
The Tonle Sap and Mekong Interface
The Tonle Sap basin has an area of
85,000 square kilometers (km2), of which
95% lie in Cambodia (5,000 km2 lie in
Thailand). It extends over 44% of
Cambodia’s total land area, and is home
to 32% of Cambodia’s population, or
about 3.6 million people (1998 figure).
It constitutes a critical part of the lower
Mekong basin: it supplies 6% of the
average annual flow of the Mekong but,
more significantly, makes up 16% of its
dry season flow (thereby helping to
control salinity intrusion and conserve
mangrove in the Mekong delta). Its
greatest contribution to the Mekong
basin, however, is undoubtedly its
central role in the lower Mekong basin’s
overall ecology and, in particular, in
sustaining its fisheries.

The Mekong boasts of 1,000 fish
species (of which a large number is
endemic), and a great variety of
mollusks, crustaceans, amphibians,
reptiles, water birds, and plant species.
The Mekong River Commission
estimates yearly fish production from
the lower Mekong basin at more than
3 million tons, 80% of which come from
capture fisheries and the remainder
from reservoir fisheries and aquacul-
ture. Not surprisingly, fisheries provide
livelihoods for 85% of the people there
and contribute 50–80% of their animal
protein intake, in a region where milk
and dairy products are practically
nonexistent. Fish are also the main

source of dietary calcium. Indeed,
with an average consumption

of about 55 kilograms (kg) per
person per year,
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and considerably more in the case of
people living along riverbanks, commu-
nities living in the lower Mekong basin
enjoy some of the highest rates of fish
consumption in the world.

The richness of fisheries is a direct
result of the seasonal pattern of
flooding that facilitates the transfer of
nutrients, sediments, and energy in the
river system and supports one of the
highest levels of aquatic biodiversity
in the world. Most fish of the Mekong
migrate seasonally, either laterally
between the mainstream and flood-
plains or longitudinally along the
mainstream, and the study of fish
migrations has emerged as a key area
of research. The timing of migrations is
tuned to the annual flood pulse in ways
that vary across species. In general,
however, the rise in water levels causes
many fish to move out of dry season
refuge habitats toward floodplains,
where they feed throughout the rainy
season. Some species spawn on or near
floodplains, while others spawn in
rapids and deep pool systems upstream
at the beginning of the rainy season
and rely on the current to carry eggs
and fry into feeding and rearing
floodplains such as the Tonle Sap.

At the beginning of the rainy
season, the swelling waters of the
Mekong reverse the flow of the Tonle
Sap River and cause the Tonle Sap to
expand 4–6 times, creating vast areas
of flooded forest and floodplains in
which many fish grow before returning
to the Mekong when the waters decline
in the dry season.

Land and Water
In 1998, about 80% of all flooded
forests in Cambodia were located
around the Tonle Sap.1 The area of
flooded forest is however rapidly
declining. In 1997, satellite imagery
revealed less than 20,000 hectares (ha)
of flooded forest, compared with about
370,000 ha in 1992 and about 795,000 ha
in 1985. Although this assessment is
based on different sets of data of
varying accuracy and levels of
segregation between forest, shrubs,
and brushes, the decline of flooded
forest cover sensu stricto is indisput-

The Water Utilization Program-Finland (WUP-FIN) is a flexible consortium centering on the Finnish Environ-
ment Institute, the Environmental Impact Assessment Center of Finland, and the Helsinki University of
Technology. WUP-FIN Phase I (2001–2003) and Phase II (2004–2006) complement the Water Utilization
Program of the Mekong River Commission (MRC). Phase I created means to understand physical, chemical,
and biological processes in the Tonle Sap. Phase II aims to expand the experience to other subbasins in the
Greater Mekong Subregion. It focuses on integrating hydrodynamic and socioeconomic data, tools, and
results into the Commission’s decision support framework, training associated staff members of the
Commission and the national Mekong committees, estimating environmental and socioeconomic impacts of
development projects, and devising ways to mitigate harmful effects.

The changing dimensions of the Tonle Sap

Land use in the Tonle Sap’s floodplains, 1999



ably alarming. It owes mainly to rice
cultivation and fuel wood collection.

A recent study2 of the Tonle Sap’s
water balance established that Mekong
flow, Tonle Sap basin runoff, and
overland flow from the Mekong
through the bridges of the Kompong
Cham road represent 50%, 40%, and
10%, respectively, of the Tonle Sap’s
total annual inflow.

Many believe that the clearance of
the flooded forest for rice cultivation

and for firewood has increased sedi-
mentation. However, a new study has
determined that average sedimentation
is limited to 0.1–0.9 millimeters per year.3
This means a maximum accumulation of
4 centimeters in the past 40 years. This
suggests that the Tonle Sap is not
filling up since net sedimentation in the
lake is almost nil. Settling and
resuspension appear to be  in balance,
as suggested too by an early study.4

However, these findings relate to the
main water body and sedimentation can
be relatively high at the mouth of the
Tonle Sap’s 12 tributaries and at Snoc
Trou.

Population
The population of the Tonle Sap
numbers 1.18 million inhabitants and
can be detailed by altitudinal level,
which determines inundation, land
cover, and dominant occupation.5

The total population is lower than
that identified in 1995 (1.2 million

Area and population by altitudinal level, 2003

Zone 4
Zone 1 Zone 2 Zone 3 10 meters up to Zone 5

Altitude 0–6 meters 6–8 meters 8–10 meters Highways 5 and 6 urban All zones

Area [square kilometer (km2)] 8,531 2,407 2,292 1,574 73 14,876
Villages 88 82 313 554 121 1,158
Households 14,674 10,516 53,267 88,444 52,720 219,621
Population 84,742 56,690 283,104 470,196 291,460 1,186,192
Population density

(persons/km2) 10 24 124 299 4,017 80
Average village size 963 691 904 849 2,409 1,024
Average household size 5.8 5.4 5.3 5.3 5.5 5.4
Source: 2003. Keskinen.

Types of land and water resources that support inland fisheries in
Cambodia (hectares)

Natural resource 1985/87 1992/93

Permanent water 567,100 411,100
Flooded forest 795,400 370,700
Flooded secondary forest 28,200 259,800
Flooded grassland 80,800 84,900
Receding and floating rice fields 17,500 29,300
Seasonally flooded crop fields 366,800 529,900
Swamp 12,200 1,400

Total 1,868,000 1,687,100
Source: 1998. Ahmed et al.

Basic demographic indicators,
2003

Age range Percentage

0–4 years 12.7
0–19 years 55.9
20–39 years 25.8
40–59 years 13.3
60+ years 5.0
Females 52.0
Literacy 52.9
Source: 2003. Keskinen.



Sedimentation
The Mekong River is responsible for
about 75% of the sediments delivered
to the Tonle Sap, based on measure-
ments taken by the Mekong River
Commission at Prek Kdam on the Tonle
Sap River during 1996–2002 and
measurements of suspended sediments
taken by the Water Utilization Program-
Finland (WUP-FIN) from tributaries
during 2001–2003. The average flux of
suspended sediments into the Tonle Sap
from the Mekong River and the Tonle
Sap’s tributaries is 7 million tons and 2
million tons, respectively. The outflow
from the lake is only 1.6 million tons.
Thus, more than 80% of the sediments
the system receives from the Mekong
River and the Tonle Sap’s tributaries is
stored in the Tonle Sap’s floodplains.

It is often claimed, as a result, that
the Tonle Sap is filling up. However,
rapid rates of infilling of the dry season
lake area have not been demonstrated
and recent studies show that net
sedimentation there has been in the
range of 0.1–0.16 millimeters per
annum for the last 5,500 years.
This means an accumulation of only
0.5–0.7 m of sediments in the lake since
the middle of the Holocene period. This
data and WUP-FIN model-based results
indicate that the rate of sediment
accumulation in the dry season lake
area is low and that it is not accelerating
with respect to the long-term sediment
dynamics of the system. (The sediments
that are deposited in the floodplains are
partly used by the ecosystem and partly
stay there.) However, even though the
overall net sedimentation within the
Tonle Sap is not an immediate problem,
there are many instances of local
problems associated with high sedi-
mentation and erosion rates. Most of
the villages around the lake are located
close to the lake’s tributaries and the
situation there calls for investigations. 

Source: 2005. WUP-FIN.
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Average bottom layer dissolved oxygen concentration, 1997

Average bottom layer dissolved oxygen concentration, 1998

Average bottom layer dissolved oxygen concentration, 2000

Oxygenation
The Tonle Sap’s water is well oxygen-
ated during the dry season, thanks to
wind mixing. In the rainy season,
however, its floodplains are character-
ized by large-scale anoxia, except near
the surface. This is caused by the decay
of organic material.6 Thus, during
several weeks each year, the Tonle Sap’s
floodplains are covered with water
whose oxygen content is close to zero,
and are therefore not accessible to most
fish species. The implications of this
large-scale phenomenon, not least of
all vis-à-vis fish production, are not yet
understood. 

The Changing Dimensions
of the Tonle Sap
In the dry season, the Tonle Sap
is 160 kilometers (km) long and
35 km wide, has a depth of 1–2
meters (m), and extends over
2,500–3,000 square kilometers
(km2). In the rainy season, the
Tonle Sap is 250 km long and 100
km wide, has a depth of 8–11 m,
and extends over 15,000–16,000
km2. Its area is more or less equal
to that of Lake Ontario. It is twice
that of Lake Titicaca and 25 times
that of Lake Geneva.

The Character of Floods
on the Tonle Sap
1997 was an average flood year
and the maximum water level of
the Tonle Sap reached 9.4 meters
(m) above mean sea level (amsl).
(The maximum level of water in the
lake averaged 9.0 m amsl between
1996 and 2003.) In contrast, 1998
was a dry year and the water level
in the lake peaked at only 6.8 m
amsl. In further contrast, the water
level in the lake peaked at 10.3 m
amsl in 2000, when record floods
inundated more than 50% of
Cambodia. And so the lake’s
volume varied from 35 km3 in
1998 to 75 km3 in 2000. The
flooded area varied from 8,100 km2

to 12,400 km2 in the same years.



inhabitants in 1995 in fishing
communes around the Tonle Sap);
indeed a negative migration rate of
1–6% has been experienced7 in all the
provinces bordering the lake (except
Kompong Chhnang). The reasons
given are the decreasing fish catch,
drought, irregular rain or flood that
impact rice yields, and increased
sedimentation in rivers that degrades
water quality.

Aquatic Resources
FishBase8 records 847 fish species in
Cambodia, of which 478 are freshwater
species. Of the latter, FishBase classi-
fies 18 species as high-level carnivores,
111 species as mid-level carnivores, and
240 species as omnivores, herbivores,
and detritivores (the trophic level of the
remainder is unknown.) Ten species are
classified as endangered.

The exceptional productivity of the
Tonle Sap can be explained by three
interrelated factors:9 high biodiversity,
large and accessible floodplains, and
high exploitation rates. To begin, the
Tonle Sap’s high biodiversity10 allows
numerous species to make use of all
kinds of natural resources throughout
the year (all trophic niches are occu-
pied.) Even when conditions do not
suit a particular species at times, this

biodiversity allows another species
better fit to take over, which sustains
production. Furthermore, the accessibil-
ity of the Tonle Sap’s floodplains allows
fish to forage and breed in a broad
range of niches. And, it is worth noting,
the high exploitation rates that high
biodiversity and accessibility have
encouraged since the beginning of the
20th century11,12 have probably resulted
in a dominance of fast-growing and
short-life span species (mostly Cyprin-
ids), which corresponds to a juvenile
but very productive fish assemblage.

Fisheries
The Tonle Sap contributes about 60%
of Cambodia’s inland fisheries produc-
tion. Fishing in the Tonle Sap is divided
into large-scale, middle-scale, and small-
scale fisheries. Large-scale fisheries

are highly commercial operations in
designated water areas known as
fishing lots, for which the Government
collects annual lease fees. Middle-scale
fisheries are commercial operations in
open areas, for which fishers must
obtain licenses. Small-scale fisheries are
tax-free operations that families conduct
to subsist. Both large- and middle-scale
fisheries are subject to open and closed
fishing seasons. Small-scale fisheries
are permitted throughout the year. The
open fishing season is from 1 October
to 31 May. Large-scale, middle-scale,
and small-scale fisheries contribute
about 25%, 35%, and 40% of the Tonle
Sap catch, respectively.

About 10 of the 478 or so freshwater
species that have been recorded in
Cambodia make up the bulk of the catch,
irrespective of the type of fishery.

At least 102 types of gear, most of
which were developed to suit local and
seasonal conditions, can be found in
Cambodia. They reflect accumulated
indigenous knowledge. The largest
include bag nets and barrages, which
are used to catch fish that migrate in
large numbers. Smaller gear such as
castnets, dipnets, small gillnets, and
traps are used by small-scale fisheries
to catch target species.

The Tonle Sap’s floodplains are
among the most productive in the world
and high biodiversity qualified the

Thirty tons of fish are
caught each hour...
At the peak of migration, 34 tons of
fish, or about 3 million individual
fish, are caught by the dai fisheries
each hour, on average, 24 hours a
day.13



Tonle Sap ecosystem as a biosphere
reserve in 1997. The fishery resources
of the Tonle Sap rank first in the world
for their productivity and fourth for
their total catch despite the small size
of the country. Their contribution to
income, employment, and food security
is higher than in any other country.
With rising demand for high-value
freshwater fish in Thailand and Viet
Nam, inland fisheries are becoming a
significant source of foreign exchange.

Total catch in the Tonle Sap area
increased by 46% between the 1940s
and 1995.14 However, the size of the
population has tripled in the meanwhile
and thus catch per fisher has declined
from 347 kg to 192 kg per person per
year.

A recurring claim is that fish catch
is now close to a maximum and contains
an increasing share of small fish, fewer
medium-sized fish, and only rarely large
fishes. While this hypothesis is
impossible to test in the absence of
long-term fish length monitoring
programs, it is consistent with the
comments that all fishers make. A
change in the composition of species
is a common trend in heavily exploited
fisheries.

Livelihoods and Nutrition
Fisheries play an important role in rural
livelihoods:15 they diversify livelihood
activities and thereby insure against the
risk of agricultural failures; they provide
easy access to income generating
activities with very little capital invest-
ment and no land; and they play a vital
role in food security, maintaining and
improving nutrition. Because of the
open access nature of fishery re-
sources, and because fishing typically
does not require land ownership, it
often becomes the employer of last

resort, attracting people who have no
other means of subsistence. In terms of
numbers, fishing and fishing-related
activities are the primary source of
employment for 17% of rural house-
holds, a part-time income generating
activity for almost 30% of rural house-
holds, and key to the livelihoods of
over 90% of rural households.

Fish cannot easily be replaced in the
diet of Cambodians. It provides about
75% of the animal protein requirements
of households. In 1995/96, in fishing
households, the average fresh fish
consumption per capita (based on
weekly consumption) amounted to 43.5
kg per year; adding up processed fish
(equivalent to 32.1 kg of fresh fish per
person and per year) resulted in a total
fish consumption of 75.6 kg per person
per year. In comparison, consumption
of other animal proteins from chicken,
pork, beef, and duck reached 8 kg per
person per year. In 2002, the average
consumption of prahoc (fermented fish
paste) amounted to 62 kg per house-
hold, or 10.1 kg per person18. The cost
of prahoc was $0.09 per kg, whereas
low quality pork was worth $1–2 per kg.
Its cost also rose by 60% from 2001 to
2003 due to low fish catch. If similar
rises follow food security for many
Cambodians could be severely threat-
ened as no substitute for prahoc exists.
Small fish, which may be of little
commercial value, provide dietary
calcium, other essential minerals such
as iron and zinc, and vitamins as their
soft bones are chewed and eaten. Other
aquatic organisms such as shrimps,
crabs, mollusks, and frogs also supple-
ment fish. This latter component of the
diet of rural Cambodians has been
estimated at 4.5–5.2 kg per person per
year.19

...but the catch
per fisher is
declining

Fish yields in
the Tonle Sap’s
floodplains are
exceptionally
high

The Productivity of the Tonle Sap
The Amazon and the Congo have very high biodiversity and accessible
floodplains but are characterized by low exploitation rates. The Brahmaputra
has high biodiversity, very high exploitation rates, but often poorly accessible
floodplains. Large European rivers display low biodiversity and no longer have
accessible floodplains. The Tonle Sap combines high biodiversity, large and
accessible floodplains, and high exploitation rates.



Species composition and value of commercial inland
fisheries, 1995/9616

Scientific name Total catch Total value Type
(%) (%) of fish

Henicorhynchus spp. 21 9 Cyprinid
Channa micropeltes 9 19 Snakehead
Cyclocheilichthys enoplos 9 8 Cyprinid
Dangila spp. 6 2 Cyprinid
Osteochilus spp. 4 2 Cyprinid
Cirrhinus microlepis 3 4 Cyprinid
Pangasius spp. 3 3 Catfish
Barbodes goniontus 3 2 Cyprinid
Paralaubuca typus 3 1 Cyprinid
Channa striata 2 6 Snakehead

Weight of 10 species 63 56
Source: 2001. Lieng and van Zalinge.

Comparison of floodplain fish yield estimates
from various countries (kilograms/hectare/year)16

Location Fish yield

Tonle Sap floodplains 139–230
Amazonian floodplains 24
Nam Ngum Reservoir, Lao PDR 40–173
Bangladeshi natural floodplains 104–130
Bangladeshi modified floodplains 51–81
Indonesian floodplains 72–118
Thai floodplains 25–52
Source: 2001. Lieng and van Zalinge.

Catch per fisher over time in the Tonle Sap area13

Population Fishing Catch of Catch of Catch per
Tonle Sap in Cambodia community subsistence rice field Overall fisher

production (million (Tonle Sap fisheries fisheries catch (kilograms/
Period (tons) habitants) area, million) (tons) (tons) (tons) person/year)

1940s 100,000 3.2 0.36 21,500 3,900 125,000 347
1970s 85,000 6.3 0.71 42,300 7,700 135,000 190
1990s 145,600 10.7 1.20 71,500 12,900 230,000 192
Source: 2001. Baran et al.

Estimated annual inland fish catch in the Tonle Sap and in Cambodia, 1994–1997 (tons)16, 17

Annual catch Share of the Tonle Sap
Type of fishery Tonle Sap Cambodia in national production (%)

Large-scale

Fishing lot 25,000–75,000 25,000–75,000 100
Dai (bag net) 9,000–16,000 14,000–16,000 64–100

Middle-scale 65,400 85,000–100,000 65–77
Small-scale 73,600 115,000–140,000 53–64
Rice field 6,500–16,000 50,000–100,000 13–16

Total 179,500–246,000 289,000–431,000 57–62
Source: Tonle Sap: 2001. Lieng and van Zalinge. Cambodia: 2000. van Zalinge et al.



Conclusions
The fisheries of the Tonle Sap are of
vital importance in terms of livelihoods
and food security. They provide the
only insurance against catastrophe and
their sustainable management is
intimately linked to the quality of life of
millions of people.

The fisheries of the Tonle Sap face
unprecedented challenges.
Overexploitation is a serious threat,
given population and development
pressures, and this problem is exacer-
bated by loose management and policy
enforcement, as well as the paucity of
research initiatives. At the same time,
development of built structures such as
dams, roads, weirs, and flood control
works modifies flows. This impacts fish
migrations, fragments habitats, and
ultimately threatens all aquatic re-
sources and those who live from them.

Given the importance of the Tonle
Sap and its fisheries to vast and
growing numbers of poor people, key
actions to secure sustainable liveli-
hoods include, in no order of impor-
tance:
• Shifting the focus from fish produc-

tion to putting people first.
• Assessing better the value of

aquatic resources and reflecting it in
markets.

• Improving trade policies for aquatic
resources, with special attention to
transactions in fresh fish and
prahoc.

• Developing and orienting demand-
driven research that bridges commu-
nities and policy makers.

• Enhancing the role of women in
inland fisheries.

• Controlling the harvesting effort.
• Driving, coordinating, and streamlin-

ing infrastructure development and
natural resource management in the
Tonle Sap basin through integrated
basin planning and management.

• Formulating approaches, methods,
and processes so that the design,
number, and operation of built
structures in the Tonle Sap’s
floodplains maximize economic
returns from investment without
impacting the environment or the
communities that depend on the
Tonle Sap.

• Promoting and developing an
aquaculture sector that is indepen-
dent from capture fish supply.

• Diversifying livelihood opportuni-
ties.

• Improving the regulatory framework
for water, land, and biotic resources.

• Endorsing the Code of Conduct for
Responsible Fisheries.

• Practicing the tenets of biosphere
reserve zonation.
Any of these key actions, effectively

implemented, would go a long way
toward securing the future of the most
intense fishery in the world and the
food security needs of very poor
people both in the Tonle Sap basin and
in its Mekong interface.
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