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1 Introduction 

 

The Mekong River is the world's 12
th
-longest river and the longest in south-eastern Asia, with an 

estimated length of 4 350 km.  The river rises in the high plateau of Eastern Tibet and flows in a 

south-east direction through China, Myanmar, Lao PDR, Thailand, Cambodia and Viet Nam.  It drains 

an area of 795 000 km², and discharges c. 457 km³ of water annually into the sea south-west of Ho 

Chi Minh City.   

 

The Lower Mekong River (Figure 1.1) is about 3000 km long from the border between Lao PDR and 

Myanmar to the Sea, and includes the Tonle Sap System and the rich Mekong Delta in southern Viet 

Nam.  These two systems are unique features of the Lower Mekong River that affect both how the 

system functions and how people depend on it.  The Tonle Sap Great Lake is a shallow lake in 

western Cambodia that links to the Mekong River via the 150-km long Tonle Sap River.  During the 

wet monsoon season of June to November, the high waters of the Mekong River reverse the flow of 

the Tonle Sap River and increase the size of the lake from 2 600 to 10 400 km
2
.  When the high 

waters of the Mekong River recede, the flow in the Tonle Sap River reverses again and drains the 

lake.  This natural mechanism provides a unique and important balance to the Mekong River and 

ensures a flow of fresh water during the dry season into the Delta, which buffers the intrusion of salt 

water into the rich agricultural lands of the delta (MRC 2006). 

 

Kratie is generally regarded as the point in the Mekong system where the hydrology and 

hydrodynamics of the river change significantly.  Upstream of this point, the river generally flows 

within a clearly identifiable mainstream channel.  In all but the most extreme flood years, this channel 

contains the full discharge with only local over-bank natural storage.  Downstream from Kratie, 

seasonal floodplain storage dominates the annual regime and there is significant movement of water 

between channels and floodplains, the seasonal refilling of the Great Lake and the flow reversal in the 

Tonle Sap.  There is extreme hydrodynamic complexity in both time and space and it becomes 

impossible to measure channel discharge.  Water levels, not flow rates and volumes, determine the 

movement of water across the landscape, although water level is driven by discharge and volume. 

 

Since its establishment in 1995, the Mekong River Commission (MRC) has been involved in the 

collection of data and the development of models, both conceptual and mathematical, aimed at 

improving and demonstrating the understanding of the functioning of the Lower Mekong River 

ecosystem, and the links between the people and the river.  The result is an enormous body of data, 

understanding of life-histories and system functioning, and resources such as maps and mathematical 

models. 

 

The MRC has used these data and models to aid decision-making in the region as it pertains to the 

Lower Mekong River through the analysis of possible changes to river resources, and knock-on 

effects on the people that depend on them, in response to actual and proposed water-resource 

developments in the basin at large.  Studies that have addressed this include  

 Integrated Basin Flow Management (IBFM; 2004-2006; MRCS 2006) 

 Basin Development Plan (BDP; 2004-ongoing; MRCS 2011) 

 SEA (ICEM 2010). 
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Apart from IBFM, which was terminated before a planned 4
th
 phase, the abovementioned studies did 

not include a systemic and systematic assessment of the impacts of developments on the river 

ecosystem or ecosystem services.  This lack was identified as a data gap, inter alia, in the recent 

 

 

Figure 1.1 The Lower Mekong River Basin 
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revision of the Basin Development Plan.  Subsequently, at the 18th Council Meeting of the MRC
1
, the 

Member Countries’ Prime Ministers agreed in principle to implement a study on sustainable 

management and development of the Mekong River including impact of mainstream hydropower 

projects, which addressed some of the existing data gaps.   

 

This agreement led to “The Council Study”. 

 

1.1 The Council Study 

1.1.1 Aims 

The Council Study focuses on sustainable management and development of the Lower Mekong 

River.  It aims to address uncertainties in assessing the impact of different development opportunities 

in the Mekong River Basin and to provide recommendations to facilitate informed development 

planning in the mainstream of the Lower Mekong River Basin. 

 

The developments opportunities to be analysed may be located on the mainstream Mekong River or 

in any of the tributaries in the Lower Mekong River.  The analysis of impacts of these on the river 

ecosystem and people will be limited to the mainstem Mekong and Tonle Sap Rivers, Tonle Sap 

Great Lake and the Mekong Delta. 

 

The stated objectives of the Council Study are to: 

1 further develop a reliable scientific evidence of positive and negative environmental, 

social, and economic impacts of water resources developments; 

2 integrate the results into the MRC knowledge base to enhance the BDP process, and; 

3 promote capacity and ensure technology transfer to Member Countries. 

 

1.1.2 Organisation 

The overall unified assessment framework of the Council Study is illustrated in Figure 1.2. The 

framework requires closely coordinating the activities of the various Thematic and Discipline Teams 

and successfully coordinating the technical inputs and integrating their outputs and deliverables. The 

Council Study is composed of six (6) Thematic Teams representing each development thematic area 

or sector, a cumulative assessment team, and five (5) cross-cutting Discipline Teams. 

 

The Council Study major activities will be accomplished in the following general sequence. 

 Each Thematic Team formulates the water-resource development scenarios for each 

Thematic Area (Irrigation, Agriculture/Land Use, Hydropower, Flood Protection and Floodplain 

Management, Domestic and Industrial Water Use, and Navigation). 

 The Cumulative Assessment Team formulates the cumulative development scenarios in 

conjunction with the various Thematic Teams. 

 The Hydrologic Discipline Team through the use primarily of the MRC DSF and WUP-FIN 

models assesses the changes in flow, sediment transport, and water quality as a result of the 

developments under baseline and development scenarios. 

                                                      

1 Held in Bali, Indonesia, November 2011 
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Figure 1.2 Council Study Assessment Framework. 

 

 

 The Biological Resource Discipline Team through the use of DRIFT assesses corresponding 

changes in the habitat, biodiversity, and other selected environmental indicators as a result of 

changes in flow, sediment transport, and water quality. 

 The Socio-Economic Discipline Team assesses corresponding changes in selected socio-

economic indicators (i.e., livelihood, public health, and nutrition among others) as a result of 

changes in flow, sediment transport, water quality, and ecosystem. 

 The Macro-Economic Discipline Team assesses the macro-economic impact (including 

distributional analysis of benefits and costs amongst communities, livelihoods, countries, and 

people of different socio-economic strata) of the changes in flow, sediment transport, water 

quality, and ecosystem. 

 The Climate Change Discipline Team provides technical support to the Discipline Teams to 

account for climate change impacts. 

 The Thematic and Discipline Teams and the Cumulative Assessment Team in collaboration 

prepare reports to document the environmental and socio-economic impacts of developments 

under the six (6) thematic areas or sectors separately and cumulatively, including 

recommendations on how to address the impacts, both in terms of generating new 

opportunities as well as prevention, mitigation or compensation options. 
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1.2 The Biological Resources Assessment 

The objective of the Biological Resources Assessment (BioRA) is to provide clear and comparable 

information on the impacts of proposed thematic developments on the aquatic resources of Lower 

Mekong River downstream of the China border, inclusive of the Tonle Sap Great Lake and the 

Mekong Delta.   

 

Within BioRA, the DRIFT method (Brown et al. 2013) is being used to organise existing MRC data, 

information in the international scientific literature and expert opinion to provide a systemic and 

systematic picture for the Lower Mekong River, Tonle Sap River, Tonle Sap Great Lake and the 

Mekong Delta ecosystems in terms of: 

 their baseline ecological integrity (health); 

 possible future changes in integrity, as described through the evaluation of the water-resource 

development scenarios for each representative zone/site/area; 

 predictions of change in abundance/area/concentration (relative to baseline) for a wide range 

of ecosystem indicators. 

 

The DRIFT process, as it is applied in BioRA, is outlined in Section 2. 

 

1.2.1 The BioRA Team 

1.2.1.1 Management and DRIFT DSS 

The BioRA management team are listed in Table 1-1. 

 

Table 1-1 BioRA management team 

Role Name 

Council Study Coordinator Dr Henry Manguerra 

Council Study Adviser Dr Vitoon Viriyasakultorn 

MRC-FP Programme Coordinator Dr So Nam 

MRC-FP International Technical Adviser Mr. Peter Degen 

BioRA Team Technical Lead Prof. Cate Brown 

DRIFT DSS Manager Dr Alison Joubert 

Council Study Administrative Assistant Ms Manothone Vorabouth 
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1.2.1.2 BioRA international specialists 

The international specialists on the BioRA team are listed in Table 1-2. 

 

Table 1-2 BioRA international/regional specialists 

Discipline Name Country 

Geomorphology and Water Quality Lead Specialist Dr Lois Koehnken Australia 

Tonle Sap Processes Specialist Dr Dirk Lamberts Belgium 

Vegetation Lead Specialist Dr Andrew MacDonald USA 

Delta Macrophyte Specialist Dr Nguyen Thi Ngoc Anh Viet Nam 

Delta Microalgae Specialist Duong Thi Hoang Oanh Viet Nam 

Macroinvertebrate Lead Specialist Dr Ian Campbell Australia 

Fish Lead Specialist Prof. Ian Cowx England 

Fish Delta Specialist Dr Kenzo Utsugi Japan 

MRC Fish Specialist Dr Chavalit Vidthayanon Thailand 

Herpetology Lead Specialist Dr Hoang Minh Duc Viet Nam 

Bird and Mammal Lead Specialist Anthony Stones England 

 

 

1.2.1.3 BioRA national specialists 

The incorporation of the national specialists in the BioRA Team serves four main purposes: 

 to source in-country information, and ensure its consideration in BioRA 

 to bring additional first-hand knowledge of the ecosystems into the assessments 

 to contribute towards development of the relationships developed (indicators and response 

curves – see Section 2) and in so doing provide Member Country review of the thinking 

under-pining the assessment. 

 to address one of the main objectives for the Council Study, viz. promote capacity and ensure 

technology transfer to Member Countries. 

 

The national specialists assigned to the BioRA team are listed in Table 1-2.  The selection of 

candidates was based on short-lists provided by the NMCs.  

 

 

None of the national specialists were nominated and appointed in time to take part in the activities 

described in this progress report.  Instead representatives of the Member Countries attended and 

contributed towards the Preparation Meetings and Field Visits (see Appendix C).  For this reason, 

there will be additional preparation meetings linked to Field Visits Part II.  These will be designed to 

introduce the Council Study, the BioRA process and concepts and to the national specialists and 

ensure that they are in a position to contribute to, and benefit from, the BioRA. 
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Table 1-3 National specialists assigned to the BioRA team 

Country Name Discipline 

Cambodia 

Geomorphology Toch Sophon 

Biodiversity, excl. fish Pich Sereywath 

Fish Dr Chea Tharith 

Laos PDR 

Geomorphology Dr Bounheng Soutichak 

Vegetation Thananh Khotpathoom 

Fauna, excl. fish Dr Phaivanh Phiapalath 

Fish Dr Kaviphone Phouthavong 

Thailand 
Fauna, excl. fish Dr Narumon Sagpradub 

Fish Chaiwut Grudpun 

Viet Nam 

Geomorphology Dr Hoang Thanh Tung 

Biodiversity, excl. fish Dr Luu Hong Truong 

Fish Vu Vi An 

 

 

1.3 Purpose of this document 

This document is Deliverable 2 of BioRA.  It is Progress Report 1: Indicator and Site Selection and 

Field Visit Report. 

 

The full list of BioRA deliverables is provided in Appendix A. 
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2 BioRA process, tasks and activities 

2.1 DRIFT process as applied in BioRA 

The DRIFT-DSS is process and a data-management decision support system (DSS; King et al. 2003; 

Brown et al. 2013) that allows data and knowledge from disparate sources pertaining to the functional 

organisation of aquatic ecosystems to be used to their best advantage in a systemic and systematic 

way.  It is a framework for a simplified ecosystem model, which focusses on those aspects of an 

aquatic ecosystem that are expected to be vulnerable to change in flow (e.g., as a result of climate 

change or water-resource developments), sediment supply (e.g., as a result of land-use changes); 

water quality and/or management (Figure 2.1).  

 

 

Figure 2.1 A simplified cause-and-effect sequence through the major descriptors of an 

aquatic ecosystem, with examples of key linkages and feedback loops. 
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The DRIFT process as applied in BioRA is shown in Figure 2.2. 

 

Please note:  

 Step 1 – Select scenarios, although an integral part of the DRIFT process is not being 

undertaken by the BioRA Team (see Section 2.1.1). 

 Similarly Step 3 – Model hydrology, hydraulics, sediments and water quality, is the 

responsibility of the Hydrologic Assessment Group under the leadership of the Information 

and Knowledge Management Programme (IKMP).  The modelling will be done using the MRC 

DSF, plus allied models such as the WUP-FIN suite of models.   

 

 

Figure 2.2 The DRIFT process as applied in BioRA 

 

 

2.1.1 Step 1: Select scenarios 

In the Council Study, the scenarios will describe a range of potential water-resource developments in 

the Mekong Basin.  Although the scenarios themselves are an integral part of the DRIFT process, 

scenario selection is not being undertaken by the BioRA Team.  Several discussions have taken 

place with respect to the scenarios that will be developed.  Currently, the NMCs have approved the 

concept of constructing scenarios to represent (RTWG4 Minutes):  

 Early Development (up to 2007) 

Step 1: Select scenarios

Baseline

Scenarios

Step 3: Model hydrology, hydraulics, 
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Step 5: Assign status and trends

Step 6: Knowledge capture
Set up DRIFT all sites

Create response curves

Step 7: Calibration

Step 8: Analysis
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Step 4:  Select DRIFT Indicators
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 Definite Future Development (up to 2020) 

 Planned Development (up to 2040) combined with 2-3 climate change scenarios. 

 

Following evaluation of these scenarios, then there may be additional scenarios developed, such as: 

 Exploratory Scenarios 

 Alternative Plan Scenarios. 

 

For these scenarios, change will be described relative to a baseline condition.  However, as yet there 

is no agreement on the definition of that baseline condition, and this is the subject of ongoing 

discussions between the Council Study team and NMCs. 

 

2.1.2 Step 2: Select focus areas 

The selection of focus areas sets the scene for all that follows, defining the boundaries of the work, 

and the nature of the basin, its river system and its people.  It starts with a basin delineation, which 

divides the river on the basis of, inter alia: 

 main rivers and tributaries, wetlands, floodplains, estuaries, swamps etc.; 

 political boundaries; 

 hydrological zones along the river system; 

 geomorphological zones; 

 land use; 

 water-resource infrastructures that affect flow, aquatic and social systems; 

 conservation priority areas; 

 socio-economic zones. 

 

Thereafter the resulting divisions are combined into relatively homogeneous longitudinal river zones, 

and representative focus areas are selected for each. 

 

This process and the suggested focus areas for BioRA are presented in this report (Section 6). 

 

2.1.3 Step 3: Model hydrology, hydraulics, sediments and water quality 

The Council Study Hydrologic Assessment Discipline Team led by IKMP is responsible for carrying 

out the hydrologic, hydraulic, sediment transport, and water quality modeling required to support the 

assessment of environmental and socio-economic impacts associated with water resources 

developments in the six thematic areas or development sectors.  

 

For BioRA hydrology, hydraulics, sediments and water quality data are required for each focus area 

for baseline and each scenario to be assessed.  The basic requirement for DRIFT is to obtain daily 

(or, in the case of hydroelectric power (HEP) schemes that generate power at peak times each day, 

sub-daily) sequences for a consecutive run of as many years as possible.   
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The first time-series required are continuous records of baseline and present day
2
 flows for each 

focus area over the agreed hydrological period.  Thereafter, three sets of simulated time series over 

the same period are needed: 

 the naturalised condition, where that differs from the baseline; 

 a series of ‘calibration’ scenarios that represent extreme period (floods and droughts) for the 

system; 

 all chosen scenarios. 

 

The modelling underpinning the Council Study is described in detail in Draft Working Paper: Council 

Study Impact Modelling (April 2015.) 

 

2.1.4 Step 4: Select DRIFT indicators 

In the DRIFT DSS a network of indicators is used to describe the river ecosystem, and any changes 

that are predicted.  There are two main types of DRIFT indicators in BioRA: 

 Modelled indicators, which are usually the ecologically-relevant elements of the flow regime 

for which change will be described.  Where flow is not a suitable main driving indicator, it will 

be replaced with an hydraulic indicator, such as water level, or a water quality indicator, such 

as salinity.  

 Ecosystem indicators, which represent the aspects of the river ecosystem for which flow-

related change will be predicted.  Ecosystem indicators are comprised of riverine, lake or 

delta items that respond to a change in river flow by changes in their: 

 abundance; 

 concentration; or 

 extent (area). 

 

Important considerations in the selection of ecosystem indicators are summarised in Table 2-1.  

Ideally, each discipline will be represented by a maximum of ten (10) indicators, but fewer if at all 

possible.  It is preferable to have as few indicators as possible while still describing the essential 

features of that part of the ecosystem and how it will change with each scenario. 

 

The preliminary indicators for BioRA are presented in this report (Section 4). 

 

Other kinds of indicators may be added to the DRIFT DSS for the Council Study, such as socio-

economic indicators. 

 

                                                      
2
 Where these differ from the baseline 
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Table 2-1 Important considerations in the selection of ecosystem indicators 

No. Indicator requirement Comment 

1 
The indicator should be linked to flow/water 
levels, albeit indirectly. 

Indicators that are not linked to flow/water level will 
not be able to produce predictions of flow-related 
change. 

2 
The indicator should be an item for which 
change can be described in terms of a change in 
abundance, area or concentration. 

Processes may change as a result of flow change 
BUT these will translate into a change in (e.g.) 
habitat area, concentration or species abundance. 

3 
It should be possible to describe the links 
between the indicator and flow. 

Curves of the expected response to flow-related 
change (see Flow Indicators) will need to be 
constructed for each and every indicator.  

4 
If several items are expected to respond in the 
same way to flow (for all flow categories), then 
they can be combined into a single indicator. 

For instance, fish species with the same or similar 
relationships to flow can be combined in Flow 
Guilds.   

 

Indicators may vary from site to site.  However, if 
the outcome for any indicator is dependent on 
what happens to it at another site, then that 
indicator should be included in the indicator lists 
for all relevant sites. 

This is likely to be especially relevant for sediment, 
water quality and fish. 

5 
Linked indicators for other biophysical 
disciplines should be included, as required 

Disciplines may require information from other 
disciplines earlier in the sequence.  The donating 
discipline should ensure it has provided an indicator 
as required. 

 

 

2.1.4.1 Linking indicators 

For each indicator chosen, the specialists identify other indicators that, if changed, will force change in 

the chosen indicator.  In this way they identify the linked indicators that will drive change in each of 

their indicators (e.g. Figure 2.3).  In effect they are outlining a simplistic ecosystem model, which 

when joined with all other links diagrams, forms a more complex web.   

 

The aim is not to ensure that every conceivable link is captured but rather to restrict the linkages to 

those that are most meaningful and can be used to predict the bulk of the likely responses to a 

change in the flow, sediment or water quality regimes of the river.   

 

The initial links have been defined for the preliminary BioRA indicators.  These, and the resultant 

assessment framework, are summarised in this report (Section 5). 
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Figure 2.3 Schematic giving an example of linked indicators for Indicator A.  Responses 

curves are required for each linked indicator.  These are combined to derive the 

time-series of change in Indicator A in response to changing flows, sediments 

and water quality. 

 

 

2.1.5 Step 5: Assign status and trends 

The objective of the status and trends assessments is to: 

 describe the present ecological status of the Lower Mekong River;  

 describe the past ecological status of the Lower Mekong River  – both as a reference point 

from which to make predictions and to establish trends that can be used later on in the 

analyses; 

 describe the future ecological status of the Lower Mekong River in the absence of the water-

resource developments included in scenarios (these are referred to as exogenous baselines; 

see MRC 2015). 

 

To accomplish this, specialists will be asked, for each of their indicators, to: 

 describe its 2015 ecological status using the descriptions provided in Table 2-2; 

 Identify the five main anthropogenic drivers of indicator status; 

 assuming the 2015 abundance (or concentration or area, as appropriate) is 100%, estimate 

the relative abundance, as a percentage, in 1900; 1950; 1990; 2000; 2007   
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Table 2-2 Ecological status ratings 

A Excellent Unmodified, natural: As close as possible to natural conditions. 

B Good 
Largely natural: Modified from the original natural condition but not 
sufficiently to have produced measurable change in the nature and 
functioning of the ecosystem. 

C Satisfactory 
Moderately modified: Changed from the original condition sufficiently to 
have measurably altered the nature and functioning of the ecosystem, 
although the difference may not be obvious to a casual observer.   

D 
Room for 
improvement 

Largely modified: Sufficiently altered from the original natural condition for 
obvious impacts on the nature and functioning of the ecosystem to have 
occurred.   

E 
Improvement 
necessary 

Seriously to critically modified.  Important aspects of the original nature 
and functioning of the ecosystem are no longer present.  The area is 
heavily negatively impacted by human interventions. 

 

 

To do this they will use, inter alia: 

 atlases and other spatial information (such as satellite images, orthophotos and aerial 

photography) covering.  MRC has a large portfolio of these covering c. 1960-2010.  There are 

also web-sources providing maps of key areas, such as the Delta from as early as 1900 

(Pouyanne 1910, e.g., Figure 2.4); 

 published census data for Cambodia, Laos PDR, Thailand and Viet Nam from c. 1900 to 

2010, with forecasts for 2025 and 2050. 

 

2.1.6 Step 6: Knowledge capture 

In Knowledge Capture, the specialist teams will construct a response curve for each of the links 

delineated for each indicator using the DRIFT software.  To do this, the data collected and the 

understanding developed by MRC and other organisations over the last two decades will be 

augmented with life-history information for key species, expert opinion and will be underpinned by the 

hydrological, hydraulic, sediment and water quality modelling by IKMP.  The bulk of the response 

curve construction will be done at the Knowledge Capture Workshop (KCW).   

 

2.1.7 Step 7: Calibration 

Calibration is iterative and time-consuming.  The aim is to match DRIFT outputs with measured data 

and/or local knowledge.  To facilitate this process, as series of calibration scenarios are prepare for 

use.  Typically these include representatives of period of extreme floods or drought.  The bulk of the 

calibration will be done in a workshop attended by the full team of BioRA specialists.   
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Figure 2.4 Map of part of the Mekong Delta and the area around Ho Chi Minh City dated 

1858 (Pouyanne 1910) 

 

 

2.1.8 Step 8: Analysis 

Using the modelled times series of changes in flow, sediment and water quality for each of the 

development scenarios, DRIFT describes the present situation in terms of the flow regime and the 

river ecosystem and predicts how these could change with the presence of the proposed 

developments and the expected changes in flow, sediment and water quality.  

 

The present and future situations are described using flow and ecosystem indicators developed in 

Step 4, each of which has some relationship to the flow and sediment regime of the river (although 

this might be indirectly through another indicator). 

 

For each scenario, the predicted changes in the river represented are provided as: 

1. estimated mean percentage change from baseline in the abundance or area key indicators; 

2. time-series of abundance, area or concentration of key indicators under the flow regime 

resulting from each scenario; 

3. Overall Ecosystem Integrity (condition). 

 

The outputs for individual indicators will be combined to create the composite indicators in the MRC 

Indicator Framework. 
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2.2 BioRA tasks and activities 

The BioRA tasks and activities linked to the above process are listed in Table 2-3. 

 

Table 2-3 BioRA tasks and activities 

No BioRA Tasks Step Activities 

1 Source and appoint specialists 
Source key experts.  Develop individual Terms of Reference and compile 
draft contracts 

2 
Preparation meeting, and 
indicator and site selection 2 & 4 Detailed in this progress report 

3 Field survey 

4 
Collation and preparation of 
relevant data and information 

Collect/collate relevant data for the study river 

5 Status and trends assessment 5 

Augment with expert knowledge for similar river systems and a 
global understanding of river functioning 

Status and trends assessment – see Section 7 

6 Knowledge Capture 6 

Obtain simulated baseline daily (or sub-daily where appropriate) 
hydrological data for each representative zone. 

Obtain modelled baseline hydraulic, sediments and water quality 
data for each representative zone 

Calculate annual indicator time-series for flow, hydraulics, 
sediment and water quality for each representative zone. 

Construct relationships for the expected response of ecosystem 
indicators to changes in aspects of the flow, sediment or water 
quality regimes (these are called Response Curves) 

Use Response Curves to predict time series of abundance 
changes for baseline condition 

7 Calibration 7 

Obtain modelled future changes in catchment hydrology for 
hypothetical calibration scenarios 

Obtain modelled hydraulic, sediment and water quality effects 

Calibrate the DRIFT Data Management Tool 

8 Analysis 8 

Obtain information on location, design and operation of 
developments included in the scenarios 

Obtain modelled future changes in catchment hydrology for water 
resources development scenarios 

Obtain modelled hydraulic, sediment and water quality effects 

Calculate annual indicator time-series for flow, hydraulics, 
sediment and water quality 

Use Response curves to calculate severity scores and develop 
time-series of change in abundance for ecosystem indicators for 
development scenario 

Calculate average severity score for each scenario for each 
indicator for entire hydrological time series 

Convert scores to provide a prediction of overall ecological 
condition 

Combine indicator scores to provide MRC Framework indicators 

9 
Specialist reports and internal 

review 
8 Write up and review specialist reports 

10 
Input to Thematic and 
Cumulative Reports 

8 Provide input to Thematic and Cumulative Reports 
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3 Preparation Meetings and Field Visit Part I: The Mekong 

Delta and Tonle Sap Great Lake 

 

The Preparation Meetings and Field Visit form part of Step 2 and 4 of the BioRA process.  This report 

is the main deliverable arising from these two activities, viz.: Progress Report: Focus area and 

indicator selection.  Other deliverables include: 

 Summary field notes from individual specialists for the Tonle Sap Great Lake and the Mekong 

Delta (Appendix D) 

 Schedule of follow-up activities (Section 7.1.) 

 Copies of presentations made at Preparation Meetings Part 1 and 2 (available on the Council 

Study Team Site at http://www.mrcmekong.org/highlights/the-study-on-sustainable-

management-and-development-of-the-mekong-river-including-impacts-of-mainstream-

hydropower-projects/) 

 A demonstration version of the DRIFT DSS (available on the Council Study Team Site at 

http://www.mrcmekong.org/highlights/the-study-on-sustainable-management-and-

development-of-the-mekong-river-including-impacts-of-mainstream-hydropower-projects/). 

 

3.1 Preparation Meeting 

The Preparation Meetings include the following: 

Part I: A two-day meeting at OSV (19-20
th
 March 2015) 

Part II: A one-and-a-half-day meeting at Siem Reap (27-28
th
 March 2015). 

 

3.1.1 Preparation Meeting Part I - Vientiane 

The agenda for Part I of the preparation Meeting is given in Table 3-1.  

 

Table 3-1 Agenda for Part I of the preparation Meeting 

Time Items Presenter/Facilitator 

DAY 1 SETTING THE SCENE - 19
th
 March 2015 

8:00 AM Welcome and Introductions Dr So Nam 

8:10 AM Presentation of the Agenda Cate Brown 

8:20 AM Overview of the Council Study Henry Manguerra 

8:30 AM Overview of the BioRA Cate Brown 

9:00 AM Geomorphological and water quality considerations for BioRA Lois Koehnken 

9:40 AM Vegetation considerations for BioRA Andrew MacDonald 

10:00 AM COFFEE BREAK   

10:30 AM Macroinvertebrate considerations for BioRA Ian Campbell 

11:00 AM Fish and fisheries considerations for BioRA Ian Cowx 

11:30 AM Frog and reptile considerations for BioRA Hoang Minh Duc 

12:00 PM Mammals and birds considerations for BioRA Tony Stones 



  
Page 21 

 

  

Time Items Presenter/Facilitator 

12:30 PM LUNCH   

1:30 PM Delta macrophytes considerations for BioRA Nguyen Thi Ngoc Anh 

2:00 PM Delta microalgal  considerations for BioRA 
Duong Thi Hoang 

Oanh 

2:20 PM Hand out and loading of DRIFT Demonstration DSS Alison Joubert 

2:40 PM Demonstration of DSS Alison Joubert 

3:00 PM COFFEE BREAK   

3:30 PM Demonstration of DSS - cont.   

5:00 PM Close for the day Cate Brown 

DAY 2 ZONE AND INDICATOR SELECTION - 20
th
 March 2015 

8:00 AM Agenda for Day 2 Cate Brown 

8:15 AM Selection of main driver indicators for the Delta and TLS Cate Brown 

8:40 AM Workshop session on indicators and linked indicators Alison Joubert 

10:00 AM COFFEE BREAK   

10:30 AM Workshop session on indicators and linked indicators All 

12:30 PM LUNCH   

1:30 PM Mekong River between Laos border and Stung Treng 
Ian Campbell/Andrew 

MacDonald 

1:50 PM Mekong River between Kratie and Delta 

Lois 

Koehnken/Anthony 

Stones 

2:15 PM Process for selection focus sites/reaches Cate Brown 

3:00 PM COFFEE BREAK   

3:30 PM Workshop session on Mekong River focus zones for BioRA All 

5:00 PM House-keeping for field surveys Vitoon Viriyasakultorn 

5:30 PM Mekong Delta 

Nguyen Thi Ngoc Anh/ 

Duong Thi Hoang 

Oanh 

6:00 PM Close for the day Cate Brown 

 

 

3.1.2 Preparation Meeting Part II – Siem Reap 

The agenda for Part II of the preparation Meeting is given in Table 3-2.  

 

Table 3-2 Agenda for Part II of the preparation Meeting 

Time Items Presenter/Facilitator 

DAY 1 WRAP UP - 27
th
 March 2015 

8:00 AM Welcome and Introductions H.E. Mr. Watt Botkosal 

8:15 AM Presentation of AGENDA Cate Brown 
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Time Items Presenter/Facilitator 

8:30 AM Field trip wrap-up  and way forward Cate Brown 

9:00 AM BioRA focus areas for Mainstem Mekong River Cate Brown 

9:30 AM Indicators and linked indicators Alison Joubert 

10:00 AM COFFEE BREAK   

10:30 AM 
The role of the flood pulse in the functioning and management 

of the Tonle Sap ecosystem 
Dirk Lamberts 

11:00 AM BioRA divisions for Tonle Sap and the Delta Alison Joubert 

12:30 PM LUNCH   

2:00 PM Scheduling of BioRA Next Steps Cate Brown 

2:30 PM Baseline status and trends Cate Brown 

3:00 PM COFFEE BREAK 

3:30 PM Site descriptions and motivations for Indicators Alison Joubert/All 

5:00 PM Close for the day   

DAY 2 DRIFT AND HOUSEKEEPING FOR BIORA - 28
th
 March 2015 

8:30 AM Scheduling of BioRA Next Steps Cate Brown 

8:45 AM Baseline status and trends Cate Brown 

9:15 AM DRIFT – Next Steps Cate Brown 

9:50 AM Group photograh  

10:00 AM COFFEE BREAK   

10:30 AM Focus area selection: Tonle Sap and Delta Alison Joubert 

11:45 AM Housekeeping 

Henry 

Manguerra/Vitoon 

Viriyasakultorn  

12:00 PM Close for the day Cate Brown 

12:30 PM LUNCH 
 

 

 

3.2 Field visits Part I: The Mekong Delta and Tonle Sap Great Lake 

A number of specialists of the BioRA team had not recently visited the Mekong Delta and/or the Tonle 

Sap Great Lake.  The field visits provide a direct and current impression, albeit a snapshot in space 

and time, of the Mekong Delta, Tonle Sap Great Lake and the people on them.  The specialists will 

use this to interpret and better understand their main sources of information – the available literature, 

and their own knowledge and understanding of the region.  From the literature a much broader 

perspective can be gained of the focus areas chosen to represent the Lower Mekong.  Importantly 

too, the field visits provided an opportunity for in-depth discussion among and between different 

specialists on a range of topics, some of which assisted in contextualising the task at hand and others 

assisted in refining discipline indicator lists and links.   

 

In each country NMCs took charge of the logistical arrangements, led by: 

In Viet Nam (VNMC): Mr Vu Minh Thien 
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In Cambodia (CNMC): - Mr Sok Khom. 

 

 

Figure 3.1 BioRA Team and NMC representatives in the Mekong Delta 

 

 

 

Figure 3.2 BioRA Team and NMC representatives in the Siem Reap 
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Table 3-3 Preparation Meetings and Field Visit Part 1: Itinerary 

Day Activity 
Overnight 
location 

Wednesday 18-Mar-15 Arrival at OSV Vientiane 

Thursday 19-Mar-15 Preparation meeting (Part I) at OSV Vientiane 

Friday 20-Mar-15 Preparation meeting (Part I) at OSV Vientiane 

Saturday 21-Mar-15 Fly to Ho Chi Min via Phnom Penh Ho Chi Min 

Sunday 22-Mar-15 

Travel from HCMC to Tram Chim National Park 
Boat trip through Tram Chim 
Lunch in Tram Chim 
Travel to Long Xuyen 

Long Xuyen 

Monday 23-Mar-15 

Leave the hotel at 6.00 a.m. 
Travel to Chau Thanh District 
Visit fish farm in Chau Thanh 
Lunch in Long Xuyen City 
Visit fish farm in Long Xuyen 
Travel to Chau Doc 
Team catch-up meeting in the evening 

Chau Doc 

Tuesday 24-Mar-15 
Take boat from Chau Doc to Phnom Penh. 
Lunch in Phnom Penh 
Fly to Siem Reap in the evening  

Siem Reap 

Wednesday 25-Mar-15 

Travel Prek Chrey (Pouk) by van 
Prek Chrey to Prek Toal Biosphere Reserve by boat 
(packed lunch) 
Back to Prek Chrey by boat 
Back to hotel 

Siem Reap 

Thursday 26-Mar-15 

Team catch-up meeting in the morning 
Travel Kampong Klang by van 
Visit Kampong Klang by boat 
Lunch in Kampong Klang 
Back to hotel 

Siem Reap 

Friday 27-Mar-15 Preparation meeting (Part II) at Angkor Paradise Hotel Siem Reap 

Saturday 28-Mar-15 Preparation meeting (Part II) at Angkor Paradise Hotel Home 

 

 

3.2.1 Field notes 

To aid their own understanding of the study area, and to place into context the literature and data they 

will be reviewing, the BioRA specialists took notes during the field visits.  A summary of these field 

notes from each of the specialists is provided in Appendix D.   
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4 Preliminary BioRA Indicators 

 

Indicators are part of a hierarchy of terms used mainly in monitoring to assess progress toward some 

goal (GWP 2010).  From the highest to lowest level: 

Goals are broad qualitative statements about what is to be achieved or what problem is to 

be solved. 

Objectives are the means identified to achieve the goals. 

Actions are the specific activities identified to accomplish the objectives. 

Targets are defined and measurable criteria for achieving the goals, objectives and actions. 

Indicators are measures selected to assess progress. 

 

Most of the terms above essentially refer to monitoring progress and not to evaluation for other 

purposes.  In the BioRA, the aim is to describe the baseline situation(s) and then to predict how this 

could change with water-resource development.  Thus, the emphasis is on informing planning and not 

on monitoring or measuring progress or compliance.  The indicators are chosen for this purpose and 

could be seen as ‘outcome indicators’ whilst recognising that they predict results rather than 

monitoring them.  Nevertheless, the same indicators can be used later for monitoring compliance 

once a planning pathway has been agreed on. 

 

There are no general guidelines as to what makes an ideal indicator, except the obvious: that they 

have to relate to the issue being addressed, be amenable to quantification in some form, and broadly 

reflect stakeholder concerns
3
.   

 

This section presents the preliminary indicators for each BioRA discipline, and the motivations for 

their selection.  The full preliminary list of 119 BioRA indicators is provided in Appendix E with space 

for comments and for suggested changes. 

 

For BioRA the indicators are divided into two types: 

 modelled indicators calculated from the time-series of modelled data provided from the 

DSF/WUP-FIN for hydrology, hydraulics, sediments and water quality. 

 ecosystem indicators. 

 

Ecosystem indicators are expected to respond to a change in the flow, sediment or water quality 

regime by changing in one of the following ways: 

 abundance/size: e.g. number of large mammals on upper floodplain; size of household 

income from river resources. 

 extent (area): e.g. cover of riparian tree community on upper dry bank. 

 concentration: e.g. conductivity. 

 volume: e.g., attenuation capacity. 

 

                                                      

3 From a theoretical perspective, the indicators used in DRIFT should also, at least, be “judgmentally 
independent”, i.e. a response curve for the relationship between two indicators can be described without 
reference to the levels of other indicators. 
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4.1 Indicators calculated using time-series from DSF/WUP-FIN 

models 

4.1.1 Hydrology 

The hydrological time-series generated by the DSF/WUP-FIN will be used to derive indicators that 

make it easier to predict how changes in the hydrology could affect the ecosystem.  The preliminary 

list of hydrological indicators that will be calculated from the DSF/WUP-FIN hydraulic modelling is 

provided in Table 4-1.  These include some sub-daily indicators that may be triggered by operation of 

the water resource developments included in the scenarios, such as peaking-power generation from 

the hydropower plants. 

 

Table 4-1 Preliminary list of hydrological indicators 

Code Indicator 

MAR All Mean annual runoff 

Do 

Dry season 

Onset 

Dd Duration 

Dq Minimum 5-day discharge 

Ddv Average daily volume 

mxiDry Maximum instantaneous discharge 

raiDry Maximum rate of change in discharge 

diDry Within-day range in discharge 

T1v 

Transition season 1 

Average daily volume 

mxiT1 Maximum instantaneous discharge 

raiT1 Maximum rate of change in discharge 

diT1 Within-day range in discharge 

Fo 

Wet/flood season 

Onset 

Fd Duration 

Fq Maximum 5-day discharge 

Fdv Average daily volume 

Fv Flood volume 

mxiWet Maximum instantaneous discharge 

raiWet Maximum rate of change in discharge 

diWet Within-day range in discharge 

T2v 

Transition season 2 

Average daily volume 

T2s Slope of transition 

MxiT2 Maximum instantaneous discharge 

raiT2 Maximum rate of change in discharge 

diT2 Within-day range in discharge 

 

 

4.1.2 Hydraulics 

It is often not the flow regime as such that affects the ecosystem, but rather changes in the hydraulic 

conditions.  Different magnitude discharges create deeper or shallow water, faster or slower flow, 
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inundate more or less of the banks and floodplains, and provide more or less freshwater to the 

estuary.  Thus hydraulic indicators speak directly to the information required by the ecologists in order 

to predict ecosystem change.  The preliminary list of hydraulic indicators that will be calculated from 

the DSF/WUP-FIN hydraulic modelling is provided in Table 4-2. 

 

Table 4-2 Preliminary list of hydraulic indicators 

Code 
Indicator 

Location Season Dry T1 Wet T2 

avCV 

Channel 

Average velocity X X X X 

maxCD Maximum depth X X X X 

minCD Minimum depth X X X X 

avCD Average depth X X X X 

CSS Shear stress X X X X 

Slope Bed slope X    

Elevation Bed elevation X    

Inun2C 
Inundation of secondary 

channels 
X X X X 

FpO 

Floodplain
4
 

Onset of inundation 

FpDd Duration of inundation 

InunArea Inundated area 

avFpV Average velocity 

maxFpV Maximum velocity 

avgFpD Average depth 

maxFpD Maximum depth 

minFpD Minimum depth 

 

 

4.1.3 Sediments and geomorphology 

Sediment transport and geomorphic indicators for the Council Study BioRA assessment will be 

derived from two sources.  The first source will be direct output from the hydrologic, hydraulic and 

geomorphic models in the DSF/WUP-FIN.  These parameters will provide information about the 

magnitude, frequency, duration, seasonality and extent of sediment transport and deposition in the 

Lower Mekong Basin, such that each scenario can be compared to a baseline or other scenario.  

These parameters include (plus some hydrological and hydraulics inputs):   

 Sediment loads 

 Sediment concentrations 

 Sediment grain-size distribution 

 Floodplain deposition. 

 

                                                      
4
 Including Tonle Sap Great Lake 
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The indicators that will be derived directly from these include:  

 Onset of high sediment delivery at the beginning of the wet season 

 Duration of high sediment delivery. 

 

Additional geomorphic indicators will be used in DRIFT, based on a combination of these input 

parameters (see Section 4.2.1).   

 

4.1.4 Water quality 

Water quality indicators will be directly derived from the DSF/WUP-FIN model output, with the 

exception of water clarity.  The final list of water quality indicators will be determined based on the 

water quality parameters included in the models, and the requirements of the other disciplines.  The 

following parameters are included in the Water Quality Monitoring Network data base and have been 

linked to other indicators during preliminary DRIFT work: 

 Salinity/conductivity (extent of salinity intrusion to be derived from the delta modelling) 

 Temperature 

 pH 

 TSS (suspended sediment concentration to be derived from the sediment model) 

 Dissolved oxygen (to be derived for the Tonle Sap floodplain in the model) 

 Alkalinity 

 Sulphate 

 Nitrogen species (Total Nitrogen, Nitrate + Nitrite, Ammonia) 

 Phosphorus species (Total Phosphorus, Dissolved reactive phosphorus) 

 Silica 

 Chemical oxygen demand. 

 

4.2 Ecosystem indicators 

This section presents the indicators for each of the ecosystem indicators, and motivations for their 

selection.  For ease of reference, the full suite of preliminary BioRA indicators is also given in 

Appendix E.  The final list is likely to change on the basis of comment received and as discipline 

specialists refine indicators and links dependent on these. 

 

4.2.1 Geomorphology indicators 

The preliminary list of geomorphology indicators is provided in Table 4-3, and motivations for their 

selection are provided in Sections 4.2.1.1 to 4.2.1.6.   

 



  
Page 29 

 

  

Table 4-3 Preliminary list of geomorphology indicators 

Code Indicator 

Erosion Erosion (bank / bed incision) 

FineCoarse Sediment fining / coarsening 

Sandbars Exposure of sandy bars, islands and insets 

Rockreefs Exposure of rocky reefs  

PDepth Pool depth 

Clarity Water clarity 

 

 

4.2.1.1 Erosion (bank / bed incision) 

This indicator will be linked to channel shear stress, sediment loads and timing of delivery and 

geomorphic model outputs.  The aim is to assess how flow and sediment changes will translate into 

changes in the physical attributes of the river channel (bed and banks). 

 

4.2.1.2 Sediment fining / coarsening 

Sediment fining / coarsening will be linked to the sediment load and sediment grain-size analysis 

output from the models and will be used to assess how flow and sediment changes will change the 

characteristics of the channel.  It is aimed at understanding physical changes to the river which could 

also affect the ecology through changes in habitat quality and distribution. 

 

4.2.1.3 Exposure of sandy bars, islands and insets 

This indicator has two aims – the first is to inform whether bank erosion or aggradation is altering the 

size/explosure of sandy bars, islands and insets.  Geomorphically this is important as these sandy 

features exert important controls on channel stability.  Sandy substrates are also important from a 

habitat perspective, so the second aim of this indicator is to inform how/if habitat distributions are 

changing. 

 

4.2.1.4 Exposure of rocky reefs 

Exposure of rocky reefs is linked to erosion / deposition and water level.  Geomorphically, changes to 

the exposures of rocky reefs result from increased or decreased erosion / deposition of sands in river 

channel areas underpinned by bedrock.  Ecologically, rocky reefs are important aquatic and terrestrial 

habitats. 

 

4.2.1.5 Pool depth 

The deep pools in the LMB are important hydraulic characteristics of the river and are directly related 

to sediment transport patterns.  Pool depth will be sensitive to energy and sediment alterations in the 

river.  Ecologically, pools provide important aquatic habitat and refuge. 
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4.2.1.6 Water clarity 

Water clarity is directly linked to sediment transport and grain-size distribution of suspended material.  

It is an important ecological indicator for primary production. 

 

4.2.2 Vegetation indicators 

The preliminary list of vegetation indicators is provided in Table 4-4, and motivations for their selection 

are provided in Sections 4.2.2.1 and 4.2.2.14. 

 

Table 4-4 Preliminary list of vegetation indicators 

Code Indicator 

CUCover 

Channel 

Extent of upper bank vegetation cover 

CLCover Extent of lower bank vegetation cover 

CHerb 
Extent of herbaceous marsh vegetation (submerged, 

floating and emergent) 

CBioRip Biomass of riparian vegetation 

CBioAlg Biomass of algae (planktonic and benthic) 

CComm Community structure and species composition 

FForest 

Floodplain 

Extent of flooded forest cover 

FHerb Extent of herbaceous marsh vegetation 

FBio Biomass of riparian/aquatic cover 

FBioBG Biomass of cyanobacteria 

FBioAlg Biomass of algae (planktonic and benthic) 

FComm Community structure and species diversity 

RipInv Extent of Invasive riparian plant cover 

FloatInv Extent of floating and submerged invasive plant cover 

 

 

4.2.2.1 Channel: Extent of upper bank vegetation cover 

Changes in flow can alter, to varying extents, the cover (i.e., area as computed by height of 

vegetation stratum on bank) of distinctive upper bank vegetation on rocky, inclined slopes of bedrock 

channels.  The extent of riparian vegetation on bedrock channel slopes has an influence on biological 

productivity and, potentially, reproductive habits of organisms.   

 

4.2.2.2 Channel: Extent of lower bank vegetation cover  

Changes in flow can alter to varying extents the cover (i.e., area as computed by height of vegetation 

stratum on bank) of distinctive lower bank vegetation on rocky, inclined slopes of bedrock channels.   
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The extent of riparian vegetation on bedrock channel slopes has an influence on biological 

productivity and, potentially, reproductive habits of organisms.  

 

4.2.2.3 Channel: Extent of herbaceous marsh vegetation (submerged floating and 

emergent) 

Changes in flow can alter the cover area and productivity of herbaceous wetlands that occur 

sporadically in local floodplains that occur in occasional terrestrial breaks in the bedrock channels.   

The extent of herbaceous marsh vegetation has an influence on biological productivity and 

reproductive capacities of aquatic organisms.   

  

4.2.2.4 Channel: Biomass of riparian vegetation 

Changes in flow can alter not only extent (area), but also the biomass (net primary productivity) of 

riparian vegetation in relation to the timing and duration of high and low water regimes.   Vegetative 

biomass plays a critical role in biological productivity.  

 

4.2.2.5 Channel: Biomass of algae (planktonic and benthic)  

Changes in flow can affect the biomass (net primary productivity) of planktonic and benthic algal 

communities due to alterations in the timing, level and duration of water regimes that are optimal for 

algal blooms.  The presence of rock in a stream channel can influence algal assemblages in a 

number of ways.  Bedrock with a little sediment may bring groundwater to the surface within the 

channel or through contact springs along the banks, which can affect water chemistry by enhancing 

nutrient and major ion concentrations.  Rock also aerates surface water to enhance dissolved oxygen 

levels. Interaction between flows and physical habitat (sunlight, DO, nutrient, structure of the 

substrate, etc.) are major determinants of the distribution, abundance and diversity of planktonic and 

benthic algae.   

 

4.2.2.6 Channel: Community structure and diversity 

Changes in flow, in terms of timing and duration of high and low flow regimes, can affect the plant 

community structure and species composition of aquatic and riparian vegetation, keynote species to 

which can affect biological productivity.  

  

4.2.2.7 Floodplain: Extent of flooded forest cover   

Flooded forests afford a substantial (if not primary) source of biomass (net primary productivity) in 

Mekong floodplains and therefore play a critical role in the productivity of Mekong ecosystems.   

Historical high and low water levels during the monsoon cycles determine the extent of this vegetation 

type.  Changes in flow during the monsoonal and inter-monsoonal cycles can alter to varying degrees 

the area cover of flooded forest.   
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4.2.2.8 Floodplain:  Extent of herbaceous marsh vegetation  

Marshlands occur where water is deep enough to preclude the survival of trees but shallow enough to 

allow for the growth of floating, submerged or emergent, herbaceous macrophytes.   Changes in flow 

can reduce or expand the areas of marshlands by creating deeper or shallower pools.  This, in turn, 

can affect the net primary productivity of the floodplain and quality of reproductive activities of aquatic 

organisms.   

 

4.2.2.9 Floodplain: Biomass of riparian/aquatic cover  

Extent (area) of riparian vegetation is one parameter that affects biological productivity (net primary 

productivity); but so does the amount (quantitative productivity) of plant growth per unit area.   Flow 

regimes can alter timing and duration of plant growth (productivity).  

 

4.2.2.10 Floodplain: Biomass of cyanobacteria  

Cyanobacteria compete with algae in both planktonic and benthic forms.  Since cyanobacteria are 

generally less desirable than eukaryotic algae to many fungi and animals as a food source, they can 

diminish biological productivity.  Flow regimes and their annual timing can favor cyanobacteria or 

algae.  Factors that encourage cyanobacterial growth over algae include high turbidity, shallow depth 

of stream, low DO, flow reduction and water stability. 

 

4.2.2.11 Floodplain: Biomass of algae (planktonic and benthic)  

Algae are the primary source of food and energy for other organisms in aquatic ecosystems. As 

primary producers, algae form the basis of the aquatic food web.  Planktonic and benthic algal growth 

is determined by a number of environmental factors, including geomorphic characteristics, eco-

climate, hydrological regime, flow regulation, sediment supply, in stream nutrients such as N and P.  

All of these factors and their different combinations affect the algal community structure and species 

composition.  For instance, cyanobacteria compete with algae in both planktonic and benthic forms.  

Since cyanobacteria are generally less desirable to many fungi and animals as a food source than 

eukaryotic algae, they can diminish biological productivity.   Flow regimes and their annual timing can 

favour cyanobacteria or algae.   

 

4.2.2.12 Floodplain: Community structure and species diversity  

Changes in flow, in terms of timing and duration of high and low flow regimes can affect the plant 

community structure and species composition of aquatic and riparian vegetation.  These can, in turn, 

affect other species that use the vegetation. 

 

4.2.2.13 Floodplain: Extent of invasive riparian plant cover  

Mimosa pigra, the primary exotic shrub that out-competes many native flooded forest species, 

prospers optimally on banks that experience less time underwater during annual floods.  Reduction in 

flood regimes will favour this invasive plant and alter biological productivity. 
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4.2.2.14 Floodplain: Extent of floating and submerged invasive plant cover 

Eichhornia crassipes (water hyacinth), the most widespread and competitive floating plant in the 

Mekong River Basin, is flushed on an annual basis by floodwaters.  Reduction in water flow during 

flood peaks will diminish the purgation process, thereby favouring this hypercompetitive water weed.   

This could result in a decrease in native aquatic plants, the alteration of plant community structure, 

and the diminution in biological productivity.   

 

Dense growth of water hyacinth can also be problematic for river transport and other activities. 

 

4.2.3 Macroinvertebrate indicators 

The preliminary list of macroinvertebrate indicators is provided in Table 4-5, and motivations for their 

selection are provided in Sections 4.2.3.1 to 4.2.3.15.  

 

Table 4-5 Preliminary list of macroinvertebrate indicators 

Code Indicator 

Hept Heptageniid mayflies 

Beat Baetid mayflies 

Emerge Dry season emergence  

Palin Palingeniid mayflies 

SnailA Snail abundance 

SnailD Diversity of snails 

N. aperta Neotricula aperta 

Bivalve Bivalves abundance 

Poly Polychaet worms 

Crust Shrimps and crabs  

LitDiv Littoral diversity 

LitASPT Littoral ATSP 

BenDiv Benthic diversity 

BenASPT Benthic ATSP 

Zoo Zooplankton abundance 

 

 

4.2.3.1 Heptageniid mayflies 

Heptageniid mayflies are restricted to stony habitats with fast current.  A chance in abundance will 

indicate a change in the extent of this habitat, and may be influenced by a change in the flow regime. 
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4.2.3.2 Baetid mayflies 

Baetid mayflies are an indicator of sandy habitats. 

 

4.2.3.3 Dry season emergence  

Emerging insects are likely to be an important food for fish at a time when there is reduced habitat 

area and reduced food resources due to the reduced flow. 

 

4.2.3.4 Palingeniid mayflies 

Palingeniid mayflies are restricted to silty habitats and change in abundance will indicate a change in 

the extent of silty areas.  The extent of silty habitat will be influenced by changes in flow regime. 

 

4.2.3.5 Snail abundance 

Snails are an important food item for many people. 

 

4.2.3.6 Diversity of snails 

The Mekong is a diversity hotspot for aquatic snails – especially in the area around the Mun River and 

Khone Falls. 

 

4.2.3.7 Neotricula aperta 

Neotricula aperta is the snail host of Schistosomaisis mekongi, an important parasite of humans.  

 

4.2.3.8 Bivalves abundance 

Bivalves (mussels) are an important food item for many people. 

 

4.2.3.9 Polychaete worms 

Many polychaetes are tolerant of high salinity – so changes in salinity intrusion in the canals and 

channels in the delta will change the distribution and abundance of polychaete worms. 

 

4.2.3.10 Shrimps and crabs  

Shrimps and crabs are an important food item for many people. 
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4.2.3.11 Littoral Inverts diversity 

Littoral invertebrates are those that live along the edge of the river.  They are sensitive to 

environmental disturbance, and are used as an indicator in the MRC Bioassessment Project, so there 

is a solid database from over 70 sites for this indicator. 

 

4.2.3.12 Littoral Inverts ATSP 

Littoral invertebrates are those that live along the edge of the river. The Average Tolerance Score per 

Taxon (ATSP) reflects current understanding about the relative sensitivity of different taxa to 

disturbance (developed for the MRC Bioassessment Project).   

 

4.2.3.13 Benthic Inverts Diversity 

Benthic invertebrates are those that that live in the soft sediments in the river channel. They are 

invertebrates are sensitive to environmental disturbance, and have been used as an indicator in the 

bioassessment project, so there is a solid database from over 70 sites for this indicator 

 

4.2.3.14 Benthic Inverts ATSP 

Benthic invertebrates are those that that live in the soft sediments in the river channel.  The Average 

Tolerance Score per Taxon (ATSP) reflects current understanding about the relative sensitivity of 

different taxa to disturbance (developed for the MRC Bioassessment Project). 

 

4.2.3.15 Zooplankton Abundance 

Zooplankton are an important food for fish and invertebrates.  Changes in the flow regime or water 

quality may lead to an increase or decrease in the abundance of zooplankton.  Impoundments will 

also tend to increase the availability of zooplankton.  The MRC Bioassessment Project uses 

zooplankton abundance as an indicator of river health, so there is an extensive database. 

 

4.2.4 Fish indicators 

The preliminary list of fish indicators is provided in Table 4-6, and motivations for their selection are 

provided in Sections 4.2.5.1 to 4.2.5.10.  

 

Table 4-6 Preliminary list of fish indicators 

Code Indicator 

Rithron Rithron resident species 

CRes Main channel resident (long distant white) species 

CSpawn Main channel spawner (short distance white) species 

FSpawn Floodplain spawner (grey) species 

Gen Eurytopic (generalist) species 
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Code Indicator 

FRes Floodplain resident (black fish) 

ERes Estuarine resident species 

Anad Anadromous species 

Catad Catadromous species 

Marine Marine visitor species 

NonN Non-native species 

 

 

4.2.4.1 Rhithron resident species 

Resident in rapids torrents, rocky areas and pools in the rhithron
5
.  Usually species with similar 

appearance and ecology -- likely to be the same genus -- that inhabit the same stream continuously. 

Generally insectivorous, algal scrapers or filter feeders, small in size, lithophilic or phytophilic with 

extended breeding seasons and suckers or spines to maintain position in the flow.  Hydrological 

change, such as increased sediment loading and/or turbidity, smoother gravels and disturb 

photosynthesis and causes reductions in insect abundance leading to reduction of species in the 

guild. This guild is likely to be lost if rhithron habitats are lost by inundation of the reservoirs. 

 

Indicator groups and/or species 

Notopteridae: Chitala blanci (main channel with rocky place only) 

Cyprinidae:  Gara spp., Brachydanio spp., Devario spp., Poropuntius spp., Tor spp., Neolissocheilus 

spp., Osteochilus waandersii, Raiamas guttatus, Opsarius spp., Lobocheiros spp., Onychostoma 

spp.(Laos), Scaphidonichthys acanthopterus (Laos), Mekongina erythrospila (Stuntreng-3S, Laos), 

Mystacoleucus spp. 

Balitoridae: all species (eg. Homaloptera spp., Balitora spp. etc.) 

Nemacheilidae: all species (eg. Nemacheilus spp., Schistura spp.) 

Akysidae: all species (eg. Akysis spp., Pseudobagarius spp.) 

Sisoridae: Gryptothorax spp., Bagarius spp. (main channel) 

Datnioididae: Datnioides undecimradiatus (main channel only) 

Channidae: Channa gachua 

Osphronemidae: Osphronemus exodon 

Gobiidae: Rhinogobius mekongianus (above Stuntreng) 

Tetraodontidae: Pao baileyi (main channel only), P. turgidus. 

 

4.2.4.2 Main channel resident (long distant white) species 

Long distant migrants that tend to be large in size because they need stamina swim to their distant 

spawning grounds and/or refuges in the main channel (sometimes in rhithron). Seasonal (regular) 

change in water level or flow triggers their reproductive behavior. Upstream migration also occurs of 

adults to feeding habitats in the main channel. Irregular change of hydrological aspects may influence 

reproductive success of fishes in this guild. Nursery grounds for the offspring of these species may 

                                                      
5
 That part of a river in which the water is typically fast-moving, broken-surfaced and shallow. 
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also be affected by unusual change of water level and flow because fish larvae and early juveniles of 

almost all species are carried by movement of water mass (drifting), and their dispersal is highly 

depending on normal dynamics of river flow. As a consequence of non-natural hydrological change, 

abundance of the species in this guild may decline. Adults may migrate to refuges (deep pools) in the 

main channel during the dry season. Adults do not enter floodplains and may be piscivorous. 

 

Members vulnerable to overexploitation and tend to disappear when river is damned preventing 

longitudinal upstream migration.  May respond favourably to fish passage facilities. 

 

Indicator groups and/or species 

Cyprinidae: Cirrhinus microlepis, Cyclocheilos enoplos, Cosmochirus harmandi, Probarbus jullieni 

Pangasiidae: Pangasianodon hypophthalmus (all places), Pangasius larnardii  (all places), P. 

mekongensis (DT-PP-TS only), P. bocourti (except TS system), P. concophilus (except TS system). 

 

4.2.4.3 Main channel spawner (short distance white) species 

Short distant migrants are usually smaller in size than long distance migrants. Spawn in the main 

channel, tributaries or margins upstream of floodplain feeding and nursery habitat often with pelagic 

egg or larval stages. Their reproduction takes place once a year synchronized with the flood cycle. 

Range of their offspring dispersal is rather restricted compare with long distant migrants. May migrate 

to refuges (deep pools) in the main channel during the dry season. Unusual hydrological change may 

affect spawning behavior and survival of offspring. Tend to disappear when river is damned 

preventing longitudinal migrations to spawning and refuge habitat, but less affected than long-

distance migrators. 

 

Indicator groups and/or species 

Clupeidae: Clupeichthys aesarnensis (all places), Clupeoides borneensis (all places), Corica 

laciniata (DT-PP-TS) 

Cyprinidae: Cirrhinus prosemion, C. jullieni, Hypsibarbus spp., Puntioplites falcifer (above Kratie), P. 

proctozysron (below Kratie till DT). , Labeo chrysophekadion, L. pierrei, Sikukia spp., Incisilabeo 

behri, Scaphognathops spp. (above Kratie), Barbichthys laevis, Leptobarbus rubripinna, 

Amblyrhynchichthys micracanthus 

Botiidae: all species (Syncrossus spp., Yasuhikotakia spp.) 

Pangasiidae: Pangasius macronema, Pseudolais pleurotaenia, Helicophagus leptorhynchus 

Siluridae: Walago attu, Phalacronotus spp., Kryptopterus spp. 

Bagridae: Hemibagrus spp. 

Cobitidae: Acantopsis spp., Acanthopsoides spp. (prefers sandy bottom) 

Gyrinocheilidae: all species 

Tetraodontidae: Auriglobus nefastus. 

 

4.2.4.4 Floodplain spawner (grey) species 

Fishes of this guild undertake migrations from floodplain feeding and spawning habitats to refuges 

(deep pools) in the main channel during the dry season. They are predominantly phytophils
6
. They 

                                                      
6
 Live or feed in/on plants. 
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differ from main channel spawners in that spawning occurs on the floodplain with main channel used 

as refuge during dry season. They will be threatened when rivers are damned preventing lateral and 

longitudinal migrations to feeding and refuge habitats in main channel from the floodplains, typically 

because of water level alterations. 

 

Indicator groups and/or species 

Cyprinidae:  Barbonymus altus, B. schwanefeldii , Cyclocheilichthys spp., Rasbora spp., 

Paralaubuca spp., Parachela spp., Thynnichthys thynnoides 

Cobitidae: Pangio spp. 

Siluridae: Ompok siluroides 

Bagridae: Mystus spp. 

Pristolepididae: Pristolepis fasciata,  

Ambassidae: Parambassis wolfii, P. apogonoides 

Sciaenidae: Boesemania microlepis (DT-Stuntreng common, above K fall very rare now) 

Tetraodontidae: Pao cambodgiensis, P. suvattii (above k fall only). 

 

4.2.4.5 Eurytopic (generalist) species 

This guild is composed of ubiquitous species that are highly adaptable and opportunistic. They tend to 

have protracted spawning over a long period or year-round. It may be semi-migratory often with 

sedentary local populations. It shows non-critical migrations in mainstream. They may also undertake 

lateral migrations to floodplain to occupy similar habitats during flooding. Highly adaptable, mobile and 

static elements in their populations make them highly adaptable to habitat modification. They are 

usually rheophilic or limnophilic; often tolerant of low dissolved oxygen concentrations and exhibit a 

wide range of breeding behaviour but predominantly phytophils. Benthic members are predominantly 

lithophils and psammophils and occupy centre of main channel with intolerance to low dissolved 

oxygen: they may seek refuge in deep pools during dry season. The riparian zone members typically 

occur amongst the vegetation of the main channel and fringing floodplains; may undertake lateral 

migrations to floodplain to occupy similar habitats during flooding. This guild is especially well 

represented in most rivers.  Abundance and diversity may be affected by direct human activities 

including agriculture, timbering, industrial development, human resident development. Habitat 

shrinkage caused by upstream dams may affect them as well. 

 

Indicator groups and/or species 

Notopteridae: Notopterus notopterus, Chitala ornata., 

Cyprinidae: Gymnostomus spp., Barbonymus gonionotus, Systomus orphoides, Crossocheirus spp. 

Osteochirus vittatus, O. microcephalus, Hampala spp., Labiobarbus spp., Cyclocheilichthys spp.  

Syngnathidae: Doryichthys boaja (below Kratie to DT-TS), D. deokhatoides (below Kratie to DT-TS), 

D. contiguus (confirmed between Vientiane-Ubonratchathani, not exists below K fall) 

Mastacembelidae: Mastacembelus spp. (eg. M. favus, M. armatus) 

Ambassidae: Parambassis siamensis  

Eleotridae: Oxyeleotris marmorata. 
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4.2.4.6 Floodplain resident (black fish) species 

This guild is composed of fish species that include repeat breeders, phytophils, nest builders, parental 

care or live bearers. They are often tolerant to low oxygen concentrations or complete anoxia. They 

do limited migrations between pools, river margins, swamps, and inundated floodplains. Deterioration 

of water quality may affect this guild but this could be beneficial for some species in terms of reduced 

spatial competition.  They will be threatened when rivers are damned preventing inundation of 

floodplain wetlands and reconnections of wetlands to the main channel from the floodplains, typically 

because of water level alterations. 

 

Indicator groups and/or species 

Cyprinidae: Esomus spp. 

Cobitidae: Lepidocephalichthys hasselti 

Clariidae: all species (eg. C. macrocephalus, C. cf batrachus) 

Adrianichtyidae: Oryzias siamensis, O. minutillus 

Hemiramphidae: Dermogenys siamensis 

Channidae: Channa striata, C. lucius, 

Anabantidae: Anabas testudineus  

Osphronemidae: Trichopodus spp., Trichopsis spp.  

Synbranchidae: Monopterus albus  

Mastacembelidae: Macrognathus spp.  

Tetraodontidae: Pao cochinchinensis. 

 

4.2.4.7 Estuarine resident species 

A freshwater-estuarine guild that includes both stenohaline and euryhaline species. Stenohaline 

species inhabit in lower salinity water zone of estuarine systems.  Euryhaline species are usually 

confined to the brackish part of the system.  They have limited migrations within the estuary in 

response to daily and seasonal variations in salinity.  Usually confined to the main channels, they are 

likely to be little affected by hydrological change upstream but more affected by physical barriers 

around river mouth or sea level rise.  

 

Indicator groups and/or species  

Plotocidae: Plotosus canius (DT) 

Ariidae: all species (DT) 

Adrianichthidae: Oryzias haugiangensis (DT) 

Gobiidae: Glossogobius spp. (DT-TS-PP) 

Polynemidae: Polynemus spp. (DT-TS-PP) 

Cynoglossidae: all species (DT-PP-TS) 

Soleidae: Brachirus spp. except B. harmandi and B. siamensis. 

 

4.2.4.8 Anadromous species 

Species of this guild usually live in the sea for most of their life cycle but enter brackish/freshwater 

habita to breed, often moving long distances upstream.  Larvae and juveniles use estuary or 

freshwater habitats, often in headwaters, as nursery areas before migrating downstream to the sea to 
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feed.  Physical barriers such as mainstream dams and floodgates block their migration and disrupt 

reproduction. 

 

Indicator groups and/or species  

Pangasiidae: Pangasius krempfi (except TS), P. elongates (mainstream only) 

Ariidae: all species (DT-PP). 

 

4.2.4.9 Catadromous species 

Reproduction, early feeding and growth of the species in this guild take place at sea. Juvenile or sub-

adult migrate into freshwater and often penetrate far upstream. Members of this guild are vulnerable 

to over exploitation and tend to disappear when the river is damned preventing longitudinal upstream 

migration.  They may respond favourably to fish passage facilities. 

 

Indicator groups and/or species  

Angullidae:  Anguilla marmorata, A. bicolor (all nodes) 

Ophichthidae: Pisodonophis boro (DT-PP-TS). 

 

4.2.4.10 Marine visitor species 

Fishes of this guild are basically marine species, but enter estuaries opportunistically or obligatory 

mainly for feeding.  Some of them are commercially important for delta fisheries. Their abundance 

may be affected by physical barriers such as floodgates at river mouths.  They often use estuaries as 

nursery areas and stocks are vulnerable to heavy exploitation in the estuary/deltas. 

 

Indicator groups and/or species  

Scombridae: Scomberomorus sinensis (DT-PP) 

Gerreidae: all species (DT) 

Ambassiidae: all species except Parambassis spp. (DT) 

Terapontidae: Terapon jarbua 

Sciaenidae: all species except Boesemania 

Gobiidae: Pseudapocryptes elongatus, Periophthalmodon schlosseri. 

 

4.2.4.11 Non-native species 

Most of the species in this guild were introduced for aquaculture. They are usually fast growing, 

prolific, tolerant against polluted waters and habitat degradation, and are likely to predominate in 

degraded habitats where the ecosystem functioning is disrupted. Deterioration of water quality tends 

to benefit them. 

 

Indicator groups and/or species  

Cyprinidae:  Labeo rohita, Cirrhinus cirrosus, Cyprinus rubrifuscus, 

Serrasalmidae: Piaractus brachypomus,  

Clariidae: Clarias gariepinus,  

Loricariidae: Pterygoplichthys spp.  

Cichlidae: Oreochromis spp. 
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4.2.5 Herpetofauna indicators 

The preliminary list of herpetofauna indicators is provided in Table 4-7, and motivations for their 

selection are provided in Sections 4.2.5.1 to 4.2.5.10.  

 

Table 4-7 Preliminary list of herpetofauna indicators 

No. Indicator 

AquSerp Aquatic serpents 

SAquSerp Semi-aquatic serpents 

AquTur Aquatic turtles 

SAquTur Semi-aquatic turtles 

Amphib Amphibians 

SAquRep Aquatic/semi-aquatic reptiles 

SpAmphib Species richness of riparian amphibians 

SpRep Species richness of riparian reptiles 

DivAmphib Diversity riparian amphibians 

DivRep Diversity riparian reptiles 

 

 

4.2.5.1 Aquatic serpents 

This guild is composed of viviparous species that lives entirely in water (mainstem and floodplain) and 

feeds mainly on fishes and other aquatic species.  Change in flow, in terms of timing and duration of 

high and low flow regimes will directly influence their offspring or indirectly through their habitats and 

food availabilities (fishes). 

 

Indicator groups and/or species 

Homalopsidae: Enhydris spp. Erpeton tentaculatum 

Acrochordidae: Acrochordus spp. 

 

4.2.5.2 Semi-aquatic serpents 

This guild is composed of oviparous snakes that lives on the ground or in the trees but can feed on 

fishes and other aquatic species in water body.  These species lay eggs in dark, secluded spots on 

the ground.  Change in flow, in terms of timing and duration of high flow regimes will directly influence 

their nesting place or indirectly through their habitats and food availabilities (fishes). 

 

Indicator groups and/or species 

Colubridae: Elaphe spp., Ptyas spp. 

Pythonidae: Python spp. 
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4.2.5.3 Aquatic turtles 

Aquatic turtles mainly live and feed in water bodies but lay eggs on sandbar or river/stream banks.  

Change in flow, in terms of timing and duration of high flow regimes will directly influence their nesting 

places or indirectly through their habitats and food availabilities (fishes, snails). 

 

Indicator groups and/or species 

Trinonychidae: Amyda cartilaginea, Pelochelys cantorii, Chitra chitra 

Geoemydidae: Malayemys subtrijuga. 

 

4.2.5.4 Semi-aquatic turtles 

This guild is composed of most members of Geoemydidae and the unique species of Platysternidae. 

These species live in grasslands and riverine and swamp forests.  They are classified as terrestrial 

and freshwater species, and nest on sandbars and riverbanks and also tidal areas of large river 

estuaries. Change in flow, in terms of timing and duration of high flow regimes will directly influence 

their nesting places. 

 

Indicator groups and/or species 

Geoemydidae: Cuora amboinensis, Hoesemys grandis, Heosemys annandalii, Batagur baska 

Platysternidae: Platysternon megacephalum. 

 

4.2.5.5 Biomass of amphibians -human consumption 

Amphibians are one of sources of protein for villagers living along river and floodplain.  Biomass of 

amphibians that are available for local human consumption will reflect their status at each site/village. 

 

4.2.5.6 Aquatic/semi-aquatic reptiles -human consumption and/or farmed crocodiles 

Aquatic and semi-aquatic reptiles are important food sources of local people.  Biomass or quantity of 

aquatic/semi-aquatic reptiles available for human consumption and/or for farmed crocodiles will reflect 

their status at each site/village. 

 

4.2.5.7 Species richness of riparian amphibians 

Most amphibians are water dependent species.  They prefer living in calm areas within stream and 

wetlands, low level of water fluctuation and low sediment flow.  Change in river and sediment flow will 

lead to change in species richness of riparian and floodplain amphibians. 

 

4.2.5.8 Species richness of riparian reptiles 

Change in water volume, inundation depth, and timing of annual flood as well as erosion of sandbar, 

riverbanks and other riverine forests will cause in habitat change and reduce diversity of riparian 

reptiles.  Long duration of flooding season will lead the riparian reptiles exposed to human pressure. 
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4.2.5.9 Diversity index of riparian amphibians 

Change in river and sediment flow can affect the structure and species composition (number of 

species and number of individual of each species) of riparian and floodplain amphibians.  The 

diversity index reflects the change of amphibian fauna under certain causing impact factors. 

 

4.2.5.10 Diversity index of riparian reptiles 

Change in river and sediment flow can affect the structure and species composition (number of 

species and number of individual of each species) of riparian and floodplain reptiles.  The diversity 

index reflects the change of reptile fauna under certain causing impact factors. 

 

4.2.6 Birds and mammals indicators 

The preliminary list of bird and mammal indicators is provided in Table 4-8, and motivations for their 

selection are provided in Sections 4.2.6.1 to 4.2.6.12. 

 

Table 4-8 Preliminary list of bird and mammal indicators 

No. Indicator 

CGround 

Birds 

Medium / large ground-nesting channel species 

SeaFV 
Small non-flocking land bird of seasonally flooded 

vegetation 

TreeWB Tree-nesting large waterbird 

CHole Bank-/hole-nesting species 

Grambeds Flocking non-aerial passerine of tall graminoid beds 

FGround Large ground-nesting species of floodplain wetlands 

CForest Channel-using large species which require bank side forest  

CRock Natural rocky crevice nester in channels  

WoodWater Dense woody vegetation / water interface  

Dolphin 

Mammals 

Irrawaddy dolphin 

Otter Otters 

Ung Wetland ungulates  

 

 

4.2.6.1 Medium / large ground-nesting channel species 

The species guild includes a number of species which are of conservation importance and highly 

threatened in the region (and in some cases globally).  This species type is an important component 

of the bird ecology of the Lower Mekong Basin.  River tern is selected as highly precise distributional 

information exists, the species is difficult to overlook and the species shows a high level of 

heterogeneity, which will give something informative to model. 
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4.2.6.2 Small non-flocking landbird of seasonally flooded vegetation 

Seasonally flooded vegetation is an important habitat component of the channel for both nesting and 

wintering passerines.  The species guild includes a number of species, many of which are common 

and widespread in other habitats.  The three species selected are highly tied to this habitat type, 

largely occupy different ranges within the study area and of conservation significance. 

 

4.2.6.3 Tree-nesting large waterbird 

The complex of habitats within the Lower Mekong Basin is of international importance for colonial 

large waterbirds, a number of which are range-restricted, and many of which have been subject to 

declines in population.  The study area is of lesser importance for the dispersed nesters (e.g. woolly-

necked stork, giant ibis and white-shouldered ibis).  The dispersed nesters nest in dry forest with 

pools, which are not main channel fed. White-shouldered ibis was selected as an indicator as it 

occurred throughout the study area historically, is closely associated with the channel, and is of 

conservation significance. 

 

4.2.6.4 Bank / hole nesting species 

There are very few sandbanks suitable for nesting other than those cut by rivers – the mainstream is 

very good at this along with some of the lower tributaries.  This species guild includes kingfishers, 

bee-eaters and plain martin.  The value of the study area as breeding sites is very high for these 

species. The populations of these species are of any global interest. 

 

4.2.6.5 Flocking non-aerial passerine of tall graminoid beds 

The tall graminoid beds that grow in seasonally flooded wetlands are biologically very different from 

other type of grassland.  Confined to seasonally-flooded wetlands.  All of the indicator species are 

resident within the catchment, but all depend upon this habitat which is threatened by burning, 

buffalo-grazing, and conversion to paddies.  Flocks are therefore under severe harvesting pressure 

for use as ‘merit’ in festivals, and for collection as food.  All occur in rain-fed /tributary-fed wetlands, 

the study area is providing habitat for more than half of the Laos / Viet Nam / Cambodia population. 

 

4.2.6.6 Large ground-nesting species of floodplain wetlands 

The driver for this guild is the presence of large ground-nesting species using the inundation zone 

during part of their life cycle, one of which (Bengal florican) is now in effect tied to the inundation zone 

within the region.  Both species are severely threatened and of high (international) conservation 

significance.  At a regional level, the study area supports all (100%) of the region’s Bengal floricans, 

and c. 50% of the region’s Sarus cranes. 

 

4.2.6.7 Channel-using large species which require bank-side forest  

This species guild is tied to the water / forest interface, and is very representative of the LMB 

ecosystem.  Within this guild are species that are varyingly dependent on flowing water rather than 
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standing water, and the species within it are of high conservation significance.  The ecology of the 

owls is very poorly known.  The mainstream outside of the upper Cambodian Mekong is likely to hold 

very few birds due to the lack of tall forest right up to the edge of the mainstream, so owls are more of 

a tributary bird. 

 

4.2.6.8 Natural rocky crevice nester in channels  

In south-east Asia, this species is representative of a unique guild, being restricted to flowing water 

courses, and perhaps uniquely among the passerines, its nest site is totally independent of sediment 

(all of the other channel-nesting passerines either burrow into the sediment or nest in bushes that root 

in the sediment).  The majority of the regional population are on the Mekong mainstream. 

 

4.2.6.9 Dense woody vegetation / water interface  

This guild comprises of a single species of elusive tropical waterbird that occupies a specific 

ecological niche (dense woody vegetation and the channel). It is on the verge of regional if not global 

extinction, and the Mekong tributaries are of outstanding global importance for this species; under the 

current habitat, there is no indication that the study area supports a large proportion of the regional 

population. 

 

4.2.6.10 Irrawaddy dolphin 

This mammal species guild comprises one species - Irrawaddy dolphin. This is a flagship large 

mammal species exclusively associated with the channel.  There is no evidence that the dolphins in 

the Mekong are taxonomically distinct from Irrawaddy dolphins found elsewhere but Irrawaddy 

dolphins are threatened throughout their range. 

 

4.2.6.11 Otters 

Otters are heavily dependent channel species and an important higher predator within the food chain. 

The 3 species of otter endemic to tropical Asia (Asian small-clawed, hairy-nosed and smooth-coated) 

have almost disappeared from northern south-east Asia (where there are no secure populations of 

any otter species), and also north-east India. It is not possible to select a single otter species as 

representative of the guild, as most records of otter are not determinable to species. 

 

4.2.6.12 Wetland ungulates  

This species guild makes use of the inundation area, but have declined significantly, but ungulates 

are an important component of wetland ecosystems. The two species within this guild are wild water 

buffalo (of which there are none left in the project area) and hog deer. Previously both species would 

have been abundant in the Tonle Sap inundation area, but elsewhere there would have been no 

association with the channel. Both species are severely threatened but as both species occur in India 

there is some population security; however south-east Asian extinction is very likely over the next few 

years. 
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5 BioRA assessment framework 

5.1 Links between the indicators 

The BioRA links are very much a work in progress.  The specialists have identified an initial set of 

linked indicators for each of their preliminary BioRA indicators (see Section 4).  These are listed in 

Appendix F.  Currently there are c. 800 links in the BioRA framework.  These will need to be reduced 

otherwise there will not be sufficient time to fill in all of the response curves.  Some rationalisation has 

already been done, particularly with respect to geomorphology, mammals and birds, but there is still a 

great deal to be done in the other disciplines.  Links may also differ between Focus Areas, and so will 

need adjustment based on the results of Section 6.  Rationalisation of the links will be one of the main 

tasks of the BioRA in May and June 2015. 

 

5.2 Assessment framework 

The discipline-level assessment framework for BioRA based on the preliminary BioRA links as of 30 

April 2015 is shown in Figure 5.1.  The inputs to the DRIFT DSS are the modelled time-series of 

hydrology, hydraulics, sediments and water quality.  Thereafter, the relationship for each inter- and 

intra-disciplinary link will be described through a DRIFT response curve.  The individual links currently 

making up the framework are shown in Figure 5.2. 

 

 

Figure 5.1 Discipline-level assessment framework for BioRA based on the preliminary 

BioRA links as at 30 April 2015 

 

 

These links will be subjected to considerable scrutiny and adjustment before they are finalised.  

Finalisation of links is unlikely to occur prior to calibration of the DRIFT DSS.  Given the current 

schedule, this is probably sometime in October 2015 (see Section 7.1). 
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Figure 5.2 Preliminary BioRA links as of 30 April 2015.  Indicator codes given in Section 4. 
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6 Focus areas for BioRA 

6.1 Introduction 

The Inception Report for Council Study makes provision for six zones (Figure 6.1) with a single 

representative focus area for each, i.e., six focus areas: 

ZONE 1: Mainstream Mekong River (from China border to Vientiane) 

ZONE 2: Mainstream Mekong River (from Vientiane to Pakse) 

ZONE 3: Mainstream Mekong River (from Pakse to Kratie) 

ZONE 4a:  Kratie to Tonle Sap Great Lake 

b: Tonle Sap Great Lake 

ZONE 5: The Mekong Delta in Cambodia and Viet Nam. 

 

 

Figure 6.1 Lower Mekong Basin zones used in IBFM2 (MRC 2005) 
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The scenarios that will need to be assessed in BioRA, however, are as yet unknown, which means 

that the DRIFT DSS needs to be able to distinguish between impacts on ecosystems from water-

resource developments for various sectors and at various locations, the exact nature and location of 

which are not known before set-up and population of the DRIFT DSS.  The challenge is that, once a 

development is “in place”, the flow, sediment and other characteristics will be different upstream and 

downstream of each development, e.g., “A” in Figure 6.2, and/or upstream and downstream of each 

tributary where a development is, e.g., “b” in Figure 6.2.  This means that indicators, their links and 

response curves will need to be replicated, i.e., through creation of additional sites, for the upstream 

and downstream points (Figure 6.2), so that they can respond to different flow, sediment and other 

time-series.   

 

 

Figure 6.2 Schematic illustrating the need for numerous sites within a representative 

reach depending on the location of a water-resource development 

 

 

To ensure that the correct response curves were used, we adopted a systematic approach, which 

identified the appropriate representative sites response curves for each indicator.  This allowed a 

systematic selection of the main focus areas.  
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6.2 Approach 

The approach used for focus area selection for BioRA took cognisance of: 

 the need to identify transboundary effects; 

 existing delineations (Section 6.2.1); 

 key biological features, such as migration routes; 

 habitats available in different parts of the catchment; 

 availability and spatial resolution of hydrological, water quality and sediment data; 

 the need to link ecosystem changes to people. 

 

The general approach was to: 

 Establish a network of BioRA nodes (see Section 6.3) 

 Groups nodes for each indicator and identify BioRA zones (Section 6.4) 

 Select focus areas within each BioRA zone (see Section 6.5). 

 

6.2.1 Existing information 

6.2.1.1 Hydrological zones 

The hydrological zones are those proposed by Adamson (2006).  These zones also comprise the 

modelling zones for the MRC Decision Support Framework (DSF). 

 

Table 6-1 Hydrological delineation of the Lower Mekong River (Adamson 2006) 

Hydrology Zone Location 

Zone 1 Chinese border to  5-km upstream of Vientiane 

Zone 2 Vientiane to Mukdahan to upstream of the Mun River confluence near Pakse 

Zone 3 Downstream of the Mun River confluence to Stung Treng 

Zone 4a Stung Treng to confluence with Tonle Sap River 

Zone 4b Tonle Sap System 

Zone 5 Downstream of Tonle Sap confluence to the ocean 

 

 

6.2.1.2 Geomorphological zones 

The geomorphological zones are those proposed by Carling (2006; Table 6-2).   
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Table 6-2 Geomorphological delineation of the Lower Mekong River (Carling 2006) 

Zone Location Representative Zones Zone characteristics 

Zone 1 
Chinese border to  5-
km upstream of 
Vientiane 

Single bedrock channel, with 
deep pools, bedrock benches 

Gradient: 0.0003 

Channel width: 200 m to 2000 m 

Reach length: 250 km 

Low flow depth: c. 10 m 

Seasonal stage change: 20 m 

Zone 2 Vientiane to Mukdahan 
Alluvial braided channel, braid 
bar system 

Gradient: 0.0001 

Channel width: 800 m to 1300 m 

Reach length: 100 km 

Low flow depth: c. 3 m 

Seasonal stage change: 13 m 

Zone 3 
Mukdahan to Mun 
confluence near Pakse 

Alluvial lozenge-bar channel, 

Gradient: 0.00006 

Channel width: less than 2000m 

Reach length: 400 km 

Low flow depth: less than 5 m 

Seasonal stage change: 14 m         

Zone 4 Pakse to Muang Khong 
Anastomosed bedrock channels; 
4000 islands reach  

Gradient: 0.00006 

Channel width: 750 to 5000 m 

Reach length: 150 km 

Low flow depth: variable 

Seasonal stage change: 15 m 

Zone 5 
Muang Kong to Stung 
Treng 

Anastomosed alluvial channels, 
secondary channels,  i.e. near 
Stung Treng 

Gradient: 0.0005 

Channel width: less than 15000 m 

Reach length: 200 km 

Low flow depth: c. 8 m 

Seasonal stage change: 9 m 

Zone 6 
Stung Treng to 
Kampong Cham 

Meandering alluvial channel, 
scroll bars, backwaters, 
overbank flooding, i.e. upstream 
of confluence with Tonlé Sap 

Gradient: 0.000005 

Channel width: less than 4 km. 

Floodplain width: 8 to 64 km  

Reach length: 50 km 

Low flow depth: c. 5m 

Seasonal stage change: 18 m 

Zone 7 
Kampong Cham to 
Phnom Penh 

Meandering alluvial channel, 
scroll bars, backwaters, 
overbank flooding 

Gradient: 0.000005 

Channel width: less than 4 km. 

Floodplain width: 8 to 64 km  

Reach length: 50 km 

Low flow depth: c. 5 m 

Seasonal stage change: 18 m 

Zone 8 Tonle Sap River
7
 

Meandering alluvial channel, 
scroll bars, backwaters, 
overbank flooding 

Reach length: 150 km  

Zone 9 Tonle Sap Lake No detail provided 

Zone 10 Phnom Penh to ocean 
Deltaic alluvial channel; 
distributaries 

Gradient: 0.000005 

Channel width: less than 3 km 

Delta inundation width: c. 180 km 

Reach length: 330 km 

Seasonal stage change: very 
variable 

 

 

                                                      

7 Not delineated in Carling (2006) 
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6.2.1.3 Fish migration 

The fish migration routes in the BDP-Atlas (MRC 2011) were used (Figure 6.3). 

 

 

Figure 6.3 Migrations patterns of fish (MRC 2011) 
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6.2.1.4 Socio-economic zones 

The socio-economic zones used are those defined by the SIMVA study (Hall and Bouapao 2010; 

Table 6-3).   

 

Table 6-3 SIMVA social zones (Hall and Bouapao 2010) 

No. Zone Description Country sub-zones 

Na Zone1 Chinese part of Mekong Zone 1: China 

1 
Zone2 Chinese border to just upstream of Vientiane 

Zone 2 Thailand 

2 Zone 2 Laos 

3 
Zone3 Vientiane to Laos - Cambodia border 

Zone 3 Thailand 

4 Zone 3 Laos 

5 Zone4 
Laos - Cambodia border Cambodia – Viet Nam 

border 
Zone 4 Cambodia 

6 Zone5 Tonle Sap River and Lake Zone 5 Cambodia 

7 
Zone6 Delta south of Cambodia – Viet Nam border 

Zone 6 (Fresh)-Viet Nam 

8 Zone 6 (Saline)-Viet Nam 

 

 

6.2.1.5 Dams 

The locations of existing dams, dams under construction and planned dams in the Lower Mekong 

River in the BDP-Atlas (MRC 2011) were used (Figure 6.4). 
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Figure 6.4 Location of existing dams, dams under construction and planned dams in the 

Lower Mekong River (MRC 2011) 

 

6.2.1.6 Navigation  

The river divisions used in BDP2 for navigation capacity were used to characterise navigation zones.  

These are listed in Table 6-4. 
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Table 6-4 Navigation zones (BDP2; MRCS 2011) 

Zone River length 

Golden Triangle to Luang Prabang 362 km 

Luang Prabang to Vientiane 425 km 

Vientiane to Savannahkhet 459 km 

Savannakhet to the Lao PDR-Cambodian border 419 km 

Kratie to Phnom Penh 213 km 

Tonle Sap River 200 km 

Phnom Penh to the sea ??? 

 

 

6.2.1.7 Landuse/landcover 

The landcover maps in the BDP-Atlas (MRC 2011) was used.   

 

6.2.1.8 Conservation and hotspots 

The BDP-Atlas (MRC 2011) was used to identify hotspots.  Twenty-nine hotspots with direct 

relevance to the Mekong River ecosystem were identified (Table 6-5). 

 

Table 6-5 Hotspots used (MRC 2011) 

No. Name Country Descriptions 

1 
Nong Bong Kai non-
hunting area 

Laos Ramsar, Protected Area, Important Bird Area (IBA) 

2 Golden Triangle 
Laos/Thailand/ 
Cambodia/Viet Nam 

Greater Mekong Subregion hotspot – Wetlands and 
protected area 

3 
Mekong River corridor 
between Chiang Saen 
and Chian Khong 

Laos/Thailand Ecosystem habitats of biodiversity conservation importance 

4 
Mekong channel 
upstream of Luang 
Prabang 

Laos 
Location of clusters of alternating shallow rapids and deep 
pools: important for fish conservation, IBA 

5 
Mekong channel between 
Luang Prabang and 
Vientiane 

Laos/Thailand 
Diverse bedrock-alluvial channel ecosystem with several 
clusters of alternating shallow rapids and deep pools. IBA 

6 
Mekong River between 
Vientiane and Mun River 
confluence 

Laos/Thailand Wide, alluvial river channel with floodplains. IBA 

7 
Bueng Khong Long Non-
hunting Area 

Thailand 
Permanent freshwater lake, surrounded by seasonally 
inundated floodplain, high diversity of wetland wildlife; 
Ramsar site, Protected Area and IBA 

8 Bueng Kut Ting Thailand 
Habitat for numerous spp at risk, Ramsar site, Protected 
Area , IBA (ARJ: not clear if connected to either main or trib) 

9 
Lower reaches of the 
Songkran River 

Thailand 
Seasonally inundated forests and floodplains. Potential future 
Ramsar site. Fish conservation zones. 
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No. Name Country Descriptions 

12 
Mekong River between 
Savannakhet and Khone 
falls/Siphandon 

Laos 
Site of alternative shallow rapids and deep pools; IBA; habitat 
for numerous species at risk 

13 Khone Falls-Siphandon Laos 
Complex river ecosystem with numerous river channels, 
islands, rapids, waterfalls, deep pools and seasonally 
inundated forest; habitat for numerous spp at risk; IBA 

14 
Mekong River from Lao-
Cambodia border to 
Kratie 

Cambodia As for 13 and 14 

15 
Mekong river north of 
Stung Treng (17 km 
stretch) 

Cambodia Ramsar site; Protected Area; IBA 

20 
Ang Trapeang Thmor 
Sarus Crane Reserve 

Cambodia Seasonally inundated grassland. Protected Area and IBA 

23 Basset Marsh Cambodia 
Permanent lake and extensive marshes, seasonally 
inundated when Tonle Sap Lake floods. 

24 Boeung Veal Swamp Cambodia 
(elsewhere Boeung Veal Samnap): Permanent lake, 
seasonally inundated forest and marses, IBA 

25 Bassac Marsh Cambodia 
Extensive wetland areas between Mekong and Bassac rivers. 
IBA 

26 Boeung Prek Lapouv Cambodia Seasonally inundated grasslands. IBA 

27 Tram Chim National Park Viet Nam 
Melaleuca swamp, seasonally inundated grassland, lotus 
swamp, remnant of the Plain of Reeds, Protected Area, IBA. 

28 
Lang Sen Wetland 
Reserve 

Viet Nam 

Tan Hung District, Long An Province. As for 27, but also the 
only remaining site in the Delta where natural Melaleuca 
forest occurs along a natural river. Name means The wetland 
with many lotus 

29 
Ha Tian Plain and Phu 
My Grassland 

Viet Nam 
One of the last remaining extensive areas of seasonally 
inundated grassland in the Mekong Delta. IBA 

 

 

6.2.1.9 Sand and gravel extractions mining 

The map of sand and gravel extraction sites and extraction volumes produced by the Mekong River 

Commission (Bravad et al. 2014; Figure 6.5) on the basis of the results of a survey undertaken by 

WWF was used to provide an indication of the location and extent of sand and gravel mining in the 

Lower Mekong Basin. 

 

In Figure 6.5, the size of the yellow circles is proportional to the cubic root of the volume extracted.  

The authors caution that the sites are not a complete list and that extraction volumes may be 

underestimated.  Nonetheless, the map provides a useful reference for the BioRA nodal 

establishment. 
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Figure 6.5 Location of sand and gravel extraction sites on the Lower Mekong River, with 

estimated volume (Bravad et al. 2014).  In the inset graphs: red = sand; orange 

= gravel and brown = cobbles. 

 

6.3 Establishment of network of BioRA nodes 

6.3.1 Procedure 

The first step in the establishment of a network of BioRA nodes is to divide the study area into three 

main ecosystem units: 

 Mekong River mainstem. 

 Tonle Sap System. 

 Mekong Delta. 
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Thereafter, a multi-tiered approach was used to establish the location of nodes (after Dollar et al. 

2007), as it allowed for consideration of a suite of characteristics that dictate the ecological nature of 

rivers at different scales.  The approach comprised the sequential analysis of relevant GIS-covers and 

other spatial data, and the insertion of nodes at key points to account for habitat, and water quality 

and quantity variations.  The addition of nodes was followed by a rationalisation process to arrive at 

the preliminary set of river nodes that will be used as the input to the integration process (see 

establishment of BioRA zones; Section 6.4).   

 

The procedure is summarised in Table 6-6.  However, once Tier 1 to 5 had been completed, there 

was no need for additional nodes (i.e. nodes for the remaining Tiers coincided with the already 

established nodes), apart from those for salinity and inundation bands.  The results of the application 

of the procedure are provided in Section 6.3.2. 

 

Table 6-6 Multi-tiered approach used to establish the nodes (after Dollar et al. 2007) 

Tier 
Add/ 

remove 
Criteria Description 

1 Addition International borders Add node at each international border 

2 Addition Hydrological zones Add node at downstream end of each Hydrological Zone 

3 Addition Geomorphological zones 
Add node at downstream end of each Geomorphological 
Zone 

4 Addition Tributaries Add node upstream of each major tributary 

5 Addition Conservation hotspots 
Add node upstream and downstream (if relevant) of 
conservation hotspots 

6 Addition 
Mainstem fish migration 
pathways 

Add node in mid-point of fish migratory pathways. 

7 Addition Inundation bands 
Add node to represent the lowest extent of each inundation 
band in Tonle Sap Great Lake 

8 Addition Salinity Add nodes at extent of flood and drought salinity intrusion 

9 Addition 
Existing water-resource 
developments 

Add node upstream and downstream of locations of major 
existing

8
 water resource developments, plus navigation and 

sand mining 

10 Addition 
Planned water-resource 
developments 

Add a node at the upstream limit of major dam infrastructure 

Add a node upstream of mines, towns, agricultural areas or 
other localities likely to influence water quality – using 
landuse map 

11 Removal Socio-economic zones Add node at downstream end of each Socio-economic Zone 

12 Removal 
First level rationalisation: 
Distance 

1. Remove nodes that are less than 10 km (river length) 
apart.  Retain the most downstream node. 

2. Remove nodes at tributaries considered unimportant for 
sediment supply and fish passage. 

 

 

6.3.2 Results 

The BioRA nodes established for the study area as part of the focus area selection are provided in 

Figure 6.6.  The nodes and their coordinates are listed in Table 6-7, together with the reason for 

selection. 

 

                                                      

8 Including those under construction in March 2015. 
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Figure 6.6 BioRA nodes delineated for the Lower Mekong River  

 

Table 6-7 Nodes established and reasons for selection (u/s = upstream of; R = river node; 

D = Delta node; T = Tonle Sap System (river or lake) node) 

Node Description Longitude Latitude 
MEKONG MAINSTEM 

R1 
China-Lao border & start of Hydro Zone1 & Start of GeoZone1 & Hotspot (Golden 
Triangle: Greater Mekong Subregion hotspot – Wetlands and protected area) 

101°8'47'' 21°34'10.63'' 

R2 u/s Nam Ma 100°35'1.14'' 20°53'26.23'' 

R3 
Burma-Thai-Lao border & u/s Nam Mae Chan & Hotspot (Nong Bong Kai non-
hunting area: Ramsar, Protected Area, IBA) 

100°5'45.42'' 20°20'9.28'' 

R4 u/s Nam Mae Kok 100°6'48.82'' 20°15'19.8'' 

R5 
Hotspot: Mekong River corridor between Chiang Saen and Chian Khong: 
Ecosystem habitats of biodiversity conservation importance 

100°14'32.68'' 20°22'15.49'' 

R6 u/s Nam Ngaou 100°20'0.96'' 20°23'7.91'' 

R7 u/s Nam Mae Ing 100°24'49.03'' 20°15'19.8'' 

R8 Thai-Lao border & u/s Nam Tha 100°34'1.63'' 20°7'17.18'' 

R9 u/s Nam Beng 101°4'34.46'' 19°51'33.05'' 
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Node Description Longitude Latitude 

R10 u/s Nam Ngene 101°13'49.3'' 19°49'34.18'' 

R11 
u/s Nam Ou & hotspot (Mekong channel upstream of Luang Prabang: Location of 
clusters of alternating shallow rapids and deep pools: important for fish 
conservation, IBA) 

102°11'24.14'' 20°4'30'' 

R12 u/s Nam Soung 102°14'17.52'' 19°59'37.75'' 

R13 u/s Nam Khan 102°10'35.18'' 19°55'27.08'' 

R14 u/s Nam Met 101°49'16.86'' 19°11'37.93'' 

R15 u/s Nam Poul 101°47'54.6'' 18°58'52.25'' 

R16 u/s Nam Nhiam 101°34'1.2'' 18°23'21.84'' 

R17 
Hotspot: Mekong channel between Luang Prabang and Vientiane: Diverse 
bedrock-alluvial channel ecosystem with several clusters of alternating shallow 
rapids and deep pools. IBA 

101°25'59.77'' 18°14'13.63'' 

R18 Thai-Lao border 101°33'8.6'' 17°50'26.02'' 

R19 u/s Nam Mi 101°40'36.88'' 17°54'16.31'' 

R20 u/s Nam Sang 102°8'1.28'' 18°12'52.96'' 

R21 u/s Nam Ton 102°15'6.3'' 18°5'53.88'' 

R22 End of first hydro zone & GeoZone1 & u/s Huai Mong 102°36'21.06'' 17°56'9.78'' 

R23 u/s Nam Suai 102°55'44.69'' 18°0'4.82'' 

R24 u/s Huai Luang 103°3'14.76'' 18°0'22.82'' 

R25 u/s Nam Ngum 103°5'11.8'' 18°7'7.9'' 

R26 u/s Nam Mang 103°14'29.87'' 18°20'20.04'' 

R27 
u/s Nam Nhiep & Hotspot (near to Bueng Kut Ting marshland - Habitat for 
numerous spp at risk, Ramsar site, Protected Area , IBA 

103°34'58.62'' 18°24'23.11'' 

R28 u/s Nam Sane 103°38'25.66'' 18°23'11.08'' 

R29 u/s Nam Ka Dinh 103°58'18.37'' 18°19'48.54'' 

R30 
u/s Nam Ka Thon & near Hotspot (Bueng Khong Long Non-hunting Area: 
permanent freshwater lake, surrounded by seasonally inundated floodplain, high 
diversity of wetland wildlife; Ramsar site, Protected Area and IBA) 

104°8'16.98'' 18°5'6.4'' 

R31 
u/s Nam Songkhram & Hotspot (Lower reaches of Songkhram river: seasonally 
inundated forests and floodplain; potential future Ramsar site; Fish Conservation 
Zone) 

104°26'8.2'' 17°41'28.97'' 

R32 u/s Nam Hin Boun 104°35'26.27'' 17°35'33.07'' 

R33 
u/s Se Bang Fai and Nam Kam & Hotspot (Mekong River between Vientiane and 
Mun River confluence: Wide, alluvial river channel with floodplains. IBA) 

104°44'3.88'' 16°59'5.68'' 

R34 End GeoZone2 & u/s Huai Bang Sai 104°44'52.15'' 16°38'54.6'' 

R35 u/s Huai Bang I 104°53'17.45'' 16°21'48.74'' 

R36 u/s Se Bang Hieng 105°13'28.2'' 16°2'54.56'' 

R37 u/s Se Bang Nouan 105°25'37.31'' 16°0'26.03'' 

R38 u/s Nam Mun 105°29'30.34'' 15°19'36.16'' 

R39 Thai-Lao border 105°32'44.02'' 15°19'24.96'' 

R40 
End Geozone3 & u/s Se Done & u/s Hotspot (Mekong River between Savannakhet 
and Khone falls/Siphandon: Site of alternative shallow rapids and deep pools; IBA; 
habitat for numerous species at risk) 

105°46'24.06'' 15°7'5.95'' 

R41 End of second hydro zone & u/s Houei Bang Lieng 105°52'12.97'' 15°1'13.12'' 

R42 u/s of Houei Tomo 105°53'54.13'' 14°49'1.24'' 

R43 u/s of Houei Kham Puan 105°51'3.1'' 14°35'8.59'' 

R44 u/s Tonle Repou 105°51'25.6'' 14°15'15.88'' 

R45 
End Geozone4 & Hotspot (Khone Falls-Siphandon: complex river ecosystem with 
numerous river channels, islands, rapids, waterfalls, deep pools and seasonally 
inundated forest; habitat for numerous spp at risk; IBA) 

105°51'35.57'' 14°6'8.42'' 

R46 
Lao-Cambodia border & Hotspot (Mekong river north of Stung Treng (17 km 
stretch): Ramsar site; Protected Area; IBA) & Planned Dam (Don Sahong) 

105°58'18.91'' 13°55'31.12'' 

R47 
End Hydro zone 3 & end Geozone5 u/s Se Kong & u/s Hotspot (Lao-Cambodia 
border to Kratie: as for 45 and 46) 

105°56'53.41'' 13°32'23.82'' 

R48 u/s Prek Preah and Prek Krieng 106°2'13.7'' 13°2'25.58'' 

R49 u/s Prek Kampi 105°59'51.97'' 12°38'13.09'' 

R50 u/s Prek Te 106°1'4.48'' 12°28'3.25'' 

R51 u/s Prek Chhlong 106°0'34.7'' 12°16'4.08'' 

R52 End GeoZone 6 105°26'44.56'' 11°59'2.51'' 

R53 u/s of Tonle Sap River 104°58'55.02'' 11°43'30.72'' 
MEKONG DELTA 

D54 Start of HydroZone4 & Geozone10. At split into Bassac & Mekong distributaries 104°54'56.41'' 11°32'58.06'' 

D55 u/s Prek Thnot 104°56'12.98'' 11°30'32.08'' 

D56 
Hotspot: Bassac Marsh: Extensive wetland areas between Mekong and Bassac 
rivers. IBA 

105°7'33.64'' 11°22'17.69'' 
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Node Description Longitude Latitude 

D57 Cambodia-Vietnam border on the Bassac 105°4'56.35'' 10°56'9.1'' 

D58 Hotspot: Boeung Prek Lapouv: Seasonally inundated grasslands. IBA 105°2'41.86'' 10°43'46.2'' 

D59 start/end of fish Migratory zone on Bassac (near Long Xuyen) 105°26'42.68'' 10°24'47.92'' 

D60 above split into two distributaries of Bassac near Can Tho 105°49'8.47'' 10°0'59.44'' 

D61 further distributary split of Bassac 106°4'25.28'' 9°46'51.64'' 

D62 Bassac-sea (1) 106°12'54.11'' 9°31'5.59'' 

D63 Bassac-sea (2) 106°17'51.97'' 9°35'13.34'' 

D64 
Hotspot: Boeung Veal Swamp (or Boeung Veal Samnap): Permanent lake, 
seasonally inundated forest & marsh. IBA 

105°2'25.98'' 11°34'50.84'' 

D65 Cambodia-Vietnam border on the Mekong 105°12'23.22'' 10°54'17.39'' 

D66 
Hotspot: Tram Chim National Park: Melaleuca swamp, seasonally inundated 
grassland, lotus swamp, remnant of the Plain of Reeds, Protected Area, IBA. 

105°30'55.69'' 10°42'47.02'' 

D67 
Hotspot: Lang Sen Wetland Reserve: Tan Hung District, Long An Province. As for 
node 66, but also the only remaining site in the Delta where natural Melaleuca 
forest occurs along a natural river. Name means ÔÇ£the wetland with many lotus 

105°44'35.48'' 10°42'42.62'' 

D68 start/end of fish Migratory zone on Mekong (near Cao Lanh) 105°35'54.06'' 10°26'24.65'' 

D69 above split into two distributaries of Mekong 105°53'52.33'' 10°16'25.68'' 

D70 Saline intrusion to here? 106°9'50.29'' 10°11'26.66'' 

D71 above split into two distributaries of Mekong near Tra Lanh 106°22'53.36'' 9°58'0.48'' 

D72 Mekong-sea (1) 106°30'27.54'' 9°49'35.83'' 

D73 Mekong-sea (2) 106°32'45.74'' 9°51'28.76'' 

D74 above split into two distributaries of Mekong 106°8'26.95'' 10°17'8.34'' 

D75 Saline intrusion to here? 106°15'52.42'' 10°15'5.8'' 

D76 Mekong-sea (3) 106°37'58.76'' 9°56'52.12'' 

D77 Mekong-sea (4) 106°41'23.57'' 10°3'22.18'' 

D78 above split into two distributaries of Mekong 106°26'34.15'' 10°18'30.56'' 

D79 Mekong-sea (5) 106°45'15.95'' 10°11'17.34'' 

D80 Mekong-sea (6) 106°44'13.88'' 10°15'59.15'' 

D81 
Hotspot: Ha Tian Plain and Phu My Grassland: Location not yet correct. One of the 
last remaining extensive areas of seasonally inundated grasslands in the Mekong 
Delta, IBA 

104°29'54.24'' 10°23'36.06'' 

D82 
Hotspot: as for node 81; located in the south of the Ha Tian Plain; at an elevation 
of 0-2m above sea level 

104°37'49.33'' 10°9'54.79'' 

D100 CANALS IN THE DELTA 105°42'44.57'' 10°32'20.51'' 
TONLE SAP SYSTEM 

T83 
Hotspot: Basset Marsh: permanent lake and extensive marshes, seasonally 
inundated when Tonle Sap Lake floods. 

104°44'13.92'' 11°53'39.23'' 

T84 Start of Tonle Sap River and Lake hydrozone 104°38'58.42'' 12°18'18.76'' 

T85 
Hotspot: Stung Sen/Lower Stung Sen/northern Santuk/Baray:Streams, seasonally 
inundated grasslands &open forest. Protected area and IBA. 

104°31'54.05'' 12°35'15.43'' 

T86 
Hotspot: Stoung Prassat Balang: Dipterocarp forest, sesonally inundated 
grasslands and seasonal pools and streams. IBA 

104°24'44.21'' 12°53'15.97'' 

T87 
Hotspot: Boeng (or Boeung),  Chhmar Lake and river system at the edge of Tonle 
Sap lake: Ramsar site, Protected Area, IBA 

104°15'42.66'' 12°46'30'' 

T88 Lake Geozone 104°4'56.24'' 12°51'39.2'' 

T89 
Hotspot: Tonle Sap Lake, Tonle Sap River, Prek Toal: UNSESCO biosphere 
reserve, GMS hotspot, Protected Area, IBA 

103°41'2.65'' 13°13'17.58'' 

T90 Permanently inundated 103°57'10.8'' 13°1'52'' 

T91 Seasonally inundated annually 104°5'38.83'' 13°5'45.92'' 

T92 Seasonally inundated extreme 104°12'26.71'' 13°7'42.31'' 

 

 

6.4 Group nodes and identify BioRA zones 

6.4.1 Procedure 

The specialists were provided with the BioRA nodes presented in Table 6-7, together with a map and 

Google.kml showing their locations and an Excel file into which they could enter their results.  

Thereafter, the procedure used to delineation BioRA zones was: 
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1 For each of their preliminary indicators, specialists grouped the nodes for which they 

expected the linked indicators and the shape of the response curves for each link to be 

similar. 

2 The resultant groupings were analysed using a multivariate technique, which group objects 

that are more similar to each other than to those in other groups. 

3 The results of the multivariate analyses were used to identify BioRA zones. 

 

The groupings produced by the specialists in (1) above will be retained to guide the extrapolation of 

response curves if this proves necessary once the configurations of water resource developments in 

the scenarios are known.  They were also used to ascertain the level of effort that would be required 

by each lead and national specialist group to populate response curves for more the five locations 

listed in the ToR (see Section 6.5). 

 

6.4.1.1 Multivariate analysis 

A matrix was created of all the specialists’ groups (labelled 1, 2, 3,…,n down the nodes) with the 

columns being the nodes, and the rows being the indicators.  The matrix was analysed and clusters or 

groups created using PRIMER-E© (Clarke 2006).  The similarity or resemblance measure used was 

the Jaccard index
9
, and the distance or linkage measure (cluster mode) the single linkage measure

10
. 

 

Variations on these similarity and distance measures were also applied in order to test the robustness 

of the groupings, and all the results were very similar to those described in Section 6.4.2. 

 

6.4.2 Results 

Figure 6.7 shows the “dendrogram” for all the nodes.  It is clear from the results that two nodes (T88 

and T90) split off from the others nodes at a fairly low similarity, i.e., <60%.  These two nodes 

represent the permanently flooded part of Tonle Sap Great Lake, and as such they differ markedly 

from the other parts of the system, which are either lentic (flowing) systems or seasonal floodplains.  

The next main division is T84, which is the node on the Tonle Sap River.  This is to be expected as it 

is a lentic site that flows in two different directions. 

 

Thereafter there are two main divisions in the nodes (at c. 80% similarity), which distinguish the 

mainstem river nodes (R) from those in the Tonle Sap Lake (T) and the Mekong Delta (D).  As 

expected, the relationships driving the responses to flow in the Mekong Delta and Tonle Sap Lake are 

more similar to one another than to those driving the upstream river ecosystem.  Furthermore, the 

relationships driving the different parts of the Mekong Delta and Tonle Sap are c. 90% similar to one 

another.  The differences are related to channel versus floodplain ecosystems.  The inference is that 

any part of the floodplain will support a roughly similar biological community as any other provided it is  

  

                                                      
9
 The Jaccard index is a measure of how similar two sets are.  It is the ratio of the size of the intersection of 

the sets and the size of the union of the sets. 
10

 Single linkage clustering uses the distance between the ‘closest’ members of two clusters. 
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Figure 6.7 Dendrogram (Jaccard; single linkage) 
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subjected to the same flooding, sediment and water quality.  Similarly, any reach of the channel in the 

delta will support a roughly similar biological community as any other provided it is subjective to the 

same flooding, sediment and water quality. 

 

For the mainstem river nodes, R53, immediately upstream of the confluence with the Tonle Sap River 

splits off earlier than the other nodes, at 84% similarity.  This is in alignment with the IBFM delineation 

done by Carling (2006), which placed R53 in a different geomorphological zone to the zones slightly 

more upstream, e.g., R52 and R51.  The remaining river nodes are all > 85% similar to one another, 

and fall into four main groupings: 

 R1-R10 

 R11-R21
11

 

 R22-R33 

 R34-R51. 

 

The groupings, at this level of similarity, are in broad agreement with the IBFM geomorphological 

zones (Carling 2006), except that IBFM Geomorphological Zone 1 is split into two, upstream (R1-R10) 

and downstream (R11-21) of the Nam Ngene, and IBFM Geomorphological Zone 3, 4 and 5 are 

lumped into one (R32-51), although these split into various groups, at around 86% similarity.  IBFM 

Geomorphological Zone 2 is exactly the same (R22-R33; Carling 2006). 

 

6.4.2.1 BioRA zones 

Based on the above results, and taking account of the need to consider transboundary impacts, the 

preliminary BioRA zones are: 

BioRA Zone 1:  Mekong River from the border with China to upstream of the confluence with 

the Nam Ngene. 

BioRA Zone 2:  Mekong River from downstream of the Nam Ngene to upstream of the 

confluence with the Huai Mong. 

BioRA Zone 3:  Mekong River from downstream of the Huai Mong to the Laos PDR/ 

Cambodian border 

BioRA Zone 4:  Mekong River from the Laos PDR/Cambodian border to upstream of the 

confluence with the Prek Chhlong. 

BioRA Zone 5:   Chaktomuk area 

BioRA Zone 6:  Tonle Sap River from Phnom Penh to the Tonle Sap Great Lake. 

BioRA Zone 7:  Tonle Sap Great Lake. 

BioRA Zone 8:  Mekong Delta from the Cambodian/Viet Nam border to the sea. 

 

                                                      
11

 Except for R16, which is an outlier. 



  
Page 65 

 

  

 

Figure 6.8 Preliminary BioRA zones 

 

 

6.5 Preliminary focus areas for BioRA 

The focus areas for BioRA need to be representative of the BioRA zone in which they are situated, 

but importantly they also need to be situated where the suitable hydrological, hydraulic, sediment and 

water quality can be provided from the DSF/WUP-FIN models.  Of particular importance is the 

provision of hydraulic and sediment information for floodplain sections, including those at tributary 

confluences, in the focus area.   

 

BioRA Zone 1

BioRA Zone 2

BioRA Zone 3

BioRA Zone 4

BioRA Zone 5

BioRA Zone 8

BioRA Zone 6

BioRA Zone 7
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The focus areas for BioRA zones 7 (Tonle Sap Great Lake) and 8 (Mekong Delta) are relatively easy 

as the hydraulic, sediment and water quality modelling is done at a system scale.  Thus the BioRA 

focus areas are the whole of the zone. 

 

For the Mekong mainstream and the Tonle Sap River it is more complicated.  One-dimensional (1-D) 

hydrologic, channel hydraulics, channel sediment and water quality modelling are available for almost 

the whole area.  However, three-dimensional (3-D) modelling, which is needed for floodplain 

hydraulics and sediment, is limited to only a few areas as shown in Figure 6.9.  

 

 

Figure 6.9 River locations where 3-D models are available 

 

 

Thus, based on the above assessments and considerations, the suggested preliminary BioRA focus 

areas are as follows (Figure 6.10; Table 6-8): 

BioRA FA1:  Mekong River upstream of Pak Beng. 

BioRA FA2:  Mekong River upstream of Vientianne. 

BioRA FA3:  Mekong River at Se Bang Fai. 

BioRA FA4:  Mekong River upstream of Stung Treng. 

BioRA FA5:  Mekong River upstream of Kampong Cham. 

BioRA FA6:  Tonle Sap River at Prek Kdam. 

BioRA FA7: Tonle Sap Great Lake. 

BioRA FA8: Mekong Delta from the Cambodian/Viet Nam border to the sea. 

 

These focus areas ensure the possibility that there will be suitable hydrological, hydraulic, sediment 

and water quality modelling data available for the assessments.  There are no large floodplains at 

BioRA FA1: Mekong River upstream of Pak Beng, and so there is no need for a 3-D model there as 

the 1-D modelling will suffice. 

 

 



  
Page 67 

 

  

 

Figure 6.10 Suggested preliminary BioRA focus areas 
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Table 6-8 Suggested preliminary BioRA focus areas 

Name Description 
Approximate coordinates 

Upstream Downstream 

BioRA FA1 Mekong River upstream of Pak Beng 19°51'31.91'' 
101°04'46.77'' 

19°52'21.6'' 
101°05'58.75'' 

BioRA FA2 
Mekong River upstream of 

Vientianne/Nong Khai 
18°12'28.49'' 
102°07'33.73'' 

17°58'50.36'' 
102°25'38.71'' 

BioRA FA3 Mekong River upstream of Se Bang Fai 17°12'23.88'' 
104°48'21.92'' 

16°49'14.26'' 
104°44'47.5'' 

BioRA FA4 Mekong River upstream of Stung Treng 13°33'43'' 
105°58'18.55'' 

13°31'45.12'' 
105°56'14.37'' 

BioRA FA5 
Mekong River upstream of Kampong 

Cham 
12°17'52.85'' 
105°35'33.4'' 

12°12'44.51'' 
105°32'14.94'' 

BioRA FA6 Tonle Sap River at Prek Kdam 11°52'43.45'' 
104°46'57.75'' 

11°44'47.25'' 
104°49'54.36'' 

BioRA FA7 Tonle Sap Great Lake 
12º54’14.50”N

12
 

104º03’19.73”E 

BioRA FA8 Mekong Delta 
10º54’37.93”N 

105º11’17.94”E 
Coast

13
 

 

 

The resultant number of focus areas is more than the five stipulated in the Council Study Inception 

Report, however, the grouping of nodes undertaken by the specialists suggests that the additional 

areas will not involve much more work than originally thought as, for many indicators, the response 

curves are similar for several of the focus areas.  

 

                                                      
12

 Point in the lake. 
13

 There are nine distributary channels.  Bassac arm: 9º34’14.70”N; 106º18’33.24”E. 
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7 Next steps 

7.1 Schedule of follow-up BioRA activities 

The updated schedule of the next BioRA activities is provided in Table 7-1.  The aim of the BioRA 

team is to complete population and calibration of the DRIFT DSS, and to write-up the specialist 

reports that support the DSS by mid-December 2015.  At that point the DRIFT DSS will be ready to 

run analyses of the water resources development scenarios as and when the results of the modelling 

of hydrological, sediment and water quality regimes for these become available.  A list of the BioRA 

deliverables that accompany these tasks is provided in Appendix A. 

 

Table 7-1 Schedule of follow-up BioRA activities (as at 30 April 2015) 

No BioRA Tasks Dates 

1 Source and appoint lead specialists Complete 

2 
Preparation meeting, and indicator and site 

selection 
Complete (this report) 

3 

Field visit Part I Complete (this report) 

Field visit Part II 4-11 July 2015 

4 
Collation and preparation of relevant data 

and information 
March – November 2015 

5 Status and trends assessment May- 15
th
 June 2015 

6 Knowledge Capture 

Rationalisation of links: June 2015
14

 

DRIFT DSS Set-up: June 2015 

Workshop 1: 14-25 September 2015 

7 Calibration Workshops Workshop 1: 2-13 November 2015 

8 
Analysis of water resources development 

scenarios 
2016 

9 Specialist reports and internal review December 2015 

10 Input to Thematic and Cumulative Reports 2016 

 

 

                                                      
14

 Although a major rationalisation is planned for May and June 2015, this process will be ongoing until calibration 
is complete. 
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The activities currently underway are highlighted in red.  The next whole-team activity in the BioRA 

schedule is Field Visit Part II: 4-11 July 2015.  This does not involve the Delta or Tonle Sap support 

specialists, as it will focus on the river upstream of Kratie.  The BioRA team members involved in the 

trip are listed in Table 7-2.  The itinerary for the field trip has not yet been finalised, and will be 

communicated to the team at a later date.  However, it will make provision for two one-day team 

meetings: one at the start (4
th
 July) and one at the end (11

th
 July) of the trip.  The main purpose of 

these meetings is to assist the National Specialists with getting up to speed with the project concepts, 

progress to date and the future programme of work.  As part of this, we will also make available the 

preliminary DRIFT DSS shell for the Lower Mekong River, which the BioRA team will later populate 

with response curves. 

 

Table 7-2 BioRA team members involved in Field Trip II 

Name Discipline 

Dr Henry Manguerra Council Study Coordinator 

Dr Vitoon Viriyasakultorn Council Study Adviser 

Prof. Cate Brown BioRA Team Technical Lead 

Dr Alison Joubert DRIFT DSS Manager 

Manothone Vorabouth Council Study Administrative Assistant 

Dr Lois Koehnken Geomorphology and Water Quality Lead Specialist 

Dr Andrew MacDonald Vegetation Lead Specialist 

Dr Ian Campbell Macroinvertebrate Lead Specialist 

Prof. Ian Cowx Fish Lead Specialist (to Pakse) 

Dr Chavalit Vidthayanon MRC Fish Specialist 

Dr Hoang Minh Duc Herpetology Lead Specialist 

Anthony Stones Bird and Mammal Lead Specialist 

Toch Sophon Geomorphology Cambodia Specialist 

Pich Sereywath Biodiversity, excl. fish Cambodia Specialist 

Dr Chea Tharith Fish Cambodia Specialist 

Dr Narumon Sagpradub Fauna, excl. fish Thailand Specialist 

Chaiwut Grudpun Fish Thailand Specialist 

Dr Hoang Thanh Tung Geomorphology Viet Nam Specialist 

Dr Luu Hong Truong Biodiversity, excl. fish Viet Nam Specialist 

Vu Vi An Fish Viet Nam Specialist 

Dr Bounheng Soutichak Geomorphology Laos Specialist 

Thananh Khotpathoom Vegetation Laos Specialist 

Dr Phaivanh Phiapalath Fauna, excl. fish Laos Specialist 

Dr Kaviphone Phouthavong Fish Laos Specialist 
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Appendix A. BIORA DELIVERABLES 

No. Deliverables 
Contracted 

dates 
Revised dates

15
 Status 

1 

Presentations for a day-long session on 

DRIFT, plus an overview of available EF 

methods 

November 2014 November 2014 Completed 

2 
Progress Report: Indicator and Site Selection 

and Field Visit Report 
February 2015 February 2015 This report 

3 Progress Report: DSS Set-up Report March 2015 June 2015 Not started 

4 
Specialist reports – excluding final Response 

Curve Motivations 
September 2015 November2015 Not started 

5 

Progress Report: Populated and calibrated 

DRIFT DSS - including final Response Curve 

Motivations 

October 2015 December 2015 Not started 

6 
DRAFT Technical Report for the individual 

scenarios
16

 
December 2015 2016 Not started 

7 
DRAFT Technical Report for the cumulative 

scenario 
February 2016 2016 Not started 

 

 

  

                                                      
15

 See Section 7. 
16

 In all likelihood, all the scenarios will be cumulative and this task will fall away (see Section 2.1.1). 
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Appendix B. BIORA TEAM MEMBERS FOR THE 

PREPARATION MEETINGS AND FIELD VISITS 

No. Name Role Email 
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1 Dr Henry Manguerra Study Leader henry@mrcmekong.org  X X  X 

2 Prof. Cate Brown Technical Leader cate@southernwaters.co.za  X X X X 

3 Dr So Nam MRC-FP sonam@mrcmekong.org  X   X 

4 Mr. Peter Degen MRC-FP pfdegen@mrcmekong.org     X 

5 Dr Vitoon Viriyasakultorn Study Administrative Manager vitoon@mrcmekong.org  X X X X 

6 Dr Alison Joubert DRIFT DSS Manager cate@southernwaters.co.za  X X X X 

7 Dr Lois Koehnken 
Geomorphology and WQ Lead 
Specialist 

LKoehnken@iinet.net.au  X X X X 

8 Dr Andrew MacDonald Vegetation Lead Specialist amcdonald.botanist@gmail.com X X X X 

9 Ms Duong Thi Hoang Oanh 
Delta Microalgae Lead 
Specialist 

hoangoanh@ctu.edu.vn  X X X X 

10 Prof. Nguyen Thi Ngoc Anh 
Delta Macrophytes Lead 
Specialist 

ntnanh@ctu.edu.vn  X X X X 

11 Dr Ian Campbell 
Macroinvertebrate Lead 
Specialist 

i.c.campbell@bigpond.com  X X X X 

12 Prof. Ian Cowx Fish Lead Specialist I.G.Cowx@hull.ac.uk  X  X X 

13 Dr Kenzo Utsugi Fish Delta Specialist kenzoutsugi@gmail.com  X X X X 

14 Dr Hoang Minh Duc Herpetology Lead Specialist ducthao71@yahoo.com  X X X X 

15 Mr Anthony Stones 
Bird and Mammal Lead 
Specialist 

anthony.stones@btinternet.com X X X X 

16 Dr Dirk Lamberts 
Tonle Sap Processes Lead 
Specialist 

dirklamberts@yahoo.com    X X 

17 Mr Ly Vuthy Programme Officer/FP vuthy@mrcmekong.org  X X X X 

18 Ms Manothone Vorabouth TCU/OCEO manothone@mrcmekong.org  X   X 
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Appendix C. NMC REPRESENTATIVES FOR THE 

PREPARATION MEETINGS AND FIELD VISITS 

No. Name Representative Email 
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Cambodia 

1 H.E. Mr. Watt Botkosal CNMC wattbotkosal@gmail.com    X X 

2 H.E Khov Meas CNMC   X X X 

3 Mr Sok Khom CNMC khom.sk@gmail.com    X X 

4 Mr Chheng Phen FiA/MAFF   X X X 

Lao PDR 

5 Mr Bounphanh Saisipaseuth LNMC bpssps@gmail.com X X X X 

6 Prof. Chanda Vongsombath 
National University of 
Laos 

chanda.vongsombath@nuol.edu.la X X X X 

7 Dr Chanthaphone Phou-Asa CGCG  X    

8 Mrs Phetlasy Souladeth 
National University of 
Laos 

 X    

9 Mr Bouasavanh  Viengsombath DLF  X X X X 

10 Mr Khonekeo Kingkhambang LNMC Khonekeoit@yahoo.com  X X X X 

11 Mr Ketsana Xaiyasarn LNMC ketsanalaos@gmail.com  X X X X 

Thailand 

12 Prof. Chaiyuth Sukhsri TNMC  X    

13 Mr Winai Wangpimool 
Department of Water 
Resources 

winai.wangpimool@gmail.com X    

14 Mrs Mingkwan Thornsirikul 
Natural Resources and 
Environmental Policy 
and Planning 

 X    

15 
Mr Thaninthorn 
Mangkhalakheeree 

TNMC tomtnin@gmail.com  X X X X 

16 Mr Chanikarn Chadthasing TNMC  X X X X 

17 
Ms Patcharaporn 
Namtrakulpattana 

TNMC  X X X X 

Viet Nam 

18 Mr Nguyen Huy Phuong VNMC huyphuongmk@gmail.com X    

19 Mr Vu Minh Thien VNMC vumthien@gmail.com  X X X X 

20 Mr Pham Tuong VNMC phamtuong307@gmail.com  X X X X 

21 M. Tran Minh Dung VNMC  X X   

22 Dr Luu Hong Truong Biodiversity Specialist  X X X X 

23 Mr Dao Viet Long Fisheries Expert  X X   

24 Mr Hoang Duong Fishery Specialist  X X X X 
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Appendix D. FIELD TRIP PART I – SPECIALISTS’ NOTES 

This appendix presents summary trip notes, insights and comments on Field Trip Part I: Mekong 

Delta and Tonle Sap Great Lake from the specialists as follows: 

Dr Lois Koehnken:  Sediment, water quality and geomorphology 

Dr Dirk Lamberts   Tonle Sap Great Lake processes 

Dr Andrew MacDonald   Vegetation 

Prof. Nguyen Thi Ngoc Anh Delta macrophytes 

Ms Duong Thi Hoang Oanh Delta algae 

Dr Ian Campbell   Macroinvertebrates 

Prof. Ian Cowx    Fish 

Dr Kenzo Utsugi  Delta fish 

Dr Duc Hoang Minh  Herpetofauna 

Mr Anthony Stones  Birds and mammals. 

 

These contributions have been left fairly unstructured, as the intention here was to capture 

individual impressions of (and responses to the opportunities to see parts of) the ecosystem and its 

users.  

 

D.1. DR LOIS KOEHNKEN (SEDIMENTS, WATER QUALITY AND 

GEOMORPHOLOGY LEAD SPECIALIST) 

The Council Study field trip provided an extended opportunity to discuss the various disciplines with 

the NMC representatives and international specialists. Especially useful was being able to discuss 

the ‘linkages’ between the disciplines within the DRIFT context.  

 

During the trip, observations and linkages that were highlighted and discussed in the fields of 

geomorphology, sediment transport and water quality included: 

 The turbidity levels in the canals in the delta were much higher than those present in the 

mainstream Mekong or Bassac on the same days.  This demonstrated that the canals 

generate additional suspended sediment in the system, which needs to be considered 

within the context of DRIFT.  In general, seeing how extensive the canal system is and how 

important the canals are for shipping and living highlighted the importance of including 

canals in the DRIFT assessment. 

 Visiting the biological hot spots such as such as Tram Chim and Prek Toal, provided 

examples of the existing linkages between hydrology, sediment and nutrient input and how 

changes to hydrology or sediment and nutrient input may alter these already sensitive 

environments. 

 The relationships between riparian vegetation and river side gardens and bank stability 

were observed and discussed in detail as we travelled by boat between Chau Doc and 

Phnom Penh, which helped with refining geomorphic indicators. 

 A better understanding of sedimentation patterns (spatial and temporal) within the flooded 

forest of the Tonle Sap system was gained, as was an understanding of how this process 

under pins primary productivity in the ecosystem. 

 Travelling through Prek Toal enabled the group to observe the characteristics of the 

sediments on bank and on the bed of the shallow channels and adjacent lake.  The reddish 
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colour of the suspended material was markedly different from the bed material, which 

highlighted the different dissolved oxygen (redox) conditions of the bed and overlying 

water.  This is important for understanding how water quality parameters such as oxygen 

and iron will cycle within the lake and floodplain. 

 Observing some of the endangered species in the river, such as the Asian openbilled 

storks in Tram Chim and eagles in Prek Toal, provided an insight into the natural 

characteristics of the lower Mekong ecosystem.  Comparing these sites with the cleared 

and developed areas of the delta and Tonle Sap demonstrated how modified the 

environment is, even though the hydrology has only recently been altered. 

 Water quality issues associated with the dry season were observed in the canals in the 

delta and near the Tonle Sap by the presence of algal blooms. 

 Overall it was an excellent opportunity to gain local knowledge from the riparian 

participants, and to put the local examples in a global perspective. 

 

D.2. DR ANDREW MACDONALD (VEGETATION LEAD SPECIALIST) 

D.2.1. Mekong Delta  

Apart from the vast and therefore highly significant marshlands that were observed from the boat 

as we approached Phnom Penh (Bassac marsh in particular, node 56, but generally from nodes 

53-57, 64), natural vegetation in the formalized ‘Delta’ regions (nodes 54-82, 100-102) play 

relatively limited roles in the constitution and integrity of the river’s biological diversity and 

productivity of the lower Mekong River on account of modern, intensive agriculture in the region 

and the fine-tuned control of water flow by an intricate system of irrigation canals.  Notable 

exceptions to this general trend include the occasional flooded forests and natural wetlands that 

are protected, such as the Tram Chim National Park (‘Plain of Reeds,’ node 66), Lang Sen Wetland 

Reserve (node 67, not seen) and a collection of disjunct mangrove communities that line the 

brackish shorelines of navigable water courses and to a limited extent, the (unobserved) coastline 

at the mouth of the delta.  The relatively small size of these natural vestiges of native vegetation 

makes them predictably more sensitive and less resilient to environmental changes than larger 

refugia, and therefore more vulnerable to impacts of changes in water flow.  For example, it was 

brought to our attention that slight decreases in water levels had a significant impact on the 

community structure of native grasslands at Tram Chim.  Subtle changes in water levels and/or 

timing of flooding can affect the abundance (frequency and density) of a specific sedge, which can 

affect the abundance of a charismatic and threatened crane species, the keynote animal attraction 

of this popular parkland.  This plant-bird relationship serves as an example for considering the 

complexities of interrelationships between living members of the LMB. Unfortunately, the natural 

history of most Mekong River creatures and their natural associates are poorly understood.  

 

In observing the treatment of rice fields during the dry season across Viet Nam’s delta region -- i.e., 

the removal all rice stems and leaves after harvests to serve as bovine fodder, and then following 

through with a thorough burning of vegetative residues -- it becomes apparent just how little 

agricultural lands contribute to the river system in terms of biomass and fertility during monsoonal 

floods.  It is noteworthy that these practices probably apply to more than 95% of the modern delta 

region, which was historically a mosaic of flooded forests and marshlands.    
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Based on past observations, it seems as though there is an increase in Melaleuca plantations on 

the delta floodplain, presumably on account of the growing need for local wood sources.   Given 

that natural Melaleuca forests tend to be monocultures, these plantations represent a native habitat 

that might be interpreted as flooded forest reserves and may also contribute to the productivity of 

fish populations during floods.   

 

D.2.2. Tonle Sap Lake  

Two sites on Tonle Sap Lake provide contrastive perspectives on the roles and fate of Cambodia’s 

critical floodplain.  The Prek Toal site is confined within a protected zone and exemplifies one of 

few significant successes in modern Cambodian conservation initiatives.  Large populations of 

large aquatic fowl flourish in a vegetation that retains its original structure and species composition.   

The site is a popular attraction for tourists.  Very slight changes in the height of the soggy terrain 

determines whether trees will grow large enough to support bird rookeries or otherwise, as short 

and highly ramified trees that are optimal for the reproduction and development of fish fry.  The 

mixture of large and small-statured plants provides the required elements for large waterfowl 

reproduction and survival, and just as well for a healthy fishery.   

 

In contrast, the floodplain vegetation that surrounds the thriving fishing village of Kampong Kleang 

is exploited in many and various ways, the impacts of which are predictably threatening to the 

future of local fishing communities.   This fishing village has grown substantially since I first visited 

the site in 1996, at which time the most damaging human activities involved the degradation of 

floodplain forest by wood collectors to smoke fish.  Today the impacts relate primarily to land 

conversion for the sake of agriculture.  Large swaths of forests have been removed to 

accommodate rice and mung bean farms, the former of which occupies the outer floodplain and the 

latter the inner boundaries of the floodplain.  A satellite perspective using GOOGLE EARTH 

reveals almost half the flooded forest has been removed on the north shore of the lake between 

Kampong Kleang and Siem Reap River.  These changes have taken place over the course of only 

20 years and do not augur well for sustainable fish production.  Since potentially similar reductions 

of the inner and outer floodplain vegetation are possible for the entirety of the Tonle Sap floodplain 

if high and low water levels are diminished on account of profligate dam development, Kampong 

Kleang provides a window into what the Tonle Sap as a whole could become in the short term.  

One’s imagination is required to extrapolate the shape of things to come in the long term.     

 

D.3. PROF. NGUYEN THI NGOC ANH (DELTA MACROPHYTES LEAD 

SPECIALIST)  

Field visit by boat (visual observation and taking photos) combined with interviewing local 

people/authorities in the Mekong river delta (Viet Nam) and Tonle Sap Lake (Cambodia) from 

March 22
nd

 to 26
th
, 2015 with regard to aquatic macrophytes are summarized, and reference is 

made to previous studies for identification of aquatic macrophytes in the survey areas.  

 

D.3.1. 22/3/2015: Tram Chim National Park 

The Tram Chim National Park located in Tam Nong district of the Mekong Delta province of Dong 

Thap and its total area is more than 7500 ha. Its main functions are to conserve a flooded 

Melaleuca forest ecosystem of the Mekong River, which is a typical wetland ecosystem of the Plain 
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of Reeds and a habitat for many rare water birds, especially the Eastern Sarus Crane (Grus 

antigone).  

 

The vegetation of Tram Chim National Park comprises a mixture of seasonally inundated 

grassland, regenerating Melaleuca forest and open swamp. Melaleuca is distributed throughout the 

national park, both in plantations and in scattered patches in areas of grassland or open swamp. 

There are six widespread grassland communities at Tram Chim including Mimosa pigra, of which 

the community dominated by Eleocharis dulcis (food source for sarus crane), Panicum repens, 

Ischaemum sp. and wild rice Oryza rufipogon is of the highest conservation significance. The other 

grassland communities are dominated by Eleocharis ochrostachys, Panicum repens, Ischaemum 

rugosum and Vossia cuspidata.  

 

In open swamp and along small older channels are dominated by water lilies such as Nelumbo 

nucifera, Nymphoides indica along with Nymphaea nouchali, Nymphaea pubescens, and 

Nymphaea tetragona. Nymphoides indica, lotus Nelumbo nucifera, water lettuce Pistia stratiotes. 

 

According to the manager, the changes of vegetation communities in Tram Chim are affected by 

hydrological regime regulation (water source, flow velocities, flood frequency, and duration) and 

water levels generated by the Mekong River, but controlled by a series of sluices in the park. 

 

 

Appendix Figure 1 Six typical vegetation communities in Tram Chim national Park 

 

 

D.3.2. 23/3/2015 (morning): Catfish farms at An Nhon island   

Catfish farms at An Nhon island located in Chau thanh district, Dong Thap province belong to 

Mekong (Tien) River. 

 

Vegetation communities along and upper dikes of fish ponds consist of Eclipta alba, Alternanthera 

sessilis, Eleusine indica, Phyllanthus urinaria, Ludwidgia adscendens, Ludwidgia hyssopifolie, 

 

(Nelumbo nucifera ) 
 

(Oryza rufipogon ) 

(Eleocharis dulcis) 

 

(Panicum repens) 

 

(Ischaemum rugosum ) 

(Melaleuca cajuputy) 
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Phyllanthus urinaria, Nymphoides indicum, Comelina diffusa.  Water hyacinth (Eichornia crassipes) 

and water spinach (Ipomaea aquatica) are dominant in the reservoir near by the fish ponds. 

 

Vegetation communities along the bank of the river comprise Persicaria attenuate, Polygonum 

tomentosum, Centrostachys aquatica and Anthurium spp.  They often form large patches with long 

floating stems that root at the lowest nodes, grow on the margins of the river bank.  

 

 

Appendix Figure 2 Typical vegetation communities in catfish farm, An Nhon island, 

Dong Thap province 

 

 

D.3.3. 23/3/2015 (afternoon): Catfish farms at Nam Viet Company- Long Xuyen 

city - An Giang province  

Catfish farm in Nam Viet Company located at Tay An commune, My Thoi ward, Long Xuyen City, 

An Giang province.  Water for the catfish ponds is taken from Tay An canal, which is 5 km away 

from Bassac (Hau) River.  

 

Vegetation communities along and upper dike of catfish ponds are similar to those observed in 

catfish farm from An Nhon Island.  

 

In Tay An canal, water hyacinth (Eichhornia crassipes) present along either sides of the canal and 

dominate over other macrophytes (Phragmites karka). 

 

 

Appendix Figure 3 Vegetation communities in catfish farm, Nam Viet Company and Tay 

An canal, An Giang province 

 

 

Water hyacinth in reservoir Vegetation community along 

river bank 

Vegetation community in 

catfish pond 

Vegetation community along 

fish pond dike 

Vegetation community upper 

dike of fish pond 
Vegetation community along 

Tay An canal 
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D.3.4. 24/3/2015:  Travel by boat from Chau Doc to Phnom Penh 

The river from Chau Doc to Phnom Penh is the Mekong (Tien) River.  Vegetation communities are 

similar to those observed in Bassac (Hau) River.  Recently, sand mining has also become 

intensively for construction works resulting in erosion both sides of the river.   

 

 

Appendix Figure 4 Typical vegetation communities along the Mekong River between Chau 

Doc and Phnom Pehn 

 

 

D.3.5. 25/3/2015:  Tonle Sap Lake  

The Tonle Sap Great Lake in Cambodia, the largest natural freshwater lake in Southeast Asia, is 

situated in the floodplain of the Mekong River, and is thus is directly linked to water levels of the 

Mekong River, and to any alterations in to water resource development and/or climate change.  It is 

a critical freshwater ecosystem in the Mekong River Basin.  The Tonle Sap floodplain comprises a 

mosaic of habitats that provide shelter and food to both aquatic and terrestrial biota.  These 

habitats are diverse in appearance and structure, including gallery forests, grasslands, shrub lands, 

and rice fields.  

 

Appendix Figure 5 Typical vegetation communities in the Prek toal 
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The Tonle Sap Lake is particularly characterized by high turbidity and a large annual fluctuation in 

lake water levels between the dry (low water depth: ≤1 m) and wet season (high water level: 6–8 m 

as seen the mats of dried water hyacinth attached on the top of the high trees).  Therefore, 

submerged aquatic macrophytes are virtually absent. In the open area of the Tonle Sap Lake, 

sedge communities (Cyperus malaccensis, Cyperus halpan, Rhynchospora corymbosa, Scirpus 

grossus) are dominant, follow by a free-floating water hyacinth (Eichchornia crassipes). 

 

In the tributary river which connected to Tonle Sap Lake show more diversity of vegetation 

communities. A wide variety of aquatic plants/grass are present both sides of tributary rivers such 

as Brachiaria mutica, Echinochloa stagnina, Leersia hexandra, Leptochloa chinensis, Oryza 

rufpogon, Paspalum scrobicularum, Sacciolepis interrupta, Vossia cuspidate, Colocasia sp., Reeds 

Phragmites karka, water hyacinth, Eichchornia crassipes.  Moreover, the giant mimosa (Mimosa 

diplotricha) forms the dense, impenetrable thickets in the upper banks of the river.  

 

D.3.6. Kampong Kleang Lake (26/3/2015) 

Kampong Kleang is located on the flood plains of the Tonle Sap lake, belong to Siem Reap 

province and about 55 km outside of the city.  This commune is one of the largest permanent 

settlements on the lake “stilts village”.  As all communities around the lake, the fishing community 

of Kompong Khleang undergoes dramatic and continual changes due to the seasonal flood levels 

caused by the reverse flow of the Tonle Sap River. 

 

For this reason, the ecosystem and natural resource of this area seem to be identical to the Tonle 

Sap Lake as seen by turbid water and low water depth.  In the open area of the lake, aquatic plants 

is almost lacking while in the channel, vegetation communities are similar to those observed in the 

tributary river from the Tonle Sap Lake i.e. water spinach (Ipomoea aquatica), water hyacinth 

(Eichchornia crassipes), Sacciolepis interrupta, Vossia cuspidate, Colocasia sp., Reeds 

Phragmites karka, invasive Mimosa diplotricha. 

 

 

Appendix Figure 6 Typical vegetation communities in the Kampong Kleang 

 

 

In summary, the trip by boat in these areas provided important context for the biological research 

assessment in the Mekong River.  However, more detailed studies on aquatic macrophytes (field 

sampling and laboratory analysis to quantify biomass, productivity and identification of 

macrophytes) are needed to link among hydrological, soils, and vegetation characteristics 

throughout the Mekong River.  These works can predict changes in vegetation cover as a result of 

future scenarios (hydropower, water abstractions, climate change) in the Mekong River Basin. 



82 

 

 

D.4. MS DUONG THI HOANG OANH (DELTA MACROALGAE SPECIALIST)  

D.4.1. Tram Chim National Park 

Tram Chim National Park is one of the wetland areas belonging to Dong Thap, Tien Giang and 

Long An provinces.  

 

The vegetation of Tram Chim National Park comprises a mixture of seasonally inundated grassland 

more than 130 species, regenerating Melaleuca forest and open swamp.  Melaleuca is distributed 

throughout the national park, both in plantations and in scattered patches in areas of grassland or 

open swamp. There are five widespread grassland communities at Tram Chim, of which the 

community, dominated by Eleocharis dulcis and wild rice. Oryza rufipogon. is of the highest 

conservation significance.  Tram Chim is one of the few places in the Plain of Reeds where this 

community is likely to survive to any extent, and, therefore, one of the most important sites for the 

conservation of wild rice in Viet Nam. The other grassland communities are dominated by 

Eleocharis ochrostachys, Panicum repens, Ischaemum rugosum and Vossia cuspidata.  Another 

vegetation type found at Tram Chim is lotus swamp, which is dominated by lotus Nelumbo nucifera, 

along with Nymphaea nouchali, N. pubescens and N. tetragona. 

 

Tram Chim was recognised as an important bird sanctuary in Vietnam which supports significant 

numbers of water birds, especially the Sarus Crane. Tram Chim National Park is one of the best 

developed and most well known sites for ecotourism in the Mekong Delta and it stores water during 

flood times. In particular, a well-operating water drainage system helps direct a great amount of 

aquatic species on the Mekong River. The increasing shade of Melaleuca in forest in Tram Chim 

prevents light for algal photosynthesis but in flood many forest trees die and this reduction will 

provide more light for algae growth. In flood, alluvial provide nutrients to algae growth. Alluvial 

water lacks light; therefore, Cyanobacteria grows more easily than any other algae.  

 

 
  Melaleuca forest Lotus swamp 
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Appendix Figure 7 Typical habitats in the Tram Chim National Park 

 

D.4.2. Tonle Sap Lake 

The Tonle Sap Great Lake is one of the largest freshwater lakes in Southeast Asia. The unique 

hydrological regime of Tonle Sap Lake is characterized by an annual inflow of Mekong waters into 

the lake basin during the wet season, when the water levels in the Mekong rise.  At the end of the 

wet season, the flow reverses and the lake empties again.  This hydrological cycle supports and 

maintains high biodiversity and productivity, particularly fish, plant communities, and wildlife. 

 

When we were at the lake, it was very shallow from about 0.5 to 1 m. Most of the water in the Tonle 

Sap Lake comes from the Mekong River. The flooding time in the Tonle Sap Lake is usually in May 

and June and it lasts about 5 months. At this time the water level of the lake increases up from 6 to 

9 metres. The surface of the lake is very extensive and is not hidden by any trees, so a lot of 

sunlight is available for algal photosynthesis. However, high turbidity of water by alluvium will 

prevent light for algal development. The observations in our fieldtrip indicate that the water in the 

lake has no colour of algae visibility. In contrast, Cyanobacteria can develop in water with low 

clarity and stability, so we saw the green colour of algae in the canal leading to the lake.  

Sedimentation occurs almost exclusively in the flood and alluvial provides nutrients to algae 

growth. Tonle Sap seasonally inundated vegetation ecosystem comprises: forests, shrubs, 

grasslands, receding and floating rice fields… The floodplain vegetation plays an important role in 

ecosystem by providing nutrient for algal growth from the decayed plants. 

 

 High turbidity water Vegetation in Tram Chim 
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Appendix Figure 8 Bank and floating vegetation (Eichornia) at Tonle Sap Lake 

 

 

 

Appendix Figure 9 Water colouration and birds at Tonle Sap 

 

 

D.5. DR IAN CAMPBELL (MACROINVERTEBRATE LEAD SPECIALIST) 

D.5.1. 22 March Tram Chim National Park, Viet Nam  

The park was established primarily because of unusual vegetation (plain of reeds) and dense bird 

populations. Channels constructed for the purposes of water management in the delta generally 

and in the park contain extensive areas of clay which contain numerous holes 3-5 mm diameter 

(Appendix Figure 10).  They may be geological in origin but seem more likely to be the burrows of 

insects or annelids.  Appendix Figure 10 is not clear but the holes are evident especially in the 

 
Algal colour on surface water Birds in Tonle Sap lake 
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bank towards the right hand side of the picture.  Odonata were numerous along the channels.  

Golden apple snail is a management problem within the park.  Snails were not observed but their 

distinctive egg masses were clearly evident. 

 

 

Appendix Figure 10 Clay banks along a canal in Tram Chim National Park with holes 

thought to be burrows of invertebrates.  

 

D.5.2. 23 March Canals and Fish Farms near My Thoi   

A local woman was observed harvesting molluscs (snails and bivalves) from a canal in the vicinity 

of My Thoi (Appendix Figure 11), so these are clearly a significant human food item in the delta.  
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Appendix Figure 11 Woman harvesting snails and bivalves from a canal near My Thoi 

Village, Viet Nam.  

 
 

D.5.3. 24 March – Mainstream, Chau Doc to Phnom Penh.  

There was no evidence of significant invertebrate use obvious along this section of the river.  A 

number of plants processing “trash fish” for fish food to supply Viet Namese fish farms were evident 

(Appendix Figure 12), as was sand extraction (Fig. 4).  We know from the MRC bioassessment 

program that invertebrates are abundant along this section of the river.  

 

D.5.4. 25 & 26 March Tonle Sap Great Lake, Cambodia.  

Dragonflies and some snail shells were evident around the Prek Toal core area at Tonle Sap 

biosphere reserve.  One banded krait snake was also observed.  Of some concern was the large 

area near Kompomg Kleang cleared and now planted with mung beans (Appendix Figure 14) with 

apparent extensive use of insecticides (Appendix Figure 15).  
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Appendix Figure 12 Floating plant processing “trash fish” into fish food, Mekong River, 

Viet Nam.  

 

 

 

Appendix Figure 13 Dredges extracting sand from the bed of the Mekong River, Viet Nam.  
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Appendix Figure 14 Mung Bean crop near Kompong Kleang 

 
 

 

Appendix Figure 15 Discarded insecticide bag near Kompong Kleang 
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D.5.5. 28 March Chong Kneas Port, Tonle Sap Great Lake.  

(Dr Campbell visited Chong Kneas Port on his own, after the Preparation Meetings and Field Visits) 

 

In the Chong Kneas area the ADB have funded the development of a port (Appendix Figure 16) 

presumably to service boat traffic between Siem Reap and Phnom Penh.  Of interest is the 

cultivation of water lillies as a crop on the flood plain (Appendix Figure 17) and extensive 

harvesting of aquatic insects (presumably dytiscid beetles and giant water bugs) as a cash crop for 

human food (Appendix Figure 18).  

 

 

Appendix Figure 16 The constructed port at Chong Kneas  
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Appendix Figure 17 Water lily crop near Chong Kneas 

 
 

 

Appendix Figure 18 Light traps for harvesting aquatic insects on the floodplain of the 

Tonle Sap Great Lake between Siem Reap and Chong Kneas. 
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D.6. PROF. IAN COWX (FISH SPECIALIST) 

Prof. Cowx was not part of trip to the Mekong Delta. He joined the team in Siem Reap for the Tonle 

Sap portion of the field visits. 

 

D.6.1. Tonle Sap 

The itinerary for the field visit was a boat trip on the Tonle Sap and a visit to Prek Toal, Biosphere 

Reserve on Thursday, March 26 2015 and a visit to Kampong Khlang in Tonle Sap on Friday, 

March 27, 2015.  Both visits provided a general overview of the Tonle Sap and a basic 

understanding of the functioning of the lake.  Of particular value was to see the intensity of fishing 

on the lake and the scale of operation and diversity of gears as well as the nature reserve and 

diversity of bird and plant life.  In addition it was interesting to see the expansion of the millet 

production and destruction of the flooded forest in recent years. 

 

Unfortunately the visit was during the dry season and thus the lake level was low and fishing 

operations restricted or fishers were just preparing for the next flood season.  Consequently we did 

not get to see what was being caught by fishers or indeed talk to any fishers to gain their 

perspectives.  It would be good to have seen the situation in the wet season to compare the 

conditions and also spend time talking to local people. 

 

The field trips were a little fragmented in that we were split between minibuses and boats and there 

was not always the opportunity to talk to the national experts in other fields of expertise.  The 

national experts in fisheries were well informed and provided good insights into the problems but I 

am not sure this was transferred fully to the other experts.   

 

D.7. DR KENZO UTSUGI (DELTA FISH SPECIALIST) 

D.7.1. 22 March (Tram Chim National Park) 

We visited Tram Chim National Park.  It is a protected wetland area.  A lot of bird species were 

observed.  To maintain the underground water level, water channels are built accordingly. 

 

In the water channels, we found a lot of fish.  Although the observation was just superficial, I could 

identify some species.  Most of the fish species I could find were air-breathing species (included in 

the so-called black fishes) such as Channa striata and Trichopodus trichopterus.  

 

The flow in the park is not directly related to the Mekong’s hydrology, but might be a replica of 

some habitats in the Mekong Basin. 

 

D.7.2. 23 March (Fish farms) 

We visited two fish farms in the Mekong Delta. 

 

The first farm is located on the river bank.  The farm cultures a single species, Pangasianodon 

hypophthalmus only.  They feed fish with conventional pellet food for catfishes. They use some 

chemicals for reducing ammonia in the pond water. 
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The second farm is located a bit far from the river that is a water source of the fish ponds. 

 

They culture a single species, Pangasianodon hypophthalmus only.  They use fish farming 

technique following ‘good practise’ promoted by Viet Namese government.  Used water is kept in a 

large sedimentation pond before returning to the river. 

 

D.8. DR DUC HOANG MINH (HERPETOFAUNA LEAD SPECIALIST) 

D.8.1. Visit to Tram Chim National Park:  

The 7 740 ha national park is fully protected by dykes and water-gate systems.  It is reported that 

the park supports about 49 species of reptiles and 15 species of amphibians.  At the time of the 

visit, there was no direct sighting of reptiles or amphibians in the field except two species of house 

gecko recorded at the headquarters of the park.  Open water bodies and Lotus swamps in the park 

are preferable habitats for water snakes (Holomatidae, Natricidae) and water turtle (Malayemis 

subtrijuga).  Most herptiles are nocturnal so day-time visit often resulted in low or no encounters. 

 

 

Appendix Figure 19 A group of swamp hen on grassland habitat in Tram Chim National 

Park 

 

D.8.2. Dong Thap Province –  An Giang Province 

Visit fish farm near Mekong River then a fish farm near Long Xuyen City.  On the river bank along 

Mekong River in Vinh Long Province (near My Thuan Bridge), a dyke system made of soil, has 

been built to protect fish ponds.  To prevent the bank from erosion, local people fixed a patch of 

floating macrophytes (mostly water hyacinth).  According to the owner of the fish farm, some water 

snakes were occasionally found in the patch and sometime a cobra was also found in a hole along 

the dyke.  The area is quite develop and may support a few water-dependent reptiles and riparian 

reptiles. 
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D.8.3. Mar. 24, 2015: Chau Doc City – Phnom Penh (by boat) then traveled to 

Siam Riep City 

Main vegetation types along Mekong River from Tan Chau to Phnom Penh are agricultural land 

including corn, chili and paddy field.  Some islands/islets covered by grasses or one crop 

vegetation occur in the mainstem.  Sand mining was observed in many places that can cause to 

change or flow direction, lead to bank erosion. 

 

 

Appendix Figure 20 Corn harvest near Tan Chau Town 

 

 

 

Appendix Figure 21 Sand mining in the mainstem of Mekong River, Viet Nam 

 

Bank erosion was also observed in many places. There is no report on herpetofauna in this area; 

however, habitat along this river section would not support diversity of herptiles. 
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Some remnants of riverine forest occur on the left bank between Neak Luong and Phnom Penh. 

This kind of habitat may play an important role in reserving semi aquatic reptiles and amphibians. 

 

 

Appendix Figure 22 Remnant forest along Mekong River, Cambodia 

 

 

D.8.4. Mar. 25, 2015: Visit Prek Toal Bird Conservation Area  

At least five species of turtles and 14 species of snakes, of which eight are specialist water snakes, 

have been recorded in the Great Lake.  Three other lizards, including two species of monitor and 

one gecko, were also recorded.  During the field visit, only two individuals of the garden-fence 

lizard (Calotes versicolor) were observed along the road to the temporary tourist wharf.  Water 

snake exploitation, mostly happened in the peak of wet season, is important income of local 

fishermen of the region. 

 

 

Appendix Figure 23 Snakes and frogs are main food of the Greater Adjustant 
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D.8.5. Visit Kampong Khlang in Tonle Sap 

Habitats of the area are quite similar to those in Prek Toal but more disturbed due to high density of 

human population and land conversion.  Seasonally inundated forest Kampong Khlang provides 

habitat for floodplain reptiles and amphibians. 

 

 

Appendix Figure 24 Seasonally inundated forest and fishing traps in Kampong Khlang 

 

 

D.9. ANTHONY STONES (BIRDS AND MAMMALS LEAD SPECIALIST) 

D.9.1. Mekong Delta - Tram Chim Nature Reserve 

It was evident from the study visit that the delta is heavily utilised. The river and river channels 

were heavily populated, often with ‘ribbon’ development including light industry, sawmills, brick 

kilns and fish farms  along long stretches of the main channel, which is typically > 500m in width 

here.  Where built infrastructure was lacking, the land along the channel banks was heavily 

cultivated.  

 

There appeared to be little, if any, natural banktop vegetation (there were some mature semi-

mature trees associated with settlements). There was some lower bank and within channel 

vegetation which appeared to be semi-natural.  

 

The landscape was dominated by rice paddies, and homesteads with ‘extended gardens’ 

supporting bananas and other crops adjacent to homesteads.  

 

No mammals were seen and bird species observed were commoner species of open countryside, 

e.g. black-shouldered kite, pond herons, little egrets, wintering brown shrikes and barn swallows.  

As we travelled north towards the Cambodian border, there was evidence of family land holdings 

but also evidence of other industrial activity notably sand-dredging from the river. On both sides of 

the river, the banks were of low earth cliffs which were several metres in height. 
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Tram Chim Nature Reserve, a Ramsar site since 2010, is 7 300 ha about 25 km from the Mekong 

River and represents one of the last remaining fragments of the Plain of Reeds ecosystem.  There 

are various initiatives underway to ensure the development of more sustainable management for 

the site, including water level management using a sluice gate system to ensure maintenance of 

suitable grassland habitat for the cranes. The site is internationally recognised for its wintering 

population of Eastern Sarus crane (23 present on our visit), but historically with numbers in the 

hundreds.  The seasonally inundated grasslands, open swamp, wetland systems and regenerating 

Melaleuca forest also support a number of other waterbird species (ducks, waders and egrets / 

storks).  The park is an important visitor attraction with visitor numbers have increased substantially 

since is declaration as a Ramsar site.  The site seemed very well-managed with an informative 

visitor centre and shop, and with an excellent system for managing visitors through the use of a 

boat system along the channel network, thus minimising widespread disturbance to birds and other 

wildlife.  The village rendezvous with the watchtower overlooking the swamp and forest is also a 

strong focal point. 

 

D.9.2. Fish farms 

We visited two fish farms. The first of these was c. 120 km from the estuary mouth. Saline influence 

is experienced up to c. 100 km upstream from the river mouth, so the river is freshwater here.  This 

farm (in Dong Thap province) had six ‘ponds’, with water being pumped between ponds as 

required.  The fish produced is catfish, with 2 000 tonnes of fish produced per annum.  The farm 

lies 5 km from the Bassac River and the water levels in the ponds can be ‘tied’ to the tidal rhythms 

of the river (twice per day). The hatchery for this farm was in Hung Mo (?) district (c. 60 km away). 

Wastewater is pumped through a bed of aquatic plants (phytoremediation using Amaranthis) and 

then into the river.  

 

The fish are fed pellets made locally of rice, beans etc. 1.5 kg of feed is needed to produce 1 kg of 

fish, with fish being fed twice per day. 

 

There was little wildlife associated with either of the fish farms which were in heavily 

agriculturalised landscapes.  The few bird species seen: house sparrow; pond heron; barn swallow 

and black-shouldered kite, were typical species of open countryside.  The fish farms were busy 

places, with a number of domesticated dogs present, and at the second farm, bird wires were 

observed strung out across a pond, presumably to catch migrant barn swallows.  

 

D.9.3. Tonle Sap Lake 

The drive from Siem Reap to the village from where we caught the longtail boat was through 

heavily utilised agricultural areas, with paddies, bananas, and palms which were particularly 

evident around farmsteads. There was evidence of commoner bird species of the wider 

countryside, including egrets and small parties of Asian Openbill stork. 

 

We took a longtail boat along a narrow, shallow channel towards the Great Lake itself. More bird 

species became apparent very quickly, and included small flocks of egrets and pond herons, little 

cormorants, large-billed crow (at least two nests and 18 birds were observed in one of the floating 

villages), barn swallows (hawking over the open water and perched on any available posts), black 

drongos, dollarbird and numbers of white-vented and common mynas. 
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As we approached the lake itself, more specialised wetland bird species were observed, including 

small flocks of painted storks, Asian openbills, darter and wintering whiskered terns (a species 

marsh tern that winters on Tonle Sap Lake).   

 

The main channel into Tonle Sap Lake was fringed with sedge beds and the vast expanse of open 

water in the landscape could be truly appreciated. As we left the lake and approached Prek Toal, 

the channel narrowed to c. 30 m wide.  As we travelled along the channel there was an increase in 

the numbers and diversity of wetland bird species.  The banks were fringed with a ‘scrub forest’ 

(thick low thorn forest), which appeared impenetrable, with stands of Melaleuca forest, some of 

which had clearly been used as waterbird roosts for considerable lengths of time. In areas this 

vegetation gave way to tracts of pen swampy grassland (in one of these a ‘lek’ of c. 100 purple 

swamp hen was observed).  The number of herons, egrets, cormorants and pelicans increased, 

with grey and purple heron feeding along the channel edge, which in places was confined, and 

flocks of tens of spot-billed pelicans feeding in the river itself.  Tens of birds were perched atop the 

Meleleuca trees and these included spot-billed pelicans, night herons, lesser and greater adjutant 

storks, common darters, and several grey-headed fish-eagles which were perched on an 

overhanging tree branch above the main channel. 

 

 

Appendix Figure 25 A grey-headed fish-eagle perched on an overhanging tree branch 

above the main channel at Prek Toal 

 

 

On leaving the Prek Toal bird area we visited the visitor centre on one of the floating villages – this 

was informative and well-located, and the presence of a watchtower meant that it was possible to 
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climb up and have far-reaching views over the complex of wetlands and low forest that lie adjacent 

to the lake itself. 

 

It is clearly of significant importance to waterbirds in terms of the variety of habitats present (from 

open water to climax forest vegetation), the feeding and nesting opportunities it affords these 

species, and its relative inaccessibility. 
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Appendix E. LIST OF PRELIMINARY BIORA INDICATORS 

FOR COMMENT 

The table below has place for comment on each of the suggested indicators, as well as space to 

suggest additional indicators for each discipline/sub-discipline.  Please send suggestions to: 

cate@southernwaters.co.za and alison@southernwaters.co.za. 

 

Discipline/sub-discipline Code Indicator 
Comments 

Agree Disagree Suggested alterations 

MAR MAR Mean annual runoff    

Dry-season hydrology 

Do Onset    

Dd Duration    

Dq Minimum 5-day discharge    

Ddv Average daily volume    

mxiDry Maximum instantaneous discharge    

raiDry Maximum rate of change in discharge    

diDry Within-day range in discharge    

     

     

     

Transitional season 
hydrology 

T1v Average daily volume    

mxiT1 Maximum instantaneous discharge    

raiT1 Maximum rate of change in discharge    

diT1 Within-day range in discharge    

     

     

     

Wet season hydrology 

Fo Onset    

Fd Duration    

Fq Maximum 5-day discharge    

Fdv Average daily volume    

Fv Flood volume    

mxiWet Maximum instantaneous discharge    

raiWet Maximum rate of change in discharge    

diWet Within-day range in discharge    

     

     

     

Channel hydraulics 

avCV Average velocity    

maxCD Maximum depth    

minCD Minimum depth    

avCD Average depth    

CSS Shear stress    

Slope Bed slope    

Elevation Bed elevation    

Inun2C Inundation of secondary channels    

     

     

     

mailto:cate@southernwaters.co.za
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Discipline/sub-discipline Code Indicator 
Comments 

Agree Disagree Suggested alterations 

Floodplain hydraulics 

FpO Onset of inundation    

FpDd Duration of inundation    

InunArea Inundated area    

avFpV Average velocity    

maxFpV Maximum velocity    

avgFpD Average depth    

maxFpD Maximum depth    

     

     

     

Sediments 

SedLoad Sediment loads    

SedConc Sediment concentrations    

SedGrain Sediment grain-size distribution    

FpD Floodplain deposition.    

     

     

     

     

Water quality 

Salinity 
Salinity/conductivity (extent of salinity 
intrusion) 

   

Temp Temperature    

pH pH    

DO Dissolved oxygen     

TSS 
Total Suspended sediment (from sediment 
model) 

   

ALK Alkalinity    

SO4 Sulphate    

TOTN/ 
NO32 

Nitrogen species (Total Nitrogen, Nitrate + 
Nitrite, Ammonia) 

   

TOTP/ 
PO4 

Phosphorus species (Total Phosphorus, 
Dissolved reactive phosphorus) 

   

Si Silica    

COD Chemical oxygen demand.    

     

     

     

Geomorphology 

Erosion Erosion (bank / bed incision)    

Fine/Coarse Sediment fining / coarsening    

Sandbar Exposure of sandy bars, islands and insets    

Rockreef Exposure of rocky reefs    

PDepth Pool depth    

Clarity Water clarity    
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Discipline/sub-discipline Code Indicator 
Comments 

Agree Disagree Suggested alterations 

Channel vegetation 

CUCover Extent of upper bank vegetation cover    

CLCover Extent of lower bank vegetation cover    

CHerb Extent of herbaceous marsh vegetation 
(submerged, floating and emergent) 

   

CBioRip Biomass of riparian vegetation    

CBioAlg Biomass of algae (planktonic and benthic)    

CComm Community structure and species 
composition 

   

     

     

     

Floodplain vegetation 

FForest Extent of flooded forest cover    

FHerb Extent of herbaceous marsh vegetation    

FBio Biomass of riparian/aquatic cover    

FBioBG Biomass of cyanobacteria    

FBioAlg Biomass of algae (planktonic and benthic)    

FComm Community structure and species diversity    

RipInv Extent of Invasive riparian plant cover    

FloatInv Extent of floating and submerged invasive 
plant cover 

   

     

     

     

Macroinvertebrates 

Hept Heptageniid mayflies    

Beat Baetid mayflies    

Emerge Dry season emergence    

Palin Palingeniid mayflies    

SnailA Snail abundance    

SnailD Diversity of snails    

N. aperta Neotricula aperta    

Bivalve Bivalves abundance    

Poly Polychaet worms    

Crust Shrimps and crabs    

LitDiv Littoral diversity    

LitASPT Littoral ATSP    

BenDiv Benthic Diversity    

BenASPT Benthic ATSP    

Zoo Zooplankton abundance    
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Discipline/sub-discipline Code Indicator 
Comments 

Agree Disagree Suggested alterations 

Fish 

Rithron Rithron resident species    

CRes Main channel resident (long distant white) 
species 

   

CSpawn Main channel spawner (short distance 
white) species 

   

FSpawn Floodplain spawner (grey) species    

Gen Eurytopic (generalist) species    

FRes Floodplain resident (black fish)    

ERes Estuarine resident species    

Anad Anadromous species    

Catad Catadromous species    

Marine Marine visitor species    

NonN Non-native species    

     

     

     

Herpetofauna 

AquSerp Aquatic serpents    

SAquSerp Semi-aquatic serpents    

AquTur Aquatic turtles    

SAquTur Semi-aquatic turtles    

Amphib Amphibians    

SAquRep Aquatic/semi-aquatic reptiles    

SpAmphib Species richness of riparian amphibians    

SpRep Species richness of riparian reptiles    

DivAmphib Diversity riparian amphibians    

DivRep Diversity riparian reptiles    

     

     

     

Birds 

CGround Medium / large ground-nesting channel 
species 

   

SeaFV Small non-flocking land bird of seasonally 
flooded vegetation 

   

TreeWB Tree-nesting large waterbird    

CHole Bank-/hole-nesting species    

Grambeds Flocking non-aerial passerine of tall 
graminoid beds 

   

FGround Large ground-nesting species of floodplain 
wetlands 

   

CForest Channel-using large species which require 
bank side forest 

   

CRock Natural rocky crevice nester in channels    

WoodWater Dense woody vegetation / water interface    

     

     

     

Mammals 

Dolphin Irrawaddy dolphin    

Otter Otters    

Ung Wetland ungulates    
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Appendix F. PRELIMINARY BIORA LINKS 

Appendix Table 1 Links to modelled time series (hydrology, hydraulics, sediments and water quality). Codes given in Appendix E 

Indicators  
Hydrology Hydraulics Sediments Water quality  
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   y y        y  y                  

Exposure of sandy bars, islands, insets 14   y  y  y   y      y  y   y    y         y   y y                

Exposure of rocky reefs 12     y  y   y      y  y   y    y         y   y y                
Width of active back channels 8     y  y   y      y  y   y  y                              y 

Pool depth 5                         y         y   y y                
Water clarity 3                      y             y       y            

Extent of gravel substrate 0                                                      
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BC: extent of upper bank vegetation cover   7                       y y        y    y                  
BC: extent of lower bank vegetation cover   6                       y y            y                  

BC: extent herbaceous marsh vegetation 
(submerged, floating & emergent cover)   12 

                      y y   y y    y    y                  

BC: Biomass riparian vegetation 14   
 

            
 

      y y    y    y    y                  

BC: Biomass algae (planktonic and benthic)  41   y 
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   y  y y y y  y y   y y  y y y y y  y y y y y y y y y y y y y  
BC: Wetland community structure; spp 
diversity  17 

                      y y   y y    y    y         y y y y y     

FP: extent flooded forest cover 19                       y y   y y y y  y y y y y   y  y  y y       y   

FP: extent herbaceous marsh vegetation 
(submerged, floating &emergent) 28 

                      y y   y y y y  y y y y y   y  y y y y y y y y y  y   

FP: Biomass of riparian/aquatic cover  28                       y y   y y y y  y y y y y   y  y y y y y y y y y  y   

FP: extent of cyanobacteria  24                                       y y y y y y y y y y y y y y  
FP: biomass of algae (planktonic &benthic)  47   y 

 
   y y   

 
y 
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Heptageniid mayflies (stony habitat) 10    y            
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Baetid mayflies (sandy habitat) 9    y            
 

                   y         y y y y y  y   
Dry season emergence  11    y y y          

 
                   y         y y y y y  y   

Palingeniid mayflies (silty habitat) 9    y                                y         y y y y y  y   
Snail abundance 9    

 
                               y         y y y y y  y   

Diversity of snails 8    
 

                               y         y y y y y  y   

Neotricula aperta (schistosomaisis host) 8    
 

                               y         y y y y y  y   
Bivalves abundance 9    

 
                               y         y y y y y  y   

Polychaete worms (salinity indicator) 9    
 

                               y   y      y y y y y  y   
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Littoral Inverts diversity 13    y                  y              y   y      y y y y y  y   

Littoral Inverts ATSP 13    y                  y              y   y      y y y y y  y   
Benthic Inverts diversity 10    y                                y   y      y y y y y  y   

Benthic Inverts ATSP 10    y                                y   y      y y y y y  y   
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Indicators  
Hydrology Hydraulics Sediments Water quality  
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Appendix Table 2 Links to geomorphology, vegetation and macroinvertebrates. Codes given in Appendix E 

Indicators 

 Geomorphology Vegetation Macroinvertebrates 
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Erosion (bank / bed incision) 14            y                          
Sediment fining / coarsening 5  y                                    

Exposure of sandy bars, islands, insets 14  y           y                          

Exposure of rocky reefs 12  y                                    
Width of active back channels 8                                     

Pool depth 5                                     
Water clarity 3                                     

Extent of gravel substrate 0                                     

V
eg

et
at

io
n 

C: extent of upper bank vegetation cover   7  y   y  y                                 
C: extent of lower bank vegetation cover   6  y   y  y                                 

C: extent herbaceous marsh vegetation 
(submerged, floating & emergent cover)   12 

 y   y  y                 y  y                

C: Biomass riparian vegetation 14  y   y  y     y  y  y           y  y                

C: Biomass algae (planktonic and benthic)  41    y  y  y  y     y  y          y  y                
C: wetland community structure; spp diversity  17  y   y  y                 y  y                

FP: extent flooded forest cover 19  y   y  y                                 
FP: extent herbaceous marsh vegetation 
(submerged, floating &emergent) 28 

y  y y                y y                

FP: Biomass of riparian/aquatic cover  28 y  y y                y y                

FP: extent of cyanobacteria  24   y y y y        y y y  y  y y                

FP: biomass of algae (planktonic &benthic)  47   y y y y        y y y y   y y                
FP: wetland community structure; spp diversity 28 y  y y                y y                

Invasive riparian plant cover 15 y  y       y    y y                      
Aquatic: Invasive floating & sub plant cover 25 y     y    y    y y     y                 

M
ac

ro
In

ve
rt

eb
ra

te
s 

Heptageniid mayflies (stony habitat) 10  y                                   

Baetid mayflies (sandy habitat) 9  y                                   
Dry season emergence  11  y                                   

Palingeniid mayflies (silty habitat) 9  y                                   

Snail abundance 9  y                                   
Diversity of snails 8  y                                   

Neotricula aperta (schistosomaisis host) 8  y                                   
Bivalves abundance 9  y                                   

Polychaete worms (salinity indicator) 9  y                                   
Shrimps and crabs 10  y                                   

Littoral Inverts diversity 13  y        y     y                      

Littoral Inverts ATSP 13  y        y     y                      
Benthic Inverts diversity 10  y                                   

Benthic Inverts ATSP 10  y                                   
Zooplankton Abundance 10  y                                   

F
is

h 

Rithron resident 23 y y    y                y               

Main channel resident (long distant white) 26 y y   y                      y  y  y      
Main channel spawner (short distance white) 30 y y   y         y             y  y  y      
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Indicators 

 Geomorphology Vegetation Macroinvertebrates 
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Floodplain spawner (grey) 32     y     y    y y  y   y       y  y  y      
Eurytopic (generalist) 4                 y                    

Floodplain resident (black fish) 28          y    y y  y y  y       y          

Estuarine resident 8          y    y y                      
Anadromous 15                                     

Catadromous 7                                     
Marine visitor 4                                     

Non-native 6                                     

H
er

pe
to

fa
un

a 

Aquatic serpents 14          y    y                       
Semi-aquatic serpents 7   y      y  y                          

Aquatic Turtles 15 y  y       y y   y            y     y      

Semi-aquatic Turtles 4 y        y                            
Amphibians -human consumption 3                                     

Aqu/semi-aqu reptiles: human consumption 
&farmed crocs 5 

                                    

Species richness of riparian/FP amphibians 13 y        y  y  y                        
Species richness of riparian/FP reptiles 11 y        y  y  y                        

Diversity index of riparian/FP amphibians 13 y        y  y  y                        

Diversity index of riparian/floodplain reptiles 11 y        y  y  y                        

B
ird

s 

Medium – large ground-nesting channel spp 7   y   y y                        y      

Tree-nesting large waterbirds.   8              y               y  y      

Bank / hole nesting species 5 y                      y y             
Flocking non-aerial pass of graminoid beds 3               y y   y                  

Large ground-nesting spp: wetland FP 3               y y   y                  
Channel-using large spp: bankside forest 8        y      y  y                y  y   

Natural rocky crevice nester in channels 4    y                  y y y             
Dense woody vegetation / water interface 4              y y y   y                  

Small non-flocking landbird of seasonally 
flooded vegetation 

11   y      y  y    y y   y   y y y y       y     

M
am

m
al

s Irrawaddy dolphin 5     y                          y      

Otters 10      y   y y          y         y  y      

Small carnivores 0                                     

Wetland ungulates  2              y y                      
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Appendix Table 3 Links to fish, herpetofauna, birds and mammals. Codes given in Appendix E 

Indicators 

 Fish Herpetofauna Birds Mammals 
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G
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Erosion (bank / bed incision) 14                                   

Sediment fining / coarsening 5                                   

Exposure of sandy bars, islands, insets 14                                   

Exposure of rocky reefs 12                                   

Width of active back channels 8                                   

Pool depth 5                                   

Water clarity 3                                   

Extent of gravel substrate 0                                   

V
eg

et
at

io
n 

BC: extent of upper bank vegetation cover   7                                   

BC: extent of lower bank vegetation cover   6                                   

BC: extent herbaceous marsh vegetation 
(submerged, floating & emergent cover)   12 

                                  

BC: Biomass riparian vegetation 14                                   

BC: Biomass algae (planktonic and benthic)  41                                   

BC: wetland community structure; spp diversity  17                                   

FP: extent flooded forest cover 19                                   

FP: extent herbaceous marsh vegetation 
(submerged, floating &emergent) 28 

                                  

FP: Biomass of riparian/aquatic cover  28                                   

FP: extent of cyanobacteria  24                                   

FP: biomass of algae (planktonic &benthic)  47                                   

FP: wetland community structure; spp diversity 28                                   

Invasive riparian plant cover 15                                   

Aquatic: Invasive floating & sub plant cover 25                                   

M
ac

ro
In

ve
rt

eb
ra

te
s 

Heptageniid mayflies (stony habitat) 10                                   

Baetid mayflies (sandy habitat) 9                                   

Dry season emergence  11                                   

Palingeniid mayflies (silty habitat) 9                                   

Snail abundance 9                                   

Diversity of snails 8                                   

Neotricula aperta (schistosomaisis host) 8                                   

Bivalves abundance 9                                   

Polychaete worms (salinity indicator) 9                                   
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Indicators 

 Fish Herpetofauna Birds Mammals 
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Shrimps and crabs 10                                   

Littoral Inverts diversity 13                                   

Littoral Inverts ATSP 13                                   

Benthic Inverts diversity 10                                   

Benthic Inverts ATSP 10                                   

Zooplankton Abundance 10                                   

F
is

h 

Rithron resident 23                               y    

Main channel resident (long distant white) 26                               y    

Main channel spawner (short distance white) 30                               y    

Floodplain spawner (grey) 32                        y y          

Eurytopic (generalist) 4                                   

Floodplain resident (black fish) 28                        y y          

Estuarine resident 8                                   

Anadromous 15                                   

Catadromous 7                                   

Marine visitor 4                                   

Non-native 6                                   

H
er

pe
to

fa
un

a 

Ranid & microhylid amphibians 17   y                     y   y y     y  

Aquatic serpents 14   y  y                   y   y      y  

Semi-aquatic serpents 7                           y      y  

Aquatic Turtles 15   y  y                              

Semi-aquatic Turtles 4                                   

Amphibians -human consumption 3                                   

Aqu/semi-aqu reptiles: human consumptn 
&farmed crocs 5 

                                  

Species richness of riparian/FP amphibians 13                                   

Species richness of riparian/FP reptiles 11                                   

Diversity index of riparian/FP amphibians 13                                   

Diversity index of riparian/floodplain reptiles 11                                   

B
ird

s 

Medium – large ground-nesting channel spp 7 y y y                                

Tree-nesting large waterbirds.   8    y  y      y y                      

Bank / hole nesting species 5    y  y                             

Flocking non-aerial pass of graminoid beds 3                                   

Large ground-nesting spp: wetland FP 3                                   
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Indicators 

 Fish Herpetofauna Birds Mammals 
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Channel-using large spp: bankside forest 8            y y                      

Natural rocky crevice nester in channels 4                                   

Dense woody vegetation / water interface 4                                   

Small non-flocking landbird of seasonally 
flooded vegetation 11 

                                  

M
am

m
al

s 

Irrawaddy dolphin 5 y y y                                

Otters 10 y y y                                

Small carnivores 0                                   

Wetland ungulates  2                                   
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Appendix G. LIST OF COUNCIL STUDY BIORA DISCPLINE 

SPECIALISTS 

Name Role Email 

International/regional consultants 

Dr Lois Koehnken Geomorphology and WQ Lead Specialist LKoehnken@iinet.net.au  

Dr Andrew MacDonald Vegetation Lead Specialist amcdonald.botanist@gmail.com  

Ms Duong Thi Hoang Oanh Delta Microalgae Lead Specialist hoangoanh@ctu.edu.vn  

Prof. Nguyen Thi Ngoc Anh Delta Macrophytes Lead Specialist ntnanh@ctu.edu.vn  

Dr Ian Campbell Macroinvertebrate Lead Specialist i.c.campbell@bigpond.com  

Prof. Ian Cowx Fish Lead Specialist I.G.Cowx@hull.ac.uk  

Dr Kenzo Utsugi Fish Delta Specialist kenzoutsugi@gmail.com  

Dr Hoang Minh Duc Herpetology Lead Specialist ducthao71@yahoo.com  

Mr Anthony Stones Bird and Mammal Lead Specialist anthony.stones@btinternet.com  

Dr Dirk Lamberts Tonle Sap Processes Lead Specialist dirklamberts@yahoo.com  

mailto:LKoehnken@iinet.net.au
mailto:amcdonald.botanist@gmail.com
mailto:hoangoanh@ctu.edu.vn
mailto:ntnanh@ctu.edu.vn
mailto:i.c.campbell@bigpond.com
mailto:I.G.Cowx@hull.ac.uk
mailto:kenzoutsugi@gmail.com
mailto:ducthao71@yahoo.com
mailto:anthony.stones@btinternet.com
mailto:dirklamberts@yahoo.com
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National consultants 

Dr. Chea Tharith Fisheries Specialist 
Cambodia 

cheatharith88@gmail.com 

Mr. Toch Sophon 
Sediment, Geomorphology and Water 
Quality Specialist 

Cambodia 

toch_sophon@yahoo.com 

Mr. Pich Sereywath Biodiversity Specialist 
Cambodia 

pswsph23@gmail.com 

Dr. Kaviphone Phouthavong Fisheries Specialist 
Lao PDR 
kaviphone@gmail.com 

Dr. Bounheng Southichak 
Sediment, Geomorphology and Water 
Quality Specialist 

Lao PDR 

bounhengs2005@gmail.com 

Dr. Phaivanh Phiapalath Fauna (excl fish) Specialist 
Lao PDR 

p.phiapalath@gmail.com  
 

Mr. Thananh Khotpathoom Flora Specialist 
Lao PDR 

Thanan_kh@hotmail.com 

Mr. Chaiwut Gudpan Fisheries Specialist 
Thailand 
k_chaiwut@hotmail.com 

Miss. Narumon Sangpradub Fauna Specialist (Excluding Fish) 
Thailand 

narumon@kku.ac.th 

Mr. Vu Vi An Fisheries Specialist 
Viet Nam 

anria2@yahoo.com 

Dr. Hoang Thanh Tung 
Sediment, Geomorphology and hydrology 
Specialist 

Viet Nam 

httung@wru.edu.vn 

Dr. Luu Hong Truong Biodiversity Specialist 

Viet Nam 

hongtruongluu@yahoo.com 
or 
hongtruongluu@gmail.com 

 

mailto:Thanan_kh@hotmail.com
mailto:k_chaiwut@hotmail.com
mailto:httung@wru.edu.vn
mailto:sieres-g@hcm.vnn.vn
mailto:hongtruongluu@gmail.com

