nesters

III. Bearers
A: External bearers
1. Transfer brooders
2. Auxiliary brooders
3. Mouth brooders
4. Gill-chamber brooders
5. Pouch brooders
B: Internal bearers
1. Facultative internal bearers
2. Obligate internal bearers
3. Live bearers

Table 2: Proposed system of classification of reproductive guilds
Lithophils: Fish spawn exclusively on gravel, rocks, stones, rubble or pebbles. Spawning success depends on the
availability of suitable sized and clean gravel. Hatchlings are photophobic.
Phytophils: Fish spawn especially on plants, leaves and roots of live or dead vegetation. Larvae of this group are not
photophobic.
Phytolithophils: Fish deposit eggs in relatively clear water habitats on submerged plants, if available, or on other
submerged items such as logs, gravel and rocks. Larvae exhibit photophobia like lithophils.
Psammophils: Fish spawn on roots or grass above sandy bottoms or on the sand itself. Larvae are not photophobic.
Ostracophils: Fish spawn in shells of bivalve molluscs.
Pelagophils: It is questionable whether this group exist in fresh waters, especially rivers, as there would be no advantage
to broadcast spawn in the water column.
Lithopelagophils: Fish deposit eggs on the substratum but they are quickly picked up and become part of the drift or
circulate in the water column. This group probably proliferates in the LMB, although it is likely the larvae post hatching
drift downstream in the current.

Page 6

Sampling Methods

1 metre

Juvenile and small-sized fishes are generally less difficult to sample than larger-sized individuals,
and scaled-down gear for adults is usually suitable for capture of this life stage. In this study,
micromesh (5 mm mesh size) seine nets approximately 25 m long and 3 m deep with a float line
and integrated leads in the footline were used (Figure 2.2). These nets were used like a traditional
seine net but set off the shore either by wading or a small boat, and then hauled parallel upstream for
about 20 – 25 m before being hauled back to the shore. Two sweeps of the net were made at each
sample site. The technique is quantitative because a known area of water is swept by the net.

3 metres
Figure 2.1:

Design of conical plankton net

Figure 2.2:

Design of seine net
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2.3 Sampling strategy
Any sampling strategy needs to be robust and defensible but operate within the logistical constraints
imposed by the scale of the area to be assessed, limitations available of resources (financial, manpower
and skills) and problems with access while meeting the objectives of the study. The programme was
restricted to the main Mekong River to assess the impact of the proposed dams on spawning and
recruitment of the main commercial species but also to protect biodiversity. The biggest problem when
developing the sampling strategy was to cover adequately the 2,000 + km of the Mekong between
northern Lao PDR and the Cambodia/Viet Nam border (Figure 1.2).
In an the ideal situation, numerous sites would have been sampled throughout the river, but
budgetary and access constraints dictated that only 11 sites were possible. These sites (Table 2.1) were
considered to be representative of the different river reaches (see Figure 2.3 for photographs of the
various sites) and variation in hydrological regimes in different reaches of the river (see Figure 2.4),
but were concentrated around the proposed dams sites and known spawning areas.
The timing of sampling to assess larval and juvenile production needs to be linked to the life cycles
of the key species. Recruitment is potentially a continuous process throughout the year, although
there are known peak periods associated with the flood period. Nevertheless, to understand
recruitment dynamics and contribution of juveniles to adult stock, and to account for seasonal
hydrological events, sampling was undertaken twice a month at each site. Ideally the timing of
sampling in each month should be linked to the hatching period and drifting of ichthyoplankton
or dispersion of juveniles. This would typically be at around the dark moon period or immediately
after periods of elevated flows (Baird et al., 2003; Baran, 2006). But because of the large spatial
distribution of sample sites and logistics of travelling between them, sampling was restricted
to the first 10 days of each month. The dates of each sampling trip are given in Table 2.2.
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ID

LP

NK

NP

UB

PK

DS

ST

KT

PP

BS

MK

No.

1

2

3

4

5

6

7

8

9

10

11

Table 2.1:		

Mekong River (An Giang)

Bassac River (An Giang)

Phnom Penh (Chaktomuk)

Kratie

Stung Treng

Don Sahong

Pakse

Ubon Ratchathani

Nakhon Phanom

Nong Khai

Luang Prabang

Province,
city or island

Location
(village)

Vinh Xuong (Mekong River)

Quoc Thai (Bassac River)

Chong Koh, Phnom Penh

Thmor Kreleu

Kang Memay

Veunkam

Khon Lay

Khong Chiam

Tha Dok Kham

Huasai

Sain Suok

Location of fish sampling sites

215.83

226.10

314.83
Mekong River

324.03
Bassac River

549.82

656.78

721.75

868.61

931.73

1282.2

1610.75

2107.22

Distance from
sea to station
(km)
Name of Station
to Station

215.83 Vinh Xuong (Mekong River) to Sea

226.10 Quoc Thai (Bassac River) to Sea

99 - Chong Koh to Vinh Xuong (Mekong River)
97.93
- Chong Koh to Quoc Thai (Bassac River)

234.99 Thmor Kreleu to Chong Chroy

106.96 Kang Memay to Thmor Kreleu

64.97 Veunkam to Kang Memay

146.86 Khon Lay to Veunkam

63.12 Khong Chiam to Khon Lay

350.47 Tha Dok Kham to Khong Chiam

328.55 Huasai to Tha Dok Kham

496.47 Sain Suok to Huasai

Distance from
station to
station
(km)

Sampling Methods
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ID

LP

NK

NP

UB

PK

DS

ST

KT

PP

BS

MK

Lao PDR
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Thailand

Thailand

Thailand

Lao PDR

Lao PDR

Cambodia

Cambodia

Cambodia

Viet Nam

Viet Nam

Mekong River (An Giang)

Bassac River (An Giang)

Phnom Penh (Chaktomuk)

Kratie

Stung Treng

Don Sahong

Pakse

Ubon Ratchathani

Nakhon Phanom

Nong Khai

Luang Prabang

Site

15-Jun-09

04-May-09
05-May-09

12-Mar-09

05-May-09

10-Mar-09
11-Mar-09

04-May-09

21-Apr-09

08-Mar-09
09-Mar-09

20-Apr-09

24-Jun-09

23-Jun-09

25-Jun-09

24-Jun-09

20-Jun-09

19-Jun-09

17-Jun-09

16-Jun-09

24-Apr-09
23-Apr-09

07-Mar-09

06-Mar-09

05-Mar-09

14-Jun-09

09-Jun-09

08-Jun-09

07-Jun-09

06-Jun-09

23-Apr-09

07-Apr-09

26-Feb-09
05-Mar-09

06-Apr-09

08-Apr-09

25-Feb-09
25-Feb-09

07-Apr-09

01-Jun-09

05-Apr-09
24-Feb-09

31-May-09

30-May-09

29-May-09

04-Apr-09

03-Apr-09

22-Feb-09

02-Apr-09

21-Feb-09

28-May-09

01-Apr-09
20-Feb-09

27-May-09

24-May-09

May

Trip 3

31-Mar-09

29-Mar-09

17-Feb-09
19-Feb-09

28-Mar-09

April

February
16-Feb-09

Trip 2

Trip 1

Date of sampling at each of fish sampling site

Country

Table 2.2:		

11-Aug-09

10-Aug-09

09-Aug-09

08-Aug-09

05-Aug-09

04-Aug-09

03-Aug-09

02-Aug-09

02-Aug-09

01-Aug-09

30-Jul-09

29-Jul-09

28-Jul-09

27-Jul-09

27-Jul-09

26-Jul-09

25-Jul-09

24-Jul-09

23-Jul-09

22-Jul-09

20-Jul-09

19-Jul-09

July

Trip 4

11-Oct-09

10-Oct-09

10-Oct-09

09-Oct-09

09-Oct-09

08-Oct-09

06-Oct-09

04-Oct-09

01-Oct-09

30-Sep-09

28-Sep-09

27-Sep-09

26-Sep-09

25-Sep-09

24-Sep-09

23-Sep-09

22-Sep-09

September

Trip 5

13-Dec-09

12-Dec-09

13-Dec-09

12-Dec-09

02-Dec-09

06-Dec-09

04-Dec-09

01-Dec-09

30-Nov-09

29-Nov-09

28-Nov-09

27-Nov-09

25-Nov-09

24-Nov-09

23-Nov-09

21-Nov-09

November

Trip 6
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Sampling Methods

Site 1 in Luang Prabang Province, Lao PDR (LP)

Site 2 in Nong Khai Province, Thailand (NK)

Site 3 in Nakhon Phanom Province, Thailand (NP)

Figure 2.3:

Location and photographs of each sampling location
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Site 4 in Ubon Ratchathani Province, Thailand (UB)

Site 5 in Pakse, Lao PDR (PK)

Site 6 on Don Sahong, Lao PDR (DS)

Figure 2.3 continued: Location and photographs of each sampling location
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Site 7 in Stung Treng Province, Cambodia (ST)

Site 8 in Kratie Province, Cambodia (KT)

Site 9 in Phnom Penh (Chaktomuk), Cambodia (PP)

Figure 2.3 continued: Location and photographs of each sampling location
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Site 10 in Bassac River, An Giang Province, Viet Nam (BS)

Site 11 in Mekong River, An Giang Province, Viet Nam (MK)

Figure 2.3 continued: Location and photographs of each sampling location

The following field and identification data were recorded with each set of samples:
• Survey number;
• River/country;
• Locality;
• GPS coordinates of latitude and longitude;
• Collector;
• Collection date;
• Collection time;
• Collection method;
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• Capture depth;
• Water depth;
• Water velocity;
• Water temperature;
• Conductivity; and
• Bottom type.
In addition, digital photos were taken of the site at the time of sampling and collated by the Thai
Department of Fisheries.

Figure 2.4:

Comparison of water levels at selected sites on the Mekong mainstream for the periods 1/1/1992 to
23/2/1993 and 1/1/2009 to 23/2/2010.
Source: MRC, 2010

2.4 Fisheries data and analysis
To ensure quantitative assessment of the ichthyoplankton and juvenile populations, a standard
procedure for sub-sampling was adopted. When samples of less than 250 fishes were caught, all were
returned to the laboratory without sub-sampling. For larger samples, at least 250 fishes were subsampled with the number determined by the weight of the sub-sample in proportion to the total weight
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of the sample. The total number of individuals caught, based on the sub-sample counts, was calculated
as:

(

)

N1 N2 N3
W(total)
N(total) = — + — + — * —— ........................................................................................... (1)
W1 W2 W3
3
N(total) – Total larvae number in the sample

W(total) – Total weight of the sample

N1		

– Number of larvae in sub-sample 1

W1

– Weight of sub-sample 1

N2 		

– Number of larvae in sub-sample 2

W2

– Weight of sub-sample 2

N3 		

– Number of larvae in sub-sample 3

W3

– Weight of sub-sample 3

3 		

– Number of sub-samples

Larval and juvenile fishes were fixed in the field in formalin (5% – l0% formaldehyde/90% water)
and maintained in the solution for a minimum of one week. On arrival at the laboratory, specimens
were transferred to 70 percent ethyl alcohol and stored in the dark until identification. All fish (larvae,
juveniles and small-sized individuals) were identified to the highest taxonomic level (preferably
species) using field guides [Chevey (1930); Yen et al. (1985); Rainboth (1996) and Termvidchakorn
(2003a, b)]. Data were examined to determine overall fish abundance, relative abundance of major
groups and size distribution of the main groups. The latter was to provide an approximation of
growth and potentially allow extrapolation to actual spawning sites based on approximation of
ichthyoplankton drift rates. Where possible, at least 30 specimens of each main species or family
were measured to the nearest millimetre total length using a vernier calliper.
Conical plankton and seine net catches were treated independently to calculate frequency of
occurrence and abundance of each fish species at each site in each season/year. The frequency of
occurrence of a given species is defined as the number of nets in which the species occurred, expressed
as a frequency of the total number of nets in which fish were captured. The relative abundance of a
species is defined as the number of individuals per unit volume (conical plankton net – n/1,000 m3) or
unit area (seine net – n/100 m2). Numbers of larval and juvenile fishes caught by the conical plankton
nets at each site on each occasion were divided by the volume of water passing through the net. The
volume of water passing through the net (V, m3) was determined from the flow meter in the mouth of
the conical plankton net as:

(3.14 x net diameter2)
(Difference in count of flow meter revolutions x 26873)
V = ————————————————————— X ———————— .... (2)
999999
4
Similarly, the density of fish caught by the seine nets on each occasion by the area fished by the
seine net.
To investigate similarity in larval and juvenile fish species composition between sites, a Bray-Curtis
similarity matrix (Bray & Curtis, 1957) was calculated using mean number of each larval and juvenile
fish species (based on aggregation of catches in multiple samples taken as a site on each occasion) and
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presented as a dendrogram using hierarchical agglomerative clustering (complete linkage). The BrayCurtis similarity index (Cz) represents the overall similarity between each pair of samples, taking the
occurrence of all species into consideration, and was calculated as:
2W

Cz = —— ................................................................................................................................ (3)
a+b
where (W) is the sum of the lesser percent frequency of occurrence value of each species common
to the catches at two sites (including tied values), and (a) and (b) are the sums of the percent frequency
of occurrences of species in the catches at site (a) and (b) respectively. The index ranges from 0
(no species in common) to 1 (identical samples). A similarity profile (SIMPROF) test was used to
ascertain whether clusters of sites were statistically significantly similar with each other (Anderson
et al., 2008). SIMPROF is a permutation test of the null hypothesis that a specified set of samples,
which are not a priori divided into groups, do not differ from each other in multivariate structure.
In this process, tests are performed at every node of the completed dendrogram to provide objective
stopping rules and identify whether groups being sub-divided have significant internal structure (i.e.
that samples in each group show evidence of multivariate pattern).
Multi-dimensional scaling (MDS) was used to establish any relationships between species
abundance at the different sites and identify key differences between regions in terms of contribution
to the ichthyoplankton drift and hence recruitment. Nested groupings of similar sites were created
using the cluster overlap function within the PRIMER statistical package. MDS was also used to
identify similarities between catches in the conical plankton nets and seine nets.
Both the cluster and MDS analyses tested site, timing of sampling during the day and period of
year as factors for discriminating the differences observed.
The Shannon-Wiener (H’) diversity index, the Margalef index (d) and the Pielou measure of
evenness (J) were applied to investigate spatial variations in diversity and evenness of larval and
juvenile fish catches. (H’) and (J) were calculated as:

H’ = – ∑pi ln pi .........................................................................................................................(4)
(S – 1)
d = ——— .............................................................................................................................. (5)
log N
where (S) is the species number (N) the total number of individuals and (pi) the proportion of the
total count arising from the ith species. These indices are different in that the Shannon-Weiner index is
a measure of the proportional representation of each species and the Margalef index a measure of the
number of species present for a given number of individuals
Mean (WQ) and daily water temperature and river discharge data were obtained from the most
adjacent MRC recording station (Figure 2.4). When catches were sufficient (i.e. ≥ 30 fish), lengthfrequency distributions were derived for key species at each site to facilitate interpretation of the age
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structure of the populations. These data were used to determine the distance of drift of larvae from the
spawning areas to point of capture based on passive drift at the prevailing current velocity.
Canonical Correspondence Analysis (CCA) was used to investigate the influence of environmental
variables on the relative abundance and community composition of 0 + fish species in the study area
(Clarke & Warwick, 2001; Zuur et al., 2007).
All data collected were stored in a dedicated Access database for the project for interrogation
and analysis. During initial analysis of the dataset, several problems were encountered that had to be
adjusted and data was filtered out to avoid erroneous interpretation. These problems emphasise the
need to undertake a thorough auditing of the data prior to analysis.
• Transcription errors were filtered in the Access database with criteria based on the expected data
variability. Data were discarded when found to be erroneous for no apparent reason.
• When the volume of water flowing through the conical plankton net was checked, volumes were
very low on a few occasions, i.e. the difference in rotation counts for the flow meter between
start and finish of sampling were small. According to the flow meter instruction manual, the
lowest current speed that can be measured accurately is 10 cm/sec. Given that the average time
of sampling was 30 minutes, any filtered volume smaller than 140 m3 was either rejected or
recalibrated based on the volume recorded for duplicate samples taken at the same time and
location. Note that this fault probably arises because the impeller on the flow meter clogs with
fine silt material and thus the meters should be cleaned and tested before each deployment.
• Regardless of the minimum volume above, zero catches were included in the data analysed as
they represent key information about timing and intensity of ichthyoplankton drift.
• When exceptionally high fish densities were estimated from the conical plankton net sampling,
these data were cross-checked for validity against original volume of water flowing through the
net and number of fish captured.

2.5 Indigenous knowledge
As part of the sampling programme, it was considered essential that all information on spawning and
nursery locations was identified and related to the localities of the proposed dams. Consequently,
fishing communities and stakeholders were consulted on local indigenous knowledge about these
locations. A standard questionnaire for this purpose is given in Appendix 1 which has key questions
that were asked as part of the interviews. This questionnaire represented a semi-structured interview
format and varied in the way the information was obtained, but the overall outputs provided the
information requested. Maps and photographs of species were used to aid identification of the sites.
The questionnaire provided questions that specifically targeted the ichthyoplankton drift and spawning
location study.
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Results

3.1 Catch composition between sampling gears
As expected, the composition of the catches by seine net and conical plankton nets were different
in terms of proportion of species caught and their habitat guilds (Figure 3.1). Conical plankton
net catches were dominated by Clupeidae, Cyprinidae and Pangasiidae, and seine net catches by
Cyprinidae, Clupeidae and Gobiidae, with an average dissimilarity between the two sampling methods
of 89.2%.

Figure 3.1:

Comparison of catch composition by conical plankton and seine nets

The catch composition from conical plankton nets and seine netting varied between the 11
sampling locations. Considerable differences were found in capture rates by the two gears at the
different stations. Conical plankton net catches and species diversity at Luang Prabang, Stung Treng,
Pakse and Don Sahong were lower than elsewhere. By contrast, seine net catches at Luang Prabang
and Stung Treng were considerably higher, although catches at Pakse remained poor in terms of
both number and diversity. Seine net catches at the two Viet Nam sites were considerably lower than
elsewhere except Pakse, although diversity of species caught was high. This was possibly a reflection
of the deeper channels fished in this region.
This distinction between the two sampling groups was confirmed by cluster analysis (Figure 3.2)
and MDS analysis (Figure 3.3). Similarity of Percentages (SIMPER) analysis suggested low similarity
among samples from both seine and conical plankton nets (21.3%). These differences were driven
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mainly by the dominant species caught by the different sampling gears, with conical plankton nets
catching drifting ichthyoplankton while seine netting caught small-sized fishes that were presumably
resident in the marginal areas at the sampling sites (Table 3.1). A similar result was also found when
additional monthly sampling times were incorporated into the cluster analysis. Consequently, all data
were analysed independently by gear to maintain the distinction between sampling methodologies.

Figure 3.2:

Cluster analysis on fish sampling at 11 sites comparing species composition caught by conical
plankton nets (▼) and seine nets (▲)

Figure 3.3:

MDS analysis on fish sampling at 11 sites comparing species composition caught by conical
plankton nets (▼) and seine nets (▲)
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3.2 Conical plankton nets
3.2.1 Species composition – site variation
Diversity and abundance of fish species caught by conical plankton netting varied considerably
between sites (Figure 3.4). The largest number of species was at NP (67) followed by UB, PP and
BS, all with 47 species caught (Table 3.1). Lesser numbers of species were found in the upper (LP)
and middle part of the river (PK, DS and ST) where the river was characterised by rapids and fastflowing turbulent water, although ST and DS are adjacent to known spawning areas. The abundance
of fish caught by conical plankton nets was very high in the lower reaches, especially MK and BS,
but much smaller in the lower-middle (PK, DS and ST) and upper parts of the river (LP). This was
reflected in the trend in the Margalef diversity index, although a slightly declining trend in the ShannonWeiner Index between sites with progression downstream was observed. This was largely due to high
abundance of larvae of the families Pangasiidae, Cyprinidae and Clupeidae, especially the latter in the
downstream sites (Figure 3.5). All three families included species of high commercial value.
Among the top three species, Pangasius macronema was among the most common species found
at the upper and middle part of the LMB (NK, UB, PK, ST, and KT), whereas Clupeoides borneensis
and other unidentified Clupeidae were among the most abundant species in the lower part (PP, BS and
MK), especially at BS (18,724 fish/1,000 m3) and MK (20,201 fish/1,000 m3) (Table 3.1; Figure 3.5).
Cyprinids were important components of the catch throughout the river but the relative contribution
varied between locations; they were particularly prominent at LP, UB, PK, DS and MK. Other
species of note in the lower reaches were Henicorhynchus at PP, and Hyporhamphus limbatus and
Acanthopsoides hapalias that were caught in large numbers but only at KT. The composition of the
conical plankton net catches in the upper sites was different for that found downstream and included
species such as Sundasalanx mekongensis (LP and NP), Bagarius yarrelli (LP), Laides longibarbis
(NK) and Cyclocheilichthys spp. (NP). Corica laciniata was found only in Viet Nam (BS and MK).
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Species diversity and density of fish collected by conical plankton and seine nets

Table 3.1:		

Conical plankton net
No. of Total
Station
Top 3 species
species catch
LP

NK

11

34

57

713

24.2

Cyprinidae*

23.4

Bagarius yarrelli

15.8

Pangasius macronema

45.3

Laides longibarbis

26.8

Gobiidae*
67

1,571 Sundasalanx mekongensis
Cyclocheilichthys sp.1
Pangasius macronema

UB

PK

DS

ST

47

14

15

7

234

59

PP

47

MK

36

58.8
6.3

33.8
99

4.4
20.8

Mystacoleucus argenteus

18.0

Henicorhynchus spp.

15.4

Henicorhynchus spp.

30.2

1,944 Rhinogobius sp.1

23.0

Papuligobius ocellatus

47.7

Raiamas guttatus

77.8

Cyprinidae*

19.2

Laides longibarbis

5.7

Bagarius bagarius

18.4

Clupeichthys aesarnensis

Cyprinidae*

36.4

Raiamas guttatus

Pangasius macronema

17.6

Bagarius bagarius

14.5

Pangasius macronema

60.9

Clupeoides borneensis

12.2

13

31

259

2,574 Sikukia gudgeri
Laides longibarbis
Clupeoides borneensis

117

1,509 Cyclocheilichthys apogon
Cyclocheilichthys armatus

7.3
38.8

5.8

3.6
57.2
15.7
5.6
45.6
14.4
5.2

Acanthopsis spp.

20.0

2,433 Hyporhamphus limbatus

14.3

Barbonymus gonionotus

13.9

Acanthopsis spp.

14.3

Rasbora aurotaenia

11.5

Clupeoides borneensis

33.8

Clupeoides borneensis

79.8

4,129 Pangasius macronema

6.0

Corica laciniata

3.3

2,635 Henicorhynchus spp.

20,681 Clupeoides borneensis

32.8

9.3
4.0
50.1

* represents the number described at family level

106

603

81.4

Clupeidae*
37,646 Cyprinidae*

80

9.1

Gobiidae*

Clupeoides borneensis
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Sikukia gudgeri

Sikukia gudgeri
869

3.5

Acanthopsis spp.
Raiamas guttatus

111

3.6

17.4

Clupeidae*
47

560

85.9

Cyprinidae*

Henicorhynchus caudimaculatus
BS

77

%

Pangasius macronema

Ompok bimaculatus
36

Raiamas guttatus

11.0
24.8

253

2,926 Parachela

4.9
11.7

Top 3 species
Cyprinidae Unknown

31

17.3

1,790 Henicorhynchus spp.

Pangasius macronema
KT

%

Sundasalanx mekongensis

Schilbeidae*
NP

Seine net
No. of Total
species catch

45.2
3.6

75

385

Clupeoides borneensis

32.0

Clupeichthys aesarnensis

25.0

Barbonymus gonionotus
77

387

7.3

Clupeoides borneensis

45.4

Corica laciniata

18.6

Thryssocypris tonlesapensis

5.3

Results

Figure 3.4:

Variation in species diversity collected by conical plankton nets between sampling stations
(
number of species;
Margalef diversity index;
Shannon-Weiner diversity index
of fish composition)

Overall similarity in the composition of catches by conical plankton nets between sites based on
relative abundance at the species level was low. Cluster analysis discriminated four distinct groups in
the upper sites and two groups in the lower sites. LP station was distinct from the others (Figure 3.6a).
MDS analysis carried out to include spatial variability also discriminated the same six groups
(Figure 3.6b). These were discriminated based on the likelihood of species presence as follows:
• Group 1 (LP): There were 11 species caught at this site. The top five species caught
were Sundasalanx mekongensis (24.3%), Cyprinidae (23.4%), Bagarius yarrelli (15.8%),
Macrognathus macronema (11.2%) and Helicophagus leptorhynchus (8.7%).
• Group 2 (NK, NP and UB): There were 19 species common to these sites. Average
similarity within groups was 44.5%, of which Pangasius macronema was the dominant
species (19.1%) followed by Laides longibarbis (16.8%), Cyprinidae (9.6%), Cirrhinus sp.
(7.5%) and Henicorhynchus spp. (7.3%).
• Group 3 (PK and DS): There were seven species common to these sites. Average similarity
within the group was 63.3%, with Cyprinidae (24.1%), Pangasius macronema (22.4%) and
Bagarius bagarius (20.3%) the predominant species.
• Group 4 (ST): Seven species were caught at this site. The dominant species was Pangasius
macronema contributing 60.9% followed by Clupeoides borneensis (12.2%), Ompok
bimaculatus (7.3%), Acanthopsoides gracilentus (5.6%) and Morulius chrysophekadion
(5.6%).
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• Group 5 (KT and PP): Twelve species were common to these sites. Average similarity
within groups was 33.6%, of which Clupeoides borneensis (23.7%) followed by
Barbonymus gonionotus (13.2%) Raiamas guttatus (13.1%) Acanthopsis spp. and
Pangasius macronema (10.2%) were the most dominant.

Figure 3.5:
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Relative abundance of 20 most common species of fish collected by conical plankton nets
at 11 sites

Results

• Group 6 (BS and MK): There were six species common to these sites. Average similarity
within this site was 59.1%. The most dominant species belonged to the family Clupeidae
(75.5%) of which 58.8% were unidentified clupeiids and 16.7% Clupeoides borneensis.
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Average linkage cluster (a) and MDS (b) analyses of species abundance
(Bray Curtis similarity) of the fish larvae sampled by conical plankton nets at 11 sites

Species differences between adjacent groups were relatively strong with the average dissimilarities
ranging from 75.3 to 92.8%. The key species differences were as follows:
• Group 1 and 2: Average dissimilarity between these groups was 92.8%. The top
four species caught by conical plankton nets in this grouping, Pangasius macronema
(11.8%), Laides longibarbis (8.2%), Henicorhynchus spp. (6.6%) and Cirrhinus sp. (4.4%),
were found only in Group 2.
• Group 2 and 3: Average dissimilarity between groups was 77.3%. The key species
differences were Laides longibarbis (7.5%), Henicorhynchus spp. (7.0%), Pangasius
macronema (6.5%), Cirrhinus sp. (4.6%) and Bagarius bagarius (4.3%). Among the top five
species, Henicorhynchus spp. and Cirrhinus sp. were found only in Group 3 while Bagarius
bagarius was found only in Group 2.
• Group 3 and 4: Average dissimilarity between groups was 75.3%. The key species
differences were Cyprinidae (17.0%), Bagarius bagarius (15.4%), Pangasius macronema
(6.0%), Gobiidae (5.9%) and Mystus atrifasciatus (5.6%). Among the top five species, four
were found in Group 4 while Pangasius macronema was found in both groups.
• Group 4 and 5: Average dissimilarity between groups was 91.5%. The key species
differences were Clupeoides borneensis (10.1%), Henicorhynchus spp. (7.0%), Pangasius
macronema (7.0%), Acanthopsis spp. (6.7%) and Barbonymus gonionotus (5.6%). Among
the top five species, three were found in Group 4, namely Henicorhynchus spp., Acanthopsis
spp. and Barbonymus gonionotus.
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• Group 5 and 6: Average dissimilarity between groups was 84.3%. The key species
differences were Clupeidae (27.8% ), Cyprinidae (14.8% ), Clupeoides borneensis (3.7%),
Gobiidae (3.3%) and Henicorhynchus spp. (3.0%). Among the top five species, Clupeoides
borneensis was the only species common to both groups. Species from the families
Clupeidae, Cyprinidae and Gobiidae were found only in Group 5 while Henicorhynchus spp.
were found only in Group 6.

3.2.2 Species composition – seasonal variation
Seasonal variation in species diversity was found in the samples taken by conical plankton nets at
each sampling site (Figures 3.7 and 3.8). The greatest number of species and hence diversity was
generally found in the May–September periods. This was particularly notable at NK, NP, KT and PP.
Diversity tended to be higher earlier (February – May) at LP but was more stable throughout the year
at the MK and BS sites (Figure 3.7). These differences probably reflect the influence of the flooding
regime and site topography on catches, with the sites in the delta influenced as much by tidal regimes
as flooding cycles. The highest number of species was found at NP (40) followed by UB (24) and
PP (21). Pangasius macronema was the dominant species in the upper part in May (e.g. UB: 594
fish/1,000 m3). There were three abundant species found in the middle and lower parts of the Mekong.
Clupeoides borneensis was the most abundant species found during March and May, especially at BS
and MK (> 1,000 fish/1,000 m3). Pangasius macronema was also an abundant species but was found
later between June and August. The highest density of Pangasius macronema was in August (846
fish/1,000 m3) at KT.
Further analyses were done within groups to account for seasonal variability. Cluster analysis
revealed seasonal effects that can be related to the seasonal flooding cycle (Figure 3.9). MDS results
confirmed this seasonal discrimination based on fish species likelihood as follows (Figure 3.9b):
• Dry period: The dry period covered the months of March to May. Cluster analysis indicated
low similarity in relative fish abundance among the 11 sampling sites. Average similarity
within the dry season was 6.4%. Five species were commonly found in this period:
Cyprinidae (37.6%), Clupeoides borneensis (24.7%), Sundasalanx mekongensis (13.8%),
Clupeidae (11.6%) and Pangasiidae (5.9%).
• Rising period: The rising water level period in the Mekong is May to August. Cluster
analysis indicated low similarity in fish abundance among the 11 sampling sites, with an
average similarity within this period of 11.2%. Twelve species were common, of which the
most abundant species were Pangasius macronema (56.3%) followed by Cyprinidae (8.7%),
Henicorhynchus spp. (7.7%), Laides longibarbis (4.4%) and Bagarius bagarius (3.2%).
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Figure 3.7:

Seasonal variation in species diversity collected by conical plankton nets between 11
sites (
number of species;
Margalef diversity index;
Shannon Weiner
diversity index of fish composition)
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Figure 3.8.1: Seasonal variation in species abundance of fish collected by conical plankton nets between 11 sites

• Flooding period: The maximum water level in the Mekong was during August to October.
Cluster analysis indicated low similarity in relative of fish abundance among the 11 sampling
sites with an average similarity of 4.6%. Twelve species were common, of which the top five
abundant species were Cyprinidae (21.0%), Henicorhynchus macronema (14.9%),
Labeo chrysophekadion (13.8%), Puntioplites proctozysron (10.4%) and Barbonymus
gonionotus (8.6%).
• Receding period: The water level of the Mekong receded during the months of October and
December. Cluster analysis indicated low similarity in relative fish abundance among
the 11 sampling sites. Average similarity within this period was 9.2%. Six species were
common, of which the most abundant were Cyprinidae (55.9%) followed by Clupeidae
(16.0%),
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Figure 3.8.2: Seasonal variation in species abundance of fish collected by conical plankton nets between 11 sites

Gobiidae (8.2%), Clupeoides borneensis (5.8%) and Laides longibarbis (3.0%).
Species differences between seasons were relatively strong with the averages dissimilarities
ranging from 94.4 to 96.8%. The key species differences were as follows:
• Dry and rising periods: Average dissimilarity between these groups was 95.6%. There
were 53 different species found within these periods, of which 24 were found only during
the dry period and 47 found only during the rising period. The top five species contributing
to the differences between these periods were Pangasius macronema (13.1%), Clupeoides
borneensis (9.4%), Cyprinidae (8.74%), Clupeidae (7.5%) and Henicorhynchus spp.
(4.8%). Six species were found only in the dry period – Schilbeidae, Mystus atrifasciatus,
Monotrete cochinchinensis, Lobotidae, Discherodontus ashmeadi and Balitoridae. Twenty
three species were found only in the rising period, of which the top five were Cirrhinus
sp., Puntioplites falcifer, Acanthopsis spp., Henicorhynchus caudimaculatus and Bagarius
bagarius.
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Figure 3.8.3: Seasonal variation in species abundance of fish collected by conical plankton nets between 11 sites

• Dry and flooding periods: Average dissimilarity between these groups was 96.8%. There
were 47 different species found within these periods, of which 22 were caught during the dry
period and 40 during the flooding period. The top five species contributing to the differences
between these periods were Clupeoides borneensis (11.0%), Clupeidae (9.0%), Cyprinidae
(7.6%), Labeo chrysophekadion (3.4%) and Sundasalanx mekongensis (3.2%). Seven species
were found only in the dry period, of which the top five were Pangasiidae, Schilbeidae,
Cyclocheilichthys furcatus, Mystus atrifasciatus and Hampala macrolepidota. Twenty-five
species were found only in the flooding period, of which the top five were Barbonymus
gonionotus, Henicorhynchus macronema, Hyporhamphus limbatus, Acanthopsis spp. and
Parambassis apogonoides.
• Dry and receding periods: Average dissimilarity between these groups was 95.6%. There
were 53 different species within these periods, of which 24 were found only during the dry
period while 47 were found only during receding period. The top five species contributing
to the differences between these periods were Pangasius macronema (13.1%), Clupeoides
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Figure 3.9:

Cluster (a) and MDS (b) analyses on fish caught by conical plankton nets at 11 sites and 6
sampling times. Closed and open symbols indicate sampling sites above and below the Khone
Falls respectively.

borneensis (9.4%), Cyprinidae (8.7%), Clupeidae (7.4%) and Henicorhynchus spp. (4.8%).
Six species were found only in the dry period, of which the top five were Schilbeidae, Mystus
atrifasciatus, Monotrete cochinchinensis, Discherodontus ashmeadi and Lobotidae. Twentynine species were found only in the receding period, of which the top five were Cirrhinus
sp., Puntioplites falcifer, Acanthopsis spp., Henicorhynchus caudimaculatus and Bagarius
bagarius.
• Rising and flooding periods: Average dissimilarity between these groups was 96.2%. There
were 71 different were caught in these periods, of which 60 were found during the rising
period while 55 were found during the flooding period. The top five species contributing
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to the differences between these periods were Pangasius macronema (13.6%), Cyprinidae
(9.6%), Henicorhynchus spp. (5.8%), Laides longibarbis (4.0%) and Bagarius bagarius
(3.7%). Eighteen species were found only in the rising period, of which the top five were
Cyclocheilichthys sp., Pangasius conchophilus, Dangila lineate, Cyprinus carpio and
Gobiopterus chuno. Thirteen species were found only in the flooding period, of which the
top five were Hyporhamphus limbatus, Paralaubuca typus, Dangila spilopleura, Rasbora
dusonensis and Bagridae.
• Rising and receding periods: Average dissimilarity between these groups was 95.2%.
There were 64 different species caught in these periods, of which 52 were found during
the rising period while 41 were caught during the receding period. The top five species
contributing to the differences between these periods were Pangasius macronema (12.2%),
Cyprinidae (11.8%), Clupeidae (10.0%), Clupeoides borneensis (5.4%) and Henicorhynchus
spp. (4.9%). Twenty-three species were found only in the rising period, of which the top
five were Pangasius macronema, Puntioplites falcifer, Dangila lineate, Botia helodes and
Gobiopterus chuno. Twelve species were found only in the receding period, of which the
top five species were Hyporhamphus limbatus, Ambassidae, Acanthopsoides hapalias,
Monotrete cambodgensis and Xenentodon cancila.
• Flooding and receding periods: Average dissimilarity between these groups was 94.4%.
Fifty-five species were caught in these periods, of which 47 were caught during
the flooding period and 36 during the receding period. The top five species contributing
to the differences between these periods were Cyprinidae (12.2%), Clupeidae (11.8%),
Clupeoides borneensis (5.5%), Henicorhynchus spp. (3.4%) and Labeo chrysophekadion
(3.2%). Nineteen species were found only in the flooding period, of which the top five
species were Pangasius macronema, Paralaubuca typus, Labeo chrysophekadion,
Dangila spilopleura and Amblyrhynchichthys truncates. Eight species were found only
in the receding period, of which the top five were Acanthopsoides hapalias, Monotrete
cambodgensis, Cyprinus carpio, Channa striata and Macrognathus macronema.
Canonical correspondence analysis was carried out to assess the relationship between the 20
dominant species caught by conical plankton nets at the 11 sampling sites and four environmental
factors: change of flow rates, velocity, average depth and width of the river at sampling sites (Figure
3.10). The results indicated that:
• Change in current velocity was an important characteristic driving species composition
at LP, NK, NP, PK, ST and KT. The dominant species caught at these sites were
Cyclocheilichthys sp., Sundasalanx mekongensis, Laides longibarbis and Cirrhinus sp. A
few species, including Hyporhamphus limbatus, Parambassis apogonoides, Acanthopsis spp.
and Pangasius macronema, appeared specifically attracted to change in flow.
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• Species composition at PP, where the river is characterised by the greater width and slower
current velocity, was dominated by Henicorhynchus spp., Henicorhynchus caudimaculatus
and Raiamas guttatus. At sites where the current was stronger such as UB, the dominant
species were Barbonymus gonionotus and Henicorhynchus macronema.

Figure 3.10: Relationship between 20 dominant species caught by conical plankton nets at 11 sites and four
environmental factors

3.3 Seine net
3.3.1 Species composition – site variation
Diversity and abundance of fish species caught by seine netting varied considerably between sites
(Figure 3.11). The largest numbers of species were at ST (117 species), NP (111), PP (106) and
UB (99) (Table 3.1). The smallest numbers of species were at PK (13 species) and LP and DS (31
species each). Average abundance of fish caught by seine nets was highest at NK (206.75 fish/100 m2)
followed by KT (179.5 fish/100 m2) and UB (147.17 fish/100 m2), while the lowest density was at BS
(57.83 fish/100 m2). This was reflected in the trend in the Margalef diversity index, although
a slight fall in the Shannon-Weiner index was observed at PP reflecting the predominance of
Clupeoides borneensis at this site (Figure 3.12).
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Figure 3.11: Variation in species diversity collected by seine nets between 11 sites (
number of species;
Margalef diversity index;
Shannon-Weiner diversity index of fish composition)

Among the top three species, Pangasius macronema was the most common species found in the
upper part (NK and UB), while Clupeoides borneensis was the most abundant species in the lower part
(ST, PP, BS and MK), especially at PP (3,296 fish/100 m2). The greatest densities of fish were caught
at PP, with the top three species contributing over 200 fish/100 m2 while densities in the upper part of
the river (NK, NP and UB) were considerably lower at 20 fish/100 m2.
Overall, similarity in the composition of catches by seine nets between sites based on abundance at
the species level was low. Cluster analysis discriminated four distinct groups in the upper sites and two
groups in the lower sites. LP station was distinct from the others (Figure 3.13a). MDS analysis carried
out to include spatial variability also discriminated the same six groups (Figure 3.13b). These were
discriminated based on the likelihood of species presence as follows:
• Group 1 (LP): Thirty one species were caught at this site. The top five species caught were
Cyprinidae (85.9%), Parachela sp. (3.6%), Raiamas guttatus (3.5%), Ambassidae (1.6%) and
Rasbora sp. (1.4%).
• Group 2 (NK and NP): Average similarity within groups was 52.5%, of which
Sikukia gudgeri was the dominant species (19.8%) followed by Acanthopsis spp. (8.7%),
Mystacoleucus argenteus (5.2%), Clupeichthys aesarnensis (4.8%) and
Raiamas guttatus (4.1 %).
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Figure 3.12: Relative abundance of species of fish collected by seine netting at 11 sites
Page 35

Larval and Juvenile Fish Communities of the Lower Mekong Basin

Group average

0

Transform: Square root
Resemblance: S17 Bray Curtis similarity

Similarity

20

Transform: Square root
Resemblance: S17 Bray Curtis similarity

LP

40
pp

60

2D Stress: 0.07

Similarity
25
32
40

mk
bs

kt

st

PK

80

bs

pp

mk

Samples

st 

kt

ub

np

nk

ds

pk

100

LP

ds
ub
np nk

Figure 3.13: Average linkage cluster (a) and MDS (b) analyses on the species abundance
(Bray Curtis similarity) of the fish larvae sampled by seine netting at 11 sites

• Group 3 (UB): The top five species contributing to catches at this site were
Glyptothorax laosensis (30.2%), Redigobius chrysosoma (23.0%), Oxygaster pointoni
(5.8%), Polynemus dubius (5.6%) and Botia eos (4.4%).
• Group 4 (PK and DS): Average similarity within groups was 27.4%, of which
the dominant species were Raiamas guttatus (51.16%), Laides longibarbis (13.8%),
Clupeichthys aesarnensis (11.0%), Monotrete cambodgiensis (11.0%) and
Macrognathus semiocellatus (5.9%).
• Group 5 (ST, KT and PP): Average similarity within groups was 36.6%, of which the
dominant species were Clupeoides borneensis (14.0%), Barbonymus gonionotus (6.5%),
Thryssocypris tonlesapensis (5.4%), Parambassis apogonoides (3.6%) and
Rasbora paviei (3.2%).
• Group 6 (BS and MK): Average similarity within groups was 55.0%, of which
the dominant species were Clupeoides borneensis (20.9%), Barbonymus gonionotus (6.4%),
Corica laciniata (6.0%), Acanthopsis spp. (5.5%) and Parambassis macronema (5.08%).
Species differences between adjacent groups were relatively strong with average dissimilarities
ranging from 62.2% to 97.4%. The key species differences were as follows:
• Group 1 and 2: Average dissimilarity was 91.8%. Twenty-two species were found
only in Group 1 and 30 species only in Group 2. The top five species differences
were Cyprinidae (20.7%), Sikukia gudgeri (6.7%), Parachela sp. (4.3%), Mystacoleucus
argenteus (3.2%) and Ambassidae (2.6%).
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• Group 2 and 3: Average dissimilarity was 62.2%. The key species differences were
Rhinogobius sp. (9.6%), Henicorhynchus spp. (8.1%), Probarbus sp. (4.7%),
Corica laciniata (4.0%), and Sikukia gudgeri (4.0%). Among the top five species,
Rhinogobius sp. and Probarbus sp. were found only in Group 3 while the rest were
found in both groups.
• Group 3 and 4: Average dissimilarity was 83.9%. The key species differences were
Clupeoides borneensis (7.5%), Henicorhynchus spp. (6.5%), Rhinogobius sp. (5.8%),
Probarbus sp. (2.9%), and Papuligobius ocellatus (2.8%). Among the top five species,
Rhinogobius sp. and Probarbus sp. were found only in Group 3 while Clupeoides borneensis
was found only only in Group 4 and the rest were found in both groups.
• Group 4 and 5: Average dissimilarity was 92.5%. The key species differences were
Clupeoides borneensis (9.7%), Raiamas guttatus (7.7%), Sikukia gudgeri (3.0%),
Barbonymus gonionotus (2.5%), and Laides longibarbis (2.3%). Among the top five species,
Clupeoides borneensis and Barbonymus gonionotus were found only in Group 5 while the
rest were found in both groups.
• Group 5 and 6: Average dissimilarity was 69.9%. The key species differences were
Clupeoides borneensis (9.7%), Rasbora aurotaenia (2.4%), Clupeichthys aesarnensis
(2.3%), Corica laciniata (2.3%), and Pangasius macronema (2.2%). Among the top five
species, Rasbora aurotaenia was found only in Group 4 while the rest were found in both
groups.

3.3.2 Species composition – seasonal variation
Seasonal variation in species diversity was found in the samples taken by seine nets at each sampling
site (Figures 3.14 and 3.15). The number of species at each site and hence diversity were fairly stable
except at PP where the number of species increased throughout the year but the opposite trend was
found at ST and BS. Seasonal variation in abundance exhibited a contrary trend. The lack of major
differences in diversity between seasons probably reflects the species typically caught by seine netting;
these tended to be small-sized resident species but with peak drifting of a few major species associated
with the flooding cycle being responsible for the differences in diversity observed. For example, the
three dominant species found from the seine netting at PP were Clupeoides borneensis in March
(2,641 fish/100 m2) and April (472 fish/100 m2) but Pangasius macronema in August (244 fish/100
m2) and Corica lacinata in October (120 fish/100 m2).
Further analyses were done within groups to account for seasonal variability. Cluster analysis
revealed a limited seasonal effect that can be related to the seasonal flooding cycle (Figure 3.16a).
MDS results confirmed this seasonal discrimination based on fish species likelihood as follows
(Figure 3.16b):

Page 37

Larval and Juvenile Fish Communities of the Lower Mekong Basin

• Dry period: The dry period covered the months of March to May. Cluster analysis indicated
high similarity in fish abundance among the 11 sampling sites. Average similarity within
the dry season was 13.7%. Fifteen species were commonly found in this period including
Raiamas guttatus (33.7%), Clupeoides borneensis (16.9%), Acanthopsis spp. (9.6%),
Barbonymus gonionotus (5.1%) and Sikukia gudgeri (4.5%).
• Rising period: The rising water level period in the Mekong was May to August.
Cluster analysis indicated low similarity in fish abundance among the 11 sampling sites,
with average similarity within this period of 9.2%. Thirty-one species were found
in common, of which the top five abundant species were Clupeichthys aesarnensis (14.8%)
followed by Puntioplites proctozysron (8.8%), Thryssocypris tonlesapensis (6.2%),
Barbonymus gonionotus (6.1%) and Clupeoides borneensis (5.5%).
• Flooding period: The maximum water level in the Mekong was during August to October.
Cluster analysis indicated low similarity in fish abundance among the 11 sampling sites
with an average similarity of 8.5%. Thirty-two species were found in common,
of which the top five abundant species were Laides longibarbis (11.2%),
Cyclocheilichthys enoplos (10.3%), Puntioplites proctozysron (8.0%),
Paralaubuca barroni (5.6%) and Mystacoleucus marginatus (4.9%).
• Receding period: The water level of the Mekong receded during the months of October
and December. Cluster analysis indicated low similarity of fish abundance among the 11
sampling sites. Average similarity within this period was 9.2%. Thirty-one species were
found in common, of which the most abundant was Clupeichthys aesarnensis (14.8%)
followed by Puntioplites proctozysron (8.8%), Thryssocypris tonlesapensis (6.2%),
Barbonymus gonionotus (6.1%) and Clupeoides borneensis (5.5%).
Species differences between seasons were relatively strong with average dissimilarities ranging
from 89.3% to 93.5%. The key species differences were as follows:
• Dry and rising periods: Average dissimilarity between these groups was 90.6%. There
were 109 different species found within these periods, of which 15 were found only during
the dry period while 22 were found only during the rising period. The top five species
contributing to the differences between these periods were Raiamas guttatus (10.3%),
Clupeoides borneensis (8.8%), Cyprinidae (8.7%), Sikukia gudgeri (4.5%) and Clupeichthys
aesarnensis (2.8%). The top five species found in the dry period were Cyclocheilichthys
apogon, Mystacoleucus argenteus, Gobiopsis macrostoma, Mystacoleucus greenwayi and
Rhinogobius ocellatus, while the top five found in the rising period were Ambassidae,
Rasbora sp., Mystacoleucus chilopterus, Laides longibarbis and Clupeichthys goniognathus.
• Dry and flooding periods: Average dissimilarity between these groups was 92.6%. There
were 113 different species found within these periods, of which 22 were found only during
the dry period while 31 were found only during the flooding period. The top five species
found in the dry period were Cyclocheilichthys apogon, Mystacoleucus argenteus, Gobiopsis
macrostoma, Mystacoleucus greenwayi and Rhinogobius ocellatus, while the top five found
in the flooding period were Laides longibarbis,
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Esomus metallicus, Puntioplites falcifer, Parachela sp. and Paralaubuca typus.
The top five species contributing to the differences between these periods were
Raiamas guttatus (8.4%), Clupeoides borneensis (7.6%), Sikukia gudgeri (5.2%),
Cyprinidae (3.6%), and Laides longibarbis (2.7%).
• Dry and receding periods: Average dissimilarity between these groups was 89.3%. There
were 100 different species within these periods, of which 12 species were found only during
the dry period while 15 species were found only during the receding period. The top five
species contributing to the differences between these periods were Clupeoides borneensis
(10.5%), Raiamas guttatus (8.6%), Sikukia gudgeri (4.7%), Acanthopsis spp. (3.7%), and
Cyprinidae (2.9%). The top five contributing to catches were Rhinogobius sp., Rasbora
aurotaenia, Probarbus sp., Laides longibarbis and Parachela sp. in the dry season and
Gobiopsis macrostoma, Mystacoleucus greenwayi, Rhinogobius ocellatus, Parambassis sp.
and Parambassis sp. during the receding period.
• Rising and flooding periods: Average dissimilarity between these groups was 96.02%.
There were 128 different species within these periods, of which 26 were found only during
the rising period while 21 were found only during the flooding period. The top five species
contributing to the different between these periods were Cyprinidae (5.6%), Raiamas
guttatus (5.2%), Sikukia gudgeri (3.5%), Laides longibarbis (3.4%), and Clupeichthys
aesarnensis (3.0%). The top five were Parachela sp., Hypsibarbus sp., Rasbora aurotaenia,
Cyclocheilichthys furcatus and Pseudapocryptes notatus during the rising period and
Ambassidae, Rasbora sp., Clupisoma sinensis, Hypsibarbus malcolmi and Polynemus dubius
during the receding period.
• Rising and receding periods: Average dissimilarity between these groups was 92.5%.
There were 120 different species within these periods, of which 22 species were found only
during the rising period while 16 species were found only during receding period. The top
five species contributing to the differences between these periods were Raiamas guttatus
(6.6%), Clupeoides borneensis (6.6%), Cyprinidae (5.0%), Clupeichthys aesarnensis
(4.0%), and Acanthopsis spp. (2.9%). The top 5 specie contributing to receding period
were Rhinogobius sp., Rasbora aurotaenia, Probarbus sp., Mystacoleucus argenteus and
Parachela sp., and the top five during the rising period were Ambassidae, Rasbora sp.,
Mystacoleucus chilopterus, Clupisoma sinensis and Hypsibarbus malcolmi.
• Flooding and receding periods: Average dissimilarity between these groups was 92.3%.
There were 113 different species within these periods, of which 17 were found only
during the flooding period while 18 were found only during receding period. The top five
species contributing to the differences between these periods were Clupeoides borneensis
(5.3%), Raiamas guttatus (4.5%), Sikukia gudgeri (3.7%), Laides longibarbis (3.4%),
and Cyprinidae (3.2%). The top five that contributed to the flooding period were Puntius
brevis, Hypsibarbus sp., Amblypharyngodon chulabhornae, Pseudapocryptes notatus and
Osteochilus hasselti, and the top five during the receding period were Rhinogobius sp.,
Papuligobius ocellatus, Mystacoleucus argenteus, Acanthopsoides delphax and Cirrhinus
spp.
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Figure 3.14: Seasonal variation in species diversity collected by seine netting between 11 sites (
number
of species;
Margalef diversity index;
Shannon-Weiner diversity index of fish
composition)
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Log number of individuals of each species

Log number of individuals of each species

Log number of individuals of each species

Log number of individuals of each species

Log number of individuals of each species

Log number of individuals of each species

Figure 3.15.1: Seasonal variation in species abundance of fish collected by seine netting between 11 sites
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Figure 3.15.2:		Seasonal variation in species abundance of fish collected by seine netting between 11 sites
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Figure 3.16: Cluster (a) and MDS (b) analyses of seine net sampling at 11 sites and 6 sampling times.
Closed and open symbols indicate sampling sites above and below the Khone Falls
respectively
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Canonical Correspondence Analysis was carried out to assess the relationship between the dominant
species caught by seine netting at the 11 sampling sites and four environmental factors: change of
flow rates, velocity, average depth and width of the river at sampling sites (Figure 3.17). The results
indicate that:
• Change in current velocity was an important characteristic driving species composition at
LP, NK, NP, UB and PK. The dominant species caught at these sites were Acanthopsis spp.,
Papuligobius ocellatus, Probarbus jullieni, Henicorhynchus spp., Puntioplites proctozysron,
Clupeichthys aesarnensis, Sundasalanx mekongensis, Mystacoleucus argenteus and
Cyprinidae. These appear specifically attracted to change in flow.
• LP, NK, NP, UB and PK were the sites where the current was the most rapid and exhibited
bigger change of flow than others.

Figure 3.17: Relationship between 20 dominant species caught by seine nets at 11 sites and four environmental
factors
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• KT, ST and MK were the sites where the Mekong is widest and deepest among the 11 sites.
The dominant species found at these sites were Barbonymus gonionotus, Rhinogobius sp.,
Cyclocheilichthys apogon, Corica laciniata and Parambassis apogonoides.
• DS was defined by shallowness of the site and the dominant species found were
Raiamas guttatus, Laides longibarbis and Macrognathus macronema.
• PP and BS were the sites where the current was the weakest. The species that dominated
were Clupeoides borneensis and Pangasius macronema.

3.4 Larval and juvenile size and abundance
3.4.1 Conical plankton nets
The presence/absence, abundance and size of larval and juvenile life stages of the various fish species
give an indication of the spawning times of the different species groups and the potential location of
spawning. The most striking outcome of the conical plankton drift analysis was that there was no peak
season of ichthyoplankton drift associated with any particular part of the flood cycle, notably the rising
water level phase when many species are believed to migrate upstream to spawn (Chea & Hortle 2005;
Baird et al., 2006). Different species family groups, however, tended to have seasons of the year when
the ichthyoplankton abundance was more prevalent, although it should be noted that different species
within the family groups were more prevalent at different locations and during different seasons
(Table 3.2).
The seasons when ichthyoplankton life stages were most abundant, and hence the most likely
spawning periods, for the main species groups (Table 3.2) were:
Bagridae:

August – October

Chandidae:

August and December

Clupeidae:

December – May

Cobitidae:

August

Cyprinidae:

June – December

Gobiidae:

March – July

Pangasiidae: June – August
Salangidae:

May

Schielbidae:

June – November

Siluridae:

July
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Table 3.2:		 Periodicity of ichthyoplankton drift of key Mekong species at different locations. Number represents
the number of larvae of juveniles caught in conical plankton nets, green represents larval stages <30
mm and blue periods of high drift density potentially representing key spawning periods.
Feb

Mar

Apr

May

June

July

Aug

Sep

Oct

Nov

Dec

Adrianichthyidae
Nakhon Phanom

16

Akysidae
Ubon Ratchathani

1

Champassak (Pakse)

1
7

Bagridae
Nong Khai

1

Nakhon Phanom

1

Champassak (Pakse)

3

1
10

Champassak (Don Sahong)

2

Kratie

1

1

Phnom Penh

2

1

An Giang (Mekong)

3

1

17

1

Chandidae
Nakhon Phanom

2

Kratie
Phnom Penh

3

An Giang (Bassac)

3

An Giang (Mekong)

1

3
1

21

Channidae
Nakhon Phanom
Champassak (Don Sahong)

1
1

1

Clupeidae
Luang Prabang

3

Ubon Ratchathani
Champassak (Pakse)

2

3

1

Champassak (Don Sahong)

21

Stung Treng

1

Kratie

48

Phnom Penh

22

39

20

An Giang (Bassac)

395

85
358

1

1

An Giang (Mekong)

227

152

1

2
164
1

Cobitidae
Luang Prabang

1

Nakhon Phanom

1

Ubon Ratchathani

1

8

Stung Treng

1

Kratie
Phnom Penh

29
5

An Giang (Bassac)

1

An Giang (Mekong)

12

Cynoglossidae
An Giang (Mekong)
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43

10

1

255
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Cyprinidae
Luang Prabang

6

Nong Khai

1
4

Nakhon Phanom

1

1

1

3

1

17

16

3

3

160

197

2

2

1

Ubon Ratchathani

19

1

1

25

97

2

Champassak (Pakse)

14

10

4

1

26

1

Champassak (Don Sahong)

20

6

6

2

Stung Treng

1

2

2

Kratie

6

Phnom Penh

1

3

89

61

79

252

18

5

An Giang (Basac)

155

2

12

2

An Giang (Mekong)

219

30

63

36

Datnioididae
Phnom Penh

1

Eleotridae
Nakhon Phanom

7

8

58

33

Gobiidae
Luang Prabang

1

Nakhon Phanom

1

Ubon Ratchathani

1

1

Champassak (Pakse)

1

Champassak (Don Sahong)

2

Kratie

13

Phnom Penh

8

3

An Giang (Bassac)

56

111

An Giang (Mekong)

4

1

Helostomatidae
Nakhon Phanom

1

Hemiramphidae
Kratie

31

An Giang (Bassac)

28

1

An Giang (Mekong)

1

Lobotidae
An Giang (Bassac)

1

Mastacembelidae
Luang Prabang

6

Nakhon Phanom

1

An Giang (Bassac)

1
3

1

Notopteridae
Luang Prabang

1

Nakhon Phanom

3

Champassak (Pakse)

4
1

An Giang (Bassac)

1

Pangasiidae
Luang Prabang
Nong Khai

4
1

4

28

13
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Nakhon Phanom

44

Ubon Ratchathani

34
16

Champassak (Pakse)

133
117

Champassak (Don Sahong)

4

1

67

Stung Treng

10

Kratie

42

30

Phnom Penh

15

25

An Giang (Bassac)

53

27

An Giang (Mekong)

110

3

11

Salangidae
Luang Prabang

1

Nong Khai

11
1

1
1

Nakhon Phanom
Ubon Ratchathani

1
141

1

1

Champassak (Pakse)

1

Champassak (Don Sahong)

1

Schilbeidae
Nong Khai
Nakhon Phanom

4

2

1

8

2

14

3

60

8

Ubon Ratchathani
Champassak (Pakse)

1

Champassak (Don Sahong)

23

Siluridae
Luang Prabang

1

Nong Khai

1

4

38

5

Nakhon Phanom

12

3

19

3

Ubon Ratchathani

3

9

Champassak (Don Sahong)

1

Stung Treng

1

Kratie

1

1

1

3

Phnom Penh

6

An Giang (Mekong)
Sisoridae
Luang Prabang

9

Nong Khai

2

Nakhon Phanom

4

Champassak (Don Sahong)
Champassak (Pakse)

6
1

47

2

Tetraodontidae
Nakhon Phanom

2

Champassak (Don Sahong)

1

Kratie

4

2
1

2

1

An Giang (Bassac)

3

An Giang (Mekong)

2
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Analyses on the more abundant species and family groups were carried out to determine whether
there were intrinsic changes in size distribution and species composition of the conical plankton net
catches to understand their reproductive ecology.
Clupeids were most prevalent in the catches between December and May, although they were
caught throughout the year (Figure 3.18). The mean size of individuals tended to be smaller (< 20
mm) at most sites in the December – May period with larger individuals (> 30 mm) caught in June
to October, suggesting the breeding period is probably associated with the dry period. When broken
down to species level, larval Clupeoides borneensis was prevalent in the lower Mekong (BS and MK)
in March – May whereas Clupeichthys aesarnensis was more prevalent in earlier in the year (March)
and Corica laciniata later (May), indicating possible temporal differences in spawning times between
species. The larger individuals caught between June and October tended to be represented by
Clupeoides borneensis and Clupeichthys aesarnensis.
As expected, Cyprinidae larvae and juveniles were caught through the year, but their abundance
was highly variable between sampling locations (Figure 3.19). Larval stages were abundant almost
continuously at sites in Thailand and Lao PDR above the Khone Falls, but were more prevalent
in April-June and August in the lower Mekong sites (KT, PP, BS). Much of this difference can be
explained by difference in species present between stretches of the river, which is possibly reflective
of their breeding areas. For example, species of the family Cirrhinius tend to be predominant at sites
upstream of the Khone Falls, Dangila and Labeo were found only at Phnom Penh, Barbonyinus at
Kratie and Phnom Penh, and Pukoplites at the Bassac site. Some of the differences found in presence/
abundance may also be explained by predominance of different species of the same genus in different
areas. For example, larvae of Cyclocheilichthys enoplos (June – July) was the main species of the
genus Cyclocheilichthys identified at Nakhon Phanom, Cyclocheilichthys furcatus at Kratie (in April)
and Cyclocheilichthys armatus at Phnom Penh (June and August). Similarly, there were differences
in the prevalence of larvae of species of Henicorhynchus between reaches, although in general they
were most abundant at the time of the flooding cycle (May – August). Henicorhynchus macronema
was found throughout the river but larval stages of Henicorhynchus cryptopogon were more prevalent
at Kratie and Henicorhynchus caudimaculatus at Phnom Penh. There was evidence to suggest
incremental growth of certain species with larger individuals being found in successive months, e.g.
Raiamas guttatus increasing in mean length from around 15 mm in April at PP and DS to around 45
mm in August – October at Kratie, with individuals as large as 80 mm (Figure 3.19). These differences
suggest that different species use different reaches of the river for their reproduction, but how far the
larvae drift downstream before they become resident is difficult to ascertain.
Gobiidae larval and juvenile life stages were caught at all locations except Nong Khai and Stung
Treng (Figure 3.20). There were no obvious trends in the presence of the larval life stages either in
terms of site or in relation to the flood cycle.
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Figure 3.18: Variation in mean size (+/– SD) of larval and juvenile Clupeidae between months at each
sampling station. Absence of bars represents zero catch.
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Figure 3.19: Variation in mean size (+/– SD) of larval and juvenile Cyprinidae between months at each
sampling station
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Trends in the presence and abundance of Pangasiidae and Siluridae were similar
(Figs 3.21 and 3.22). There appears to be a proliferation of larval stages in the upstream reaches
above Khone Falls in the March to June period, but this is slightly delayed further downstream until
July – August. In the case of Pangasiidae, this appears to be the result of the presence of different
species, with Pangasius macronema predominantly found above the Khone Falls but Pangasius
macronema and Pangasius conchophilus downstream. Irrespective of the species, the main period
of ichthyoplankton drift appears to be associated with the higher water levels.
Further analysis of the mean length of the larval and juvenile fishes using length for age keys
(Appendix 2) provides an opportunity to determine the age of the drifting fish species. It is then
possible to determine the approximate locality of spawning by applying a simple passive drift model
based on extrapolation from mean daily water velocity (Appendix 3). Many of the larval stages for
pangasiid and some cyprinid species such as Henicorhynchus and Laides were less than 20 mm, which
is equivalent to <15 days post hatch (Appendix 2). Based on the mean daily flow for the particular
time of year (see Appendix 3), it is likely the fish spawned at a location equivalent to anything from
~30 to ~150 km upstream per day of drift, depending on location and period of the flood cycle. This
suggests that spawning areas could be considerable distances upstream of the sampling sites, either
in the main river or tributaries. For example, it is possible larvae of Henicorhynchus and Pangasius
species could have drifted between approximately 300 km and 600 km from upstream locations, which
would include the Khone Falls area. However, it should be borne in mind that these distances are
likely to be maximum since larvae may actively swim while in the drift and may be exposed to lower
flows when near the banks or the bed of the river. Unfortunately it was not possible to identify the
precise locations of spawning areas but the long distances larvae potentially drifted would suggest the
locations are commensurate with those identified from fisher knowledge (see Section 3.7).
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Figure 3.20: Variation in mean size (+/– SD) of larval and juvenile Gobiidae between months at each sampling
station. Absence of bars represents zero catch.
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Figure 3.21: Variation in mean size (+/– SD) of larval and juvenile Pangasiidae between months at each
sampling station. Absence of bars represents zero catch.
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Figure 3.22: Variation in mean size (+/– SD) of larval and juvenile Siluridae between months at each sampling
station. Absence of bars represents zero catch.
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3.4.2 Seine nets
Unlike conical plankton nets, the mean size of fish caught by the seine nets was relatively stable and
predominantly between 30 and 50 mm (Figure 3.23). In addition, with the exception of Clupeidae
(Figure 3.24), much larger fish (up to 250 mm – data not displayed) were caught by the seine nets (as
exemplified by the wide confidence limits), suggesting the gear was targeting a different component of
the fish community at each site, typically resident fish that live in the marginal areas. These tended to
be small-sized species and smaller (juvenile life stage) individuals of larger species that had dispersed
downstream and become established in the area, presumably for growth. The presence of larger
individuals of the main drifting species in seine net catches confirmed that these species were probably
actively swimming and able to maintain position around these areas.
Of particular note were Pangasiidae that had a mean length of 80+ mm (Figure 3.25) compared
with 20 – 30 mm from the conical plankton nets. These tended to be of the same species but
consistently more prevalent in seine catches through the year and at locations such as BS where they
were not caught by conical plankton nets. Cyprinidae caught by the seine nets were also consistently
larger than those caught by the conical plankton nets and found throughout the year at most sites
(Figure 3.26). This reflected the resident status of this family throughout the river, in addition to the
drifting behaviour elucidated from the conical plankton netting.

3.5 Indigenous knowledge
Interviews with fishers at the different sampling locations in different seasons suggested that fish
species have extended breeding periods and, depending on species, predominate in different seasons
(wet or dry season) (Table 3.3). The common belief that fish mainly spawn in relation to the flood
cycle is not upheld by the fisheries knowledge of spawning times which presumably is based on their
knowledge of fish migrations and reproductive status (egg development) of fish in their catch. It is
also apparent that some reproduction is later in some species the further they are found upstream
(e.g. Henicorhynchus species). Whether this is due to upstream spawning migration or whether they
represent different spawning stock is difficult to discriminate.
While fishers at some sampling locations were not able to offer guidance on spawning locations,
those at other locations suggested a number of spawning locations. These were as follows:
• Luang Prabang Province: fish migrated to the Khan River mouth where they breed;
• Nong Khai Province: no exact location known;
• Nakhon Phanom Province: off shore in the stagnant water area and sand dune area in the
Mekong River and confluence of the Songkram River at Chai Buri;
• Ubon Ratchathani Province: at Houy Tan 5 – 6 km from the sampling reach of the river;
• Don Sahong and Pakse: no exact location known;
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Figure 3.23: Variation in mean (+/– SD) size of fish caught by seine nets between months at each sampling
station
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Figure 3.24: Variation in mean (+/– SD) size of Clupeidae caught by seine nets between months at each
sampling station. Absence of bars represents zero catch.
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Figure 3.25: Variation in mean (+/– SD) size of Pangasiidae caught by seine nets between months at each
sampling station. Absence of bars represents zero catch.
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Figure 3.25: Variation in mean (+/– SD) size of Cyprinidae caught by seine nets between months at each
sampling station
Page 60

Results
Table 3.3: Periodicity of breeding times of fish species in different regions of the Mekong based on fishers'
knowledge
Location
Luang Prabang

Nong Khai

Nakhon Phanom
Ubon Ratchathani

Pakse and
Don Sahong

Kratie and
Stung Treng

An Giang
(Bassac River)

An Giang
(Mekong River)

Species

Month
J

F

M

A

M

J

J

A

S

O

N

D

Probarbus Jullieni
Hemibagrus wyckii
Bagarius bagarius
Laides longibarbis
Henicorhynchus sp.1
Cyclocheilichthys spp.
Laides longibarbis
Henicorhynchus sp.1
Laides longibarbis
Henicorhynchus sp.1
Pangasius bocaurti, Pangasius larnaudii,
Hemicorhynchus macronema
Labeo chrysophekadion, Micronema apogon,
Ompok bimaculatus
Pangasius macronema
Probarbus Jullieni
Hemibagrus wyckioides, Hemibagrus wyckii
Barbodes gonionotus
Bagarius bagarius
Mekongina erythrospila
Cirrhinus microlepis
Porapuntius bolovensis
Henicorhynchus spp., Amblyrhynchichthys
truncates, Pangasianodon hypophthalmus,
Pangasius spp., Pangasius conchophilus,
Puntioplites proctozysron, Glyptothorax
lampris Akysis leucorhynchus
Labeo chrysophekadion, Botia helodes, Botia
modesta, Wallago attu,Osteochilus hasselti
Bagarius, bagarius, Cirrhinus jullieni,
Labiobarbus macronema, Osteochilus
microcephalus, Cirrhinus microlepis,
Puntioplites proctozysron, Kryptopterus
bicirrhis
Ompok eugeneiatus, Cyclocheilichthys
furcatus, Cyclocheilichthys enoplos,
Cyclocheilichthys furcatus
Mekongina erythrospila, Bangana behri
Clupeoides borneensis, Sundasalanx
mekongensis
Clupeiodes borneensis
Clupeichthys aesnensis
Corica laciniata
Pangasius macronema
Puntioplites falcifer
Clupeiodes borneensis
Pangasius macronema
Henicorhynchus macronema
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• Phnom Penh: fish of the families Bagridae, Cyprinidae, Pangasiidae and Siluridae spawn
in the upper Mekong between May and August; Clupeoides borneensis, Sundasalanx
mekongensis spawn in the dry season in January.
• Kratie and Stung Treng provinces:
- Mekongina erythrospila and Bangana behri spawn in the Se San and Se Kong main
tributaries in the dry season;
- Henicorhynchus spp., Amblyrhynchichthys truncates, Pangasianodon hypophthalmus,
Pangasius spp., Pangasius conchophilus, Puntioplites proctozysron, Glyptothorax
lampris and Akysis leucorhynchus spawn in the Mekong upstream at Kratie and Stung
Treng between May and July;
- Labeo chrysophekadion, Botia helodes, Botia modesta, Wallago attu, Osteochilus
hasselti, Bagarius bagarius, Cirrhinus jullieni, Labiobarbus macronema, Osteochilus
microcephalus, Cirrhinus microlepis, Puntioplites proctozysron and Kryptopterus
bicirrhis spawn in the Mekong upstream at Kratie and Stung Treng in July August; and
- Ompok eugeneiatus, Cyclocheilichthys furcatus, Cyclocheilichthys enoplos,
Cyclocheilichthys furcatus spawn in the Mekong upstream at Kratie and Stung Treng in
September.
As expected, fish catch size and weight depend on fishing gear used and mesh size, but catch rates
tend to increase downstream, especially in the region upstream of Khone Falls. According to the
fishers interviewed in Lao PDR, the numbers and sizes of fish caught were much lower than in the
past. They suggested the decline in the numbers of fish caught was because of the increasing number
of fishers and use of modern fishing gear.
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4.1 Review of outputs
In large riverine ecosystems, many fish species have evolved migratory behaviours to take advantage
of different habitats in different stages of their life cycle (Welcomme, 2001). In the Mekong and other
river systems, many species migrate upstream for spawning; eggs and larvae then drift downstream,
after which the juvenile fish actively seek out nursery and feeding grounds, often located in flooded
areas and wetlands (Poulsen et al., 2002a, b, 2004). The adults also migrate downstream after
spawning to more productive feeding and refuge areas (Baran et al., 2005). Unfortunately, knowledge
about these behavioural patterns in large rivers is sparse and fragmented. Even less is known about the
spatial and temporal scales of fish movements in the Mekong, especially downstream dispersion of
larval and juvenile life stages, partly because of problems in sampling such systems.
The present study aimed to address some of these shortcomings by determining key recruitment
processes for the major commercial fisheries of the Mekong through assessment of the distribution
and relative abundance of ichthyoplankton and juvenile fishes in the mainstream Mekong River, and
thus elucidate likely impacts of hydropower developments on fish biodiversity and fish community
dynamics. This was achieved through quantitative assessment of fish recruitment through field studies
on distribution of larval and juvenile life stages and from indigenous knowledge. Overall, the study
met these objectives at a number of levels.
The study was able to discriminate regional patterns in the drift of key fish species of economic
and biodiversity importance. In particular, there appears to be specific regional components to the
ichthyoplankton drift with a distinct component in the upper reaches around LP, a second grouping in
the upper-middle reaches (NK, NP and UB), a third associated with the Khone Falls region
(PK, DS and ST) and a final grouping in the lower floodplain/delta region (KT, PP, BS and MK).
These components relate well with the migratory systems recognised in the Mekong Basin
(Figure 4.1; Poulsen et al., 2002a), namely:
i. Lower Mekong Migration System. This extends from the Mekong Delta northwards to
Khone Falls in southern Lao PDR. It includes the extensive floodplain system of the Great
Lake-Tonle Sap and the Delta, as well as the major tributary catchments of the Se Kong, Se
San and Sre Pok Rivers.
ii. Middle Mekong Migration System. This extends northwards from Khone Falls to upstream
of Vientiane. The system includes the floodplains of the Nam Mun, Nam Chi and Nam
Songkhram rivers of northeastern Thailand.
iii. Upper Mekong Migration System. This extends upstream of Vientiane and into the lower
reaches of the Lancang (Mekong) in the Upper Mekong Basin in China.
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Figure 4.1:
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Generalised migration systems in the Lower Mekong Basin (Source: Poulsen et al., 2002a)

Discussion

While these systems define the broad migratory patterns in the Mekong, it is important to
appreciate that there is considerable movement of fish between the systems, particularly between
the lower and middle systems. These systems are not distinguished based on geography (the Khone
Falls demarcates them, but many species of fish migrate through the falls); rather, the two systems
are distinguished functionally. In the lower migration system, the dry season habitat is upstream
of the flood plains. In the middle system, the dry season habitat is downstream of the flood plains.
Consequently, at the onset of the flood season, fish migrate downstream in the lower migration system,
but upstream in the middle migration system. The fish also migrate to occupy deep pools that act as
refuge habitats in the dry season (Poulsen et al., 2002b; Baird, 2006). It should be noted that some
species migrate extreme distances upstream from the delta to the upper-middle system to spawn. For
instance, Krempf’s catfish (Pangasius krempfi) is known to migrate from the coastal waters of Viet
Nam to above the Khone Falls in Lao PDR, a distance of more than 720 km. In addition, white fish
spend the dry season sheltering in the mainstream (often the deep pools; Baird, 2006) and migrate
onto floodplains to feed during the wet season, emphasising the need to maintain not only longitudinal
connectivity in large floodplain systems like the Mekong but also lateral connectivity (Poulsen et al.,
2002b).
The analysis also identified differences in species composition in the ichthyoplankton drift between
different seasons, and discriminated four main periods:
• Dry period dominated by Cyprinidae and Clupeidae;
• Rising water level period dominated by Pangasiidae;
• Flooding period dominated by Cyprinidae but different species to the dry period; and
• Receding period again dominated by Cyprinidae and Clupeidae of similar species to the dry
period.
These temporal differences, which were also identified at the site level, dispute the common
presumption that larval drift is linked to the flood pulse as expounded by Junk et al. (1989). They
suggest that many fish species have evolved migratory behaviours to take advantage of different
habitats used by different stages of their life cycle, and argue that the time fish migrate relates closely
to the annual flood cycle, with peak migrations occurring during the rise and recession of the flood.
Unfortunately, the large spatial scale of the present study precluded any intensive studies on precise
seasonal and 24-hour cycles. However, several studies have been carried out over recent years to fill
this gap (Baird et al., 2002; Chea & Hortle, 2005; Halls et al., 2011; Lam et al., undated).
In Cambodia, for example, more intense daily conical plankton net sampling was carried out
between 2002 and 2009 in the Mekong and Tonle Sap rivers. The highest larval densities were
typically found between June and September each year corresponding to the period when waters
flow into the Tonle Sap River towards the Great Lake (Figure 4.2; Halls et al., 2011). However, care
must be taken when interpreting these data because sampling intensity was concentrated during this
period and number of sampling days varied between 2002 and 2009. Similarly, studies carried out in
the Bassac and Mekong Rivers in Viet Nam found seasonal cycles (Figure 4.3) linked to rising water
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levels at the onset of flooding but, more critically, cycles appear to be linked to lunar phases (Figure
4.4) (Baird et al., 2002; Chea & Hortle, 2005 and Lam et al., undated). There also appears to be
suggestions of diel variation in drift with peak numbers occurring around midnight, although this may
be an artefact of the sampling intensity so is inconclusive.
Under this concept, and based on previous studies in Cambodia and Viet Nam (Poulson, 2002a;
Halls et al., 2011), many species appear to migrate upstream to spawn at the onset of the flood season
(in the May to September period in the Mekong), allowing eggs, larvae and juvenile fish to disperse
downstream and onto floodplains with the expanded flooding. Adults may migrate up- or downstream
from the mainstream onto the freshly inundated and highly productive floodplains. At the end of
the wet season when the floodplains drain, adult fish migrate off the floodplains and back into the
mainstream, while pre-adults disperse actively to downstream feeding and refuge areas and replenish
the stocks. The downstream migration of pre-adults is, for example, the basis of the dai fishery
on the Tonle Sap River.
However, contrary to the well-defined flood pulse concept (Junk et al., 1989), fish in the Mekong
appear to breed through the year, albeit different species in potentially different localities, or the same
species at potentially different times in different parts of the river. Consequently, ichthyoplankton drift
is encountered throughout the year, although it is more intense at certain periods of the flood cycle.
This observation has important implications for any dam developments and indicates that flows and
upstream access to spawning habitats must be protected throughout the year to maintain fish migration
pathways and allow for downstream dispersal of juvenile life stages.
Unfortunately, the timing and spatial distribution in composition of drifting ichthyoplankton and
juvenile life stages only provides an approximation of the key spawning areas. Further clarification
can be elucidated from the size distribution of fish caught in the conical plankton nets. These are often
less than 20 mm long, indicating the larval life stages have been in the river for up to 15 days for
pangasiids and some cyprinid species such as Henicorhynchus and Laides but considerably longer for
other species (see Appendix 2). If the fish are in the drift for this period of time, based on an average
passive flow model for the particular time of year (see Appendix 3), it is likely the fish spawned
anything from ~30 to ~150 km upstream per day of drift, depending on location and period of the flood
cycle. This suggests that spawning areas could be considerable distances upstream of the sampling
sites and thus dams will likely disrupt the downstream migration. Questioning of fishers suggested
areas around Luang Prabang, Kratie, Stung Treng and Khone Falls are potential spawning areas for
many fish species in the mainstream Mekong in addition to contributions from the main tributaries.
Integrating this indigenous knowledge with the extrapolation from ichthyoplankton size versus current
velocity suggests it is likely any dams constructed on the Mekong will intercept downstream drifting
ichthyoplankton and juvenile life stages and disrupt recruitment processes of commercially important
species.
When considering the impact of dams on fisheries, emphasis is consistently placed on migratory
and commercially important (food and recreational) species. Little attention is paid to minor or
small-sized species. The composition of the seine net catches was significantly different from that
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Figure 4.2:

Daily estimates of mean larval density in the Tonle Sap and Mekong rivers, Cambodia,
2002–2009. Broken horizontal reference line at 1 larvae m-3 included to aid comparisons.
Source: Halls et al. (2011).
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Figure 4.3:

Seasonal fluctuations in densities of fish larvae between May and September in relation to flood
cycle (current velocity) in the Bassac and Mekong rivers in Viet Nam
Source: Lam et al., undated.

of the conical plankton nets and comprised (with the exception of MK and BS) a greater diversity of
species, including many that were only caught by seine net. These represent important components of
the fish community and likely the trophic interactions of the river ecosystem. The mean length of the
species caught was generally much larger than those caught by the conical plankton nets and included
sub-adults of larger species or adults of small-sized species that are likely resident in the local area
or to have achieved a size and swimming capacity and settled in the area for growth. The latter is
particularly true of the sites in the lower reaches where drifting larvae have reached a sufficient size
to hold location and settle for growing on to maturity. However, without a thorough investigation into
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Figure 4.4:

Diel fluctuations in densities of fish larvae in the Bassac and Mekong rivers in Viet Nam
(7-day moving average)
Source: Lam et al., undated

the ecology (habitat, feeding and reproduction) of the various species, it is difficult to determine the
potential impact of the dams on these species and their sustainability. Nevertheless, impoundments
created upstream of dams will change the habitat from lotic environments to lentic systems and
potentially flood out key habitats for these species as well as possibly causing siltation, altering the
prevalent habitat conditions. This could lead to a loss of species and decline in biodiversity.
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4.2 Implications of dams
There is acute concern over the impact of dams on the Mekong basin fisheries, both in terms of
individual developments on a local and basin-wide scale and the cumulative impact of multiple
schemes (MRC, 2010; Dugan et al., 2011). The impacts of damming, whether for hydropower,
irrigation or flood control, are numerous (Petts, 1984, World Commission on Dams, 2001) and can be
summarised in terms of upstream and downstream impacts (Figures 4.5 and 4.6). These issues form
the basis of this assessment. The impacts for the Mekong mainstream hydropower dams have been
summarised in the MRC Strategic Environmental Assessment (ICEM, 2010) and the likely impacts
in terms of fish passage have been elucidated in the MRC's preliminary design guidance (PDG) for
propose LMB hydropower schemes (MRC, 2010). But the implications of disruption to downstream
migration and dispersal or impacts of impoundment on resident small-sized species to fish biodiversity
and fish community dynamics are largely unexplored.
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A dam itself creates a barrier to fish migration which may ultimately lead to loss in diversity of fish
species unable to complete their life cycles, usually because they are isolated from their spawning and
nursery areas. Occasionally, if spawning conditions are suitable below a dam, the species may survive,
but usually at considerably lower abundance. Similarly, some species are able to utilise reservoirs for
feeding and completing their life cycles if they have access to spawning grounds in the upper reaches
of the impounded rivers or tributaries. The scale of the impact is usually worse if major spawning
tributaries are located upstream of a dam and drain into the impounded area. It is important to note that
current technology in fish-passage facilities is inadequate to mitigate the barrier effects of high-level
dams to fish migration in tropical rivers (Dugan et al., 2011).
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Current fish-passage technology is not able to cope with either the volume of fishes or diversity of
species required to bypass high-level dams in tropical systems, and a new paradigm in fish passage is
required in tropical rivers. However, it is still unlikely the technology to solve all fish-passage issues
at large tropical dams will be available in the foreseeable future (20 + years) because of the scale
and complexities of the issues to be resolved. As a consequence of the barrier effect, larger-sized fish
that migrate considerable distance are likely to be extirpated. Impeding upstream migration will thus
curtail reproduction and also indirectly reduce downstream drift.
Effects are varied below a dam and usually relate to the manner in which the hydrology of the river
is modified in terms of timing and duration of flooding and low-flow events as a result of the dam
operation (Figure 4.5). Typically for hydropower reservoirs, water is released either continuously or to
meet peak energy demand during the day. Consequently, the hydrograph is heavily modified such that
elevated flows are experienced in periods of naturally low water-level conditions and reduced under
flood conditions. The net outcome is that erosion and deposition processes are altered and seasonal
flooding patterns modified, both resulting in deterioration of downstream habitats and disruption
of longitudinal and lateral migrations. These effects may be transmitted considerable distances
downstream. 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 can be eliminated. In some cases, longitudinal migrations
of fishes are also compromised because environmental cues for migration (trigger floods) are lost
and passage over rapids, falls and other natural, partial obstructions to fish are disrupted. Also, the
‘black’ fishes that rely on floodplain inundation for breeding and replenishment of stocks in floodplain
water bodies are constrained and do not recruit successfully. Generally, 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. This results in the need to change fishing methods,
and reduction in catch and value of the fishery, leading to social and economic disruption, especially in
rural fishing communities.
Marked changes also occur in a newly created impoundment (Figure 4.6), ultimately leading
to a decline in the fisheries. The impoundment itself drowns out spawning and nursery habitats of
migratory species, which tend to disappear if other suitable spawning habitats are not available further
upstream or in adjacent tributaries. Perhaps the most profound affect arises from the shift from a
riverine to lacustrine environment. River species generally decline in abundance because of inability
to fulfil their life cycle, to be replaced by species that are tolerant and able to exploit static water
conditions. The riverine species that tend to be lost are the larger, commercially important migratory
species. They are often replaced by low-value, smaller species or alien invasive species. Another
major impact of a reservoir is creation of a sink for downstream drifting eggs and larvae that tend to
be lost from the system. This is particularly relevant to this study because the impoundments likely to
be created by the dams proposed for the Mekong have extensive reservoir systems that will inevitably
disrupt downstream dispersal of ichthyoplankton and juvenile life stages.
The physical impact of dam operations on downstream migration is often overlooked. Large
numbers of larvae and juvenile drift passively downstream from spawning grounds upstream, and are
drawn either into the intakes of generating turbines or over dam spillways. Fish entering the turbines
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are exposed to a variety of physical stresses that cause injury and death. These include pressure
changes, shear and hydraulic stress, turbulence, and strikes by the turbine blades. Mortality from
passage through turbines is especially significant; losses of 10 – 40% of juveniles of have been widely
reported and large-bodied fish can be expected to experience mortality rates up 100%, especially when
multiple dams have to be bypassed. Eggs, larvae and juvenile fish are particularly susceptible to injury
and death with consequences on the recruitment to populations downstream of a dam. Even if larvae
and juvenile fishes survive passage over spillways or through turbines, any injury suffered by fish
during the passage is likely to reduce survival during their onward journey. One problem that exists
with this source of mortality is that there is no mechanism to prevent ichthyoplankton passage through
turbines or over spillways. Screens, the usual measure to exclude fish from turbine shafts, do not
preclude small-sized fish and drifting fish are not susceptible to behavioural screens.
A reservoir also has several other indirect effects on fish and fisheries. Species that are able to
bypass a dam tend to lose the migratory stimulus of directed flow and get stranded in the reservoir.
Similarly, downstream migrants get lost in reservoirs. In both cases this leads to reduced fisheries
output. Conversely, some species that are able to exploit the lake environment increase in abundance
and contribute to important fisheries. This can be exacerbated by eutrophication of the lake caused
by elevated nutrient run-off from the lake hinterland where small-scale agriculture often develops.
Critically, it is usually alien invasive species that benefit most from this changing environment. In
the Mekong, it is likely that species such as common carp will benefit from the altered environment
but the production will unlikely compensate for that lost from the migrating stocks. Note that tilapia
is unlikely to prosper in the reservoirs because the fluctuating water levels disrupt the breeding
processes.
All the issues identified above are likely to occur if high-level hydropower dams are constructed on
the mainstream Mekong River. The location of the various dams will interrupt spawning migrations
of the main commercial species, inundate spawning habitats and ultimately lead to a decline in
fisheries yield. Such scenarios are already being observed in tributaries of the Mekong and lessons
should be learnt from these examples. If dam construction is to take place, it is likely that there will be
significant loss of biodiversity but, more importantly, considerable reduction in fish yield. The various
shifts in upstream and downstream ecosystems and fisheries resources result in change and reduction
in fisheries potential, often requiring new methods and/or gears. This change, plus the decline in the
value of the fishery, will potentially result in major social and economic disruption. This will have
considerable consequences for the rural poor and conflict with the riparian countries’ obligations to the
Convention on Biological Diversity. Most noticeably, the iconic Mekong giant catfish (Pangasianodon
gigas), a critically endangered species native to the LMB, is likely to become extinct. Information on
the migration behaviour of fishes in the Mekong suggests that some species migrate huge distances
from the delta region into the headwaters in northern Lao PDR and even China. Consequently,
construction of any dam on the main river is likely to have profound knock-on effects throughout
the basin. Before decisions are made on construction of dams, the real economic value of the river’s
fisheries to society, food security and social cohesion should be determined and measured against the
benefits accruing from the proposed hydropower schemes.
In some cases where fishery production declines, efforts are made to substitute or replace the
fisheries through culture-based fisheries or cage culture. While these may work in some cases, issues
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of ownership, access to the fisheries and high capital costs of setting up and operating such systems
tend to be prohibitive for rural fishing communities and it is the more-wealthy classes of society that
benefit. The upshot of the changing conditions is social upheaval and poverty generation, with the
rural poor the most affected.
Furthermore, yields from reservoirs already constructed in the LMB are quite variable and are
influenced by many factors including area, time since first inundation, extent of the shallow littoral
zone, water level fluctuations, species composition and fish-stocking practices. In general terms, an
annual yield of 200 kg/hectare of impounded water can be expected. It is very difficult to compare
this to the lost yield from a river fishery because the impact of the dam on a fishery downstream
is dispersed and not easily identified. Nevertheless, experience around the world has shown that
the overall loss from a river fishery generally far exceeds the production from a newly impounded
reservoir. Culture-based fisheries or aquaculture in new reservoirs tends to much lower than river
productivity, especially where water levels fluctuate greatly as a result of hydropower generation.
In addition, most dams planned for the mainstream of the Mekong are classed as 'run of the river'.
Usually, these dams impound only a few days of natural river flow in the dry season and effectively
none in the wet season. So run-of-the-river dams generally have very small upstream storages,
and the impoundments are usually confined to the natural river channel. Hence, they do not create
the productive lentic or still water environments that favour fish production in larger reservoirs.
Consequently, run-of-the-river dams do not create opportunities for new capture fisheries production.
In addition, the fishing communities will have to develop new fishing methods and techniques to
exploit the fisheries.
Little attention is given to biodiversity and ecosystem functioning in the region and the river
as a whole. Dam developments are known to impact on species ecology and diversity. The altered
environment results in certain species, usually those with well-defined habitat needs, being reduced in
abundance or eliminated, while others (eurytopic) with the ability to adapt become dominant. There
is also concern that drifting insects, such as Ephemeroptera (mayflies), which are found in extremely
high abundance in the study area, will be lost or their numbers reduced substantially by impoundments
as they require flowing-water environments. These drifting insects can potentially form a substantial
part of the diet of fish and other organisms in the river and their loss could result in a collapse of
the ecosystem function and simplification of the food web, ultimately resulting in a fall in fisheries
productivity.
In conclusion, construction of dams will likely impact heavily on the upstream and downstream
cycles and fisheries production and yield, especially as highly migratory white fishes account for
approximately 50% of the Mekong fishery catch, or approximately 1,000,000 tonnes per year. The first
sale value of this catch is US$0.5 billion. The vast bulk of the catch is taken in the Lower and Middle
Mekong Migratory Systems. Fish products provide 47% – 80% (country range) of the animal protein
consumed in the four lower Mekong countries (Hortle, 2007).
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4.3 Conclusions and recommendations
This study represents the first large spatial scale assessment of ichthyoplankton drift in the Mekong.
Previous studies have been limited to specific sites to determine seasonal and diel cycles in drift
(Baird et al., 2002; Chea & Hortle, 2005; Lam et al., undated). While the ichthyoplankton study
was able to discriminate regional patterns in the drift of key species of economic and biodiversity
importance, it was limited by a number of factors.
Spatial coverage: choosing 11 sites covering some 2,000 km of river assumes the sites selected are
representative of ichthyoplankton recruitment dynamics throughout the intermediate reaches between
locations and account for the potential impact of proposed dams. The latter is addressed through
selection of sampling locations adjacent to the proposed dam sites but the distance between sampling
locations may have been too large to account for more localised drift.
It should also be recognised that the sampling was restricted to sites in the mainstream of the
Mekong and thus did not account for recruitment processes and the contribution of the major
tributaries. It is well established (MRC Technical Paper No. 8) that economically important species
migrate into tributaries to spawn and this could be an important factor contributing to recruitment
dynamics in the Mekong. It is therefore recommended that ichthyoplankton studies are carried
out upstream and downstream of major tributaries to account for the contribution these make to
recruitment dynamics.
Temporal coverage: Previously, spawning, recruitment and ichthyoplankton drift were considered
to be associated with the rising water level at the beginning of the rainy season (May – July). Results
from the current study suggest that reproduction is at discreet times of the year (June – September)
or protracted over extended periods or indeed throughout the year, including around the dry season
(February – May), and associated with the rising water level. Reproduction in commercially important
migrating species is mostly associated with the wet season but other species, which possibly have
more localised distribution, spawn throughout the year. It is therefore recommended that future
studies do not neglect the contribution made to the fish community from species that reproduce
outside the wet season.
Despite being an aim of the project, accurate discrimination of spawning habitats remains elusive.
This is largely because of the large spatial coverage required. Nevertheless, the study was able to
offer some insights into the locations and suggests that construction of dams will either inundate or
disconnect these spawning areas from the downstream habitats where the fish grow to maturity. It
is recommended that environmental impact studies on dam developments must include specific
elements to determine accurately the locations of spawning habitats and quantify the likely impact
of the development of fish recruitment. Such studies should include targeted downstream drift studies
using the techniques developed in this study and seine netting to determine potential loss to local
biodiversity and endemism.
Species identification: A major restriction on interpretation of the information was in the
identification of the larvae to species level. This reduced the potential discriminatory power of the
study, but would not have changed the overall conclusions. Although keys for larval and juvenile
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fishes of the Mekong were prepared during the course of the study (Termvidchakorn, 2010) or are
available for certain locations (Termvidchakorn, 2003), there remains a need to train staff in all
countries in taxonomic skills, and maintain these skills in the region through continuous training
programmes.
Database problems: One of the major problems encountered in the project delivery was erroneous
inputs into the database. These included errors associated with false readings from the flow velocity
meters in the conical plankton nets that extrapolated into extraordinarily high drift rates, as well as
transcription errors. Although filters were developed to audit the data when extracting the data for
further analysis, some errors remained and had to be filtered manually. Care must be taken to ensure
accuracy of data input and that problems with flow velocity meters are identified and eliminated at an
early stage.
Finally, because of the large number of dams built, in construction or proposed in addition to
national and regional studies, there is considerable information already collected on the larval and
juvenile life stages of fishes of the Mekong. However, this information is dispersed and problematic to
access. There is a critical need to consolidate all data on migration and ichthyoplankton drift from
EIAs and research-orientated programmes to fill gaps in this study and allow greater confidence in
interpreting the impacts of hydropower development in the Mekong. It is also critical that studies on
ichthyoplankton drift are included in any impact statement for proposed dams. This should include
intensive studies upstream and downstream of dam sites and focus on seasonal and diel patterns.
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Appendix 1: Indigenous Knowledge Questionnaire

Date of interview:.......................................................................................................................................
Name of Interviewer: .................................................................................................................................
Respondents: Individual interviews with experienced fishermen.

Name of village : ......................................................... Commune: ..........................................................
District: ....................................................................... Province: ............................................................
Name of respondent: ...................................................................
married

Marital status: 		Single

Sex: ................... Age: ......................

		

Number of dependents: ..............................................................................................................................
Years involved in fishing:

21-30

Occupation

31-40

41-50

>51

Percentage contribution to income

Full time fishing
Part-time fishing
Fish farming
Farming
Other employment (please name)
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Main fishing
gear

Page 82

Main fishing
period

Main species /
species group
(refer to
photos)

Trend in
catches over
past 10 years:
Declining
Increasing
Stable

Trend in size of
fish caught
Declining
Increasing
Stable

Known
spawning
location
(refer to map)

Period of
spawning

Appendix 2: Relationship between length of larval and life
stages and their age in days

Main fishing gear

Yolk sac

Pre-larvae

Post-larvae

Juvenile

Length

Age

Length

Age

Length

Age

Length

Age

Barbonymus

3.0

0-2

4.5

3-11

8.2

≥ 12

25.3 →

≥ 45

Cyclocheilichthys

4.0

0-2

5.5

3-11

9.8

≥ 12

30.8 →

≥ 35

Henicorhynchus macronema

4.0

0-2

5.5

3-11

10.1

≥7

24.0 →

≥ 27

Cirrhinus

3.8

0-2

5.8

3-11

10.9

≥ 12

22.6 →

≥ 31

Hypsibarbus

3.7

0-2

5.7

3-11

11.3

≥ 12

28.1 →

≥ 27

Rasbora

3.0

0-2

4.5

3-11

8.0

≥ 12

16.0 →

≥ 45

Osteochilus

3.0

0-2

4.2

3-11

10.6

≥ 12

23.2 →

≥ 35

Helicophagus leptorhynchus

3.0

0-2

7.4

3-11

14.4

≥9

38.6 →

≥ 40

Pangasius

3.5

0-2

7.0

3-11

20.0

≥ 15

41.2 →

≥ 31

Laides longibarbis

5.0-7.5

0-2

8.8

3-11

21.8

≥ 12

33.1 →

≥ 35

Micronema bleekeri

4.2-5.5

0-2

6.2

3-11

16.8

≥ 15

44.2 →

≥ 40

Puntius

3.1

0-2

4.4

3-11

9.5

≥ 19

17.0 →

≥ 40

Morulius chrysophekadion

4.0

0-2

5.5

3-11

9.3

≥7

26.7 →

≥ 40

Epalzeorhynchos frenatum

3.1-4.5

0-2

4.6

3-11

8.0

≥ 12

43.3 →

≥ 40

Botia helodes

3.0-4.5

0-2

4.7

3-11

10.5

≥ 23

18.9 →

≥ 45

Gyrinochilus aymoneni

2.3

0-2

5.5

3-11

13.2

≥ 15

41.6 →

≥ 40

Parambassis

2.9

0-3

4.9

3-11

7.3

12

21.6 →

≥ 30

-

-

-

-

6.4

≥ 15

17.0 →

≥ 40

2.0

0-2

3.6

3-11

9.0

≥ 27

22.1 →

≥ 50

2.0-3.4

0-2

3.7

3-11

8.2

≥9

16.9 →

≥ 23

2.4

0-2

3.9

3-11

13.0

≥ 27

21.6 →

≥ 40

Datnioides undecimradiatus
Oxyeleotris marmorata
Anabus testudineus
Trichogaster pectoralis
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Appendix 3: Water velocity (km/day) in Mekong River at
different locations and seasons

LP

NK

NP

MDH

PK

ST

Mean

Jan

77

85

77

85

80

68

79

Feb

75

86

80

86

76

72

79

Mar

87

87

81

87

82

76

83

Apr

89

87

90

86

95

128

96

May

104

90

168

110

163

185

137

Jun

103

87

120

99

98

104

102

Jul

99

115

120

104

127

203

128

Aug

102

117

76

77

69

59

83

Sep

72

77

85

88

106

117

91

Oct

63

62

50

61

50

33

53

Nov

72

79

60

77

59

44

65

Dec

77

85

79

85

78

66

78
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