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ABSTRACT

The Mekong River is the largest river in Southeast Asia and it supports a major inland fishery. The
river flows through Cambodia for about 500 kms, traversing four provinces. Important fisheries
habitats include deep pools, rapids, floodplains and associated wetlands. Deep pools (un loong in
Khmer) have been mentioned by several researchers as important refuge habitats for fish. The
definition of a deep pool is somewhat arbitrary; however, a deep pool is significantly deeper than
surrounding riverbed and retains water in the dry season when it may be isolated from the main river.
Deep pools must also be ecologically significant in the conservation of a number of fish species.

Local fishers from 25 villages along the Mekong from the Lao PDR border to Kratie were asked to
identify deep pools based on water depth and importance to the local fishery, so that their location and
significance might be accurately documented. Villagers identified 97 deep pools, of which two-thirds
measured less than 10 ha during the dry season, and the largest of which measured approximately 200
ha. Most of these pools had a maximum dry season depth of between 20-30 m but some were up to 80
m deep. Most large pools, and the greatest concentration of deep pools, were 80-120 km downstream
of the Lao PDR border. There was no apparent relationship between surface area of pools and their
depth (i.e. some very small pools are very deep), rather depth depends on local conditions such as
bedrock or islands that concentrate wet season flows and create scour holes.

Fishers interviewed for this study said deep pools were important habitats for at least 168 fish species,
including six exotic taxa. They said nearly all the deep pools contain most of these species. The
number of species they reported bore no apparent relationship to area of pools, villagers who live close
to the deeper pools (>=35 m.), on average reported fewer species. The precise effect of habitat
variables such as a rocky substrate requires further investigation.

Conservation of large adult fish in deep pools is important not only for maintaining fisheries locally,
but also downstream in floodplain areas that depend upon this upstream brood-stock for an annual
pulse of larvae and fry during the wet season. According to villagers, the critically endangered giant
catfish (Pangasiandon gigas) still lives in pools near Kratie, and three other endangered species are
widespread, highlighting the importance of this section of the Mekong. Use of gillnets has increased
dramatically in the last decade; these are cheap and efficient and have reportedly had a major impact
on stocks of fish in deep pools. Conservation of the fishery and the pools themselves will require
management measures to limit the harvest of large fish, to control riparian clearing, and to effectively
assess and mitigate impacts of dams upstream. Dams on the mainstream in this zone of the Mekong
would be disastrous for the fishery. Measures are also needed to control the spread of exotic fish
species from the aquarium trade in the region.
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INTRODUCTION

The Mekong River flows through Cambodia for about 500 km traversing four provinces, Stung Treng,
Kratie, Kampong Cham and Kandal. This stretch of the river contains a diverse range of important

fluvial habitats including deep pools, rapids, floodplains and associated wetlands.
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The deep pools (un loong in Khmer) in the mainstream from the Khone Falls to the town of Kratie are
important refuge habitats for fish (Poulsen er al. 2002). Large fish that live in these pools spawn at the
start of the flood season and the rising waters carry the ensuing larvae downstream where they form the

basis for recruitment for many of the floodplain fisheries.

However, as discussions with local fishers revealed, the deep pools documented up to now represent
only a fraction of those in this stretch of the Mekong. The aim of this study therefore, was to fully
document and map the location and general features of deep pools in the Cambodian Mekong as a first

step towards developing plans for the management of fisheries in these pools.

The definition of a deep pool is somewhat arbitrary; it must be significantly deeper than the surrounding
riverbed, retain water through the dry season (although it may become isolated from the mainstream
during these times) and ecologically significant in the conservation of rare or endangered fish. Of
course, there is a continuum between deep pools and the rest of the riverbed, but the concept of a deep
pool is a useful starting point for prioritising the management of those stretches of the Mekong that are

known to be of great importance to fisheries and fish conservation.

METHODS

Surveys were carried out during the ‘dry’ season (May to June) in 2003 and interviews and discussions
held with fishers and provincial officers to gather some basic information about the deep pools and fish
along the mainstream of the Mekong. Discussions with village leaders established where people mainly
fished and additional discussions with five or six fishers from each village provided more background
information. Groups of fishers sketched maps of the river in their vicinity pointing out the location of
deep pools. We drew up preliminarily maps of the localities of deep pools by comparing the fishers’
maps with information in the Mekong River Commission (MRC) Hydrographic Atlas; this contains
accurate maps and partial sounding data. Global positioning system (GPS) readings, taken from local
boats, gave accurate locations for the accessible ‘corners’ of deep pools. The maximum depths of most

of the pools were verified using manual sounding or an echo sounder.

During further interviews, fishers were asked to identify the species they had caught in deep pools using
a photo flipchart containing 166 common Mekong River species and six exotic species found in the wild
in Cambodia as well as another ten exotic species sold in the aquarium trade in Phnom Penh. This is an
updated version of the chart used by the Assessment of Mekong Fisheries Component in the four
riparian countries: Cambodia, Lao PDR, Thailand and Viet Nam. The charts grouped fish species by
family and gave the local as well as the corresponding scientific names. Subsequent reports on the
survey use both names. Local fishers, who we asked to monitor and record their catches, provided

additional data on fish populations. Villagers also gave other, more general, information about the pools.

Study area

The Mekong drops about 30m over the Khone falls, on the border between Lao PDR and Cambodia, and
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another 45m in the 165km stretch between the border and the town of Kartie, which is at 20 m ASL.
The adjacent land downstream of Kratie has mainly been converted to farmland (generally rice) so that
riverside vegetation comprises mostly of smaller plants, such as swamp grasses, with few large trees. In
Cambodia therefore, deep pools are more common in the upper section of the river where bedrock,
boulders, islands and vegetation obstruct the flow producing large scour holes, or where large tributaries

enter the mainstream and cause erosion of the riverbed.

Downstream from Kartie, the shallower gradient of the river and the soft substratum, together with
erosion of the riverbank resulting from intensive farming, has caused the deeper parts of the riverbed to

fill with sediment. As a result, there are fewer deep pools in this stretch of the river.

Fishers and villagers from 25 villages along the stretch of Mekong from the Lao PDR border
downstream to Kratie town took part in the survey; in all, the survey encompassed twelve communes in

five districts of the Stung Treng and Kratie provinces.

RESULTS

Distribution and size of deep pools

Maps giving the location of 95 deep pools identified by the fishers are included in Appendix 2. The
maps run sequentially from the Lao PDR border in the north to the town of Kratie in the south.
Appendix 1 gives more details on the location of each pool, including its size and geographic co-

ordinates.

The location of deep pools in this section of the Mekong distribute in clusters (Figure 1, over page).
These often occur where the river splits and flows through narrow channels between rocky islands.
During the wet season, the increased flow in these confined channels scours sediment and debris from
the bed of the pools. Along this section of the river, there is no obvious correlation between distance
from the border with Lao PDR and maximum depth of pools. The section of the river upstream of
Sambor (80-120km) contains the largest aggregation of deep pools. This stretch also holds most of the
large pools (Figure 2, over page).

The 20 km stretch of the Mekong downstream from the border with Lao PDR has few large pools; most
are smaller than ten hectares. These pools are usually confined by hard bedrock which, being more

resistant to erosion, limits their size (Figure 2).

During the dry season most of the deep pools are quite small (<10 ha), the largest is about 200 ha
(Figure 3, over page).

Although the maximum depth of the most of pools was between 11 and 30 metres (the deepest was
about 80 metres), villagers classified some shallow pools, which were only three to five metres deep, as
deep pools (un long) because they were deep in relation to the surrounding riverbed and because of their

importance to the fishery.
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Figure 1.  Distribution of pools along the Mekong between the Lao PDR border and Kratie showing
their approximate maximum depth during the dry season
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Figure 2. Distribution of pools along the Mekong between the Lao PDR border and Kratie showing
their approximate surface area during the dry season
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Figure 3. Distribution of deep pools by approximate area
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Fishing gear

Although a wide variety of fishing gear is available in Cambodia, the trend in recent years has been to
use nylon monofilament gillnets as well as cast nets, hook and line, and some specialised nets for the
deepest parts of deep pools. Other monitoring of commercial fishers catches along the upper Mekong by
the Assessment of Mekong Capture Fisheries Component, shows that the majority of fish are now being
caught with gillnets, which are very cheap and readily available. Though fishers did not elaborate on this
point, the increasing dominance of gillnets is obvious from the presence of these nets in the villages and

local markets and set in pools.

Species identification and location

The fishers, as a group, recorded 168 of the 172 species illustrated in the photo flipcharts. Twenty-two
or more villages reported 80% of these species (138) showing that most species inhabit this entire

section of the Mekong.

The composition of the fish fauna is broadly similar to that found throughout the Cambodian section of
the Mekong. The most common species are, catfishes (Pangasiidae, Bagridae and Sisoridae), river carp
(Cyprinidae) and snakeheads (Channidae). Not surprisingly, the fauna lacks many species of fish that
normally live in other habitats, such as those found in montane, floodplain and estuarine environments.
We could not attach significance to the fauna in any particular pool, as the distribution of most of the
species is widespread. Moreover, as the photo flipchart is not representative of the whole fish fauna that
has been recorded in the Cambodian section of the Mekong and its lowland tributaries (over 200 species

are omitted from the charts), the list of species given in this paper may not be comprehensive.

Based on the current data there is no unequivocal relationship between the diversity of species and the
size and depth of pools; although the shallower pools (less than 35m) appear to contain a more diverse
fauna. Even so, it seems likely that other local environmental factors, such as substrate, snags or oxygen
levels, may be more important. The relationship between the area and depth of pools and fish diversity
may be resolved when data from individual pools are available. In the meantime, however, we can make

a few interesting observations on the occurrence of introduced, rare indigenous and giant fish species.

Introduced species

The fishers identified only six of the 16 introduced species in the photo flipchart; of these, only three

were widespread (Table 1).

This suggests that these species are spreading rapidly through the river system, probably from sites
using them for aquaculture. (Note that the African catfish hybridises with the native Clarias batrachus
and villagers may confuse these two species and their hybrids.) Four sites reported mosquito fish (two in
Stung Treng and two in Kratie) and 12 reported swordtails. These escapees from the aquarium trade are
apparently becoming widespread. Only two villages reported Nile tilapia (Khohtnot and Trarlork, both

in Kratie); this species is apparently still quite rare in the upper Cambodian Mekong, despite its
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widespread use in aquaculture along the river upstream in Lao PDR and downstream in Cambodia. Most
probably the habitat through much of this section of the river is unsuitable for the species that originates

from a lentic environment.

Table 1. The number of villages reporting introduced species in deep pools

Species Common name Origin Records
Clarias gariepinus African walking catfish Africa 25
Cyprinus carpio Common carp West Europe to China 23
Hypophthalmichthys molitrix Silver carp China to Eastern Siberia 23
Gambusia affinis Mosquito fish North and Central America 4
Xiphophorus spp Swordtail North and Central America 12
Oreochromis niloticus Nile tilapia Africa 2

Rare indigenous species

Aaptosyax grypus is an unusual and distinctive large carnivorous cyprinid endemic to the middle
Mekong. Although the species has reportedly declined greatly in recent years (Poulsen et al. 2004), it
was recorded three villages (Kos Sneng, Krohlapies and Chuetealthom); these are all located in section
of the river in upper Stung Treng province that has smaller deep pools. These records are consistent with
the known distribution of this particularly interesting endemic species, and could form a starting point

for work on its conservation.

The giant catfish, Pangasianodon gigas, is one of the four ‘giant’ Mekong species (Coates et al. 2003),
and is the only Mekong species currently listed by the IUCN as ‘critically endangered’, the category
which denotes the highest risk of extinction (Table 2). Fishers from three villages (Kos Dam Bong,
Pontachea and Oukok) recorded this species. All are in a relatively small area in the Sambor district of
Kratie province where there is a high density of deep pools, many of which are large.

Table 2. Locality records of Mekong species listed as endangered or critically endangered on the
2003 IUCN Red List

Scientific name Common name Status N° of localities
Pangasianodon gigas Mekong giant catfish Critically endangered 3
Dasyatis laosensis Mekong freshwater stingray ~ Endangered 25
Himantura oxyrhynchus ~ Marbled freshwater stingray =~ Endangered No data
Pristis zijsron Green sawfish Endangered No data
Probarbus jullieni Jullien's golden carp Endangered 25
Scleropages formosus Asian arowana Endangered 0
Tenualosa thibaudeaui ~ Laotian shad Endangered 10

Interestingly, the presence of two other giant species (Catlocarpio siamensis and Probarbus jullient)
listed by Coates et al. (2003) was confirmed by fishers at all 25 villages, suggesting that these species
are still reasonably abundant despite increasing fishing pressure. Pangasius sanitwongsei, the other
giant species, was not in the photo flipchart, and we were unable to confirm if it lives in this section of
the Mekong. Two other endangered species featured on the flipchart, the Mekong freshwater stingray

and Jullien’s golden carp, were apparently still quite widespread, occurring at 25 locations, whereas the
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once common Laotian shad is now restricted to only ten locations. The last endangered species, the

Asian arowana, is indigenous to south-west Cambodia and may not even inhabit the Mekong.

DISCUSSION AND CONCLUSIONS

Poulsen ef al. (2002) reviewed previous records of deep pools in northern Cambodia. Hill and Hill
(1994) listed 28 deep pools, and Vannaren and Kin (2000) listed 58 deep pools. Most of these are in this
study, and we have expanded the list to 97 pools, with data on locations, coordinates, approximate size
and maximum depth. Poulsen et al. (2002) record 53 species that use the pools as dry season habitats,
but during this study, we recorded least 162 native Mekong species, and, given that Cambodia has over
400 freshwater species, we assume that many not featured on the flipcharts also live this in this stretch
of the river. Furthermore, a number smaller species that are difficult to identify may have been ‘lumped’

together in a single species.

In some cases, as some similar species are difficult to differentiate using only photographs, the records
of a few individual species require confirmation. Nevertheless, the use of flipcharts provides an efficient
way of accessing considerable information about the distribution of fish populations, and is probably

reliable for the larger and more distinctive species.

We recorded only six exotic species and only two of these, the common carp and silver carp, were
widespread; this suggests that deep pools still support a largely indigenous fauna, a factor that
emphasises the need to conserve these special habitats. Exotic species have yet to invade these wild
habitats in large numbers despite the burgeoning aquarium trade in Southeast Asia. Local villagers
report that Xiphophorus spp is becoming widespread even though in a recent review Welcomme and
Vidthayanon (2003) did not record the taxa. This demonstrates the value of interviews with local fishers

in rapid assessments of the incursion of introduced fish.

The pools identified in this study are important habitats, particularly as they provide dry season refuges
for large fish that form the brood-stock supporting local fisheries and floodplain fisheries downstream.
Unpublished catch monitoring data collected by the Mekong River Commission (MRC) show that the
pools in this part of the Mekong contain many more large adult fish than the river and floodplains
further downstream in Cambodia and Viet Nam further highlighting the importance of deep pools to the

sub-basin’s fisheries.

Two giant species of river barb (C. siamensis and P. jullieni) previously thought to be in serious decline
are apparently still widespread, as evidenced by records from all 25 villages. Unfortunately, the same is
not true for the giant catfish, P. gigas, considered critically endangered by IUCN and still rare in this
stretch of the Mekong. Two other endangered Mekong species are still quite widespread in the deep
pools. The presence of giant and endangered species in these pools again demonstrates the importance
of these habitats in fish conservation and provides a starting point for the preservation of these species

as well as others of special interest such as the Mekong endemic, 4. grypus.

Deep pool fisheries face two major threats: over-fishing and hydrological change.
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Over-fishing of large species is accelerating with improved security, better access, and superior
equipment. In the past, fish were relatively safe in the deepest parts of pools as traditional methods of
fishing were comparatively inefficient. Nowadays, boats with outboard motors are used to travel long
distances from population centres, gillnets line the edges of many of the deep pools so that fish moving
to shallower water to feed (especially at night) have become more vulnerable, and specialised nets
attached to heavy weights are set in the deepest parts of the water. Large fish are caught and stored in
iceboxes then sold on to traders who export them, removing vital brood-stock from Cambodia. While
hard data are lacking, all fishers agree that catches, especially of large fish, are increasing. Currently
there are no effective measures to control fishing periods or the equipment used in deep pools; the
current ‘closed season’ is during the flood period (June — September) and does not limit the capture of

large fish when they are at their most vulnerable (i.e. during the dry season from January-May).

The persistence and quality of deep pools depends on the maintenance of existing hydrology and
habitats. If dams upstream attenuate the river’s peak flow, the river will lack the force to scour
sediments during the wet season. Moreover, if upstream dams trap sediment, the resulting disruption to
the equilibrium between deposition and suspension may lead to increased erosion and the pools to infill
as the riverbanks slump. Already early feasibility studies include plans for a dam at Sambor (OTCA
1969). Any dam on the Mekong mainstream in this part of Cambodia could be disastrous for fisheries,
but this site is the worst possible location from this perspective. Clearing of land adjacent to the river is

also likely to cause the riverbank to slump and reduce the depth of pools.

Invasion of the river by exotic species presents a new threat. The Mekong system is species-rich, so it is
perhaps less vulnerable to invasion than depauperate systems. Nevertheless, invading species have
competitive advantages if the environment is altered to suit them. They, unlike native fish, are isolated
from their natural enemies, parasites and pathogens and fishers do not target them because of their small
size and poor taste. Furthermore, exotic species escaping from aquaculture supply continuous recruits.
Exotic species may continue to establish themselves as has already occurred in the case of at least six

species, two of which (mosquito fish and swordtails) have no utility and compete with native fish.

This paper serves as a starting point as we have clearly identified deep pools and summarised their main
attributes. Concerted efforts are now needed to develop management plans for the pools in co-operation
with fishers, to limit riparian clearing, to ensure that environmental impact assessment of upstream
developments takes into account the effects on this important section of the river, and to restrict the

spread of exotic species river system.
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APPENDIX 1

Basic location data on deep pools in northern Cambodia
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Using local knowledge to inventory deep pools, important fish habitats in Cambodia

APPENDIX 1

Basic location data on deep pools in northern Cambodia
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Using local knowledge to inventory deep pools, important fish habitats in Cambodia

APPENDIX 2

Location of Deep Pools
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Using local knowledge to inventory deep pools, important fish habitats in Cambodia
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Using local knowledge to inventory deep pools, important fish habitats in Cambodia
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Using local knowledge to inventory deep pools, important fish habitats in Cambodia
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