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Tonle Sap lake 

  2,500 km2 

  0.8 m 

Tonle Sap river 

  150 km 

  700 m 

Junction with 

Mekong river 

(Phnom Penh) 

Tonle Sap floodplain 

  12,500 km2 

  9.5 m 
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Dry season 

November - April 
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Wet season 

May - October 
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The hydrological cycle of the Tonle Sap 
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The Flood Pulse Concept 

 Formulated by Junk, Bayley and 
Sparks in 1989 

 Provides a comprehensive 
framework to describe the 
processes and dynamics of rivers 
and lakes with floodplains 

 Thereby provides guidance for 
management and conservation 

 A flood pulse is a regularly 
occurring flooding event, defined 
by a set of characteristics: 
frequency, duration, height, 
number of peaks etc. 

 ‘Aquatic / Terrestrial Transition 
Zone’ (ATTZ) 
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Key flood pulse processes: 

All occurring in the floodplain 

 Sediments are deposited in 

floodplain during flooding 

 Nutrients associated with 

sediments are mobilised by rooted 

terrestrial plants 

 Terrestrial plant material, nutrients 

and energy, are transferred to the 

aquatic food webs during 

subsequent flooding 
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Flood-pulsed ecosystem productivity 

 Combines aquatic and terrestrial 

production 

 2.5-4 times more productive (fish) 

 Floodplain habitats creation 

 Highly dynamic and stressful 

environment 

 

 Flood pulse structures floodplain 

plant and animal communities 

 Flood pulse requires adaptations 

 Flood pulse provides opportunities 
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Sampling programme 1996-1997 

Two main locations in the Tonle Sap lake 

and floodplain 

Eight representative habitat types 

Seasonal and diurnal changes 
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Seasonal variation in water quality 

Grassland Floodplain pool 
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Diurnal variation in water quality 
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Catch composition in function of oxygen stress 
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Condition and reproduction in function of flood pulse 

Henicorhynchus siamensis 
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Condition and reproduction in function of flood pulse 

Anematichthys apogon 
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Management and conservation of flood-pulsed ecosystems 

There is a solid body of evidence to support the assumption that the Tonle Sap 

ecosystem is a flood-pulsed ecosystem sensu Junk et al. (1989). 

 

The productivity, integrity and diversity of flood-pulsed ecosystems are directly 

dependent on the flood pulse and its characteristics. As such, they are highly 

resilient to natural inter-annual variation but equally vulnerable to persistent 

changes to the hydrological cycle. 

 

Management and conservation therefore have the greatest chance of being 

effective if based on a flood pulse perspective. The same applies to impact 

assessment. 

 

Two examples: 
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Management and conservation of flood-pulsed ecosystems 

Example 1: 

Small permanent rises in the 

dry season water level of the 

Tonle Sap lake would result 

in disproportionately large 

increase of the permanently 

flooded area, which would 

become unsuitable for rooted 

macrophytes.  

 

A 10 cm increase would 

destroy 118 km2 of the most 

productive floodplain 

vegetation. 
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Management and conservation of flood-pulsed ecosystems 

Example 2:  

the Tonle Sap river fishery of H. siamensis in function of migration triggers: 

peak migration 3 days before full moon in December-March. If the flow direction 

in the Tonle Sap river has not yet reversed, this may lead to migration failure. 

Consequences? 
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Tonle Sap is an exceptional ecosystem.  

Biodiversity 

 

 UNESCO Man and the Biosphere Reserve  

 Ramsar site within its boundaries  

 nine Important Bird Areas - BirdLife International 

 world’s largest exploitation of a single snake assemblage 

 18th largest lake on the planet 

 pristine in comparison to the very few similar flood-pulsed lakes in the world:  

• lake Chad (West-Africa) 

• lake Bangweulu (Zambia) 

• lake Mweru (Zambia and Democratic Republic of Congo) 

• lake Dongting (China) 

• lake Poyang (China) 

• lake Peipus (Estonia and Russia).  
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Tonle Sap is an exceptional ecosystem.  

Social and economic 
importance 

 

 6 million – mostly poor – 
people live within 20 km from the 
floodplain 

 food security and livelihood 
importance extends far beyond 
immediate influence zone 

 importance reflected in the 
location of villages in Cambodia 
along the Tonle Sap floodplain 
and the rice-fertile Mekong delta 

 no direct quantitative 
information on economic or 
social value 
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Most prominent direct threat to the 

integrity and productivity of the Tonle 

Sap ecosystem is hydropower 

development in the Mekong river 

basin. They will alter the flood pulse, 

trap sediments and block migration 

routes. 

 

Other threats include land conversion, 

overfishing and the creation of 

obstacles to flooding. 

 

Impact of climate change will be 

insignificant compared to the changes 

caused by hydropower development. 
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A model for impact assessment 

Considering  

  the imminent threats to the system 

  the insurmountable knowledge gaps 

 

Modelling could be a powerful tool provided that 

  it is tailored to Tonle Sap 

  uses solid, relatively simple ecological concepts 

  embraces the flood pulse concept 

  uses data that can be easily collected 

  generates outputs that are meaningful to potential information users 
(policy and decision makers) 

 

An innovative four-dimensional integrated ecological-hydrodynamic model was 
developed in collaboration with Jorma Koponen 
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A model for impact assessment 

Model focus is the production potential of the Tonle Sap ecosystem 

 its fisheries production cannot be modelled (ever) 

 its primary production potential, and thereby the food base for 

secondary production (including fish) can be modelled 

 

Based on hydrodynamic modelling of the euphotic volume, the primary 

production potential is calculated 

  spatially explicit – 1 km2 grid cells 

  quantitative where possible 

  qualitative where the present knowledge and data would not permit 

quantification or would introduce voiding uncertainties 

 

 

There are 4 main primary producer groups in the Tonle Sap ecosystem: 
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Periphyton (PP) 

Floating macrophytes (FMP) 

Rooted macrophytes (RMP) 

Phytoplankton (PP) 
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A model for impact assessment 

For each primary producer group in the Tonle Sap ecosystem, the primary 

production (PP) potential is calculated, for each grid cell, based on 2 kinds of 

factors: 

 

Intrinsic productivity rates (PPY)  

(g C / reference unit . time) 

 

Environmental parameters: 

 euphotic volume 

 flooded area 

 surface area index 

 exposure time 

 

No data on any PPY rates currently exist specific for Tonle Sap, but these can 

readily be established 
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A model for impact assessment 

For the whole ecosystem, the Secondary Production Basis (SPB) is obtained 

as follows: 

 

SPB = PPPF + PPPP + PPRMP.fT + PPFMP.f’T +OMEXO 

 
with fT and f’T transferability factors to the aquatic phase 

and OMEXO exogenous organic matter imported into the ecosystem 
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Some modelling results 

Environmental factors 
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Monthly cumulative 

exposure time in 

the euphotic volume 

(10-2.km3.h) 
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Some modelling results 

Production  
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Some modelling results 

Production potential 
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Model animations - Tonle Sap flow and 
water depth 
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Conclusions 

1. The Tonle Sap ecosystem is a flood-pulsed (sensu Junk et al.) lake-

river based ecosystem. 

2. Management and conservation of Tonle Sap ecosystem should be 

from a flood pulse perspective to be effective.  

3. Flow alterations of the Mekong river have the potential to significantly 

erode the production basis for the Tonle Sap ecosystem. 

4. Even in extremely data deficient systems, tailored modelling can 

generate essential management insights. 

5. The prospects are bleak. 

6. There is an extraordinarily high potential to rapidly fill major 

knowledge gaps. 
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Thank you 


