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KCW Knowledge Capture Workshop 

LMB Lower Mekong Basin 

mamsl metres above mean sea level 

NMCs National Member Countries 

MRC Mekong River Commission 

MRCS Mekong River Commission Secretariat 

NB Nota bene (note well) 

OAAs Other aquatic animals 

OSP Office of the Secretariat_Phnom Penh 

OSV Office of the Secretariat_Vientiane 

PDR People‘s Democratic Republic 

Q Discharge (m
3
/s) 

RC Response Curve 

RTWG Regional Technical Working Group 

SEA Strategic Environmental Assessment 

SSC Suspended Sediment Concentration 

TE Trapping Efficiency 

UMB Upper Mekong Basin 

WQ Water Quality 

WQMN Water Quality Monitoring Network (The MRC coordinated monthly monitoring program) 

WUP-FIN Water Utilisation Program – Finland 

HYV High Yielding Varieties (of rice) 
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1 Introduction 

 

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

estimated length of 4350 km. The river rises in the high plateau of Eastern Tibet and flows in a South 

to East direction through China, Myanmar, Lao PDR, Thailand, Cambodia and Viet Nam. It drains an 

area of 795 000 km², and discharges ~457 km³ of water annually into the sea Southwest 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 Basin (LMB) (Figure 1.1), and 

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 2600 to 10 400 km
2
. 

When the 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 in the dry season into the Delta, which buffers the intrusion of 

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

 

The town of 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 localised overbank natural storage. Downstream of Kratie, 

seasonal floodplain storage dominates the annual flow regime and there is considerable movement of 

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

in the Tonle Sap River. 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 LMB aquatic ecosystems, 

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 

LMB 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; MRC 2011) 

 SEA (ICEM 2010). 
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Figure 1.1 The Lower Mekong River Basin 

 

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. 
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This lack was identified as a data gap, inter alia, in the recent revision of the Basin Development Plan. 

Subsequently, at the 18
th
 Council Meeting of the MRC

1
, the National Member Countries‘ (NMCs) 

Prime Ministers agreed in principle to implement a study on sustainable management and 

development of the Mekong River including the 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 LMB
2
. It aims to 

address uncertainties in assessing the impact of different development opportunities in the LMB and 

to provide recommendations to facilitate informed development planning in the mainstream of the 

LMB. 

 

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

any of the tributaries in the LMB. The analysis of impacts of these on the river ecosystem and people 

will be limited to the mainstream Mekong and Tonle Sap Rivers, Tonle Sap Great Lake and the 

Mekong Delta. 

 

The stated objectives of the Council Study are to: 

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

and economic impacts of water resources developments; 

 integrate the results into the MRC knowledge base to enhance the Basin Development Plan 

(BDP) process, and; 

 promote capacity and ensure technology transfer to NMCs. 

 

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. 

 

                                                      

 

1 Held in Bali, Indonesia, November 2011 
2 Impact area is Mekong Mainstream including a 15-km corridor area on both sides of the river and the Tonle Sap Great Lake 
and Delta floodplains. 
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Figure 1.2 Council Study Assessment Framework 

 

 

The Hydrologic Discipline Team through the use primarily of the MRC Decision Support Framework 

(DSF) and Water Utilisation Program (Finland) (WUP-FIN) models assesses the changes in flow, 

sediment transport, and water quality as a result of the developments under reference and 

development scenarios. 

 

The Biological Resource Discipline Team through the use of Downstream Response to Imposed Flow 

Transformations (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 integrity. 

 

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 

integrity. 

 

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 
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address the impacts, both in terms of generating new opportunities as well as prevention, mitigation 

or compensation options. 

 

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 

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

Lake and the Mekong Delta.  

 

The BioRA is under the management of the Fisheries Program, MRC Secretariat (MRCS), under the 

leadership of Dr So Nam. 

 

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 Mekong River, Tonle Sap River, Tonle Sap Great Lake and the Mekong 

Delta ecosystems in terms of: 

 their reference 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; and 

 predictions of change in abundance/area/concentration (relative to Reference Scenario 2007) 

for a wide range of ecosystem indicators. 

 

1.2.1 The BioRA process 

The steps in the DRIFT process, as it is applied in the BioRA process are illustrated in Figure 1.3.  

 

 Step 1: Scenarios 1.2.1.1

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. The NMCs approved the concept of constructing 

Cumulative Scenarios to represent the 4
th
 Regional Technical Working Group (RTWG4) Minutes):  

 Early Development (up to 2007) 

 Definite Future Development (up to 2020), and 

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

 

Following evaluation of these scenarios, additional Thematic Scenarios may be developed, such as: 

 Exploratory Scenarios, and 

 Alternative Plan Scenarios. 

 

For these scenarios, change will be described relative to a Reference Scenario 2007, which was 

agreed by the NMCs in November 2015 (Small Technical Working Group Meeting; 12 November 

2015; Office of the Secretariat_Vientiane (OSV), Lao PDR). 
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Figure 1.3 The steps in the BioRA process 

 

 

 Step 2: Focus areas 1.2.1.2

See Section 2. 

 

 Step 3: Model hydrology, hydraulics, sediments, water quality 1.2.1.3

Model hydrology, hydraulics, sediments and water quality, is the responsibility of the Hydrologic 

Assessment Group under the leadership of the Information and Knowledge Management Program 

(IKMP). The modelling is being done using the MRC DSF, plus allied models such as the WUP-FIN 

suite of models.  

 

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

for the reference scenario and each development scenario to be assessed. The basic requirement for 

DRIFT is to obtain daily (or, in the case of HPP schemes that generate power at peak times each day, 

sub-daily) sequences for a consecutive run of as many years as possible.  

 

The first time-series required are continuous records of the reference scenario and present day
3
 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 reference scenario; 

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

system; 

                                                      

 
3
 Where these differ from the reference scenario 

Step 1: Scenarios

Baseline

Scenarios

Step 3: Model hydrology, 
hydraulics, sediments, WQ 

Step 5: Status and trends

Step 6: Knowledge capture
Set up DRIFT all sites

Create response curves

Step 7: Calibration

Step 8: Analysis
Run DRIFT for all scenarios and 
generate prediction of change

Step 4:  BioRA Indicators

Step 2: Focus areas

Scenarios
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 all chosen scenarios. 

 

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

Impact Modelling (April 2015). 

 

 Step 4: Select DRIFT indicators 1.2.1.4

The specialist team proposes indicators that represent each of the disciplines included in the 

assessment. The indicators used in BioRA are described and reasons for their selection provided in 

this report. 

 

 Step 5: Status and trends 1.2.1.5

The objectives of the status and trends assessments are 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). 

 

The results of the Status and Trends Assessment are provided in the Specialists‘ Report. 

 

 Step 6: Knowledge Capture 1.2.1.6

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 the IKMP. The bulk of the response 

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

 

 Step 7: Calibration 1.2.1.7

In calibration the aim is to match DRIFT outputs with measured data and/or local knowledge. To 

facilitate this process, a series of calibration scenarios are prepared for use. Typically these include 

representatives of period of extreme floods or drought. The bulk of the calibration was done in a 

workshop attended by the full team of BioRA specialists.  

 

The results of the preliminary calibration of the BioRA DSS are provided in BioRA Interim Technical 

Report: Preliminary Calibration. 

 

 Step 8: Analysis 1.2.1.8

Using the modelled time-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 
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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. 

 

1.2.2 Variations in the BioRA process 

The BioRA discipline team was one of the first full teams appointed in the Council Study. Initially it 

was intended that BioRA take 16-18 months, with a target completion date of 29 February 2016. To 

accomplish this, the BioRA DRIFT DSS would have needed to be populated, calibrated and ready for 

scenario evaluation, by mid-December 2015. From the outset it was recognised that the nature of the 

work and its deliverables were dependent on the input data generated by the thematic and other 

discipline teams, and agreed that the original BioRA timelines would be followed as far as was 

possible and thereafter adjusted to accommodate the different start dates of the other Council Study 

teams. 

 

In the event, there were two main obstacles to the BioRA DRIFT DSS being populated and calibrated, 

and ready for scenario evaluation by mid-December 2015, both of which were linked to later starts of 

other teams and processes. These were: 

 lack of clarity on the ‗Reference Scenario‘; 

 deferment of the approval of the modelling approach to be used by IKMP, and hence in the 

appointment of additional modellers to assist with the modelling. 

 

The first of these - lack of clarity on the Reference Scenario - meant that the set-up, population and 

calibration of the DSS done to date had to use a ‗preliminary reference‘ scenario. The Reference 

Scenario was subsequently identified as Reference Scenario 2007 in November 2015 (Small 

Technical Working Group Meeting; 12 November 2015; OSV, Vientiane, Lao PDR), which meant that 

the hydrological data used for the preliminary reference scenario are in fact identical to those for 

Reference Scenario 2007.  

 

The second of these had several implications for BioRA: 

1 No modelled sediment and water quality time-series were available, and the ‗preliminary 

reference‘ scenario relied on measured data for these parameters (see Report 3a – 

Preliminary calibration).  

2 The data for the Tonle Sap River and Great Lake were delayed and only became available 

after the KCW, which meant that the response curves were populated remotely rather than at 

the KCW, and as a result the calibration is incomplete. 
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3 Model outputs for the Delta are only expected in early 2016, and so the Delta is not included 

in the BioRA DSS_December 2015.  

 

Consequently: 

 the BioRA DRIFT DSS has been populated and partially calibrated for FA1 – FA7; 

 FA8 will be completed in 2016 when the model outputs for the Delta become available; 

 the DSS will need to be recalibrated once the Reference Scenario 2007 sediment and water 

quality modelling outputs become available. 

 

Thus, although considerable progress has been made, the BioRA DRIFT DSS is not yet ready for use 

in the evaluation of the Council Study Cumulative and Thematic Scenarios. It is however ready for 

testing. 

 

1.2.3 The BioRA team 

 Management and DRIFT DSS 1.2.3.1

The BioRA management team members are listed in Table 1.1. 

 

Table 1.1 BioRA management team 

Role Name 

BioRA Lead/MRC-FP Program Coordinator Dr So Nam 

Council Study Coordinator Dr Henry Manguerra 

Council Study Adviser Dr Vitoon Viriyasakultorn 

BioRA Team Technical Lead Prof. Cate Brown 

DRIFT DSS Manager Dr Alison Joubert 

Council Study Administrative Assistant Ms Manothone Vorabouth 

MRC-FP International Technical Adviser Mr Peter Degen 

MRC-FP Capture Fisheries Specialist Mr Ngor Peng Bun 

 

 

 BioRA lead specialists 1.2.3.2

The lead specialists on the BioRA team are listed in Table 1.2. 

 



 

  
Page 10 

 

  

Table 1.2 BioRA lead specialists 

Discipline Name Country 

Geomorphology and Water Quality Lead Specialist Dr Lois Koehnken Australia/USA 

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 

MRC Fish Specialist Mr Ngor Peng Bun Cambodia 

Herpetology Lead Specialist Dr Hoang Minh Duc Viet Nam 

Bird and Mammal Lead Specialist Mr Anthony Stones England 

 

 

 BioRA national specialists 1.2.3.3

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

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

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

3 to contribute towards development of the relationships (response curves) developed for 

indicators and in so doing provide NMCs an opportunity to review the thinking underpinning 

the assessment; 

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

technology transfer to NMCs. 

 

The national specialists assigned to the BioRA team are listed in Table 1.3. The selection of 

candidates was based on short lists provided by the NMCs.  

 

Table 1.3 BioRA national specialists 

Country Name Discipline 

Cambodia 

Geomorphology Mr Toch Sophon 

Biodiversity, excl. fish Mr Pich Sereywath 

Fish Dr Chea Tharith 

Lao PDR 

Geomorphology Dr Bounheng Soutichak 

Vegetation Mr Thananh Khotpathoom 

Fauna, excl. fish Dr Phaivanh Phiapalath 

Fish Dr Kaviphone Phouthavong 

Thailand 
Geomorphology Dr Idsariya Wudtisin 

Fish Mr Chaiwut Grudpun 

Viet Nam 
Biodiversity, excl. fish Dr Luu Hong Truong 

Fish Mr Vu Vi An 
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1.3 Purpose of this document 

This document forms Deliverable 4 of BioRA. Interim Technical Report 1: Volume 1 - The Specialists‘ 

Report (preliminary calibration version). 

 

It provides the information underlying the Response Curves, and other information, used in the DSS. 

For those disciplines where the response to flow is provided in the BioRA DRIFT DSS, the BioRA 

Specialists‘ Report provides: 

 assumption and limitations; 

 literature review; 

 the selection of indicators and linked indicators; 

 the status and trends assessment underlying the assumptions used, and 

 supporting evidence and reasoning for each response curve. 

 

As discussed in Section 1.2.2, this interim technical report excludes BioRA FA4, 6 and 8. 

 

The report should be read in tandem with: 

 Interim Technical Report 1: Volume 2 - Guide to viewing and updating the BioRA DSS, and 

 Interim Technical Report 1: Volume 3 - Preliminary Calibration Report.  

 

Table 1.4 BioRA deliverables 

No. Deliverables Date completed 

1 
Presentations for a day-long session on DRIFT, plus an overview of available 

EF methods 
November 2014 

2 Progress Report: Indicator and Site Selection and Field Visit Report April 2015 

3 Progress Report: DSS Set-up Report July 2015 

4 
Interim Technical Report 1: Volume 1 - The Specialists‘ Report (preliminary 

calibration version) 
December 2015 

5a 

Interim Technical Report 1: Volume 2 - Guide to viewing and updating the 

BioRA DSS (preliminary calibration version) 
December 2015 

Interim Technical Report 1: Volume 3 - Preliminary Calibration Report 

5b 

Populated and calibrated DRIFT DSS - including the Mekong Delta 
 

Final Technical Report 1: Guide to viewing and updating the BioRA DSS 

Final Technical Report 2: Specialists‘ Report  

6 Final Technical Report 3: Results for the cumulative and thematic scenarios   
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2 BioRA zones and focus areas 

 

The process adopted for selecting the BioRA zones and FAs, and the reasons for their selection, are 

detailed in Progress Report 1: Indicators and Focus Areas. 

 

2.1 BioRA zones 

The BioRA zones are (Figure 2.1): 

 

BioRA Zone 1:  Mekong River from the border with China to Pak Beng (confluence with Nam Beng) 

BioRA Zone 2:  Mekong River from downstream of the Nam Beng to upstream of Vientiane 

BioRA Zone 3:  Mekong River from Vientiane to Nam Kam town (near confluences with Se Bang Fei 

and Nam Kam) 

BioRA Zone 4:  Mekong River from Nam Kam to Stung Treng (Se San / Se Kong confluences) 

BioRA Zone 5:  Mekong River from Stung Treng to Phnom Penh 

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. 

 

 

Figure 2.1 BioRA zones 

 

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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2.2 BioRA focus areas 

Each BioRA zone is represented by a BioRA FA. The BioRA FAs are shown in Figure 2.2 and listed in 

Table 2.1. 

 

 

Figure 2.2 BioRA focus areas 

 

 

FA7

FA8

FA5

FA4

FA3

FA2

FA1

FA6
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Table 2.1 BioRA focus areas 

Name Description 
Approximate coordinates 

Upstream Downstream 

BioRA FA1 Mekong River upstream of Pak Beng 
19°51'31.9'' N 
101°4'46.78'' E 

19°52'21.61'' N 
101°5'58.74'' 

BioRA FA2 Mekong River upstream of Vientiane 
18°12'28.48'' N 
102°7'33.74'' E 

17°58'50.38'' N 
102°25'38.71'' 

BioRA FA3 Mekong River upstream of Se Bang Fai 
17°12'23.87'' N 
104°48'21.92'' E 

16°49'14.27'' N 
104°44'47.51'' 

BioRA FA4 Mekong River upstream of Stung Treng 
13°33'42.98'' N 
105°58'18.55'' E 

13°31'45.12'' N 
105°56'14.39'' 

BioRA FA5 
Mekong River upstream of Kampong 
Cham 

12°17'52.84'' N 
105°35'33.4'' E 

12°12'44.5'' N 
105°32'14.93'' 

BioRA FA6 Tonle Sap River at Prek Kdam 
11°52'43.46'' N 
104°46'57.76'' E 

11°44'47.26'' N 
104°49'54.37'' 

BioRA FA7 Tonle Sap Great Lake 
12°52'2.35'' N

4
 

 104°5'1.18'' E 
 

BioRA FA8 Mekong Delta 
10°54'37.94'' N 
105°11'17.95'' E 

Coast
5
 

 

  

                                                      

 

4 Point in the lake. 
5 There are nine distributary channels. Bassac arm: 9º34‘14.70‖N; 106º18‘33.24‖E. 
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3 Introduction to the status and trends assessment 

 

For the Council Study, BioRA will be required to: 

 describe the present ecological status of the LMB aquatic ecosystems; 

 describe the past ecological status of the LMB aquatic ecosystems, and possibly; 

 describe the future ecological status of the LMB aquatic ecosystems with and without the 

water-resource developments included in the scenarios. 

 

For this reason, each of the discipline reports contain a status and trends assessment, the objective 

of which is to provide a template to assist in delivering the required information. Essentially, it 

provides an estimate of how the abundance of each indicator is deemed to have changed (if at all) 

from its condition in 1900, 1950, 1970 and 2000 (115, 65, 45 and 15 years ago, respectively) and 

identifies the main drivers of change.  

 

This status and trends assessment: 

 identifies and documents past and current pressures on the system; 

 establishes the historical context for the 2015 LMB aquatic ecosystems, and enhances the 

understanding of how these have responded to past pressures, and 

 ensures that all specialists and disciplines are working within a common understanding of 

past and present pressures on the system. 

 

It is also used to: 

 set the conditions used as a reference point (Reference Scenario 2007) from which to make 

predictions, and possibly; 

 provide the trends for projections of future exogenous baselines. 

 

3.1 Approach 

Status and trends assessments were done for each of the indicators, and for each of the areas listed 

in Table 3.1. The areas are divided according to country because trends in development tend to be 

country-specific as they are defined by national and regional demographics, politics and policies, 

rather than by physical or biological attributes. The relationships between the status and trends areas 

and the BioRA zones are also shown in Table 3.1. 

 

For each indicator, the lead specialists: 

 described the 2015 ecological status (in terms of the ratings given in Table 3.2); 

 identified the five main anthropogenic drivers of indicator status. 

 assumed that 2015 quantity (in terms of abundance, area, volume, concentration, etc.) of the 

indicator was 100%, and then estimated what the quantity would have been as a relative 

percentage of 2015 in: 

 1900; 

 1950; 

 1970; 

 2000. 
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This means that if the indicator is deemed to have declined relative to historic levels, then the 

historic estimates as % relative to 2015 (100%) would be >100, and if it has increased they 

will be <100.  

 Provided evidence for the outcome of their evaluations. 

 

Table 3.1 Status and trends areas, shown in relation to the BioRA zones 

Status and trends area BioRA zones 

1 Mekong River in Lao PDR 1 
Mekong River from the border with China to upstream 

of the confluence with the Nam Ngene 

2 
Mekong River in Lao 

PDR/Thailand 

2 
Mekong River from downstream of the Nam Ngene to 

upstream of the confluence with the Huai Mong 

3 
Mekong River from downstream of the Huai Mong to 

the Lao PDR/ Cambodian border 

3 Mekong River in Cambodia 
4 

Mekong River from the Lao PDR/Cambodian border 

to upstream of the confluence with the Prek Chhlong 

5 Chaktomuk area 

4 Tonle Sap River 6 
Tonle Sap River from Phnom Penh to the Tonle Sap 

Great Lake 

5 Tonle Sap Great Lake 7 Tonle Sap Great Lake 

6 Mekong Delta 8 
Mekong Delta from the Cambodian/Viet Nam border 

to the sea 

 

 

Table 3.2 Ecological status ratings 

A 
Unmodified, 

natural 
As close as possible to natural conditions. 

B Largely natural 

Modified from the original natural condition but not sufficiently to have 

produced measurable change in the nature and functioning of the 

ecosystem/community. 

C 
Moderately 

modified 

Changed from the original condition sufficiently to have measurably 

altered the nature and functioning of the ecosystem/community, 

although the difference may not be obvious to a casual observer.  

D Largely modified 

Sufficiently altered from the original natural condition for obvious 

impacts on the nature and functioning of the ecosystem/community to 

have occurred.  

E 
Completely 

modified 

Important aspects of the original nature and functioning of the 

ecosystem community are no longer present. The area is heavily 

negatively impacted by human interventions. 

 

 

3.2 Historical events affecting the LMB aquatic ecosystem 

The history of the Mekong Basin includes events that altered the land cover and land uses in the 

catchment, and in turn, influenced the condition of the river and its associated ecosystems. Historical 

events and political ideological changes over a wide range of spatial and temporal scales resulted in 
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complex linkages to population, settlement and land use practices, and in turn had implications for the 

LMB habitats and ecological processes. Some of these events are central to understanding and 

contextualising changes in the aquatic ecosystems, as highlighted in Table 3.3. Table 3.3 is not 

intended as an exhaustive list of events that have affected the LMB, but as an illustration of the main 

sorts of events and developments that have affected the aquatic ecosystems. The extent to which 

these are deemed to have affected various BioRA indicators is addressed in the discipline-specific 

status and trends assessments. 

 

Table 3.3 Key historical events affecting the LMB 

Date Actions/developments 
Consequences for 

LMB 
Literature 

1800- 

Expansion of rice and 

other production in the 

Delta 

Colonisation of the 

Mekong Delta 
Conversion of wetlands, 

and increasing 

control/restriction of 

flooding and salinity 

regimes. 

Kakonen (2008) 

1893- 1953 

French colonisation of 

Viet Nam, Cambodia and 

Lao PDR 

Brocheux (1995) 

1975 -1994  
Shift from floating rice to 

irrigated rice 
Kakonen (2008) 

1995- Aquaculture Tran et al. (2015). 

2000- 
Introduction of three rice 

crops per annum 

Increased application of 

herbicides and pesticides. 
Tran et al. (2015). 

1950- 

Expansion of rubber 

plantations and 

deforestation  

Rubber plantations 

Changes in flow and 

sediment regimes. 

Smajgl and Ward 

(2013) 

Le Zhang et al. 

(2015) 

Li et al. (2008) 

Logging 

1939-1945 

Conflicts 

Second World War Changes in demographics. 

 

Removal of fauna and 

flora, e.g., rubber 

plantations in Yunnan, 

dolphins in Cambodia and 

defoliants in Viet Nam. 

 

Reductions in fishing as 

fishing lot operations in 

Cambodia were limited. 

 

Khmer Rouge 

concentrated on dam 

construction and water 

reservoirs for irrigated rice 

cultivation. 

Grigg (1974) 

1950-1953 Korean War 
Chapman (1991); 

Sidle et al. (2010) 

1964/5-1973 American War Tran et al. (2015). 

1975-1979 
Khmer Rouge in 

Cambodia 

Perrin et al. (1996) 

Beasley (2007) 

1986 & 1992 

Implementation of 

Lancang Cascade 

Manwan 

Changes in flow and 

sediment regimes. 

 

Barrier effects. 

Smajgl and Ward 

(2013) 

2003 Dachaoshan 

2008/9 Gongguoqiao 

2010/11 Jinghong 

2014 Xiaowan 

2014 Nhuzhadu 

1971 Dam development Lao 

PDR tributaries 

Nam Ngum 1 Changes in flow and 

sediment regimes. 
MRC (2011) 

1994 Xeset 1 
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Date Actions/developments 
Consequences for 

LMB 
Literature 

1998 Theun-Hinboun  

Barrier effects. 1999 Houay Ho 

2000 Nam Leuk 

2009 Xeset 2 

2010 
Nam lik 2 

Nam Theun 2 

2011 Nam Ngum 2 

1966 

Dam development 

Thailand tributaries 

Nam Pong 

Changes in flow and 

sediment regimes. 

 

Barrier effects. 

Ubol Ratana 

1967 Lam Phra Phloeng 

1971 Sirindhorn 

1972 Chulabhorn 

1994 
Pak Mun 

Hua Na 

2004 Lam Ta Khong 

1990 

Dam development Viet 

Nam tributaries 

Dray Hinh 1 

2001 Yali Falls 

Changes in flow and 

sediment regimes. 

 

Barrier effects. 

2006 Sesan 3 

2007 
Dray Hinh 2 

Sesan 3a 

2009 

Buon Kuop 

Buon Tua Sra 

Sesan 4 

Sre Pok 3 

2010 Sre Pok 4 

1800- Sand mining 

Mining of sediments 

(mainly sand) from the 

riverbed and banks 

Changes to sediment 

budgets/habitats. 

Bravard and 

Goichot (2013) 

1992- 

Other policies 

Greater Mekong 

Subregion Program 

Increases transport links 

and trade – increased 

pressure on resources. 

Leinenkugel et al. 

(2014) 

2000 

Lancang-Upper Mekong 

River Commercial 

Navigation Agreement 

Removal of rapids between 

Lao PDR-China border and 

Chaing Saen. 

Sunchindah (2005) 

2013 

Cancellation of the 

Fishing Lot System in 

Cambodia 

Increased fishing pressure. Ouer et al. (2014) 
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4 Modelled indicators 

 
The modelled/measured hydrology, hydraulic, water quality and sediment indicators used in the DSS 
are given in Table 4.1. 
 

Table 4.1 BioRA modelled time series indicators 

Code Indicator 

Hydrology 

MAR All Mean annual runoff 

Do 

Dry season 

Onset 

Dd Duration 

Dq Minimum 5-day discharge 

Ddv Average daily volume 

DRange Within-day range in discharge 

T1dv 

Transition season 1 

Average daily volume 

QmxiT1 Maximum instantaneous discharge 

dQiT1 Maximum rate of change in discharge 

T1Range Within-day range in discharge 

Fo 

Wet/flood season 

Onset 

Fd Duration 

Fq Maximum 5-day discharge 

Fdv Average daily volume 

Fv Flood volume 

WRange Within-day range in discharge 

T2dv 
Transition season 2 

Average daily volume 

T2Range Within-day range in discharge 

Hydraulics 
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 

SS Shear stress X X X X 

avWP Wetted Perimeter X X X X 

FpO 

Floodplain
6
 

Onset of inundation 

FpD Duration of inundation 

FPArea Inundated area 

avFpV Average velocity 

maxFpV Maximum velocity 

avFpD Average depth 

maxFpD Maximum depth 

minFpD Minimum depth 

Tonle Sap Great Lake modelled Indicators 

TLSwl Water level 

                                                      

 

6 Including Tonle Sap Great Lake 
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Code Indicator 

TLSwd Water depth 

TLSwa Water area 

TLStp Total production 

TLSpp Periphyton production 

TLSphp Phytoplankton production 

TLStpaq Terrestrial production utilisation in aquatic phase 

TLSs Sedimentation 

TLSo02 Area of oxygen vertical: 0-2 mg/l 

TLSo24 Area of oxygen vertical: 2-4 mg/l 

TLSo4u Area of oxygen vertical: >4 mg/l 

TLSff Area of flooded forest 

TLSfg Area of flooded grassland 

TLShm Area of herbaceous marsh 

TLSis Area of isolated lakes in dry season 

Sediment 

SedConc Sediment concentration 

SedGrain Sediment grain-size distribution 

SedFpD Floodplain deposition 

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

HSedDur Duration of high sediment delivery 

Water quality 

Salinity Salinity/conductivity (extent of salinity intrusion) 

Temp Temperature 

DO Dissolved oxygen  

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

NO32 Nitrate + Nitrite 

TOTP Phosphorus species (Total Phosphorus, Dissolved reactive phosphorus) 

PO4 Phosphate 

Si Silica 

Pesti Pesticides 

Herbi Herbicides 
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5 Scoring system used for response curves 

 

Into the foreseeable future, predictions of river change will be based on limited knowledge. Most river 

scientists, particularly when using sparse data, are thus reluctant to quantify predictions; it is relatively 

easy to predict the nature and direction of ecosystem change but more difficult to predict its timing 

and intensity. To calculate the implications of loss of resources to subsistence and other users and to 

facilitate discussion and trade-offs, it is nevertheless necessary to quantify these predictions as 

accurately as possible.  

 

The information provided by the biophysical specialists comprises two types of information for each 

biophysical indicator, viz.: 

 Severity ratings, which describe increases or decreases for an indicator in response to 

changes in the flow indicators, and 

 Integrity directions, which indicate whether the predicted change is a move towards or away 

from natural, i.e., how the change influences overall ecosystem condition.  

 

From these two types of information, the following are generated: 

 A time-series of abundance as a percentage of the abundance of the reference scenario; 

 Integrity Ratings, which provide an indication of discipline level and overall ecosystem 

condition relative to the reference scenario; and 

 Integrity Scores, which provide an indication of discipline level and overall ecosystem 

condition relative to historical conditions. 

 

5.1 Severity Ratings 

The Severity Ratings are on a continuous scale from -5 (very large reduction), through 0 (no 

measurable change), to +5 (very large increase) (Brown et al. 2008). These ratings are converted to 

percentages using the relationships provided in Table 5.1. Thus, the scale accommodates uncertainty 

as each rating encompasses a range of percentages; however, greater uncertainty can also be 

expressed through providing a range of severity ratings (i.e. a range of ranges) for any one predicted 

change (after King et al. 2003).  

 

Table 5.1. DRIFT Severity Ratings and their associated abundances and losses.  

Severity Rating Severity % abundance change  

5 Critically severe  501% gain to ∞ up to pest proportions 

4 Severe  251-500% gain 

3 Moderate  68-250% gain 

2 Low  26-67% gain 

1 Negligible  1-25% gain 

0 None  no change  

-1 Negligible  80-100% retained  

-2 Low  60-79% retained  

-3 Moderate  40-59% retained  

-4 Severe  20-39% retained  

-5 Critically severe  0-19% retained includes local extinction 

Note: a negative score means a loss in abundance relative to present day, a positive means a gain. 
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Note that the relationship between percentage change and positive Severity Ratings (i.e., associated 

with gains in abundance) is strongly non-linear
7
 and that negative and positive percentage changes 

are not symmetrical (Figure 5.1; King et al. 2003). 

 

 

Figure 5.1 The relationship between Severity Ratings (scores) and percentage abundance 

lost or retained as used in DRIFT and adopted for the DSS. (PD=present day 

AND = 100%). 

 

The Severity Ratings are used to provide an indication of how abundance, area or concentration of an 

indicator is expected to change year-to-year under different flow regimes, relative to the changes that 

would have been expected under present day conditions in the catchment.  

 

5.2 Integrity Ratings 

Integrity Ratings are on a continuous scale from -5 to +5. Integrity Ratings are calculated by 

converting the average abundance of each indicator (as a percentage of reference) over the whole 

time-period - using the inverse of the Severity-percentage conversion - and adding a negative or 

positive sign. This transforms them from Severity Ratings (of changes in abundance or extent) to 

Integrity Ratings (of shift to/away from naturalness), where (Brown and Joubert 2003): 

 toward natural is represented by a positive Integrity Rating; and 

 away from natural is represented by a negative Integrity Rating. 

 

The ratings for each indicator are then combined to provide an Integrity Rating for the discipline. Once 

converted to Integrity Scores (Section 5.3), an overall Integrity Score for the site can be calculated. 

 

If the overall ecosystem Integrity rating is positive, this denotes a move toward natural, i.e., 

restoration: 

 ≤1 or ≥-1, the ecological integrity will remain within the same category as present day; 

 >1 and ≤2, the ecological integrity will move one category closer to natural; 

                                                      

 
7
 The non-linearity is necessary because the scores have to be able to show that a critically severe loss equates to local 

extinction whilst a critically severe gain equates to proliferation to pest proportions. 
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 >2 and ≤3, the ecological integrity will move two categories closer towards natural;  

 etc. 

 

If the overall ecosystem Integrity rating is negative, this denotes a move away from natural: 

 ≥-1, the ecological integrity will remain within the same category as present day; 

 <1 and ≥ 2, the ecological integrity will move one category further away from natural; 

 <2 and ≥ 3, the ecological integrity will move two categories further away from natural; 

 etc. 

 

5.3 Integrity Scores 

The discipline level Integrity Rating positions a scenario relative to the reference scenario, which 

should have an Integrity Rating of close to 0 (for no change).  However, it is also necessary to place 

all scenarios on a scale relative to natural, and so the Integrity Rating is adjusted to obtain a discipline 

level or an overall Integrity Score.  The Integrity Scores are used to place a flow scenario within a 

classification of overall river condition, using the South African ecoclassification categories A to F 

(Table 3.2; Kleynhans 1996; Kleynhans 1999; Brown and Joubert 2003).  Conversion from scores 

which are relative to baseline (Integrity Ratings) to scores which are relative to natural (Integrity 

Scores), is achieved by subtracting, from each scenario, on a discipline level, an amount associated 

with the ecological status (Table 3.2) of the baseline.  The discipline level Integrity Scores can then be 

combined to give site level Integrity Scores. 

 

The ecological condition of a river is defined as its ability to support and maintain a balanced, 

integrated composition of physico-chemical and habitat characteristics, as well as biotic components 

on a temporal and spatial scale that are comparable to the natural characteristics of ecosystems of 

the region.  For instance, if the present ecological status of a river is a Category B, a scenario that 

yields an Integrity Score less than reference would represent movement in the direction of a Category 

C-F, whilst one with a score greater than reference would indicate movement toward a Category A. 

 

Integrity Scores are typically calculated at each FA for each discipline and for the ecosystem as a 

whole, i.e., the combined effect of changes in the indicators.   

 

5.4 Y1 and Y2 

The response curve data entry tables have space for two sets of ratings Y1 and Y2 (Figure 5.2). 

These provide the option of either entering a single rating (Y1), which will have an uncertainty range 

in abundance linked to those in Table 5.1, or two (Y1 and Y2). If the uncertainty around a response is 

higher, then a second rating can be added (in the Y2 column). The Y2 column has not been used in 

this stage of the Council Study (preliminary calibration), which is why it is empty on the response 

curves displayed in this report. It may, or may not, be utilised in the final calibration. 

 



 

  
Page 24 

 

  

 

Figure 5.2 Example of a response curve data entry table. 
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6 Geomorphology 

 

Lead specialist: Dr Lois Koehnken 

 

Regional specialists: 

Cambodia: Toch Sophon  

Lao PDR: Dr Bounheng Soutichak 

Thailand: Dr Idsariya Wudtisin. 

 

6.1 Introduction 

6.1.1 Objectives of the geomorphology discipline of BioRA  

There are three overall objectives of the geomorphology discipline within BioRA. The first is to provide 

the geomorphic background information and context for the BioRA team such that other disciplines 

can understand the physical and geomorphic characteristics of the LMB and how they relate to 

ecosystem processes; the second is to provide the geomorphic input to the setup and calibration of 

the DRIFT model; and the third is to advance the understanding of how geomorphic processes will 

respond under the various thematic and combined development scenarios. Each of these is 

expanded on in the following paragraphs.  

 

A geomorphic description and characterization of the LMB provides the large-scale picture against 

which flow alterations need to be considered. The geomorphic response of rivers will vary as the 

nature of the river channel and landscape setting changes (e.g., channel width, depth, slope, width of 

flood plains, alluvial or bedrock control, tributary inputs). Understanding the river at a landscape level 

is required for evaluating potential changes, and is a useful way to identify areas that are likely to 

respond in a similar manner. Using this approach, key areas can be targeted for analysis, with the 

results applicable to longer reaches. Geomorphic characterisations of the LMB have been completed 

previously (Gupta 2004; Carling 2009) and the characterisation presented in this report draws on 

these previous approaches. 

 

Setting up and populating the sediment transport and geomorphic indicators within DRIFT was a key 

objective of the geomorphic discipline. The inclusion of geomorphology within DRIFT allows the 

inclusion of geomorphic indicators not included in the IKMP modelling suite in the evaluation of the 

development scenarios. The geomorphic components of DRIFT are also critical to the ecological 

disciplines, as changes to the availability of suitable habitat will be derived from the geomorphic 

indicators. Geomorphic indicators that respond to flow changes have been identified based on 

regional and international experience and the scientific literature, with the ‗links‘ for each indicator also 

based on documented scientific principles and experiences captured in peer-reviewed literature.  

 

The ultimate objective of the geomorphic discipline within BioRA is to enhance the understanding of 

geomorphic change associated with the various development scenarios in the LMB. This will be 

accomplished through the analysis and evaluation of results from the IKMP and DRIFT models, within 

the geomorphic context of the Mekong River.  
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6.1.2 Assumptions and limitations 

Fluvial geomorphology as a discipline spans many temporal and spatial scales, and encompasses 

hydrologic and sedimentological processes that have high levels of inherent variability. Changes to 

rivers can happen at slow rates over long time-frames, or during short-duration, high intensity events 

causing abrupt geomorphic shifts.  

 

The following points highlight the recognised geomorphic and sediment transport limitations of the 

BioRA exercise: 

 there is a lack of information about large-scale geomorphic processes over time-scales of 

years to decades for the LMB. This limits the ability to estimate accurately rates of 

geomorphic change under ‗natural‘ or present conditions; 

 there is limited reliable information about sediment transport processes prior to c. 2011, when 

the NMCs implemented a more uniform and MRC-coordinated sediment monitoring program. 

Sediment information of variable quality is available for some sites between 1960 and 2000, 

but there are large gaps in the datasets and there is no information regarding bedload 

sediment transport, grain-size distribution or characteristics of the sediment load; 

 although recent monitoring results provide a more complete ‗picture‘ of sediment transport in 

the LMB, the MRC-coordinated monitoring was initiated after dams had been constructed and 

commissioned in the Upper Mekong Basin (UMB), so the recent gain in understanding 

sediment processes reflects a modified flow and sediment regime; 

 the status and trends and DRIFT calibration assume processes are uniform throughout each 

geomorphic zone and within the Focus Areas, and are based on ‗typical‘ responses. It is 

recognised that within river reaches geomorphic rates can vary considerably, due to 

geomorphic processes driven by the local hydraulics and sediment availability; 

 there are no quantitative site specific results upon which to base assumptions about channel 

response to changes in hydraulic conditions within the LMB. However, the general direction of 

likely change is well understood based on information from other river systems, and can be 

applied to the Mekong River system. 

 

6.2 BioRA zones and focus areas, with the focus on geomorphology 

6.2.1 Catchment geomorphology 

The Mekong River originates in the high mountains of China, and flows through a range of geologic 

and geomorphic settings that control the supply and delivery of sediment to the mainstream Mekong 

and ultimately the floodplains of Cambodia and Viet Nam. Reviews of the geology and 

geomorphology of the river are available in other MRC reports (Carling 2005; 2009; MRC 2010) and 

papers (Gupta 2004) and this review draws on these sources.  

 

Over the first 1800 km of its course, the Mekong River is confined to a narrow, steep, bedrock valley, 

with gradients reducing substantially downstream of the border between China and Lao PDR (Figure 

6.2). In the LMB, the course of the river continues to be strongly bedrock-controlled in northern Lao 

PDR, before entering a predominantly alluvial zone upstream of Vientiane, which extends 

downstream to Savannakhet (Lao PDR)/Mukdahan (Thailand). Downstream of this point, the river is 

structurally controlled to varying degrees until it enters the alluvial reaches of the floodplain near 

Kratie. The floodplain reaches, which include the Tonle Sap River, Tonle Sap Great Lake and Viet 
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Nam Delta, are considered sediment sinks in the context of the Mekong, although sediment is also 

derived from the tributaries feeding the Tonle Sap Great Lake. 

 

 

Figure 6.1 Map and long-section of the Mekong River showing elevation and national 

boundaries (MRC 2005). 

 

The delineation of these recognised geomorphic ‗zones‘ are shown in Figure 6.2 to Figure 6.4 The 

general geomorphic characteristics of the mainstream are summarised in Table 6.1.  

 

 

Figure 6.2 Long-section of the LMB showing depth of thalwag
8
 and extent of geomorphic 

zones (Courtesy of Tim Burnhill in Kondolf et al. 2011). 
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Figure 6.3 Hydrogeomorphic zones of the Mekong River (MRC 2005; Adamson 2001; 

Carling 2009). 

 

 

 

Figure 6.4 Geomorphic zonation of the LMB based on Gupta (2004). 
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Table 6.1 Geomorphic attributes of the LMB geomorphic zones and relationship to the 

BioRA zones. 

Carling (2009) Gupta (2004) 
Characteristics  

(Gupta 2004) 

BioRA 

zones 

2: from Chinese border to 

Vientiane – bedrock 

single channel, bedrock 

benches, pools (Note: the 

UMB is Carling‘s zone 1) 

1a-b-c-d: from Chinese border to 

Vientiane 

1a Chiang Sean to Luang Prabang 

(500 km) 

Gradient: 0.0003 

Channel Width: 200-700 m 

Reach length: 500 km 

Low Flow depth: 5 m 

High Flow depth: .10 m 

1 

1b Luang Prabang to Paklay (250 km) 

1c Paklay to Chiang Khan (20 km) 

1d Chian Khan to Vientiane (120 km) 

Gradient: 0.0003 

Channel Width: 200-2000m 

Reach length: 410 km 

Low Flow depth: <5-10m 

High Flow depth: .10 - 20 m 

2 

3: from Vientiane to 

Paksé 

 alluvial 

2a-b + 3: from Vientiane to Paksé 

2a Downstream Vientiane (500 km)  

2b Downstream to Savannakhet (400 

km) 

3 Savannakhet to Khong Chiam / 

Pakse (41 km) 

Gradient: 0.00006 – 0.0002 

Channel Width: 400-2000m 

Reach length: 700 km 

Low Flow depth: <5 m 

High Flow depth: .10 - >20 m 

3 

4: from Paksé to Stung 

Treng 

 bedrock 

anastomosing 

4 Pakse downstream 400 km 

5 Downstream to Se Kong / Stung 

Treng (200 km) 

Gradient: 0.00006 – 0.0005 

Channel Width: 750—5000 m, 

up to 15 000 m in 

anastomosing section 

Reach length: 350 km 

Low Flow depth: variable 

High Flow depth: .15 m 

4 

5: from Stung Treng to 

Tonlé Sap 

 alluvial 

6 Stung Treng downstream (225 km) 

7 End of reach 6 to Tonle Sap 

confluence (50 km) 

Gradient: 0.00005 – 

0.000005 

Channel Width: 3000 m, 

Reach length: 275 km 

Low Flow depth: variable 

High Flow depth14 - 18 m 

5 

Tonle Sap River 

 seasonal flow 

reversal 

 alluvial 

- - 6 

Tonle Sap Great Lake 

 alluvial 
- - 7 

6 Tonlé Sap to Delta 

Front 

 alluvial 

8: Phnom Penh to ocean (330 km) 

Gradient: 0.000005 

Channel Width:  

Reach length: 300 km 

8 

 

 

As indicated in the descriptions of the geomorphic zones, there are two areas within the mainstream 

that are dominated by bedrock-controlled channels. These are zone 1, extending from the Chinese 

border to upstream of Vientiane, and zone 3, the anastomosing river reach between Kong Chiam and 

Kratie. The exposure of bedrock in these reaches is extensive, as shown by the distribution of rapids 

(Figure 6.5 and Figure 6.6). These bedrock-controlled reaches are also characterised by the presence 

of ‗deep pools‘, which provide habitat and refuge in the dry season. The deepest pools in the 
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mainstream LMB occur between Mukdahan and Pakse, and are maintained by a combination of high 

shear stress, and the annual pattern of sediment delivery (MRC 2005; Halls et al. 2013).  

 

  

Figure 6.5 Distribution of rapids in the Mekong showing distribution of bedrock-controlled 

channels in the LMB (MRC 2011). 
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Figure 6.6 Left: Distribution of rapids in the Mekong showing distribution of bedrock-

controlled channels in the LMB. Right: Distribution of deep pools showing 

highest density and depths between Mukdahan and Pakse. 

 

 

All the geomorphic zones in the LMR contain floodplains, ranging from discrete floodplain pockets 

concentrated near tributary confluences, to the extensive Cambodian floodplains and Tonle Sap 

System, and the Viet Nam Delta (Figure 6.7). These alluvial reaches are directly linked to and 
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dependent on the sediment transport regime of the Mekong River. Alterations to the flow and 

sediment regime of the river will translate into adjustments in these alluvial environments.  

 

 

Figure 6.7 Distribution of areas subject to flood risks (floodplains) in the LMB. Mainstream 

floodplains shown in pink, tributary floodplains indicated in yellow. Areas 

prone to flash flooding are shown in tan. Around the Delta, the areas 

susceptible to storm surges and tsunamis are highlighted in blue (MRC 2010). 
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6.2.2 Potential responses of BioRA zones to flow changes 

BioRA zones were identified using a principle component analysis based on distribution of the 

indicators from each of the BioRA disciplines. These zones are broadly consistent with zones 

identified solely based on geomorphic attributes, which highlights the inter-linkages between the 

physical environment and ecological processes. 

 

Each of the identified BioRA zones are expected to respond differently to flow and sediment changes, 

due to differences in materials, slopes and other channel or floodplain characteristics. The following 

sections provide an overview of the range of changes that could occur in response to flow and 

sediment changes. The BioRA zones are shown in Figure 2.1. 

 

 BioRA Zone 1: Chinese border to downstream of Pak Beng  6.2.2.1

The most upstream zone in the LMB is characterised by a single, bedrock-controlled channel. The 

zone has the highest average slope in the LMB and consequently relatively high water velocities and 

shear stress relative to much of the downstream river. Although the channel is bedrock-controlled, 

there are large volumes of sediment that transit through this zone and create a mosaic of alluvial 

settings within the bedrock confines of the channel. These alluvial insets are important substrate for 

faunal and vegetation and habitat aquatic and terrestrial organisms. The MRC Discharge and 

Sediment Monitoring Project (DSMP) bed material survey indicated that this reach had a higher 

percentage of gravels in the bedload relative to the other river zones. This is consistent with its 

steeper slope and associated higher water velocities. FA1 (Figure 2.2), located within this zone, is 

characterised by a narrow channel and very steep slope. 

 

The planform (shape) and slope of the river are unlikely to change in response to changes in the flow 

or sediment regime because of the extensive bedrock control. The distribution and characteristics of 

the alluvial insets within the zone are likely to be affected, however, which would alter the quality and 

availability of these key habitats. Areas that are expected to be especially susceptible to change 

include: tributary confluences, where alterations to the relationship between tributary and mainstream 

flow have the potential to substantially alter river mouths and adjacent riverbanks, and; mid-stream 

islands and point bars, which could be subjected to an altered shear stress regime, leading to 

changes in erosional patterns. Photographs showing examples of the relationship between the 

bedrock and alluvial components of Zone 1 are provided in Figure 6.8. 
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Figure 6.8 BioRA Zone 1. Top: Views of the Mekong River showing confinement of the 

channel with a bedrock-controlled setting. Middle: Sandy alluvial environments 

within bedrock-controlled section of the river. Recent changes to the flow and 

sediment regime may be linked to apparent erosion on the toe of the bank in 

the middle right photograph. Bottom: sandy deposits over bedrock and 

boulders, showing mosaic of habitats. Apparent erosion of sandy deposits may 

be linked to recent flow and sediment changes in the zone associated with the 

Lancang Cascade. 
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 BioRA Zone 2: Downstream Pak Beng to upstream of Vientiane 6.2.2.2

Zone 2 is also characterised by extensive alluvial deposits within a bedrock-confined and controlled 

single river channel and has large accumulations of sediment in areas where the river slope is locally 

reduced. The zone is characterised by many ‗left bank‘ tributaries that contribute large volumes of 

water and sediment to the main river. 

 

Photographs of aspects of BioRA Zone 2 are provided in Figure 6.9. 

 

As with BioRA Zone 1, changes to the flow and sediment regime in Zone 2 are not expected to affect 

the large scale characteristics of the bedrock controlled river channel, but will alter the distribution and 

characteristics of sediments deposited within the bedrock setting. The alluvial reaches within this 

zone, such as those that commonly occur at tributary confluences, or within areas where the river 

valley is broader and sediment deposits are widespread and deep, will be much more susceptible to 

change. 

 

The FA within this zone corresponds to an area characterised by slightly lower slope, and large 

accumulations of alluvial deposits. This area is likely to be sensitive to changes in flow or sediment 

delivery due to the widespread presence of alluvial deposits. When observed in July 2015, alluvial 

deposits and vegetation within the FA displayed characteristics consistent with higher dry season 

flows, which is evidence that the reach is adjusting to the altered flows and sediment regime of the 

river. 

 

 BioRA Zone 3: Upstream of Vientiane to near the confluence of Se Bang Fai 6.2.2.3

BioRA Zone 3 comprises a predominantly alluvial river channel that skirts the edge of the Korat 

Plateau. Here the Mekong River is characterised by a wider channel, lower slope and wider, more-

continuous floodplains than in the upstream zones. The floodplains are composed of thick, lateritic 

deposits that generate fine sediments when disturbed. Numerous high water- and sediment-yielding 

tributaries enter from the north and west (Lao PDR ‗left bank‘ tributaries), while those entering from 

the east have lower yields. The channel contains numerous lozenge-shaped islands, many of which 

are floodplain remnants rather than alluvial deposits associated with the present flow regime.  

 

Figure 6.10 shows photographs from BioRA Zone 3. 

 

BioRA Zone 3 is highly susceptible to changes in the flow and sediment regime, with a high risk of 

erosion associated with decreased sediment loads. Numerous tributaries reporting to Zone 3 have 

been regulated for irrigation and hydropower, which contributes to flow and sediment alterations. 

Likely impacts associated with developments include increased bed incision if peak flows remain 

unchanged but sediment loads decrease, followed by channel widening once the bed becomes 

armoured or is otherwise constrained. Regulation of flows will alter the relationship between the 

mainstream and the tributaries, and there is potential for tributary ‗rejuvenation‘. Rejuvenation occurs 

when the base flow of the mainstream is altered, leading to a change in the water slope of inflowing 

tributaries. When the flow in the mainstream is high compared to the tributaries (such as during 

increased high flows in the dry season associated with flows from the Lancang Cascade), tributaries 

enter at a lower slope and deposition can occur within the tributary. The increased water levels in the 

mainstream can also cause increased water levels within lower tributary reaches due to backwater 

effects. 
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Figure 6.9 BioRA Zone 2. Top left: Bedrock-controlled setting in upper zone. Top right: 

Reworking of alluvial deposit near a tributary confluence. Middle left: Eroding 

alluvial bank showing exposed roots of vegetation. Middle right: Bedrock-

controlled riverbank. Bottom left: Open valley characteristic of the lower zone, 

showing reinforced riverbanks. Bottom right: Thick sandy deposit in an area 

where river slope is locally reduced, showing erosion and bank slumping. 
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Figure 6.10 BioRA Zone 3. Top right: Confluence of Nam Kading and Makeong showing 

Korat Plateau in distance. Top right: Example of lateritic floodplain in Lao PDR. 

Bottom left: Mekong River from Nakhon Phanom, showing broad river channel 

and Lao PDR highlands in the distance beyond the floodplain. Bottom right: 

Mekong River near Mukdahan. 

 

 

Conversely, if flow in the mainstream is reduced relative to the inflowing tributaries, erosion will 

increase in the lower reaches of the tributaries due to increased water slopes leading to an increase 

in shear stress. Under these conditions, sedimentation within the mainstream may increase, due to 

the mainstream flow being too low to transport the sediment that is transported by the tributary. Bars 

that are formed under these conditions are termed ‗rejuvenation bars‘ 

 

 BioRA Zone 4: Se Bang Fai to Stung Treng 6.2.2.4

Downstream of the alluvial reach, the Mekong mainstem enters another bedrock-controlled reach. 

Instead of a single channel as in the upper reaches of the river, this bedrock zone is characterised by 

multiple channels created by the presence of multiple islands. The anastomosing channels create a 

river corridor up to ~20 km wide, with the number of flowing channels dependent on the water level in 

the river. At the downstream end of the zone, the 3S River Basin (comprising the Srepok, Sesan, 

SeKong Rivers) - one of the largest tributaries in the catchment - joins the Mekong River. The islands 

and channels are characterised by alluvial deposits over bedrock and associated with lozenge-

shaped islands similar to those in Zone 3. The bedrock and associated boulders support a range of 

woody plants that are seasonally inundated to varying degrees.  
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Figure 6.11 shows photographs from BioRA Zone 4. 

 

Risks posed to this zone associated with changes to flow and sediment regimes include modification 

of the alluvial insets, and changes to the vegetation associated with changes in the duration and level 

of seasonal inundation.  

 

  

  

Figure 6.11 BioRA Zone 4. Top left: Google Earth image showing anastomosing bedrock-

controlled channels, and the confluence of the Mekong and 3S River Basin. Top 

right: Islands in the downstream section of the zone. Bottom left: Flooded 

forest near Don Sahong. Bottom right: Sand deposits on finer-grained island in 

Zone 4. 

 

 

 BioRA Zone 5: Stung Treng to Phnom Penh 6.2.2.5

This zone is characterised by the end of the bedrock-controlled reaches of the river and the start of 

the alluvial floodplain of the lower LMB. The bends in the Mekong River downstream of Kratie are the 

last surface expressions of bedrock influence on the planform of the river, and downstream of 

Kampong Cham, the river is alluvial. The banks of the river are characterised by weathered fine-

grained materials, overlain in some areas by recent deposits. The floodplains are broad, and 

considerable flow can leave the main channel during the wet season and follow overland routes to 

either the Tonle Sap Great Lake or the Delta. 
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BioRA Zone 5 is at a high risk of channel changes in response to flow and sediment alterations, 

including changes to riverbed elevation and slope, and bank modifications, which can potentially alter 

the width and course of the river channel.  

 

Photographs in Figure 6.12 show characteristics of Zone 5. 

 

 

Figure 6.12 BioRA Zone 5. Top left: Google Earth image of Mekong showing final bends of 

river upstream of Phnom Penh and Chaktomuk bifurcation with Tonle Sap River 

and lake. Top Right: lateritic riverbank downstream of Kratie. Bottom Left: 

alluvial deposits near tributary downstream of Kratie. Bottom Right: riverbank 

garden upstream of Phnom Penh.  

 

 

 BioRA Zones 6 and 7: Tonle Sap River and Great Lake 6.2.2.6

The bifurcation of the Mekong River at Phnom Penh and the annual reversal of the Tonle Sap River is 

a unique feature of the Mekong River, which contributes to the geomorphic characteristics of the 

lower river. The area comprises a network of channels that link the lake to the Tonle Sap River and to 

the Mekong mainstream. The transport, storage and release of water and sediment into and out of the 

Tonle Sap Great Lake moderates the flow and sediment transport to the Delta during the peak flood 

season, and provides additional water and sediment inputs during the recession of the flood season 

(T2). Generally the sediment load entering the Tonle Sap Great Lake from the Mekong River via the 

Tonle Sap River is fine grained, owing to the deposition of coarser material at the Delta where the 

river enters the lake. Some of this material is likely remobilised as flow leaves the lake, however, the 

results of the DSMP monitoring suggest that the lake is a net sink for sediments (and nutrients). 
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The low water velocities in the lake and on its floodplains allow the deposition of very fine silts and 

clays (see Figure 6.13), so alterations to the flow pattern in the Mekong River will ultimately affect the 

distribution of sediment deposition in the Tonle Sap Great Lake. Alterations to the flow and sediment 

regime could also impact the volume and timing of water and sediment discharged from the lake, 

which would affect the Mekong and Bassac river channels and the Delta. 

 

 

 

Figure 6.13 BioRA Zone 6 and 7. Top left: Delta and floodplain linking Tonle Sap River and 

Lake. Top right: Example of clays and fine silts deposited on the floodplain and 

in the lake. Bottom left: Tonle Sap floodplain and water-level station showing 

range of water level changes. Bottom right: Floodplain surrounding Tonle Sap 

Great Lake. 

 

 

 BioRA Zone 8: Mekong Delta 6.2.2.7

At Phnom Penh, the Mekong bifurcates, marking the start of the Delta. The river in Zone 8 has a low 

slope and is bordered by extensive floodplains. The effect of the tide extends as far as Phnom Penh 

in the dry season, which affects flow velocities and sediment transport. The channel is typically 

deeper in this area relative to upstream, and there is a higher proportion of clay in both the suspended 

sediment load, and in the bed and bank materials. 

 

Geomorphologically, the Delta is susceptible to flow and sediment changes that alter the balance 

between deposition and erosion in the channels and at the Delta front. Fluvial adjustment to flow and 
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sediment changes is expected to include alteration of the banks and the bed of the river. Channel 

migration is also possible due to the alluvial nature of the zone.  

 

Figure 6.14 shows some characteristics of BioRA Zone 8. 

 

  

  

Figure 6.14 BioRA Zone 8. Top Left: Oblique Google Earth image showing the Chaktomuk 

bifurcation near Phnom Penh to the Delta shoreline. Top right: Canal and 

floodplain in Delta area. Bottom left: Wetland in the Plain of Reeds area of the 

Delta. Bottom right: Bassac River near Chau Doc showing development. 

 

 

6.3 Geomorphology indicators 

A list of geomorphology indicators in BioRA and the FAs at which they are relevant is given in Table 

6.2.  

  



 

  
Page 42 

 

  

Table 6.2 Geomorphology indicators used in BioRA
9
 

Indicators 
Focus Areas 

1 2 3 4 5 6 7 8 

Erosion (bank / bed incision)         

Average bed sediment size in the dry 

season 
        

Availability exposed sandy habitat in 

the dry season 
        

Availability inundated sandy habitat in 

the dry season 
        

Availability exposed rocky habitat in 

the dry season 
        

Availability inundated rocky habitat in 

the dry season 
        

Depth of bedrock pools in the dry 

season 
        

Water clarity        ? 

 

 

6.3.1 Erosion (bank / bed incision) 

Erosion is the transport of rock or sediment from one location to another via water, wind or ice. The 

converse of erosion is deposition, which occurs when the transporting agent has insufficient energy to 

maintain the sediment or rock in transport. In river systems, erosion / deposition (termed ‗erosion‘ 

from here on) are the net result of the interaction between the energy of the river, which can transport 

sediment, and the quantity and characteristics of the sediment available for transport. Erosion and 

deposition are geomorphologically important as they are the predominant processes that create, 

maintain and alter the river channel, including the riverbed, banks and floodplain. Fluvial erosion can 

lead to channel incision and channel widening, whereas deposition can result in bed aggradation and 

channel narrowing. Ecologically erosion is also important as it is the process that governs the 

distribution and characteristics of aquatic, riparian and floodplain habitats. 

 

A simplified relationship between water velocity, sediment grain size and sediment transport 

mechanisms is provided by the Hjulstöm diagram (Figure 6.15). The graph shows the flow conditions 

under which sediment will be transported in suspension, as bedload, or be deposited, based on the 

flow and sediment characteristics. Importantly, the graph shows that very fine sediments, consisting of 

clays and fine silts, require more energy to be eroded compared with coarser material, due to the 

cohesive properties of the material. The graph shows that fine sediment, with a grain size of 

approximately 0.1 mm requires the lowest flow velocity for transport. The Hjulström diagram is useful 

as a general interpretive tool, but oversimplifies the processes, which are affected by the depth and 

turbulence of water, and the deceleration and acceleration of water as flow rates change. These latter 

processes are especially important when considering erosion in river systems, as erosion and 

deposition are enhanced during periods of water acceleration and deceleration, respectively, making 

                                                      

 
9
 Note: There are no indicators listed for Focus Area 7 and 8 because this information will be derived directly from a 3D model 

of the Tonle Sap system rather than through DRIFT. The question mark under Water Clarity for FA8 is because it is unclear 
whether this indicator will be derived from 3D modelling or via DRIFT. 
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flow changes a particularly important component to understand when evaluating the potential for 

erosion.  

 

 

Figure 6.15  Hjulström diagram showing generalised relationship between flow velocity, 

sediment grain size and sediment transport processes. 

 

 

A more empirical approach to evaluating the potential for erosion is the determination of the shear 

stress generated by river flow, and comparison of shear stress with the critical shear stress required 

to initiate sediment transport (Leopold et al. 1964). Shear stress within a large river is proportional to 

the depth of water, and the slope of the water surface, and as shown in Table 6.3, increases linearly 

for grain sizes larger than fine silt. Using the range of slopes and depths presented by Gupta (2004), 

shear slope ranges from ~2 N/m
2
 to ~30 N/m

2
, suggesting the Lower Mekong River is capable of 

transporting gravel to cobble-sized material. The shear stress estimates are based on long river 

reaches, and within any reach there would be a wide range of shear stress values owing to changes 

in the local slope and depth of the river.  

 

In the Mekong River, shear stress generally decreases with distance downstream due to large 

reductions in slope relative to moderate increases in water depth, which is reflected in the reduction in 

grain sizes transported in suspension in the LMB (Figure 6.16). Shear stress also varies seasonally, 

with lower values in the dry season leading to a fining of sediment grain size in sediments deposited 

on the bed of the river (Figure 6.17). 

 

Table 6.3 Sediment grain-size categories and the critical bed shear stress required for 

transport (Berenbrock and Tranmer 2008). 

Particle classification 

name 

Ranges of particle 

diameters (mm) 

Critical bed shear stress 

(τc) (N/m
2
) 

Coarse cobble 128 – 256 112 – 223 

Fine cobble 64 – 128 53.8 – 112 

Very coarse gravel 32 – 64 25.9 – 53.8 

Coarse gravel 16 – 32 12.2 – 25.9 

Medium gravel 8 – 16 5.7 – 12.2 
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Particle classification 

name 

Ranges of particle 

diameters (mm) 

Critical bed shear stress 

(τc) (N/m
2
) 

Fine gravel 4 – 8 2.7 – 5.7 

Very fine gravel 2 – 4 1.3 – 2.7 

Very coarse sand 1 – 2 0.47 – 1.3 

Coarse sand 0.5 – 1 0.27 – 0.47 

Medium sand 0.25 – 0.5 0.194 – 0.27 

Fine sand 0.125 – 0.25 0.145 – 0.194 

Very fine sand 0.0625 – 0.125 0.110 – 0.145 

Coarse silt 0.0310 – 0.0625 0.0826 – 0.110 

Medium silt 0.0156 – 0.0310 0.0630 – 0.0826 

Fine silt 0.0078 – 0.0156 0.0378 – 0.0630 

 

 

 

Figure 6.16 Average grain size distribution of suspended sediments from Chiang Saen, 

Luang Prabang, Nong Khai, Pakse, Kratie and Tan Chau between June 2012 and 

July 2013 based on the DSMP monitoring results reported by the NMCs 

(Koehnken 2014). 

 

 

 

Figure 6.17 Grain size distribution of bed materials collect in 2011 in the wet season (top) 

and dry season (bottom) showing fining of bed sediments in the dry season. 

 

Wet season 

Stung Treng

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Luang Prabang

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Pakse

Gravel >2mm

Coarse &VC Sand
0.5-2mm

Med Sand 0.25-
0.5mm

Fine &VFSand 0.063-
0.25mm

Silt 0.002-0.063

Dry season 
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For the preliminary calibration phase of DRIFT, shear stress for each of the Focus Areas was 

calculated based on the water depth and water surface slopes provided by the ISIS model output. For 

the final Council Study Reference, and Development Scenarios, shear stress input for DRIFT will be 

obtained directly from the MRC DSF output. It is also possible that erosion and deposition at a reach 

scale will be generated by the MRC DSF. If these modelling results are available, then they will be 

used as input into DRIFT, and the erosion indicator described in this section will be eliminated, with 

the other BioRA disciplines linked directly to the MRC DSF erosion output.  

 

Erosion is generally measured and considered as a rate, e.g., mm/yr of deposition or erosion. DRIFT 

indicators need to be expressed as abundance, rather than rates, so the DRIFT erosion indicator is 

indicative of the ‗incidence‘ or ‗occurrence‘ of erosion / deposition. This is an important distinction 

which needs to be recognised when considering the response curves and the DRIFT results. 

 

The indicators linked to erosion in DRIFT are described in Table 6.4. 

 

Table 6.4 Erosion: Linked indicators and reasons for selection 

Linked indicator Reasons 

Shear Stress (Dry, T1, 

Wet, T2) 

Shear stress is the driver of sediment transport in rivers. Each season must 

be considered as erosion and deposition occur throughout the year at all flow 

levels. 

Average Sediment 

Load (Dry, T1, Wet, 

T2) 

The availability of sediment for transport or deposition is the other major 

component of erosion / deposition in rivers, and needs to be considered 

during each season.  

Wet Season Duration 

The wet season is when most erosion and deposition occurs due to the 

higher shear stress and sediment loads in the river. In DRIFT, the median 

shear stress and sediment loads are calculated for each season, but the 

duration of these stresses and sediment loads in the river in each year is also 

an important component of erosion, and was also considered. 

Wet: Average Grain-

Size 

The grain size of the sediment load is important as the coarser the load, the 

higher the shear stress required to initiate or maintain sediment transport. 

Conversely, the finer the sediment grain size, the more likely that the 

sediment will be maintained in suspension and moved through the system. 

Wet Season Average 

Sediment Duration 

Sediment delivery in the undisturbed Mekong River is characterised by a 

‗sediment pulse‘, corresponding to the flood pulse (Figure 6.22). The duration 

of sediment availability relative to the duration of the wet season is important, 

because high flows without associated high sediment loads will result in 

erosion without subsequent deposition. Impoundments and sediment 

extractions can alter the availability of sediment for transport, and affect the 

timing of sediment delivery.  

Wet: Average 

Sediment Onset 

The timing of the sediment delivery relative to the flood pulse is important. If 

the flood pulse begins, but sediment loads remain low, then erosion will 

increase. Conversely, if there is a large sediment load under low flow 

conditions, deposition rates will increase. 

Dry: within Day Range 

Changes in water level over short periods are important for erosion for two 

reasons. Firstly, the shear stress changes rapidly as flow rate changes 

affecting both the water surface slope and the depth of the river. Secondly, 

as water levels decrease, riverbanks may not drain as quickly as the river 

recedes, leading to an over pressuring within the banks that reduces bank 

stability. Flow changes in the dry season are targeted for inclusion as this is 

the season when water resource infrastructure has the potential to exert a 
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Linked indicator Reasons 

large effect on water level fluctuations. During the wet season, water level 

changes associated with infrastructure tend to be muted by unregulated 

inflows. 

T2: Within Day Range 

The within Day Range during T2 is included for the same reasons as stated 

in the Within Dry Season Range. During T2 there is an increased risk of bank 

instability following river draw down due to the saturated nature of the 

riverbanks and floodplains at the end of the wet season. 

 

 

 

Figure 6.18 Comparison of wet season flood pulse and sediment loads at Kratie in the LMB 

2009 – 2013, based on DSMP monitoring results (Koehnken 2014). 

 

 

Figure 6.19 Percentage of annual suspended sediment load delivered each month at Kratie 

for the period 2009 to 2013, showing 80% of sediment is typically delivered 

within a 4-month period. 

 

 

6.3.2 Average bed sediment grain size in the dry season 

The average bed material sediment grain size is included as a geomorphic indicator due to its 

importance to ecological processes. The grain-size distribution of bed materials will determine the 

type(s) of habitat which will exist and be available for aquatic or riparian organisms to occupy or 

exploit, and shifts in the grain-size distribution will translate into a change in habitat availability and 
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quality. The dry season is targeted for this indicator as this is the season that is most relevant to 

ecological processes. A wet season bed sediment grain size indicator is not included as no BioRA 

indicators required it as a link. 

 

As previously discussed and shown in Figure 6.17, the bed material grain-size distribution varies 

seasonally in the Mekong, with finer-grain sizes recorded at sites in the dry season. 

 

The average or median grain-size distribution of bed materials is scheduled to be included in the MRC 

DSF model output after sediments are incorporated into the DSF. Once this has been completed, the 

average bed sediment grain size for DRIFT will be obtained directly from the DSF input. This indicator 

has been included in the preliminary calibration of the DRIFT DSS as no model output is yet available, 

and it is required for calibration of the BioRA disciplines. The links for this indicator are described in 

Table 6.5. 

 

Table 6.5 Indicators linked to the average bed sediment grain-size in the dry season 

Linked indicator Reasons 

Erosion 

An increase in erosion relative to the recorded median will translate 

into a coarsening of bed material due to the winnowing of fines 

from the bed by the higher shear stress. A decrease in erosion will 

promote a fining of the bed sediments due to increased deposition. 

Dry: Average 

Sediment Grain Size 

The grain size of the material being transported will determine 

whether it is transported or deposited at a given flow level. Coarser 

grain sizes will increase the likelihood of deposition, whereas finer 

grain sizes will increase the likelihood of transport. 

 

6.3.3 Availability exposed sandy habitat in the dry season 

The availability of exposed sandy habitat is included as a geomorphic indicator because it provides 

important habitat for vegetation, herpetofauna and birds in the dry season. The availability of exposed 

sandy habitats depends on the creation and maintenance of sandbars, banks and islands through 

alluvial deposition, and the exposure of the deposits in the dry season. The indicators linked to the 

availability of exposed sandy habitat in the dry season are described in Table 6.6. 

 

 

Figure 6.20 Examples of exposed sandy habitat in FA1 and FA2. Right: sand deposited over 

rocky substrate. Left: a sandbar deposited at a break in slope of the river, 

upstream of Vientiane. 
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Table 6.6 Indicators linked to the availability of exposed sandy habitat in the dry season 

Linked indicator Reasons 

Erosion 

The presence of alluvial sand deposits in a river system is dependent 

on erosion and deposition being balanced such that the deposits are 

maintained. If net erosion occurs, then sand deposits will become 

smaller, resulting in a reduction in the availability of the habitat. 

Conversely, if erosion decreases, alluvial deposits will increase due to 

increased deposition, and the availability of this habitat will increase. 

Dry: Max Channel 

Depth 

Sandy deposits need to be exposed in order to provide suitable 

substrate for terrestrial or riparian vegetation, birds and herpetofauna. 

The average maximum channel depth is a good indicator of how 

exposure of these deposits will change in response to flow changes. 

An increase in the maximum channel depth in the dry season will 

decrease availability, whereas a decrease in channel depth will 

increase availability. 

Dry: Within Day 

Range 

In addition to the average seasonal water levels, the in-day water 

level range will also affect habitat availability, as the habitat needs to 

be continually exposed throughout the dry season for maximum utility. 

As the in-day water level range increases, the availability of habitat 

will decrease. 

 

 

6.3.4 Availability inundated sandy habitat in the dry season 

The availability of inundated sandy habitat has been identified by the BioRA macroinvertebrate 

discipline as an important indicator for insects that require a sandy substrate for life-cycle processes. 

Similarly to the ‗exposed sandy habitat indicator‘ the availability of inundated sandy habitats will be 

controlled by erosion and water level. The indicators linked to the availability of inundated sandy 

habitat are described in Table 6.7. 

 

Table 6.7 Indicators linked to the availability of inundated sandy habitat in the dry season 

Linked indicator Reasons 

Erosion 

The presence of alluvial sand deposits in a river system is 

dependent on erosion and deposition being balanced such that the 

deposits are maintained. If net erosion occurs, then sandy deposits 

will become smaller, resulting in a reduction in the availability of the 

habitat. Conversely, if erosion decreases, alluvial deposits will 

increase due to increased deposition, and the availability of this 

habitat will increase. 

Dry: Max Channel 

Depth 

Sandy deposits need to be submerged to provide suitable substrate 

for aquatic micro-invertebrates. The average maximum channel 

depth is a good indicator of how inundation of these deposits will 

change in response to flow changes. An increase in the maximum 

channel depth in the dry season will increase availability, whereas a 

decrease in channel depth will decrease availability. 
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6.3.5 Availability of exposed rocky habitat in the dry season 

The availability of exposed rocky habitat has been identified by the BioRA bird discipline as an 

important habitat for the nesting of certain species. The availability of exposed rocky habitat is 

dependent rocky substrate being maintained free of deposited sediments, and being consistently 

above the river water level in the dry season. The indicators linked to the availability of exposed rocky 

habitat are described in Table 6.8. 

 

  

Figure 6.21 Exposed rocky habitat in FA1 (left) and FA3 (right). 

 

 

Table 6.8 Indicators linked to the availability of exposed rocky habitat in the dry season 

Linked indicator Reasons 

Erosion 

The exposure of rocky substrate is dependent on erosion 

exceeding deposition such that the outcrops remain free of 

deposition. If erosion decreases, the exposure of rocky habitats is 

likely to decrease due to increased deposition (assuming the 

sediment load and characteristics remain the same). If erosion 

increases, then additional rocky substrate is likely to become 

exposed, leading to an increase in the availability of this habitat. 

Dry: Max Channel 

Depth 

The rocky outcrops need to be exposed in order to provide suitable 

habitat. The average maximum channel depth is a good indicator 

of how exposure of these outcrops will change in response to flow 

changes. An increase in the maximum channel depth in the dry 

season will decrease availability, whereas a decrease in channel 

depth will increase availability. 

Dry: Within Day 

Range 

In addition to the average seasonal water levels, the in-day water 

level range will also affect habitat availability as the habitat needs 

to be continually exposed throughout the dry season for maximum 

utility. As the in-day water level range increases, the availability of 

rocky habitat will decrease. 

 

 

6.3.6 Availability inundated rocky habitat in the dry season 

Similar to ‗inundated sandy habitat‘ there are macroinvertebrates and vegetation communities that 

depend on inundated rocky habitat for life-cycle processes. Inundated rocky habitat is maintained 

where erosion exceeds deposition resulting in exposed rock faces, and where water is sufficiently 
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deep to provide cover. The indicators linked to the availability of inundated rocky habitat are described 

in Table 6.9. 

 

Table 6.9 Indicators linked to the availability of inundated rocky habitat in the dry season 

Linked indicator Reasons 

Erosion 

The presence of rocky outcrops (including stable boulders and 

armoured riverbeds) is dependent on erosion exceeding deposition 

such that the rock remains exposed. If erosion exceeds deposition 

within a river reach, the exposure of rocky outcrops will increase (if 

present). Conversely, if erosion decreases, alluvial deposits will 

increase due to increased deposition and the availability of rocky 

habitats is likely to decrease. 

Dry: Max Channel 

Depth 

Rocky habitats need to remain inundated to be viable habitat. 

Changes to the dry season average maximum channel depth will 

provide an indication of whether water levels are increasing, and 

thus increasing the availability of rocky habitat, or decreasing, and 

decreasing the habitat availability. 

 

 

6.3.7 Depth of bedrock pools 

As discussed in detail in Section 6.4.7, there are two general types of deep pools within the LMB. One 

is developed within alluvial reaches, and the other kind, which tends to be deeper, has a strong 

degree of bedrock control. The ‗Depth of Bedrock Pool‘ indicator is focussed on the pools developed 

within bedrock reaches, as potential changes to the depth of pools developed within alluvial reaches 

is captured under the Erosion indicator. 

 

Deep pools in the LMB are recognised as important geomorphic features, providing refuge and 

spawning habitat for a variety of fish species (Halls et al. 2013). Conlan et al. (2008) found that 

sediment pulses move through bedrock pools in northern Lao PDR on an annual basis, highlighting 

the link between the sediment and flow regimes for maintenance of the features (Figure 6.22). Given 

the dependency of these features on the balance between the timing and magnitude of flow and 

sediment delivery in the LMB, deep pools can also be considered as good geomorphic indicators of 

channel functioning. The indicators linked to the depth of bedrock pools are described in Table 6.10. 
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Figure 6.22 Movement of sediment wave through a deep pool upstream of Vientiane 

between June and October 2006.  

 

 

Table 6.10 Indicators linked to the depth of bedrock pools 

Linked indicator Reasons 

Average Shear 

Stress 

The maintenance of deep pools is dependent on the river‘s shear 

stress resulting in no net deposition within the pool. If shear stress 

decreases during any season, deposition is likely to increase, 

which will result in a reduction in pool depth. An increase in erosion 

may increase the depth of pools locally; however, the depth is 

likely limited by the presence of bedrock. 

Average Sediment 

Load 

The sediment load of the river is an important factor when 

considering the balance between erosion and deposition in the 

pools. Increasing sediment loads could lead to an increase in 

deposition and a decrease in pool depth.  

Onset of Wet Season 

The maintenance of pools has been shown to be dependent on the 

seasonal flood pulse, with the periods of high flow associated with 

moving the sediment pulse through the deepest sections of the 

pools. If changes to the flow regime lead to a change to the onset 

of the wet season, the hydraulics of the pools are likely to change. 
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Linked indicator Reasons 

Duration of Wet 

Season 

The duration of the high flows and the associated elevated shear 

stress needs to be sufficiently long to move a sediment pulse 

through the deep pool. A shortened wet season could result in net 

deposition within the pools.  

 

 

6.3.8 Water clarity 

Water clarity, or transparency, refers to the depth of light penetration within a water body. This 

indicator is important as it is a major control on the growth of aquatic plants, including algae. Water 

clarity is decreased by the scattering of light by material suspended in the water column, and is 

related to both the concentration and grain-size distribution of suspended material (Figure 6.23). In 

the Mekong, water clarity tends to be highest in the dry season, when suspended sediment 

concentrations and water velocities are lowest. Although the dry season tends to provide the most 

conducive conditions for plant growth, water clarity is important year round for determining the 

potential productivity of water within impoundments or on floodplains. A more in-depth discussion of 

water clarity is presented in Section 6.4.8. The indicators linked to water clarity are described in Table 

6.11. 

 

  

Figure 6.23 Left: High water clarity and greenish colour of water due to algal growth. Right: 

lower water clarity (increased turbidity) due to increased suspended sediment. 

 

 

Table 6.11 Indicators linked to water clarity 

Linked indicator Reasons 

Average Sediment 

Concentration  

Water clarity is dependent on the scattering of light by particles 

suspended in the water column. The higher the concentration of 

suspended particulates, the lower the clarity of water. 

Average Sediment 

Grain-Size  

The grain-size distribution of suspended sediments affects water 

clarity, with clarity decreasing as grain size decrease. This is due 

to the greater surface area of fine-grained material, which is 

proportional to the scattering of light.  
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6.4 Status and trends 

6.4.1 Overview of trends in hydrology and sediment processes  

The geomorphic indicators used for BioRA reflect the flow and sediment transport processes 

operating in the river. To understand the status and trends of the indicators, it is therefore necessary 

to understand recent changes and trends in the flow and sediment regime.  

 

It is important to recognise that rivers are in a state of continuous change in response to flow and 

sediment variability. Even a pristine river is in a state of dynamic equilibrium, with changes occurring 

over a range of temporal and spatial scales, responding to seasonal or longer term variability (floods, 

droughts) and trends (e.g., climate change). The time-frames of the fluvial processes range from 

instantaneous to hundreds of years, so the geomorphic status of a river at a specific time reflects the 

interaction of processes occurring over a range of time-scales. Therefore, the status of a river at a 

specific point in time represents a point on a pathway, rather than an end state. This is especially 

important with respect to the ‗present‘ status of the LMB, as the geomorphic response to recent 

changes in the river‘s hydrology and sediment transport processes will continue to evolve and alter 

the status of the river for decades into the future. 

 

Section 6.4.2 summarises the key characteristics and flow and sediment changes that have occurred 

in the LMB in recent years. The description is based on recent changes as captured by MRC-

coordinated hydrologic and sediment monitoring projects. 

 

6.4.2 Sediment and flow changes in the LMB 

 Inputs from the UMB 6.4.2.1

Flow and sediment delivery to the LMB is strongly influenced by the magnitude and pattern of water 

and sediment inflows from the UMB. Both flow and sediment delivery from the UMB have been 

modified by development of mainstream dams as described in Table 3.3 as part of the Lancang 

Cascade
10

 and shown schematically in Figure 6.24. This cascade has the potential to trap large 

volumes of sediments, with the theoretical Trapping Efficiency (TE) of individual dams in the cascade 

calculated to range from c. 60% to 95%, yielding an overall TE of the cascade of c. 94% of the 

sediment load (Kummu and Varis 2007). 

 

                                                      

 
10

 The Lancang Cascade comprises a series of hydropower dams. 
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Figure 6.24 Schematic diagram showing the relative locations of the UMB Lancang 

Cascade, and the theoretical Trapping Efficiency (TE) of each impoundment 

(Kummu and Varis 2007) 

 

 

Recent flow and sediment monitoring results reflect these developments and show large changes in 

both flow and sediment transport parameters over the past few years. Results indicate a reduction in 

the range of 25
th
 to 75

th
 percentile flows and large reduction in the concentration of suspended 

sediments (Figure 6.25, Koehnken 2014). Dry season flows in the river have increased whilst peak 

flows have decreased (Figure 6.26). 

 

Comparing recent and historical measurements suggests that the sediment load from the UMB has 

reduced by up to ~50 Mt/yr, with measured loads decreasing from ~60 Mt/yr to ~10 Mt/yr.  
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Figure 6.25 Box and whisker plots showing average daily flow on monitoring days at 

Chiang Saen (bottom) and suspended sediment concentrations (top) 

(Koehnken 2014). The box encompasses the 25
th

 to 75
th

 percentile flows, while 

the ‘whiskers’ show the minimum and maximum values. The median value is 

shown as a line within the box. 

 

 

The change in the relationship between sediment delivery and flow is evident in Figure 6.27, where 

flow and suspended sediment concentrations in 2011 at Luang Prabang are compared with those in 

1961. To show how changes differ with distance downstream, a similar comparison is provided for 

Pakse. Peak flows and suspended sediment concentrations are reduced at Luang Prabang in 2011 

relative to 1961. In Pakse, 1961 and 2011 peak flows are similar as 2011 was a flood year in the 

lower catchment. Relative to historic results, suspended sediment concentrations remain low 

throughout the year, and especially during the falling limb of the hydrograph, which is when deposition 

usually occurs that balances the erosion occurring during the rising limb and flood period. Additional 

activities that contribute to reduced sediment loads are discussed in the Section 6.4.2.2. 
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Figure 6.26 Dry season flows at Chiang Saen in 2015 compared to long-term flow range 

(left) and annual flows at Chiang Saen comparing recent and historic results 

(Flow data from MRC) 

 

 

  

Figure 6.27 Comparison of flows and suspended sediment concentrations at Luang 

Prabang and Pakse between 1961 (left) and 2011 (right) (Koehnken 2012) 

 

 

There are no long-term estimates of bedload input from the UMB, but it is reasonable to assume that 

the establishment of the Lancang Hydropower Cascade in the UMB has decreased the delivery of 

coarser material to the lower river by at least a similar proportion as suspended material. Bedload is 

typically captured at a higher rate by a dam as compared to suspended material, with 100% retention 

commonly occurring in the absence of management or mitigation measures aimed at passing coarse 

sediment through or around a dam.  

 

These changes to flow and sediment delivery will translate to changes in bank erosion and other 

geomorphic processes, due to a large reduction in the potential for deposition associated with the 

decreased sediment load, and changes in the relationship between the sediment load and the flow 

regime.  
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 Flow and sediment changes due to tributary regulation 6.4.2.2

The UMB is not the only area of the Mekong River where water-resource developments have altered 

flow and sediment inputs to the mainstream LMB. Flow and sediment are also affected by 

impoundments associated with irrigation schemes or hydropower projects located on tributaries. 

Operational and planned hydropower projects and irrigation schemes are shown in Figure 6.28. 

Existing irrigation schemes are widespread in the drier western tributaries located within Thailand on 

the Korat plateau, and the floodplain area in the southern catchment, with future projects spread 

throughout the remaining catchment. Tributary hydropower developments are concentrated along the 

northern and eastern mountainous regions of the LMB, with many additional projects in the 

construction stage or planned for the future.  

 

Although the impact of an individual irrigation or hydropower scheme may be low, collectively, the 

existing water-resource developments have altered the flow and sediment input to the mainstream 

Mekong. As an example, Kummu et al. (2010) modelled sediment retention in dams in the LMB and 

estimated that up to 26 Mt/yr sediment could potentially be trapped in tributary dams, with up to 

12 Mt/yr potentially trapped by the existing hydropower projects in the 3S Rivers. Similarly, Cochrane 

et al. (2014) attributed changes in water levels, rates of water level change and the number of water 

level fluctuations in the upper LMB post-1991 to development and operation of the upper Lancang 

Cascade, with the effect decreasing with distance downstream and becoming negligible at Mukdahan. 

Further downstream, at Pakse, the number of flow level alterations, and rate of water level change 

also changed considerably post-1991, with the changes attributed to the development and operation 

of water resource developments within the Mun Chi Basin. The reduction in the rate of water-level rise 

and fall was found to persist at Prek Kdam, on the Tonle Sap River, with the authors linking the 

reduction to a decrease in the flood pulse of the Tonle Sap, highlighting the far reaching impacts of 

tributary flow alterations (Cochrane, et al. 2014).  

 

 Aggregate extraction 6.4.2.3

The extraction of material from the Mekong River occurs throughout the LMB, with the sand, gravel 

and pebbles used for construction and land filling. Bravard et al. (2013) estimated a minimum of 

35 Mm
3
/yr, equivalent to ~50 Mt/yr of aggregate was extracted from the river in 2011. The estimated 

volumes and distribution of the extracted material is summarised in Figure 6.29, and shows that the 

majority of the mining occurs in the lower LMB in Cambodia and the Delta. The map also captures the 

distribution of bed materials in the LMB, with coarser material more commonly present (and exploited) 

in the upper LMB as compared to the lower catchment, where only sand is available for extraction. 

 

Aggregate mining directly affects sediment transport through reducing the volume of material 

available for transport, and indirectly affects sediment transport by altering the channel shape and 

characteristics of the river. The pits created by sand mining also serve as sediment ‗traps‘ for 

sediment, as the channel attempts to re-establish an equilibrium (Anthon et al. 2015). An investigation 

by Brunier et al. (2014) documented extensive channel deepening in the Delta in areas where sand 

mining has commonly occurred. The authors estimate that ~200 Mm
3
 of material has been removed 

from the Mekong and Bassac channels from 1998 to 2008. This deepening has the potential to alter 

the flow and sediment characteristics in the coastal environment. 
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Figure 6.28 Maps showing existing and planned hydropower and irrigation projects in the LMB (Sourced from MRC databases). 
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Figure 6.29 Map of sediment extraction in the LMB. Size of circle is relative to the volume of 

material extracted. Red, orange and brown bars indicate proportion of sand, 

gravel and pebble extracted at each site, respectively (Bravard, et al. 2014). 

 

 

 Land use changes 6.4.2.4

In addition to water resource developments or extractive activities which directly affect the sediment 

transport regime of the LMB, land use changes can also affect the sediment budget by increasing or 

decreasing the amount of sediment entering the rivers, or altering the timing of sediment input.  
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Land use changes that have been identified as being significant in the LMB include land clearing, 

forestry and the conversion of native forests to monoculture activities, such as rubber (Figure 6.30). 

Of particular note is the extensive conversion of forest to rubber plantations that has occurred in the 

UMB beginning in the 1950s, and more recently in the LMB with the ongoing establishment of rubber 

plantations in northern Lao PDR (Fox and Castella 2013).  

 

The quantity and nature of sediment input to the LMB was also affected by the extensive use of 

defoliants during the American-Viet Nam war, which would have increased soil erosion and increased 

the input of organic matter to the river. Westing (1971) estimated that over 2 x 10
6
 ha of forests in 

southern Viet Nam were defoliated in the period 1961-1971, resulting in a large loss of nutrients. 

Recovery periods of forests were estimated at greater than one decade, while the recovery period of 

affected mangroves (~0.5 million hectares) was estimated at several decades (Westing 1971).  

 

 

Figure 6.30  Map of rubber plantations in the LMB region. ‘Old’ areas under plantation pre-

1980s, ‘new’ refers to post 1980 and ongoing conversion (Fox and Castella 

2013). 
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Land use changes associated with land clearing and vegetation are discussed in more detail in 

Section 7.5. 

 

Additional changes to the sediment and flow regime of the LMB include the canalisation of the Delta, 

the development of roads and other raised infrastructure which limit the flow of water onto or within 

the floodplain, and the infilling of floodplain which reduces the volume of water able to be stored on 

the floodplain (and can also affect channel depth as the material used for fill is frequently extracted 

from the river). Figure 6.31 contains a time series of photographs showing the divide between the 

mainstream Mekong River and the Tonle Sap River. Overland flow between these waterways has 

been disrupted by the construction of an elevated roadway, and the subsequent infilling of the 

floodplain.  

 

These types of developments, which restrict access to the floodplain or reduce floodplain storage, 

result in more water remaining in the river channel, which can increase peak flood flows. Increased 

flows have the potential to increase bank erosion and promote channel incision. 

 

 Changes to the Delta front 6.4.2.5

The activities within a river catchment also have the potential to affect the coastal environment. 

Comparison and analysis of satellite photographs from 2003 and 2011 showed shoreline retreat over 

much of the Delta front, including in areas that have been recognised as exhibiting very rapid rates of 

accretion over the past few thousand years (Anthony et al. 2015). These changes are attributed to the 

interaction of a number of complex processes, including a reduction in sediment supply to the Delta, a 

change in the morphology of the delta channels, modification of flows, land use changes and 

groundwater extraction, as well as potential changes linked to climate change and near-shore coastal 

processes (Figure 6.33). 

 

 Land use and river changes based on aerial photographs 6.4.2.6

The MRC holds a large number of historical aerial photographs of the LMB. Photographs from 1959 

and 1960 have been converted to digital images, and the Council Study National Consultants from 

Lao PDR and Cambodia have compared some of these images to recent Google Earth images to 

identify land use and river changes in the LMB. Some examples are shown below, with additional 

images contained in Appendix A of this report. Common changes which have been identified between 

1959/60 and the present include: 

 increased urban development in cities and villages; 

 increased agricultural development on floodplains and islands; 

 riverbank changes including land reclamation and bank stabilization works, and 

 morphological changes relating to the migration of river channels. 
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2008 

 

 

Feb 2013 

 

2012 

 

Nov 2013 

 

 

Figure 6.31  Top 4 photographs: Time-series of progressive infilling of the floodplain 

between the Mekong and Tonle Sap Rivers (adapted from WorldFish Center 

2007). Bottom left: Map showing route of historic overland flow from Mekong 

mainstream to Tonle Sap. Exchange has been limited by road construction and 

floodplain infilling. Bottom right: Canal network in the Mekong Delta (MRC 

2005). 
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Infilling 

Overland Flow from 
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Figure 6.32 Top: Graphs of shoreline (m/year, error ± 0.5 m/yr) and coastal area (km
2
/year, 

error ± 0.005 km
2
/yr). Bottom: Map showing areas of shoreline accretion and 

erosion based on comparisons of high resolution SPOT satellite images 

between 2003 and 2011/12 (Anthony et al. 2015). 
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Figure 6.33 Inferred mechanistic links between coastal erosion of the Mekong Delta and 

human mediated changes (Anthony et al. 2015)  

 

 

 

Figure 6.34 1959 aerial photo of Vientiane, Lao PDR (downstream FA2) 
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Figure 6.35 2013 Google Earth image of Vientiane showing development of riverside and 

land reclamation 

 

 

 

Figure 6.36 1959 aerial photo of Kampong Cham, Cambodia (FA5) 
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Figure 6.37 2013 Google Earth image of Kampong Cham, Cambodia showing infilling and 

river shore modifications 

 

 

Figure 6.38 1959 aerial photo of Kaoh Pen and Kaoh Sotin, Cambodia 
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Figure 6.39 2015 Google Earth image of Kaoh Pen and Kaoh Sotin, Cambodia showing 

channel changes 

 

 

The estimated 2015 status for each of the geomorphology indicators is provided in Table 6.12. The 

definitions for the categories are given in Table 3.2. The estimated trends for each of the indicators 

are discussed in Section 6.4.3 to Section 6.4.8. 

 

6.4.3 Erosion: Bank erosion and bed incision 

The incidence and rate of bank erosion / deposition or bed incision / aggradation (termed erosion from 

hereon) is important for determining the physical structure of the river channel and associated 

floodplains, and effects habitat availability and quality. Bank erosion is controlled by the hydraulics of 

the river and the availability and characteristics of sediment. In most natural river systems, the rising 

limb of a high flow event will induce bank erosion, whilst deposition associated with the falling limb will 

aggrade banks, resulting in a dynamic equilibrium (e.g., erosion and deposition do not occur in the 

same place, but are in balance at a reach scale).  

 

An example of the seasonal relationship between erosion and deposition in the Mekong is provided in 

Peteuil et al. (2014), which shows changes to the bed elevation in the Mekong near the Xayabouri 

Dam between March 2012 and May 2013 (Figure 6.40). The level of the bed decreased by 8 m during 

the peak of the flood season, due to increased erosion associated with the high shear stress of the 

flood flows. Deposition increases as flows recede, leading to the re-establishment of the initial bed 

elevation. These observations not only highlight the dynamic equilibrium of erosion and deposition 

within the river, but also demonstrate the importance of alluvial bed material on channel form, even in 

bedrock-controlled reaches such as the reach near Xayabouri (FA2).  
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Table 6.12 Estimated 2015 ecological status for each of the geomorphology indicators  
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Mekong River 

in Lao PDR 
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Mekong River 

in Lao PDR/ 

Thailand 
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Mekong River 

in Cambodia 
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Tonle Sap 

River 
C B B B NA NA NA B 

Tonle Sap 

Great Lake 
C B NA NA NA NA NA B 

Mekong Delta D B B B NA NA NA B 

 

 

 

Figure 6.40 Seasonal evolution of the Mekong River bottom elevation derived from 

observations conducted by Green (2013) close to the future Xayaburi Dam 

(Peteuil et al. 2014). 

 

 

There are no long-term systematic investigations of bank erosion in the LMB, and thus no maps or 

datasets showing the past or present distribution of erosion at the reach scale. In the absence of 



 

  
Page 69 

 

  

quantitative assessments of erosional trends in the LMB, this Status and Trends assessment is based 

on the understanding of changes to sediment supply, sediment transport and flow in the Mekong, and 

how these changes are likely to have translated into bank erosion based on fluvial geomorphology 

principles, and field observations. A summary of the status of bank erosion / bed incision as of 2015 is 

shown in Figure 6.48, with the percentages defined below the graph. 

 

In deriving these estimates, the global and local trends shown in Figure 6.41 and Figure 6.42, and 

described by Walling (2008a), were considered. The rapidly increasing population beginning around 

1940, combined with the increased clearing of forests and conversion of lands to pastures is likely to 

have increased the sediment loads to rivers due to land disturbance and runoff. This is supported by 

the flow and sediment information presented by Walling (2008a) for the UMB Lancang River, which 

shows no change to water flow, but an increase in sediment delivery beginning about 1980. In 

subsequent investigations Walling (2008b) found that this increase in sediment supply was evident at 

some monitoring stations, but not all, and suggested there was ‗buffering‘ within the system, which 

suggests increased deposition during this period. 

 

 

Figure 6.41 Changes in world population, the global area of cropland and pasture, and the 

extent of the world’s tropical forest over the past 200 years (Walling 2008a) 
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Figure 6.42 Recent changes in the suspended sediment loads of the Lancang River, China 

as demonstrated by the time series of annual water discharge and annual 

suspended sediment load (Walling 2008) 

 

 

The 1900 rate of sedimentation is estimated to be about 50% of the present rate due to the following 

factors: 

 in 1900 there was likely to be more native vegetation on the riverbanks, which would have 

increased bank stability; 

 some land use changes likely increased sediment input to the river, but would overall have 

been minor in the catchment; 

 there were no / few impoundments on tributaries; 

 sediment extractions from the channel would have been minimal; 

 the hydrology of the Delta was less modified; 

 the flow and sediment regime was much closer to natural than is the case in 2015, so the 

river was likely in a dynamic-equilibrium with respect to bank erosion. 

 

By the 1950s, land use changes were becoming more widespread, which may have increased 

sediment input to the river. However, based on the findings of Walling (2008), there was no distinct 

change to sediment delivery or the flow regime until round 1980. Based on this, erosion is considered 

to be largely ‗natural‘ in 1950 in the Mekong River. By 1950 it is also estimated there was little change 

in the Tonle Sap system due to the Mekong River and tributaries reporting directly to the lake being 

largely unmodified. This is consistent with investigations that have found overall low sedimentation 

rates in the lake, and no evidence of change in rates in recent times (Kummu et al. 2008). 

 

By the 1970s, widespread land use changes and land clearing would have further increased sediment 

input to the river resulting in slightly reduced erosion rates. At the same time, sand extraction, 

floodplain draining or infilling and the development of some dams, would have increased the risk of 

bank erosion to a small degree. Bank stability is also likely to have decreased due to the increased 

clearing and development of the banks. It is difficult to evaluate how these changes would have 

interacted to alter overall erosion rates. Based on the finding of Waling (2008) that sediment loads 
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increased around 1980, it is hypothesised that there was a minor decrease in erosion in the Mekong 

mainstream during this period due to the greater availability of sediment. 

 

By 2000, the first of the Lancang dams was operational, and there were more tributary dams 

operating in the LMB, which would have altered flow and sediment delivery and increased bank 

erosion relative to previous conditions. Sand mining and floodplain alterations also increased 

dramatically during this period as populations and development increased. These are likely to have 

initiated a substantial increase in bank erosion in the LMB in response to the significant reduction in 

sediment loads entering the river, and the altered flow regime. At the same time, sediment extraction 

from the river, and modifications of the floodplains would also have exerted strong pressures on the 

geomorphic balance of the river, and increased erosion. 

 

Erosion rates in the LMB in 2015 are considered to be the highest since 1900 and are attributable to 

the large reduction in sediment loads. Although the flow regime has also been altered, particularly in 

the upper reaches, through a reduction in high flows and increase in dry season flows, high erosive-

flows still occur but are no longer balanced by sediment deposition associated with large sediment 

loads. Thus, the 2015 levels of erosion in the LMR are considered to be greatly enhanced relative to 

natural, and relative to those between 1900 and 2000.  

 

The increase in erosion attributable to the development of dams would be expected to be highest 

closest to the dam locations, and decrease with distance downstream as unregulated tributaries 

modulate the regulated flow and increase sediment supply. This is consistent with recent observations 

in the upper LMB made in FA1 in September 2015, which found widespread examples of eroding 

alluvial banks and a lack of newly deposited muds or sands, even though it was towards the end of 

the wet season when deposition would be expected to be widespread. Photographs showing 

examples of some of the erosional features which are consistent with the regulated flow and sediment 

regime downstream the Lancang Cascade are contained in Figure 6.43 to Figure 6.46. There are also 

widespread erosional features on the banks downstream of FA1, and the recent work of Anthony et 

al. (2015) shows widespread erosion of the Delta front as well, which is attributed to changes in 

sediment supply, channel morphology and land use changes. 

 

 

Figure 6.43 Scour lines reflecting various 

water levels on steep eroding 

bank face. Collapse of banks 

is exposing underlying 

boulders and cobbles (Zone 

1) 
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Figure 6.44 Erosion of alluvial bank toe 

exposing tree roots (Zone 2) 

 

Figure 6.45 Development of a ‘Plimsoll’ 

line owing to increased water 

levels in the dry season 

leading to inundation and 

water logging of vegetation 

(zone 1) 

 

Figure 6.46 Bank protection works being 

implemented to control bank 

erosion (zone 2). 

 

 

The Tonle Sap Great Lake is considered to be slightly less affected by the changes in sediment 

transport, owing to the processes controlling sediment dynamics in the lake. As the water flows into 

the lake from the Mekong, the drop in velocity results in the creation of a Delta at the confluence 

between river and lake, suggesting that the suspended sediments in the Tonle Sap Great Lake are 

finer than the overall suspended load entering from the Mekong. The sediment load in the Tonle Sap 

River at Prek Kdam is fine-grained (Figure 6.47) and dominated by silts and clays. These grain sizes 

are less efficiently retained within impoundments, so these size fractions are less likely to be trapped 

in the dams. The sediment load to the Tonle Sap Great Lake is also dependent on the sediment from 

tributaries directly entering the lake, which are not yet affected by dams.  
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Overall, the status of the river with respect to erosion in 2015 is considered to have been altered such 

that the nature and functioning have been measurably changed.  

 

 

Figure 6.47 Grain-size distribution of suspended sediment at Prek Kdam, in the Tonle Sap 

River; 2011 – 2012 (Koehnken 2014) 

 

 

 

Figure 6.48 Bank erosion and bed incision: Historic estimates as percent relative to 2015 

(100%) 

 

 

The percentages used in Figure 6.48 are defined as: 

45% Reduction in bank erosion relative to 2015 due to increased sediment input associated with 

land use changes (e.g., it is estimated that the occurrence of bank erosion was considerably 

lower in the past due to much higher sediment loads); 

50% ‗Natural‘ bank erosion and sediment delivery; 

60% Minor increase in erosion due to a minor reduction in sediment delivery associated with 

aggregate mining and dams; 

70% Moderate increase in erosion associated with a moderate reduction in sediment delivery 

associated with aggregate mining and dams; 
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80% Major increase in erosion due to reduction in sediment delivery due to capture by dams and 

aggregate mining; 

100% 2015 rate of bank erosion, which is considered to be high relative to the past because of the 

large decrease in sediment supply. 

 

The anthropogenic drivers considered to have the greatest influence on bank erosion / bed incision 

include: 

1 impoundments, which reduce sediment delivery and alter the flow regime; 

2 sediment mining, which alters channel morphology and induces bank erosion through 

steepening; 

3 land cover changes, which alter the quantity of sediment delivered to the river; 

4 irrigation and other water extractions which alter the flow regime.  

 

Over the next 25 years, if all things remain the same within the catchment, it would be expected that 

the river will continue to respond to the reduction in sediment input, through the erosion of alluvial 

reaches, and adjustment of vegetation to the altered flow regime (which will affect bank stability). It is 

anticipated that an ‗erosion wave‘ will progress downstream from the Lancang Cascade, which will 

result in an increase in exposed bedrock in the upper LMB. Over time periods beyond 25 years, the 

river would adjust to the altered flow regime and establish a new dynamic equilibrium. In reality, due 

to the large number of tributary hydropower and irrigation projects that are being constructed or 

planned, the sediment dynamics of the LMB will be changing for many decades into the future. 

 

 Response to sediment harvesting pressures 6.4.3.1

Erosion rates will be greatly affected by the harvesting of sediment from the riverbed. The estimate of 

aggregate removed from the riverbed in 2011/12 by Bravard et al. (2013) was ~50 million tonnes, 

which is similar in magnitude to the amount of sediment that has been retained by the Lancang 

Cascade, based on a comparison of recent DSMP monitoring results (~12 Mt/yr) and historic values 

(~60 Mt/yr) at Chiang Saen. The two processes affect different parts of the LMB, with the Lancang 

Cascade having the greatest impact in the upper LMB, whereas the impact of aggregate mining is 

greatest in Cambodia near Phnom Penh, and in Viet Nam. 

 

If the harvesting pressure was to be eliminated, the river would continue to adjust to the reduction in 

sediment attributable to sediment trapping in impoundments, but because the overall reduction in 

sediment loads would be less, the adjustment of the river would be relatively less.  

 

6.4.4 Average bed material grain size in the dry season 

The grain size distribution of bed material in a river is important for determining habitat distribution 

and quality, and for the geomorphic stability of the channel. This indicator is restricted to the dry 

season because it is during this season that aquatic species typically exploit alluvial riverbed habitats.  

 

In the dry season in an ‗unregulated‘ Mekong River, bed material grain size is controlled by the 

balance between the winnowing (erosion) of sediment by the flow in the river, and the deposition of 

sediment as flow rates decrease. Due to the reduced shear stress during low flow periods as 

compared to the wet season, the sediment grain size of bed material tends to be finer in the dry 

season. These fine sediments are generally mobilised during the first increased flows of the T1 
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season, leading to a coarsening of the bed during the flood season. These seasonal changes are 

illustrated in Figure 6.17. 

 

The reference period for this exercise is 2015, which is after the implementation of several main 

stream dams in the UMB and numerous dams in the tributaries. Dams are efficient at capturing 

sediments, especially bedload, with the trap efficiency for the Lancang Cascade estimated at ranging 

from ~60 to 95% for individual impoundments and ~95% for the entire Cascade (Kummu and Varis 

2007). It is recognised that impoundments typically result in a coarsening and armouring of the river 

channel downstream of the dam. Over time, the armoured bed becomes ‗locked‘ and immobile, thus 

eliminating its usefulness as alluvial habitat. For this exercise it is assumed that once the river 

channel is armoured and locked, it behaves more similarly to a bedrock-controlled channel as 

compared to an alluvial river channel, so is no longer alluvial habitat (in DRIFT this process is 

captured by increasing erosion resulting in an increase in the availability of bedrock habitat).  

 

The remaining alluvial habitat is dependent on inputs from tributaries, and on the material which is 

transported through the dams. The impact of the dams is therefore assumed to reduce the grain-size 

distribution of alluvial materials available for transport. The impact of sand mining is also assumed to 

reduce median grain sizes, as gravels and coarse and medium sands are generally the target 

materials for extraction. However, the flow regime of the dry season has changed considerably 

between 1960 and 2015, as shown in Figure 6.49 due to the increased discharge from the UMB and 

tributary dams. The flow results from Chiang Saen show that flow from the UMB was generally below 

2000 m
3
/s for four to five months of the year for the early 1960s and between 1998 and 2001. In 

contrast recent dry season flows commonly exceed 2000 m
3
/s. This increase in flow is likely to have 

increased shear stress, leading to an increase in the sediment transport capacity of the river during 

this season. Although the dry season flows are higher than previously recorded, they remain lower 

than wet season flows, so would only be capable of winnowing and transporting the finer-grained 

material from the riverbed. The net outcome of these processes is likely to be a coarsening of bed 

materials in 2015 relative to previous periods under consideration. Because the majority of the 

changes to the flow and sediment regimes have occurred between 2000 and 2015, this time period is 

considered to have experienced the largest change. 
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Figure 6.49 Dry season flows for the 

periods 1960 – 1963 (top left), 

1998 – 2001 (top right) and 

2012-2015 (bottom left) 

 

 

For the Mekong River there is extremely limited information about the grain-size distribution of bed 

materials, with the 2011 bed material survey completed under the MRC IKMP Discharge Sediment 

Monitoring Project being the only comprehensive bed material survey available (Koehnken 2012). The 

median grain size data from the 2011 survey are summarised in Figure 6.50, which shows the lower 

limit of the median grain size class for the bed samples. The grain size classes used for the analysis 

are summarised in Table 6.13. The results show that bed materials are typically composed of medium 

silt to medium sand, and sediment grain size generally decreases with distance downstream. Several 

of the sites with coarser material are located near tributary confluences, such as near km 1400 at the 

confluence of the Mekong and Nam Mang, or upstream of km 500 where the 3S system enters, and 

probably reflect the inflow of coarser material from the sub-catchments. 

 

The 2011 results reflect bed material textures more than a decade after the first mainstream dam was 

commissioned in China (Manwan 1992), three years after the first very large volume dam with a >90% 

trapping efficiency was commissioned (Gongguoqiau, Kummu and Varis 2007), and over 40 years 

since the first tributary dams were constructed in the LMB. It is likely that additional changes to 

bedload have occurred since the bed material survey in 2011, due to the commissioning of two 

additional large impoundments in the lower UMB, with trapping efficiencies in excess of 90%, 

additional developments on tributaries, and ongoing sand extraction.  

 

In summary, based on the trapping of sediment by dams, and extraction of coarser size fractions, it is 

postulated that the grain-size distribution of bed materials during the wet season has decreased. In 

contrast, the grain-size distribution of bed materials in the dry season is hypothesised to have 

increased in recent years, due to the substantial increase in dry season flows which have been 

recorded throughout the LMB.  
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Figure 6.50 Median grain size and distance from river mouth of bed samples collected in 

2011 (Koehnken 2012) 

 

 

Table 6.13 Summary of grain size classes used in 2011 DSMP bed material survey 

Description Size class (mm) 

GRAVEL >4.75 

SAND 

Coarse 4.75-2 

Medium 
2-0.85 

0.85-0.425 

Fine 

0.425-0.25 

0.25-0.125 

0.125-0.08 

SILT 

Coarse 0.08-0.063 

Medium 0.063-0.045 

Fine 0.045-0.002 

CLAY <0.002 

 

 

The bed materials in the Tonle Sap Great Lake and the Delta are likely to have always contained a 

higher proportion of fine silts and clays due to the low water velocities in the lake and low water 

velocities during slack tides, and it is suggested that there has been less of a change in the grain size 

of these areas. Bed materials in the Tonle Sap Great Lake are also contributed by the tributaries 

directly feeding the lake, which to date have not been regulated. 

 

The assessment in Figure 6.51 assumes that 100% represents the median grain size present in the 

river in the dry season in 2015. A change of 10% represents a change in median grain size of one 

grain size class as defined in Table 6.13.  
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Examples of the percentages are listed below. The total removal of sediment from the channel, 

resulting in the exposure of bedrock is defined as 200%: 

80% Median grain size decreased by two size classes, etc.  

90% Median grain size decreased by one size class 

95% Median grain size decreased, but remains within same size class 

100% Median grain size in 2015  

105% Median grain size increased, but remains within the same size class 

110% Median grain size increased by one size class  

120% Median grain size increased by two size classes  

130% Median grain size increased by three size classes, etc. 

200% Sediment removed and bedrock exposed 

 

Overall, the status of the river is considered to be modified but not to the point that geomorphic 

functioning has been altered.  

 

 

Figure 6.51 Grain-size distribution of bed material in the dry season: historic abundance 

estimates as % relative to 2015 (100%) 

 

 

The main anthropogenic drivers considered to have the greatest influence on the fining / coarsening 

of bed material are: 

1 impoundments, which reduce sediment delivery, preferentially trap coarser sediment and 

alter the hydraulics of the system; 

2 sediment mining, which removes larger sized sediment from the channel; 

3 land cover changes, which can alter the distribution of sediment delivered to the river; 

4 irrigation and other water extractions, which alter the flow regime.  

 

In the absence of any changes, the indicated trend would be expected to continue over the next 25 

years, as additional coarse material is trapped in impoundments and extracted by sediment mining.  
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 Response to sediment harvesting pressures 6.4.4.1

The sediment grain size is affected by the trapping of sediment within reservoirs and sediment mining 

from the riverbed. If the harvesting of material were to cease, the trend of decreasing median grain 

sizes would continue, but at a slower rate as compared to present. This is due to a cessation of 

sediment mining resulting in the preservation of coarser grain sizes within the riverbed. An elimination 

of sediment mining would result in the greatest change in the lower LMB, where harvesting pressures 

are concentrated. 

 

6.4.5 Availability of exposed and inundated sandy habitat in the dry season 

Sandy habitat is important both above and below the water level. Exposed sandy habitats provide 

areas for vegetation establishment, nesting and foraging. Submerged sandy habitats host a range of 

macroinvertebrate communities, provide substrate for aquatic plants and provide fish habitat. The 

availability of sandy habitats, either above or below the river surface, is controlled by the presence of 

sandy depositional environments and the water level of the river. Hence, changes to sediment 

delivery, bank erosion or water level will affect the availability of both types of sandy habitats. 

 

As discussed in Section 6.4.3, erosion in the LMB is considered to have increased since the 

commissioning and operation of the Lancang Cascade and other tributary impoundments due to a 

reduction in sediment supply. An increase in erosion will decrease the availability of sandy habitats 

due to the removal of material. Sand mining will also reduce the availability of sandy habitats. 

 

The 2015 LMB flow regime is characterised by higher than ‗natural‘ flows in the dry season in the 

upper basin due to the operation of the Lancang Cascade (Figure 6.49). These higher flows reduce 

the availability of exposed sandy bars /islands, whilst increasing the availability of submerged sandy 

habitat. The prolonged higher flows also have the potential to inundate riparian vegetation on alluvial 

banks, which can alter habitat conditions (Figure 6.52), and convert exposed habitat to inundated 

habitat. 

 

 

Figure 6.52 Vegetation on low-lying 

sandbar which has been 

affected by increased 

water level in the dry 

season. Photograph 

from upstream of Luang 

Prabang, Lao PDR 

 

 

The increase in water level in the dry season decreases with distance downstream as the river 

widens, and the UMB inflow becomes a reduced percentage of the total flow. During the wet season, 

peak flows are reduced in the upper LMB compared to historic results, presumably due to the 
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retention of water within the impoundments of the Lancang Cascade. This flow alteration is at a 

maximum in the upper LMB, and decreases downstream due to additional inflows from tributaries 

(Cochrane et al. 2014). 

 

The erosion and flow changes affect the availability of exposed and inundated habitat as shown in 

Table 6.14, with the net result that the availability of both habitats has been reduced due to the 

increase in erosion. The estimated changes for each of the river sections and time period is 

summarised in Figure 6.53. 

 

Table 6.14 Effect of increased erosion and flow changes on the availability of exposed and 

inundated sandy habitat in the dry season. ‘-‘ indicates a decrease of 

availability and ‘+’ indicates an increase in availability. 

Indicator 
Increased 

erosion 

Decrease in 

wet season 

flows 

Increase in 

dry season 

flows 

Net Change 

Availability of exposed sandy 

habitat in the dry season 
- + - - 

Availability of inundated sandy 

habitat in the dry season 
- - + - 

 

 

The percentages used in Figure 6.53 to evaluate the availability of exposed sandy habitats in the dry 

season are defined as: 

120% Increased exposure associated with lower erosion rates and lower flows in the dry season 

associated with the unregulated flow regime;  

100% 2015 conditions – present level of exposure reflecting increased bank erosion and higher 

flows in the dry season due to water level changes associated with flow regulation; 

50% Additional reduction in exposure associated with increased erosion flows during dry season 

and decreased flows during wet season as compared to 2015. 

 

The present status of the availability of exposed sandy habitats in the dry season in the LMB is 

considered to range from measurably altered (Category C) in the upper LMB to largely natural 

(Category B) in the lower LMB. 

 

The following percentages are used to describe the availability of submerged sandy habitat in the dry 

season in the Mekong mainstream. For this assessment, it is assumed that the changes to river level 

are the predominant factor as compared to bank erosion (which will reduce availability): 

80% Reduced availability of submerged habitat in the dry season flows due to lower flows 

associated with the unregulated flow regime; 

100% 2015 conditions – Increased availability of submerged habitats due to higher flows in the dry 

season due to water level changes associated with flow regulation; 

150% Additional availability of sandy habitats associated with increased dry season flows relative to 

2015. 
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Figure 6.53 Availability of exposed sandy habitat in the dry season as percent relative to 

2015 (100%). 

 

 

The present status of the availability of submerged sandy habitats in the LMB is considered to range 

from measurably altered in the upper LMB to largely natural in the lower LMB. 

 

The main anthropogenic drivers of change in the exposure of sandy habitat in the dry season include: 

1. impoundments, which trap sediment and increase discharge in the dry season and decrease 

flow during the wet season; 

2. sand mining which can remove habitat; 

3. irrigation and other extractions which alter the flow regime.  

 

If the present conditions were to continue for 25 years into the future, the availability of both exposed 

and inundated sandy habitat would be expected to decrease due to the ongoing erosion related to the 

trapping of sediments in impoundments, and extraction of alluvial materials from the bed and bars. 

 

 Response to sediment harvesting pressure 6.4.5.1

Sandy habitats are being depleted due to the extraction of sediment from the riverbed and banks. If 

sediment mining were to cease, then the rate at which sandy habitat was being lost would decrease. 

Sandy habitat would continue to be lost as the river adjusted to the loss of sediment associated with 

trapping within impoundments. 

 

6.4.6 Availability of exposed and inundated of rocky habitats in the dry season 

The availability of exposed and submerged rocky habitats in the dry season within the river channel is 

important for providing riverine habitat for both flora and fauna. The availability of exposed or 

inundated rocky environments is controlled by the presence of exposed bedrock and the water level 

of the river. Bedrock exposure increases as erosion increases, and decreases as deposition 

increases. Water level determines the distribution of rocky habitat above or below the water surface, 

similar to sandy habitat.  
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Bedrock substrate in the mainstream Mekong channel in the LMB is limited to upstream of 

approximately Kratie, where the river enters the alluvial floodplain. Therefore, this assessment is 

limited to the upper four zones of the river. 

 

Dams and instream barriers directly affect the exposure and distribution of rocky habitat, as erosion 

increases downstream of dams due to a decrease in sediment supply. It is common for the channel 

immediately downstream of a dam to be largely devoid of sediments (Figure 6.54). The extent of 

these changes will be determined by the location and relative size of downstream tributaries. 

Damming of a river can also alter the availability of bedrock substrate through submergence 

associated with the creation of an impoundment, or through increased deposition of sediment onto 

bedrock substrates at the upstream end or within the impoundment due to reductions in flow 

velocities.  

 

 

Figure 6.54 Exposed rocky 

substrate 

downstream of 

the Pak Mun Dam 

site, Thailand 

 

 

Flow and sediment alterations can also affect vegetation which occurs on the rocky substrates, which 

in turn will affect habitat distribution and availability. Vegetation occurring on rocky reefs in the upper 

LMB has been observed to be in poor condition following extended inundation in the dry season 

(Figure 6.55). These observations suggest that the increase in the dry season river level will increase 

the exposure of rocky substrates through the inundation and water logging of vegetation. 

 

Other activities which can affect the availability of exposed or inundated rocky substrate in the dry 

season include channel modifications, such as blasting to improve navigation. Channel modifications 

affecting the availability of rocky habitat in the LMB have occurred, but are considered to be relatively 

small compared with the overall exposure of bedrock. 

 

The 2015 LMB flow regime is characterised by higher than ‗historic‘ or ‗natural‘ flows in the dry 

season due to the operation of the Lancang Cascade, which will increase the availability of 

submerged habitat, whilst reducing the availability of exposed substrate. The increase in water level in 

the dry season decreases with distance downstream as the river widens, and the UMB inflow 

becomes a reduced percentage of the total flow. 
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Figure 6.55 Left: exposed plant roots following increased inundation and erosion 

associated with increased dry season water levels in FA1. Right: Vegetation 

which was submerged for long durations in the dry season due to increased 

flow levels at FA2. 

 

 

During the wet season, peak flows are reduced in the upper LMB compared to historic results, 

presumably due to the retention of water within the impoundments of the Lancang Cascade. This flow 

alteration is at a maximum in the upper LMB, and decreases downstream due to additional inflows 

from tributaries (especially unregulated tributaries). 

 

Combined, these flow changes result in a decrease in the exposure of the rocky habitat during dry 

seasons, and a small increase during wet season, relative to natural conditions, with the reverse true 

for submerged habitats (Figure 6.56). Because the changes to flow are most pronounced in the upper 

LMB, the most upstream areas (Mekong River in Northern Lao PDR; and Mekong River in Thailand / 

Lao PDR) are considered to be more impacted as compared to the downstream areas, where 

additional inflows and tidal influences exert a larger effect on water levels. 

 

The percentages used in Figure 6.56 are defined as: 

120% Increased exposure associated with flows in the dry season under the unregulated flow 

regime; 

100% 2015 conditions – reduced exposure due to higher flows in the dry season; 

80% Decreased exposure associated with higher flows during dry season and decreased flows 

during wet season as compared to 2015. 

 



 

  
Page 84 

 

  

 

Figure 6.56 Availability of exposed rocky substrate in the dry season as percent relative to 

2015 (100%). 

 

 

The status of the availability of both exposed and inundated rocky habitats in the dry season (Figure 

6.57) is considered to be measurably modified in the upper LMB, and largely natural in the lower 

LMB. 

 

The percentages used in Figure 6.57 are defined as: 

120% Increased availability associated with increased erosion and higher water levels in the dry 

season; 

100% 2015 conditions – increased availability of submerged bedrock due to higher flows in the dry 

season; 

80% Decreased availability of submerged bedrock substrate associated with lower flows during dry 

season as compared to 2015. 

 

 

Figure 6.57 Availability of submerged rocky substrate in the dry season as percentage 

relative to 2015 
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The main anthropogenic drivers of change in the exposure of sandy habitat in the dry season include: 

1. impoundments, which trap sediment and increase discharge in the dry season and decrease 

flow during the wet season; 

2. channel modifications, such as blasting for navigation; 

3. irrigation and other water extractions, which alter the flow regime.  

 

If all conditions remain the same over the next 25 years, these trends would be expected to continue 

in the form of an ‗erosional wave‘ that progresses downstream from the Lancang Cascade and 

removes the sandy deposits from within the bedrock-controlled sections of the river channel. 

 

 Response to sediment harvesting pressures 6.4.6.1

The availability of rocky habitat is increasing due to increased erosion associated with the trapping of 

sediment within impoundments and a reduction in sediment availability associated with sediment 

mining. If sediment mining were to cease, there would be a small reduction in the rate of increase in 

rocky habitat availability due to the increased availability of sediment. However, because rocky habitat 

is concentrated in the upper LMB and sediment mining is concentrated in the lower LMB, the change 

would be small. 

 

6.4.7 Depth of bedrock pools in the dry season 

Pools provide important refuge and spawning habitat in the Mekong River, especially during periods 

of low flow. Over 400 ‗deep pools‘ have been identified in the LMB based on local ecological 

knowledge and an analysis of hydrographic surveys (Figure 6.58; MRC 2011). Pools occur in a 

variety of geomorphic settings in both bedrock and alluvial channels (Figure 6.59). 

 

MRC (2006; 2011) investigations found that pools tend to be longer and deeper in downstream 

reaches as compared to those upstream, and identified a link between discharge volume and pool 

size. Depth, flow velocity, bed roughness and turbulence were all identified as important factors when 

considering pools as habitat for fish and aquatic organisms. Conlan et al. (2008) found that sediment 

pulses move through pools in northern Lao PDR on an annual basis, highlighting the link between 

sediment delivery and flow regime for the maintenance of pool depth. 

 

The depth of pools in alluvial reaches is governed by the same processes that determine bank 

erosion / bed incision, and are not included in this indicator as they are included within the ‗Erosion‘ 

indicator. For the deep pools on bedrock, pool depth is maintained by a combination of high flows, 

which provide the shear stress required to maintain the depth, and the magnitude and timing of the 

sediment supply, such that deposition does not occur at the end of the wet season.  
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Figure 6.58 Thalwag long-section of the LMB showing occurrences of Deep Pools (MRC 

2011) 

 

 

 

Figure 6.59 Pool types identified in the LMB (MRC 2011) 
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Flow changes in the LMB in the last ten years include a small reduction in high flows, a sizeable 

increase in low flows and a reduction in sediment supply, associated with operation of the Lancang 

Cascade. The timing of the onset of high flows in the upper LMB has been delayed somewhat, but 

peak flows continue to occur at approximately the same time as prior to water resource development 

on the Lancang Cascade, and sediment supply continues to be synchronised with the onset of the 

high flows. Sediment concentrations have decreased at the end of the wet season relative to historic 

conditions, so there may be a trend of increasing sediment removal from the deep pools. However, 

because the base level of the pools is governed by the depth of the bedrock, it is unlikely that the 

depth of the pools has actually increased during the wet season in spite of the reduction in sediment 

load. 

 

The increase in the water level in the dry season attributable to the flow regulation by the Lancang 

Cascade (Figure 6.26) would translate to an equivalent increase in pool depth.  

 

Based on the flow and sediment changes, it is suggested that the depth of pools may have increased 

somewhat in the dry season, but the processes controlling pool depth (e.g., a pulse of sediment 

moving through during the wet season) is unlikely to have changed substantially compared to historic 

conditions.  

 

Overall the status of pools in bedrock reaches is considered to be largely natural. 

 

The percentages used in Figure 6.60 are defined as: 

90% Shallower depths in the dry season and deeper during the wet season associated with lower 

dry season flows and higher wet season flows prior to river regulation;  

100% 2015 conditions –increased depth during low flow associated with the increase in flow levels, 

decreased depth during the flood season due to reduced peak water levels associated with 

flow regulation; 

150% Increased depth during dry season and decreased depth during wet season as compared to 

2015 associated with potentially greater flow regulation. 

 

 

Figure 6.60 Depth of bedrock pools in the dry season: Historic abundance estimates as % 

relative to 2015 (100%) 
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The anthropogenic drivers considered to have the greatest influence on the depth of pools in the dry 

season include: 

1. impoundments which increase discharge in the dry season and decrease flow during the 

wet season, and can affect the timing of sediment delivery; 

2. irrigation or other extractions which alter the flow regime; 

3. land use changes which can increase the sediment load to the river. 

 

If the existing conditions were to persist for 25 years in the LMB, it is likely that the depth of deep 

pools would increase slightly due to a depletion of sediments associated with the trapping in 

impoundments and the progressive removal of sediment stored within the river channel, and the 

continued occurrence of peak flows during the wet season which would scour the pools. The 

continued increase in dry season flows would also contribute to an increase in pool depth. 

 

 Removal of sediment harvesting pressure 6.4.7.1

The depth of pools in the upper LMB would be slightly affected by sediment mining, with increased 

mining resulting in an increase in pool depth due to a reduction in deposition. If sediment mining was 

halted, there might be a slight decrease in pool depth due to increased sedimentation. However, due 

to the depth of pools being largely controlled by scour during the peak flood season it is likely this 

change would be very small. 

 

6.4.8 Water clarity 

Water clarity is important for ecological systems as it controls the depth of light penetration. The 

availability of light, in turn, is important for plant growth, and affects organisms which depend on sight 

for feeding. Water clarity is related to the volume and surface area of material suspended in the water 

column with the surface area the most important determinant; relatively low concentrations of very 

fine-suspended sediment can reduce water clarity as compared to higher concentrations of coarse-

grained material. 

 

In the LMB, measurements of water clarity have been completed by the MRC NMCs under the 

biological monitoring project coordinated by the Environment Program. Results from sites at which 

water clarity (transparency) and turbidity were determined in 2006 and 2007 are shown in Figure 6.61. 

The results show that water clarity decreases rapidly as turbidity increases above ~20 NTU. 

Unfortunately, although there are many suspended solids measurements (TSS, and Suspended 

Sediment Concentration (SSC)) in the LMB, there are insufficient measurements of turbidity or water 

clarity collected at the same time to allow an inter-calibration of the parameters.  

 

Investigations in northern Thailand (Zeigler, et al. 2014) have shown a strong relationship between 

suspended solids and turbidity (Figure 6.62), with the fine-grained material showing the strongest 

correlation with turbidity. Although the exact relationship between turbidity and suspended solids will 

vary with the grain-size of the suspended material, the suspended sediment in the Mekong 

mainstream is predominantly silt in the upper reaches, and silt and clay in the lower LMB. In the 

Zeigler et al. (2014) investigations, turbidity levels of 20 to 50 NTU roughly equated to suspended 

solids concentrations of ~30 to 80 mg/l. This general relationship is used to assess the status and 

trends in water clarity. 
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Figure 6.61 Comparison of Secchi Disc transparency with turbidity at bio-monitoring sites 

in 2006 and 2007 

 
 

 

 

Figure 6.62 Turbidity (NTU) compared to Total Suspended Solids (TSS) (mg/l) in the Mae Sa 

catchment in Northern Thailand (Zeigler et al. 2014).  Top=overall; bottom = 

years 2006 to 2008. 

 

 

Figure 6.63 and Figure 6.64 contain box and whisker plots summarising the monthly distribution of 

suspended sediment concentrations in the dry season at Chiang Saen for the periods 1968 to 1992, 

and 2009 to 2013. Each ‗box‘ contains the 25
th
 to 75

th
 percentile values, with the median denoted by a 

line. The ‗whiskers‘ indicate minimum and maximum values. The first period (1968-1992) is 

representative of pre-Chinese dam conditions, although the results would reflect changes to the 

sediment load associated with land use changes. The second graph (2009-2013) shows recent 
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results, and is representative of present conditions in the LMB. Each of the graphs has a line denoting 

the 100 mg/l suspended sediment concentration, as a very conservative indication of the demarcation 

between high and low water clarity. 

 

It is evident that there has been a large decrease in the suspended sediment concentrations in the dry 

season between the two time periods. During the period 1968 to 1992 median suspended sediment 

concentrations were less than or equal to 100 mg/l for about three months (Feb – April). In the 2009 – 

2013 dataset, median values are equal to or below 100 mg/l for six months (Dec – May), and close to 

the 100 mg/l level for November and June, as well. 

 

 

Figure 6.63 Monthly suspended 

sediment 

concentrations at 

Chiang Saen, 1968 

– 1992. Number 

indicates the 

number of samples 

included in the 

analysis (from 

MRC, HYMOS). 

 

 

Figure 6.64 Monthly suspended 

sediment 

concentrations at 

Chiang Saen 2009 – 

2013. Number 

indicates the 

number of samples 

included in the 

analysis (MRC, 

DSMP results). 

 

 

Similar results are presented for Mukdahan in the lower LMB in Figure 6.65 and Figure 6.66 for the 

periods 1985 to 1992 and 2009 to 2013, respectively. There are a low number of samples for the low 

flow periods in the 1985 to 1992 dataset, but the available results suggest that suspended sediment 

concentrations were <100 mg/l for up to four months from January to April during this period. The 

2009 to 2013 results show that the period of very low suspended sediment persists into May. These 

changes are not as substantial as compared to Chiang Saen, and are attributable to the sediment 

transported into the mainstream from tributaries in the LMB in the dry season. 
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Figure 6.65 Monthly suspended 

sediment 

concentrations at 

Mukdahan Saen, 

1985 – 1992. 

Number indicates 

the number of 

samples included 

in the analysis 

(from MRC, 

HYMOS)  

 

Figure 6.66 Monthly suspended 

sediment 

concentrations at 

Mukdahan 2009 – 

2013. Number 

indicates the 

number of samples 

included in the 

analysis (MRC, 

DSMP results) 

 

 

Based on this assessment, water clarity in the dry season in the LMB in 2015 is considered to be 

higher than has occurred in the past, with the difference decreasing with distance downstream. 

Overall, the status of the LMB is considered to have measurably altered the nature and functioning in 

the upper LMB, and modified but not affected functioning in the lower LMB.  

 

The percentages used in Figure 6.67 are defined as: 

70% Reduced light penetration associated with unregulated flow regime; 

100% 2015 conditions –increased clarity during low flow due to release of low sediment water from 

Lancang Cascade relative to natural;  

120% Increased light penetration associated with potentially greater flow regulation leading to more 

prolonged discharges of high clarity water, and lower concentrations of suspended sediments. 
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Figure 6.67 Water clarity: Historic abundance estimates as % relative to 2015 (100%) 

 

 

The anthropogenic drivers considered to have the greatest influence on the water clarity in the dry 

season include: 

1 impoundments that decrease sediment input and increase discharge in the dry season; 

2 land use changes that can affect the concentration of sediments in runoff and tributary 

inflows; 

3 in-channel barriers that reduce flow rates and decrease suspended sediment 

concentrations. 

 

If the present conditions were to continue for the next 25 years, it is likely that water clarity in the dry 

season would continue to increase at a slow rate, as additional sediment was removed from the 

system through bank erosion, sediment trapping and sediment harvesting. The future increase is 

considered to be small because water clarity is most affected by the very fine-grained sediment sizes, 

which are less likely to be trapped in impoundments. 

 

 Removal of sediment harvesting pressure 6.4.8.1

A cessation of sediment harvesting would likely have only a small effect on water clarity, as the 

material targeted for extraction tends to be sand grain-sized or larger that is transported 

predominantly as bedload, and has only a minor effect on water clarity. The direction of change would 

be towards reduced water clarity associated with the increased availability of sediment for suspension 

in the water column.  
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6.5 Response curves and supporting evidence/reasoning 

The explanations and evidence for the shape of the response curves are tabulated as follows: 

Table 6.15 Erosion (bank / bed incision)
11

 

Table 6.16 Average bed sediment size in the dry season
12

 

Table 6.17 Availability of exposed sandy habitat in the dry season
 
 

Table 6.18 Availability inundated sandy habitat (dry season) 

Table 6.19 Availability exposed rocky habitat in the dry season
 
 

Table 6.20 Availability of inundated rocky habitat in the dry season 

Table 6.21 Depth of bedrock pools in the dry season
 
 

Table 6.22 Water clarity 

 

NB: The response curves do not address any of the scenarios directly. The curves are drawn for a 

range of possible changes in each linked indicator, regardless of what is expected to occur in any of 

the scenarios. For this reason, some of the explanations refer to conditions that are unlikely to occur 

under any of the water-resource development scenarios but are needed for completion of the 

response curves. In addition, each response curve assumes that all other conditions are at 2015. 

 

The curves provided below are site specific, although the relationships are similar across all sites. The 

FAs used as an example for each curve are noted. The curves and corresponding explanations for 

the other FAs are contained in the BioRA DRIFT DSS. 

 

 

                                                      

 
11

 Erosion is included as a DRIFT indicator because it is important for understanding channel changes and the distribution and 
quality of habitat. If the MRC DSF model can provide output for erosion and deposition at the reach scale, then this model 
output will be used as an input indicator to DRIFT, and this erosion indicator will be removed. Erosion includes deposition, 
which is considered as negative erosion. Erosion is discussed in more detail in Section 6.3.1.  
12

 The average bed sediment grain-size in the dry season is included as a DRIFT indicator because it is important for 
determining the distribution and quality of aquatic habitats. If the MRC DSF model can provide output for this indicator, then the 
model output will be used as an input indicator to DRIFT, and this indicator will be removed.  
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Table 6.15 Erosion (bank / bed incision)
13

 

Response curve Explanation 

 

By definition the wet season is when water levels are highest and shear stress is 

greatest. Erosion is controlled by both the magnitude and duration of shear stress exerted 

by the river, so a longer wet season will equate to longer periods of erosion. The 

response curve has a positive correlation with the duration of the wet season, with the 

percentage increase in the duration of the wet producing a similar increase in the erosion 

response. Similarly, the shorter the wet season, the shorter the duration of elevated shear 

stress and the lower the expected erosion response. The effect that the duration of the 

wet season has on erosion is limited to approximately 50% (e.g., maximum increase in 

erosion due to very long wet season is ~50%, and maximum decrease associated with no 

wet season is -50%), which reflects the importance of other parameters in controlling 

erosion. 

 

If sediment is available for deposition then erosion rates will decrease. If it is not 

available, then erosion rates will increase. The average sediment duration link reflects the 

number of days corresponding to the period required for the 20
th
 to 80

th
 percentile 

sediment load to be transported in a given year and reflects the sediment ‗pulse‘ pattern 

of the Mekong River. This indicator is inversely related to erosion, so if this number 

increases relative to present conditions, then erosion would be expected to decrease due 

to the increased availability of sediment for deposition. This indicator is considered to 

exert a relatively small control on erosion with a change in the duration of +/- ~20%, 

influencing erosion rates by ~10%. 

                                                      

 
13

 Taken from FA1. 
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Response curve Explanation 

 

 

The timing of sediment delivery during the wet season will affect the distribution and 

extent of erosion in the channel. In the Mekong there is a very strong correlation between 

the delivery of sediment and the flood pulse (Figure 6.18). Deposition is most likely to 

occur as water levels recede towards the end of the wet season and into T2. Assuming 

the duration of sediment delivery remains the same, then the later the onset of sediment 

delivery, the greater the amount of sediment that will be available for deposition as the 

flow rate decreases. This indicator has a very small effect on erosion if the onset of 

sediment delivery changes by only a 1 to 2 weeks, and a moderate effect (~-15% to 

+15%) if the onset is altered by 8 to 10 weeks, which would represent a very major shift to 

sediment delivery in the LMB. 

 

The grain-size distribution of suspended sediment will determine whether material is 

eroded, transported or deposited at a given flow level in a river (Figure 6.15, Table 6.3). If 

the median sediment grain size increases, then erosion is likely to decrease due to the 

higher shear stress required for erosion and transport of the material. Conversely, as 

sediment grain size decreases, lower energy is required for erosion and transport, so 

erosion will likely increase. Based on the grain-size distribution of suspended sediment 

measured at Chiang Saen, the median grain size in suspension is fine sand. The shear 

stress calculated for site FA1 is very high under all flow conditions (see shear stress 

indicator below), due to the steep slope of the reach, so the grain-size distribution is not 

considered to be a large contributor to erosion rates at this site. Therefore, greatly 

increasing or decreasing the sediment grain size available for transport only exerts a 

moderate impact on the overall occurrence of erosion.  
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Response curve Explanation 

 

The amount of sediment being transported in suspension will affect the availability of 

sediment for deposition or the potential for erosion. Water which is transporting high 

sediment loads has less energy to erode and transport additional sediment, and there is a 

greater likelihood that sediment will be available for deposition as shear stress decreases. 

Based on this, there is a negative relationship between sediment loads and erosion, with 

erosion decreasing as sediment loads increase in all seasons. This indicator exerts a 

greater influence on erosion during the wet, T1 and T2 seasons as these are the periods 

when the majority of the sediment is transported and shear stresses are highest. In the 

wet season, doubling or halving the sediment load is estimated to alter erosion by +/- 35-

40%. Only a small percentage of sediment is transported in the dry season when the 

energy available for sediment transport is low, so the scores for this season are lower.  
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Response curve Explanation 

 

The channel shear stress determines whether sediment can be eroded, transported or 

deposited. The greater the shear stress, the larger the sediment grain size that can be 

transported. In large rivers shear stress is proportional to the depth and slope of the river. 

The shear stress determined for FA1 are very large, as evident by comparing the range of 

shear stress values listed in the linked indicator tables, and the shear stress descriptions 

provided in Table 6.3. Based on the shear stress calculations for FA1, the river is 

presently capable of transporting gravel even in the dry season. If shear stress were 

greatly reduced, smaller sediment would be deposited. Similarly, if shear stress is 

increased then larger pebbles and potentially cobbles could be transported. The scores 

reflect this potential for change, with large decreases in shear stress linked to reductions 

in erosion of up to -45%, and large increases linked to increases in erosion of up to 35%.  
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Response curve Explanation 

 

This indicator captures several processes associated with frequent (daily) water level 

changes. Rapid changes in water level can affect erosion due to the increase in water 

depth and water surface slope increasing the shear stress of the river, and due to the 

instability of saturated banks following a rapid decline in water levels. This second 

process is considered to be of relevance especially during the T2 season when 

riverbanks and floodplains are saturated following the wet season. This parameter is not 

considered to exert a large influence during the wet season because unregulated inflows 

dominate the flow during this period so in-day water level fluctuations are likely to be 

small. Increasing the in-day range from the present range to ranges >250 or 500 m
3
 per 

day would be expected to increase the occurrence of erosion by ~25% or more. 

Decreasing the in-day range is considered to have no effect, unless the in-day variability 

decreases to near zero. Under these conditions, erosion would be expected to increase 

due to the focussed action of flow at the same level of the bank. 
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Table 6.16 Average bed sediment size in the dry season
14

 

Response curve Explanation 

 

The bed sediment grain-size distribution in the dry season will be governed by the net 

erosion of the river during this season, with higher erosion rates leading to an increase in 

the bed sediment size. This is because as erosion increases, finer material will be 

preferentially transported, which will result in coarser material being left behind on the 

bed. Erosion is lowest in the dry season due to the low water levels. Based on this, even 

a 50% increase in erosion in the dry season is likely to only increase the bed material 

grain size by a limited amount. The response curve shows that doubling erosion during 

the dry is projected to increase median bed material grain size by ~20%. 

 

The grain size of suspended sediment being transported by the river will determine 

whether it will remain in suspension and be transported, or be deposited due to the river 

having insufficient energy for transport. If it is deposited, it will affect the grain-size 

distribution of the bed material. The median starting point for the indicator is the median 

suspended sediment grain size based on the MRC DSMP monitoring results for Chiang 

Saen. A 10% change in the bed material grain size is assigned to each change in 

sediment grain-size class as shown in Table 6.13.  

 

 

                                                      

 
14

 Taken from FA1. 
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Table 6.17 Availability of exposed sandy habitat in the dry season
 15

 

Response curve Explanation 

 

Erosion will determine the presence and extent of sandy deposits. If erosion increases, 

there will be a reduction in sandy habitats. Conversely, if erosion decreases, additional 

sandy habitat will be present due to increased deposition. Changes to the average annual 

median erosion indicator of +/- 50% are postulated to alter the availability of sandy habitat 

by ~+/-10%. The ‗base‘ is considered the exposure of sandy habitat at present. Changes 

to erosion are based on 100% being the present level of erosion in the river. Wind erosion 

also has the potential to diminish the presence of sandy habitats but this is not 

considered.  

 

The water level in the river will determine the exposure and hence availability of sandy 

habitat. Habitat is only fully ‗available‘ if it is exposed throughout the dry season, so the 

maximum channel depth is considered relevant, with increased channel depths leading to 

reduced exposure of sandy habitat. In a river, a change in the average median water level 

of tens of cm can equate to relatively large changes to the exposure of sandy banks and 

bars. The response curves reflect a change in exposure of ~10% with an increase of 

1.2 m.  

 

A large in-day change in water discharge will affect the availability of sandy habitat 

similarly to the maximum channel water depth, in that the exposed sandy habitat needs to 

be continually exposed to be ‗available‘. This indicator is only linked with water level 

changes in the dry season because during the other seasons unregulated inflows are 

likely to dominate the flow regime. No change to exposure is considered to occur unless 

the in-day range approximately doubles, which is linked to a 10% decrease in availability. 

A very large reduction in availability would occur if the in-day range increased by 10-fold 

or more. A reduction in the in-day range is considered to increase the availability to a 

small degree, with a larger increase associated with no in-day change. 

                                                      

 
15

 Taken from FA1. 
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Table 6.18 Availability inundated sandy habitat (dry season)
16

 

Response curve Explanation 

 

Erosion will determine the presence and extent of sandy deposits. If erosion increases, 

there will be a reduction in sandy habitats. Conversely, if erosion decreases, additional 

sandy habitat will be present due to increased deposition. Changes to the average annual 

median erosion indicator of +/- 50% are postulated to alter the availability of sandy habitat 

by ~+/-10%. Wind erosion also has the potential to diminish the presence of sandy 

habitats but this is not considered.  

 

The water level in the river will control inundation and hence availability of sandy habitat. 

Habitat is only fully ‗available‘ if it is inundated throughout the dry season, so the 

maximum channel depth is a controlling factor, with increased channel depths leading to 

increased availability of inundated sandy habitat. In a river, a change in the average 

median water level of tens of cm can equate to relatively large changes to the areas of 

sandy banks and bars that are inundated. The response curves associated an increase in 

water level of ~1.2 m with an increase in the availability of inundated sandy habitat of 

~10%.  

 

A large in-day change in water discharge will affect the availability of sandy habitat 

similarly to the maximum channel water depth, in that the inundated sandy habitat needs 

to be continually inundated to be ‗available‘. This indicator is only linked with water level 

changes in the dry season because during the other seasons unregulated inflows are 

likely to dominate the flow regime. No change to exposure is considered to occur unless 

the in-day range approximately doubles, which is linked to a 10% decrease in availability. 

A reduction in the in-day range is not considered to affect the availability of inundated 

habitat.  

 

                                                      

 
16

 Taken from FA1. 



 

  
Page 102 

 

  

Table 6.19 Availability exposed rocky habitat in the dry season
 17

 

Response curve Explanation 

 

Erosion will affect the occurrence of rocky substrate, with increased erosion resulting in 

an increase in the exposure of rocky substrates due to the removal of the overlying 

sediments. Conversely, a decrease in erosion will reduce the exposure of rocky substrate 

due to deposition of sediment. Similar to the other ‗availability of habitat‘ indicators, 

changes in erosion in the magnitude of ~50% are associated with changes in the 

availability of habitat of ~10%.  

 

The water level in the river will determine the exposure and hence availability of rocky 

habitat. Habitat is only fully ‗available‘ if it is exposed throughout the dry season, so the 

maximum channel depth is considered relevant, with increased channel depths leading to 

reduced exposure of rocky habitat. In a river, a change in the average median water level 

of tens of cm can equate to relatively large changes to the exposure of rocky substrate. 

The response curves reflect a change in exposure of ~10% with an increase of 1.2 m.  

 

A large in-day change in water discharge will affect the availability of rocky habitat 

similarly to the maximum channel water depth, in that the exposed rocky habitat needs to 

be continually exposed to be ‗available‘. This indicator is only linked with water level 

changes in the dry season because during the other seasons unregulated inflows are 

likely to dominate the flow regime. No change to exposure is considered to occur unless 

the in-day range approximately doubles, which is linked to a 10% decrease in availability. 

A very large reduction in availability would occur if the in-day range increased by 10-fold 

or more. A reduction in the in-day range is considered to increase the availability to a 

small degree, with a larger increase associated with no in-day change.  

                                                      

 
17

 Taken from FA1. 
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Table 6.20 Availability of inundated rocky habitat in the dry season
18

 

Response curve Explanation 

 

Erosion will determine the presence and extent of rocky substrates. If erosion increases, 

there will be an increase in the exposure of rocky substrate due to erosion of the 

overlying sediment. Conversely, if erosion decreases, rocky habitat will decrease due to 

increased deposition. Changes to the average annual median erosion indicator of +/- 50% 

are postulated to alter the availability of rocky habitat by ~10%.  

 

The water level in the river will control the extent of inundation and hence availability of 

rocky. Habitat is only fully ‗available‘ if it is inundated throughout the dry season, so the 

maximum channel depth is a controlling factor, with increased channel depths leading to 

increased availability of inundated rocky habitats. In a river, a change in the average 

median water level of tens of cm can equate to relatively large changes to the areas of 

rocky substrate that are inundated. The response curves associated an increase in water 

level of ~1.2 m with an increase in the availability of inundated sandy habitat of ~10%.  

 

A large in-day change in water discharge will affect the availability of rocky habitat 

similarly to the maximum channel water depth, in that the inundated rocky habitat needs 

to be continually inundated to be ‗available‘. This indicator is only linked with water level 

changes in the dry season because during the other seasons unregulated inflows are 

likely to dominate the flow regime. No change to exposure is considered to occur unless 

the in-day range approximately doubles, which is linked to a 10% decrease in availability. 

A reduction in the in-day range is not considered to affect the availability of inundated 

habitat.  

                                                      

 
18

 Taken from FA1. 
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Table 6.21 Depth of bedrock pools in the dry season
 19

 

Response curve Explanation 

This indicator was not directly linked to erosion, but rather to the underlying hydraulic indicators because of the importance of the ‗timing‘ of sediment and flow pulses for the 

maintenance of the pools. The overall depth of deep pools is likely limited by the presence of bedrock at depth so there is a limit to the increase in pool depth that can occur. 

This is captured in DRIFT by limiting the maximum increase in pool depth to 20% of the present value. 

 

Sediment pulses move through deep pools over the course of the wet season. For a pool 

to return to its previous dry season depth, the wet season has to be of sufficient length to 

transport the sediment pulse through the pool. An increase in the duration of the wet 

season will increase the likelihood of sediment being moved through the pool, and hence 

promote deepening. Conversely, a shortening of the wet season reduces the likelihood 

that the sediment pulse will move completely through the pool, resulting in increased 

deposition and a decrease in pool depth.  

 

The majority of sediment is transported in the LMB during the wet season. If the duration 

of sediment delivery increases, and all other factors remain the same, the depth of the 

pools would decrease due to additional sediment remaining in the pools at the end of the 

wet season. The opposite also applies, with a reduction in the duration of sediment 

delivery likely leading to a deepening of the pools due to the shear stress associated with 

the wet season flows transporting more sediment out of the pools than delivered.  

                                                      

 
19

 Taken from FA1. 
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Response curve Explanation 

 

The earlier the sediment load is available and enters the pool, the higher the likelihood 

that the shear stress of the river will transport the sediment out of the pool. If the onset of 

sediment delivery is delayed, but the duration of sediment delivery remains unchanged, 

then there is an increased likelihood that sediment will remain in the pool at the end of the 

wet season.  

 

For the depth of a pool to be maintained, the channel shear stress needs to transport all 

of the sediment entering the pool, out of the pool. Higher shear stresses are associated 

with the T1 and wet season, so changes during these seasons are considered to have 

more of an effect on pool depth as compared to the T2 and Dry season (similar approach 

as adopted for sediment load). In general, an increase in channel shear stress will result 

in an increase in pool depth, and a decreased in shear stress will result in a reduction in 

pool depth. 
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Response curve Explanation 

 

In general, the average sediment load will be negatively correlated with the depth of deep 

pools, due to increased sediment loads increasing the likelihood of deposition in the 

pools. The relationship between the average sediment load and depth of pools varies 

between the seasons, due to the differences in the magnitude of the sediment loads and 

duration of the seasons.  

 

The majority of sediment is transported during the T1 and wet seasons, so changes to the 

load during these periods are likely to result in larger changes to pool depth as compared 

to the other seasons. Increased loads will promote a reduction in pool depth, and 

decreased loads will tend to favour an increase in pool depth.  

 

Considerably less sediment is transported during the T2 and dry season. The direction of 

change for T2 and the dry seasons are similar to the T1 and wet season, but because 

these seasons are much shorter in duration, the responses are reduced.  
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Table 6.22 Water clarity in the dry season
20

 

Response curve Explanation 

 

The finer the material suspended in the water column, the lower the water clarity. The 

median suspended sediment grain-size used as the reference within DRIFT is based on 

the median grain size from the results of the 2011-2015 MRC DSMP monitoring results. A 

reduction in the median grain size of one grain-size class is associated with a decrease in 

water clarity of ~10%, if all other factors remain the same. The grain-size classes are 

described in Table 6.13. Example from FA1. 

                                                      

 
20

 Taken from FA1. 
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Response curve Explanation 

 

 

Based on the available water clarity results, there is a general trend of high water clarity 

occurring once the concentration of suspended solids is below 50 mg/l. The DRIFT 

response curves for average sediment concentration reflect this limit, with water clarity 

increasing once these conditions are met. Changes to the average concentration of 

suspended sediment above 50 mg/l are limited to small changes to water clarity in the 

response curves. The response curves for sediment concentration in each of the seasons 

are shown. 
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Response curve Explanation 
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7 Vegetation 

 

Lead specialist:     Dr Andrew McDonald 

Delta macrophyte specialist:   Dr Nguyen Thi Ngoc Anh 

Delta and floodplain algal specialist:  Duong Thi Hoang Oanh 

 

Regional specialists: 

Cambodia: Pich Sereywath 

Lao PDR: Thananh Khotpathoom 

Viet Nam: Dr Luu Hong Truong. 

 

7.1 Introduction  

7.1.1 Objectives of the vegetation discipline of BioRA 

Biological Resources are determined by the productivity of natural landscapes over the course of 

annual weather cycles. The productivity of most living systems are determined and sustained 

primarily by photosynthetic processes of plant life, the natural products of which provide the energy on 

which most non-photosynthetic biota depend to grow and reproduce. Plants are therefore a focal 

component to consider when assessing the dynamics and sustainability of biological resources of a 

given ecosystem. As immobile biota, guilds of plant species form natural associations (plant 

communities) that vary considerably due to the combinations of environmental factors in time and 

space – including varying climatic cycles, diverse geomorphology of biosphere, soil chemistry, 

interactions with biota that thrive in mutualistic and parasitic relationships with plants, and many other 

factors. The spatial juxtapositions and relationships between interactive plant communities play a 

critical role in determining the population dynamics and habits of animal, fungi, and protist (unicellular) 

groups of organisms. In concert, plants and their dependent biotic associates define the character of 

living landscapes and the attendant options and possibilities that human populations might have at 

their disposable to improve their welfare.  

 

Consequently, the goal of the vegetation discipline is to consider the natural variation of plant species 

and plant communities that inhabit the banks of the Mekong River from the border of China with Lao 

PDR to the mouth of the Mekong Delta and to assess the environmental factors that determine their 

natural distributions. The ways and degrees to which human activities have exploited and altered 

native plant communities now plays a critical role in the productivity of Mekong River system. And in 

similar fashion, the ways and degrees to which the plants respond to perturbations, whether natural or 

anthropogenic, can inform human plans to continue exploring and developing schemes to tap the 

riches of the LMB.  

 

The impacts plants have on the integrity and productivity of the MRB are poorly understood, complex, 

and changing rapidly; as is the case for  other disciplines of the present study. Hence the objectives of 

the vegetation discipline in the BioRA exercise is to define, quantify and qualify in a general manner 

the determinant factors of plant life on the banks of the Mekong River that define and maintain 

ecosystem processes and functions. The principal units of operation are defined as ‗Indicators,‘ which 

define segments of the river‘s plant realm that have been defined biologically by the river‘s forces over 



 

  
Page 111 

 

  

the course of an annual monsoon cycle. Plants and plant communities that fall within the concept of 

an Indicator category vary between reaches, but they have operated and survived under natural 

forces for millions of years. Now that human populations are altering the nature and timing of the 

river‘s forces, we attempt to make educated judgements as to how these alterations will change the 

natural status quo and the degree to which those changes will be experienced. Our predictions on 

changes in the LMB‘s vegetation will provide a critical source of information for zoologists to 

undertake their assessments of potential changes that will be the outcome of alterations to the plant 

realm. The ultimate objective of this contribution is to provide critical pieces of a big puzzle that the 

DRIFT model will fit together to better understand the way in which the Mekong River functions as a 

system. From this exercise a broader perspective will be achieved to hopefully inform ever-evolving 

policies and practices that aspire to more efficiently exploit and sustain the natural bounties of a 

generous river.  

 

7.1.2 Assumptions and limitations  

If the accuracy and/or reliability of our predictions of biological responses to alterations in future 

hydrological regimes of the MRB are based on current and historical understandings of the 

relationship between the complex geomorphology of the river and the Mekong River‘s distinctive biotic 

communities, then we are first obliged to recognize the severe limits of our present understanding and 

the massive gaps in our knowledge.  

 

The Mekong River transects a region of the world that has experienced considerable social, political 

and environmental turmoil during latter half of the 20
th
 century. This was an age in which other tropical 

Asian countries, such as Indonesia, Malaysia and Thailand, documented the extent of their botanical 

wealth with national and international support, as all of these countries depended substantially on 

timber resources for economic development. Indochina was left out of this phase of scientific history, 

however, on account of political intrigues, military turmoil and resulting economic stagnation. The 

least studied floras of the region are those of Lao PDR and Cambodia, whose national herbaria 

contain specimens that might account for 10% of their floristic richness and hardly any baseline data 

of the natural or contemporary distributions of their plant species. As regards the natural history, 

ecological diversity, and productivity of their endemic plant communities, even less is known.  

 

The Mekong River flora, or indeed, the flora of Indochina as a whole, is one of the least known 

tropical regions of Asia and the world. Since 1950, only cursory floristic inventories were published in 

Lao PDR and Cambodia (Dy Phon 1982; Frodin 2001; Rollet 1972; Legris and Blasco 1972; Vidal 

1956-1960; 1979), these highlighting only a few dominant trees or shrubs that might define a given 

reach of the Mekong River or Tonle Sap floodplain. The first and only, general botanical surveys 

undertaken within and along the LMB channels that fall within the focus areas of FA2-4 (Table 2.1) in 

this document provide only glancing observations of plant species diversity and cursory 

characterizations of a considerable number of plant communities (Maxwell 2000; 2008; 2013), the 

latter dimension of biological diversity being equally as important to species diversity for the 

interdependent animal communities. Maxwell‘s observations are based on only a couple of visits to 

each site during one wet and dry season, and cover an exceedingly broad span of Laotian river fronts 

from Luang Prabang to Vientiane, the Siphandone region, and the closely connected river run 

between Stung Treng and Kratie of northern Cambodia. His preliminary species lists account primarily 

for highly disturbed terrestrial forest communities that once surrounded the riparian vegetation, at 
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least in terms of species numbers, the floristic compositions of which accounts for the vast majority of 

species reported in this region. These data are not of direct consequence to the water flows of the 

Mekong River per se, but the Mekong River was affected historically and considerably by their organic 

contributions to riparian food chains.  

 

The more interesting floristic elements that Maxwell (2000; 2008; 2013) records in the region are 

those that exhibit narrow distributions and small populations, albeit dense populations in many 

instances, within diverse riparian habitats of the Mekong River‘s banks and islands. In each of his 

surveys, Maxwell admits and emphasizes openly, and almost in identical terms, that, ―This can only 

be a preliminary study … a complete flora of the study area, including adjacent land habitats, would 

require frequent and extensive collecting‖ (Maxwell 2013: 38; see also Maxwell 2008: 42). The same 

assertion was made in the first systematic surveys of Tonle Sap Great Lake undertaken by McDonald 

(1996; 1997) in the 1990s, whose fieldwork on this productive landscape provided the first inventory 

and broad characterization of the structure of the region‘s endemic vegetation.  

 

Another limitation that confronts the assessment of changes in water flows on biological systems is 

the fact that these late-arriving studies tend to focus on native vegetation that is already highly 

disturbed. So whatever we observe and characterize at this point in time is a far cry from what was 

operative in recent natural history (Maxwell 2000; 2008; 2013). It is fortunate that rocky substrates 

that fall within the floodplain of the Mekong River in Reaches FA1-4 harbour relatively intact plant 

communities, as their rocky substrates harbour plants of little commercial value and occupy lands that 

are undesirable for rice cultivation. The latter observation does not apply, however, for FA-5 and 8, 

whose natural vegetation that fall within the floodplain are now essentially gone, requiring that we 

assume they were once occupied by vegetation types that remain intact in adjacent zones, such as 

those found in the Tonle Sap floodplain and the mouth/headwater of Tonle Sap River. This 

assumption is probably more relevant to ecological functions than ecological constitution.  

 

The least known and most cryptic of these plant constituents in the LMR are the planktonic 

communities, whose microscopic growth forms do not lend themselves to quick observation and 

characterization. Sparse preliminary studies have identified the species and highly dynamic 

population cycles of phytoplankton (Lambert 2001; Nguyen and Nguyen 1991; Sarkulla et al. 2004; 

Say 2005; Vidal, J.E. 1956-60) and zooplankton that respond with precision to monsoon flood cycles. 

Population sizes of the latter are directly dependent, of course, on the abundance of phytoplankton 

(Brylinsky and Mann 1973; Brylinsky 1980), and this relationship is particularly important at the bottom 

of food chains, since phytoplankton productivity in large rivers can be relatively low, due in part to high 

turbidity (Dudgeon 1992a; 1992b).  

 

Even less attention has been focused on sedentary, epiphytic algal forms in association with fungal 

and protistan associates that grow explosively on submerged macrophytes during flood recessions. 

These gaps in our understanding impede our ability to characterize and measure the net primary 

productivity of the Tonle Sap floodplain, including fish productivity, insofar as planktonic and periphytic 

communities play a crucial role in the growth and development of fish populations on an annual basis, 

and is therefore just as critical to food security and the economic welfare of Mekong societies (Bunn 

et al. 2003; Forsberg et al. 1993; Herwig et al. 2004). Say (2005) reports phytoplankton are more 

abundant on the floodplain than the lake itself based on measurements of chlorophyll-a 

concentrations as an indicator of phytoplankton biomass, noting that floating algae demonstrate 
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peaks in concentrations during both the rise (July/Aug) and recessions (Jan/Feb) of floodwaters. 

Sarkkula et al. (2004) observes, on the other hand, a peak in chlorophyll-a in April, which anticipates 

the onset of the flood season by several months. An explanation for the timing of these population 

shifts has yet to be explored.  

 

One last caveat is in order with respect to the use of models to predict the impacts of river flows on 

riverine vegetation. Most aquatic vegetation models were developed in wetlands of North and South 

America (Everglades and Amazonia, respectively; Arias et al. 2013; 2014), which share few climatic, 

hydrological and biological attributes of central Cambodia. The empirical data employed to quantify 

Amazonian productivity is often assumed to complement tropical rivers in distant continents. Such 

assumptions are speculative and may be substantially inaccurate. Moreover, students of Amazon 

River ecology recognize that, in fact, relatively little is known about the periphyton of the system and 

the dynamics of mineral and carbon cycling (Putz 1997), which is fundamental to primary productivity 

of aquatic systems. Clearly, basic ecological research on Mekong River plant communities is in order 

if we want our powerful modelling tools to predict outcomes for different development scenarios with 

reasonable confidence.  

 

7.2 Plants of the Mekong River 

As the primary producers of terrestrial and marine environments, plants play a central role in 

maintaining biodiversity and determining the productivity of natural landscapes and aquatic 

ecosystems. Natural vegetation comprises a living matrix within which specialised cohorts of 

heterotrophic organisms develop and reproduce. Yet botanical studies and accounts of natural plant 

communities in the LMB are few in number and superficial in content. Floristic and vegetation studies 

on the many and varied landscapes of Indochina were instigated primarily by French botanists during 

and immediately following their occupation of the subcontinent during the 20
th
 century, early works of 

which were published in France and with particular focus on timber-producing trees (LeCompte 1926; 

Maurand 1937; 1938). Prominent among botanical pioneers of Indochina are Clovis Thorel, Francois 

Gagnepain, Jean Baptiste Pierre and Francois Harmand (Gagnepain 1943), whose early efforts paid 

very little heed to riparian vegetation of the Mekong River (Maxwell 2008). The thrust of their 

contributions relate exclusively to the scientific description of unknown plant species (LeCompte 

1907-1942). Since 1960, efforts to revise the flora of the region under the title Flore du Cambodge du 

Lao et du Viet Nam has progressed at a glacial pace, with only 31 treatments published to date.  

 

As a general rule, aquatic vegetation is limited in species diversity and often dominated by clonal 

plants that form mosaics of relatively pure stands of plant species. Nevertheless, wetland habitats are 

relatively diverse at the community level, as they can vary considerably in terms of species 

compositions, dominant constituents, dominant growth habits and community structure. Plant 

community variation can maintain, in turn, a variety of unique animal, fungal and protistan 

communities, depending on the general character of the plant life, i.e., as planktonic soups and algal 

mats in open bodies of water (phytoplankton and periphyton), aquatic herbs that exhibit submerged, 

emergent and floating habits, riparian (terrestrial) herbs and riparian trees (Junk and Piedade 1997). 

Endemic and signatory combinations of these plant communities characterize and distinguish distant 

reaches of the narrow bedrock channels of the Mekong River‘s headwaters and mid-sections 

(Maxwell 2001), much as they define the varied and once expansive broad floodplains of the Mekong 

Delta and Tonle Sap catchment (McDonald 1997).  
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7.2.1 Ecological services 

The economic and social significance of plant communities in the LMB is based in large part on the 

inestimable value of ecological services that they provide to human inhabitants of the Mekong River 

as well as the distant communities that enjoy the bounties of the river from afar. Native plant 

communities play a crucial role in flood prevention, water recharge for local tanks and regional 

reservoirs throughout the year, conservation of fertile topsoil, and water purification (Claridge1996; 

Elliott 2001; MRC 2004). While it is difficult to assess the additive value of the aforementioned plant 

products and ‗ecological services‘ of plant communities, wetlands of the U.S. are valued for their 

filtering services in excess of $1.6 billion dollars per annum, and for the control of flood waters, from 

$7.7-31 billion per year (Miller 1999: 203). On a global basis, Ratner et al. (2004), estimate that direct 

and indirect uses of wetlands amount to $14,785/ha, as opposed to the value of rivers at $8,498 and 

non-aquatic ecosystems at $969/ha for forests and $232/ha for grasslands.  

 

7.2.2 The carbon cycle  

The productivity of aquatic and terrestrial ecosystems is normally measured in terms of biomass or 

calories produced per unit area over a given period of time, the driving force behind which is the 

photosynthetic potential of the system‘s plant life on an annual basis and organic products made 

available to the system on account of plant production. In riverine systems organic material (biomass) 

enters the food chain from either autothonous sources – which is defined by the vegetation of littoral 

zones and/or the photosynthetic biota of the limnetic zone (water column), or otherwise from 

‗allochthonous‘ sources: i.e., surrounding terrestrial plant communities ‗outside‘ the river basin whose 

fallen leaves and stems wash into river channels. Dissolved organic material (DOM) is generally 

made available to the ecosystem through the excreta of microscopic, free-floating plants 

(phytoplankton) or the decomposition of vascular plant detritus, while solid organic matter is normally 

introduced to aquatic food chains through the activities of small invertebrate ‗shredders,‘ the 

colonization of detritus materials by bacteria and fungi, or the consumption of these microbial 

detritivores by crustacea, snails and molluscs at the base of the food chain (Smith and Smith 2001). 

Uptake of organic material in food chains is relatively rapid in tropical river systems, as studies on the 

Amazon River demonstrate that 90% of sedimentary plant material undergoes decomposition within 

120 days of a flood period (Furch and Junk 1997). 

 

Although the quantification of carbon fixation rates (biomass production) by different vegetation types 

of Mekong River‘s floodplains and riverbanks is unknown at this point in time, fish production, which 

exceeds an annual harvest of 2 million tons a year, and reaches to 230 kg/ha on the Tonle Sap Great 

Lake (MRC 2003), reflects the high productivity rates of plants. Rough estimates of the productivity 

rates of tropical flooded forests on the Amazon River range from 7.8 to 13.6 tons/ha/year (Worbes 

1997), depending primarily on the riparian vegetation type. It should be noted, however, that this 

figure only relates to the production of ‗leaf litter‘, without including other sources of hydrocarbons 

produced by phytoplankton and cyanobacteria. Similar productivity rates might be expected on the 

Mekong River, although there are some obvious physical and physiological differences between the 

flooded forests of the Mekong and Amazon Rivers. Most notably, the flooded forests of the Amazon 

River are surrounded by evergreen rainforest, while those of the Mekong River were historically part 

of a monsoon (seasonally dry), deciduous forest. At present and during much of the geological past, 

the Mekong River‘s flooded forest has been comprised of short-trees and shrubs, whose single, 

closed, unstratified canopies produce highly ramified branches and relatively small leaves. 
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Amazonian flooded forests are generally dominated by large trees with stout boles and large, semi-

evergreen leaves.  

 

7.2.3 The nitrogen cycle 

Nitrogen is the primary limiting factor for primary production during flood seasons on the Amazon 

River (Kern and Darwich 1997). In addition to nitrogen, preliminary studies of Tonle Sap Great Lake 

(WUP-FIN 2001) indicate the importance of phosphorus in primary productivity as well. Sarkkula et al. 

(2004) have noted that nitrogen and phosphorus are depleted in the Tonle Sap Great Lake following 

algal blooms in the limnetic zones in the dry season; this widely noted cycle is probably governed by 

the role of littoral macrophytes, whose processes of growth in the dry season absorb these mineral, 

only to relinquish them back to floodwaters during the monsoon season (Furch and Junk 1997). 

Cellular breakdown of phytoplankton and other algae accounts for 25-75% of available nitrogen in 

aquatic systems, most of which goes into solution rather than bacterial decomposers (i.e., thereby 

making it available to other plants and animals). Nitrogen concentrations in aquatic food chains are 

therefore in a permanent state of flux, as both natural process and human activities are constantly 

removing nitrogen from aquatic ecosystems. While humans drive this process by removing fish from 

lakes and rivers and transporting them to their terrestrial dinner tables, many bacteria are capable of 

converting nitrates (nitrogen oxides) of anoxic sediments into nitrogen gas (a process known as 

‗denitrification‘), thereby returning this essential mineral for biological production into the atmosphere. 

In short, evidence suggests that plants of river floodplains play the primary role of introducing nitrogen 

to riverine systems, whereas migratory fish play an active role in transporting nitrogen up the food 

chain and throughout river basins (Kern and Darwich 1997).  

 

Hence plant life plays a fundamental role in the productivity of the Mekong River system, yet the 

specific roles of individual plant communities or plant species in these complex processes is 

unknown. Nonetheless, the flooded forests that once comprised a major portion of the river‘s ancient 

floodplain (Figure 7.1) are now mostly restricted to the floodplain of Tonle Sap Great Lake. The 

process by which this seasonally inundated, terrestrial community contributes to the biological 

productivity and mineral cycling of the LMB is known as a ‗flood pulse‘ (Junk 1997b), implying that 

riparian and upland floodplain vegetation are responsible for the annual pulsation of plant and animal 

population growth in riverine communities, based largely on their contributions of fixed carbon and 

essential minerals (such as N, P, K, Ca). Both living and dead plant material serve as a carbon and 

mineral food bank, stores of which are released during the flood season (Furch 1997). This process is 

of utmost importance to the livelihoods of over 60 million fishermen in the LMB, as it determines the 

annual bounty of fish harvests: and by association, the food security of Cambodian families and the 

country as a whole. The flood pulse also contributes significantly to migratory fish harvests in Lao 

PDR and Viet Nam. Plants also determine the productivity of mollusc, insect, crustacean, and frog 

populations on an annual basis.  
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Figure 7.1 Contemporary floodplain of Mekong River. A large portion of this distribution 

was occupied historically by flooded forest.  

 

 

Say (2005) emphasizes the critical role of allochthonous carbon sources that permeate the Tonle Sap 

floodplain (and presumably, floodplains throughout Lao PDR and Cambodia) from the Mekong River 

during the height of the flood season by recognizing three different sources of ‗fine particulate organic 

matter‘ (FPOM) in these annual depositions: (1) the Mekong River channel, (2) floodplain vegetation, 

and (3) phytoplankton primary production, noting that measurements of FPOM throughout the year 
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are lowest during the wet season, which he attributes to the growth of phytoplankton populations. The 

highest FPOM occurs when floodwaters enter the ecosystem, peaking when FPOM of the floodplain 

and open water are equal in concentration. Say suggests that this indicates that the Mekong River is 

the principle contributor of FPOM, and is therefore a driving force behind the flood pulse. Although it is 

reasonable to conclude that the influx of the Mekong River into the floodplain is responsible for 

significant contributions of suspended organic material, it could be argued that this does not indicate 

that this carbon source is the carbon staple of the system. This argument is increasingly relevant in 

light of wholesale deforestation that continues apace both near to and distant from Mekong River 

channels and their tributaries. The relative roles of allochtonous vs. autochthonous sources of 

biomass have yet to be studied and quantified in a systematic manner, both in the channels of the 

Mekong upper reaches and the vast historical floodplains of the lower reaches.  

 

Sarkkula et al. (2004) have observed that the TSS of the Great Lake reach a pinnacle in May, at 

which time the lake‘s waters are at low ebb. Since these solids are almost entirely organic in the 

flooded forest sections of the lake, and 10-20 times the concentrations of the combined sediment and 

carbon loads during the peak of the wet period (Sarkkula 2004), one is inclined to question some of 

the preliminary conclusions of Say (2005). While 70% of the Tonle Sap catchment‘s sediments derive 

from the Mekong River (Sarkkula et al. 2003), it is likely that most of the carbon load in the sediments 

is produced in situ. Say (2005) also attempts to address the question as to whether productive fish 

populations of the Tonle Sap floodplain depend on two distinctive trophic pathways based either on 

algae pulses (Foresberg et al. 1993) or microbial loops (Bunn and Boon 1993). By measuring the 

relative amounts of C-13 and N-14 in fish tissue, he concludes that the terrestrial component of the 

system contributes more to fish growth than the aquatic system. This conclusion does not discern, 

however, whether the main carbon sources are autothonous or allochthonous; but it does verify the 

significance of the flood pulse phenomenon.  

 

7.2.4 Roles of plants in maintaining biodiversity 

Another ecological service of natural vegetation in the LMB relates to the role of plants in engendering 

and maintaining native biodiversity. Since autotrophic plants and their symbiotic heterotrophs, 

including all animals, fungi and most protists have co-evolved in all known permutations of symbiosis 

over the course of geological time, forming both generalised and highly specialised relationships 

(primarily parasitism and mutualism); their interactive lives are the glue that holds biological systems 

together. Hence plant species and community diversity are the principal determinant of heterotrophic 

diversity, just as net primary productivity is the causal factor of animal productivity (i.e., animal 

population sizes and rates of growth). It is widely acknowledged that ‗habitat destruction‘ is the 

primary cause of species extirpations and extinctions in the modern era, yet conservation biologists 

rarely recognize that ‗habitat destruction‘ does not mean the destruction of physical environments per 

se, but rather catastrophic alterations of primary plant communities. It is therefore paradoxical that 

fewer studies have been taken on plant communities (whether micro- or macroscopic) collectively 

than their myriad associates independently, such as fish, birds, invertebrates and vertebrates.  

 

We know, for example, that the Tonle Sap Great Lake is home to at least 142 resident and migratory 

birds (Goes and Hong 2002; Hellsten and Jrvenp 2002). These remarkable rates of bird species 

diversity for a wetland system owes primarily to the fact that the Tonle Sap floodplain sustains vast 

stretches of undisturbed vegetation and a wide variety of vegetation types (McDonald et al. 1997), 
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each of which is home to a distinctive guild of bird species. Both herbivorous and carnivorous birds 

find a relatively steady supply of food and cover for at least ten months of each year. In like fashion, 

herpetofauna are often most abundant in diversity and quantity in swampy habitats that are 

dominated by sedges and associated hydrophytes (Dudgeon 1992a). Habitats of such type that are 

replenished by the flood cycles of the Mekong River are common from Vientiane to the Mekong Delta, 

and particularly vast on the floodplains that stretch southward from Kampong Cham. Claridge (1996) 

identifies the following Mekong wetland sites of conservation significance in Lao PDR: Xe Champon-

Nong Louang, Bung Nong Ngom-Xe Pian-Xe Khampho complex, the Khone Falls-Sephandon 

cataracts, Xe Kong Plains, Soukhouma wetlands and the Nam Theum wetlands of the Nakai Plateau 

(Rundel 1999: p. 48-49). None of these wetland habitats, save for Khone Falls (Maxwell 2001), has 

ever been studied, however, on a botanical basis. This gap in our knowledge lags far behind the state 

of our understanding of fish production and fish guild habits.  

 

As is often the case, there is a direct corollary between plant community diversity (one of three 

expressions of ‗biodiversity‘; e.g., genetic, species, and community) and animal species diversity. 

Logically, any reduction in plant species diversity or biomass in Asian rivers will also affect the fish 

communities (Baird 2001; Rainboth 1996; Zakaria-Ismael 1994), although few fish species are well-

known in terms of their natural history, including their reproduction habits. While around a half the 

LMRB fish species occur in Mekong tributaries (Baird 2001), we have yet to understand the role of 

plants and their communities in maintaining fish diversity.  

 

The river‘s biological diversity can be attributed, at least in part, to its age and to the complexity of 

habitats through which it runs from the upper slopes of the Himalaya Mountains to the brackish Delta. 

The Mekong River carves its way through granitic and gneiss substrates in its upper reaches in 

northern Laos, sandstones and alluvium from central Laos and throughout Cambodia, and 

intermittently across basalts, quartz sandstones, marls, shales and rhyolites in southern Laos and 

Northern Cambodia (i.e., near Pakse and Stung Treng, respectively; Moores and Fairbridge 1997). 

Each of these unique substrates is likely to harbour unique communities of plants, as the sedentary 

lifestyles of plants leads to specializations for growth under specific edaphic conditions.  

 

7.2.5 Direct socio-economic values of Mekong River plant life 

Native and introduced plants and plant communities have had an historical and abiding impact on the 

economic and social welfare of inhabitants of the Mekong River Basin. Not least of these is the staple 

crop of tropical Asia, rice, whose aquatic tendencies predisposed the species to a long and mutually 

beneficial relationship with agricultural communities in Asian floodplains. The Mekong River‘s 

extensive floodplains are ideal, of course, for rice cultivation of many and sundry varieties, one of 

many consequences for which was wholesale deforestation programs and the destruction of native 

grasslands and marshes. Naturally, these same aquatic habitats were also once a rich and reliable 

source of meat, in the form of fish, molluscs, crabs, shrimp, insects, frogs, turtles, and birds (MRC 

2003; Campbell 2006). One way or another, both in prehistoric times and modern history, the Mekong 

River has provided food security for native populations of the LMB (Lieng et al. 1995).  

 

Alternative plant foods to rice include a wide variety of native and introduced plants that produce 

abundant greens, roots, flowers and fruits. Edible rhizomes and seeds are collected from cultivated 

and naturalised populations of lotus (Nelumbo nucifera), waterlilies (Nymphaea spp.), and the water 
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chestnut (Trapa bicornis); various native trees provide supplemental sources of fruit, including those 

of Hymenocallis wallichii, Popowia diospyrifolia, an autochthonous ‗soursop‘, and persimmon 

(Diospyros mollis). Various introduced trees that prosper in riparian habitats also provide marketable 

fruits, such as mombin (Spondias mombin), the jujube plant (Zizyphus jujuba) and tamarind fruits 

(Tamarindus indicus). Yet other plants provide a critical source of wild greens and edible flowers, 

including Polygonum tomentosum, Alternanthera sessilis, Bacopa sp., Telectadium edule, water 

spinach (Ipomoea aquatica), riang (Barringtonia acutangula), and ‗phak nang‘ (Oxystelma esculenta; 

McDonald and Veasna 1996; Ratner 2004).  

 

On rocky substrates within fast-moving, oxygenated waters in the upper reaches of the LMR, various 

species of green alga (Cladonia spp.) provide a savoury addition to local diets and an important 

export commodity. Various strains of Cladophora glomerata (L.) Kutzing and Aegagropila linnaei 

Kutzing provide riverine communities of northern Laos and Thailand a steady source of income, but 

the culture of these taxa can only be sustained by communities that have direct access to rocky 

channels with clear currents (Thiamdao et al. 2012). Local communities to the North of Luang 

Prabang now cultivate and harvest tons of these organisms. The product is gathered in the form of 

gelatinous masses from the flat and shallow faces of rocky substrates, and then sun-dried and 

conserved in rolled sheets. Indeed, the sale of this produce is often the primary source of income for 

many local families, and has the potential of becoming an industrial crop, so long as the river 

maintains a steady shallow flow over flat, rocky channels.  

 

Plants that are considered unpalatable to human populations often serve as reliable sources of fodder 

for livestock. These plants provide a secondary source of protein, and also sustain local communities 

with ‗beasts of burden‘, such as water buffaloes for the plowing of rice fields and cattle from the 

movement of carts. Tall riverine grasses, especially Phragmites, are collected on riverbanks and 

islands in the dry season to feed livestock. Local people also collect Eichchornia, Lemna, Ludwigia, 

and Rhynchospora from swamplands to feed their livestock (McDonald and Veasna 1996), and are 

known to boil poisonous water weeds, such as Salvinia cucullata and Pistia stratiotes, to supplement 

livestock diets (McDonald and Veasna 1996). See Table 3.5 for a brief summary of plants as they 

relate to the vegetation indicators. 

 

Riparian and floodplain forests of the LMB provide a critical source of wood for fuel and home or boat 

construction (Elliott 2001; McDonald and Veasna 1996). Much as today, the short trees were not 

generally recognised as valuable timber sources during the French colonial period but as a source of 

charcoal (Bejaud 1932: 21), which was once harvested in substantial quantities. This natural resource 

of the Mekong River is of inestimable value to local fishermen, as wood has been the primary means 

by which local communities are able to cook and preserve (i.e., by a smoking process) fish harvests. 

Elliott (2001) notes that local populations consider specific plants more desirable than others for the 

production of charcoal in the region of Khone Falls, southern Laos, such as Combretum 

quadangulare, Memecylon scutellatum and M. edule, Hymenocardium punctata, Cratoxylum 

formosusm, Eugenia cumin, and Terminalia murcronata. McDonald and Veasna (1996) list a unique 

collection of preferential woody plants for the production of charcoal on the Tonle Sap floodplain, 

many of which are slow-growing short trees, shrubs or scrambling lianas: Croton mekongensis, 

Croton krabas, Brownlowia paludosa, Vitex holoadenon, Gmelina asiatica, Combretum trifoliatum, 

Hymenocardia wallichii, Dalbergia entadoides, Terminalia cambodiana, Combretum trifoliatum and 

Randia longifera. 
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Wood of the once widespread riang tree (Barringtonia acutangula) in riparian forests of the lower 

floodplain produces an optimal wood for the construction of boats (McDonald and Veasna 1996), as 

well as an abundant source of palatable greens. For home construction, the following riparian and 

floodplain trees produce desirable timber (i.e., as house posts, floor planks, roof thatching etc.): 

Diospryos silvatica, D. mollis, Albizia lebbekkoides, Grewia sinuata, and Cassia siamea. Various plant 

species are employed as natural sources of rope and fibre, many of which are used in home 

construction and the production of mats (Daconto 2001; McDonald and Veasna 1996; Ratner et al. 

2004. See Table 3.5 for a brief summary of useful plants as they relate to vegetation indicators.  

 

McDonald and Veasna (1966) report over 90% of plant species on the Tonle Sap Great Lake 

floodplain near Prek Sramaoch Village are of utilitarian value to local communities, but the vast 

majority of these have limited market value. This plant lore compares favourably with plant use on the 

Mekong River in the vicinity of Luang Prabang (FA2), where 24% of the native species are collected 

to eat and 31% are used as medicine (Maxwell 2013). Native medicinal plants are often the sole 

source of curatives for the Mekong Basin‘s more impoverished communities. One community on the 

Tonle Sap floodplain employed 35 different plant species as anthelminthics (de-worming) (Diospryos 

mollis), febrifuges (fever-reducing) (Heliotropium indicum, Ludwigia adscendens, Combretum 

deciduum) and anti-inflammatory agents (Stenocaulon kleinii), while an inordinate number of different 

plants were consumed as teas to treat pregnancies or post-partem conditions of women (Gmelina 

asiatica, Dasymaschalon lomentaceum) and newborn infants (Bridelia cambodiana, Combretum 

trifoliatum). A surprising large number of plant species were claimed to enhance lactation. Elliot 

(2001) identifies other useful Mekong River plants among rocky substrates and their uses by river 

people, as does Maxwell (2013). 

 

Plant productivity is the main determinant factor of fish productivity in river systems, as noted by Junk 

and collaborators (Junk et al. 1989; Junk 1997b; Johnson 1995), who emphasize the importance of 

floodplains to the productivity of aquatic systems (Junk et al. 1997). This perspective is due to the fact 

that both young and reproductive fish and aquatic invertebrates often abandon river channels during 

flood seasons in order to exploit the nutrients of flooded vegetation (Dudgeon 1992a; Sedell et al. 

1989). With respect to riverine systems, different specific types of vegetation define and influence the 

abiotic and geomorphic conditions under which different guilds of fish are bound to develop, thrive 

and reproduce (Welcomme et al. 2006).  

 

While many investigations on this phenomenon focus on the floodplain of the Amazon River, Baird 

and Phylavanh (1999) have demonstrated that numerous fish species in the Khone Falls region of the 

Mekong River in southern Laos, much as those in the Amazon River floodplain (Goulding 1993), 

depend almost exclusively on plant leaves and fruits for food, the most prominent groups of which 

include carps (Ciprinidae), catfish (Bagridae and Pangasiidae), and gobies (Bogiidae). As many as 35 

vascular plant species are consumed by 73 different species of fish in this restricted stretch of the 

river (Baird 2007). Different species of fish prefer distinctive diets of tree leaves and grass shoots 

(Cyprinids and Hypsibarbus) or fruits and flowers (pangasiids; Baird 2007), preferences for which 

depend no doubt on the seasonal availability of these plant parts. Fish-feeding habits are often 

defined, for example, by the seasons of the year, during which fish often switch between algal and 

vascular plant diets (Baird 2007). This symbiotic relationship is probably not exclusively predatory, 

however, as there is anecdotal evidence that Mekong plants may depend in part on fish for seed 
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dispersal (Baird and Phylavanh 1999). Frugivorous fish are known to consume considerable 

quantities of Cayratia trifolia, Ficus racemosa, Gonostylus bancanus, Nauclea orientalis and Diospyos 

pilosanthera, and fishermen often use these plant products for baiting hooks (Baird 2007). Various 

plants of the upper Mekong also provide cover and substrates for both aquatic and terrestrial 

invertebrates, such as ants, crustacea and molluscs, and by virtue of these relationships, are relevant 

to the eating habits of carnivorous fish (Baird 2007). These associations apparently have a direct 

bearing on fish harvests, as evidenced by the largest fish catches of Khone Falls region in the vicinity 

of the region‘s largest riparian forests near Ban Don Sang Island (Baird 2007).  

 

Bejaud (1932: 21) recognised the critical importance of the forests of Tonle Sap Great Lake for fish 

production during the early stages of French colonization; these observations account for the French 

practice of issuing fishing concessions to individuals that protected plant cover on their fishing lots. 

Perhaps the most underestimated contribution of riparian vegetation to the social and economic 

livelihoods of Mekong River communities relates to their role in fish production. While it is estimated 

that 40 million people are involved in fishing throughout the LMB over the course of the year, with 

annual catches amounting to around 200 million tons per annum (a $1.5 billion industry; MRC 2003), 

it is also widely recognised that this remarkable fish production is driven in large part by the vast, 

forested floodplains of the river system of the Tonle Sap River catchment. Migratory fish, both as fry 

and adults, move into and out of a flooded forest zone on an annual basis to make the most of its rich 

food reserves, thus creating an aquatic fishery of continental significance (Baird et al. 2003; Baird and 

Flaherty 2004; Hogan et al. 2004). As a consequence, the Mekong River‘s vegetated floodplains are 

responsible for fish production, while the channels serve primarily as a breeding ground and natural 

conduit for fish migrations.  

 

Surveys of local fisherman in the region of Khone falls region reveal that species of Crataeva, 

Telectadium, Homonoia, Rotula and Phyllanthus, all dominant vegetative elements of low-horizon 

rocky substrates in this stretch of the river, are important food sources for local fish populations (Vidal, 

J.E. 1956-60; Baird and Phylavanh 1999); but little is known about the details of migration patterns of 

most economically important fish, and the different plants which they exploit in different river zones 

either as food sources or breeding substrates. Fish scientists are aware that upstream fish 

populations in northern Cambodia and Laos are intimately associated with the flood pulse of Tonle 

Sap Great Lake, and historically, with the formerly vegetated floodplain of the Mekong Delta (Baird 

2001). They also note that high fish yields of the LMB often correlate with years in which floodwaters 

reach a high level (Baran and Cain 2001). This observation mirrors a similar relationship between 

fluctuating water levels in flooded forests of Amazonia and fish production (Junk et al. 1997), 

suggesting that the increase in the area of the floodplain, or the increase in the duration of the flood 

season (or both), has a direct impact on the productivity of riverine habitats. One can only assume 

that flooded forest of the Mekong Delta once contributed as much or more to fish production than 

Tonle Sap Great Lake, due to its broader extensions. That biological phenomenon disappeared, 

however, at the turn of the 20
th
 century, when French administrators encouraged the conversion of 

natural vegetation into rice paddies (Broucheux 1995). Since only 5% of the annual fish catch comes 

from inundated rice paddy fields and natural depressions that are located in floodplains beyond the 

river‘s natural levees of northern Laos (Baird 2001), one might estimate Mekong fisheries were 

reduced well over 50% since the domestication of the LMR‘s floodplains.  
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7.3 Overview of algae in the Mekong River 

Microalgae (phytoplankton) are important primary producers in aquatic ecosystems; and are found 

almost everywhere. They can live in marine, brackish and freshwater ecosystems. These small 

photosynthetic organisms provide pathways by which energy and materials are transferred into 

aquatic food-webs. Hence, all aquatic organisms depend either directly or indirectly on algae as a 

food source (Add and Green 1996; Kyewalyanga 2014).  

 

Microalgae are generally more abundant in lakes than in rivers and absent from fast-flowing streams 

or anywhere where plants are washed downstream faster than their reproduction rates. There do not 

appear to be any types of phytoplankton that are confined to running waters and, even in large rivers, 

they may not be abundant. Slow currents and areas of slack water favour the development of 

phytoplankton in rivers, but if the water is turbulent and muddy there may be insufficient light to allow 

photosynthesis (Graham and Wilcox 2000). 

 

Phytoplankton requires inorganic nutrients such as nitrates, phosphates, and sulphur. Therefore, 

while nutrients may limit phytoplankton growth, they seem to be less important than downstream 

transport or turbidity in reducing phytoplankton abundance in rivers (Graham and Wilcox 2000; Ewart-

Smith 2012). Damming a river provides still-water conditions that are much more suitable for 

phytoplankton, and nuisance algal blooms may develop. Some phytoplankton impart a foul taste to 

the water. Nuisance species include cyanobacteria such as Anabaena and Microcystis, which 

generally favour nutrient-rich and oxygen-poor conditions. Phytoplankton can occur in large quantities 

in downstream where water is released from dams (McAllister et al. 2001).  

 

In rivers, when phytoplankton are abundant, they show a distinct seasonal pattern in abundance and 

composition. The number of algal cells per unit volume of river water peaks in the dry season 

(especially the later part) when flows are lowest. Greater flows in the wet season dilute the 

concentration of suspended cells and the rate at which they are washed downstream increases. 

Elevated suspended sediment loads will increase turbidity and reduce light and photosynthesis. 

Together these factors contribute to the scarcity of phytoplankton in almost all rivers during the wet 

season. Although the usual pattern is dilution and washout during floods, the seasonal dynamics of 

phytoplankton can be complicated in circumstances where floods at the beginning of the wet season 

wash phytoplankton from stagnant floodplain pools or backwaters into the river mainstream causing 

an increase in abundance (McAllister et al. 2001). 

 

Several investigations reveal that stream flow has a direct effect upon water quality and algal 

conditions by affecting the water temperature, dilution rate, and resulting concentrations of nutrients 

and other solutes. In addition, stream flow and water depth affect light available for algae to 

photosynthesise, and the amount of light reaching the streambed dictates, in part, the areal extent of 

algal growth. On the other hand, low flow provides ideal habitat for periphyton. Water column 

concentrations of biologically available dissolved nutrients during summer can therefore under-

represent true enrichment from nutrients when algal abundance is high because low concentrations of 

dissolved nutrients can result from algae uptake (Mulholland and Rosemond 1992; Peterson et al. 

2001; Carpenter 2003; Kurt et al. 2012).  

 

Other indicators of eutrophication, such as benthic algal biomass, diel fluctuations in pH and dissolved 

oxygen (DO), and algal species and diatom composition can provide a more thorough, time-integrated 
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assessment of stream conditions. Algae in streams are affected by light availability, nutrient supply, 

physical habitat conditions, and grazing by herbivorous macroinvertebrates and fish, among other 

factors (Stevenson, et al. 1996). Stream flow, channel gradient, sediment supply, and other factors 

dictated by the river‘s geomorphic framework affect the amount and quality of shallow habitat suitable 

for periphyton to develop in river at higher trophic levels. Through its influence on stream channels 

and aquatic life in streams, flooding and associated changes in the streambed can have profound 

effects on the river and its ecology. Peak-flow events, particularly ones that result in mobilization of 

stream bed material, can alter benthic communities and riverine food webs by suppressing or 

releasing algal populations through physical removal mechanisms (scour by sediments) and by 

affecting interactions among organisms occupying multiple trophic levels including primary producers, 

invertebrate and fish grazers, and top level predators. Moreover, floods can have direct effects on 

channel location and form, and channel avulsions (abandonment) in rivers have created new 

channels through the flood plain, resulting in dry abandoned channels in some reaches, which have 

unknown impacts on the development of periphyton (Powers et al. 2008).  

 

Sites surveyed in 2007 cover the length of the lower Mekong River from central Lao PDR to northern 

Cambodia and the major Se Kong-Se San-SrePok tributary system in Cambodia and Lao PDR. The 

sampling localities cover a range of river settings from bedrock-confined channels to alluvial channels 

and floodplains. Some are located in or close by villages or towns, some are next to fields where 

crops are grown and livestock graze, some are upstream or downstream of dams and weirs. The 

surveyed results showed that the average density of benthic diatoms ranged from 46 to 1138 

cells/cm
2 

at the 2007 sites.The highest abundance was 1338 cells/cm
2
, while the lowest abundance 

was found at the lower Mekong River tributary sites in Lao PDR that had muddy substrata, (46 

cells/cm
2
) The tolerance values for individual taxa of benthic diatoms varied from 13.9 (Nitzschia 

acicularis) to 72.2 (Frustulia sp.). Generally, the tolerance scores calculated for the benthic diatoms in 

sites in the upper Mekong River and the tributaries were lower than those of sites in the lower Mekong 

River (MRC 2007). A further survey in 2008, a total of 18 025 diatoms collected in Lao PDR with 

average number of diatoms per sample ranged from 25 - 568 cells. The total number of taxa per site 

ranged from 2 - 23 taxa (MRC 2008).  

 

In the Mekong River and its tributaries in Thailand, 252 diatom taxa have been identified. Nitzschia 

was the most species rich genus (24 species) followed by Navicula (16 species), Gomphonema and 

Eunotia (11 species). In addition, 53 species of benthic diatoms were considered to be newly 

recorded in Thailand. They could be classified into three classes, 11 orders, 22 families and 32 

genera (Sutthawan and Yuwadee 2010). Previous investigation estimated numbers of diatom were as 

many as 100 000 species in total, only 12 000 species. Thirty-six taxa of diatoms were found in the 

Mekong River in Thailand. There were marked variations in richness and diversity between sites that 

reflected variations in physico-chemical parameters and habitat characters (van den Hoek et al. 

1995). Recent survey conducted eight sites sampled in Thailand in 2008 yielded a total of 72 taxa of 

benthic diatoms out of the 20 502 individuals in the samples. Twenty- two previously uncollected taxa 

were found. The most common taxa were in the order Naviculales (26 taxa) and order Cymbellales 

(15 taxa). Cymbella turgidula, Gomphonema lagenula, and Synedra ulna were present in the greatest 

abundance and had the widest distribution being found at all the sites sampled. In 2008, the total 

richness per site in Thailand ranged from 15 - 38 taxa with the average density of diatoms ranged 

from 45-366 cells (MRC 2008).  
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A survey in Cambodia in 2008 recorded 36 435 diatoms comprising 64 species from 80 algal samples 

collected at eight sites. The average number of diatoms ranged from 64 - 916 cells, with an average 

of 320 cells per sample (0.2 cm
2
). The greatest abundance was found at the Se San River and the 

lowest the Bassac River where the water surface was completely covered by water hyacinths (MRC 

2008). 

 

Phytoplankton communities of Tonle Sap Great Lake are dominated by chlorophytes and 

cyanobacteria, with a scarce representation of diatoms (Say 2005). This observation agrees with a 

more detailed study on phytoplankton in the late 1980s, which recorded 197 species within the Great 

Lake and the Mekong, one quarter of which were cycanobacteria, the remainder Euglenophyta and 

some Xanthophyta, Pyrrophyta and Chysophyta (Nguyen and Nguyen 1991). Population densities of 

these organisms differ during the wet and dry seasons differ by around a factor of 40. Seventeen 

species of marine diatoms were collected. Say (2005) also reports that phytoplankton biomass in the 

water column reaches 59 ug/L in the dry season, which he attributes to autochthonous (planktonic) 

primary production. This concentration drops to 14 ug/L on the floodplain and 10 ug/L in the open 

water during the height of the flood season. Thus Say deduced this reduction in phytoplankton 

concentration is caused by a ‗dilution effect‘, there being a much greater volume of water in the lake 

per unit area of photic zone during the wet season than that of the dry season.  

 

In Viet Nam, the total number of algal species has been estimated at about 2176 species 

(http://www.botanyvn.com/cnt.asp?param=edir). Other investigation in the Mekong Delta found that 

during 1998-2010 there were 334 species of microalgae, among them 96 dinoflagellates species, 226 

species of diatoms, and 13 other species, including freshwater chlorophytes, cyanobacteria and 

dictyochophyceans belong to Chrysophyta (Bianchi et al. 2013). Previous studies reported that 

dominant species of microalgae such as Closterium acutum, Eunotia sudetica, Phormidium tenue, 

were found in the wetland waters in Mekong Delta by the characteristics of low pH (pH < 5,5). 

Moreover, the indicators and dominant species for the freshwater ecosystem (Hydrocarbonat – 

Carbonat) with the eutrophic water quality in Mekong Delta have enlarged to the core region of Dong 

Thap Muoi, Tu Giac Long Xuyen, and the West Hau River. Phytoplankton composition was dominated 

by Synedra ulna, Melosira granulata, Surivella robusta, Nitzschia longissigma, Trachelomonas 

volvocina (Mien 2002). For assessment of microalgae in Viet Nam in 2008, a total of 80 samples of 

algae containing 252 936 individuals were collected from the eight sampling sites. These samples 

yielded a total of 125 taxa of benthic diatoms: Nitzschia filiformis, Cymbella affinis, and Navicula sp. 

were the most widely distributed with each occurring at all the sites. The average density of diatoms 

ranged between 213 and 14 940 cells per sample with the greatest abundance of 14 925 

individuals/sample (MRC 2008).  

 

Other research was conducted in Co Chien river, a tributary of the Mekong River in 2011. A total of 

235 phytoplankton species was noted, including diatom (Bacillariophyta), the highest number of 

species (100 species, 42%), followed by green algae (Chlorophyta: 96 species, 41%), blue-green 

algae (Cyanobacteria: 20 species, 8.5%), and Euglenoid (Euglenophyta: 19 species, 8%). Diatoms 

were the dominant group including many species of Penales such as Navicula, Gyrosigma, Nitzschia, 

Synedra, Surirella, and Tabellaria. Generally, algae density reached peaks in the dry season and 

were lower in the rainy season with average densities in the range of 8 372-10 768 cells/L (Ut et al. 

2013). 

 

http://www.botanyvn.com/cnt.asp?param=edir
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Bich (2013) evaluated fluctuation of plankton compositions in the Hau River from July 2011 to June 

2012. During the sampling period, 303 species of microalgae (Bacillariophyta, Dinophyta, 

Cyanobacteria, Chlorophyta, Euglenophyta) were indentified, among them 285 species were found on 

the main river with an average density of 18 526 cell/l and the remainder was observed in the tributary 

at 16.530 cell/l. Moreover, the number of species of microalgae in up-stream reaches in the rainy 

season is higher than those in the dry season, whereas in down-stream reaches the species of 

plankton are more abundant and commonly observed in the dry season (Bich 2013).  

 

In summary, six phyla of microalgae are frequently found in sampling sites on the Mekong River 

(Bacillariophyta, Dinophyta, Cyanobacteria, Chlorophyta, Euglenophyta, and Chrysophyta), of which 

diatoms are dominant. Furthermore, microalgal abundances were strongly affected by environmental 

factors, geomorphology and season with low density.  

 

7.3.1 BioRA zones and focus areas, with the focus on vegetation  

In general, the distributions of plant communities on the LMB are determined by the distributions of 

distinctive geomorphological zones. Immobile plants must cope with environmental factors that are 

defined by the relief of shorelines and floodplains, physical character of rooting substrates (i.e., as 

relates to the chemistry and texture of the earth, as defined by relative proportions of sand, silt, clay 

and rock), duration and velocity of shifting flow regimes of a dynamic river, duration and extent of 

exposures to floodwaters, water temperatures, clarity and fertility of water, and the degree to which 

human communities inhabit and/or manage riverine environments. Some of these factors are more 

influential on plant indicators than others, but the relative grain size of substrates, which determines 

the degree to which plants have access to water, nutrients and anchorage, or location on altitudinal 

gradients of riverbanks and floodplains, is particularly important in determining the length of growing 

periods and degree to which plants suffer water stress during dry seasons.  

 

Plant communities that occupy the inner slopes of riverbanks are referred to as channel vegetation. 

With the exception of an occasional fig tree or significant riparian forests that occupy channel 

bedrocks from Pakse, Laos, to Kratie, Cambodia, most of these communities rarely exceed a height 

of 4 m. Plants that exceed this maximum are unable to resist the quickly moving waters of deep 

channels during the monsoon season. Between high and low waterlines of monsoonal maxima and 

inter-monsoonal minima, communities that occupy the lower bank are generally shorter (1-1.5 m) than 

those on the upper bank (3-4 m), as they must cope with longer periods of inundation and torrential 

waters. High horizon riverbank plants are also more likely to be perennial (as opposed to annual 

herbs) and more likely to avoid up-rooting during the flood season. These plants can also extend 10-

25 m from riverbanks where streams enter the river or shallow cutaways on riverbanks provide a 

restricted floodplain.  

 

Rocky channels of northern Laos disappear abruptly in the vicinity of Vientiane, where mountain relief 

gives way to an alluvial floodplain. From this point of the LMB to southern Cambodia the river channel 

is no longer restrained completely by rocky banks, and therefore widens to accommodate floodwaters 

that transgress and regress riverbanks on an annual basis. In so doing, river currents have a 

propensity to create natural levees, thereby creating an observable clay or sand embankment. This 

distinctive geomorphological feature characterizes riverine landscapes in FA3, portions of FA4, and 
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FA5-6 and FA8. Moving southward from Kampong Cham (FA5) to the Delta (FA8), levees tend to 

decrease in height and floodplains begin to extend in width, reaching from 1-65 km in breadth. 

 

Distinctive geomorphological conditions of Tonle Sap Great Lake and the lower reaches of the 

Mekong Delta sustain several distinctive classes of natural vegetation. The species composition and 

vegetation structure of FA5-7 in the vicinity of Kampong Cham, the Tonle Sap catchment, including 

the Great Lake, and the upper half of the Mekong Delta (FA8) differed historically from the lowland 

flooded forests of the lower Mekong Delta, where tidal influences and distinctive edaphic factors once 

supported extensive upper mangrove forests (dominated by Melaleuca), reedy plains of sedges and 

grasses, and relatively tall, terrestrial peat forests. In contrast, plant communities on the floodplains 

north of Phnom Penh and the Bassac marsh are dominated primarily by short-statured, spiny forests 

in the upper floodplain and taller-statured gallery forests on the innermost banks of the floodplain, 

owing generally to their constant contact with water.  

 

Plant communities that occupy the sandy and clayey loam terraces on riverbanks from FA5-8 are 

comprised primarily of opportunistic pioneer species, whose populations are constantly challenged 

and frequently uprooted by fast-moving currents across their loose and shifting substrates. Tall, 

perennial grasses command this niche and are usually accompanied by fast-growing annual forbs. 

The general character of these plant communities is governed primarily, therefore, by chance 

dispersal events instead of competition. While the local species composition of communities on sandy 

substrates may vary site to site and year to year, the flora does not.  

 

7.3.2 BioRA FA1 Mekong River upstream of Pak Beng and BioRA FA2 Mekong 

River upstream of Vientiane/Nong Khai  

FA1 and FA2 differ little in plant species composition and vegetation structure, but FA1 exhibits 

relatively steeper banks, faster moving waters and therefore a relatively smaller area (extent) of 

riparian vegetation. These zones can be described as a single type. Vidal (1956-60: 362-399) 

provides one of the earliest descriptions of these communities, noting that several dominant riparian 

shrubs dominate the rocky shorelines, primarily Homonoia riparia. Known as rheophytes
21

, this class 

of plants competes optimally in habitats that are exposed to swift currents during flood cycles; their 

short stature precludes any competitive edge over terrestrial forests beyond the reach of the river‘s 

fast-moving currents (van Steenis 1981; 1987), and so they are confined to the river‘s edge. Such 

plants exhibit fibrous, flexible stems, narrow, short-petioled blades, sympodial growth habits, and root 

and rhizome systems that anchor the plants deeply in rocky substrates. They germinate during low-

water cycles and grow primarily as mature plants during this time period.  

 

One of the least studied areas of the LMR, from Luang Prabang to Vientiane, is a critical corridor for 

migratory birds and fish. Maxwell (2013) provides the only known vegetation survey of this reach, 

noting that this stretch sequesters a few significant vestiges of historical plant communities but lacks 

protected areas (Maxwell 2013).  

 

                                                      

 
21

 A rheophyte is an aquatic plant that lives in fast moving water currents in an environment where few other 

organisms can survive 
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Lower bank vegetation in FA1-2 is dominated by the rheophyte Homonoia riparia, which extends from 

the Lao-China border to Kratie (southern-most border of FA4). The species occurs only incidentally in 

FA5-7. Middle and upper horizons of shoreline vegetation in FA1-2, which Maxwell (2013) nominates 

as ‗strand vegetation,‘ are occupied by mostly short trees, shrubs and lianas, such as Derris alborubra 

Hemsl., Premna scandens Roxb., Drypetes salicifolia Ganegp., Ficus kurzii, with distinctive local 

mixtures of Polyalthia modesta, Eugenia mekongensis, Xantonnea parviflora, and Phyllanthaus 

jullienii, and rheophytes, such as Artabotrys, several Eugenia, Rhododendron, Salix, and Ficus. 

Terrestrial forest ecotones, most of which are severely disturbed, are dominated by bamboos at this 

point in time in association with a number of secondary rainforest elements (Spondias, Hopea, 

Bischoffia, Mallotus, Celtis, and Elaeocarpus).  

 

Vidal provides a brief account of cyanobacterial and algal constituents on submerged, calcareous 

rock (Vidal, J.E. 1956-60: 368), noting the common occurrence of Cladophora, Spirogyra, 

Dichotomosiphon, Phormidium, and Cymbella. Several species and strains of Cladophora glomerata 

(L.) Kutzing and Aegagropila linnaei Kutzing provide riverine communities of northern Laos and 

Thailand with an ample, seasonal supply of green algae.  Clear waters are required for their culture 

and harvest (Thiamdao et al. 2012).  

 

7.3.3 BioRA FA3 Mekong River upstream of Se Bang Fai 

The floodplains begin north of Vientiane, where the river expands to around 0.5 km in width. The river 

channel maintains a mixture of sand and loam of islands, sandbars, rocky flats and a few sporadic 

rapids comprised of metamorphic sandstones and limestone (Maxwell 2013). From Vientiane to 

Pakse, the river channel widens and carries shifting alluvial in substantial quantities. Only a few rocky 

outcrops occur along this stretch, so the perpetually disturbed river channel is dominated primarily by 

short shrubs, perennial grasses and pioneer forbs. The narrow floodplain has been inhabited by 

agriculturalists for centuries, so discontinuous depressions of the floodplain that maintain marshy 

habitats too deep for rice cultivation still sequester natural vegetation. Various wetland sites (marsh 

vegetation) of conservation value are linked to the channels and narrow floodplains of the Lao-Thai 

Mekong River south of Vientiane, including the Nam Ngum River, Salakham marsh, Pakxan environs, 

Nam Kadam Basin, Nam Sa, Nam Thon, Xe Bang Fai and Nong Louang wetlands, among others 

(Claridge 1996; Rundel 2009). None of these sites appear to have yet been surveyed, much less 

characterised by a botanical specialist.  

 

This focus area and BioRA zone is the least studied, and in many ways severely altered, given the 

long history of agriculturalists altering the narrow floodplains for rice cultivation. Maxwell (2013) 

recognizes three types of vegetation -- aquatic, beach and bedrock, and ‗strand‘—most of which are 

occupied by herbaceous, pioneer plants. The aquatic zone is often dominated by the floating and 

submerged, widespread herb, Potamogeton crispus L. Few riparian forests, such as those 

encountered in the vicinity of Pakse in southern Laos, are present (Maxwell 2013), perhaps on 

account of historical programs of deforestation. Disturbed banks and sandy islands are often 

dominated by the widespread grass, Hemisorghum mekongense, and many other grasses and 

sedges (Cyperus, Digitaria, Fimbristylus, Eleusinel). Forbs include the standard list of pioneer herbs, 

many of which are hydrophytes, such as Rorippa indica, Portulaca oleracea, Ludwigia hyssopifolia, 

anthium inaequilaterum, Chenopodium ficilifolium, Amaranthos spinosus and Rumex dentatus. Two 
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woody shrubs, including the native Homonoia riparia and invasive Mimosa pigra, often dominate low 

waterlines on the banks (Maxwell 2013). 

 

Intermittent rocky breaks in BioRA Zone 3 support unique plant communities whose dominant 

members appear as disjuncts in the Siphandone region (BioRA Zone 4). Rheophyte communities in 

Ubon Ratchatani Province, Thailand (Puff and Chayamarit 2011)  exhibit close affinities to the riparian 

shrublands of Siphandone (Maxwell 2000; 2009; 2013). Puff and Chayamarit (2011) report 25 

rheophytes on a 100-km stretch of the Lao/Thai reaches near the Mun River confluence, part of which 

is protected within the Pha Taem National Park of Thailand. Upper bank elements include Eugenia 

mekongensis Gagnep., Xantonnea parviflora (O. K.) Craib var. salicifolia (Pierre ex Pit.) Craib, and 

Salix tetrasperma Roxb., along with a host of terrestrial trees: Microcos sinuatea (Wall. Ex Mast.) 

Burr., Gmelina elliptica J. E. Sm., Phyllanthus julienii Beille, etc. (Maxwell 2013). Puff and Chayamarit 

(2011) emphasize the threat of dam developments and suggest the possibility that rheophyte plant 

communities could conceivably become extinct unless they are able to re-establish themselves on 

shorelines after flow alterations stabilize, presumably in reservoirs and below dams.  

 

7.3.4 BioRA FA4 Mekong River upstream of Stung Treng 

Bedrock channels and their narrow-endemic vegetation extend from the mouths of three major 

tributaries to the Mekong River in the vicinity of Siphandone, namely the Sekong, Sesan and Srepok 

Rivers, which are believed to contribute approximately 20% of the river‘s annual flow. The riparian 

vegetation of these tributaries and the Mekong reach upon which they converge is threatened by flow 

changes associated with water resource development. The aquatic flora here is rich, but the numbers 

were inflated to 683 spp. in the survey on account of the inclusion of neighbouring terrestrial plants 

(Maxwell 2008). Forests have been devastated during and since the French colonial period. (Elliott 

2001). Firewood collection has long played a central role in riparian deforestation. (Maxwell 2000). 

While Dubeau (2004) employs a very broad and imprecise use of the term riparian forest by including 

upland forests that have never come into contact with the shifting Mekong‘s currents, his general 

estimates on the forest cover near the banks quantifies the degree to which human activities have 

disturbed the natural fabric of river life, noting that primary forest encompasses a mere 6% of the 

modern landscape, while degraded and bamboo forest and scrub account for 35%. The rest is 

dedicated to agriculture.  

 

The riparian trees are, for the most part, obligate woody rheophytes and therefore restricted to the 

banks of BioRA zones 1-2 and 4 in the LMB, where rocky substrates allow them to hold fast against 

powerful monsoon season currents (one notable exception being the aforementioned rocky 

substrates of Pha Taem National Park in the southern border of BioRA Zone 3; Puff and Chamarith 

2011). This observation and general perception is at variance with the notion of Rundel (2009) that 

these ‗evergreen forests‘ bear biogeographical relations with evergreen forests of the Cardamom and 

Elephant Mountains. They simply do not. Strangely, the synthesis of Rundel (2009) does not cite the 

insightful works of Maxwell (2001), who, among others (Piman et al. 2012), recognize the unique and 

precarious situation these plants have faced historically and in the present age. Mixed within the 

stands of rheophytic trees and shrubs are species-rich communities of specialised aquatic 

herbaceous elements that thrive obligately and/or are facultative within the river‘s currents and placid 

pools, these representing the ‗hydrophytic‘ vs. ‗torrenticolous‘ rheophytes according to van Steenis 

(1981; 1987).  
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Rheophytes of this zone exhibit some degree of specificity to specific rock and soil substrates, but this 

facet of the Mekong‘s River‘s natural history has yet to be investigated. Channel bedrock is comprised 

primarily of sandstone and rhyolite, often mixed with shale and chert, and occasionally laterites. 

Maxwell (2000) recognizes seven categories of wetland vegetation, including plant communities on 

sandbars (Crataeva, Combretum, Salix, Homonoia), shallow rocky areas (‗boon‘; Homonoia, 

Telectadium, Rotula and Xanthonnea), areas dominated by ‗kai kum‘ (Phyllanthus jullienii), a spurge 

near the falls, in association with amphibious herbs such as Hygrophila incana Nees and 

Cryptocoryne tonkinensis, and deeply submerged wetlands dominated by 10 m tall trees (Anogeissus 

and Acacia). Some small wetland basins among shallow river channels support a unique assemblage 

of Eugenia, Gymnosporia, Blachia and Vincetoxicopsis species, while seasonal streams and pools 

harbour vagrant herbs among floating or submerged plants that require still waters (Nymphaea, 

Nymphoides, Ottelia, Certaphyllum, Utricularia, Lemna, etc.) (Maxwell 2000).  

 

The riparian vegetation of the LMB‘s main channel of southern Laos is extraordinarily diverse at both 

species and plant community levels. Although the first and only study of the complex Siphandone 

region by Maxwell (2000) relates directly to similar vegetation downstream near Kratie, Cambodia 

(BioRA Zone 4), Maxwell‘s (2008) quick surveys of the latter regions also reveals some fundamental 

differences in dominant tree taxa. Sandy substrates in both reaches of the river channel are 

dominated by Crataeva, Combretum, Phragmites and Saccharum, while rocky islets and riverbanks 

tend to engender emergent rheophytes (i.e., plants adapted to withstand fast-moving waters, having 

woody rootstalks, profuse basal branching, pliant stems, narrow and leathery leaves). The latter plant 

communites are known locally as ‗boong‘ vegetation in Laos, and are dominated by the following plant 

genera: Homonoia, Telectadium, Rotula, Xanthonnea, Meniscium and Lophopogon. Arborescent 

plant communities in rocky channels are usually dominated by Anogeissus rivularis (Gagnep.) O. 

Lecompte (Combretaceae) and Acacia harmandiana (Pierre) Gagnep. in discontinuous stretches, 

interceded by Homonoia riparia Lour. (Euphorbiaceae), Phyllanthus reticulatus Poir. (Phyllanthaceae), 

Syzygium mekongense (Gagnep.) Merr. and L. M. Perry and Syzygium thorelii (Myrtaceae), 

Barringtonia acutangula and Eugenia mekongensis (Maxwell 2001; 2008; 2013; Puff and Chayamarit 

2011), in others, the latter of which often extend into the upper bank cover, in the company of Ficus 

heteophylla L. f., Derris scandens, Combretum trifoliatum (a TLS denizen), and Glossocarya 

siamensis Craib. Plants on rocky rapids include Homonoia riparia, Phyllanthus jullienii, Telectadium 

edule H. Baill, Xantonnea parvilfora (O.K.) Craib var. salicifolia, Crataeva magna (Lour.) DC. (Maxwell 

2008). 

 

Among juxtaposed rocky pools that provide no fissures for the intrusion of rheophyte roots, floating 

aquatic communities in still pools on the floodplain are comprised of herbaceous emergents, 

submergents, and floating plants, such as Nymphaea, Nymphoides, Hydrilla, Lemna, Ceratophyllum, 

Utricularia, Lemna, Potamageton, Najas indica (Willd.) Cham., Hydrilla verticllata (L.) Roy, Vallisneria  

gigantean Greab. Ottellia lanceolata (Gagnep.) Dandy, Sagittaria trifolia L., Cyperus compactus Retz, 

Elaeocharis acutangula (Roxb.)) (Maxwell 2008). Rundel (1999: 187) notes that the lower Mekong 

Wetlands and ‗Swamp Forests‘ of Champasak Province are not particularly rich in endemic species, 

but he recommends they be given a ―high priority‖ status in conservation programs due to their unique 

species composition and restricted distributions. Maxwell (2008) recognizes, nevertheless, 11 plants 

on the river‘s floodplain as rare (Cynometra dongnaiensis, Ceropegia thorellii Cost, Aeginetia aculis, 

Burmannia walichia, among others), which identifies this zone of as an epicentre of rare plants.  
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Lytle and Poff (2004) underscore the need to consider life history adaptations of riparian lifeforms that 

arose as evolutionary responses to cyclic annual floods and drought. In the context of plant life, such 

factors as root elongation, allocation of biomass in aerial and subterranean organs, vegetative 

morphology, flowering phenology, and timing of seed release are relevant.  

 

7.3.5 BioRA FA5 Mekong River upstream of Kampong Cham  

BioRA Zone 5 of the LMB supports large human populations and has long sustained intensive 

agriculture on the floodplain. Disappearing remnants of flooded shrublands are observed on the 

margins of abundant and extensive lakes and marshlands in the environs Kampong Cham. There are 

no available studies, however, on the status and character of natural vegetation in the region. One 

may reasonably assume the Tonle Sap‘s general botanical character once extended far beyond the 

reaches of the Tonle Sap floodplain to this directly connected reach of the river, but human activities 

have broken that natural connection. For the moment, we can only assume that the extensive 

herbaceous marshes that cover the widening floodplain at this reach harbours marshes and biological 

processes that are similar to those on the Bassac and Tonle Sap Rivers.  

 

7.3.6 BioRA FA6 Tonle Sap River and BioRA FA7 Tonle Sap Great Lake 

Tonle Sap River and Great Lake form a natural geological and biogeographical unit of the LMRB; and 

as such, they will be described as a single reach of the river. This approach is justified insofar as the 

great lake‘s floodplain transitions gradually into river‘s floodplain (especially on the northern shores), 

much as the Tonle Sap River and lake comprise a unified detour and effluent from the Mekong River 

over the course of each year. The distinctions between these BioRA zones 6 and 7 are based 

primarily on the extensive agricultural use of the Tonle Sap tributary floodplain and the contrasting 

forested floodplains of Tonle Sap Great Lake. While the profound differences in human impacts and 

land management practices of FA6 and FA7 justify their individual treatments in the DRIFT model, the 

biological constitution and natural history of these two reaches are essentially one and the same.  

 

The most extensive and intact vegetation of the LMB presently occupies the floodplain of Tonle Sap 

Great Lake (McDonald et al. 1997). These plant communities are floristically different from those of 

southern Laos, as exemplified by our observations in Zone 3 from Pakse to the Khone Falls region 

(Maxwell 2001; Baird and Phylavanh 1999), and equally distinctive in structures and ecological 

functions. Prior to a thorough survey of the vegetation by McDonald et al. (1997), only a few and 

contradictory descriptions of the floodplain were available in the literature. Davies and Walker (1986) 

assert that the floodplain is dominated by Homalium brevidans and Hydrocarpus anthelmintica, both 

tree species of which are, in actuality, exceedingly rare on the floodplain. Rollet (1972) suggests the 

following tall trees are common on the floodplain: Crudia chysantha, Cryptocarya oblongifolia, 

Cnyometra dongnaiensis, Garcinia loureiri, Homalium brevidens, Lophopetalum fimbriatum, Mitragyna 

diversifolia, Xanthophyllum glaucum, among others. These observations are cited occasionally in 

recent literature (Rundel 2001) but they have no basis in reality. Only four common species on the 

floodplain can be described as large (5-15 m tall), these being Barringtonia acutangula, Diospyros 

cambodiana, Coccocera anisopodum, and Terminalia cambodiana (in descending order of 

abundance; McDonald et al. 1997). Hence published information on this vast wetland vegetation is 

not only scanty, but often erroneous.  
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The first botanical report on the famous flooded forests (forêt inondées) of Tonle Sap Great Lake was 

published in Forêt Cambodgienne by Bejaud (1932), wherein he compares this unique vegetation to 

two distinctive types of wetland forests of Cambodia: mangroves and terrestrial peat forests (formerly 

in Kampong Som and Botum Sokor Provinces but now limited to Kampong Thom). Bejaud‘s (1932: 3) 

listing of krabau phle tauch, krabau phle thom (Hydnocarpus spp.) and sandan (Garcinia sp.) 

indicates he had observed forests close to the mouth of Steung Sen on the lake‘s eastern shores, the 

only known sites for these trees on the lake‘s floodplain. Much as today, short trees of the lake‘s 

floodplain were used as valuable sources of timber and charcoal (Bejaud 1932: 21), the latter product 

being essential to life on the lake for the purpose of smoking and preserving fish. Bejaud (1932: 21) 

also recognised the importance of the floodplain forest for fish production.  

 

The Tonle Sap Great Lake floodplain is dominated by a short-tree, flooded forest that transforms 

gradually into a short scrubland (canopy < 2 m tall) in the upper-most reaches of the floodplain. This 

endemic vegetation type, once widespread but now relictual and mostly restricted to this specific 

reach of the LMB, is unlike most flooded forest due to intense seasons of heat and drought during 

intermonsoonal periods. The forest lacks palm trees and epiphytes, which are otherwise common in 

marsh forests of adjacent evergreen forests at Prey Long, Kampong Thom Province (Theilade et al. 

2011). Unlike evergreen marsh forests, tree communities of the Tonle Sap floodplain exhibit minimal 

stratification and are comprised of many species that are decidedly short in stature (mostly 2-5 m). 

Unlike the marsh forests of Prey Long, no members of the Tonle Sap floodplain exhibit 

pneumatophores and most present thorny stems and small, sclerophyllous leaves (Legris and Blasco, 

McDonald et al. 1997). Hence tree characteristics are defined primarily by water stress due to heat 

instead of submergence. All plants of the Tonle Sap floodplain, saving those that occupy the inner-

most shores of the lake during late dry season, are exposed to the annual floodwaters of the Mekong 

River waters for only a few months of the year, at which time period they experience leaf drop. Soon 

thereafter, as the plants are exposed to a hot and parched landscapes following the quick recession 

of floodwaters during the onset of the dry season, the trees produce a new generation of leaves in 

anticipation of florition and fruition during the next six months. Their phenology behaves, therefore, in 

close synchrony with the waxing and waning of floodwaters: a natural rhythm that is apparently 

ancient on the LMB floodplain (McDonald et al. 1997). As unique as this aquatic system appears at 

first glance, every modern student of the system recognizes a dearth of basic ecological information 

on this naturally productive system (Arias et al. 2013a; 2013b; Lamberts 2013; Lamberts and 

Koponen 2008).  

 

The unique structure of the Tonle Sap floodplain vegetation has been the source of numerous 

questionable conjectures and explanations for its unique physiognomy and simple structure. Rundel 

(2009) suggests a thousand years of human disturbance accounts for the altered state of the 

vegetation. But McDonald (1997) found no indications of these circumstances. Indeed, the inner 

boundaries of the lake that harbour short-statured forests have never been inhabited by 

agriculturalists. Villagers in these regions have always lived their lives on houseboats, and confirm 

that tree felling has never been considered by anybody
22

. Without citing a source in the literature, 

Rundel (2009) also notes that the swampy shrublands occupied three times the current forest area in 

the 1930s, having lost ground to extensive cutting. Early maps of Cambodian forests do not support 

this supposition. Campbell et al. (2006) implies the floodplain vegetation is now largely secondary in 

                                                      

 
22

 The fact that they lived onwoden boats notwithstanding. 
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nature, much as Lamberts (2013), comparing its structure to disturbed aquatic habitats of New 

Guinea and Java. There is simply no evidence of human disturbance on the floodplain, however, 

excepting of course on the outermost, human-populated periphery of the forest, which has 

accelerated in the last two decades. Arias et al. (2013b) and Campbell (2009) suggest that dry 

season fires occur naturally, and infer that this accounts for the shrubby and presumably pioneer 

condition of the floodplain vegetation, at least in part. But again, McDonald (1997), in a 30-day 

exploration of the inner shores and tributaries of the lake found no evidence of such phenomena in 

recent history. His informerants insisted that fishermen never involved themselves in such activities. 

Arias et al. (2013b) also suggests that the floodplain could have been converted to rice paddies 

centuries ago; but this is pure speculation. In fact, ecotonal habitats that make contact with the high 

waterlines of the Tonle Sap Great Lake floodplain sustain a flora and vegetation that is quite distinct 

to the flooded forest.  

 

Regarding the Tonle Sap Great Lake flora, Rundel (2009) notes without a citation that Barringtonia 

acuangula, B. micrantha, Elaeocarpus griffithii, E. madropetalous, Hydnocarpus anthelminthica and 

Mallotus anisopoda are the more common species of short-tree shrublands. This observation is not 

substantiated, however, by the extensive, lake-wide surveys of McDonald (1997). And contrary to the 

opinions of Arias et al. (2013b) that the vegetation survey of McDonald (1997) is a ―conceptual model‖ 

and does not identify ―the main drivers of vegetation characteristics,‖ the study of McDonald was not a 

model, but rather an exercise in botanical reconnaissance to support UNESCO in nominating the 

wetand as a Man in the Biosphere protection area. McDonald explained in detail the ―main drivers of 

vegetation characteristics,‖ or rather, a single main driver, and that would be a long period of water 

stress due to exposure to aridity and heat for most of the dry season. Tropical forests that occur in dry 

monsoonal climates customarily exhibit short stature, small leaves, highly ramified branches, prickly 

branches or leaves, and closed canopies. The floodplain of Tonle Sap Great Lake is a climax forest 

that copes with a short growing period during the wet season (due to submergence) and a long 

waterless growth season in the dry season.  

 

Those trees that do exhibit large stature and enormous stems, such as Barringtonia, Diospyros, 

Coccocera, and Terminalia, thrive almost exclusively on the inner boundaries of the floodplain or 

banks of persistent streams and rivulets that pass through the floodplain. Although this plant 

association occupies no more than 5% of the floodplain, it forms relatively pure and dense stands in 

these specialised microhabitats. These relatively large trees share the low horizon of the floodplain  

(0-2 m above low-water level) with a host of submerged, emergent, and floating plant communities, 

herbaceous members of which tend to congregate in local areas that retain at least a metre of water 

in the dry season, often in natural pools. The most common submerged plants include Ceratophyllum 

demersum and Utricularia aurea (usually in association with massive clumps of the green alga, 

Hydrodyction), while dominant emergents and floating plants include Brachiaria mutica, Eichhornia 

crassipes, Salvinia cucullata, Polygonum barbatum, Pistacia stratoites, Sesbania javanica, Ipomoea 

aquatica, and Nelumbo nucifera, the former three of which are exotic invasives. Short trees and 

robust shrubs that occupy the middle and upper horizons of the Tonle Sap Great Lake floodplain 

include Brownlowia paludosa, Gmelina asiatica, Bridelia cambodiana, Capparis micrantha, Croton 

krabas, Hymenocardia wallichii, Popowia diospyrifolia, Gardenia cambodiana, and Vitex holoadenon, 

interspersed with a several common lianas, such as Mimosa thailandica, Combretum trifoliatum, 

Derris laotica, and Tetracera sarmentosa (McDonald et al. 1997; Figure 7.3). These tree species are 

responsible, therefore, for most of the floodplain‘s biological productivity. On an annual basis these 
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plants drop all of their leaves and some of their thin branches as submerged plants, which results in 

an annual contribution to the fertility of the system. As the Tonle Sap‘s organic soup begins to brew, a 

burst of plankton and periphyton growth ensues, leading to accelerating rates of biological 

productivity. Campbell et al. (2006) cite a Department of Fisheries survey conducted by Tran Truong 

Luu and Bun Ny from 1986-1988 that identifies 37 species of diatoms, 344 of green algae and 34 of 

cyanobacteria. The dominant diatom in the wet season was Aulacoseria granulata while the dry 

season low water phase was dominated by the Cyanobacterium, Microcystis (Ohtaka et al. 2010). 

These cyclic phenomena, like most of the Tonle Sap Great Lake, have yet to studied on a systematic 

and sustained basis.  

 

More than 200 species are reported on the Tonle Sap floodplain (Rundel 2001; Hellsten and Jrvnep 

2002), a quarter of which are cultivated plants or introduced weeds. In this light, the Tonle Sap 

floodplain flora exhibits much lower plant species diversity than flooded forests of Amazonia, some of 

which are comprised of almost double this number of vascular plant species (i.e., 388 species; Junk 

and Piedade 1997). A substantial number of woody tree species on Tonle Sap Great Lake are now 

rare and narrow endemics, as most members of this relict of natural vegetation in Cambodia have 

been largely extirpated from the country‘s vast LMR floodplain on account of land conversions for 

agriculture. The more affected species include middle-horizon floodplain plants, such as Coccocera 

anisopodum, Diospyros bejaudii, Diospyros cambodiana, Samandura harmandii, Garcinia loureiri, 

Acacia thailandica, Hydnocarpus saigonensis, Homalium brevidens and Terminalia cambodiana (Dy 

Phon 1982), and especially the high-horizon plants on the outer banks, such as Gardenia 

kambodiana, Popowia diospyrifolia, and two new undescribed species of Impatiens and Lumnitzera, 

which have not been recollected since survey studies of the 1990s (McDonald and Veasna 1996; 

McDonald et al. 1997).  

 

One of the more critical factors in Tonle Sap fish production hinges on the annual fluorescence and 

dissipation of periphyton communities that cover the stem surfaces of macrophytes and serve as a 

major link in the wetlands foodchains. Unfortunately, this facet of the system‘s productivity has never 

been studied, nor even the relative role of rooted macrophytes (Lamberts 2013: 170, 1767) and so 

until this comes to pass, we can only speculate about the productive capacity of one of the most 

productive wetlands in the world. It is perhaps noteworthy that the highest production of periphyton on 

the Amazon River is found in floating meadows (Putz 1997), and that the Tonle Sap also has vast 

stretches of similar vegetation with differing dominants, such as Sesbania (Fabaceae), Polygonum 

(Polygonaceae), various grass species or ubiquitous Eichhornia crassipes (Pontederiaceae). As a 

caveat, Lamberts (2013: 197) admits candidly that productivity models of the lake address the 

theoretical issues of primary production and ecosystem productions rather than actual production 

based on empirical observations and direct measurements. The latter approach would greatly 

improve the predictive values of our current models.  

 

Aquatic shrublands are particularly productive for fisheries on account of the heightened surface area 

of plant substrates and their interaction with periphyton communities (van Dam et al. 2002). Lim et al. 

(1999) notes that various fish groups, specifically Labeo and Leptobarbus, increase in size from 20-

40% while thriving in the Tonle Sap floodplains instead of river channels, presumably due to an 

increased abundance of food. They also emphasize the roles of tall grasslands (Phragmites) at the 

mouth of Tonle Sap Great Lake as a site for most fish to feed, spawn and nurse fry. This conclusion is 
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consistent with measurements of relatively high biological productivity in aquatic meadows on the 

Amazon River (Putz 1997).  

 

McDonald (2005) notes in an uncirculated MRC report that the Tonle Sap‘s gallery forests, which 

harbour the biomass and canopy cover on the floodplain, were crucial as rookeries for many of the 

charismatic waterfowl of Tonle Sap Great Lake, and that they were also the most vulnerable to 

extirpation should dry season water flows increase. This assumption has been confirmed by various 

models (Arias et al. 2013a, b; Kummu and Sarkkula 2008). Another globally important rookery for 

waterfowl is located in the low-lying pools and marshes of Boeung Chhmar on Tonle Sap‘s central 

northern floodplain. This site is an important refuge for both rare birds and vertebrates (Ministry of the 

Environment 2006) and will be susceptible to changes in the vegetation should the elevation of dry 

season water levels begin to rise. 

 

Perhaps more than half of the recently discovered grassland habitats of the endangered Bengal 

Florican on the outer northern banks of Tonle Sap Great Lake have been encroached upon by rice 

paddies. This, together with reduced flooding caused by upstream dams, represents a major threat to  

one of the rarest birds of Southeast Asia (Eames 2006) and its natural grassland habitat that remains 

undersurveyed.  

 

7.3.7 BioRA FA8 Mekong Delta 

The Mekong Delta is one of the world‘s largest deltas that began aggrading at the end of the last 

major glacial (10 000 -8 400 years), reaching its present-day extension around 6 300 ago (Tamura et 

al. 2009). The Delta‘s fertile alluvial plain and annual floods provided a boon for early agricultural 

communities, particularly those from India. Known as Funan to the Chinese, and centered around the 

polities of Oc Eo of Viet Nam and Angkor Borei of southern Cambodia, the initiation of Cambodia‘s 

first known organised cultivation was made possible by a vast floodplain that was pre-adapted for rice 

production. These urban centres were established in the 3
rd

 century and eventually expanded 

northward to exploit similar floodplains that connect eventually to Tonle Sap Great Lake, whereon the 

classical civilization of Angkor was established in the late first millennium. Both the Delta and northern 

flood plain for Tonle Sap Great Lake experienced a slow dry season flood recession that allowed for 

abundant rice harvests on an annual basis (Fox and Leddgerwood 1999).  

 

‗Mekong Peat Swamp Forests‘ (Rundel 2001; Wikramanayake, et al. 2002: 405) were apparently a 

natural component of the Mekong‘s Delta up until the recent past; but no longer, as the last remnants 

of this vegetation has disappeared on account of land conversions to agriculture. Vidal (1956-1960) 

recognizes the following tree species as dominants on the Mekong floodplain - Afzelia xylocarpa, 

Xylia xylocarpa, Peltophorum dasyrrachis, Pterocarpus macrocarpus, Lagerstroemia angustifolia, 

Bombax kerrii, Cratoxylon formosum, Dalbergia cana, Schelichera trijuga, and Spondias mangifera; 

but these plants are primarily terrestrial plants and hardly diagnostic of specialised riparian trees. 

Nevertheless, it is equally noteworthy that peat forests that lie further to the south on the Delta in Viet 

Nam are represented by a totally unique array of dominants: Achronychia pedunculata, Alstonia 

spathulata, Combretum acuminatum, Ilex cymosa and Syzygium cumini (Safford et al. 1998). 

Unfortunately, these too have been extirpated: or as a unique and endemic plant community, driven to 

extinction. The last wave of deforestation of natural forest on the Viet Namese Mekong Delta occurred 

from 1975-1985 (Safford et al. 1998), although exact estimations of denuded areas were not reported. 
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Mangroves in the mouth of Mekong River have suffered an equal fate since 1890 (Broucheux 1995: 

7-8), amounting to a loss of around 80-90% of the original forest cover. This process was encouraged 

and underwritten by French colonists at the turn of the 20
th
 century along with the conversion of vast 

grasslands and marshes to increase rice fields for export to Singapore and Malaysia. Thus the 

wholesale alteration of the Mekong‘s most biologically productive region has had a lasting impact on 

the river, the Viet Namese people, and the Mekong fabric of life. Owing to the importance of the Delta 

as food security for the Viet Namese people, a more detailed description of the historical changes that 

have taken place in the lower Delta and the present status of the river is explored in Box 7.1.  

 

7.4 Vegetation indicators 

A list of vegetation indicators in BioRA, the FAs at which they are relevant, and the reasons for their 

selection are given in Table 7.1.  

 

7.4.1 Channel_Riparian trees 

Riparian trees are sparing and distributed sporadically from northern Laos to Vientiane (BioRA Zones 

1-3) but can dominate riverbanks locally in BioRA Zones 4 and 5, disappearing rather abruptly (along 

with their rocky substrates) at Kampi, Kratie Province, Cambodia.  

 

Riparian trees comprise various tall, woody plant species with prominent trunks that occupy 

riverbanks during the annual ebb in water flow of the dry season. They are particular important in wide 

rocky channels that are eroded by water flow into a flat expansive plane. As specialised rheophytes, 

they are typified by Acacia harmandiana, Anogeissus rivularis and Syzygium mekongensis, the latter 

of which form relatively pure stands on a local basis from Pakse to Kratie.  

 

As large aquatic trees that require rocky substrates to avoid being washed away by swift flood water, 

they occupy a very narrow band of riverine habitats where swiftly moving low waterlines interface with 

water channels in the dry season. Consequently, their populations are very sensitive to waterline 

changes during their growth period – the dry season – small fluctuations of which above or below the 

norm will predictably lead to a decrease in their extent. Substantial changes in dry season waterlines 

could result in extirpations and possibly extinction of this plant indicator. Various fish and waterfowl 

are known to depend on them for food and shelter.  

 

The linked indicators for Channel_Riparian trees and reasons for their selection are provided in Table 

7.2. 
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Table 7.1 Vegetation indicators used in BioRA  

Indicator 
Indicator species/groups 

of species 
Reasons for selection 

Focus Areas 

1 2 3 4 5 6 7 8 

Channel_Riparian 

trees  

Acacia harmandiana, 

Zyzygium mekongensis, 

Phyllanthus jullienii, Salix 

tetrasperma, Anogeissus 

rivularis, Barringtonia 

acutangula, Diospyros 

cambodiana 

Encountered widely, frequently or not, riparian trees can 

dominate banks and represent a substantial portion of the 

system‘s biomass. They often serve as keystone species as 

producers and providers of cover, roosting and/or nesting space 

for other creatures.  

        

Channel_Extent of 

upper bank 

vegetation cover 

Derris alborubra, Premna 

scandens, Drypetes salicifolia, 

Ficus heterophylla, Rubus 

spp. 

Frequently encountered and sometimes subdominant species 

that occur sporadically in different Focus Areas. They are 

exclusive to this Indicator.  

        

Channel_Extent of 

lower bank vegetation 

cover 

Homonoia riparia, Eugenia 

mekongensis, Phyllanthus 

jullienii, Telectadium edule, 

Acacia harmandiana 

Frequently encountered and sometimes subdominant species 

that occur sporadically in different Focus Areas. They are 

exclusive to this Indicator.  

        

Channel_Extent of 

herbaceous marsh 

vegetation cover 

Najas indica, Otellia 

lanceolata, Cyperus 

compactus, Phragmites 

vallatoria 

This vegetation sequesters species that are frequently 

encountered and sometimes subdominant species in different 

Focus Areas. Most of their members are exclusive to this 

Indicator. Marshes include submerged, emergent, floating and 

terrestrial macrophytes, the majority of which are herbaceous.  

        

Channel: Weeds and 

grasses on 

sandbanks and 

sandbars 

Digitaria spp., Rumex 

dentatus, Rorippa indica, 

Ludwigia hyssopifolia, 

Grangea maderaspatan, 

Fibristylis spp.  

Dominate disturbed areas caused either by fast-moving currents 

across soft substrates or human activities. Being dominant as a 

vegetation type, they comprise a substantial portion of the 

biomass and provide critical cover for many animals.  

        

Channel_Biomass of 

riparian vegetation 
Various (All)  

Biomass plays a crucial role in primary productivity and fish 

production.  
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Indicator 
Indicator species/groups 

of species 
Reasons for selection 

Focus Areas 

1 2 3 4 5 6 7 8 

Channel_Biomass of 

algae 

Cladophora glomerata, 

Aegagropila linnaei  

These specific algae are collected to sell commercially. 

Countless other benthic and planktonic forms serve as a crucial 

link in food chains. 

        

Floodplain_Extent of 

flooded forest 

Barringtonia acutangula, 

Combretum trifoliata, Gmelina 

asiatica, Vitex holadendron, 

Bridelia cambodiana  

This vegetation type includes the more dominant elements in 

undisturbed floodplains, comprised of trees, shrubs and lianas. 
        

Floodplain_Extent of 

herbaceous marsh 

vegetation  

Polygonum barbatum, 

Sesbania aquatic, Urtricularia 

aurea, Certaophyllum 

demersum  

Dominant, herbaceous macrophytes of the floodplain are distinct 

from those in the MRB channels in the upper reaches. These 

include emergent, floating and submerged consitutents.  

        

Floodplain_Extent of 

grassland vegetation  

Imperata cylindrical, 

Phragmites karka 

Grasses are preferred by various fish species and fish guilds for 

consumption and spawning and also contribute considerably to 

the primary productivity of river systems.  

        

Floodplain_Biomass 

of indigenous 

riparian/aquatic 

vegetation 

Various (All) 
Biomass plays a crucial role in primary productivity and fish 

production.  
        

Floodplain_Biomass 

of algae 
Hydrodictyon 

Algae are at the base of food chains and therefore play an 

important role in the primary productivity of the LMRB. 
        

Non-native_Extent of 

invasive riparian 

cover 

Mimosa pigra, Imperata 

cylindrica  
These are two pernicious and widespread exotic riparian species.         

Non-native_Extent of 

invasive 

floating/submerged 

plant cover 

Eichhornia crassipes, 

Brachiaria mutica 

These are two pernicious and widespread invasive species, the 

former posing particular threats to native marshes and 

floodplains. 
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Table 7.2 Channel_Riparian trees: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Dry Duration  Encourages riparian tree growth and expansion 

Wet: ave Ch Depth  
High flood waterlines can damage and root systems or 

drown aerial portions of riparian trees 

Wet: ave Channel Depth 
High flood waterlines can damage and root systems or 

drown aerial portions of riparian trees 

Dry: ave Channel Depth 
Abnormal elevations of dry season waterlines 

potentially can drown riparian trees 

 

 

7.4.2 Channel_Extent of upper bank vegetation cover  

Changes in flow can alter high waterlines during both monsoonal and inter-monsoonal seasons, and 

accordingly affect the distribution of plant communities that are adapted (specialised) to occupy this 

seasonally flooded microhabitat of Mekong riverbanks, as previously determined by natural historical 

variations in annual high waterlines. Lowered waterline at the height of the monsoon, possibly also 

related to water capture in upstream reservoirs, will diminish the area covered by upper bank 

vegetation by reducing the destructive impacts on seedlings and saplings of non-riparian forests 

above riverbanks. Human activities on the upper banks will also probably increase on account of 

diminished extent and duration of floods during the peak of the monsoons, thereby alsol decreasing 

the extent of upper bank vegetation. The extent of riparian vegetation on bedrock channel slopes has 

an influence on biological productivity and, potentially, reproductive habits of organisms.  

 

The linked indicators for Channel_Extent of upper bank vegetation cover and reasons for their 

selection are provided in Table 7.3. 

 

Table 7.3 Channel_Extent of upper bank vegetation cover: Linked indicators and reasons 

for selection  

Linked indicator Reasons for selection 

Availability of exposed sandy 

habitat 

Shifting sandbars and insets overlay (kill) and uncover 

(open for plant growth) bank vegetation  

Wet Duration 

Duration of fast-moving flood waters maintain upper 

bank vegetation by damaging intrusive/competitive 

terrestrial trees 

Wet: ave Channel Depth 
High, fast-moving currents determine the upper 

boundary of upper bank vegetation 

Dry: ave Channel Depth 
Low waterlines determine boundary of upper bank 

vegetation (about 2-3 m removed, upward) 
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7.4.3 Channel_Extent of lower bank vegetation cover  

Changes in flow occasioned by dams can alter low waterlines during the inter-monsoonal (dry) 

season, and accordingly affect the distribution of plant communities that are adapted (specialised) to 

occupy the seasonally flooded Mekong riverbanks, as determined historically by natural historical 

variations in annual high waterlines. A heightened water-line in the dry season on account of water 

releases from dams will impact on the specialised rheophyte plant communities that are short, woody, 

aquatic shrubs and trees that can survive fast-moving waters during the flood season when they are 

rooted in bedrock (otherwise these plants are uprooted by high-velocity flood waters). This vegetation 

type occupies a river-bank stratum from 0.5-3 m above the natural low waterline, and will therefore be 

impacted both within reservoirs and below reservoirs that experience increased flows and heightened 

waterlines in the dry season. The extent of lower bank vegetation on bedrock channel slopes has an 

influence on biological productivity and, potentially, reproductive habits of organisms.  

 

Table 7.4 Channel_Extent of lower bank vegetation cover: Linked indicators and reasons 

for selection  

Linked indicator Reasons for selection 

Availability of exposed sandy 

habitat  

Shifting sandbars and insets overlay (kill) and uncover 

(open for plant growth) bank vegetation 

Wet Duration 

Lower riverbank vegetation requires exposure to 

sunlight for significant time period to maintain their 

growth 

Dry: ave Channel Depth 

Low waterline during D season determines lower 

boundary of lower bank vegetation (and ~2 m above 

that waterline)  

 

 

7.4.4 Channel_Extent of herbaceous marsh vegetation cover 

Changes in flow regimes, whether by increasing flow in the dry season or decreasing flow during the 

monsoon season, can alter the cover area of marshlands. Marsh communities can decrease in size 

due to the decrease in water in either time (duration of standing water) or space (area), or also 

decrease in size if water depth remains high and discourages herbaceous plant growth, in which case 

the marsh becomes an open, standing body of water. The extent of herbaceous marsh vegetation has 

an influence on biological productivity and reproductive capacities of aquatic organisms.  

 

The linked indicators for Channel_Extent of herbaceous marsh vegetation cover and reasons for their 

selection are provided in Table 7.5. 
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Table 7.5 Channel_Extent of herbaceous marsh vegetation cover: Linked indicators and 

reasons for selection  

Linked indicator Reasons for selection 

Availability of exposed sandy 

habitat 

Shifting sandbars and insets overlay (kill) and uncover 

(open for plant growth) bank vegetation 

Dry duration 
Long, extended dry seasons can dry up herbaceous 

marsh vegetation 

Dry: ave Channel Depth 

Exceedingly high or low waters in the dry season can 

result in the drowning or desiccation of marsh 

vegetation, respectively 

 

 

7.4.5 Extent of weeds and grasses on sandbanks and sandbars 

Pioneer herbaceous annuals and perennials, often dominated by grasses, tend to occupy the loose 

and shifting sandy and sandy loam substrates that form islets, islands and banks with river channels. 

These are labile habitats that come and go from year to year, or sometimes creep across the 

riverbanks on account of erosion and deposition of sand deposits. This vegetation type can establish 

itself on freshly deposited sand within a single season and be washed away just as quickly. But it is 

omnipresent on riverbanks and can serve as fish food, breeding grounds, and cover for many types of 

vertebrates and invertebrates. Creation and destruction of the vegetation‘s substrates is perpetual but 

the extent of cover has remained static in the past. The extent of cover can be altered however, by 

two factors: 1) the decrease of sand and silt loads of river currents, and 2) the decrease of strong 

flood pulses that tend to lift sand and silt grains and deposit them as loads on banks and islands after 

sudden subsidence of water flow. Typical species of grasses include Saccharum spontaneum, 

Phragmites vallatoria, Eleusine indica, and Hemisorhum mekongense. Weedy forbs (herbaceous 

dicots) include Portulaca oleracea, Ludwigia hyssopifolia, Anaphalis margaritacea, Physalis angulata, 

Chenopodium fcilifolium, Amaranthus viridian, Polygonum plebeium, Rumex dentatus, among many 

others, including some exotic invasives.  

 

The linked indicators for Extent of weeds and grasses on sandbanks and sandbars and reasons for 

their selection are provided in Table 7.6. 
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Table 7.6 Channel_Extent of weeds and grasses on sandbanks and sandbars: Linked 

indicators and reasons for selection 

Linked indicator Reasons for selection 

Availability of exposed sandy 

habitat  

Shifting sandbars and insets overlay (kill) and uncover 

(open for plant growth) bank vegetation  

Dry Duration 
Pioneer plants that occupy ephemeral sandbanks 

increase in extent with longer dry (growing) periods. 

Wet: ave Channel Depth 

Lower channel depths during the flood season will 

favour growth of grasses and weeds, whereas higher 

channels will decrease their extent.  

Dry: ave Channel Depth 
Lower channel depths in the dry season will favour 

expansion of weeds and grasses.  

 

 

7.4.6 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 (see above 

descriptions of changes in cover area of upper bank vegetation, lower bank vegetation, and 

marshlands). Additionally, cover area may remain the same but the duration of flood events can also 

affect biomass, i.e., less time for optimal aquatic plant growth in the duration of standing water results 

in less biomass. Vegetative biomass plays a critical role in biological productivity.  

 

The linked indicators for Channel_Biomass of riparian vegetation and reasons for their selection are 

provided in Table 7.7. 

 

Table 7.7 Channel_Biomass of riparian vegetation: Linked indicators and reasons for 

selection 

Linked indicator Reasons for selection 

Erosion (bank/bed incision) Erosion can remove bank vegetation  

Availability of exposed sandy 

habitat 

Shifting sandbars and insets overlay (kill) and uncover 

(open for plant growth) bank vegetation 

Wet: ave Channel Depth  
High waterlines can increase extent of upper bank 

vegetation (increasing biomass of bank vegetation) 

Dry: ave Channel Depth 
Low waterlines determine the relative extent of both 

upper and lower bank vegetation, thus biomass 

 

 

7.4.7 Channel_Biomass of algae 

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 
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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.  

 

The linked indicators for Biomass of algae and reasons for their selection are provided in Table 7.8. 

 

Table 7.8 Channel_Biomass of algae: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Erosion (Bank/bed erosion) 

Algae will flourish in areas of deposition, i.e., low 

erosion. In areas with high erosion, algae are flushed 

along with sediments 

Water clarity 

Algal growth is strongly linked to light penetration into 

the water column and this is determined to a large 

degree by water clarity (Hill 1996) 

Dry duration 

The dry season is when channel algal growth is more 

pronounced, and thus the length of the dry season is 

an important factor in determining algal growth 

dynamics 

Dry: ave Total Phosphorous The availability of nutrients is a major factor in algal 

growth (Ewart-Smith 2012). Dry: ave Total Nitrogen 

Wet: ave Sediment grain-size 

Suspended coarse sediments act like sand paper 

scouring green algae from the surface of inundated 

rocks (Grimm and Fisher 1989). 

Dry: ave Ch Depth 
The deeper the water the less the light penetration – 

see water clarity. 

 

 

7.4.8 Floodplain_Extent of flooded forest cover  

Flooded forests afford a highly significant, if not primary source of biomass (net primary productivity) 

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

Historical high and low water levels during the monsoon cycles determine the cover area (extent) of 

this vegetation type on the upper floodplain. A lowered waterline at the height of the monsoon, 

possibly due, for example, to water retention in upstream dams, will diminish the area covered by 

floodplain forest. Human activities on the upper banks will also probably increase on account of 

diminished extent and duration of floods during the peak of the monsoons. Alternatively, a heightened 

waterline in the dry season, linked to water releases from dams, may decrease the extent of the lower 

floodplain forests, which typically sequester higher biomass content, as well as upper bank 

vegetation.  
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Table 7.9 Floodplain_Extent of flooded forest cover: Linked indicators and reasons for 

selection  

Linked indicator Reasons for selection 

Dry: ave FP Duration Inundation 

Duration of dry season inundation affects extent of 

upper reaches of floodplain forest; if flood duration is 

short, upper reaches of floodplain will suffer increased 

water stress, thus reducing biomass and potentially 

causing some mortality of plants 

Wet: ave FP Duration inundation 

Duration of wet season inundation affects extent of 

upper reaches of floodplain forest; if too short, 

terrestrial forest elements can invade and compete 

with flooded forest 

Dry: ave FP Area inundation 
Increased dry season inundation area can drown lower 

reaches of flooded forest 

Wet: ave FP Area inundation 
Reduced area of inundation in F season can desiccate 

and reduce upper reaches of flooded forest 

 

 

7.4.9 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.  

 

Table 7.10 Floodplain_Extent Herbaceous marsh vegetation: Linked indicators and 

reasons for selection  

Linked indicator Reasons for selection 

Aquatic: Invasive floating/submerged 

cover 

Burgeoning Invasive water hyacinth populations 

extirpate native marsh vegetation  

Dry: ave FP Duration Inundation 
Reduced duration of dry season inundation reduces 

extent of herbaceous marsh vegetation  

Wet: ave FP Duration inundation  

Extended duration of high waterlines during F season 

can affect extent of marsh vegetation (which needs 

lower waterlines to thrive during dry season) 

Dry: ave FP Area inundation 
The more extensive the dry season inundation the 

greater the extent of marsh vegetation 

Wet: ave FP Area inundation 
The more extensive the wet season inundation the 

greater the extent of marsh vegetation 
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7.4.10 Floodplain_Extent of grassland vegetation 

Floodplain grasslands vary substantially in species composition and structure – such as short 

grasslands that inhabit upper floodplains on the northern borders of Tonle Sap Lake, tall grasslands 

that occupy ecotones between lower floodplains and open bodies of water, or those that float and/or 

co-dominate herbaceous marshes.  This means that the extent of floodplain grassland vegetation is 

governed by a variety of factors. Each of the aforementioned grassland types provides crucial habitat 

for specialised animal guilds, particularly fish, as cover, food and spawning zones. Grasslands in the 

upper floodplain have been reduced substantially in recent decades for rice cultivation. This trend can 

be exacerbated by the reduction of floodplain inundation area and duration, even though the degree 

of change is difficult to predict since no studies appear to have been done on this unique vegetation 

type. A heightened waterline on the lowermost reaches of the floodplain during the dry season will 

potentially drown and therefore diminish the extent of tall grasses (Phragmites primarily), but these 

grasslands will likely eventually recolonize the altered dry season shorelines. Alternatively, a 

heightened waterline during the dry season (e.g., on account of water release from dams) will 

potentially increase the extent of floating grasses in open waters and marshlands (Table 7.11).   

 

Table 7.11 Floodplain_Extent Grasslands: Linked indicators and reasons for selection  

Linked indicator Reasons for selection 

Aquatic: Invasive floating/submerged 

cover 

Increased floating invasives will outcompete native 

marsh grasses  

Wet: ave FP Duration Inundation 
Reduced duration of wet season inundation reduces 

extent of upper floodplain grasslands  

Wet: ave FP area of inundation  
Reduced area of wet season inundation will reduce 

extent of upper floodplain grasslands.  

Dry: ave FP Area inundation 
The more extensive the area of inundation the larger 

the extent of specialised riparian grasslands  

Dry: ave FP Duration inundation 
The longer the wet season inundation the greater the 

extent of riparian grasslands 

 

 

7.4.11 Floodplain_Biomass of indigenous 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). The timing of flood pulses can 

alter biomass (net primary productivity) of riparian vegetation (see above descriptions of changes in 

cover area of upper bank vegetation, lower bank vegetation, and marshlands) by either increasing or 

decreasing the duration of available, standing waters for marshes and flooded forests. Vegetative 

biomass plays a critical role in biological productivity.  

 

Note: Biomass, as referred to here, excludes invasives such as hyacinth because hyacinth does not 

‗replace‘ indigenous vegetation in terms of its contribution to ecosystem functioning. For instance, fish 

will generally not eat hyacinth as it is too ligneous (woody). 

 

Table 7.12 Floodplain_Biomass of indigenous riparian/aquatic cover: Linked indicators 
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and reasons for selection 

Linked indicator Reasons for selection 

Banks: Invasive riparian cover 
Invasive shrubs can reduce biomass of natural flooded 

forest trees  

Aquatic: Invasive floating/submerged 

cover 

Invasive floating plants can reduce biomass of 

herbaceous marsh vegetation 

Dry: ave FP Duration inundation 
Reduced duration of D season inundation reduces 

plant productivity (biomass)  

Wet: ave FP Duration 
Extent of inundation can enhance plant productivity 

(biomass) – or if excessive, reduce productivity 

Dry: ave FP area inundation 
The wider the inundation, the more extensive the plant 

productivity (biomass)  

Wet: ave FP Area inundation 
The wider the inundation, the more extensive the plant 

productivity (biomass) 

 

 

7.4.12 Floodplain_Biomass of algae 

Flow regimes and their annual timing can favour cyanobacteria or algae. 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 are determined by a number of 

environmental factors, including geomorphic characteristics, eco-climate, hydrological regime, flow 

regulation, sediment supply, and nutrients such as nitrogen and phosphorous. All of these factors and 

their different combinations affect the algal community structure and species composition.  

 

Table 7.13 Floodplain_Biomass of algae: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Dry: Dry duration 

Light can have a strong effect on photosynthesis of 

algae. Reduced duration of Dry season reduces algae 

productivity (biomass) 

Dry : Ave Ch Depth 
In the range of depth: 0-5 m. The more water the more 

blue-green algae biomass in the dry season. 

Wet: ave sediment grain-size 

distribution 

Suspended coarse sediments >0.09 mm act like sand 

paper scouring green algae from the surface of 

inundated rocks (Grimm and Fisher 1989).  Coarser 

sediments will reduce algal abundance.  Finer 

sediments favour the growth of algae 

Dry: Ave Total Phosphorus 

An increase in nutrient favour algal growth (Ewart-

Smith 2012). A reduction in nutrients will result in a 

reduction in  algae 

Dry: Ave Total Nitrogen 

An increase in nutrient favour algal growth (Ewart-

Smith 2012). A reduction in nutrients will result in a 

reduction in  algae 

Water clarity There are a lot of alluvium in floodplains which will 
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Linked indicator Reasons for selection 

decrease light penetrated deep into water. Reduced 

clarity will decrease algae (Žuna Pfeiffer et al. 2015). 

Extent of flooded forest [F season] 

The decomposition of forest leaves and trees is the 

food sources for algae growing which is the first link in 

the food chain of water body. Therefore, algae are one 

of the initial biological components from which energy 

is transferred to higher organisms through the food 

chain. 

 

 

7.4.13 Non-native species 

The species included here are fast growing, prolific, tolerant against flow changes and habitat 

degradation, and are likely to predominate in degraded habitats where the ecosystem functioning is 

disrupted. 

 

Non-native species have proliferated in the LMB in the last 20 years or so, and as such are as much 

an impact themselves as other impacts on ecosystem integrity.  

 

 Extent of Invasive riparian plant  7.4.13.1

Mimosa pigra, the primary exotic shrub that outcompetes 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, change the natural ecological processes of productive 

native vegetation, have conceivable impacts on rare or uncommon native plants, and alter biological 

productivity.  

 

Table 7.14 Extent of invasive riparian cover: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Channel_Extent of lower bank 

vegetation cover 

Changes in the integrity of native vegetation will benefit 

invasive plants. 

Channel_Extent of herbaceous marsh 

Floodplain_Extent of herbaceous 

marsh 

Floodplain_Extent of grassland 

vegetation 

 

 

 Extent of floating and submerged invasive plant cover 7.4.13.2

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

MRB, is purged on an annual basis by high water levels during the flood pulse. Reduction in water 

flow during flood peaks will diminish the purgation process, thereby favouring proliferation of hyper-
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competitive water weeds. This will potentially result in the decrease in native aquatic plants, the 

alteration of plant community structure, and the diminution in biological productivity. Another important 

invasive on Boeng Tonle Sap, para grass (Urochloa mutica), a facultative floating grass that can 

outcompete native floating vegetation, will probably be encouraged by the decrease in high water 

levels during the flood pulse. The extent to which this grass might alter the native animal populations 

and productivity of fisheries is unknown.  

 

Table 7.15 Extent of invasive floating/submerged plant cover: Linked indicators and 

reasons for selection 

Response curve Explanation 

Wet: ave FP Duration 

inundation 

Increased duration of inundation will enhance water surface area for 

longer periods of time and therefore favour floating invasive plant 

expansion. Decreased floods will decrease extent of floating invasive 

plants 

Dry: ave FP Duration 

inundation 

Increased areas of inundation will favour increased extent of invasive 

floating plant cover; decreased areas of inundation will reduce the extent 

of invasive floating plant cover. But the maximum increase will be 

determined by extent of marshes, which only comprises <10% of 

floodplain in F3. As a constant, only half the marshlands are open 

enough for the expansion of floating vegetation (= total of 5% of 

floodplain) 

Wet: avg FP Depth 

High averages and extremes in water depth during the flood season 

decrease the extent of floating invasive plant populations by ushering 

their populations down river and away from the natural floodplain 

vegetation, reducing the size of starter stock for dry season growth.  

Lower averages and extremes in water depths during the flood season 

will increase extent of floating invasive plant cover by reducing the 

annual purging process of the floating weeds, thereby maintaining dense 

starter stock for dry season growth initiation. These effects are minimal 

on the steep floodplains of FA3 

Wet: max FP Depth 

High averages and extremes in water depth during the flood season 

decrease the extent of floating invasive plant populations by washing 

them down river and away from the natural floodplain vegetation. Lower 

averages and extremes in water depths during the flood season will 

increase the extent of floating invasive plant cover by reducing the 

annual purging process of the floating weed. Effects are small in steep 

floodplains of FA3. 

 

 

7.5 Status and trends 

There is little literature on the history of vegetation in Indochina. Much of the following section is 

based on estimations of forest cover on Mekong River floodplains based on a series of vegetation 

maps that record the extent of natural vegetation at different times in the 20
th
 century. These maps, 

including: unnamed maps from 1852 and 1910 (www.odsas.net; Figure 7.2 and Figure 7.3, 

http://www.odsas.net/
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respectively; LeCompte (1926; Figure 7.4); U.S. Department of Defence (1954; Figure 7.5 and Figure 

7.6; and 1972; Figure 7.7), were compared and contrasted with contemporary perspectives based on 

satellite images of natural vegetation as observed on Google Earth©.  

 

There are two caveats of relevance; one is that early 20
th
 century maps usually denote natural 

marshes and rice fields with the same notation, which introduces an element of uncertainty as to 

where native and human-dominated landscapes begin and end; and two, the early maps were not 

elaborated with the use of remote sensing tools, and are therefore relatively less accurate and precise 

than modern cartography. 

 

Another limitation that confronts the assessment of vegetative changes is the fact that late-arriving 

studies account for a native vegetation that is already highly disturbed (Maxwell 2001; 2008; 2013). 

So whatever is observed and characterised at this point is a far cry from what was operative in recent 

natural history. It is fortunate that rocky substrates within the river‘s channel in BioRA Zones 1-4 

harbour relatively intact plant communities of little commercial value and undesirable for rice 

cultivation. The latter observation does not apply, however, to Zones 5 and 8, where the natural 

vegetation of the floodplain is now reduced to small vestiges of native habitats. The denuding of the 

Mekong‘s Delta region was almost fully consummated by the early 20
th
 under French colonial 

administration (Broucheux 1995: 7-8); hence there is little concrete data on the specifics of this 

historical environmental revolution.  

 

 

Figure 7.2 Mekong Delta c. 1858. 
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Figure 7.3 Cultivated areas in the Mekong Delta c. 1910 

(http://www.odsas.net/scan_sets.php?set_id=404anddoc=43700andstep=5). 

 

 

http://www.odsas.net/scan_sets.php?set_id=404&doc=43700&step=5
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Figure 7.4 Forest cover of northern reaches of the Lower Mekong River Basin during the 

early 20
th

 century (after LeCompte 1926).  
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Figure 7.5 Mangrove forest cover in the southern extreme of the Mekong River Delta of 

Viet Nam during 1954 (US Dept. of Defence Declassified).  

 

 

 

Figure 7.6 Mangrove forest cover at the mouth of the Mekong River Delta of Viet Nam in 

1954. Note that only remnants of the mangrove forest survive (US Dept. of 

Defence, declassified). 
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Figure 7.7 Map of forest cover of Mekong River floodplain at the close of the Viet Nam War 

(c. 1972).  

 

 

The estimated 2015 ecological status for each of the geomorphology indicators is provided in Table 

7.16. The definitions for the categories are given in Table 3.2. The expected trends in the vegetation 

indicators are discussed in Sections 7.5.1 to 7.6.1.2. In the context of the status and trends 

assessments, it is important to note that the vegetation in the Delta had already been considerably 

altered by 1900, which is the starting point for the assessments. 

 



 

  
Page 153 

 

  

Table 7.16 Estimated 2015 ecological status for each of the vegetation indicators 
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Mekong River 
in Lao PDR 

C C NA C NA NA NA C NA NA 

Mekong River 
in Lao 
PDR/Thailand 

C C B C E C NA C NA NA 

Mekong River 
in Cambodia 

C C B C NA NA NA D E NA 

Tonle Sap 
River 

NA NA NA NA E E NA E E E 

Tonle Sap 
Great Lake 

NA NA NA NA E D D D D E 

Mekong Delta NA NA NA NA E E E E E E 

 

 

7.5.1 Channel_Riparian trees and Channel_Extent of upper bank vegetation cover 

Forests have been devastated during and since the French colonial period (see Section 7.2; Box 7.1; 

Appendix A).  

 

While Dubeau (2004) employs a very broad and imprecise use of the term ‗riparian forest‘ by 

including upland forests that never come into contact with the shifting Mekong‘s River currents, his 

general estimates on the forest cover near the banks quantifies the degree to which human activities 

have disturbed the natural fabric of river life, noting that primary forest encompasses a mere 6% of 

the modern landscape, while degraded and bamboo forest and scrub account for 35%. The rest is 

dedicated to agriculture.  

 

The main anthropogenic driver considered to have the greatest influence on upper bank vegetation is 

land use, primarily the denuding of upper river slopes by local communities seeking fuelwood, house 

construction materials and clearing lands for mixed agriculture (for reviews see: Daconto 2001; Elliott 

2001; Maxwell 2001; 2013; McDonald and Veasna 1996).  

 

The estimated historical changes in cover provided in Figure 7.8, indicate both cover and quality of 

remaining vegetation. In comparison to Lao PDR, relatively denser human populations in modern 

historical Cambodia (by about a factor of 3; Hirschman and Bonaparte 2012) have exacted a greater 

degree of vegetative change in the lower reaches of the river. Some recent accounts of disturbance 

are described in the Siphandone by Maxwell (2001; 2013) and Elliott (2001).  
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Figure 7.8 Channel_Extent of upper bank vegetation cover: Historic abundance estimates 

as % relative to 2015 (100%) 

 

7.5.2 Channel_Extent of lower bank vegetation cover 

The main anthropogenic driver considered to have the greatest influence on lower bank vegetation is 

land use, primarily the denuding of the upper river slopes by local communities seeking fuelwood, 

house construction materials and clearing lands for mixed agriculture. The historical changes in cover 

provided in  

Figure 7.9, indicate both cover and quality of remaining vegetation.  

 

 

Figure 7.9 Channel_Extent of lower bank vegetation cover: Historic abundance estimates 

as % relative to 2015 (100%) 
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In the last decade upstream dams have resulted in elevated dryy season low water levels, and this 

has decreased the extent of lower bank vegetation cover through drowning
23

.  

 

7.5.3 Channel_Extent of herbaceous marsh vegetation 

The main anthropogenic drivers considered to have the greatest influence on the extent of 

herbaceous marsh vegetation are land use, primarily infilling wet areas and removal of vegetation for 

mixed agriculture. Herbaceous marshes in the upper reaches of the LMB are now mostly confined to 

small and scattered, ephemeral zones within the channel – primarily caused by shifting alluvia on top 

of natural depressions within rocky bedrock. These come and go naturally. Most of the herbaceous 

marshes that might have been located in the reduced floodplains of the Lao-Thai reaches of the LMB 

were probably converted into rice fields many centuries ago (see map of Lecomte 1926 for distribution 

of rice paddies in forested landscape). Some recent accounts of disturbance are described in the 

Siphandone by Maxwell (2001; 2013) and Elliott (2001).  

 

 

Figure 7.10 Channel_Extent of herbaceous marsh vegetation: Historic abundance estimates 

as % relative to 2015 (100%) 

 

 

7.5.4 Channel_Weeds and grasses on sandbanks and sandbars 

It is extremely difficult to provide a time-line for this indicator, as there is no data on the extent and 

trends in this vegetation indicator. For the purposes of this status and trends assessment, 

Channel_Weeds and grasses on sandbanks and sandbars is linked directly with availability of 

exposed sandbanks (see Figure 6.53). 

 

                                                      

 
23

 Note: It would have been highly desirable to observe the extent to which rising water levels in Focus Areas 1 and 2, following 
upstream dam developments in China, may have affected bedrock channels. A personal trip (Dr McDonald) to the Golden 
Triangle revealed that bank stabilization measures (stone held in by wire mesh) has already extirpated extensive areas of lower 
bank vegetation.  
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7.5.5 Channel_Biomass of riparian vegetation 

The main anthropogenic driver considered to have the greatest influence on the biomass of riparian 

vegetation is historical land use, primarily infilling wet areas for cities and rice fields and the removal 

of vegetation for mixed agriculture. Herbaceous marshes and scrubby vegetation in the reduced 

floodplains of the upper reaches of the LMB were probably converted into rice fields many centuries 

ago (see map of Lecomte 1926 for distribution of rice paddies in forested landscape: Figure 7.4). 

Some recent accounts of disturbance are described in the Siphandone region by Maxwell (2001; 

2013) and Elliott (2001). The estimated historical changes are provided in Figure 7.11.  

 

 

Figure 7.11 Channel_Biomass of riparian vegetation: Historic abundance estimates as % 

relative to 2015 (100%) 

 

 

7.5.6 Channel_Biomass of algae 

There are no data on the historical incidence of algae in the LMB. For the purposes of this 

assessment however, it is expected that the algae would have followed much the same trends as 

nutrients and water clarity, since these are the two main driving variables (other than flow) dictating 

their presence. In all likelihood, the estimates provided below are highly conservative. It is expected 

that algae in the Delta have changed more than those elsewhere – mainly because of the dramatic 

changes in the flow of water in that area (see Appendix B). 
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Figure 7.12 Channel_Biomass of algae: Historic abundance estimates as % relative to 2015 

(100%) 

 

 

7.5.7 Floodplain_Extent of flooded forest 

The upper parts of the LMB have experienced substantial change, but floodplain forest vegetation 

was historically much more limited in the upper reaches relative to the lower reaches of the LMB. 

Most of the Delta‘s marshlands and mangroves were converted during the early decades of the 20
th
 

century, when the French established rice production for export (Brocheux 1995). Between the late 

1800s and c. 1930, 2 000 000 ha of mangroves in the western portion of the Delta (Mien Tay) were 

reduced to 0.33 ha. However, extensive mangrove swamps still existed in 1950s south of Ho Chi Min 

City and on the whole of the southern tip of Viet Nam. The estimation of 800% greater extent of 

flooded forest at the turn of the 20
th
 century is probably conservative (Figure 7.13), but it is difficult to 

know how much of the Delta was originally (prehistorically) a marshland rather than a flooded forest. 

These historical changes indicate both cover and quality of remaining vegetation. 

 

The main anthropogenic drivers considered to have the greatest influence on the flooded vegetation 

are land cover changes, land use changes, harvesting pressure, fire frequency; clearing of land for 

rice paddies and pasturage, canal/irrigation developments, and villages.  

 

0

20

40

60

80

100

120

140

160

180

200

1 2 3 4 5

Pe
rc

en
ta

ge
 r

el
at

iv
e 

to
 2

01
5 

(1
00

%
)

Channel_Biomass of algae

Mekong River in Laos PDR

Mekong River in Laos
PDR/Thailand

Mekong River in
Cambodia

Tonle Sap River

Tonle Sap Great Lake

Mekong Delta



 

  
Page 158 

 

  

 

Figure 7.13 Floodplain_Extent of flooded forest: Historic abundance estimates as % relative 

to 2015 (100%) 

 

 

7.5.8 Floodplain_Extent of herbaceous marsh vegetation 

As is the case for floodplain forests, the upper parts of the LMB have experienced substantial change, 

but herbaceous marsh vegetation was historically much more limited in the upper reaches relative to 

the lower reaches of the LMB. A complicating factor in assessing change in this vegetation is that 

historical maps rarely distinguish swampy regions from rice-producing regions; but Lecomte (1926) 

verifies the boundaries of rice fields after the French initiated their program to expand agriculture in 

the early 20
th
 century. Brocheux (1995: 1-16) notes that 220 000 ha. (= 2200 km

2
), or 25% of Delta 

(Mien Tray) marshlands were converted to rice paddies by the early part of the 20
th
 century. He also 

indicates that the agriculture program was developed for the purpose of exporting rice. By the 1930s, 

most arable lands of the Delta were producing cereal. The Plain of Reeds is only 12000 km
2
 today. 

Most of the herbaceous marshes that might have been located in the reduced floodplains of Lao PDR, 

Thailand and northern Cambodia were probably converted into rice fields many centuries ago (see 

map of Lecomte 1926 for distribution of rice paddies in forested landscape; Figure 7.4). Some recent 

accounts of disturbance are described in the Siphandone by Maxwell (2001; 2013) and Elliott (2001).  
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Figure 7.14 Floodplain_Extent of herbaceous marsh vegetation: Historic abundance 

estimates as % relative to 2015 (100%) 

 

 

7.5.9 Floodplain_Extent of grassland vegetation 

Seasonally inundated grasslands have been targeted by rice cultivators as prime land for paddies. 

Consequently, the Delta region has a miniscule representation of its original grasslands, one 

exception being the Plain of Reeds protected area, comprising a total of 12 000 km
2
 today, but this 

also includes substantial Melaleuca forest cover. Historically, it is difficult to assess the original extent 

of seasonally inundated grasslands in the Delta because early vegetation maps do not generally 

distinguish mixed-vegetation swamps from swampy grasslands and rice-producing regions. 

Nevertheless, Lecomte (1926) verifies the boundaries of rice fields after the French initiated their 

program to expand agriculture in the early 20
th
 century. Various grasslands are ensconced within and 

on the northern boundaries of Tonle Sap Great Lake, most of which have survived intact until the 

early 2000s. Since that time, about 30% of the grasslands have been converted into irrigated rice 

fields (Figure 7.15; see also Box 7.1 and Appendix B).  
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Box 7.1  Historic changes in the Mekong Delta 

By far the greatest changes in vegetation have occurred in the Delta, although clearing of vegetation for 

agriculture, and urban and other development, has occurred throughout the LMB.  

 

By the early nineteenth century, the Viet Namese kings had conquered and pacified the Delta by digging canals 

and establishing military (farm soldier) settlements. After the French arrived in 1867, the colonial government 

excavated a number of great canals for security and transportation. In the latter half of the 19
th

 century there was 

considerable expansion of rice cultivation in the Delta, particularly in the central part along the Tien Giang and the 

Hau Giang, two main tributaries of the Mekong River (Koji 2001). By the end of 19
th
 century, many important 

canals had been built. After 1900, additional canal construction further accelerated the expansion of rice 

cultivation in the area. By the Great Depression of the 1930s, most of the Mekong Delta, except for the Broad 

Depression and the Plain of Reeds, had been converted to arable land. In the late 1950s, parts of the Plain of 

Reeds were cultivated. After the end of the American War in 1975, many of the remaining areas were cleared for 

rice cultivation and shrimp farming (Yoko 1984; Brocheux 1995; Koji 2001). Socialist reforms after the war, led to 

rice fields owned by large-scale farmers or absentee landlords being distributed to small-scale or landless 

farmers, and a system of collectivised labour was introduced.  

 

Large scale state farms were established as a model for propagating the socialist production system, not only in 

the Plain of Reeds and the Broad Depression, but in the entire Delta. However, the placement of state farms was 

restricted to lands highly prone to deep flooding, acid emergence, and/or salt intrusion. In the Broad Depression, 

after spontaneous migrants exploited and denuded the original vegetation to cultivate rice, a vast area of 21 400 

hectares was enclosed to establish and conserve Melaleuca forests, and a number of state farms were 

established in the surroundings. In addition to these areas, many state farms were established in the coastal 

plain of northwestern Kien Giang Province, from Rach Gia to Ha Tien. This area was also highly prone to salt 

intrusion and acidification. Under the doi moi policy, the state farms were completely closed in 1997 (Koji 2001). 

 

There was intensification of rice cultivation after the Doi moi policy was introducted. Many canals were excavated 

by the central and provincial governments after socialist reform paved the way for great progress in rice 

cultivation in the Plain of Reeds and the Broad Depression. In addition, the introduction of high yielding varieties 

(HYVs) of rice played an important role in expanding rice cultivation in these areas. The HYVs, were first 

introduced to the Mekong Delta in 1968 and brought about a noticeable change in traditional rice cultivation and 

rice-based cropping systems (Tanaka 1995). They were adopted in the central part of the Delta, such as Long An 

and Can Tho Provinces, at the initial stage of introduction and were gradually disseminated to the periphery of 

the Delta. In the Plain of Reeds and the Broad Depression, their adoption was delayed for quite a long time due 

to adverse environmental conditions suited to the high yielding varieties. They had to wait for the complete 

disappearance of acid through consecutive washings with the fresh water available from the new canals. 

 

Today, much of the Delta has lost its natural habitat, although remnants of the once extensive peat swamp 

forests, freshwater forests and flooded grasslands are still represented in parts. There is no escaping the fact that 

the canal and associated agricultural activities have dramatically changed the face of the Delta. Previously 

inaccessible and uninhabited areas were settled, and surface water drained from the depression. Only relatively 

small areas of Melaleuca swamp forest and grassland and sedge-land remain (Safford and Maltby 1997; Tran 

Triet et al. 2000; Baltzer et al. 2001; Rundel 2009). There is evidence in the form of tree stump remains, 

suggesting that extensive areas of the Delta were once forested (Kiet 1993), but the long human habitation in this 

area has meant that little is known of the original vegetation (Torell et al. 2003). Folklore and older community 

members also describe forested areas within the Plain of Reeds consisting of a number of tree species in 

addition to Melaleuca. Buried tree stumps from the genus Eugenia uncovered during agriculture activities 

corroborate this oral history. 

 

Detail on more recent changes in the Mekong Delta are provided in Appendix B. 
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Figure 7.15 Floodplain_Extent of grassland vegetation: Historic abundance estimates as % 

relative to 2015 (100%) 

 

 

7.5.10 Floodplain_Biomass of indigenous riparian/aquatic cover 

The main anthropogenic drivers considered to have the greatest influence on the biomass of 

indigenous riparian/aquatic cover on the floodplains are land cover changes, land use changes, 

harvesting pressure, fire frequency, invasives; denuding of riparian woodlands and marshlands for 

wood-fuel, house construction materials, and opening lands for mixed agriculture (see Box 7.1) . The 

estimated historical changes are provided in Figure 7.16. These historical changes indicate both 

cover and quality of remaining vegetation.  

 

 

Figure 7.16 Floodplain_Biomass of indigenous riparian/aquatic cover: Historic abundance 

estimates as % relative to 2015 (100%) 
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7.5.11 Floodplain_Biomass of algae 

There appear to be no databased studies on the impact of human activities on algae and algal 

populations in the LMB. It is expected that where floodplains are still intact, the algae would have 

followed much the same trends as nutrients and water clarity, since these are the two main driving 

variables (other than flow) dictating their presence. However, the floodplains have been seriously 

modified, and it is impossible to estimate the long-term changes in these two indicators without an 

extensive and focussed study. For this reason, the status and trends assessment excluded these two 

indicators. 

 

7.6 Non-native species 

 Extent of invasive riparian cover 7.6.1.1

Disturbances occasioned by wood collectors and the clearing of land for mixed agriculture makes 

natural vegetation more susceptible to invasive species. Two invasive species, namely Mimosa pigra 

(a thorny leguminous shrub) and Imperata cylindrica (a tall, deeply-rooted tropical grass), have 

overtaken many riparian habitats. Mimosa pigra prefers partial submersion in water and therefore 

exhibits broader distribution in floodplains. Imperata pigra survives in seasonally inundated areas, and 

therefore prospers on riverbanks. They can dominate the vegetation locally, and sometimes produce 

monocultures. Imperata grass has been in the region for a century, while Mimosa pigra was 

introduced in Asia in the 1970s. Only in recent times, due to disturbance, have they become a 

commanding vegetative feature of the LMB (Figure 7.17).  

 

 

Figure 7.17 Extent of invasive riparian cover: Historic abundance estimates as % relative to 

2015 (100%) 

 

 

 Extent of invasive floating/submerged plant cover 7.6.1.2

Canal and irrigation projects open corridors for floating invasives, but water hyacinth (Eichhornia 
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(Brachiaria mutica), have extended their ranges. All were absent from the LMB during the 19
th
 century 

(Figure 7.18).  

 

 

Figure 7.18 Extent of invasive floating/submerged plant cover: Historic abundance 

estimates as % relative to 2015 (100%) 

 

 

Were it not for the massive floodwaters that fill the Tonle Sap Great Lake and then carry floating water 

hyacinth out to sea, invasive floating weeds would have already done considerable damage to the 

native vegetation and fisheries of the Tonle Sap Great Lake. This flushing process does not work with 

para grass, which forms inter-linking, floating stems and creates ‗sud‘ (a unified floating vegetation 

island) within Tonle Sap Great Lake, and has the ability remain anchored during flood events.  

 

7.7 Response curves and supporting evidence/reasoning 

The explanations and evidence for the shape of the response curves are tabulated as follows: 

Table 7.17 Channel_Riparian trees 

Table 7.18 Channel_Extent of upper bank vegetation cover 

Table 7.19 Channel_Extent of lower bank vegetation cover 

Table 7.20 Channel_Extent of herbaceous marsh vegetation 

Table 7.21 Channel_Extent of weeds and grass on sandbanks and sandbars 

Table 7.22 Channel_Biomass of riparian vegetation
 
 

Table 7.23 Channel_Biomass of algae 

Table 7.24 Floodplain_Extent of flooded forest 

Table 7.25 Floodplain_Extent of herbaceous marsh vegetation 

Table 7.26 Channel_Extent of grassland vegetation 

Table 7.27 Floodplain_Biomass of indigenous riparian/aquatic cover
 
 

Table 7.28 Floodplain_Biomass of algae  

Table 7.29 Extent of invasive riparian cover
 
 

Table 7.30 Extent of invasive floating/submerged cover
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NB: The response curves do not address any of the scenarios directly. The curves are drawn for a 

range of possible changes in each linked indicator, regardless of what is expected to occur in any of 

the scenarios. For this reason, some of the explanations refer to conditions that are unlikely to occur 

under any of the water-resource development scenarios but are needed for completion of the 

response curves. In addition, each response curve assumes that all other conditions are at the 

preliminary reference condition. 

 

The curves provided below are site specific, although the relationships are similar across all sites. The 

FAs used as an example for each curve are noted. The curves and corresponding explanations for 

the other FAs are contained in the BioRA DRIFT DSS. 

 



 

 

 
Page 165 

 

  

Table 7.17 Channel_Riparian trees
24

 

Response curve Explanation 

 

Longer dry seasons can create water stress for riparian trees that occupy an ecotone with 

lower vegetation shrubs in the upper reaches of shorelines. Mortality events are probably 

minimal in FA2. 

 

Riparian trees have survived large floods in the past and are generally adapted to these 

cyclic events. The impacts should not cause a change in riparian population size but 

might diminish their canopies (biomass). However, heavy and persistent flood waters can 

potentially damage canopies and/or trunks, perhaps killing some trees if large flotsam is 

moving swiftly in water. Major erosion events can uproot large riparian trees, but most 

trees will prove resilient. 

 

An extremely heightened average waterline during flood season should have minimal 

effects on riparian trees of rocky channels in the short term, but might potentially be lethal 

to some trees in the long term if annual high water depths persist. Extremely low 

waterlines in the flood season could potentially result in a reduction of some riparian trees 

in the upper limits of their baseline distribution due to lack of water. Note though that 

riparian trees are uncommon in FA2. 

                                                      

 
24

 Taken from FA2. 
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Response curve Explanation 

 

A decrease in average dry season channel depth will only impact riparian trees if it is 

extreme, in which case some trees bordering the upper ecotone with lower bank 

vegetation might perish. A substantial decrease in riparian trees could occur if average 

channel depth increases substantially, leading to the drowning of trees. 

 

 

Table 7.18 Channel_Extent of upper bank vegetation cover
25

 

Response curve Explanation 

 

Given that about half the bank is vegetated in FA-1, 50% the increase or 

decrease in sand availability equals the percentage decrease or increase 

(respectively) of vegetation. 

                                                      

 
25

 Taken from FA1. 
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Response curve Explanation 

 

Reduced dry season duration results in the drowning of lower bank 

vegetation due to longer inundation time. Increased dry season duration 

should slightly increase lower bank vegetation. 

 

A heightened waterline during the dry season will decrease the extent of 

lower bank vegetation.  High waterlines drown submerged shrubs of the lower 

bank vegetation. A lowered waterline will encourage a shift of lower 

vegetation downward but with minimal change in cover.  
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Table 7.19 Channel_Extent of lower bank vegetation cover
26

 

Response curve Explanation 

 

Given that about half the bank is vegetated in FA-1, 50% the increase or decrease in 

sand availability equals the percentage decrease or increase (respectively) of vegetation. 

 

Reduced dry season results in the drowning of lower bank vegetation due to longer 

inundation time.  Increased dry season duration should slightly increase lower bank 

vegetation. 

 

A heightened waterline during the dry season will decrease extent of lower bank 

vegetation.  High water lines drown submerged shrubs of the lower bank vegetation.  A 

lowered waterline will encourage a shift of lower vegetation downward but with minimal 

change in cover.   

 

 

                                                      

 
26

 Taken from FA1. 
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Table 7.20 Channel_Extent of herbaceous marsh vegetation
27

 

Response curve Explanation 

 

Increase in sand smothers marshes that occur on sporadic channel rock channels; 

decrease in sand might open up some basins for standing water, but probably by small 

amounts (say 10% increase maximum due to 90% decrease of sand).  

 

Reduced dry season duration results in the drowning of channel marshes due to longer 

inundation time. Increased dry season should maintain the status quo in extent of 

localised, ephemeral marshes on the edge of channels. 

 

Increased average channel depth will leave more channel pools with marsh vegetation 

each year; decreased average channel depth will result in drying of ephemeral, marshy 

pools in channel and decrease in herbaceous marshes.  

 

 

                                                      

 
27

 Taken from FA3. 
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Table 7.21 Channel_Extent of weeds and grass on sandbanks and sandbars
28

 

Response curve Explanation 

 

Weedy and grassy vegetation is expected to occupy about 25% of the expansion of the 

sandbar and sandbank. A 100% loss of the sandbar and sandbank will cause an 

immediate 100% loss of the vegetation. 

 

Increased duration of dry season will modestly favour the growth and expansion of 

grass/herb communities on sandy banks and isles. Decrease in duration of dry season 

will modestly retard the growth and expansion of grass/herb communities on sandbanks 

and isles. 

 

Heightened waterlines in the dry season will inundate sandbars and sandbanks and 

reduce extent of pioneer plant growth. Conversely, lowered water levels will provide more 

exposure of sandbars and sandbanks and increase the cover of weeds and grasses. 

 

                                                      

 
28

 Taken from FA1. 
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Table 7.22 Channel_Biomass of riparian vegetation
 29

 

Response curve Explanation 

 

Given the following precept: 100% increase in erosion results in an approximated 10% 

reduction in riparian plant cover (biomass). 

 

Given that the increase or decrease in exposed sandy habitats will increase the extent of 

weeds and grasses on sandbar/sandbank and the decrease in lower bank vegetation, the 

overall loss/gain in total biomass is 20% increase in biomass with 100% loss in sand, and 

a 20% decrease in biomass with a 100% gain in exposed sandy habitat. 

 

Weeds and grasses are presumed to account for 30% of the total riparian biomass. 

                                                      

 
29

 Taken from FA1. 
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Response curve Explanation 

 

The upper bank vegetation is presumed to account for 20% of the total riparian biomass. 

 

The lower bank vegetation is presumed to account for about 50% of the total riparian 

biomass. 

 

A heightened waterline in the dry season (e.g., due to water release from upstream 

dams) will decrease primary productivity of lower bank vegetation, while lowered average 

channel depth will increase productivity due to increased exposure to light. Changes are 

small. 
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Response curve Explanation 

 

Riparian trees are few and very dispersed in FA1. They account therefore for <3% of the 

biomass. 

 

 

Table 7.23 Channel_Biomass of algae 

Response curve Explanation 

 

In general algal biomass is expected to decrease as erosion increases. Periphyton is 

destroyed by higher shear stresses. Low flow that provide ideal habitat for periphyton with 

low flows shear stress decreases and more periphyton is attached to these stones. 

Periphyton is flushed and scoured from rocks with higher shear stress (Biggs and 

Thomsen 1995). Peak-flow events, particularly ones that result in mobilization of stream 

bed material, can alter benthic communities and riverine food webs by suppressing or 

releasing algal populations through physical removal mechanisms (scour by sediments) 

(Powers et al. 2008). 

 

Light can have a strong effect on algae (Lyford and Gregory 1995).The more the water 

clarity the greater the penetration of lights leading to enhanced photosynthesis and 

greater growth of periphyton (Hill 1996). 
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Response curve Explanation 

 

Longer dry duration results in more light that favour development of algae because light 

can have a strong effect on algae (Lyford and Gregory 1995). 

 

An increase in nutrients favours algal growth (Ewart-Smith 2012). A reduction in nutrients 

will result in a reduction in algae. Algae in streams are affected by light availability, 

nutrient supply and other physical habitat conditions (Stevenson et al. 1996) 

 

An increase in nutrients favours algal growth (Ewart-Smith 2012). A reduction in nutrients 

will result in a reduction in algae. 
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Response curve Explanation 

 

Suspended coarse sediments act like sand paper scouring green algae from the surface 

of inundated rocks (Grimm and Fisher 1989). An increase in suspended coarse 

sediments reduced algal abundance. A decrease in suspended coarse sediments favours 

the growth of algae. 

 

Water depth affect light available for algae to photosynthesise (Carpenter et al. 2012). In 

this range of water depths (9-14.6 m), the higher waterline, the less algae biomass due to 

lower sunlight provided for photosynthesis. 

 

More inundated rocky habitat should lead to increased biomass of periphyton, which 

accounts for a small part of the total algae biomass. 

 

 



 

  
Page 176 

 

  

Table 7.24 Floodplain_Extent of flooded forest
30

 

Response curve Explanation 

 

Increased duration of inundation can decrease flooded forest if it lasts for extraordinary 

periods of time (perhaps >40% of baseline average), thereby reaching a threshold in 

duration that drowns trees. Effects could be widespread and immediate. Decrease in 

duration of inundation will not generally affect extent, unless an extreme threshold is 

reached that does not erase the effects of flooding (<20 days underwater), in which case 

terrestrial forest elements will begin to encroach incrementally and outcompete seasonal 

hydrophytes. 

 

Increased areas of inundation will increase the extent of flooded forest proportionally, but 

only if the increase is sustained over many years. In the short term, increase in area of 

inundation results in very small increases in flooded forest cover. Decreased areas of 

inundation will decrease the extent of flooded forest proportionally, but only if sustained 

over many years. In the short term, decrease in area of inundation results in minimal 

decreases in flooded forest cover. (One-year changes are minimal, but 2-5 years of 

similar changes will elicit faster change response). 

 

 

                                                      

 
30

 Taken from FA3 – but note that the assessment method at FA3 differed from that used in FA7, where the WUP-Fin model provided data on suitable habitat for flooded forest and herbaceous 
marsh. 
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Table 7.25 Floodplain_Extent of herbaceous marsh vegetation
31

 

Response curve Explanation 

 

Aquatic invasives choke out native marsh plants, amounting to a net decrease in the 

extent of marsh vegetation, but affecting only about 50% of the natural cover around open 

water. The reduction of floating invasives will increase native marsh vegetation in equal 

proportions. 

 

Only extreme changes in the duration of flood season inundation will decrease EXTENT 

of marsh vegetation by either drowning (increase) or water stressing (decrease) the 

vegetation. 

 

Increased areas of inundation may modestly increase the extent of marshes; a decrease 

in extent of inundations could decrease the extent of marshes except those near the 

levees of FA3 (maybe around 50% of the floodplain marshes).  

 

                                                      

 
31

 Taken from FA3 – but note that the assessment method at FA3 differed from that used in FA7, where the WUP-Fin model provided data on suitable habitat for flooded forest and herbaceous 
marsh. 
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Table 7.26 Channel_Extent of grassland vegetation
32

 

Response curve Explanation 

 

Increase in extent of floating invasives will increasing outcompete floating and emergent 

grasslands (and vice versa; this grassland type only constitutes around 5% total 

grassland cover).  

 

Reduced area of wet season inundation will reduce extent of upper floodplain grasslands 

by encouraging terrestrial forests (the rate of change is presently not known and therefore 

difficult to predict). This grassland type constitutes around 30% of total grassland cover.  

 

Severe reduction in duration of wet season inundation reduces extent of upper floodplain 

grasslands (the rate of change is presently not known and therefore difficult to predict). 

This grassland type constitutes around 30% of total grassland cover.  

                                                      

 
32

 Taken from FA3 
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Response curve Explanation 

 

Alteration of present-day inner boundary of the floodplain due to heightened level of dry 

season low waterline will drown present-day tall, riparian grasslands.  This grassland type 

constitutes around 70% of total grassland cover.  

 

Severe increase in dry season duration of inundation will drown present-day tall, riparian 

grasslands.  This grassland type constitutes around 70% of total grassland cover.  
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Table 7.27 Floodplain_Biomass of indigenous riparian/aquatic cover
 33

 

Response curve Explanation 

 

Weeds and grasses on sandbanks and sandbars [All seasons]: Due to widespread 

human disturbance, about 50% cover of floodplain is grass-weed vegetation, comprising 

perhaps 70% of floodplain biomass. 

 

Invasive riparian cover (Mimosa pigra primarily) can decrease biomass of indigenous 

riparian vegetation if it crowds out larger plants. Upper and Lower bank vegetation as well 

as grasslands by shorelines are affected, which comprises only around 10% of biomass. 

The relatively steep floodplain of F3 has relatively low baseline invasion at present 

(perhaps 2%). 

 

Floating invasives, such as water hyacinth, can decrease biomass up to 50% of the total 

plant cover in open water and its boundaries in wet marshes only, which amounts to only 

about 10% of cover of the floodplain. Only 50% of marsh cover can be affected, so the 

total potential impact on biomass is about 5%. The baseline impact at present is around 

2% of the FP biomass.  

                                                      

 
33

 Taken from FA3. 
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Response curve Explanation 

 

Due to widespread anthropogenic disturbance, upper bank vegetation comprises only 5% 

of FP biomass. 

 

Herbaceous marsh comprises about 10% of F3 biomass. 

 

Riparian trees comprise only 5% of floodplain biomass in F3. 
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Response curve Explanation 

 

Due to human disturbance, lower bank vegetation comprises only 25% of floodplain 

biomass. 

 

Increased duration of inundation increases water on floodplain and increases productivity; 

decrease in duration of flood season will result in less water availability, less biomass. 

 

Increased area of inundation will increase net primary productivity (by increasing 

availability of water for photosynthesis), just as decreased areas of inundation will 

decrease net primary plant productivity. 
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Table 7.28 Floodplain_Biomass of algae 
34

 

Response curve Explanation 

Dry duration [D season] FA3 or FA5 
Light can have a strong effect on algae (Lyford and Gregory, 1995), and algal 

photosynthesis. Reduced duration of Dry season reduces algal productivity (biomass) 

 

Water depth affects light available for algae to photosynthesize (Carpenter et al. 2012). In 

the depth range 0 to 5 m, the more water, the more algae biomass in the dry season. 

 

Suspended coarse sediments >0.09 mm act like sand paper scouring green algae from 

the surface of inundated rocks (Grimm and Fisher 1989).  Coarser sediments will reduce 

algal abundance.  Finer sediments favour the growth of algae 

 

An increase in nutrient favours algal growth (Ewart-Smith 2012).  A reduction in nutrient 

will result in a reduction in algae. 

                                                      

 
34

 Taken from FA3. 
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Response curve Explanation 

 

An increase in nutrient favousr algal growth (Ewart-Smith 2012). A reduction in nutrient 

will result in a reduction in  algae. 

 

Light can have a strong effect on algae (Lyford and Gregory 1995), and algal 

photosynthesis.  Lower water clarity will decrease algal productivity. The greater the 

water clarity the greater the penetration of light leading to enhanced photosynthesis and 

greater growth of attached algae. As the clarity decreases to zero, light penetration is 

almost zero and photosynthetic activity comes to an end resulting in a decrease in 

productivity. 

 

The decomposition of forest leaves and trees is the food sources for growing algae which 

is the first link in the water body food chain. The more flooded forest, the more algal 

biomass. 
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Response curve Explanation 

 

Reduced duration of Dry season reduces algal productivity (biomass). 

 

 

Table 7.29 Extent of invasive riparian cover
 35

 

Note: Invasive plants will benefit if the indigenous vegetation is stressed.  However, once introduced they may expand their range and density even if the 

indigenous vegetation is not stressed, e.g., in response to physical disturbance/clearing.  The response curves below only consider their response to a 

decline in digenous vegetation, and as such does not portend to be a prediction of the change in invasive vegetation overall.   

 

Response curve Explanation 

 

Invasive riparian/floodplain vegetation will benefit from a decline in the condition of the 

indigenous marshes. 

                                                      

 
35

 Taken from FA3.  DRAFT curves - added by C. Brown, curves not checked by A. MacDonald. 
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Response curve Explanation 

 

Invasive riparian/floodplain vegetation will benefit from a decline in the condition of the 

indigenous grasslands. 

 

 

Table 7.30 Extent of invasive floating/submerged cover
 36

 

Note: Invasive plants will benefit if the indigenous vegetation is stressed as a result of a change in flow regime.  However, once introduced they may expand 

their range and density even if the indigenous vegetation is not stressed.  The response curves below only consider their response to a change in flow 

regime. 

 

Response curve Explanation 

 

Increased duration of inundation will enhance water surface area for longer periods of 

time and therefore favour floating invasive plant expansion. Decreased floods will 

decrease the extent of floating invasive plants. 

                                                      

 
36

 Taken from FA3 – but note that the assessment method at FA3 differed from that used in FA7, where the WUP-Fin model provided data on suitable habitat for flooded forest and herbaceous 
marsh. 
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Response curve Explanation 

 

Increased areas of inundation will favour an increased extent of invasive floating plant 

cover; decreased areas of inundation will reduce the extent of invasive floating plant 

cover. But the maximum increase will be determined by the extent of marshes, which ony 

comprises <10% of floodplain in F3. As a constant, only half of marshlands are open 

enough for the expansion of floating vegetation (= total of 5% of floodplain). 

 

High averages and extremes in water depth during the flood season decrease the extent 

of floating invasive plant populations by ushering their populations down river and away 

from the natural floodplain vegetation, reducing the size of starter stock for dry season 

growth; Lower averages and extremes in water depths during the flood season will 

increase extent of floating invasive plant cover by reducing the annual purging process of 

the floating sud, thereby maintaing dense starter stock for beginning dry season growth 

initiation. These effects are minimal on the steep floodplains of FA3. 

 

High averages and extremes in water depth during the flood season decrease the extent 

of floating invasive plant populations by ushering their populations down river and away 

from the natural floodplain vegetation. Lower averages and extremes in water depths 

during the flood season will increase extent of floating invasive plant cover by reducing 

the annual purging process of the floating sud. Effects are small in steep floodplains of 

FA3. 
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8 Macroinvertebrates 

 

Lead specialist: Dr Ian Campbell 

 

Regional specialists (fauna excl. fish): 

Cambodia: Pich Sereywath 

Lao PDR: Dr Phaivanh Phiapalath 

Viet Nam: Dr Luu Hong Truong. 

 

8.1 Introduction 

8.1.1 Objectives of the macroinvertebrates component of BioRA  

The macroinvertebrates component of BioRA identified macroinvertebrate indicators that may 

respond to changes in the Lower Mekong River system, and in particular are likely to respond to 

changes in the flow regime. Invertebrates are animals without backbones, and they include insects, 

crustaceans, snails and mussels, and various types of worms. Many invertebrates are benthic, living 

on the bed of the river, from the edges (littoral) through to the bottom of even the deepest pools, 

whilst others are planktonic, floating freely within the water column.  

 

While many invertebrates are sensitive to changes in the current, the velocity of the water, the scales 

at which they respond is often far smaller than the scales at which hydrologists measure river current. 

The water current at a third of the depth may be quite fast, but amongst the rocks on the stream bed 

where many insects are living current velocities may be much slower. However, invertebrates are 

strongly influenced by habitat – worms require soft sediment that allows them to burrow, whilst some 

mayflies and stoneflies require clean stones to which they can cling, and from which they graze on 

algae that lives in the surface biofilm. 

 

Consequently, predicting how invertebrate indicators may change in response to changes in 

hydrology is better done through tracking how the physical habitat in the river will change. 

 

8.1.2 Assumptions and limitations 

Information on aquatic invertebrates in the Mekong is limited. The best datasets available are those 

that have been produced through the bioassessment project conducted by the Environment Program 

of the MRC. Data on invertebrate taxa were available from sampling between 2003 and 2008, which 

included lists of taxa collected from the littoral, midstream soft benthos and zooplankton at about 50 

sites along the river mainstream and major tributaries. A report on sampling in 2011 was also 

available, but without the supporting taxonomic data. In addition there was some more limited data 

available on gastropods and catches of some invertebrates consumed by people.  
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8.2 BioRA zones and focus areas, with the focus on 

macroinvertebrates 

8.2.1 BioRA FA1 Mekong River upstream of Pak Beng 

Upstream of Pak Beng the Mekong River consists of a bedrock single-thread channel with deep pools 

and bedrock benches (Carling 2009; Figure 6.5 and Figure 6.6). The riverbed is not uniform, so while 

it is predominantly bedrock, boulders and cobbles there are smaller areas of sand and fine sediment. 

The slope here is steeper than in the zones downstream so maximum water velocities will be higher. 

Obviously, most abundant in this river region are invertebrates which live on stones and bedrock – 

taxa such as baetid mayflies from the genera Baetis, Platybaetis, Gratia, and Centroptilum as well as 

elmid beetles and snails (Lacunopsis) are taxa that live on stone or rock in fast current, feeding by 

scraping biofilms of the stone surfaces. 

 

8.2.2 BioRA FA2 Mekong River upstream of Vientiane/Nong Khai 

Upstream of Vientiane to Mukdahan the Mekong becomes an alluvial single thread or divided channel 

(Carling 2009: Figure 6.5 and Figure 6.6). Outcrops of rock and stone are still common, but areas of 

sand and silt are more abundant than in FA1. The invertebrate fauna includes a number of the stone-

dwelling taxa similar to those present in FA1, such as baetid mayflies (Baetiella) but also stone-

dwelling Heptageniidae (Cinygmina and Thalerosphyrus). 

 

8.2.3 BioRA FA3 Mekong River upstream of Se Bang Fai 

Upstream of Se Bang Fai to the junction with the Mun and Mekong Rivers, the Mekong River 

continues as an alluvial single or divided channel with a fine sand bed and increasing areas of 

bedrock within the channel (Carling 2009; Figure 2.2). The invertebrate fauna is relatively similar to 

that in FA2: baetid (Baetis spp., Heterocloeon spp, Cloeon spp.) and Caenid (Caenoculis sp) mayflies 

are abundant as are snails (Stenothyra sp and Bithynia sp.) around Pakse. Shrimps and prawns 

(Macrobrachium and Caridina spp) are abundant in slow-flowing locations such as backwaters and 

the mouths of some tributaries. 

 

8.2.4 BioRA FA4 Mekong River upstream of Stung Treng 

Upstream of Stung Treng the Mekong consists of a large number of bedrock anastamosed channels 

forming the Siphandone (four thousand islands) and the Khone Falls section of the river (Carling 

2009). The riverbed consists of areas of sandy substrate between the bedrock outcrops. The littoral 

faunal samples are dominated by aquatic snails, especially the family Pomatiopsidae, the family to 

which Neotricula, the host genus for the Mekong schistosome parasite belongs. Freshwater shrimps 

(Macrobrachium and Caridina) are also common as are baetid mayflies. 

 

8.2.5 BioRA FA5 Mekong River upstream of Kampong Cham 

Upstream of Kampong Cham the Mekong forms a floodplain meander complex with anabranch and 

anastomosed channels some of which connect to the Tonle Sap River in times of high flood (Figure 

2.2). Much of the channel bed consists of very fine sand and silt, with large complex sandy point bars, 

although there are some basalt bedrock outcrops controlling the overall gradient of the river and 
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creating pinch points on the river (Carling 2009). Where the basalt outcrops create riffle sections (as 

in the vicinity of Kampi Pool) baetid mayflies (e.g., Cloeon, Coenoculis) are abundant, whereas on the 

finer sediments snails (e.g., Mekongia and Stenothyra) are abundant. 

 

8.2.6 BioRA FA6 Tonle Sap River 

The Tonle Sap River consists of a single alluvial channel lined through fine sediments. The banks are 

steep in the dry season but the channel flows at or above bankful during the wet. The invertebrate 

fauna collected from the river is not diverse, restricted to polychaete worms, snails and some small 

bivalve molluscs (Corbicula sp.) which are all typical of the riverine invertebrate faunas associated 

with fine sediments. 

 

8.2.7 BioRA FA7 Tonle Sap Great Lake 

Tonle Sap Great Lake is a large shallow lake basin which varies dramatically in area and depth 

between the wet and dry seasons (Figure 2.2). The permanently inundated area is mainly about 2m 

deep in the dry season with fine flocculant sediment. The fringing area which is inundated during the 

wet season has a complex series of vegetation zones. Benthic invertebrates are associated both with 

the sediments in the permanently inundated areas of the lake as well as with the surface of the 

vegetation in the flooded forest and other seasonally inundated areas, but there is very little 

information. Ohtaka and co-workers (Ohtaka et al. 2010; Ohtaka et al. 2011) looked at net plankton 

and zoobenthos in 2003-2005. They documented a fauna comprising mostly molluscs, oligochaets 

and chironomids in the open water benthos, and abundant sessile animals such as mussels and 

bryozoans associated with floating and emergent macrophytes. 

 

8.2.8 BioRA FA8 Mekong Delta 

To be completed later. 

 

8.3 Macroinvertebrate indicators 

A list of macroinvertebrate indicators and the reasons for their selection in BioRA is given in Table 

6.2, and each indicator is discussed below.  

 

8.3.1 Insects on stones (and stony surfaces) 

This indicator is functionally defined by habitat. There are a number of aquatic insects that live only on 

rocks and other hard surfaces usually in relatively fast current (Hynes 1970). Some, such as some 

baetids, heptageniids, prosopistomatids and other mayflies and caddises feed on algae and other 

biofilm material by scraping or brushing. Some, such as simuliids, need the surfaces as an 

attachment site (Merritt et al. 2008). If hard surfaces are covered by fine silt they are unable to attach, 

and their food is buried. If hard surfaces become more abundant the abundance of the insects will 

also increase. 
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Table 8.1 Macroinvertebrate indicators used in BioRA 

Indicator Groups  Reasons for selection  
Focus Areas 

1 2 3 4 5 6 7 8 

Insects on stones 

Insects living on stones include many mayflies (e.g., Heptageniidae and 
Baetidae) as well as some dragonflies, caddisflies and two-winged flies. 
They are sensitive to changes in habitat because they require clean stony 
substrates for attachment and feeding, and they are often sensitive to 
changes in water quality such as changes in concentrations of dissolved 
oxygen. 

                

Insects on sand 

Insects living on sand include some mayflies (such as Caenidae and some 
Baetidae), some dragonflies (such as Gomphidae) and others. Once again 
these species are quite habitat specific, and any changes which alter the 
amount of sandy habitat available in the river will impact these groups of 
invertebrates. 

                

Burrowing mayflies 

Burrowing mayflies include Potamanthidae and Ephemeridae. They have 
specific habitat requirements requiring clay banks or other appropriate 
sediments in which to excavate their burrows. They are a major contributor 
to dry season insect emergence, and are also sensitive to changes in water 
quality. 

                

Snail abundance 

Snails are important as food for people as well as being hosts for significant 
parasites of both humans and stock. Changes in abundance will impact 
human populations by altering availability of food, and income (since some 
harvested snails are traded or sold) and potentially also influencing health of 
humans and their stock. 

                

Diversity of snails 
The Mekong River is a known global diversity hotspot for freshwater snails, 
especially in the family Pomatiopsidae of which there are over a hundred 
species known from the area around Khone Falls. 

                

Neotricula aperta abundance 
Neotricula aperta is the snail host for Schistosoma mekongi, a significant 

human parasite in the Mekong. 
        

Bivalve abundance 
Bivalves are an important food source for people living along the river. They 
are collected for food and trade throughout the river from northern Laos to 
the Delta. 

        

Polychaete worms 
Polychaetes are a group of worms which are tolerant of salinity, and thus an 
indicator of the spatial extent of saline intrusion into the Delta and upstream. 
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Indicator Groups  Reasons for selection  
Focus Areas 

1 2 3 4 5 6 7 8 

Shrimps and crabs  

Shrimps and crabs are an important part of the riverine ecosystem as 
important shredders and collectors. They are also significant food items 
throughout the main channel and tributaries, being harvested for food 
especially during the low flow periods. 

        

Littoral invertebrate diversity 

Invertebrates constitute an important component of biodiversity, and 
invertebrate diversity is a useful indicator of environmental stress. Poor water 
or habitat quality leads to a reduction in invertebrate diversity. Invertebrates 
are also an important food source for fish, birds and aquatic and semi-
aquatic vertebrates. 

        

Benthic invertebrate diversity 

Invertebrates constitute an important component of biodiversity, and 
invertebrate diversity is a useful indicator of environmental stress. Poor water 
or habitat quality leads to a reduction in invertebrate diversity. Invertebrates 
are also an important food source for fish, birds and aquatic and semi-
aquatic vertebrates. 

        

Zooplankton abundance 
Zooplankton are an important food source for many fish species, especially 
in Tonle Sap Great Lake and in the middle to lower reaches of the river. 

        

Zooplankton diversity 
Zooplankton are an important food source for many fish species, especially 
in Tonle Sap Great Lake and in the middle to lower reaches of the river. 
Zooplankton diversity is impacted by water quality. 

        

Benthic invertebrate 
abundance 

Invertebrates constitute an important component of biodiversity, and 
invertebrate diversity is a useful indicator of environmental stress. Poor water 
quality or poor habitat quality leads to a reduction in invertebrate diversity. 
Invertebrates are also an important food source for fish, birds and aquatic 
and semi-aquatic vertebrates. 

        

Benthic invertebrate biomass 

Invertebrates constitute an important component of biodiversity, and 
invertebrate diversity is a useful indicator of environmental stress. Poor water 
quality or poor habitat quality leads to a reduction in invertebrate diversity. 
Invertebrates are also an important food source for fish, birds and aquatic 
and semi-aquatic vertebrates. The biomass indicator was specifically 
included to account for invertebrates in Tonle Sap Great Lake. 

        

Emergence  

The Mekong has a very abundant dry season aquatic insect emergence at a 
time when water levels are low and other fish food and terrestrial insects are 
at their least abundance, so emergence is a potentially important fish food, 
and significant food source for insectivorous birds. 
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The insects-on-stones indicator was selected because its habitat is susceptible to human impact 

and the invertebrates that live there are an important food source for both fish and water birds. The 

habitat is susceptible to humans because it can be buried by fine 

sediment. This may occur if there is an increase in sediment 

delivery to the stream through land runoff after the natural 

vegetation is cleared through forestry or agricultural activities (e.g., 

Campbell and Doeg. 1989), or some industrial discharges (e.g., 

Hynes 1960). It may also occur if the river current decreases due 

to impoundment or flow reductions (e.g., Carling 1995). In addition 

to being impacted by changes in habitat this group of insects are 

often sensitive to water quality, especially nutrient concentrations 

and dissolved oxygen. Elevated nutrient concentrations have an 

indirect effect, by altering the algal biofilm on the stones potentially 

replacing edible algal species with species which are not 

consumed by the insects. Stones are usually found in areas where 

current is relatively fast and turbulent so that oxygen 

concentrations are high. A drop in dissolved oxygen generally has 

a negative impact on these insects. 

 

The invertebrate taxa included within the indicator are based on those identified during the MRC 

bioassessment exercises (MRC 2006; 2008; 2009a; 2009b; 2010), and additional information about 

the habitats and ecology of the genera collected based on the international literature. Although 

there is very little information published on the ecology and habitats of aquatic insects from the 

Mekong Basin, there is information available on the habitats and ecology of con-generic species 

from other places. For example several of the mayfly genera are discussed in Bauernfeind and 

Soldan (2012) and in Edmunds, Jensen and Berner (1976), while many other groups are discussed 

by Merritt et al. (2008) and Yule and Sen (2004).  

 

The taxa included in the indicator also vary depending on the focus area, but would commonly 

include taxa that are members of the mayfly families Baetidae, Heptageniidae, Prospistomatidae, 

the dipteran family Simuliidae and the beetle family Elmidae. No stone-dwelling insect taxa would 

be excluded, and should additional stone dwelling species be collected in future they could be 

added. 

 

Links to this indicator are shown in Table 8.2. 

 

Table 8.2 Insects on Stony Surfaces: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Erosion 

This link is included because a drop in erosion would indicate the 

likelihood of fine sediment being deposited and rendering the 

habitat unsuitable, while an increase in erosion will change the 

grain size of the sand. For these insects cobble sixed stones are 

the preferred habitat, and abundance and diversity will drop if the 

stone size becomes too large or too fine (Hynes 1970). 
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Linked indicator Reasons for selection 

Biomass of algae 

These insects are primarily browsers or scrapers collector gatherers 

(sensu Cummins and Klug 1979) feeding mainly on algae growing 

on the stone biofilm. A drop in algal biomass means less food 

available while and increase will lead to an increased population. 

Dry Min 5day Q 

The minimum flow in the dry season will set the lowest level of 

available habitat for this indicator. These insects cannot survive in 

their larval state out of water and should the dry season minimum 

flow be very low or zero it would limit subsequent population size for 

some time. 

Dry Ave dissolved 

Oxygen 

These insects are sensitive to low concentrations of dissolved 

oxygen (Hynes 1960; 1970), and very low concentrations are likely 

to kill them or cause them to drift away. The value selected is based 

on work done for the MRC review of water quality indices (Campbell 

2014) and is conservatively selected at a half of the MRC minimum 

value. The MRC minimum oxygen concentration is based on 

measurements taken during daylight; night time values will be 

lower, perhaps substantially. 

Ave pesticides  

Aquatic insects are sensitive to pesticides, and particularly 

insecticides (e.g., ANZECC 2000; USEPA 1973). There are only 

poor data available on insecticide levels in the river at present, and 

no evidence of any negative impact, but should levels increase 

substantially, i.e., 300% increase over present levels, then impacts 

would be expected. 

Availability of 

inundated rocky 

habitat 

These insects utilize the inundated rocky habitat, and the dry 

season is when this habitat is least available. Any increase in dry 

season availability will tend to increase insect numbers, while a 

decrease will have the opposite effect. 

 

 

8.3.2 Insects on sand  

As was the case for insects on stones, this indicator is functionally defined by habitat. There are a 

number of aquatic insects that live only on sand and coarse sediments, such as gravel, usually in 

moderate current (Hynes 1970). Typical insects utilizing this habitat in the LMB are mayflies from 

the family Caenidae and dragonflies from the family Gomphidae. They are unable to survive in a 

location if the sand is buried under finer sediment or eroded leaving only cobbles or bedrock.  

 

The indicator has been selected because the habitat is susceptible to human impact and the 

invertebrates that live there are an important food source for both fish and water birds. The habitat 

is susceptible to humans because it can be buried by fine sediment. This may occur if there is an 

increase in sediment delivery to the stream through land runoff after the natural vegetation is 

cleared through forestry or agricultural activities (e.g., Campbell and Doeg 1989), or some 

industrial discharges (e.g., Hynes 1960). It may also occur if the river current decreases due to 

impoundment or flow reductions (e.g., Carling 1995). Conversely any substantial increase in 

current can cause sand to be washed out, also eliminating the habitat. 
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In addition to being impacted by changes in habitat this 

group of insects are often quite sensitive to water 

quality, especially nutrient concentrations and dissolved 

oxygen. Elevated nutrient concentrations have an 

indirect effect, by altering the algal biofilm present on 

the sand grains potentially replacing edible algal 

species with species which are not consumed by the 

insects. Sand is found in areas where current is 

moderately fast and turbulent so that oxygen 

concentrations are high. A drop in dissolved oxygen 

generally has a negative impact on these insects. 

 

The invertebrate taxa included in the indicator are 

based on those identified during the MRC 

bioassessment exercises (MRC 2006; 2008; 2009a; 

2009b; 2010), and additional information about the 

habitats and ecology of the genera collected based on 

the international literature. Although there is almost no 

information published on the ecology and habitats of aquatic insects from the LMB, there is 

information available on the habitats and ecology of con-generic species from other places. For 

example several of the mayfly genera are discussed in Bauernfeind and Soldan (2012), and 

Edmunds, Jensen and Berner (1976), while many other groups are discussed by Merritt et al. 

(2008) and Yule and Sen (2004).  

 

The taxa included in the indicator vary depending on the focus area, but would commonly include 

taxa that are members of the mayfly family Caenidae and the dragonfly family Gomphidae. No 

sand-dwelling insect taxa would be excluded, and should additional sand-dwelling species be 

collected in future they could be added. 

 

Links to this indicator given in Table 8.3. 

 

Table 8.3 Insects on sand: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Erosion 

This link is included because a drop in erosion would indicate the 

likelihood of fine sediment being deposited and rendering the 

habitat unsuitable, while an increase in erosion will change the 

grain size of the sand. For these insects coarse sand is preferred, 

and abundance and diversity will drop if the grain size becomes too 

large (Hynes 1970). 

Ave bed sediment size 
If the sediment grain size becomes too fine or too coarse these 

insects will move to alternative locations. 
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Linked indicator Reasons for selection 

Biomass of algae 

These insects are primarily collector gatherers (sensu Cummins 

and Klug 1979) feeding mainly on algae growing on the sand and 

fine organic detritus trapped within it. A drop in algal biomass 

means less food available while and increase will lead to an 

increased population. 

Dry Min 5day Q 

The minimum flow in the dry season will set the lowest level of 

available habitat for this indicator. These insects cannot survive in 

their larval state out of water and should the dry season minimum 

flow be very low or zero it would limit subsequent population size for 

some time. 

Dry Ave dissolved 

Oxygen 

These insects are known to be sensitive to low concentrations of 

dissolved oxygen (Hynes 1960; 1970), and very low concentrations 

are likely to kill them or cause them to drift away. The value 

selected is based on work done for the MRC review of water quality 

indices (Campbell 2014) and is conservatively selected at a half of 

the MRC minimum value. The MRC minimum oxygen concentration 

is based on measurements taken during daylight; night time values 

will be lower, perhaps substantially lower. 

Ave pesticides  

Aquatic insects are sensitive to pesticides, and particularly 

insecticides (e.g., ANZECC 2000; USEPA 1973). There are only 

poor data available on insecticide levels in the river at present, and 

no evidence of any negative impact, but should levels increase 

substantially, i.e., 300% increase over present levels, then impacts 

would be expected. 

Availability of 

inundated sandy 

habitat 

These insects utilize the inundated sandy habitat, and the dry 

season is when this habitat is least available. Any increase in dry 

season availability will tend to increase insect numbers, while a 

decrease will have the opposite effect. 

 

 

8.3.3 Burrowing mayflies  

This indicator is functionally defined by habitat. There are a number of mayflies in the LMB that 

excavate burrows (Hynes 1970). Mostly they feed as collector gatherers (sensu Cummins and Klug 

1979) consuming fine organic detritus and algae which they filter out of the water they pump 

through the burrows they excavate in clay banks and firm sediment. The group includes mayflies 

from the families Potomanthidae, Ephemeridae and Palingeniidae (Merritt et al. 2008; Edmunds et 

al. 1976).  

 

The indicator has been selected because it is susceptible to impact from human activities such as 

increased sediment load to the river, or changes in water quality. Increased (or decreased) 

sediment load can result in the food of these taxa becoming degraded to the point where they will 

starve. Similarly, blooms of blue-green algae will prove toxic. 
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The invertebrate taxa included in the indicator are based on those identified during the MRC 

bioassessment exercises (MRC 2006; 2008; 2009a; 2009b; 2010) and additional information about 

the habitats and ecology of the genera collected based on the international literature. Although 

there is almost no information published on the ecology and habitats of aquatic insects from the 

LMB there is information available on the habitats and ecology of con-generic species from other 

places. For example several of the mayfly genera are discussed in Bauernfeind and Soldan (2012), 

and Edmunds, Jensen and Berner (1976), while many other groups are discussed by Merritt et al. 

(2008) and Yule and Sen (2004).  

 

The taxa included in the indicator are members of the mayfly genera Potamanthus, Rhoenanthus. 

Ephemera and Afromera. 

 

Links to this indicator are given in Table 8.4. 

 

Table 8.4 Burrowing mayflies: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Ave bed sediment size 

This link is included because these insects require sediments of 

appropriate grain size to permit burrowing withoiut the burrows 

collapsing. If the sediment grain size increases too much it 

becomes unsuitable for burrows (Hynes 1970). 

Biomass of algae 

These insects are primarily collector gatherers (sensu Cummins 

and Klug 1979) feeding mainly on algae which they filter from water 

pumped through the burrow by gill action. A drop in algal biomass 

means less food available while and increase will lead to an 

increased population. 

Dry Min 5day Q 

The minimum flow in the dry season will set the lowest level of 

available habitat for this indicator. These insects cannot survive in 

their larval state out of water and should the dry season minimum 

flow be very low or zero it would limit subsequent population size for 

some time. 

Dry Ave dissolved 

Oxygen 

As previously noted these insects tend to be sensitive to low 

concentrations of dissolved oxygen (Hynes 1960; 1970), and very 

low concentrations are likely to kill them or cause them to drift 

away. The value selected is based on work done for the MRC 

review of water quality indices (Campbell 2014) and is 

conservatively selected at a half of the MRC minimum value. The 

MRC minimum oxygen concentration is based on measurements 

taken during daylight; night time values will be lower, perhaps 

substantially. 

Ave pesticides 

Aquatic insects are sensitive to pesticides, and particularly 

insecticides (e.g., ANZECC 2000; USEPA 1973). There are only 

poor data available on insecticide levels in the river at present, and 

no evidence of any negative impact, but should levels increase 

substantially, i.e., 300% increase over present levels, then impacts 

would be expected. 
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8.3.4 Aquatic snail abundance 

Aquatic snails (Gastropoda) primarily live and feed on solid surfaces. They are important in the 

LMB because there is an extremely high diversity, of global significance, (Groombridge and 

Jenkins 2002, Attwood 2009) and they are also an important food for people living along the river. 

For people and water birds the abundance of the snails is the critical parameter.  

 

Snail populations are susceptible to human impact as a result of water quality or flow changes. 

Snails predominantly feed by scraping the biofilm material using their radulas and ingesting the 

material thus removed. Quantitative or qualitative changes in the algae present in the biofilm has 

the potential to impact snail abundance by altering food availability, so changes in stream nutrient 

concentrations can impact snail populations by influencing the algae in the biofilms. Increasing 

levels of fine suspended material will 

tend to negatively impact snails 

because it will decrease the availability 

of their preferred habitat, and 

substantial changes in water quality 

such as increases in pesticide levels will 

also have a negative impact, although 

snails are not particularly sensitive to 

reductions in dissolved oxygen 

concentrations. 

 

The actual invertebrate taxa included 

within the indicator are based on those 

identified during the MRC 

bioassessment exercises (MRC 2006; 2008; 2009a; 2009b; 2010), and additional information about 

the habitats and ecology of the genera collected based on the international literature. Although 

there is almost no information published on the ecology and habitats of aquatic snails from the 

Mekong Basin there is information available on the habitats and ecology of congeneric species 

from other places (e.g., Dudgeon 1999, Smith 2001, Yule and San 2004). 

 

Links to this indicator are given in Table 8.5. 

 

Table 8.5 Aquatic snail abundance: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Biomass of algae 

Snails are primarily scrapers (sensu Cummins and Klug 1979) 

feeding mainly on algae which they scrape from the biofilm growing 

on solid surfaces such as rocks and wood. A drop in algal biomass 

means less food available while and increase will lead to an 

increased population. 
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Linked indicator Reasons for selection 

Dry Ave Wetted 

Perimeter 

The average wetted perimeter in the dry season is an indicator of 

the total potential habitat available to snails during the season when 

habitat availability is least. If the reduces abundance would be 

expected to reduce, and vice versa for and increase.  

Ave pesticides 

Aquatic animals are sensitive to pesticides, and particularly 

insecticides (e.g., ANZECC 2000, USEPA 1973). There is only poor 

data available on insecticide levels in the river at present, and no 

evidence of any negative impact, but should levels increase 

substantially, i.e., a 300% increase over present levels, then 

impacts would be expected. 

 

 

8.3.5 Snail diversity 

The LMB is a diversity ―hotspot‖ of global significance for aquatic snails (Gastropoda) 

(Groombridge and Jenkins 2002, Attwood 2009). The area around Khone Falls and the Mun River 

has been identified as particularly important for the family Pomatiopsidae.  

 

Aquatic snails live and feed primarily by scraping algae off solid surfaces. Quantitative or qualitative 

changes in the algae present in the biofilm has the potential to impact snail diversity by altering 

food availability, so changes in stream nutrient concentrations can impact snail diversity by 

influencing the algae in the biofilms. Increasing levels of fine suspended material will tend to 

negatively impact snails because it will decrease the availability of their preferred habitat, and 

substantial changes in water quality such as increases in pesticide levels will also have a negative 

impact. 

 

The actual invertebrate taxa included within the indicator are based on those identified during the 

MRC bioassessment exercises (MRC 2006; 2008; 2009a; 2009b; 2010), and additional information 

about the habitats and ecology of the genera collected based on the international literature. 

Although there is almost no information published on the ecology and habitats of aquatic snails 

from the Mekong Basin there is information available on the habitats and ecology of congeneric 

species from other places (e.g., Dudgeon 1999; Smith 2001; Yule and San 2004). 

 

Links to this indicator are given in Table 8.6. 

 

Table 8.6 Snail diversity: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Erosion (Bank/Bed 

Incision) All seasons. 

Any change in the structure of the stream bed at a location will alter 

the snail diversity. A decrease in erosion will indicate increase 

deposition of finer sediment, while an increase in erosion will 

indicate a change towards coarser sediment or bedrock. 
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Linked indicator Reasons for selection 

Biomass of algae 

Aquatic snails are primarily scrapers (sensu Cummins and Klug 

1979) feeding mainly on algae which they scrape from the biofilm 

growing on solid surfaces in the river, such as stones and wood. A 

drop in algal biomass means less food available while and increase 

will lead to an increased population. 

Dry Ave Dissolved 

Oxygen 

Aquatic snails are somewhat tolerant of reduced dissolved oxygen, 

but more sensitive species will be eliminated if dissolved oxygen 

concentrations drop too low, and at concentrations approaching 0 

mg/l there would be a substantial loss of species. The value 

selected is based on work done for the MRC review of water quality 

indices (Campbell 2014) and is conservatively selected at a half of 

the MRC minimum value. The MRC minimum oxygen concentration 

is based on measurements taken during daylight; night time values 

will be lower, perhaps substantially. 

Ave pesticides 

Aquatic insects are sensitive to pesticides, and particularly 

insecticides (e.g., ANZECC 2000; USEPA 1973). There are only 

poor data available on insecticide levels in the river at present, and 

no evidence of any negative impact, but should levels increase 

substantially, i.e., 300% increase over present levels, then impacts 

would be expected. 

 

 

8.3.6 Neotricula aperta  

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

along parts of the Mekong (Attwood 2009; Figure 8.1). The snail appears to be relatively 

widespread in Cambodia, Laos and Northeastern Thailand, but not all populations support the 

parasite. It is unclear whether the parasite is unable to infect snails in some populations, or whether 

it is a more recent invader which is still spreading through the basin (Attwood 2009). At present the 

parasite primarily occurs in the region from Pakse to the Se san River. 

 

As a gastropod, Neotricula feeds by scraping algae of the surface of bedrock outcrops. It is a small 

snail (<5 mm total length) so can shelter in the crevices in the rock bars to avoid exposure to strong 

current and hide from predators. 

 

Links to this indicator are given in Table 8.7. 
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Figure 8.1 Schematic showing the life cycle of Schistosomaisis 

 

 

Table 8.7 Neotricula aperta abundance: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Biomass of algae 

Neotricula aperta is a scraper (sensu Cummins and Klug 1979) 

feeding mainly on algae which it scrapes from the biofilm growing 

on bedrock outcrops on which it lives. A drop in algal biomass 

means less food available while and increase will lead to an 

increased population. 

Dry Ave Wetted 

Perimeter 

The average wetted perimeter in the dry season is an indicator of 

the total potential habitat available to snails during the season when 

habitat availability is least. If the reduces abundance would be 

expected to reduce, and vice versa for an increase.  
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Linked indicator Reasons for selection 

Ave pesticides  

Snails are not particularly sensitive to pesticides although 

herbicides which reduce algal abundance may influence them 

indirectly (Rohr and Crumrine 2005). Molluscicides have been used 

to control golden apple snail, but the does required are high and 

would be unlikely to occur in ambient environmental situations 

(Litsinger and Estano 1993). There are only limited data available 

on insecticide levels in the river at present, and no evidence of any 

negative impact (e.g., MRC 2007) , but should levels increase 

substantially, i.e., 300% increase over present levels, then impacts 

would be expected. 

 

 

8.3.7 Bivalve abundance 

Larger bivalve molluscs are harvested for human consumption throughout the basin. Bivalve 

molluscs feed by filtering fine suspended organic material from the water (Smith 2001). They 

require soft sediments in which to shelter and tend to be most abundant in large rivers. Bivalve 

molluscs include all those species included in the class Bivalvia, which are molluscs with the shell 

consisting of two similar shaped halves, or valves. All bivalve species are included, and the MRC 

bioassessment exercise (MRC 2006; 2008; 2009a; 2009b; 2010) recorded at least 13 different 

species, of which the small bivalves from the genus Corbicula were the most abundant. Additional 

information about the habitats and ecology of the genera collected is based on the international 

literature. Although there is almost no information published on the ecology and habitats of bivalves 

from the Mekong Basin there is information available on the habitats and ecology of congeneric 

species from other places (e.g., Dudgeon 1999; Smith 2001; Yule and San 2004). 

 

Bivalve abundance will respond to a number of human induced changes, such as changes in 

sediment size and water quality, but will also be influenced by harvesting activities. That is 

especially true for the larger species that take a number of years to grow, and which are generally 

the species most sought for human food. 

 

Links to this indicator are given in Table 8.8. 

 

Table 8.8 Bivalve abundance: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Ave Bed Sediment 

size 

Bivalves require soft sediments in which to burrow. They become 

more abundant in finer sediments and less abundant as sediments 

become coarser. 

Biomass of algae 

Bivalves are filtering collectors (sensu Cummins and Klug 1979) 

feeding mainly on algae and fine organic suspended material which 

they filter from the water using their gill structures. A drop in algal 

biomass means less food available while and increase will lead to 

an increased population. 
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Linked indicator Reasons for selection 

Dry Ave Wetted 

Perimeter 

The average wetted perimeter in the dry season is an indicator of 

the total potential habitat available to mussels during the season 

when habitat availability is least. If the reduces abundance would be 

expected to reduce, and vice versa for and increase.  

Dry Ave Dissolved 

Oxygen 

While being somewhat tolerant of low dissolved oxygen 

concentrations, if dissolved oxygen drops too low bivalve 

populations will be adversely affected. The value selected is based 

on work done for the MRC review of water quality indices (Campbell 

2014) and is conservatively selected at a half of the MRC minimum 

value. The MRC minimum oxygen concentration is based on 

measurements taken during daylight; night time values will be 

lower, perhaps substantially. 

Ave pesticides  

Bivalve molluscs can concentrate pesticides, and the larvae of 

some species have been shown to be particularly sensitive to 

fungicides, but they appear to be not very susceptible to most 

insecticides or herbicides (e.g., Thorp and Rogers 2014). There are 

only limited data available on pesticide levels in the river at present, 

none of fungicides (MRC 2007), and no evidence of any negative 

impact, but should levels increase substantially, i.e., 300% increase 

over present levels, then impacts would be expected. 

 

 

8.3.8 Polychaete worms 

Polychaetes are annelid worms which sometimes occur in freshwater systems but are common in 

the littoral and benthic communities of marine and estuarine systems. Within the Mekong system 

they occur occasionally in the Tonle Sap River and are more abundant in the Delta (MRC 2006; 

2008; 2009a; 2009b; 2010). Many polychaetes are tolerant of saline waters and so are useful 

indicators of the extent of saline intrusion with the system.  

 

Links to this indicator are given in Table 8.9. 

 

Table 8.9 Polychaete worms: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Dry Ave 

Salinity/conductivity 

Polychaetes are tolerant of salinity, and where salinity is high 

competing species will be reduced and polychaete numbers will 

increase. 

Ave Bed Sediment 

Size 

Polychaetes and other worms are sensitive to the grain size of the 

benthic habitat (Hynes 1970). Any large change in the bed grain 

size, either finer or coarser grained, will impact the invertebrates. 

Biomass of algae 

Polychaetes tend to be collectors (sensu Cummins and Klug 1979) 

feeding by filtering the water or by simply ingesting the sediment 

and digesting mainly algae or bacteria associated with fine organic 
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Linked indicator Reasons for selection 

material. The algal material is the most nutritious component of their 

food. A drop in algal biomass means less food available while and 

increase will lead to an increased population. 

Dry Min 5 day Q 

The dry minimum 5-day flow determines the minimum habitat area 

available during the year. That in turn will be an important limiting 

factor on populations at a locality. 

Dry Ave Dissolved 

Oxygen 

If dissolved oxygen drops too low polychaete populations will be 

adversely affected. The value selected is based on work done for 

the MRC review of water quality indices (Campbell 2014) and is 

conservatively selected at a half of the MRC minimum value. The 

MRC minimum oxygen concentration is based on measurements 

taken during daylight, whilst night time values will be lower, perhaps 

substantially lower. 

Ave pesticides 

Aquatic insects are sensitive to pesticides, and particularly 

insecticides (e.g., ANZECC 2000; USEPA 1973a,b). There are only 

poor data available on insecticide levels in the river at present, and 

no evidence of any negative impact, but should levels increase 

substantially, i.e., 300% increase over present levels, then impacts 

would be expected. 

 

 

8.3.9 Shrimps and crabs 

Shrimps and crabs are important dietary items for people living along the river. Crabs require stony 

or solid substrata with shelter to survive, but shrimps are active swimmers persisting in the water 

column as well as sheltering in aquatic vegetation and amongst bed elements. Both groups feed on 

coarse and fine detritus and algae (Yule and Yong Hoi Sen 2004). Included here are all species 

belonging to the Decapoda, both the Brachyura (crabs) and the Caridae which includes three 

families in the Mekong region: Palaemonidae, Atyidae and Alpheidae. 

 

The MRC bioassessment exercise (MRC 2006; 2008; 2009a; 2009b; 2010) recorded at least five 

species of freshwater shrimps or prawns and three different species of crabs, of which the atyid, 

Caridina, was the most abundant. Additional information about the habitats and ecology of the 

genera collected based on the international literature. Although there is almost no information 

published on the ecology and habitats of shrimps and crabs from the LMB there is information 

available on the habitats and ecology of con-generic species from other places (e.g., Dudgeon 

1999, Smith 2001; Yule and San 2004). 

 

Primary human-induced impacts would occur through habitat modification, changes in water quality 

and direct harvesting. 

 

Links to this indicator are given in Table 8.10. 
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Table 8.10 Shrimps and crabs: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Ave Bed Sediment 

size 

Shrimps and crabs require appropriate sediment grain sizes in 

which to shelter. They become less abundant as sediments become 

finer or coarser. 

Biomass of algae 

Shrimps and crabs are shredders and collectors (sensu Cummins 

and Klug 1979) feeding mainly on algae, fine organic suspended 

material which they filter from the water using their gill and leg., 

structures an coarse organic particulate material they encounter of 

the riverbed. The algal biofilm on the coarse material, and algae in 

the filtrate are the most nutritious component of their food, A drop in 

algal biomass means less food available while and increase will 

lead to an increased population. 

Dry Ave Wetted 

Perimeter 

The average wetted perimeter in the dry season is an indicator of 

the total potential habitat available to shrimps and crabs during the 

season when habitat availability is least. If the reduces abundance 

would be expected to reduce, and vice versa for and increase.  

Dry Ave Dissolved 

Oxygen 

If dissolved oxygen drops too low shrimp and crab populations will 

be adversely affected. The value selected is based on work done 

for the MRC review of water quality indices (Campbell 2014) and is 

conservatively selected at a half of the MRC minimum value. The 

MRC minimum oxygen concentration is based on measurements 

taken during daylight; night time values will be lower, perhaps 

substantially. 

Ave pesticides 

Aquatic insects are sensitive to pesticides, and particularly 

insecticides (e.g., ANZECC 2000; USEPA 1973). There are only 

poor data available on insecticide levels in the river at present, and 

no evidence of any negative impact, but should levels increase 

substantially, i.e., 300% increase over present levels, then impacts 

would be expected. 

 

 

8.3.10 Littoral invertebrate diversity 

Littoral invertebrates are those taxa living in the water near the edge of the river. They constitute 

one of the assemblages sampled by the MRC in the bioassessment survey (MRC 2006; 2008; 

2009a; 2009b; 2010). They provide a convenient indicator because they are easily sampled and 

sensitive both because of their diversity and their location which means they are the first 

ecosystem component exposed to land runoff. In addition the database provided from the 

bioassessment work gives a basis for assessing how this indicator changes in future. The 

assemblage includes all the larger invertebrate organisms such as insects, crustacea, worms of 

various kinds and molluscs. Not included are microscopic organisms which cannot be collected in a 

net – such as single celled organisms or protists.  

 

All of the taxa listed under littoral invertebrates in the MRC bioassessment surveys (MRC 2006; 

2008; 2009a; 2009b; 2010) are included in this indicator. 
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Links to this indicator are given in Table 8.11. 

 

Table 8.11 Littoral invertebrate diver: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Erosion (Bank/Bed 

incision)  

Littoral invertebrates are sensitive to the diversity of the littoral 

habitat, being most abundant and diverse where the substrate 

consists of cobbles (Hynes 1970). Any large change in the erosion 

levels will tend to make the substrate either finer or coarser grained, 

thus impacting the littoral invertebrates. 

Biomass of algae 

Littoral invertebrates employ a wide range of feeding mechanisms, 

but for many it is the algal content which is the most nutritious. An 

increase in algae will increase food availability, and a decrease will 

decrease it. 

Dry Min 5 day Q 

The lowest flow will coincide with the lowest available habitat area 

at a critical time for these invertebrates, when habitat is least 

available. For many species this will limit their population for the 

rest of the year. 

Dry Ave Dissolved 

Oxygen 

Many littoral invertebrates are sensitive to reduced dissolved 

oxygen concentrations (e.g., Hynes 1960). The value selected is 

based on work done for the MRC review of water quality indices 

(Campbell 2014) and is conservatively selected at a half of the 

MRC minimum value. The MRC minimum oxygen concentration is 

based on measurements taken during daylight; night time values 

will be lower, perhaps substantially. 

Ave pesticides  

Aquatic insects are sensitive to pesticides, and particularly 

insecticides (e.g., ANZECC 2000; USEPA 1973). There are only 

poor data available on insecticide levels in the river at present, and 

no evidence of any negative impact, but should levels increase 

substantially, i.e., 300% increase over present levels, then impacts 

would be expected. 

 

 

8.3.11 Benthic invertebrate diversity 

Benthic invertebrates are those collected away from the bank in grab samples during the MRC 

bioassessment sampling exercises (MRC 2006; 2008; 2009a; 2009b; 2010). The habitat samples 

ranged in grain size from fine gravels down to fine silts. The range of invertebrates included is more 

restricted than for littoral invertebrates, but includes worms, molluscs (especially bivalves) and 

some insects (especially Chironomidae). They are selected as an indicator because they are an 

important component of the diversity, and important food source for fish and some reptiles, and 

because there is an existing set of data against which future changes can be assessed. 

 

Links to this indicator are given in Table 8.12. 
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Table 8.12 Benthic invertebrate diversity: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Erosion (Bank/Bed 

incision)  

Benthic invertebrates are sensitive to the grain size of the benthic 

habitat (Hynes 1970). Any large change in the erosion levels will 

tend to make the substrate either finer or coarser grained, thus 

impacting the invertebrates. 

Ave Bed Sediment 

Size 

Benthic invertebrates are sensitive to the grain size of the benthic 

habitat (Hynes 1970). Any large change in the bed grain size, either 

finer or coarser grained, will impact the invertebrates. 

Biomass of algae 

Benthic invertebrates tend to be collectors (sensu Cummins and 

Klug 1979) feeding by filtering the water or by simply ingesting the 

sediment and digesting mainly algae or bacteria associated with 

fine organic material. The algal material is the most nutritious 

component of their food. A drop in algal biomass means less food 

available while and increase will lead to an increased population. 

Dry Min 5 day Q 

The dry minimum 5 day flow determines the minimum habitat area 

available during the year. That in turn will be an important limiting 

factor on populations at a locality.  

Dry Ave Dissolved 

Oxygen 

If dissolved oxygen drops too low benthic invertebrate populations 

will be adversely affected. The value selected is based on work 

done for the MRC review of water quality indices (Campbell 2014) 

and is conservatively selected at a half of the MRC minimum value. 

The MRC minimum oxygen concentration is based on 

measurements taken during daylight; night time values will be 

lower, perhaps substantially. 

Ave pesticides 

Aquatic insects are sensitive to pesticides, and particularly 

insecticides (e.g., ANZECC 2000; USEPA 1973). There are only 

poor data available on insecticide levels in the river at present, and 

no evidence of any negative impact, but should levels increase 

substantially, i.e., 300% increase over present levels, then impacts 

would be expected. 

 

 

8.3.12 Zooplankton abundance 

In a river as large as the Mekong zooplankton is an important component of the biota, and is also a 

critical food item for fish, and thus an important link in the food chain from algae to people. 

Zooplankton are also one of the biological components sampled as part of the MRC bioassessment 

project (MRC 2006; 2008; 2009a; 2009b; 2010) so there is an established baseline against which 

future changes may be assessed. The biota included comprises microcrustacea such as copepods 

and cladocerans, rotifers, some protists and some insects (especially planktonic caddis larvae). 

Fish larvae would also be included. The MRC samples were collected using a bucket sampling 

technique.  

 

As an indicator zooplankton would be expected to respond primarily to changes in water quality, 

changes in flow and impoundment since the potamoplankton differ from lake plankton.  
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Links to this indicator are given in Table 8.13. 

 

Table 8.13 Zooplankton abundance: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Mean Annual Runoff  

Zooplankton abundance increases as river size increases (e.g., 

Hynes 1970). This is partly due to the water having been in the river 

channel longer in large rivers, so plankton has time to reproduce 

and increase, and partly because the laminar flow in larger rivers is 

more suitable for planktonic existence. 

Wet Season Ave 

channel velocity 

Zooplankton will tend to get washed out of the channel during 

periods of very rapid flow, so populations remaining in the channel 

will be reduced.  

Biomass of algae 

Zooplankton primarily feed on phytoplankton and suspended 

organic material including bacteria and other microorganisms. 

Phytoplankton is the most nutritious component of their food. A drop 

in algal biomass means less food available while and increase will 

lead to an increased population. 

Dry Ave Dissolved 

Oxygen 

If dissolved oxygen drops too low zooplankton populations will be 

adversely affected. The value selected is based on work done for 

the MRC review of water quality indices (Campbell 2014) and is 

conservatively selected at a half of the MRC minimum value. The 

MRC minimum oxygen concentration is based on measurements 

taken during daylight, whilst night time values will be lower, perhaps 

substantially lower. 

Ave pesticides 

Many zooplankton species are sensitive to pesticides, particularly 

insecticides (e.g., ANZECC 2000; USEPA 1973a, b) and taxa such 

as Daphnia are often used as test animals for toxicity screening. 

There are only poor data available on insecticide levels in the river 

at present, and no evidence of any negative impact, but should 

levels increase substantially, i.e., 300% increase over present 

levels, then impacts could be expected. 

 

 

8.3.13 Zooplankton diversity 

Zooplankton is an important component of the diversity of the Tonle Sap Great Lake, and this 

indicator was developed purely for use in FA7. There are some data available on plankton diversity 

and abundance in the lake (Ohtaka et al. 2010, Ohtaka et al. 2011) but probably not sufficient to be 

considered as a baseline. Ohtaka et al. (2010) identified Rotifera, Cladocera, Copepoda and 

Ostracoda as the key metazoan planktonic groups but did not provide a detailed list of taxa 

collected. The key to the diversity appears to be the area of inundation in any given year. 

 

Links to this indicator are given in Table 8.14. 
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Table 8.14 Zooplankton diversity: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Wet season Ave 

floodplain inundation 

area  

The larger the area of floodplain inundated that more abundant the 

zooplankton, because there is a greater area of lentic habitat. Less 

inundation means less diverse zooplankton. 

Ave area of Floodplain 

inundated during T1 

season 

The longer the floodplain is inundated the more the zooplankton in 

the inundated area has time to develop, and the more diverse it will 

be. The area flooded in the two transition periods indicates both an 

area and a length of time of inundation. 

Ave area of Floodplain 

inundated during T2 

season 

The longer the floodplain is inundated the more the zooplankton in 

the inundated area has time to develop, and the more diverse it will 

be. The area flooded in the two transition periods indicates both an 

area and a length of time of inundation. 

 

 

8.3.14 Benthic invertebrate abundance 

Benthic invertebrate abundance is an indicator developed specifically for Tonle Sap Great Lake 

where the composition of the benthos differs markedly from the composition in the river, and where 

the factors influencing the benthos also differs from those in the river. However, as with the river, 

the benthos in the lake is important both from a biodiversity perspective and as food for the fish. 

 

There is limited data available of the composition of the benthos in the lake, because it was not 

included in the bioassessment project, largely because it could not be compared to the biota of the 

riverine sites sampled elsewhere. Ohtaka et al. (2010) provide limited information on the taxa 

collected in there two surveys of the benthos, conducted when the water was high and again when 

the water was low. Molluscs (mainly bivalves), chironomid midges and oligochaete worms are the 

most abundant faunal components. 

 

Links to this indicator are given in Table 8.15. 

 

Table 8.15 Benthic Invertebrate Abundance: Linked indicators and reasons for selection 

Linked indicator Reasons for selection 

Wet season Ave 

floodplain inundation 

area  

The larger the area of floodplain inundated that more abundant the 

benthos, because there is a greater area of benthic habitat. Less 

inundation means less benthos. 

Ave area of Floodplain 

inundated during T1 

season 

The longer the floodplain is inundated the more the benthos in the 

inundated area has time to develop, and the more abundant it will 

be. The area flooded in the two transition periods indicates both an 

area and a length of time of inundation. 

Ave area of Floodplain 

inundated during T2 

season 

The longer the floodplain is inundated the more the benthos in the 

inundated area has time to develop, and the more abundant it will 

be. The area flooded in the two transition periods indicates both an 

area and a length of time of inundation. 
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8.3.15 Composite invertebrate biomass 

Benthic invertebrate biomass is an important indicator of food availability for fish, some aquatic 

reptiles (such as turtles) and some wading birds. Benthic invertebrate biomass refers to the riverine 

sites, with a separate indicator, Benthic invertebrate abundance, applying to the Tonle Sap Great 

Lake. This indicator is a composite indicator based on other indicators: insects on stones, insects 

on sand, burrowing mayflies, snail abundance, bivalve abundance and abundance of shrimps and 

crabs. All links are indirect via the components of the indicator. 

 

8.3.16 Composite dry season insect emergence 

Dry season insect emergence is extremely 

abundant, and an important food component 

for insectivorous birds at a time when there 

are fewer insects available in terrestrial 

habitats, as well as being potentially an 

important food for fish. The indicator is a 

composite indicator based derived from the 

results from insects on stones, insects of 

sand and burrowing mayflies. Burrowing 

mayflies in particular are known to have mass 

emergences in the dry season with ―drifts‖ of 

dead insects piling up against obstructions in the current. All links are indirect via the components 

of the indicator. 

 

8.4 Status and trends 

Estimations of changes to invertebrates in the Lower Mekong system are challenging for several 

reasons. Firstly taxon-specific data from the comprehensive surveys are only available for 2003-

2008, which is insufficiently long to draw confident conclusions about patterns of change over time. 

At any single sampling site there were at most three sampling occasions over time and for most 

sites only a single sampling occasion. Secondly samples are single point samples, and we are 

attempting to draw conclusions about extensive stretches of river. Often there are substantial local 

variations, such as reduced water quality around cities, or substantial gradients as between the 

upstream and downstream areas of the Delta, which make it difficult to decide on the rating of the 

stretch as a whole. 

 

The bioassessment data do demonstrate that the invertebrate assemblages of the basin were 

generally in good condition at least until 2011. Only one site was rated as poor condition in the 

2011 data (MRC 2014), and based on data from 2004 to 2007, 40 of 51 sites were rated ―excellent‖ 

or ―satisfactory‖ and only 11 as ―moderately impacted‖ (Campbell et al. 2009). 

 

There are several important historical events and trends that will have impacted invertebrate 

assemblages in the river. The first was the Chinese communist revolution from 1946-49 and the 

Korean War from 1950-3. At that time China and other communist countries were cut off from 
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supplies of rubber, which came largely from Indonesia, Malaya and Sri Lanka (Cain 2007). 

Consequently China undertook extensive development of rubber plantations in Fujian, Yunnan, 

Guangdong and Hainan Island around that time (Vogel 1989). Large areas of primary forest on 

steep hillsides were cleared in the vicinity of Jinhong in order to plant rubber trees. We have no 

water quality data, but there must have been substantial erosion, and the fine particulates load into 

the river must have increased enormously at that time. This would have impacted filter feeders and 

invertebrates living on stones, with the impacts being ameliorated further downstream. Secondly, 

during the American War in Viet Nam between 1960 and 1975 extensive chemical defoliation was 

carried out in the Delta which must have severely impacted aquatic invertebrates in that stretch. 

The Foundation for Worker, Veteran and Environmental Health has documented areas that were 

sprayed with defoliants during that conflict (Stellman 2010). Thirdly, there has been rapid 

population growth in the region especially since the mid-1970s as peaceful governments came to 

power and with the Asian Tiger economic growth. This led to rapid expansion of cities firstly in 

Thailand, then Viet Nam, and then Cambodia and Lao. With population growth there has been 

impacts on wetlands with reclamation and conversion to rice fields, increased urban runoff, 

increased riverine navigation, intensification of agriculture and aquaculture with increased use of 

fertilizer and pesticide and increased discharge of urban waste water (MRC 2003 2010). There has 

still been relatively little development of heavy industry in most of the LMB. Finally, the construction 

of dams firstly in the upper Mekong and tributaries, and now in the Lower Mekong, is changing the 

pattern of sediment transport, with a recent decrease in suspended solids especially in Lao PDR. 

 

The hypothesised changes in aquatic invertebrates over time presented here are based largely on 

my expectations about their likely responses to the changes described previously. Most 

invertebrates have relatively short life cycles (1-12 months; Dudgeon 1999), so populations will 

recover rapidly after pulse stressors are removed. 

 

No particular attention was paid to invertebrate drift. Drift, normally bottom-dwelling invertebrates 

floating downstream, has been the subject of a number of investigations (Bishop and Hynes 1969, 

Brittain and Eikeland 1988; Wilzbach and Cummins 1989). It appears to be used at times, as a 

mechanism for invertebrates to avoid stressful conditions and increasing turbidity will trigger an 

increase in drift (Brittain and Eikeland 1988; Wilzbach et al. 1988). Under normal conditions drift 

usually has a regular diurnal pattern, with peaks just after dusk and just before dawn. It has been 

suggested that drift represents excess production – with invertebrates leaving a location which has 

become too crowded. It has also been suggested that many drifting may be affected by pathogens 

or disease (Wilzbach and Cummins 1989). Whether these are correct or not, drift is potentially an 

important recolonizing process after a pulse disturbance has depleted the invertebrate biota at a 

location, but is probably not of great significance in the absence of substantial pulse disturbances.  

 

Substrate is a major influential factor in determining the composition and abundance of aquatic 

invertebrates at any particular location (Hynes 1970, Dudgeon 1999). Changes in sediment 

transport and erosion, by altering the substrate of the river, will alter the aquatic invertebrate fauna 

associated with it, and this is the primary factor likely to have impacted the aquatic invertebrate 

indicators since 1900. 

 

The estimated 2015 ecological status for each of the macroinvertebrate indicators is provided in 

Table 8.16. The definitions for the categories are given in Table 3.2. The expected trends in the 

indicators are discussed in Sections 8.4.1 to 8.4.8. 
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Table 8.16 Estimated 2015 ecological status for each of the macroinvertebrate 

indicators 
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2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 

Mekong 
River in Lao 
PDR 

B B C C C C NA B NA C C C B 

Mekong 
River in Lao 
PDR/ 
Thailand 

B B C C C C B B NA C C C B 

Mekong 
River in 
Cambodia 

B C C C C C B B NA C C C B 

Tonle Sap 
River 

NA C C NA C C NA B NA C C C B 

Tonle Sap 
Great Lake 

NA NA C NA C C NA B NA C C C NA 

Mekong 
Delta 

NA B C NA D D NA C D C C C NA 

 

 

8.4.1 Insects on stones 

There are a number of aquatic insects that live only on rocks and other hard surfaces in relatively 

fast current. Some, such as some baetids, heptageniids and other mayflies and caddises feed on 

algae and other biofilm material by scraping or brushing. Some, such as simuliids, need the 

surfaces as an attachment site (Merritt et al. 2008). If hard surfaces are covered by fine silt they are 

unable to attach, and their food is buried. If hard surfaces become more abundant the abundance 

of the insects will also increase. In the upper river their abundance would have been higher when 

the sediment load of the river was lower. Erosion from China would have decreased their 

abundance in the 1950s with recovery as erosion reduced up to the 1970s. Increasing forest 

clearance and more extensive bank use by people would have increased sediment load and 

reduced the rate of recovery, but recent drops in suspended solids load will have increased their 

abundance over the past 15 years. They are not present in the silty riverine sections such as the 

Tonle Sap, or in the lake or Delta. 
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Figure 8.2 Insects on stones: Historic abundance estimates as % relative to 2015 (100%) 

 

 

8.4.2 Insects on sand  

A number of insect species, including some caenid mayflies and gomphid dragonflies, live on sand 

in moderate current, where they feed on detritus. If sand is covered by fine silt they are unable to 

survive, and if sand is scoured out they will decline. If sand becomes more abundant their 

abundance will increase.  

 

 

Figure 8.3 Insects on sand: Historic abundance estimates as % relative to 2015 (100%) 

 

 

In the upper river their abundance would have been similar to the present when the sediment load 

of the river was lower. Erosion and sedimentation in upstream areas (e.g, China) would have 

decreased their abundance in the 1950s with recovery as erosion reduced up to the 1970s. 

Increasing forest clearance and more extensive bank use by people would have increased 

sediment load and reduced the rate of recovery, but recent drops in fine suspended solids load will 
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have increased their abundance over the past 15 years. Caenids are not present in the Great Lake, 

and are only present in the upper sites in the Delta. In the Delta they will be impacted to some 

extent by sand dredging, but probably to a greater extent by reducing water quality with increasing 

urbanization and farming intensification. 

 

8.4.3 Burrowing mayflies 

There are a number of species of burrowing mayflies in the Mekong including species from the 

Palingeniidae, Ephemeridae and Pothomanthidae, which all construct burrows in fine silts and 

clays in slow to moderate current where they feed on detritus (Edmunds et al. 1976, Merritt et al. 

2008). If fine silt is reduced their abundance will also reduce. If sand becomes more abundant they 

will decline. In the upper river their abundance would have been similar to the present when the 

sediment load of the river was lower. Erosion from upstream areas would have decreased their 

abundance in the 1950s because of increased turbidity reducing the quality of the suspended 

material (with less algae) with recovery as erosion reduced up to the 1970s. Increasing dry season 

flows will have decreased their abundance over the past 15 years because they have strongly 

seasonal dry season emergence. These mayflies are not expected to be present in the Great Lake 

where the sediment is highly flocculent, or in the Delta.  

 

 

Figure 8.4 Burrowing mayflies: Historic abundance estimates as % relative to 2015 

(100%) 

 

 

8.4.4 Aquatic snail abundance 

Aquatic snails (Gastropoda) primarily live and feed on solid surfaces. They are important in the 

Mekong because there is an extremely high diversity, of global significance, (Groombridge and 

Jenkins 2002, Attwood 2009) and they are also an important food for people living along the river. 

Increasing levels of fine suspended material will tend to negatively impact snails because it will 

decrease the availability of their preferred habitat, and substantial changes in water quality will also 

have a negative impact. In the upper mainstream the major impacts would be the increase in fine 

sediment from China during the 1950s and the current drop in fine sediment as a result of 
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entrapment in upstream dams. Around the Great Lake and the Tonle Sap River loss of habitat from 

clearing of flooded forest and increased sediment and even trampling disturbance along the 

riverbank will be major factors. In the Delta the defoliation and the clearance of riparian vegetation 

with increased human population, and deterioration of water quality are likely to be major factors 

affecting snail abundance. 

 

 

Figure 8.5 Snail abundance: Historic abundance estimates as % relative to 2015 (100%) 

 

 

8.4.5 Aquatic snail diversity 

Aquatic snail diversity in the lower Mekong is extremely rich. According to Groombridge and 

Jenkins (2002) there are at least 121 described species of which 111 are endemic, but Attwood 

(2009) citing Davis (1979) suggests that there are at least 285 endemic species. Diversity will most 

likely be impacted by the same factors impacting gastropod abundance. Increasing levels of fine 

suspended material will tend to negatively impact snails because it will decrease the availability of 

their preferred habitat, and substantial changes in water quality will also have a negative impact. In 

the upper mainstream the major impacts would be the increase in fine sediment from China during 

the 1950s and the current drop in fine sediment from dams (Figure 8.6). Around the Great Lake 

and the Tonle Sap River loss of habitat from clearing of flooded forest and increased sediment and 

even trampling disturbance along the riverbank will be major factors. In the Delta the defoliation 

and the clearance of riparian vegetation with increased human population, and deterioration of 

water quality are likely to be major factors. 
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Figure 8.6 Snail diversity: Historic abundance estimates as % relative to 2015 (100%) 

 

 

8.4.6 Neotricula aperta 

Neotricula aperta is the snail host of Schistosomaisis mekongi (Figure 8.1) an important parasite of 

humans along parts of the Mekong (Attwood 2009). The snail appears to be relatively widespread 

in Cambodia, Lao PDR and Northeastern Thailand, but not all snail populations support the 

parasite. It is unclear whether the parasite is unable to infect snails in some populations, or whether 

it is a more recent invader which is still spreading through the basin (Attwood 2009). At present the 

parasite primarily occurs in the region from Pakse to the Se San River. As a gastropod, N. aperta 

will be subject to the same factors as the previous two indicators, i.e., a decline in the 1970s due to 

fine sediment, but a long-term increase is indicated based on Attwood‘s suggestion that the 

species is dispersing – so the increase is indicative of a wider distribution rather than increased 

density (Figure 8.7). 

 

 

Figure 8.7 Neotricula aperta: Historic abundance estimates as % relative to 2015 (100%) 
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8.4.7 Bivalve abundance 

Bivalve molluscs feed by filtering fine suspended organic material from the water (Smith 2001). 

They require soft sediments in which to shelter and tend to be most abundant in large rivers. 

Populations are indicated as reducing in the 1950s due to increased sediment from upstream (i.e., 

China) (which was probably relatively high in inorganic content and so not suitable as food material 

for bivalves), and more recently due to the drop in fine particulate suspended material. In the Delta, 

populations must have been severely impacted by defoliation. Harvesting by humans and dredging 

will also adversely impact bivalves. 

 

 

Figure 8.8 Bivalve abundance: Historic abundance estimates as % relative to 2015 

(100%) 

 

 

8.4.8 Shrimps and crabs  

Shrimps and crabs are important dietary items for people living along the river. Crabs require stony 

or solid substrata with shelter to survive, but shrimps are active swimmers persisting in the water 

column as well as sheltering in aquatic vegetation and amongst bed elements. Both feed on coarse 

and fine detritus and algae (Yule and Yong Hoi Sen 2004). In the 1950s the sediment from China 

would have adversely affected populations with impacts persisting through to 1970s. More recently 

harvesting by people, changes to littoral habitat, and changes in water quality have probably 

slightly negatively impacted these groups. In the Delta, defoliation would have had a marked 

negative impact in the 1970s. 
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Figure 8.9 Shrimps and crabs: Historic abundance estimates as % relative to 2015 

(100%) 

 

 

8.4.9 Littoral invertebrate diversity 

Littoral invertebrate species diversity will have decreased slightly over most of the river over the 

total time period. Littoral invertebrates in environments such as this are often most affected by 

changes in runoff quality from urban and agricultural areas, as well as changes in habitat condition. 

The two most substantial impacts would have been the widespread erosion in the upper river i.e., 

in China in the 1950s, and defoliation in the Delta in the 1970s. Around the Great Lake clearance of 

the flooded forest would have been an important factor contributing to littoral invertebrate decline. 

 

 

Figure 8.10 Littoral Invertebrate Diversity: Historic abundance estimates as % relative to 

2015 (100%) 
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8.4.10 Benthic Invertebrate diversity 

Benthic invertebrates will be impacted by a similar range of factors to littoral invertebrate diversity, 

however because of their preference for soft sediments they will be favoured by increased fine 

particulate suspended material, as long as it contains sufficient organic content. On the 

mainstream, benthic invertebrates will have been little affected by upstream erosion, but are 

probably affected by the reduced FPOM in the past few years. Defoliation would have had a 

marked effect in the Delta with a recovery following. Reduced water quality will be impacting Delta 

benthic assemblages currently, which is apparent in the MRC biomonitoring results. 

 

 

Figure 8.11 Benthic invertebrate diversity: Historic abundance estimates as % relative to 

2015 (100%) 

 

 

8.4.11 Zooplankton abundance 

Zooplankton abundance will be impacted by flow regime (with more plankton present under low 

flow conditions) turbidity (more plankton when water is clear so more rapid algal growth) location 

(more plankton downstream) and water quality. Plankton in the upper stretches will have been 

negatively impacted by upstream erosion in China, and positively by the recent drop in FPOM. The 

constructed dams upstream may also contribute plankton to the river. Further downstream 

increasing turbidity through increased bank erosion and increased navigation will decrease 

zooplankton (although that might be somewhat counteracted by increased fishing pressure 

reducing predator pressure). In the Delta, the defoliation will have negatively impacted 

zooplankton, but water quality will also have had (probably) a negative impact. 
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Figure 8.12 Zooplankton abundance: Historic abundance estimates as % relative to 2015 

(100%) 

 

 

There are limited data available on zooplankton in Tonle Sap Great Lake, with the most accessible 

being those of Ohtaka and co-workers (Ohtaka et al. 2010; 2011). However these data are based 

on just two sampling occasions, which are insufficient for the claimed evidence of seasonal 

patterns. 

 

In Tonle Sap Great Lake, overall zooplankton abundance will vary depending on water level. As the 

flood water extends out across the floodplain and through the flooded forest zooplankton 

abundance will increase, because water over the floodplain is lower in turbidity, but higher in 

dissolved nutrients and so supports higher algal production than water in the central lake basin, 

which, in turn, will support higher zooplankton abundance. 

 

8.4.12 Benthic invertebrate abundance 

This is an indicator developed specifically for Tonle Sap Great Lake. A separate indicator, Benthic 

Invertebrate Biomass is utilised for the riverine benthos, but it is a composite index based on 

abundances of a variety of other indicators (such as insects of stones, and insects on sand) which 

do not occur in Tonle Sap Great Lake. There is limited data on the benthos in the Great Lake, the 

most accessible data is that of Ohtaka and co-workers (Ohtaka et al. 2010; 2011), which shows 

contradictory seasonal patterns at different locations in the lake, however the patterns are based 

on single grab samples at a single time, so form an unreliable indication of the patterns which 

occur. In the dry season there is no lake benthos on the floodplain, but the biota recruits rapidly 

once the floodplain is inundated. Increasing boat action in the open water may have negatively 

impacted the benthos over time, and clearing the floodplain vegetation would certainly have 

negatively influenced the benthos on the floodplain during the inundation period.  
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8.4.13 Polychaete worms 

Polychaetes are a group of worms that live in soft sediments and include many species which are 

tolerant of high salinity. They are commonly found in estuaries and mainly occur in this river system 

in the Mekong Delta (Pham Vien Mien 2002) where their abundance will be impacted by salinity, 

which will favour them over other groups of worms, and water quality which will negatively impact 

them. The defoliation will have had a substantial impact on polychaetes in the 1970s, and 

deteriorating water quality, and dredging in the Delta will have negatively impacted populations 

more recently. 

 

 

Figure 8.13 Polychaet worms: Historic abundance estimates as % relative to 2015 (100%) 

 

 

8.4.14 Composite invertebrate biomass 

The biomass of benthic invertebrates is an important parameter influencing growth and abundance 

of fish, particularly those which are benthic feeders, but less directly some other guilds as well. 

 

8.4.15 Composite dry season insect emergence 

Dry season insect emergence reflects impacts on many of the aquatic insects, particularly 

Ephemeroptera and Trichoptera. It occurs everywhere, but is of particular significance in the 

mainstream in Lao PDR and Cambodia where it is probably an important food for both fish and 

insectivorous birds. The drop in fine suspended solids, and increasing dry season flows will have 

reduced emergence somewhat in the past few years, especially in the upper reaches. The high 

sediment load in the 1950s probably reduced emergence in these reaches around the time of the 

Korean War. In the Great Lake and lower reaches, reduced water quality from agricultural runoff 

and urban runoff will have had a slight negative impact. 
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Figure 8.14 Dry season emergence: Historic abundance estimates as % relative to 2015 

(100%) 

 

 

8.5 Response curves and supporting evidence/reasoning 

The explanations and evidence for the shape of the response curves are tabulated as follows: 

Table 8.17 Insects on stones 

Table 8.18 Insects on sand 

Table 8.19 Burrowing mayflies 

Table 8.20 Aquatic snail abundance 

Table 8.21 Aquatic snail diversity 

Table 8.22 Neotricula aperta  

Table 8.23 Bivalve abundance 

Table 8.24 Shrimps and crabs 

Table 8.25 Benthic invertebrate diversity 

Table 8.26 Zooplankton abundance 

Table 8.27 Zooplankton diversity 

Table 8.28 Benthic invertebrate abundance. 

 

NB: The response curves do not address any of the scenarios directly. The curves are drawn for a 

range of possible changes in each linked indicator, regardless of what is expected to occur in any 

scenario. For this reason, some of the explanations refer to conditions that are unlikely to occur 

under any of the water-resource development scenarios but are needed for completion of the 

response curves. In addition, each response curve assumes that all other conditions are at the 

preliminary reference condition. 

 

The curves provided below are site- specific, although the relationships are similar across all sites. 

The FAs used as an example for each curve are noted. 

 

Also, the polychaete indicator is intended for use in the Tonle Sap River (FA6) and Delta (FA8), 

which have not yet been completed and so is not provided here.  
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Table 8.17 Insects on stones
37

 

Response curve Explanation 

 

These insects require clean stones, preferably cobble size (about 10-cm diameter (Hynes 

1970). Numerous studies have found that macroinvertebrate diversity and biomass are 

highest in this sort of substrate (Hynes 1970). If erosion rates increase or decrease then 

the particles size of the bed material will alter, with fine particulates becoming more 

common if erosion decreases and becoming coarser if erosion increases – either of these 

changes will tend to decrease the abundance and diversity of insects which live on 

stones. 

 

Insects on stones, such as baetid and heptageniid mayflies and many caddisfly taxa, 

primarily feed on the algal biofilm they scrape or brush from the stone surface. Increased 

algal production, which often correlates with increased biomass, provides increased food 

for the insects living on stones leading to a higher insect population (e.g., Reed et al. 

1994; Kiffney et al. 2003). 

                                                      

 
37

 Mostly taken from FA1, exceptions are denoted in the text. 



 

  
Page 224 

 

  

Response curve Explanation 

 

Low dry season flows will limit the habitat available for these insects. Zero flow for a short 

period will not eliminate these insects, because some will survive as eggs or small larvae 

in the wet gravel, but it would severely deplete the population. Lake (2011) reviewed the 

data on the influence of low flows on stream invertebrates in the context of droughts and 

the impact of anthropogenic low flows will be similar, but recovery will depend on the 

pattern of subsequent flows, and the life cycles and dispersal foci of the species present. 

Species with multi-year life cycles will take longer to recover, unless there is a refuge 

population from which colonists can readily migrate to the impacted location. 

 

These insects tend to be relatively intolerant to low concentrations of dissolved oxygen 

(e.g., Hynes 1960; USEPA 1973b). The MRC have set 5 mg/l as the objective for the river 

(Ongley 2009, Campbell 2014), but here it is conservatively set at 2.5 mg/l as the value 

below which these insects would be impacted. 

 

Existing data on pesticides in the Mekong are very limited, although the data available 

indicates that their concentrations are generally quite low (MRC 2007; Ongley 2009) so a 

substantial increase would be necessary before an impact on aquatic insects would be 

apparent. There is a reasonably extensive global database on the tolerance of stream 

insects to various pesticides (e.g., USEPA 1973a; Siegfried 1993) and the sorts of insects 

present on stones, such as Heptageniidae tend to be quite sensitive to both lethal (e.g., 

Peterson et al. 2001) and sub-lethal (e.g., Alexander et al. 2007) effects. 
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Response curve Explanation 

 

The inundated rocky habitat is the main habitat for insects living on stones (by definition) 

so the availability of this habitat in the dry season, when it is least available, is expected to 

have a substantial impact on populations. Reduction of habitat during low water periods 

has a major impact on populations of all stream invertebrates whether it results from 

natural climatic factors such as droughts (e.g., Lake 2011) or from the operation of 

upstream impoundments (e.g., Petts 1984). 

 

 

Table 8.18 Insects on sand
38

 

Response curve Explanation 

 

Insects living on sand have an absolute requirement for sand habitat (Hynes 1970; Allan 

1995). Any increase or decrease in erosion will result either in habitat washout (increase) 

or fine sediment deposition (decrease) which will reduce the available habitat for these 

species, and thus the population size. 

                                                      

 
38

 Mostly taken from FA1, exceptions are denoted in the text. 
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Response curve Explanation 

 

If the stream bed sediment is either too coarse or too fine the habitat will become less 

suitable for insects living on sand (Hynes 1970; Minshall 1984; Ward 1992; Allan 1995). 

This link is related to the erosion link, because it is a change in erosion that would trigger 

the change in stream bed sediment particle size. The dry season is the critical season 

because that is the season when the area of available habitat is least. 

 

Insects on sand are primarily collector gatherers or scrapers (sensu Cummins and Klug 

1979) feeding on algae on the sand grains, and algae and fine particulate organic matter 

trapped in the interstitial spaces between the grains. Algae are the primary source of 

nutrition, so increased algal biomass (or more strictly production) will lead to a larger 

population size, while an algal decrease will result in fewer animals (e.g., Reed et al. 

1994). 

 

Low dry season flows will limit the habitat available for these insects as river water levels 

drop. Even zero flow for a short period will not eliminate these insects completely, 

because some will survive as eggs or very small larvae in the wet gravel, but it would 

severely deplete the population (Petts 1984; Lake 2011). 
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Response curve Explanation 

 

While these insects are more tolerant of low concentrations of dissolved oxygen than 

those on stones (e.g., Hynes 1960, USEPA 1973b), they will still be impacted by low 

dissolved oxygen. The MRC have set 5 mg/l as the objective for the river (Campbell 

2014), in this curve 3 mg/l is conservatively set as the value below which these insects 

would be impacted. 

 

Existing data on pesticides in the Mekong is limited, but indicates that it their 

concentrations are generally quite low (MRC 2007; Ongley 2009). Aquatic insects 

generally have a low tolerance to pesticides, and especially insecticides (USEPA 1973b; 

ANZECC 2000), and several sand dwelling taxa are considered vulnerable to pesticides 

(Liess and Von Der Ohe 2005) but even so a substantial increase would be necessary 

before an impact on aquatic insects would be apparent.  

 

The inundated sandy habitat is the main habitat for insects living on sand (by definition) so 

the availability of this habitat in the dry season, when it is least available, is expected to 

have a substantial impact on populations. Low levels of habitat availability in the dry 

season will continue to impact the invertebrate community through subsequent seasons 

when there is more habitat available (Petts 1984; Lake 2011). 
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Table 8.19 Burrowing mayflies
39

 

Response curve Explanation 

 

Sediment particle size is critical to allow mayflies to burrow. Some taxa, such as 

Ephemera, burrow in gravel (Ward 1992) while others such as the Palingeniidae burrow 

into clay embankments. If sediment is too coarse or too fine burrows will collapse or be 

unable to dig and the animals are unable to survive in the locality. 

 

Burrowing mayflies are primarily collector gatherers (sensu Cummins and Klug 1979) 

feeding on algae and fine particulate organic matter that they filter from the water which 

they pump through their burrows using the action of their gills. Algae are the primary 

source of nutrition, so increased algal biomass (or more strictly production) will lead to a 

larger population size, while an algal decrease will result in fewer animals (e.g., Reed et 

al. 1994). 

 

Low dry season flows will limit the habitat available for these insects as river water levels 

drop. Even zero flow for a short period will not eliminate these insects completely, 

because some will survive as eggs or very small larvae in the wet gravel, but it would 

severely deplete the population which will take some time to recover even after higher 

water levels render the environment habitable to them (Petts 1984; Lake 2011). 

                                                      

 
39

 Mostly taken from FA1, exceptions are denoted in the text. 
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Response curve Explanation 

 

While these insects are more tolerant of low concentrations of dissolved oxygen than 

those on stones (e.g., Hynes 1960), they will still be impacted by low dissolved oxygen. 

The MRC have set 5 mg/l as the objective for the river (Campbell 2014), in this curve the 

value below which these insects would be impacted has been set conservatively at 3 mg/l. 

 

Data on pesticides in the Mekong are limited, but indicate that it their concentrations are 

generally quite low (MRC 2007; Ongley 2009). Aquatic insects generally have a low 

tolerance to pesticides, and especially insecticides (USEPA 1973b; ANZECC 2000), and 

burrowing taxa are considered vulnerable to pesticides (Liess and Carsten Von Der Ohe 

2005) but even so a substantial increase would be necessary before an impact on aquatic 

insects would be apparent. So a substantial increase would be necessary before an 

impact on aquatic insects would be apparent. 
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Table 8.20 Aquatic snail abundance
40

 

Response curve Explanation 

 

Snails are primarily scrapers (sensu Cummins and Klug 1979) feeding on algae and fine 

particulate organic matter that they scrape from biofilms on solid surfaces. Algae are the 

primary source of nutrition, so increased algal biomass (or more strictly production) will 

lead to a larger population size, while an algal decrease will result in fewer animals as has 

been demonstrated experimentally (e.g., Osenberg 1989). 

 

The average wetted perimeter gives a measure of the area of habitat available for snails, 

and it is in the dry season that the wetted area will be the least. That is the season during 

which habitat is most likely to limit the snail population size, and after a dry season habitat 

restriction invertebrate populations, including snail populations may take several years to 

recover (Petts 1984; Lake 2011) depending on the life cycles and reproductive strategies 

of the species, and the recovery rate of other biological resources (such as algae) that 

they require to proliferate. 

 

Data on pesticides in the Mekong are limited, but indicate that it their concentrations are 

generally quite low (MRC 2007; Ongley 2009). Any impact on aquatic snails would 

depend on the particular pesticide, because a given snail species can have very different 

tolerances to differing pesticides (Rohr and Crumrine 2005), however, a substantial 

increase would be necessary before an impact on aquatic snails would be apparent. 

                                                      

 
40

 Mostly taken from FA1, exceptions are denoted in the text. 
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Response curve Explanation 

 

The floodplain area inundated is a measure of the amount of habitat available for aquatic 

snails during the wet season. Snail populations increase during the wet season, and some 

snails remain dormant in crevices in the flooded forest vegetation in the dry season 

(Ohtaka et al. 2010), but dry season available habitat will be a limiting factor for 

snail.populations in the lake (Campbell et al. 2009). 

 

The earlier and longer the floodplain remains inundated the larger the population of snails, 

because it is only when the floodplain is inundated that floodplain snails are actively 

feeding, growing and reproducing ( Campbell et al. 2009; Ohtaka et al. 2010; 2011). 

 

The earlier and longer the floodplain remains inundated the larger the population of snails, 

because it is only when the floodplain is inundated that floodplain snails are actively 

feeding, growing and reproducing (Campbell et al. 2009; Ohtaka et al. 2010; 2011). 
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Table 8.21 Aquatic snail diversity
41

 

Response curve Explanation 

 

Aquatic invertebrates are highly habitat specific (e.g., Minshall 1984; Ward 1992). Many 

snails require clean solid surfaces. If erosion rates increase or decrease then the particle 

size of the bed material will alter, with fine particulates becoming more common if erosion 

decreases and becoming coarser if erosion increases – either of these changes will tend 

to decrease the abundance and diversity of snails which live on stones. 

 

Snails are primarily scrapers (sensu Cummins and Klug 1979) feeding on algae and fine 

particulate organic matter that they scrape from biofilms on solid surfaces. Algae are the 

primary source of nutrition, so increased algal biomass (or more strictly production) will 

lead to a larger population size and generally greater diversity, while an algal decrease 

will result in fewer animals (e.g., Osenberg 1989). 

 

While snails are more tolerant of low concentrations of dissolved oxygen than insects on 

stones (e.g., Hynes 1960), they will still be impacted by low dissolved oxygen. The MRC 

have set 5 mg/l as the objective for the river (Campbell 2014), here the value below which 

snails would be impacted has been conservatively set at 3 mg/l. 

                                                      

 
41

 Mostly taken from FA1, exceptions are denoted in the text. 
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Response curve Explanation 

 

Data on pesticides in the Mekong are limited, but indicate that it their concentrations are 

generally quite low (MRC 2007; Ongley 2009). Any impact on aquatic snails would 

depend on the particular pesticide, because a given snail species can have very different 

tolerances to differing pesticides (Rohr and Crumrine 2005), however a substantial 

increase would be necessary before an impact on aquatic snails would be apparent. 

 

The floodplain area is a measure of the amount of habitat available for aquatic snails in 

Tonle Sap Great Lake during the wet season. Snail populations increase during the wet 

season, and many snails remain dormant in crevices in the flooded forest vegetation in 

the dry seasons (Ohtaka et al. 2010), the greater the area flooded the higher the diversity 

that would be expected (Campbell et al. 2006). (FA7) 

 

The earlier and longer the floodplain remains inundated the larger and more diverse the 

population of snails in Tonle Sap Great Lake, because it is only when the floodplain is 

inundated that floodplain snails are actively feeding, growing and reproducing (Campbell 

et al. 2009; Ohtaka et al. 2010; 2011). (FA7) 
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Response curve Explanation 

 

The earlier and longer the floodplain remains inundated the larger and more diverse the 

population of snails in Tonle Sap Great Lake, because it is only when the floodplain is 

inundated that floodplain snails are actively feeding, growing and reproducing (Campbell 

et al. 2009; Ohtaka et al. 2010; 2011). (FA7) 

 

 

Table 8.22 Neotricula aperta 
42

 

Response curve Explanation 

 

Many snails, including Neotricula aperta, require clean solid surfaces, with N. aperta 

usually occurring on bedrock outcrops. If erosion rates decrease then the particle size of 

the bed material will decrease, with fine sediments becoming more common – making the 

substrate less suitable for the snails. Deposition of fine sediment has been shown to 

render substrate unsuitable for other grazing aquatic snails (Suren 2005) and there 

appears no reason that the same would not apply to N aperta. 

                                                      

 
42

 Taken from FA3. 
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Response curve Explanation 

 

Snails, including N. aperta, are primarily scrapers (sensu Cummins and Klug 1979) 

feeding on algae and fine particulate organic matter that they scrape from biofilms on solid 

surfaces. Algae are the primary source of nutrition, so increased algal biomass (or more 

strictly production) will lead to a larger population size, while an algal decrease will result 

in fewer animals. This has previously been demonstrated for other aquatic snails (e.g., 

Osenberg 1989). 

 

Existing data on pesticides in the Mekong are limited, but indicate that their 

concentrations are generally quite low (MRC 2007; Ongley 2009). The responses among 

snail species to pesticides vary between snail species and differ among pesticides (Rohr 

and Crumrine 2005), but a substantial increase in Mekong pesticide concentrations would 

undoubtedly be necessary before an impact on Neotricula would be apparent. 
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Table 8.23 Bivalve abundance
43

 

Response curve Explanation 

 

Bivalves require fine sediments in which they burrow; and are sheltered from predators. In 

stony substrates or bedrock, they are unable to lodge and survive (e.g., Smith .2001; Yule 

and Sen 2004), so any increase in sediment particle size will lead to a decrease, or even 

elimination, of bivalves at a site. 

 

Bivalves are primarily collector gatherers (sensu Cummins and Klug 1979) feeding on 

algae and fine particulate organic matter that they filter from the water which they pump 

through their gills. Algae are the primary source of nutrition for bivalves and bivalve 

feeding has even been identified as limiting phytoplankton population sizes (Cahoon and 

Owen 1996), so increased algal biomass (or more strictly production) will lead to a larger 

population size, while an algal decrease will result in fewer animals. 

 

The wetted perimeter is a measure of the total amount of inundated area in the river, and 

thus correlated with the area of habitat available for bivalves. Limitations in habitat area 

will necessarily limit populations, and, since bivalves grow slowly, elimination of part of the 

population will have a long-term, multi-year impact (Lake 2011; Petts 1984). 

                                                      

 
43

 Mostly taken from FA1, exceptions are denoted in the text. 
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Response curve Explanation 

 

Many bivalves can withstand very low concentrations of dissolved oxygen for periods of 

days. For example Walker (1981) compared two bivalves from the Murray River, 

Australia, and found that one (Velesunio ambiguus) could withstand anoxic conditions for 

at least 3 days while the other (Alathyria jacksoni) could not. Clearly they are more 

tolerant of low concentrations of dissolved oxygen than many other fluvial invertebrates, 

such as insects on stones (e.g., Hynes 1960), but they will still be impacted by low 

dissolved oxygen, especially if it is maintained for periods of days at a time. The MRC 

have set 5 mg/l as the objective for the river (Campbell 2014), in this curve the value 

below which bivalves would be impacted is set at 1 mg/l. 

 

Existing data on pesticides in the Mekong are limited, but indicate that it their 

concentrations are generally quite low (MRC 2007; Ongley 2009) so a substantial 

increase would be necessary before an impact on bivalves would be apparent. 

 

The floodplain area is a measure of the amount of habitat available for bivalves in Tonle 

Sap Great Lake during the wet season. Bivalve populations increase during the wet 

season, and some bivalves even remain dormant in crevices in the flooded forest 

vegetation in the dry seasons (Ohtaka et al. 2010), the greater the area flooded the higher 

the diversity that would be expected. (FA7) 
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Response curve Explanation 

 

The floodplain area is a measure of the amount of habitat available for bivalves in Tonle 

Sap Great Lake during the wet season. Bivalve populations increase during the wet 

season, and some bivalves even remain dormant in crevices in the flooded forest 

vegetation in the dry seasons (Ohtaka et al. 2010), the greater the area flooded the higher 

the diversity that would be expected. (FA7) 

 

The floodplain area is a measure of the amount of habitat available for bivalves in Tonle 

Sap Great Lake during the wet season. Bivalve populations increase during the wet 

season, and some bivalves even remain dormant in crevices in the flooded forest 

vegetation in the dry seasons (Ohtaka et al. 2010), the greater the area flooded the higher 

the diversity that would be expected. (FA7) 
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Table 8.24 Shrimps and crabs
44

 

Response curve Explanation 

 

Shrimps and crabs have specific substrate sediment requirements to provide shelter and 

suitable food sources. On bedrock, crabs are unable to lodge and survive, and they do 

poorly on fine sediment substrates, requiring stones amongst which to shelter (Yule and 

Sen 2004). For shrimps, substrate is less important because they are semi-pelagic. 

 

Crabs and shrimps are primarily collector gatherers or shredders (sensu Cummins and 

Klug 1979) partly feeding on algae which grows on detritus and large particulate organic 

matter. Algae are the primary source of nutrition amongst the ingested materials, so 

increased algal biomass (or more strictly production) will lead to a larger population size, 

while an algal decrease will result in fewer animals. Algae have long been known to be a 

key food in the aquaculture of both shrimps and crabs (Bardach et al. 1972). 

 

The wetted perimeter is a measure of the total amount of inundated area in the river, and 

thus correlated with the area of habitat available for crabs and shrimps and other aquatic 

organisms. A reduction in dry season wetted perimeter - either through drought or river 

regulation - will impact crab and shrimp populations, potentially for several years (Petts 

1984; Lake 2011). 

                                                      

 
44

 Mostly taken from FA1, exceptions are denoted in the text. 
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Response curve Explanation 

 

While these shrimps and crabs are more tolerant of low concentrations of dissolved 

oxygen than many aquatic insects, such as insects on stones (e.g., Hynes 1960), they will 

still be impacted by low dissolved oxygen. Most investigations of the impacts of low 

dissolved oxygen concentrations on shrimps and crabs have been conducted on marine 

species (e.g., Burnett and Stickle) or in aquaculture conditions (e.g., Bardach et al. 1972), 

so there is little to indicate suitable conditions for the Mekong. The MRC have set 5 mg/l 

as the objective for the river (Campbell 2014), in this curve the value below which these 

animals would be impacted is conservatively set at 3 mg/l. 

 

Existing data on pesticides in the Mekong is limited, but indicates that their concentrations 

are generally quite low (MRC 2007; Ongley 2009). Shrimps and crabs are not generally 

highly susceptible to pesticides (Simpson and Roger 1995) so a substantial increase 

would be necessary before an impact on aquatic crustaceans would be apparent.  

 

The floodplain area is a measure of the amount of habitat available for crabs and shrimps 

in Tonle Sap Great Lake during the wet season. Crab and shrimp populations increase 

during the wet season, but retreat to the open water in the dry season (Ohtaka et al. 

2010), the greater the area flooded the higher the biomass that would be expected. (FA7) 



 

  
Page 241 

 

  

Response curve Explanation 

 

The floodplain area is a measure of the amount of habitat available for crabs and shrimps 

in Tonle Sap Great Lake during the wet season. Crab and shrimp populations increase 

during the transition and wet seasons, but retreat to the open water in the dry season 

(Ohtaka et al. 2010), the greater the area flooded the higher the biomass that would be 

expected. (FA7) 

 

The floodplain area is a measure of the amount of habitat available for crabs and shrimps 

in Tonle Sap Great Lake during the wet season. Crab and shrimp populations increase 

during the wet and transition seasons, but retreat to the open water in the dry season 

(Ohtaka et al. 2010), the greater the area flooded the higher the biomass that would be 

expected. (FA7) 

 

Invertebrate populations are most abundant and diverse on clean stones, preferably 

cobble size (about 10-cm diameter; Hynes 1970; Minshall 1984; Allan 1995). Numerous 

studies have found that macroinvertebrate diversity and biomass are highest in this sort of 

substrate (Hynes 1970). If erosion rates increase or decrease then the particle size of the 

bed material will alter, with fine particulates becoming more common if erosion decreases 

and becoming coarser if erosion increases – either of these changes will tend to decrease 

the abundance and diversity of invertebrates which live on stones. 
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Response curve Explanation 

 

Littoral invertebrates include a range of scrapers, collector gatherers and predators 

(sensu Cummins and Klug 1979) but they all ultimately depend primarily on algae as their 

primary source of nutrition in much of the Mekong, in view of the size of the river (e.g., 

Cummins 1992). So increased algal biomass (or more strictly production) will lead to a 

larger population size, while an algal decrease will result in fewer animals. 

 

Low dry season flows will limit the habitat available for littoral invertebrates as river water 

levels drop. Even zero flow for a short period will not eliminate these insects completely, 

because some will survive as eggs or very small larvae in the wet gravel, but it would 

severely deplete the population. Recovery may take years if the flow remained low (Petts 

1984; Lake 2011). (FA7) 

 

While some of these invertebrates are more tolerant of low concentrations of dissolved 

oxygen than those on stones in fast current (e.g., Hynes 1960, USEPA 1973b), they will 

all still be impacted by low dissolved oxygen. The MRC have set 5 mg/l as the objective 

for the river (Campbell 2014); in this curve the value below which these animals would be 

impacted is conservatively set at 3 mg/l. 
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Response curve Explanation 

 

Existing data on pesticides in the Mekong is limited, but indicates that it their 

concentrations are generally quite low (MRC 2007; Ongley 2009). The tolerances of 

littoral invertebrates vary widely, and for a given taxon the tolerance will differ to different 

pesticides so it is not possible to nominate specific thresholds, however a substantial 

increase would be necessary before an impact on aquatic invertebrates would be 

apparent. 

 

 

Table 8.25 Benthic invertebrate diversity
45

 

Response curve Explanation 

 

Benthic invertebrate populations are most abundant and diverse on mixed size fine 

sediments (Brinkhurst 1974). Numerous studies have found that macroinvertebrate 

diversity and biomass are highest in this sort of substrate (Hynes 1970). If erosion rates 

increase or decrease then the particle distribution size of the bed material will alter, with 

fine particulates becoming more common if erosion decreases and becoming coarser if 

erosion increases – either of these changes will tend to decrease the abundance and 

diversity of benthic invertebrates. 

                                                      

 
45

 Mostly taken from FA1, exceptions are denoted in the text. 
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Response curve Explanation 

 

Benthic invertebrates require relatively fine but mixed size sediment to provide shelter and 

suitable food sources. If sediment particle size increases too much many of the worms, 

chironomids and other burrowing species will become less abundant and diverse 

(Brinkhurst 1974).  

 

Benthic invertebrates are primarily collector gatherers (sensu Cummins and Klug 1979) 

feeding on algae and fine particulate organic matter that they ingest from the sediment in 

which they live. Algae are the primary source of nutrition for the invertebrate assemblages 

in large rivers as a whole (e.g., see Cummins 1992), and as has been pointed out for 

several of the groups which contribute to this indicator, such as insects on stones and 

insects on sand, increased algal biomass (or more strictly production) will lead to a larger 

population size and greater diversity, while an algal decrease will result in fewer animals. 

 

Low dry season flows will limit the habitat available for benthic invertebrates as river water 

levels drop. Even zero flow for a short period will not eliminate these insects completely, 

because some will survive as eggs or very small larvae in the wet gravel, but it would 

severely deplete the population. Recovery after very low flow periods will take a 

considerable time, because biofilms need to develop and some animal species may need 

to recolonise from elsewhere (Petts 1984; Lake 2011). 
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Response curve Explanation 

 

While these animals are more tolerant of low concentrations of dissolved oxygen than 

many others (e.g., Hynes 1960 USEPA 1973b), they will still be impacted by low dissolved 

oxygen. The MRC have set 5 mg/l as the objective for the river (Campbell 2014), in this 

curve the value below which animals would be impacts is conservatively set at 2 mg/l. 

 

Data on pesticides in the Mekong are limited, but indicates that their concentrations are 

generally quite low (MRC 2007; Ongley 2009). The sensitivity of different invertebrates to 

pesticides differs between taxa, and also between pesticides (Liess and Carsten Von Der 

Ohe 2005; Alexander et al. 1993) but impact concentrations are generally well above any 

levels so far recorded from the LMB. Thus, a substantial increase would be necessary 

before an impact on benthic invertebrates would be apparent. 

 

The floodplain area is a measure of the amount of habitat available for benthic 

invertebrates in Tonle Sap Great Lake during the wet season. Benthic invertebrates 

increase during the wet season, but retreat to the open water in the dry season (Ohtaka et 

al. 2010), the greater the area flooded the higher the biomass that would be expected. 

(FA7) 
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Response curve Explanation 

 

The floodplain area is a measure of the amount of habitat available for benthic 

invertebrates in Tonle Sap Great Lake during the wet season. Benthic invertebrates 

increase during the transition and wet seasons, but retreat to the open water in the dry 

season (Ohtaka et al. 2010), the greater the area flooded the higher the biomass that 

would be expected. (FA7) 

 

The floodplain area is a measure of the amount of habitat available for benthic 

invertebrates in Tonle Sap Great Lake during the wet season. Benthic invertebrates 

increase during the transition and wet seasons, but retreat to the open water in the dry 

season (Ohtaka et al. 2010), the greater the area flooded the higher the biomass that 

would be expected. (FA7) 
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Table 8.26 Zooplankton abundance
46

 

Response curve Explanation 

 

Zooplankton are primarily filter feeders feeding on algae and fine particulate organic 

matter that they filter from the water using their appendages. Algae are the primary source 

of nutrition, so increased algal biomass (or more strictly production) will lead to a larger 

population size, while an algal decrease will result in fewer animals. Experimental studies 

have demonstrated that the quantity of phytoplankton available is the limiting factor for 

zooplankton abundance in oligotrophic waters, while food quality is more important in 

eutrophic waters (Persson 2007). 

 

The abundance of zooplankton increases with river size, and mean annual discharge is 

the best measure of river size. River size indicates how long a given mass of water has 

been in the channel, and thus how long the zooplankton crop has had time to develop. 

 

Zooplankton are quite sensitive to low dissolved oxygen, and several taxa have been 

used in toxicity assessments using low oxygen conditions (USEPA 1973b). There is a 

range of tolerances between different species, and in general tropical species are more 

tolerant of low dissolved oxygen concentrations, because they live in warm water which 

has a lower solubility for oxygen. The MRC have set 5 mg/l as the objective for the river 

(Campbell 2014), in this curve the value below which these animals would be impacted is 

conservatively set at 3 mg/l. 

                                                      

 
46

 Mostly taken from FA1, exceptions are denoted in the text. 
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Response curve Explanation 

 

Zooplankton develop best when water is relatively slow with laminar flow. In fast turbulent 

water it is difficult for them to feed and control their location in the water column, and they 

are washed out of the river section (Hynes 1970). 

 

Data on pesticides in the LMB are limited, but indicate that their concentrations are 

generally quite low (MRC 2007, Ongley 2009). Although many zooplankton species are 

relatively sensitive to pesticides, and are therefore often used as toxicity test species 

(e.g., see Buikema et al1980) a substantial increase in pesticide concentrations in the 

Mekong would still be necessary before an impact on zooplankton would be apparent. 

 

The floodplain area is a measure of the amount of extra habitat available for zooplankton 

in Tonle Sap Great Lake during the wet season. Zooplankton increase during the wet 

season, but die off or retreat to the open water in the dry season (Ohtaka et al. 2010), the 

greater the area flooded the higher the biomass that would be expected. (FA7) 
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Response curve Explanation 

 

The floodplain area is a measure of the amount of extra habitat available for zooplankton 

in Tonle Sap Great Lake during the wet season. Zooplankton increase during the wet 

season, but die off or retreat to the open water in the dry season (Ohtaka et al. 2010), the 

greater the area flooded, during both transition and flood seasons, the higher the biomass 

that would be expected. (FA7) 

 

The floodplain area is a measure of the amount of extra habitat available for zooplankton 

in Tonle Sap Great Lake during the wet season. Zooplankton increase during the wet 

season, but die off or retreat to the open water in the dry season (Ohtaka et al. 2010), the 

greater the area flooded, during both transition and flood seasons, the higher the biomass 

that would be expected. (FA7) 
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Table 8.27 Zooplankton diversity
47

 

Response curve Explanation 

 

The floodplain area is a measure of the amount of extra habitat available for zooplankton 

in Tonle Sap Great Lake during the wet season, and it constitutes a far more diverse 

habitat than the central lake basin. Zooplankton increase during the wet season, but die 

off or retreat to the open water in the dry season (Ohtaka et al. 2010), the greater the area 

flooded the higher the zooplankton diversity that would be expected. 

 

The floodplain area is a measure of the amount of extra habitat available for zooplankton 

in Tonle Sap Great Lake during the wet season, and it constitutes a far more diverse 

habitat than the central lake basin. Zooplankton increase during the wet and transition 

seasons, but die off or retreat to the open water in the dry season (Ohtaka et al. 2010), 

the greater the area flooded the higher the zooplankton diversity that would be expected. 

 

The floodplain area is a measure of the amount of extra habitat available for zooplankton 

in Tonle Sap Great Lake during the wet and transition seasons, and it constitutes a far 

more diverse habitat than the central lake basin. Zooplankton increase during the wet 

season, but die off or retreat to the open water in the dry season (Ohtaka et al. 2010), the 

greater the area flooded the higher the zooplankton diversity that would be expected. 

                                                      

 
47

 Mostly taken from FA7, exceptions are denoted in the text. 
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Table 8.28 Benthic invertebrate abundance
48

 

Response curve Explanation 

 

The floodplain area is a measure of the amount of extra habitat available for benthic 

invertebrates in Tonle Sap Great Lake during the wet season, and it constitutes a far more 

diverse habitat than the central lake basin. Benthic invertebrate abundance increases 

during the wet season, but largely dies off in the dry season (Ohtaka et al. 2010), the 

greater the area flooded the higher the benthic invertebrate abundance that would be 

expected. 

 

The floodplain area is a measure of the amount of extra habitat available for benthic 

invertebrates in Tonle Sap Great Lake during the transition and wet seasons, and it 

constitutes a far more diverse habitat than the central lake basin. Benthic invertebrate 

abundance increases during the wet and transition seasons, but largely dies off in the dry 

season (Ohtaka et al. 2010), the greater the area flooded the higher the benthic 

invertebrate abundance that would be expected. 

                                                      

 
48

 Mostly taken from FA7, exceptions are denoted in the text. 
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Response curve Explanation 

 

The floodplain area is a measure of the amount of extra habitat available for benthic 

invertebrates in Tonle Sap Great Lake during the transition and wet seasons, and it 

constitutes a far more diverse habitat than the central lake basin. Benthic invertebrate 

abundance increases during the wet and transition seasons, but largely dies off in the dry 

season (Ohtaka et al. 2010), the greater the area flooded the higher the benthic 

invertebrate abundance that would be expected. 
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9 Fish 

 

Lead specialist: Prof Ian Cowx 

 

Taxonomy: Dr Kenzo Utsugi. 

 

Regional specialists: 

Cambodia: Dr Kaviphone Phouthavong; Mr Ngor Peng Bun 

Lao PDR: Dr Chea Tharith 

Thailand: Dr Chavilit Vidthayanon; Chaiwut Grudpun 

Vietnam: Vu Vi An 

 

9.1 Introduction 

The Mekong River Basin as a whole supports one of the world‘s most diverse freshwater faunas, 

which includes 1 200 recorded fish species. This diversity is largely due to the occurrence of a wide 

range of permanent and seasonal habitats, which result from the influence of the hydrological cycle 

on the basin‘s complex geology. In particular, the vast floodplains created by the annual flood-pulses 

are highly productive ecosystems and support a wide range of fish and other aquatic animals. Most 

fish species depend on different habitats at different life stages and during different seasons. 

During the flood season, most fish species take advantage of the floodplains for feeding, breeding 

and rearing their young. Outside the flood season, fish stay in dry season refuge habitats, mainly in 

permanent lakes and pools or within river channels. Certain stretches of the river and its major 

tributaries contain deep pools, which are particularly important as dry season refuges. 

 

9.1.1 Objectives of the fish discipline of BioRA  

The objectives of the fish discipline within BioRA are to: 

 identified fish guilds as indicators that may respond to changes in the Lower Mekong River 

system, and in particular are likely to respond to changes in the flow regime;  

 to provide an overview of fish and their status and trends under past and current 

drivers/threats within the assessment areas, and  

 to predict how fish guilds will response to the change of water and sediment/nutrient flows 

and barriers as a result of development scenarios through various biotic and abiotic 

environmental features.  

 

9.1.2 Importance of fisheries in LMB 

Overall, consumption of fish and other aquatic animals (OAAs) in the LMB is estimated at about 2.8-

3.2 million tonnes, with about one-fifth of this consumption comprising OAAs (MRC 2010; Hortle et al. 

2007). Aquaculture contributes about 1.6 million tonnes and about 1 million tonnes of aquatic 

products are exported from the basin, so the total yield is in excess of 4.5 million tonnes. Capture 

fisheries contribute 1.9 - 2.6 million tonnes/year. At current first sale prices (US$ 1 - 1.80/kg) the total 
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value of the fishery is US$ 3.7 - 7 billion per year but its value should also be judged by its 

replacement cost, profitability, contribution to food security and nutrition (MRC 2010). The livelihood 

benefit of the resource, in terms of nutrition, income and employment, is crucial, particularly for rural 

poor, who have few other livelihood options. Between 40 and 60% of the catch is dependent on fish 

species that migrate long distances along the Mekong mainstream and into its tributaries (Barlow et 

al. 2008), and these fish stocks are especially vulnerable to dams built in the middle and lower 

Mekong Basins.  

 

9.1.3 Fish biodiversity and migration 

The Mekong fish communities are characterised by high diversity of fish species with many exhibiting 

complex life cycles that involve migration between different areas of the river, particularly upstream 

migration to spawning areas. The general understanding of migration patterns in the Mekong is that 

there are three main groupings (Figure 9.1; Poulsen et al. 2002).  

 

 

Figure 9.1 Generalised migration systems in the Lower Mekong Basin (Source: Poulsen et 

al. 2002) 

 

 

 The lower system – extends downstream from the Khone Falls, and includes the Tonle Sap 

River and lake system in Cambodia and the Mekong Delta in Viet Nam. In this system, fish 
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migrations are basically movements out of the floodplains and tributaries, including the Tonle 

Sap, to and up the Mekong River at drawdown period. A number of species spawn around 

their dry season refuges usually at the onset of the monsoon and beginning of water level 

rise. 

 The middle system – runs from above Khone Falls to the Loei River. In this system fish 

generally move upstream during the wet season on the rising waters, and enter the tributaries 

and their associated flooded areas for feeding. During drawdown they leave the tributaries 

and return to dry season refuges downstream in the lower system. 

 The upper system – stretches upstream from the Loei River. Here the fish migrate upstream 

to spawning habitats during the wet season to return later to their dry season habitats also 

along the main river (van Zalinge et al. 2004). 

 

However, there are also a number of species that migrate between these zones, and some species 

(possibly as many as 30, and often commercially valuable white fishes) that migrate longer distances. 

For some species migration patterns extend over long distances upstream, at least as far as Luang 

Prabang (C. lobatus and H. siamensis, P. proctozystron, P. malcolmi, C. harmandi, P. conchophilus 

and P. pleurotaenia). Pangasius krempfi, an important commercial species, spends a part of its life at 

sea and in the brackish water of the Mekong Delta before returning to spawn in fresh water. This 

anadromous fish travels at least 720 km to the Khone Falls, and possibly further upstream (Hogan 

2007) ), including into the 3S system. Other species such as C. microlepis and P. larnaudii appear to 

undertake less intensive migrations. Y. modesta, which is abundant in the Tonle Sap system, appears 

to be less migratory than previously believed (Halls and Kshatriya 2009; Poulsen et al. 2004, Halls et 

al, 2015). According to Poulsen et al. (2002) at least one third of LMB fish species need to migrate 

between downstream floodplains where they feed and upstream tributaries where they breed.  

 

Information on spawning habitats for migratory species in the river channels of the Mekong Basin are 

described for only a few species, such as Probarbus spp. and Chitala spp., mainly because these 

species have conspicuous spawning behaviour at distinct spawning sites. For most other species, in 

particular for deep-water mainstream spawners such as the river catfish species, spawning is virtually 

impossible to observe directly. Spawning habitats of LMB fishes, are, however, generally believed to 

be associated with:  

 rapids and pools of the Mekong mainstream and tributaries, and 

 floodplains (e.g., among certain types of vegetation, depending on species).  

 

River channel habitats are, for example, used as spawning habitats by most of the large species of 

pangasiid catfishes and some large cyprinids such as Cyclocheilichthys enoplos, Cirrhinus microlepis, 

and Catlocarpio siamensis that then rely on particular hydrological conditions to distribute the 

offspring (eggs and/or larvae) to downstream nursery rearing habitats. Although Pangasianodon gigas 

is an iconic long migratory species it is not included in this analysis because too few are caught to 

provide a meaningful assessment. Floodplain habitats are used as spawning areas mainly by black-

fish species (Poulsen et al. 2002). They are unquestionably the engine of high fish production and rich 

biodiversity, and serve an important ecological role for the entire Mekong Basin (Welcomme 1985).  

 

For fishes that spawn in main river channels, spawning is believed to occur in stretches where there 

are many rapids and deep pools, e.g.: 

 Kratie to Khone Falls 
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 Khone Falls to Khammouan/Nakhon Phanom 

 mouth of the Loei River to Bokeo/Chiang Khong 

 

The Kratie-Khone Falls stretch and the stretch from the Loei River to Luang Prabang are particularly 

important for spawning (Poulsen et al. 2002). 

 

To complete these migrations requires unobstructed passage upstream, as well as the capacity for 

adults, larvae and juveniles to migrate or drift downstream. The timing of these upstream and 

downstream migrations is variable depending on fish life cycles, but importantly, there appears to be 

continuous spawning in the river with peaks, during the spring (February-March) as the most 

important, followed by the onset of the flood (June-July) and then when the water is receding 

(November) (Sverdrup-Jensen 2003). A summary of the most abundant species groups is given in 

Table 9.1.  

 

In general, environmental factors are known to trigger migration of at least 30 of the 165 migratory 

species (18%); 12 of these are sensitive to more than one trigger (Baran 2006). The migration cues of 

the remaining 135 (82%) migratory species are unknown (Baran 2006). Many of the abundant species 

caught in the lowlands of the Mekong River system spawn around the beginning of the flood season. 

This behaviour has been strongly selected for in the monsoonal ‗flood-pulse‘ environment. Flood-

related spawning results in the fish larvae and fry growing at a favourable time, when the available 

aquatic habitat is expanding and zooplankton (the essential food for most fish larvae) is becoming 

abundant. The primary cause for the differences in upstream migration is adaption to variations in 

discharge during each period of the year. The small- to medium-sized species (i.e. less than 25 cm 

and 50 cm of total length (TL)) are highly sensitive to discharge, and peak in catches are between 

2000 and 4000 m
3
/s. Meanwhile the large size species (> 60 cm TL) are moderately sensitive to 

discharge at the rate beyond 5000m
3
/s, when catches of these large sized species are generally 

maximised (Baran et al. 2005). These spawning periods are associated with continuous capture of 

larval and juvenile life stages in drift samples (although the main peaks were around the onset of the 

flood season), taken as part of the MRC Identification of spawning grounds in the LMB project (Cowx 

et al. 2015). This highlights the need to enable downstream drift throughout the year.  

 

Table 9.1 Summary of the timing of fish migrations in the LMB (Baird 2011; Baran 2006) 

Season / Month: 
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Type of fish migration               

Medium-sized cyprinid carps               

Small cyprinid fish 
(minnows) 

              

Large carps                

Catfishes (Pangasius 
macronema from Cambodia 
to Lao PDR) 

              

Catfishes (Pangasius               
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Season / Month: 
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krempfi from Delta to Lao 
PDR) P. krempfi is 5% of lee 
trap fishery. P. conchophilus 
is 40% of lee trap catch 

Large fish (MGC)               

Endangered Probarbus 
jullieni 

              

 

 

Fish migrations from the Tonle Sap Great Lake appear to be strongly linked to the lunar cycle as well 

as the amount of water remaining on the floodplain (Halls et al. 2015b). This is reflected in the catch 

patterns in the dai fishery, which suggest that fish migrations are influenced by the lunar cycle, and 

possibly water levels as peak migrations typically occur around January or December coinciding with 

the end of the flood season (Halls et al. 2015b). 

 

Variations in catch data for Cirrhinus lobatus and H. siamensis seem to indicate that both these 

species undertake upstream spawning migrations. Around the time of spawning, both species are 

particularly abundant in the mainstream at Ou Run and Koh Khne, and at the three tributaries sites in 

the Sesan Basin: Pres Bang (Sekong River), Banfang (Sesan River); and Day Lo (Srepok River), 

suggesting that these are important spawning locations (Halls et al. 2015a). 

 

9.2 BioRA zones and focus areas, with the focus on fish 

Fish species in the LMB typically show zonation in rivers based on species presence and community 

structure linked to topography (river gradient, river width and water depth). The MRC have proposed 

that there are six main zones in the LMB based on species presence and the topography of the river 

(Figure 9.2).  

 

These zones align with those proposed for the BioRA based on biota and physical characteristics, viz: 

 

BioRA Zone 1:  Mekong River from the border with China to Pak Beng (confluence with Nam Beng). 

BioRA Zone 2:  Mekong River from downstream of the Nam Beng to upstream of Vientiane. 

BioRA Zone 3:  Mekong River from Vientiane to Nam Kam town (near confluences with Se Bang Fei 

and Nam Kam). 

BioRA Zone 4:  Mekong River from Nam Kam to Stung Treng (Se San / Se Kong confluences). 

BioRA Zone 5:  Mekong River from Stung Treng to Phnom Penh. 

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. 
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Figure 9.2 MRC fisheries zonation patterns 

 

 

To assess the compatibility of the proposed BioRA zones to fisheries zonation, similarity in species 

presence in each zone was compared using cluster analysis. The presence absence of species in 

each zone based on fisheries monitoring and expert opinion were compared using Jaccard‘s similarity 

index and a single linkage cluster analysis was run on the outputs (Figure 9.3). The analysis supports 

the proposed focal areas, although FA2 and FA3 supported similar species as did the Tonle Sap 

system (FA6 and FA7). 

151 species (12% endemics) 

HIGH MOUNTAINS

140 species (18% endemics)

LOW MOUNTAINS

PLATEAU ISLANDS, WETLANDS

328 species (11% endemics) 

FLOODPLAINS

484 species (6% endemics)

DELTA

267 species (16% endemics) 191 species (14% endemics)
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Figure 9.3 Single linkage cluster analysis of fish species similarity between BioRA FAs. 

Red indicates species composition in the FAs is statistically similar. 

 

 

9.2.1 BioRA FA1 Mekong River upstream of Pak Beng 

FA1 is located in northern Laos in high elevation areas. The river in this section is narrow and 

consists of rock and sandy substrate. There are many deep pools recorded in this section (Halls et al. 

2013). The main tributaries are the Beng, Tha and Ou. Forty-nine species of fish have been recorded 

in this area. Six guilds are found in the zone but the dominant guilds (by weight) are main channel 

spawners (short distance white fish) (G3), non-native species (G11) and rhithron
49

-resident species 

(G1; Figure 9.4). The top ten species in terms of contribution by weight are Cyprinus carpio, 

Hypsibarbus vernayi, Hypsibarbus malcolmi, Poropuntius deauratus, which contribute 21, 17, 16 and 

11%, respectively (Table 9.2). The dominance of carp (Cyprinus carpio) in this region is based on 

escapees from boat-based fish cages along the riverbanks, and is a major concern to the integrity of 

the endemic fish fauna. 
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 A stream reach at higher elevations, characterized by rapid flow, low temperature, and high dissolved oxygen 

levels. 
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Figure 9.4 Guild contribution to composition of catch (data based on MRC catch 

monitoring, FiD and RIA2 surveys). 
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Table 9.2 Contribution of top ten fish species to catches in FA1: Mekong River from the 

border with China to Pak Beng. 

# Scientific name Guild  % 

1 Cyprinus carpio 11 21.1  

2 Hypsibarbus vernayi 3 16.9 

3 Hypsibarbus malcolmi 3 15.7  

4 Poropuntius deauratus 1 10.6  

5 Phalacronotus apogon 3 5.3  

6 Puntioplites falcifer 3 3.3  

7 Cirrhinus molitorella 3 3.1  

8 Labeo chrysophekadion 3 2.7  

9 Dasyatis laosensis 3 1.6  

10 Gymnostomus siamensis 5 1.6  

 

 

9.2.2 BioRA Zone 2: Mekong River from Nam Beng to Vientiane. 

The river in this area is wider and connects to tributary and floodplain. The important tributaries are 

the Ngum and San Rivers. Thirty species have been recorded in catches in these areas. The 

dominant guilds by total weight are main channel spawners (short distance white) (G3), main channel 

residents (long distant white (G2) and rhithron resident species (G1); Figure 9.4). The top ten species 

in terms of contribution to the total weight caught are Bagarius bagarius, Cosmochilus harmandi, 

Probarbus jullieni. These contribute 10.4, 9.7, 9.2 and 8.5%, respectively (Table 9.3). Note Probarbus 

jullieni is classed as an endangered species in the Thailand IUCN Red List but is heavily exploited in 

Lao PDR. 

 

Table 9.3 Contribution of top ten fish species to catches in FA2: Mekong River from 

downstream of the Nam Beng to upstream of Vientiane 

# Scientific name Guild  % 

1 Bagarius bagarius 1 10.4  

2 Cosmochilus harmandi 2 9.7  

3 Probarbus jullieni 2 9.2  

4 Helicophagus waandersii  3 8.5  

5 Pangasius djambal 11 8.3  

6 Phalacronotus apogon 3 5.9  

7 Bagarius yarrelli 1 5.6  

8 Puntioplites falcifer 3 5.4  

9 Pangasius conchophilus 2 4.7  

10 Pangasius macronema 3 3.9  
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9.2.3 BioRA Zone 3: Mekong River from Vientiane to Se Bang Fei 

This areas is located in lowland areas, consists of extensive floodplains that are connected to the 

many large tributaries on the Lao PDR and Thailand sides of the river. The main tributaries are 

Xebangfai, Mun and Hinboun. More than 60 species have been recorded in catches in this area. The 

dominant guilds by number and total weight are main channel spawning (short distance white) 

species (G3) and main channel resident (long distant white) species (G2; Figure 9.4). The top ten 

species by total weight are the whitefishes Pangasius conchophilus, Cosmochilus harmandi, 

Helicophagus waandersii, Labeo chrysophekadion, contributing 23, 12, 9 and 5 %, respectively (Table 

9.4).  

 

Table 9.4 Contribution of top ten fish species to catches in FA3: Mekong River from 

Vientiane to Nam Kam 

# Scientific name Guild  % 

1 Pangasius conchophilus 2 22.6 

2 Cosmochilus harmandi 2 12.0 

3 Helicophagus waandersii  3 9.1 

4 Labeo chrysophekadion 3 5.3 

5 Hypsibarbus wetmorei 3 5.2 

6 Bagarius yarrelli 1 5.1 

7 Pangasius bocourti 2 3.3 

8 Probarbus jullieni 2 2.8 

9 Bagarius bagarius 1 2.4 

10 Scaphognathops bandanensis 3 2.4 

 

 

9.2.4 BioRA Zone 4: Mekong River from Nam Kam to Stung Treng 

The river in this area is wider and consists of many deep pools, compared to FA1-3. In this zone, the 

3S system (Sekong, Sesan and Sripok) is the most important group of tributaries linked with the 

Lower Mekong Migration System. Many species also move from the Mekong River to the 3S system 

to complete their life cycles. More than 130 fish species have been recorded in catches in this area. 

The dominant guild by total weight are main channel spawning (short distance white) species (G3), 

floodplain spawning (grey) species (G4) and eurytopic (generalist) species (G5) (Figure 9.4). The top 

ten species by total weight in the Lao PDR sector are Labeo chrysophekadion, Scaphognathops 

stejnegeri, Hypsibarbus malcolmi, contributing to 19, 13 and 8% respectively, but Dasyatis laosensis, 

Parambassis siamensis and Syncrossus helodes were the dominant species in the Cambodian sector 

although contribution to catches was dispersed amongst species (Table 9.5). 
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Table 9.5 Contribution of top ten fish species to catches in FA4: Mekong River from Nam 

Kam to Stung Treng 

# Scientific name Guild  % 

Lao PDR sector 

1 Labeo chrysophekadion 3 19.1 

2 Scaphognathops stejnegeri 3 12.6 

3 Hypsibarbus malcolmi 3 8.1 

4 
Helicophagus waandersii 
(Indonesian sp) 

3 4.1 

5 Cosmochilus harmandi 2 4.0 

6 Pangasius conchophilus 2 3.7 

7 Cirrhinus microlepis 3 3.2 

8 Pseudolais pleurotaenia 3 2.9 

9 Dasyatis laosensis 3 2.6 

10 Mekongina erythrospila 1 1.6 

Cambodia sector 

1 Dasyatis laosensis 3 3.6 

2 Parambassis siamensis 5 3.5 

3 Syncrossus helodes 3 3.2 

4 Kryptopterus bicirrhis 3 2.4 

5 Hemisilurus mekongensis 3 2.4 

6 Yasuhikotakia modesta 3 2.0 

7 Rasbora tornieri 4 2.0 

8 Pangasius mekongensis  2 1.8 

9 Cirrhinus prosemion 3 1.7 

10 Lobocheilos melanotaenia 1 1.4 

 

 

9.2.5 BioRA Zone 5: Mekong River from Stung Treng to Phnom Penh 

The Mekong downstream of Stung Treng represents a changing habitat from a river constrained by 

high banks and with extensive areas of bedrock upstream of Kratie, to floodplain habitat downstream 

towards Phnom Penh, forming the Cambodia floodplain, one of the most productive areas in terms of 

fish and fisheries in Cambodia. The reach upstream of Kratie represents the most downstream 

location of gravel bed habitat and is where rhithron adapted species are likely to breed, although they 

will also be found further downstream feeding and exploiting refuge habitat. 

 

The dominant guild by total weight is main channel spawning (short distance white) species (G3), 

followed by the floodplain spawning (grey) species (G4), rhithron species (G1) and eurytopic 

(generalist) species (G5; Figure 9.4). The top ten species by total weight are all eurytopic species 
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(G5), Gymnostomus lobatus, Gymnostomus cryptopogon and Labiobarbus leptochilus, contributing to 

19, 13 and 8% of catch, respectively (Table 9.6). 

 

Table 9.6 Contribution of top ten fish species to catches in FA5: Mekong River from 

Stung Treng to Phnom Penh 

# Scientific name Guild  % 

1 Gymnostomus lobatus 5 23.3 

2 Gymnostomus cryptopogon  5 16.2 

3 Labiobarbus leptochilus 5 14.2 

4 Paralaubuca barroni 4 12.9 

5 Gymnostomus lobatus 5 7.8 

6 Labeo chrysophekadion 3 2.6 

7 Puntioplites proctozysron 3 1.9 

8 Pseudolais pleurotaenia 3 1.8 

9 Yasuhikotakia modesta 3 1.5 

10 Thynnichthys thynnoides 4 1.4 

 

 

9.2.6 BioRA Zones 6 and 7: Tonle Sap River and Great Lake. 

The Tonle Sap Great Lake is the defining feature of the Cambodian floodplains. It is located at the 

apex of the Tonle Sap River, which runs approximately 130 km to join the Mekong River near Phnom 

Penh. The Great Lake is the largest wetland in Southeast Asia (Kummu et al. 2008) and the basin 

covers an area of around 67 000 km
2
 (Ahmed et al. 1996). In the dry season (October – May) water 

drains from the Tonle Sap Great Lake into the Mekong River via the Tonle Sap River. As the wet 

season advances from June/July onwards, however, flooding in the Delta downstream of Phnom 

Penh causes water levels in the Mekong River to rise higher than those in the Great Lake. This 

causes flow in the Tonle Sap River to reverse and, instead of draining into the Mekong River the 

waters are pushed back upstream towards the Great Lake, inundating its floodplains. At the peak of 

the flood the aerial extent of the lake increases between three and six times that in the dry season 

(van Zalinge et al. 2004) and the inundated area increases from ~3 500 km
2
 in the dry season to 

~14 500 km
2
 (Kummu et al. 2008). Over this same period the lake volume increases from ~1.5 km

3
 to 

60-70 km
3
. 

 

Towards the end of the flood, backed-up waters in the Great Lake and concurrently subsiding water 

levels in the Mekong River, cause the flow in the Tonle Sap River to reverse once more. The waters 

are then carried out of the lake, back into the Mekong River and towards the Delta.  

 

This seasonal movement of water contributes to the high productivity of Tonle Sap Great Lake and 

the large dai fisheries of the Tonle Sap River exploit the migrating fish that have grown rapidly in the 

highly-productive Great Lake during the flooded period. In general, the floodplains in Cambodia are 

considered to support the most productive fisheries in the LMB (van Zalinge et al. 2004; Lamberts and 

Koponen 2008; Hortle and Bamrungrach 2012). Fish production figures per unit area of floodplain 
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range from an average of ~205 kg/ha/year for the Tonle Sap Great Lake area to ~375 kg/ha/year for 

the floodplain near Phnom Penh. These estimates mainly reflect differences in exploitation. The 

highest catch estimates are for areas where fish have the least chance of avoiding fishing gear. In 

comparison, production from rice fields varies between 25 and 300 kg/ha/year depending on the level 

of exploitation and management systems used. The per capita consumption of fish of people living 

around the Tonle Sap Great Lake is the highest in the region at around 70 kg/person/year.  

 

The dominant fish guild by total weight in the Tonle Sap River are the main channel spawning (short 

distance white) species (G3), followed by the floodplain spawning (grey) species (G4) and eurytopic 

(generalist) species (G5; Figure 9.4). The top ten species by total weight are Poropuntius deauratus, 

Xenentodon cancila and Rasbora tornieri, contributing 6, 5.8 and 5% to catches, respectively (Table 

9.7). The dominant guilds in the Great Lake are short-distance migrating white fish, grey, eurytopic 

and black fish, which are present in almost equal proportions (Figure 9.4). The most important 

species in the catches are either eurytopic or black fish species, such as Gymnostomus siamensis 

(4.4%), Trichopodus trichopterus (4.1%), Gymnostomus lobatus (3.0%), Puntius brevis (2.8%) and 

Trichopodus microlepis (2.8%; Table 9.8). 

 

Table 9.7 Contribution of top ten fish species to catches in FA6: Tonle Sap River from 

Phnom Penh to the Tonle Sap Great Lake 

# Scientific name Guild  % 

1 Poropuntius deauratus 1 6.0 

2 Xenentodon cancila 5 5.8 

3 Rasbora tornieri 4 5.0 

4 Gymnostomus siamensis 5 4.9 

5 Scaphognathops bandanensis 3 4.8 

6 Gymnostomus lobatus 5 4.1 

7 Labiobarbus leptochilus 5 3.7 

8 Pangasius sp. 5 2.9 

9 Puntioplites proctozysron 3 2.3 

10 Mystus mysticetus 4 2.3 

 

 

Table 9.8 Contribution of top ten fish species to catches in FA7: Tonle Sap Great Lake 

# Scientific name Guild  % 

1 Gymnostomus siamensis 5 4.4 

2 Trichopodus trichopterus 6 4.1 

3 Gymnostomus lobatus 5 3.0 

4 Puntius brevis 6 2.8 

5 Trichopodus microlepis 6 2.8 
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# Scientific name Guild  % 

6 Parambassis apogonoides 4 2.7 

7 Mystus albolineatus 4 2.5 

8 Labiobarbus leptochilus 5 2.5 

9 Puntioplites proctozysron 3 2.2 

10 Osteochilus vittatus 5 2.2 

 

 

9.2.7 BioRA Zone 8: Mekong Delta from the Cambodian/Viet Nam border to the 

sea. 

The Mekong Delta is a low-lying area, with a large proportion of inundated land during the flood 

season, with the flood peak usually in November. Floods are quite predictable from year to year and 

much of the flooded area is deeper than 2 m. The flooded areas are important habitats for fish and 

other aquatic animals for feeding and growth. The Plain of Reeds and Long Xuyên Quadrangle (in    

 i  g     g Th       g   , Kiên Giang, and     Th  Provinces) are heavily flooded areas. By 

contrast, coastal areas are rarely flooded by the Mekong River waters, but are strongly influenced by 

the tidal cycles. 

 

It should be recognised that much of the floodplain area in Viet Nam has been disconnected from the 

main river and tributary channels by the construction of permanent embankments to protect rice fields 

and aquaculture ponds. This eliminates much of the natural fish production, especially of white and 

grey fishes that move onto floodplains in the flood season to reproduce. Ultimately this disassociation 

of the floodplains could lead to lost fisheries productivity and declining catches and is one of the 

principle reasons for the decline of fisheries in floodplain systems (Welcomme 2001). 

 

The Mekong Delta of Viet Nam is the most important area for food security in Viet Nam. Although 

area of the Mekong Delta accounts for only 12.26% of total national territory, it contributes substantial 

proportion for variety of food, especially for capture fisheries, where an estimated 1 145 87 tonnes 

were caught in 2013 (40.85% of total national production). Inland capture fishery plays in important 

role for local people, especially for people who have no job except fishing. In addition, aquaculture 

production in the Mekong Delta reached 2 262 906 tonnes in 2013, accounting for 70.37% of total 

national production (General Statistics Office (GSO) of Viet Nam). 

 

The dominant guild by total weight main-channel spawning (short distance white) species (G3), 

followed by the floodplain spawning (grey) species (G4), blackfish species (G6), eurytopic (generalist) 

species (G5), and non-natives (G11; Figure 9.4). The top ten species by total weight are dominated 

by Puntioplites proctozysron, Barbonymus gonionotus and Oreochromis niloticus, contributing to 16, 

15 and 7%, respectively (Table 9.9).  
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Table 9.9 Contribution of top ten fish species to catches in FA8: Mekong Delta from the 

Cambodian/Viet Nam border to the sea 

# Scientific name Guild  % 

1 Puntioplites proctozysron 3 16.2  

2 Barbonymus gonionotus 3 14.9  

3 Oreochromis niloticus 11 7.1 

4 Anabas testudineus 6 5.1 

5 Pterygoplichthys disjunctivus 4 4.6  

6 Mystus mysticetus 5  3.1  

7 Chelon subviridis 7 2.2 

8 Henicorhynchus siamensis 3 2.1 

9 Clarias batrachus 6 1.8 

10 Arius maculatus 7  1.6  

 

 

9.3 Fish indicators 

In large species-rich systems such as the Mekong River, it is difficult to assess the impact of any 

major development at the species level. For impact assessment purposes, it is therefore useful to 

identify major species groups that occur in the study area, and that respond to hydromorphological 

and water quality pressures. A common approach is to classify fishes based on guilds that exhibit 

similar migratory or trophic behaviour (Welcomme et al. 2006). The guild framework helps facilitate 

the identification of species within the assemblage that are most likely to be impacted by basin 

development, such as in-channel dams, in a similar manner.  

 

Traditionally the fish species and communities of the LMB have been broken down into three main 

categories (Table 9.10): Whitefish, the river channel resident species that migrate up and down the 

main river channel and into the bigger tributaries; Black fish, which are main limnophilic
50

 species 

resident in floodplain wetlands; and Grey fish, which migrate between the main river channels and the 

floodplain. Unfortunately this classification is oversimplified and does not describe the complexity of 

fish species diversity and communities in the LMB.  

 

Instead, the guild classification of Welcomme et al. (2006) that breaks down the fish species into ten 

broad guilds based on reproductive tactics and habitat associations are used in the BioRA (Table 

9.11). Categorisation for the purposes of BioRA is based on the presence or absence of adult and 

larvae/juvenile life stages within riverine and floodplain habitats as recorded by MRC monitoring 

programs and information contained in the Mekong Fish Database (MRC 2009). An additional guild, 

non-native species, is added because it is the expectation that this guild will benefit from any 

degradation of habitat and replace lost species, possibly to the detriment of wild fisheries. It should be 

noted, however, that this guild has not been included in the assessment as an indicator of community 

                                                      

 
50

 Species adapted to slow moving water 
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change. This is because non-native species introductions and invasion is a pressure on the fisheries 

in its own right and prominence of invasive species either indicates a deterioration of habitat quality or 

escapes from aquaculture systems. The number of species in each guild in each focus area is given 

in Table 9.12. 

 

More detailed reasons for the selection of the guilds and the indicator species are given in Sections 

9.3.1 to 9.3.11.  

 

Table 9.10 Basic classification of fishes of LMB (Welcomme et al. 2006). 

Behavioural 
guild 

Typical behaviour Reaction to changes in 
hydrograph General Specific 

Black fish – 
limnophilic 
species 

 Floodplain residents move 
little between floodplain 
pools, swamps and 
inundated floodplain. 

 Repeat breeders with 
specialised reproductive 
behaviour.  

 Predominantly nest 
builders, parental carers 
or live bearers. 

 Tolerant of low dissolved 
oxygen or anoxia 
(auxiliary breathing 
adaptations) 

A 

 Tolerant of low 
dissolved oxygen 
tensions only 

 Tend to disappear 
when floodplain 
disconnected and 
desiccated through 
poldering

51
 and levee 

construction 

 May increase in 
number in shallow, 
isolated wetlands, rice-
fields and drainage 
ditches 

B 

 Tolerant of 
complete anoxia 

 Persist in residual 
floodplain water bodies 

 Principal component of 
rice field and ditch 
faunas 

White fish – 
rheophilic 
species 

 Long distance migrants 

 One breeding season a 
year 

 Predominantly 
psammophils, lithophils or 
limnophils 

 Intolerant of low oxygen 

A 

 Main channel 
residents not 
entering floodplain 

 Often have drifting 
eggs and larvae 

 Tend to disappear 
when river dammed 
and migration 
prevented 

 When timing of flood 
inappropriate to their 
breeding seasonality, 
and  

 If flow excessive or too 
slow for the needs of 
drifting larvae 

                                                      

 
51

 An area of low-lying land that has been reclaimed from a body of water and is protected by dykes 



 

  
Page 269 

 

  

Behavioural 
guild 

Typical behaviour Reaction to changes in 
hydrograph General Specific 

B 

 Use floodplain for 
breeding, nursery 
grounds and 
feeding of juvenile 
and adult fish 

 Usually spawn at 
floodplain margin or 
on floodplain; 
sometimes have 
drifting eggs and 
larvae 

 Tend to disappear 
when river dammed 
and migration 
prevented 

 Damaged when 
access to floodplain 
denied to developing 
fry and juveniles 

Grey fish – 
eurytopic 
species 

 Tolerant of low dissolved 
oxygen 

 Repeat breeders 

 Predominantly phytophils 
but some nesters or 
parental carers 

 Short distance migrants 
often with local 
populations 

A 

 Occupy main 
channel, generally 
benthic 

 Able to adapt 
behaviourally to 
altered hydrograph 

 Generally increase in 
number as other 
species decline 

 Impacted negatively to 
flows that change 
depositional siltation 
processes and alter 
the nature of the 
bottom 

B 

 Occupy riparian 
vegetation 

 Able to adapt 
behaviourally to 
altered hydrograph 

 Generally increase in 
number as other 
species decline 

 Impacted negatively by 
flows and 
management that 
changes riparian 
structure 

C 

 Occupy larger and 
better oxygenated 
floodplain water 
bodies 

 Sensitive to isolation of 
floodplain water body 
but can colonise river if 
flow slowed sufficiently 

 Often form basic 
colonisers of 
reservoirs and dams 
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Table 9.11 Fish indicators used in BioRA 

Indicator Guilds 
Indicator species/groups of 

species 
Reasons for selection 

Focus Areas 

1 2 3 4 5 6 7 8 

Rithron resident species Various see 9.3.1 
Reflects species that occupy rapids, torrents, rocky areas 

and pools in the rhithron 
                

Main channel resident 

(long distant white) species 

Cirrhinus microlepis, 

Cyclocheilos enoplos, 

Cosmochirus harmandi, 

Probarbus jullieni, 

Pangasianodon 

hypophthalmus, Pangasius 

larnardii, P. mekongensis, P. 

bocourti, P. concophilus 

Tend to disappear when longitudinal migrations to spawning 

and refuge habitat is prevented 
                

Main channel spawner 

(short distance white) 

species 

Various, see 9.3.3 
Tend to disappear when river is longitudinal migrations to 

spawning and refuge habitat is prevented 
                

Floodplain spawner (grey) 

species 
Various, see 9.3.4 

Threatened when rivers are dammed preventing lateral and 

longitudinal migrations to feeding and refuge habitats in 

main channel from the floodplains, typically because of 

water level alterations 

                

Eurytopic (generalist) 

species 
Various, see 9.3.5 

Abundance and diversity may be affected by direct human 

activities including agriculture, industrial and urban 

development 

                

Floodplain resident (black) Various, see 9.3.6 

Threatened when rivers are preventing inundation of 

floodplain wetlands and reconnections of wetlands to the 

main channel from the floodplains 

    y           
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Indicator Guilds 
Indicator species/groups of 

species 
Reasons for selection 

Focus Areas 

1 2 3 4 5 6 7 8 

Estuarine resident species 

Plotocidae, Ariidae, 

Adrianichthidae, Gobiidae, 

Polynemidae, Cynoglossidae, 

Soleidae 

Affected by physical barriers around river mouth or sea level 

rise         

Anadromous species 
Pangasius krempfi, P. 

elongatus, Ariidae 

Physical barriers such as mainstream dams and flood gates 

block their migration and disrupt reproduction         

Catadromous species 
Anguilla marmorata, A. 

Bicolor, Pisodonophis boro 

Tend to disappear when the river is dammed preventing 

longitudinal upstream migration         

Marine visitor species 

Scombridae, Gerreidae, 

Ambassiidae, Terapontidae, 

Sciaenidae, Gobiidae  

Abundance may be affected by physical barriers such as 

flood gates at river mouths         

Non-native species 

Labeo rohita, Cirrhinus 

cirrosus, Cyprinus 

rubrifuscus, Piaractus 

brachypomus, Clarias 

gariepinus, Pterygoplichthys 

spp., Oreochromis spp. 

Tend to proliferate in degraded habitats 
        

Fish biomass All Important food source for other indicators 
        

 



  
Page 272 

 

  

Table 9.12 Distribution of fish species amongst focal areas by Guild 

Guild 

Focal area 

FA1 FA2 FA3 FA4 FA5 FA6 FA7 FA8 

G1 67 83 77 69 27 6 19 0 

G2 9 11 11 14 11 8 7 10 

G3 41 68 73 72 50 47 40 41 

G4 29 58 57 60 44 42 49 40 

G5 19 28 30 31 26 26 27 25 

G6 20 32 32 29 24 22 24 24 

G7 0 0 0 22 23 30 22 208 

G8 0 0 0 2 2 3 1 4 

G9 0 0 0 1 1 1 1 3 

G10 0 0 0 4 4 9 6 283 

G11 0 0 0 17 12 13 12 15 

Total 185 280 280 321 224 207 208 653 

Note species may be present in more than more focal area 

 

 

9.3.1 Rhithron resident species 

Rhithron resident species occupy rapids torrents, rocky areas and pools in the rhithron. 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 with 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. 

 

Indicator groups and/or species: 

 Notopteridae: Chitala blanci (main channel in rocky places only) 

 Cyprinidae: Garra spp., Brachydanio spp., Devario spp., Poropuntius spp., Tor spp., 

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

spp., Onychostoma spp.(Lao PDR), Scaphidonichthys acanthopterus (Lao PDR), Mekongina 

erythrospila (FA1 – FA4), 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) 

 Gobiidae: Rhinogobius mekongianus (upstream of Stung Treng) 

 Tetraodontidae: Pao baileyi (main channel only), P. turgidus. 
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9.3.2 Main channel resident (long distant white) species 

Long distant migrants 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 behaviour. 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 

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 unnatural hydrological changes, 

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

main channel in the dry season. Adults do not enter floodplains. 

 

Indicator groups and/or species: 

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

jullieni. 

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

mekongensis (FA6, FA7 and FA8 only), P. bocourti (except FA6 and FA7), P. concophilus 

(except FA6 and FA7). 

 

9.3.3 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. They reproduce once each year synchronised with the flood-cycle. The range of 

their offspring dispersal is restricted compared with long distant migrants. These fish may migrate to 

deep pools in the main channel in the dry season. Unusual hydrological change may affect spawning 

behaviour and survival of offspring.  

 

Indicator groups and/or species: 

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

laciniata (FA6, FA7 and FA8), Tenualosa thibeaudei. 

 Cyprinidae: Cirrhinus prosemion, C. jullieni, Hypsibarbus spp., Puntioplites falcifer (upstream 

of Kratie), Labeo chrysophekadion, L. pierrei, Sikukia spp., Incisilabeo behri, Scaphognathops 

spp. (upstream of 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. 

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

 Sciaenidae: Boesemania microlepis (FA5, FA8 common, upstream of Khone Falls very rare). 

 Gyrinocheilidae: All species. 

 Tetraodontidae: Auriglobus nefastus. 
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9.3.4 Floodplain spawner (grey) species 

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

(deep pools) in the main channel in the dry season. They are predominantly phytophils
52

. They differ 

from main channel spawners in that spawning occurs on the floodplain and the main channel is used 

as a refuge during the dry season. 

 

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. 

 Syngnathidae: Doryichthys boaja (FA5-8), D. contiguus (confirmed between Vientiane-Ubon 

Ratchathani, does not exist downstream of Khone Falls). 

 Bagridae:  Mystus spp. 

 Ambassidae: Parambassis wolfii, P. apogonoides. 

 Tetraodontidae: Pao cambodgiensis, P. suvattii (upstream of Khone Falls only). 

 

9.3.5 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. They may be semi-migratory often with 

sedentary local populations. They show non-critical migrations in mainstream. They may also 

undertake lateral migrations to floodplains 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.  

 

Indicator groups and/or species: 

 Notopteridae: Notopterus notopterus
53

, Chitala ornate. 

 Channidae: Channa gachua. 

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

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

Cyclocheilichthys spp. Mystacoleucus spp, P. proctozysron (FA5 and FA8). 

 Bagridae: Hemibagrus spp. 

 Pristolepididae: Pristolepis fasciata. 

                                                      

 
52

 Live or feed in/on plants. 
53

 Notopterus notopterus and Chitala ornate occur everywhere. Small specimens are often collected in a small canals 
associated with rice fields, and they are often captured even in stagnant water with Mystus spp. As such they have been 
defined as generalists. 
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 Mastacembelidae: Mastacembelus spp. (eg. M. favus, M. armatus), Macrognathus 

siamensis. 

 Ambassidae: Parambassis siamensis. 

 Eleotridae: Oxyeleotris marmorata. 

 Osphronemidae: Osphronemus exodon. 

 

9.3.6 Floodplain resident (black) 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 dammed 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 (e.g., C. macrocephalus, C. cf batrachus) 

 Adrianichtyidae: Oryzias mekongensis, O. songkramensis, O. minutillus 

 Hemiramphidae: Dermogenys siamensis 

 Channidae: Channa striata, C. lucius, C. micropeltes 

 Anabantidae: Anabas testudineus  

 Osphronemidae: Trichopodus spp., Trichopsis spp.  

 Synbranchidae: Monopterus albus  

 Mastacembelidae: Macrognathus spp.  

 Tetraodontidae: Pao cochinchinensis, P. palustris, P. suvatii. 

 

9.3.7 Estuarine resident species 

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

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

confined to the brackish parts 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 the river mouth or sea level rise.  

 

Indicator groups and/or species: 

 Plotocidae: Plotosus canius (FA8) 

 Ariidae: all species (FA8) 

 Adrianichthidae: Oryzias haugiangensis (FA8) 

 Gobiidae: Glossogobius spp. (FA6, FA7 and FA8), Pseudapocryptes elongatus, 

Periophthalmodon schlosseri 

 Polynemidae: Polynemus spp. (FA6, FA7 and FA8) 
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 Cynoglossidae: all species (FA6, FA7 and FA8) 

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

 

9.3.8 Anadromous species 

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

habitats 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 

feed.  

 

Indicator groups and/or species: 

 Pangasiidae: Pangasius krempfi (except FA6 and FA7), P. elongatus (mainstream only) 

 Ariidae: all species (FA6 and FA8). 

 

9.3.9 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.  

 

Indicator groups and/or species: 

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

 Ophichthidae: Pisodonophis boro (FA6-8). 

 

9.3.10 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 (FA6 and FA8) 

 Gerreidae: All species (FA8); Leiognathids 

 Ambassiidae: All species except Parambassis spp. (FA8) 

 Terapontidae: Terapon jarbua 

 Sciaenidae: All species except Boesemania 

 

9.3.11 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: 

 

Indicator groups and/or species: 

 Cyprinidae: Labeo rohita, Cirrhinus cirrosus, Cyprinus rubrifuscus 

 Serrasalmidae: Piaractus brachypomus 
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 Clariidae: Clarias gariepinus 

 Loricariidae: Pterygoplichthys spp.  

 Cichlidae: Oreochromis spp.
54

, such as O. niloticus, O. mossambicus, Tilapia rendalli and 

hybrids strains used in aquaculture. 

 

9.4 Status and trends 

Capture fisheries form an important source of livelihoods and contribute massively to food security 

throughout the LMB. Fishing takes place in all habitats across the region but is more prolific in terms 

of production volume in the middle and lower migration zones, especially in the Delta and Cambodian 

floodplain and around the Tonle Sap Great Lake. 

 

Unfortunately the data available that can be used to detail trends in fisheries productivity and yield are 

heavily dependent on government statistical surveys, fisheries administration and MRC surveys, and 

tend to be unreliable, fragmented and to grossly underestimate the catch. Nevertheless they do show 

basic trends in catches against which status and impact can be measured. 

 

Fisheries in the Cambodian sector of the LMB showed an upward trend in catches between 1996 and 

2011 (Figure 9.5) but thereafter are unavailable because of a change in the governance of fisheries in 

Cambodia and disbanding of the lot system. Consequently data are no longer collected using formal 

reporting procedures. Catches from the dai fishery fluctuate widely and contributes between about 

8000 and 33 000 tonnes (or about 7%) of Cambodia‘s total annual landings of fish from the Mekong 

Basin estimated to be in the region of 480 000 per annum (valued at more than US$6 million in 2006). 

(Halls et al, 2013)   

 

                                                      

 
54

 Tilapias in this region are mainly composed of O. niloticus and O. mossambicus.  But actually, the pure species are not in 

the LMR. Most of them are hybridized before or after introduction.  For instance, caudal-fin stripes are the main character of 

O. niloticus but that of tilapias in the LMR are not the typical aspect of original O. niloticus of Africa. They are more or less 

mixed. So, they have not been specified as ‗niloticus‘. 
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Figure 9.5 Capture fisheries production for Cambodia (2000-2013) (FA4- Kratie; FA5 – 

Phnom Penh; FA6- Tonle Sap River; FA7 – Tonle Sap Great Lake; Cambodian 

Fishery Administration Statistics: Inland and marine catch production by 

Provinces (FiA) 1995-2011). 

 

The Viet Namese part of the Mekong Delta is the most important fishery in Viet Nam, contributing 

nearly 40% of the total national production. Total capture fisheries production in the Delta increased 

from 552 240 tonnes (1995) to over 1 000 000 tonnes in 2012 (Figure 9.6), nearly doubling production 

in 17 years. Most of the production, however, comes from marine fisheries, and inland fisheries catch 

has declined in recent years. For example, in 2011 marine production accounted 88% of the total 

capture production with only 12% from inland production. There is an increase in marine production 

from 465 732 tonnes in 2000 to 691 700 tonnes in 2013 and a commensurate fall in inland (freshwater 

fish) from 188 873 tonnes in 2000 to 124 626 tones in 2011 (Figure 9.6). 

 

 

Figure 9.6 Variation in capture fisheries (fish and OAAs) production by provinces in the 

Mekong Delta (Source: GSO) 
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The fisheries of the LMB are under stress from a number of pressures associated with economic, 

social and infrastructural development over the past 150 years. The main pressures are agricultural 

land development including massive expansion of rice farming and deforestation, intensive fishing 

pressure, hydropower development, mining, sand mining, urbanization and industrial development 

and associated pollution. In addition, climate change is affecting the hydrological regime and has the 

potential to override all other factors. 

 Fishing pressure and deforestation have occurred since early in the history of the region, 

driven by food demand and population growth, with spikes during the Viet Nam War and 

again more recently. Intense fishing pressure in Viet Nam and Cambodia became prominent 

in the 1950s but occurred later in the Lao PDR zone of the river. Fishing pressure also 

increased with improved access through infrastructural development (roads) and the 

availability of modern fishing gear (e.g., nylon gill nets) at affordable prices. 

 Similarly, agriculture development has occurred since the mid -1800s, but expanded from the 

1970s, when the governments promoted irrigated rice cultivation by providing irrigation canals 

and pumping stations along the Mekong River and its tributaries. Flooded forests were also 

converted to rice fields or for other crop production. Considerable areas of natural lands and 

floodplains have been reclaimed for agriculture and aquaculture, all of which has degraded 

the fisheries production. For example, rice farming has morphed from one crop per year in the 

Delta (flowing rice: crop lasts six months during the flood season) to up to three crops per 

year (each crop lasts for about three months). Intensive rice farming and aquaculture are 

promoted to increase production and also productivity but have a negative impact on inland 

fish production due to habitat loss and dis-connectivity of the floodplain habitat (Figure 9.7). 

Rubber plantations have also boomed after the government gave land concessions to 

foreigners to invest in agricultural development including rubber plantation, teak wood and 

other cash crop such as banana. Rubber plantations clear forest, which affects top soils, 

cause landslide and change sediment supply to the rivers. 

 Flood mitigation works and embankments are now common, particularly around big cities 

along the Mekong River. These developments have blocked fish migration into swamp and 

floodplain areas and reduced riparian vegetation along the riverbank that provides fish with 

food and spawning habitat in the flood period. 

 Mining in the LMB has boomed since the early 2000s when foreign investors started mining, 

in particular gold, leading to soil degradation and toxic pollution to soils and rivers.  

 Hydropower development is a major present and future threat to fish. The dams will act as 

barriers to fish migration to the upstream areas for spawning and feeding. Dam development 

in the Mekong mainstem and its tributaries intensified at the beginning of 2000s, when the 

Lao PDR government declared their intention to make Lao PDR the battery of South East 

Asia (ASEAN). 
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Figure 9.7 Comparison between inland yield and rice farming production in the Mekong 

Delta (Source: GSO) 

 

 

The duration of these various pressures in different BioRA zones is illustrated in Table 9.13, which 

shows that the main intensification was in the 1970s with a second expansion since 2000. The 

estimated 2015 ecological status for each of the fisheries indicators that reflect the pressures 

described above is provided in Table 9.14. The definitions for the categories are given in Table 9.11. 

The predicted trends in the indicators since 1900 are discussed in Sections 0 to 9.4.11. 

 

Table 9.13 Timing of pressures on the fisheries in different BioRA zones since 1990 

Pressure on fisheries 1900  1950  1970  2000  2015 

Lao PDR PDR FA1, FA2 and FA3 

1. Intense fishing        

2. Agriculture development        

3. Flood mitigation      

4. Deforestation      

5. Rubber plantation      

5. Mining      

6. Hydro power      

7. Alien species      

Thailand FA2 and FA3 

1. Starting monocrop plantation          

2. Aquaculture promotion          

3. Economic scale fisheries         

4. Deforestation          
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5. Irrigation networks system          

Cambodia FA4, FA5, FA6 and FA7 

Intense fishing pressure      

Agriculture development      

aquaculture development       

Deforestation      

Hydropower       

Mining       

Climate change      

Exotic species       

Viet Nam FA7 and FA8  

Fishing pressure      

Agriculture development      

Aquaculture development      

Deforestation      

Urbanization + pollution      

Climate change      

Exotic species      

 

Note: According to fisheries statistical monitoring programs (e.g. see Hall et al. 2013) total fish catch 

appears to be relatively stable in recent years. These statistical data, however, hide the considerable 

increase in fishing effort to maintain the catches. This is illustrated by the declining catch per unit 

effort (in terms of gears, fishers) observed by fishers and the MRC fisheries monitoring programs, and 

the shift in fish species composition to smaller fishes, both of which are classic indicators of heavy 

fishing pressure (Welcomme 2002).  Also, the proportion of non-native ‗exotic‘ fish in the catches has 

increased markedly in recent years and now contributes a notable proportion of the catches, 

especially in the Delta (about 7% MDS RIA2 study) and upstream in the Luang Prabang area (FA2).  

This is a worrying trend with potentially grave long-term consequences for the endemic fish fauna of 

the LMB. 

 

Thus, for the status and trends assessment, it is necessary to look beyond fish catches and to 

account for all the combined effect of pressures that have acted on fishing stocks throughout the LMB 

since 1900, and their influence on the abundance of all the BioRA guilds. These include the impacts 

of the human development as a whole including dams, agricultural development and associated 

irrigation, deforestation, human population growth, industrial development and pollution, and of course 

fishing pressure. 
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Table 9.14 Estimated 2015 ecological status for each of the fish indicators 
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Mekong River in 

Lao PDR 
C C C N/A B N/A N/A D D N/A E 

Mekong River in 

Lao PDR/ 

Thailand 

C C C D D C N/A D D N/A D 

Mekong River in 

Cambodia 
C B N/A B N/A B N/A C C N/A C 

Tonle Sap River N/A B N/A B N/A B N/A C C N/A C 

Tonle Sap 

Great Lake 
N/A B N/A C C B N/A B B N/A D 

Mekong Delta N/A B N/A C C B N/A B B B E 

 

 

9.4.1 Rhithron resident species 

Rhithron species are rheophilic, main channel residents that inhabit rapids and riffle areas. They are 

generally sedentary, of small size and are equipped with suckers or spines to enable them to grip 

rocks and other submersed objects. They may also have elongated or laterally flattened forms that 

allow them to live in the interstitial spaces of the rock and cobble substrate. Species of this guild are 

found throughout FA1 - FA4 but not below Kratie, and their abundance declines as riffle/rapid habitat 

becomes less common downstream of Vientiane. 

 

Activities that disturb the riffle structure, such as seasonal desiccation of riffles, increases in sediment 

load that choke the interstitial spaces, erosion or extraction of gravel or complete submergence of the 

riffle by impoundments, especially the latter, have affected this group although mostly in recent years 

(Figure 9.8). The species are also vulnerable to overexploitation.  

 

The main anthropogenic drivers of change in rhithron species include: 

 fishing pressure; 

 sand mining (esp. gravel); 

 sedimentation; 

 flow regulation. 
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Figure 9.8 Rithron resident species:  Historic abundance estimates as % relative to 2015 

(100%) 

 

 

9.4.2 Main channel resident (long distant white) species 

These are generally longitudinal migrants that move within the main river channel or up and down 

tributaries and do not enter the floodplain. They require relatively high dissolved oxygen levels, and as 

such they are sensitive to reductions in water quality. Most whitefish guild species have one breeding 

season per year that is closely linked to peak flows and rely on increased flow as cues for migration 

and maturation.  

 

Species in this guild frequently are vulnerable to overexploitation and other human disturbances, and 

many have become locally extinct in the LMB, while others are on the verge of extirpation, e.g., the 

giant Mekong catfish (Figure 9.9). These species have disappeared where the river is dammed and 

prevents migration. Although they may respond favourably to fish passage facilities, they suffer from 

downstream mortality passing through the impoundments or the turbines. They are also vulnerable to 

changes in the timing of high flow events that disrupt their breeding cycle. They are affected if flow 

velocities are excessive or if they too slow for the needs of drifting larvae (e.g., in impoundments). 

The impact of dams on these species may be mitigated by ensuring longitudinal connectivity through 

provision of appropriate fish passage facilities or removal of cross-channel dams, and ensuring the 

timing and quantity of flows are adequate to promote breeding and facilitate the arrival of fry at the 

adult habitats.  

 

The main anthropogenic drivers of change in long distance migrating whitefish species include: 

 fishing pressure; 

 dam development and flow regulation. 
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Figure 9.9 Main channel resident (long distant white) species:  Historic abundance 

estimates as % relative to 2015 (100%) 

 

 

9.4.3 Main channel spawner (short distance white) species 

Species in this guild are also longitudinal migrants, but tend to be more localised and can usually 

complete their life cycles within extended reaches or rivers and into tributaries. They may also 

undertake lateral migrations onto and off of the floodplain, which they use for breeding, nursery 

grounds and feeding by juvenile and adult fish. Fry may be resident at upstream sites for a certain 

period and may occupy upstream floodplains.  

 

These species are also vulnerable to damming and to lowered water quality that prevents migration, 

although they may respond favourably to appropriately designed fish passes. They are also adversely 

affected by changes in the timing of high flow events if these are inappropriate for their breeding 

seasonality, and to changes in the quality of upstream breeding habitats, which may become choked 

with silt and/or have insufficient flow to aerate the developing eggs.  

 

Species in this guild have become greatly diminished in abundance (Figure 9.10) mainly as a result of 

hydropower and water-control structures, and levees, in the mainstem and tributaries, which disrupt 

migration and/or deny access to the floodplain for developing fry and juveniles.  

 

The main anthropogenic drivers of change in short distance migrating whitefish species include: 

 fishing pressure;  

 dam development and flow regulation. 
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Figure 9.10 Main channel spawner (short distance white) species:  Historic abundance 

estimates as % relative to 2015 (100%) 

 

 

9.4.4 Floodplain spawner (grey) species 

Species in this guild have declined in the LMB (Figure 9.11) as the floodplains have become 

disconnected from the main channel and desiccated through poldering and levee construction, 

especially for rice production. The can potentially increase in number in shallow, isolated wetlands, 

rice-fields and drainage ditches, but are restricted from doing so because intensification of rice 

production, especially production of a third crop in the Delta area, prevents colonisation of the rice 

fields. The species may be recovered by reconnection of floodplain water bodies to the main channel 

or establishment of flow regimes that allow for seasonal filling of the floodplain water bodies.  

 

The main anthropogenic drivers of change in grey fish include: 

 fishing pressure; 

 dam development and flow regulation; 

 agricultural development, especially for rice production; 

 isolation of the floodplain by urbanization and flood control. 
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Figure 9.11 Floodplain spawner (grey) species:  Historic abundance estimates as % relative 

to 2015 (100%) 

 

 

9.4.5 Eurytopic (generalist) species 

These are generalist and extremely adaptable species that are often tolerant of low dissolved oxygen 

concentrations, hence the reason for little deterioration of this fish guild (Figure 9.12). They are 

generally repeat breeders or may breed during both high and low flow phases of the hydrograph; as 

such breeding may be independent of flow cues.  

 

 

Figure 9.12 Eurytopic (generalist) species:  Historic abundance estimates as % relative to 

2015 (100%) 

 

 

Species in this guild are usually fairly resistant to change, and thus considered eurytopic. In the 

Mekong, they are sensitive to river straightening and bank construction, and agricultural development 

and loss of flooded forest areas that has suppressed habitat availability in the floodplain. Species can 
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be recovered by rehabilitating main channel diversity and floodplain habitat, particularly by 

reconnection of abandoned side arms and active backwaters. 

 

The main anthropogenic drivers of change in eurytopic species include: 

 fishing pressure; 

 agricultural development, especially for rice production; 

 isolation of the floodplain by urbanization and flood control. 

 

9.4.6 Floodplain resident (black) 

This guild consists of lentic species that are mainly floodplain residents that do not migrate but may 

move between floodplain pools, swamps, dead arm backwaters and the inundated floodplain. They 

can be tolerant of complete anoxia that is found in isolated floodplain pools and wetlands. They are 

usually sedentary and sometimes show extremes of parental care with nest building. They may also 

survive in low numbers in deoxygenated backwaters and in marginal and floating vegetation, and form 

important components in rice field and ditch faunas. This guild is negatively impacted in the Mekong 

(Figure 9.13) by floodplain reclamation schemes that drain or fill the marginal water bodies and 

wetlands in which component species live, and are also fished heavily. 

 

The main anthropogenic drivers of change in blackfish species include: 

 fishing pressure; 

 dam development and flow regulation; 

 agricultural development, especially for rice production; 

 isolation of the floodplain by urbanization and flood control. 

 

 

Figure 9.13 Floodplain resident (black):  Historic abundance estimates as % relative to 2015 

(100%) 
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9.4.7 Estuarine resident species 

The lower reaches of the Mekong, in the Delta, is characterised by brackish water mangroves and 

associated transitional water environment. The species comprising the estuarine resident guild are 

basically stenohaline  freshwater species that move with daily and seasonal changes in salinity and 

are sensitive to interventions, such as river mouth barrages or changes in the connectivity of 

mangrove systems with the sea and flow changes. They generally breed and feed in fresh water but 

move up and down the estuarine system depending on flow and their tolerance to salinity. 

 

Species in this guild have been affected negatively by reductions in flow that allow saline waters to 

penetrate upstream or to occupy permanently the lower deltaic system and explain the decline in 

recent years (Figure 9.14). They have also been negatively affected by shrimp farming in the Delta 

and destruction of the mangrove forests. Finally, there has been a proliferation of fishing for marine 

and estuarine species that is compromising recruitment, especially to the coastal fishery. 

 

 

Figure 9.14 Estuarine resident species:  Historic abundance estimates as % relative to 2015 

(100%) 

 

 

The main anthropogenic drivers of change in estuarine resident species include: 

 fishing pressure; 

 shrimp farming and destruction of the mangrove forestry; 

 agricultural development, especially for rice production; 

 isolation of the floodplain by urbanization and flood control. 

 

9.4.8 Anadromous species 

Anadromous fish are also affected by a loss in longitudinal connectivity, similar to long-distance 

whitefish migrants, as this prevents them from reaching their upstream spawning and nursery 

habitats. Longitudinal connectivity can be affectd by reduced flows (natural or artificial) restricting the 

ability of fish to negotiate obstructions (natural or artificial). Their numbers in the LMB have declined 
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considerably in recent years because of heavy fishing pressure and water-resource development in 

tributaries (Figure 9.15). 

 

The main anthropogenic drivers of change in anadromous species include: 

 fishing pressure; 

 dam development and flow regulation. 

 

 

Figure 9.15 Anadromous species:  Historic abundance estimates as % relative to 2015 

(100%) 

 

 

9.4.9 Catadromous species 

Catadromous species require a lower salinity residence phase in their development, or are species 

that use estuaries as transit routes between the marine and freshwater environments. They are 

distinguished from anadromous species by the greater dependence on the freshwater phase of their 

life cycle, and by the greater distance they penetrate into fresh waters. In the LMB, these species 

have been affected by much the same impacts as those that affect the whitefish guilds. They are 

threatened by over fishing, interruptions to longitudinal connectivity and changes to the hydrograph at 

times critical to migration. They are equally affected by adverse changes to the marine ecosystems. 

Their numbers in the LMB have declined in recent years (Figure 9.16).  

 

The main anthropogenic drivers of change in catadromous species include: 

 fishing pressure; 

 longitudinal barriers to migration and flow regulation. 
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Figure 9.16 Catadromous species:  Historic abundance estimates as % relative to 2015 

(100%) 

 

 

9.4.10 Marine visitor species 

This guild comprises fish that live in the acean but occasionally penetrate into fresh waters. They are 

stenohaline or euryhaline, and differences within the guild are based on the relative use they make of 

the marine and freshwater habitats. Species in this guild have been affected negatively by changes 

that allow saline waters to penetrate upstream or to occupy permanently the lower deltaic system. 

They have also been negatively affected by the expansion of shrimp farming in the Delta, destruction 

of the mangrove forests and fishing pressure in the estuary and ocean that has compromised 

recruitment. Consequently, their numbers have declined steadily in recent years (Figure 9.17). 

 

 

Figure 9.17 Marine visitor species:  Historic abundance estimates as % relative to 2015 

(100%) 
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The main anthropogenic drivers of change in marine visitors include: 

 fishing pressure; 

 shrimp farming and destruction of the mangrove forestry. 

 

9.4.11 Non-native species 

Non-native species have been included because of their relatively recent proliferation in the LMB, 

especially the Delta and in areas around fishing facilities in Northern Laos and Thailand. The numbers 

have increased both as a result of escape from fish farms and through deliberate stocking. They have 

exploded in their contribution to catches in recent years (Figure 9.18), partly because they are 

predominately generalist species that can exploited the niche made available through lost migratory 

species. This group is a good indicator of environmental degradation. 

 

 

Figure 9.18 Non-native species:  Historic abundance estimates as % relative to 2015 (100%) 

 

9.5 Response curves and supporting evidence/reasoning 

The response curves for fisheries vary between guilds and between ecological zones in terms of 

intensity and scale. However explanations and evidence for the shape of the response curves are 

tabulated as follows, with respect to key hydromorphological drivers of fish and fisheries distribution 

and abundance: 

Table 9.15 Rhithron resident species 

Table 9.16 Main channel resident (long distant white) species 

Table 9.17 Main channel spawner (short distance white) species 

Table 9.18 Floodplain spawner (grey) species 

Table 9.19 Eurytopic (generalist) species 

Table 9.20 Floodplain resident (black) 

Table 9.21: Anadromous species 

Table 9.22 Catadromous species, 
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NB: The curves provided below are site specific, although the relationships are similar across all sites. 

The FAs used as an example for each curve are noted.  

 

The response curves do not address any of the scenarios directly. They are drawn for a range of 

possible changes in each linked indicator, regardless of what is expected to occur in any of the 

scenarios. For this reason, some of the explanations refer to conditions that are unlikely to occur 

under any of the development scenarios but are needed for completion of the response curves. In 

addition, each response curve assumes that all other conditions are the preliminary reference 

condition. 

 

Two of the indicators, estuarine residents and marine visitors are particular to the Mekong Delta 

(FA8), the DSS for which has not yet been completed and so their response curves are not provided 

here.  Non-native species are also not yet complete. 
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Table 9.15 Rhithron resident species
55

 

Response curve Explanation 

 

The onset of the dry season represents a time when rhithron species migrate to 

shallower areas with suitable substrate for spawning. Earlier onset allows the fish more 

time to migrate but late onset could asynchronise spawning migration and maturation. 

Also if the dry season starts earlier, it is good for fish as they can mature in less 

stressful conditions prior to spawning. 

 

The dry season duration is important to rhithron fishes as conditions in shallower 

waters and rapids become more suitable for breeding and growth. The longer the 

duration of the dry season, provided there is sufficient flows and depth, the greater the 

opportunities to spawn and grow before the onset of torrential flows.  

                                                      

 
55

 Taken from FA2 unless denoted in text 
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Response curve Explanation 

 

Low discharge represented by minimum 5-day Q in the dry season could have strong 

negative impacts (similar to deep pools) on fish populations as they often congregate/ 

aggregate in deep pools in the dry season. Fish become stressed in the low water 

levels remaining in the rivers and are exposed to increased fishing pressure. Prolonged 

low flow conditions also restrict movement of fish and can constrain any migration onto 

the flood plains and into wetland areas. 

 

Rapid increases in flows can strand fish, especially juvenile life stages on the 

floodplains or flush fish downstream as their swimming capacity tends to be weak 

(Richter et al. 1997). Rapid increases from rain events or hydropeaking can flush fish 

from their nursery areas, impacting on fish population resilience. Rhithron species are 

particularly vulnerable because they are found in the rapids and subjected to rapid 

fluctuations in flow velocities, although they are adapted to these conditions if the 

habitat conditions and heterogeneity are intact. 
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Response curve Explanation 

 

Rapid increases in flows can strand fish, especially juvenile life stages on the 

floodplains or flush fish downstream as their swimming capacity tends to be weak 

(Richter et al. 1997). Rapid increases from rain events or hydropeaking can flush fish 

from their nursery areas, impacting on fish population resilience. Rhithron species are 

particularly vulnerable because they are found in the rapids and subjected to rapid 

fluctuations in flow velocities, although they are adapted to these conditions if the 

habitat conditions and heterogeneity is intact. 

 

Size of bed sediment (coarseness) impacts on rhithron because decline in sediment 

size can degrade habitat suitability for these species that typically require coarse bed 

materials for feeding and nursery habitat, and fine sediments block interstitial spaces. 

Large sediment material tends to be more appropriate habitat. 

 

This indicator is used as a surrogate of nutrients [N and P] which underpin the food 

chain, as well as to habitat quality. As sediment concentrations declines nutrient 

delivery is expected to decline proportionally, especially the availability of P which is 

considered limiting to primary production. Less sediment loading also means the 

habitat is more suitable for larval fish hatching and nursing after fertilisation. 
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Response curve Explanation 

 

Fish show various tolerances to dissolved oxygen but will survive without stress in 

conditions above 7 mg/l. Most species will die below 2-3 mg/l except the more robust 

generalists and the black fishes, which are physiologically and anatomically adapted to 

survive in very low oxygen conditions, including air breathing. All rhithron species are 

sensitive to low dissolved oxygen levels as they typically live in flowing water 

conditions where the water is aerated by turbulence. 

 

Fish are cold-blooded animals and their metabolism is driven by temperature, thus 

reduced temperatures can potentially reduce metabolic function and fish production. 

Temperature also drives maturation, and growth of juveniles and the food bases on 

which the juveniles feed. Fish also have thermal tolerances and excessively high and 

low temperatures can result in thermal shock and death. It is unlikely these thresholds 

will be exceeded and most fish in the LMB will be adapted to the range of temperature 

experienced. 

 

Benthic macroinvertebrates can be a major source of food for fish of all guilds. If there 

is less abundance/biomass there is likely a reduction in fish production of the guild. 

This relationship also extends to juvenile life stages, which rely on macroinvertebrates 

as a primary food source but can shift to other foods as the fish gets larger/older. 

 

 



 

  
Page 297 

 

  

Table 9.16 Main channel resident (long distant white) species
56

 

Response curve Explanation 

 

The onset of the wet seasons [T1] represents a time when many species start to 

migrate upstream for spawning (Poulsen et al. 2002). Earlier onset allows the fish 

greater time to migrate but too late an onset could asynchronise spawning migration 

and maturation. Also if a flood starts earlier, it is beneficial for fish as there is likely to 

be more food available. 

 

The flood duration is important to white fish as they migrate upstream for breeding and 

growth. The longer the duration of the flood pulse and the amplitude of the flood the 

greater the opportunities to spawn and grow. The longer the flood the greater the time 

the inundated vegetation has to decay and nutrients released to stimulate primary and 

secondary production.  

 

Reductions in minimum 5-day discharge in the dry season could have strong negative 

impacts on fish populations as they often congregate/aggregate in deep pools in the 

dry season. Fish become stressed in the low water levels remaining in the rivers and 

are exposed to increased fishing pressure. Prolonged low-flow conditions also restrict 

movement of fish and can constrain the onset of migration. 

                                                      

 
56

 Taken from FA3 
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Response curve Explanation 

 

Rapid increases in flows can strand fish, especially juvenile life stages on the 

floodplains or flush fish downstream as their swimming capacity tends to be weak 

(Richter et al. 1997). Rapid increases from rain events or hydropeaking can flush fish 

from their nursery areas, impacting on fish population resilience. 

 

Rapid increases in flows can strand fish, especially juvenile life stages on the 

floodplains or flush fish downstream as their swimming capacity tends to be weak. 

Rapid increases from rain events or hydropeaking can flush fish from their nursery 

areas, impacting on fish population resilience (Richter et al. 1997).  

For migratory species, rapid daily fluctuations [hydropeaking] can disrupt migratory 

cues, especially during T1. This occurs because migratory species react to changing 

water level and discharge and short rapid fluctuations in the dry season and onset of 

flooding can falsely mimic these changes.  

The species are particularly vulnerable during the onset of the flood season post 

spawning and presence of juvenile lifestages. 
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Response curve Explanation 

 

Erosion (bank/bed incision) can have a negative impact on white fish recruitment 

because of deposition on spawning and nursery habitat in the main channel. If erosion 

increases there is a proportional loss of habitat because of siltation and inappropriate 

bed material deposition which will lead a proportional decline in the fish stocks. Less 

erosion will have little impact on recruitment of white fish because the channel 

morphology and bed material in the main channel will change little. 

 

Size of bed sediment impacts on long distance whitefish migrators because of 

alteration in sediment size for spawning. Material that is too small (mud/silt) or too large 

(boulders and bedrock) is unsuited for spawning and nursery habitat. If sediment size 

is increased in the dry season the structure of riverbed is changed and the population 

abundance declines.  

 

Wet average sediment concentration is used as a surrogate of nutrients [N and P] 

which underpin the food chain, as well as habitat quality. As sediment concentrations 

declines nutrient delivery is expected to decline proportionally, especially the 

availability of P which is considered limiting to primary production. Less sediment 

loading also means the habitat is more suitable for larval fish hatching and nursing 

after fertilisation. 
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Response curve Explanation 

 

Deep pools are important for the long distance migratory white fish species because 

they occupy deep pools in the dry season as refuge areas. If water levels in deep pools 

decline it could strongly impact on brood stock of different fish populations. If water 

levels are higher they are more suitable for fish refuge and spawning on the margins of 

the pools plus deeper water can reduce fishing pressure.  

 

Fish show various tolerances to dissolved oxygen but will survive in conditions above 7 

mg/l. Most species will die below 2-3 mg/l except the more robust generalists and 

especially the black fishes that are physiologically and anatomically adapted to survive 

in very low oxygen conditions, including air breathing. Migratory whitefish are typically 

vulnerable to low dissolved oxygen levels. 

 

Fish are cold-blooded animals and their metabolism is driven by temperature, thus 

reduced temperatures can potentially reduce metabolic function and fish production. 

Temperature also drives maturation, and growth of juveniles and the food bases on 

which the juveniles feed. Fish also have thermal tolerances and excessively high and 

low temperatures can result in thermal shock and death. It is unlikely these thresholds 

will be exceeded and most fish in the Mekong will be adapted to the range of 

temperature experienced. 
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Response curve Explanation 

 

Zooplankton can be a major source of food for fish, especially juvenile life stages of all 

guilds. If there is less abundance/biomass there is likely a reduction in fish production 

of the guild resulting in reduced recruitment to the adult life stages and ultimately 

catches. This is especially true of the Tonle Sap where long-distance migrators spawn 

and the juvenile life stages hatch and grow based on abundanceof plankton. 

(FA7) 

 

The average flood volume is important to fish occupying the Tonle Sap as it relates to 

the flood index, a product of area flooded, depth of flooding and duration of flooding 

which is directly linked to productivity and recruitment in fish (Welcomme and Halls 

2004). This is mainly because the greater the flood volume the greater the area of 

inundated vegetation that provides nutrients as it decays or land area that also release 

nutrients to stimulate primary and secondary production,plus the greater the volume 

the greater the sediment /nutrient delivered to the Tonle Sap.  

(FA7) 

 

Riparian vegetation and the flooded forest are important for provision of shelter for 

larval and juvenile life stages but also for providing food in the form of periphyton as 

food for larval life stages. The greater the flooded area the greater the refuge habitat 

and area of primary production. 

(FA7) 
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Response curve Explanation 

 

Upstream connectivity: An important part component of the life cycle of any migratory 

species is connectivity between habitats or areas of rivers that enable such species to 

complete their life cycles. All migratory species typically migrate up or downstream 

from feeding and refuge areas to breeding and nursery areas and free movement 

between these areas is imperative. Consequently, there is a need to link zones both 

downstream and upstream and net importer or net exporters of different life stages to 

complete their life cycles and maintain productivity. In the case of main channel long 

distance migrators, it is critical that free movement is possible between key spawning 

and maturation habitats, such as the Viet Namese Delta, the Cambodian floodplain and 

Tonle Sap system, and potential breeding areas upstream in the main channel and 

tributaries. 

 

An important part component of the life cycle of any migratory species is connectivity 

between habitats or areas of rivers that enable such species to complete their life 

cycles. Migratory species typically use both the man channel and tributaries for either 

feeding and refuge areas or breeding and nursery areas thus maintaining free 

movement between these areas in the tributaries and main channel is imperative.  
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Table 9.17 Main channel spawner (short distance white) species
57

 

Response curve Explanation 

 

The onset of the wet seasons [T1] represents a time when many species start to 

migrate upstream for spawning (Poulsen et al. 2002), earlier onset allows the fish 

greater time to migrate but too late onset could asynchronise spawning migration and 

maturation. Also if a flood starts earlier, it is beneficial for fish as there is likely to be 

more food available. 

 

The flood duration is important to short distance migrating whitefish as they migrate 

upstream and / or to the floodplain for breeding and growth. The longer the duration of 

the flood pulse and the amplitude of the flood the greater the opportunities to spawn 

and grow. The longer the flood duration the greater the time the inundated vegetation 

has to decay and nutrients released to stimulate primary and secondary production.  

 

Low discharge represented by minimum 5-day Q in the dry season could have strong 

negative impacts (similar to deep pools) on fish populations as they often congregate/ 

aggregate in deep pools in the dry season. Fish become stressed in the low water 

levels remaining in the rivers and are exposed to increased fishing pressure. Prolonged 

low flow conditions also restrict movement of fish and can constrain the onset of 

migration. 

                                                      

 
57

 Taken from FA3 unless denoted in text 
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Response curve Explanation 

 

Rapid increases in flows can strand fish, especially juvenile life stages on the 

floodplains or flush fish downstream as their swimming capacity tends to be weak 

(Richter et al. 1997). Rapid increases from rain events or hydropeaking can flush fish 

from their nursery areas, impacting on fish population resilience. 

 

Deep pools are very important for the short distance migratory fish species because 

they occupy deep pools in the dry season as refuge areas. If water levels in deep pools 

decline this could have strong impacts on brood stock of different fish populations. If 

water levels are higher they are more suitable for fish refuge and spawning on the 

margins of the pools, plus deeper water can reduce fishing pressure.  

 

Erosion (bank/bed incision) can have a negative impact on white fish recruitment 

because of deposition on spawning and nursery habitat in the main channel. If erosion 

increases there is a proportional loss of habitat because of siltation and inappropriate 

bed material deposition which will lead to a proportional decline in fish stocks. Less 

erosion will have little impact on recruitment of white fish because the channel 

morphology and bed material in the main channel will change little. Increase in 

sediment size can have negative impacts on fish populations in the dry season due to 

change in riverbed structure. 
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Response curve Explanation 

 

This indicator is used as a surrogate of nutrients [N and P] which underpin the food 

chain, as well as to habitat quality. As sediment concentrations declines nutrient 

delivery is expected to decline proportionally, especially the availability of P which is 

considered limiting to primary production. Less sediment loading also means the 

habitat is more suitable for larval fish hatching and nursing after fertilisation. 

 

Size of bed sediment impacts on migrating species because of alteration in sediment 

size for spawning, the large and smaller material being inappropriate for spawning and 

nursery habitat. If sediment size is increased in the dry season the structure of riverbed 

is changed and the population abundance declines. 

 

Fish show various tolerances to dissolved oxygen but will survive in conditions above 7 

mg/l. Most species will die below 2-3 mg/l except the more robust generalists and 

especially the black fishes that are physiologically and anatomically adapted to survive 

in very low oxygen conditions, including air breathing. Migratory whitefish are typically 

vulnerable to low dissolved oxygen levels. 
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Response curve Explanation 

 

Fish are cold-blooded animals and their metabolism is driven by temperature, thus 

reduced temperatures can potentially reduce metabolic function and fish production. 

Temperature also drives maturation, and growth of juveniles and the food bases on 

which the juveniles feed. Fish also have thermal tolerances and excessively high and 

low temperatures can result in thermal shock and death. It is unlikely these thresholds 

will be exceeded and most fish in the Mekong will be adapted to the range of 

temperature experienced. 

 

Benthic invertebrates can be a part source of food for all fish guilds. If there is less 

abundance/biomass there is likely to be a reduction in fish production of the guild. This 

relationship also extends to juvenile life stages which rely of macroinvertebrates as a 

primary food source but can shift to other foods as the fish gets larger/older.  

 

Zooplankton can be a major source of food for fish, especially juvenile life stages of all 

guilds. If there is less abundance/biomass there is likely a reduction in fish production 

of the guild resulting in reduced recruitment to the adult life stages and ultimately 

catches. This is especially true of the Tonle Sap where long-distance migrators spawn 

and the juvenile life stages hatch and grow based on abundance of plankton. 
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Response curve Explanation 

 

Upstream connectivity: An important part component of the life cycle of any migratory 

species is connectivity between habitats or areas of rivers that enable such species to 

complete their life cycles. All migratory species typically migrate up or downstream 

from feeding and refuge areas to breeding and nursery areas and free movement 

between these areas is imperative. Consequently, there is a need to link zones both 

downstream and upstream and net importer or net exporters of different life stages to 

complete their life cycles and maintain productivity. In the case of main channel short 

distance migrators, it is critical that free movement is possible between key growth 

habitats and potential breeding areas upstream adjacent zones of the river in the main 

channel and tributaries, such as the 3S system.  

 

An important part component of the life cycle of any migratory species is connectivity 

between habitats or areas of rivers that enable such species to complete their life 

cycles. Migratory species typically use both the main channel and tributaries for either 

feeding and refuge areas or breeding and nursery areas thus maintaining free 

movement between these areas in the tributaries and main channel is imperative.  
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Table 9.18 Floodplain spawner (grey) species
58

  

Response curve Explanation 

 

The onset of the wet seasons represents a time when many species start to migrate 

(Poulsen et al. 2002). For grey fish this represents the time when they migrate to the 

floodplain at the beginning of the flooding season for reproduction and increased food 

availability, plus refuge from the high water velocity. Earlier onset allows the fish 

greater time to migrate and breed on the floodplain provided the flood duration is not 

affected. Also is a flood starts earlier, it is good for fish as there likely to be more food 

for fish. 

 

The flood duration is important to the grey fish as they migrate to the floodplain for 

breeding and growth (Welcomme et al. 2004). The longer the duration of the flood 

pulse and the amplitude of the flood the greater the opportunities to spawn and grow. 

The longer the flood also the great the time the inundated vegetation has to decay and 

nutrients released to stimulate primary and secondary production.  

 

Low discharge represented by minimum 5-day Q in the dry season could have strong 

negative impacts (similar to deep pools) on fish populations as they often 

congregate/aggregate in deep pools in the dry season. Fish become stressed in the 

low water levels remaining in the rivers and are exposed to increased fishing pressure. 

Prolonged low-flow conditions also restrict movement of fish and can constrain any 

migration onto the floodplains and into wetland areas. 

                                                      

 
58

 Taken from FA3 unless denoted in text 
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Response curve Explanation 

 

This indicator is used as a surrogate of nutrients [N and P] which underpin the food 

chain, as well as habitat quality. As sediment concentrations declines nutrient delivery 

is expected to decline proportionally, especially the availability of P which is considered 

limiting to primary production. It should be noted that not all nutrient in sediment is bio-

available and much (especially P) is locked into the sediment. 

 

Fish show various tolerances to dissolved oxygen but will survive in conditions above 

7 mg/l. Most species will die below 2-3 mg/l except the more robust generalists and 

especially the black fishes that are physiologically and anatomically adapted to survive 

in very low oxygen conditions, including air breathing. Migratory whitefish are typically 

vulnerable to low dissolved oxygen levels. 

 

The flood duration is important to all fish occupying the floodplain during all or part of 

their life cycles. Flood duration is particularly important to the grey fish as they migrate 

to the floodplain for breeding and growth. The longer the duration of the flood pulse 

and the amplitude of the flood the greater the opportunities to spawn and grow. The 

longer the flood  the greater the time the inundated vegetation has to decay and for 

nutrients to be released to stimulate primary and secondary production. From FA6 
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Response curve Explanation 

 

The extent of flood inundation is important to all fish occupying the floodplain during all 

or part of their life cycles. Flooded area is known to be directly linked to productivity 

and recruitment in fish (Welcomme et al. 2006). This is mainly because the greater the 

area flooded also the greater the area of inundated vegetation that provides nutrients 

as it decays or land area that also release nutrients to stimulate primary and secondary 

production. 

 

Rapid increases in flows can strand fish, especially juvenile life stages on the 

floodplains or flush fish downstream as their swimming capacity tends to be weak. 

Rapid increases from rain events or hydropeaking can flush fish from their nursery 

areas, impacting on fish population resilience (Richter et al. 1997).  

For migratory species, rapid daily fluctuations [hydropeaking] can disrupt migratory 

cues, especially during T1. This occurs because migratory species react to changing 

water level and discharge and short rapid fluctuations in the dry season and onset of 

flooding can falsely mimic these changes.  

The species are particularly vulnerable during the onset of the flood season post 

spawning and presence of juvenile lifestages. 
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Response curve Explanation 

 

Riparian vegetation biomass impacts on generalist fish stocks as it is a primary food 

source and critical habitat for these species for feeding and refuge. Decline in biomass 

will subsequently decrease fish diversity and productivity with a high proportion of fish 

production if all vegetation biomass is eliminated. Grey fish and black fish use 

herbaceous vegetation for spawning and refuge for young of the year fishes. The 

vegetation also rots down when flooded to provide nutrients for primary production and 

thus secondary and fish production. 

 

Benthic macroinvertebrates can be a major source of food for fish of all guilds. If there 

is less abundance/biomass there is likely to be a reduction in fish production of the 

guild. This relationship also extends to juvenile life stages which rely 

onmacroinvertebrates as a primary food source but can shift to other foods as the fish 

gets larger/older. It should be noted that grey fishes often eat a diverse range of foods 

and will switch to other foods if abundance of one food type declines, although shift to 

detritus and plant material may reduce fish production. 

 

Zooplankton can be a major source of food for fish, especially juvenile life stages of all 

guilds. If there is less abundance/biomass there is likely a reduction in fish production 

of the guild resulting in reduced recruitment to the adult life stages and ultimately 

catches. This is especially true of the Tonle Sap where long-distance migrators spawn 

and the juvenile life stages hatch and grow based on abundanceof plankton. (FA7) 
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Response curve Explanation 

 

Link from FA7. An important part component of the life cycle of any migratory species 

is connectivity between habitats or areas of rivers that enable such species to complete 

their life cycles. For grey fish it is important that there is connectivity between the Tonle 

Sap river and the lake to ensure feeding and refuge areas are linked to breeding and 

nursery areas and free movement between these areas is imperative. Consequently, 

there is a need to link the Great Lake with the river.  

 

Link from FA7. Riparian vegetation and the flooded forest are important for provison of 

shelter for larval and juvenile life stages but also for provding food in the form of 

periphyton as food for larval life stages (Richter et al. 1997). The greater the flooded 

area the greater the refuge habitat and area of primary production. 

 

Link from FA7. The average flood volume is important to fish occupying the Tonle Sap 

as it relates to the flood index, a product of area flooded, depth of flooding and duration 

of flooding which is directly linked to productivity and recruitment in fish. This is mainly 

because the greater the flood volume the greater the area of inundated vegetation that 

provides nutrients as it decays or land area that also release nutrients to stimulate 

primary and secondary production,plus the greater the volume the greater the 

sediment /nutrient delivered to the Tonle Sap. 
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Table 9.19 Eurytopic (generalist) species
59

 

Response curve Explanation 

 

Average sediment concentration is used as a surrogate of nutrients [N and P], which 

underpin the food chain, as well as habitat quality. As sediment concentrations 

declines nutrient delivery is expected to decline proportionally, especially the 

availability of P which is considered limiting to primary production. It should be noted 

that not all nutrient in sediment is bio-available and much (especially P) is locked into 

the sediment. Less sediment loading also means the habitat is more suitable for larval 

fish hatching and nursing after fertilisation. 

 

Wet average sediment concentration at FA6 is indicator is used as a surrogate of 

nutrients [N and P] entering the Tonle Sap Great Lake. These nutrients underpin the 

food chain, as well as habitat quality. As sediment concentrations decline nutrient 

delivery is expected to decline proportionally, especially the availability of P which is 

considered limiting to primary production. Less sediment loading also means the 

habitat is more suitable for larval fish hatching and nursing after fertilisation. It should 

be noted that not all nutrient in sediment is bio-available and much (especially P) is 

locked into the sediment. (FA7) 

 

Changes in riparian vegetation biomass impacts on generalist fish stocks as it is a 

primary food source and critical habitat for these species for feeding and refuge. 

Decline in biomass will subsequently decrease fish diversity and productivity with a 

high proportion of fish production if all vegetation biomass is eliminated. 

                                                      

 
59

 Taken from FA5 unless denoted in text 
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Response curve Explanation 

 

Riparian vegetation and the flooded forest are important for provison of shelter for 

larval and juvenile life stages but also for provding food in the form of periphyton as 

food for larval life stages. The greater the flooded area the greater the refuge habitat 

and area of primary production. (FA7) 

 

The flood duration is important to all fish occupying the floodplain during all or part of 

their life cycles (Welcomme and Halls 2004). Flood duration is particularly important to 

the grey fish as they migrate to the floodplain for breeding and growth. The longer the 

duration of the flood pulse and the amplitude of the flood the greater the opportunities 

to spawn and grow. The longer the flood the greater the time the inundated vegetation 

has to decay and for nutrients to be released to stimulate primary and secondary 

production. (FA6) 

 

The extent of flood inundation is important to all fish occupying the floodplain during all 

or part of their life cycles. Flooded area is known to be directly linked to productivity 

and recruitment in fish (Welcomme et al. 2006). This is mainly because the greater the 

area flooded the greater the area of inundated vegetation that provides nutrients as it 

decays or land area that also release nutrients to stimulate primary and secondary 

production. 
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Response curve Explanation 

 

The average flood volume is important to fish occupying the Tonle Sap as it relates to 

the flood index, a product of area flooded, depth of flooding and duration of flooding 

which is directly linked to productivity and recruitment in fish. This is mainly because 

the greater the flood volume the greater the area of inundated vegetation that provides 

nutrients as it decays or land area that also release nutrients to stimulate primary and 

secondary production,plus the greater the volume the greater the sediment /nutrient 

delivered to the Tonle Sap. 

 

Rapid increases in flows can strand fish, especially juvenile life stages on the 

floodplains or flush fish downstream as their swimming capacity tends to be weak. 

Rapid increases from rain events or hydropeaking can flush fish from their nursery 

areas, impacting on fish population resilience (Richter et al. 1997).  

For migratory species, rapid daily fluctuations [hydropeaking] can disrupt migratory 

cues, especially during T1. This occurs because migratory species react to changing 

water level and discharge and short rapid fluctuations in the dry season and onset of 

flooding can falsely mimic these changes.  

The species are particularly vulnerable during the onset of the flood season post 

spawning and presence of juvenile life stages. 
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Response curve Explanation 

 

Benthic macroinvertebrates can be a major source of food for fish of all guilds. If there 

is less abundance/biomass there is likely a reduction in fish production of the guild. 

This relationship also extends to juvenile life stages, which rely of macroinvertebrates 

as a primary food source but can shift to other foods as the fish gets larger/older. It 

should be noted that eurytopic fishes often eat a diverse range of foods and will switch 

to other foods if abundance of one food type declines, although a shift to detritus and 

plant material may reduce fish production.  

 

Zooplankton can be a major source of food for fish, especially juvenile life stages of all 

guilds. If there is less abundance/biomass there is likely a reduction in fish production 

of the guild resulting in reduced recruitment to the adult life stages and ultimately 

catches. This is especially true of the Tonle Sap where long-distance migrators spawn 

and the juvenile life stages hatch and grow based on abundanceof plankton. 

(FA7) 

 

An important part component of the life cycle of any migratory species is connectivity 

between habitats or areas of rivers that enable such species to complete their life 

cycles. For grey fish it is important that there is connectivity between the Tonle Sap 

river and the lake to ensure feeding and refuge areas are linked to breeding and 

nursery areas and free movement between these areas is imperative. Consequently, 

there is a need to link the Great Lake with the river. 
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Table 9.20 Floodplain resident (black)
60
 

Response curve Explanation 

 

The onset of the wet seasons represents a time when many species start to migrate 

(Poulsen et al. 2002). For black fish this represents the time when they disperse to the 

floodplain at the beginning of the flooding season for reproduction and increased food 

availability. Earlier onset allows the fish greater time to exploit the floodplain provided 

the flood duration is not affected. Also if a flood starts earlier, it is good for fish as there 

is likely to be more food. 

 

Flood volume is a measure of the extent (flooded area), duration of the flood pulse and 

the amplitude of the flood and the greater the volume the greater opportunities to 

exploit the floodplain to spawn and grow (Welcomme and Halls 2004). It represents the 

product of floodplain area inundation and floodplain duration inundation and is 

particularly relevant to the Tonle Sap system where catches in both the lake and the 

dai fisheries have been directly correlated with an index of flood volume (Halls et al. 

2015). 

 

The flood duration is important to all fish occupying the floodplain during all or part of 

their life cycles (Welcomme and Halls 2004). Flood duration is particularly important to 

the grey fish as they migrate to the floodplain for breeding and growth. The longer the 

duration of the flood pulse and the amplitude of the flood the greater the opportunities 

to spawn and grow. The longer the flood the greater the time the inundated vegetation 

has to decay and for nutrients to be released to stimulate primary and secondary 

production. ( FA6) 

                                                      

 
60

 Taken from FA7 unless denoted in text 
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Response curve Explanation 

 

The average flood volume is important to fish occupying the Tonle Sap as it relates to 

the flood index, a product of area flooded, depth of flooding and duration of flooding 

which is directly linked to productivity and recruitment in fish. This is mainly because 

the greater the flood volume the greater the area of inundated vegetation that provides 

nutrients as it decays or land area that also release nutrients to stimulate primary and 

secondary production, plus the greater the volume the greater the sediment /nutrient 

delivered to the Tonle Sap (Halls et al. 2015). 

 

Wet average sediment concentration is used as a surrogate of nutrients [N and P], 

which underpin the food chain, as well as to habitat quality. As sediment 

concentrations decline nutrient delivery is expected to decline proportionally, especially 

the availability of P which is considered limiting to primary production. Less sediment 

loading also means the habitat is more suitable for larval fish hatching and nursing 

after fertilisation. It should be noted that not all nutrients in sediment is bio-available 

and much (especially P) is locked into the sediment. 

 

Riparian vegetation biomass impacts on generalist fish stocks as it is a primary food 

source and critical habitat for these species for feeding and refuge. Decline in biomass 

will subsequently decrease fish diversity and productivity with a high proportion of fish 

production if all vegetation biomass is eliminated. Greyfish and blackfish use 

herbaceous vegetation for spawning and refuge for young of the year fishes. The 

vegetation also rots down when flooded to provide nutrients for primary production and 

thus secondary and fish production. (FA5) 
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Response curve Explanation 

 

Zooplankton can be a major source of food for fish, especially juvenile life stages of all 

guilds. If there is less abundance/biomass there is likely a reduction in fish production 

of the guild resulting in reduced recruitment to the adult life stages and ultimately 

catches. It should be noted that blackfish eat a diverse range of foods and will switch to 

other foods if abundance of one food type declines, although shift to detritus and plant 

material may reduce fish production and recruitment success. 

 

Benthic invertebrates can be a part source of food for all fish guilds. If there is less 

abundance/biomass there is likely to be a reduction in fish production of the guild. This 

relationship also extends to juvenile life stages, which rely of macroinvertebrates as a 

primary food source but can shift to other foods as the fish gets larger/older. 
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Table 9.21: Anadromous species
61

 

Response curve Explanation 

 

The onset of the higher flows (transition season 1) represents a time when many 

species start to migrate upstream for spawning. Earlier onset allows the fish greater 

time to migrate but late onset could asynchronise spawning migration and maturation. 

Also if a flood starts earlier, it is good for fish as there is likely to be more food 

available. 

 

The onset of the wet seasons represents a time when many species start to migrate 

(Poulsen et al. 2002). For anadromous fish this represents the time when they start to 

disperse downstream to the sea at the beginning of the flooding season increased food 

availability in the sea. Earlier onset allows the fish greater time to move downstream 

and avoid competition in the nursery areas. 
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 Taken from FA5 unless denoted in text 
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Response curve Explanation 

 

The flood duration is important to anadromous fish as they migrate upstream for 

breeding and growth. The longer the duration of the flood pulse and the amplitude of 

the flood the greater the opportunities to spawn and grow. The longer the flood also the 

greater the time the inundated vegetation has to decay and nutrients released to 

stimulate primary and secondary production. 

 

Low discharge represented by minimum 5-day Q in the dry season could have strong 

negative impacts on fish populations as they often congregate/aggregate in deep pools 

in the dry season. Fish become stressed in the low water levels remaining in the rivers 

and are exposed to increased fishing pressure. Prolonged low-flow conditions also 

restrict movement of fish and can constrain the onset of migration. 

 

This indicator is used as a surrogate of nutrients [N and P], which underpin the food 

chain. As sediment concentrations decline nutrient delivery is expected to decline 

proportionally, especially the availability of P which is considered limiting to primary 

production. It also affects habitat quality. As sediment concentrations decline nutrient 

delivery is expected to decline proportionally, especially the availability of P which is 

considered limiting to primary production. Lower sediment concentrations also mean 

the habitat is more suitable for larval fish hatching and nursing after fertilisation. 
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Response curve Explanation 

 

Fish show various tolerances to dissolved oxygen but will survive in conditions above 7 

mg/l. Most species will die below 2-3 mg/l. 

Curves not yet completed. 

Rapid increases in flows can strand fish, especially juvenile life stages on the 

floodplains or flush fish downstream as their swimming capacity tends to be weak. 

Rapid increases from rain events or hydropeaking can flush fish from their nursery 

areas, impacting on fish population resilience (Richter et al. 1997).  

For migratory species, rapid daily fluctuations [hydropeaking] can disrupt migratory 

cues, especially during Dry/T1. This occurs because migratory species react to 

changing water level and discharge and short rapid fluctuations in the dry season, and 

onset of flooding can falsely mimic these changes. 

 

An important part component of the life cycle of anadromous migratory species is 

connectivity between the sea where they grow to maturity and breeding and nursery 

habitats in the main river or tributaries to enable such species to complete their life 

cycles. Consequently, there is a need to link zones both downstream and upstream 

and net importer or net exporters of different life stages to complete their life cycles and 

maintain productivity. In the case of anadromous species, it is critical that free 

movement is possible between the coastal growth habitats and potential breeding 

areas upstream in the main channel and tributaries. 
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Table 9.22 Catadromous species
62

 

Response curve Explanation 

 

The onset of the wet seasons [T1] represents a time when catadromous species start 

to migrate downstream for reproduction in the marine environment (Poulsen et al. 

2002), earlier onset allows the fish greater time to migrate but too late onset could 

asynchronise spawning migration and maturation.  

 

Fish show various tolerances to dissolved oxygen but will survive in conditions above 7 

mg/l. Most species will die below 2-3 mg/l. 

 

An important part component of the life cycle of catadromous migratory species is 

connectivity between the inland habitats, typically main channel areas where they grow 

to maturity and the sea where they breed and juveniles grow before returning to 

freshwater habitats to grow to maturity. Consequently, there is a need to link zones 

both downstream and upstream to complete their life cycles and maintain productivity. 

For catadromous species, free movement is critical between marine breeding areas 

and upstream main channel and tributary habitats. 
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 Taken from FA5 
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10 Herpetofauna 

 

Lead specialist: Dr Hoang Minh Duc 

 

Regional specialists (fauna excl. fish): 

Cambodia: Pich Sereywath 

Lao PDR: Dr Phaivanh Phiapalath 

Viet Nam: Dr Luu Hong Truong. 

 

10.1.1 Objectives of the herpetofauna component of BioRA  

There are two main objectives of the herpetofauna discipline within BioRA. These are: 

 to provide an overview of herpetofauna and their status and trends under past and current 

drivers/threats within the assessment areas.  

 to predict how water-related herptiles will response to the change of water and 

sediment/nutrient flows caused by the knock-on effect of combined development scenarios 

through various biotic and abiotic environmental features.  

 

The water-dependent herpetofauna are good indicators of a healthy ecosystem since their lifestyle 

is dependent on water and the quality of their habitat to thrive (Barrett and Guyer 2008). They also 

provide supplementary food resources for local communities in the four LMB countries (Hortle 

2007). The Greater Mekong Region is well-known for its diversity of amphibians and reptiles. In 

total, 686 species of reptiles and 316 species of amphibians have been recorded in the four LMB 

countries. Of these, 25 species of reptile and 28 species of amphibian are recognised as globally 

threatened (from Vulnerable to Critically Endangered) by the IUCN (2015). Understanding the 

status and trends of herptiles in the assessment areas under historical changes of their habitats will 

provide the basis for further assessment and from which to predict their expected population trends 

in the future in the absence of further major water-resource development. 

 

The water-dependent herptiles are important parts of the ecosystem of the Mekong River. 

However, the general level of knowledge on their habitat requirements, life cycles, and known 

responses to changes in water and sediment flows is relatively poor. The main relationships 

between herptiles, especially water-dependent species, and the flow of sediments and water 

include impacts related to changes in flow and/or sediment supply, and those related to habitat 

change and availability (reduce size of habitat), habitat exposure / inundation (e.g., sandbars) and 

food availability.  

 

Understanding changes of abundance and species richness of herptiles associated with various 

changes in flow and/or sediment supply is accomplished through inputs to the BioRA DRIFT DSS, 

where the expected response of herpetofauna indicators to changes in abiotic and biotic ―links‖ 

were predicted base on documented scientific principles and experiences captured in peer-

reviewed literature. 
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10.1.2 Assumptions and limitations 

Herpetology in the LMB has a long history, but most studies have focused on taxonomy, 

distribution and species composition with some additional information on population status and 

threats. Many of the studies were conducted in protected areas and/or biodiversity hotspots leaving 

the remainder of the LMB largely unknown. Little is known about habitat requirements, life cycles, 

and responses to changes in water and sediment flows of amphibian and reptile species 

associated with the lower Mekong River and its floodplain. As a result, the following assumptions 

have been used to assess both the status and trends of indicators as well as the predict response 

of each indicator to change in other linked indicators: 

 For the status and trends assessment, it is assumed that the ecological status of the LMB 

was largely intact before 1900 (Keay 2005) with the exception of the Mekong Delta with 

10% development (Tran 1927).  

 From 1900 to 1950 the ecological status was slightly degraded due to a slight increase 

of population and development of agriculture land in the Delta and along the river.  

 From 1950 to 1970 the ecological status was moderately degraded along the river 

while in the Delta it was greatly degraded.  

 From 1970 to 2000 the ecological status was greatly degraded because of a sharp 

increase in human population in the region after the second Indochina War. Expert 

judgment for assessment of IUCN redlist species was also used to assess the status, 

past and future trend of species indicators. 

 Species with known ecological and behavioural characteristics that best represent a 

species guild were chosen as indicators. Their responses to changes in water and 

sediment flows are used to describe the predicted response of their guild. 

 To assess the response of herpetofauna indicators to other linked indicators, general 

documented scientific principles related to herpetofauna were used. Conclusions and/or 

statements on response of congenic or species from the same family to changes in 

environmental features captured in peer-reviewed literature were also used for selected 

species indicators. 

 

The following points highlight the recognised herpetofauna limitations of the BioRA exercise: 

 There are numerous amphibian and reptile species that occur in the assessment areas and 

each species may respond differently to changes in biotic and abiotic environmental 

features. This limits the ability to estimate accurately rates of herpetofauna change under 

present conditions. 

 There is limited reliable information on abundance of species indicators prior to 2000 in 

most focus areas; therefore, assessing the status and trends of herpetofauna is 

constrained by a lack of baseline information on the group. Available data derived from 

studies conducted in protected areas or biodiversity hotspots may not reflect the status of 

species occurring along the mainstream. 

 There are no quantitative results on the correlation between species indicators and their 

linked indicators available for the LMB. In their absence, general trends based on 

documented scientific principles or from studies on other species in different areas were 

used. 
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10.2 BioRA zones and Focus Areas, with the focus on herptiles 

The herpetofauna of LMB has received relatively little scientific attention, and the existing 

information does not reflect the true diversity of the group in the region (MRC 2005). For the 

mainstream of the Mekong River and its related floodplains and Delta, studies that specifically 

focus on the amphibians and reptiles are scarce. Based on scattered secondary information, 

including range maps of amphibian and reptiles available in IUCN Database, a provisional checklist 

of ~110 amphibian and ~200 reptile species in the LMB was compiled. It is expected that about 43 

species of reptiles and 111 of amphibian occur in the study area as defined by FAs 1 to 8 (see 

Appendix C). Information used for each FA in this study is based on available data on amphibian 

and reptiles for the respective BioRA zones as follows: 

 

Focus Area 1: Only one study on tetrapods has been conducted in the area. Dupeau (2004) listed 

four lizard species in local houses and stated that the area would certainly reveal 

more species if detailed surveys were conducted. Given high diversity of habitats 

along the rivers, including seasonally inundated swamp forest, seasonally 

inundated grassland and sandbars (Dupeau 2004), the area is expected to support 

numerous frogs and aquatic snakes, and probably aquatic turtles. 

Focus Area 2: There have been no in-depth surveys on herpetofauna along the Mekong River in 

FA2. Of existing studies, 15 species of snakes, 8 lizard species, 3 turtle species, 

and 13 species of amphibian have been recorded in Vientiane and its vicinity 

(Duckworth et al. 1999). Stuart (2005) also recorded ten amphibians in Vientiane. 

A recent study showed that 65 species including 31 amphibians and 34 reptiles 

were documented in the channel and in nearby land areas of a 450-km section of 

the Mekong River from Louangphabang to Vientiane (IUCN 2013). 

Focus Area 3: FA 3 is located in the Upper Mekong Lowland region. There are no known specific 

studies on amphibian and reptiles for this area. In the vicinity, a study in Xe 

Champhone wetland area, Xavannakhet Province recorded freshwater crocodile 

and three species of turtles, the Asiatic softshell Turtle Amyda cartilaginea; the 

Giant Asian pond turtle Heosemys grandis and the elongated turtle Indotestudo 

elongata. The Xe Champhone Wetlands also hosts the largest population of the 

Critically Endangered Siamese Crocodile (Crocodylus siamensis) in Lao PDR 

(IUCN 2011). A list of 27 amphibian species and 48 reptile species was compiled 

for the Upper Mekong Lowland (Bain and Hurley 2011). These comprised the most 

common ranids, aquatic snakes and aquatic turtles.  

Focus Area 4: Little is known about herpetofauna of the FA4. Siamese Crocodiles are still 

considered present in the area but the population is likely much reduced. Other 

reptile species listed from the area are Bengal Monitor Varanus bengalensis, Asian 

Giant Soft-shelled Turtle Pelochelys cantorii, and Asian Soft-shelled Turtle, Amyda 

cartilaginea (Timmins et al. 2006). 

Focus Area 5: There are no studies on biodiversity in general or herptiles in particular conducted 

in or near FA5. The wetland upstream of Kampong Cham has been modified to a 

considerable extent over the recent past. The habitats of the area include 

sandbars, seasonally inundated grassland/scrub along the riverbank and 

agriculture land, and some small open water bodies and floodplains connected to 

the mainstream. These habitats are suitable for a wide variety of herpetofauna. 
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Consequently a high diversity of frogs, aquatic snakes and aquatic turtles are 

expected to occur in this area. 

Focus Area 6:  There are no existing studies on terrestrial biodiversity on the Tonle Sap River from 

Prek Kdam to the Tonle Sap Great Lake. The herptiles of the floodplain and 

riverine habitats at the FA6 are expected to be similar to those in the Mekong Delta 

and the Tonle Sap Great Lake. 

Focus Area 7: There are several recent studies on herpetofauna of the Tonle Sap Great Lake, 

including turtles (Stuart and Platt 2004) and homalopsine water snakes (Stuart et 

al. 2000; Brooks et al. 2007). Five species of turtle have been confirmed to occur 

in and around the Tonle Sap Great Lake (Stuart and Platt 2004). One species, the 

Mangrove Terrapin, Batagur baska, was documented to occur in the lake but 

recent surveys have found no evidence for its continued persistence, and the 

species has almost certainly been locally extirpated (Platt et al. 2003). Other 

species of reptiles recorded from the Tonle Sap Great Lake include Tokay Gecko, 

Gekko gecko, and Water Monitor, Varanus salvator, and Garden Fence Lizard, 

Calotes versicolor. There is no systematic published work on the amphibians of the 

Tonle Sap Great Lake, but two species, one toad and one frog, were reported to 

be abundant in lowland rice fields in Kompong Thom (Balzer et al. 2002). Frog 

catch contributes significantly to both total weight and total value of aquatic 

catches in the rice field of Battambang Province, near the Tonle Sap Great Lake 

(Hortle et al. 2008).  

Focus Area 8:  The diversity of amphibians and reptiles of the Mekong Delta is reasonably well-

known. At least 21 species of amphibian have been recorded in several protected 

areas in Delta-region of Viet Nam and Cambodia. All species except the 

Theloderma stellatum are found in the floodplain. The species richness is reduced 

from inland floodplain to the coastal area in accordance with the increase of 

salinity (Dunlop et al. 2005). Reptiles are also fairly diverse in the Delta with at 

least 85 recorded species, including some endemic species found in the 

mountainous areas of An Giang and Kien Giang Provinces.  

 

10.3 Herpetofauna indicators 

Based on current knowledge of herpetofauna in the LMB, as summarised above, and potential 

impacts of human activities in the basin a list of herpetofauna indicators is given in Table 6.2 and 

the reasons for their selection are provided in the text below. 

 

10.3.1 Ranid and microhylid amphibians 

The amphibian of the assessment area is quite diverse with at least 43 species belonging to seven 

families: Bufonidae, Dicroglossidae, Hylidae, Ichthyophiidae, Microhylidae, Ranidae and 

Rhacophoridae. Among these families, members of Dicroglossidae, Microhylidae, Ranidae, the 

ranids and microhylids account for more than 80% total species, they are more water dependent, 

play important roles in the ecosystem and also form an important food source of local people.  
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Table 10.1 Herpetofauna indicators used in BioRA 

Indicator Groups Indicator species 

Focus Areas 

1 2 3 4 5 6 7 8 

Ranid amphibians 

Rana nigrovittata          

Hoplobatrachus rugulosus         

Aquatic serpents 

Enhydris bocourti         

Cylindrophis ruffus         

Aquatic turtles 

Amyda cartilaginea          

Pelochelys cantorii         

Malayemys subtrijuga          

Semi-aquatic turtles Cuora amboinensis          

Amphibians for human use NA         

Aquatic/semi-aquatic 
reptiles for human use 

NA         

Species richness of 
riparian/floodplain 
amphibians 

NA         

Species richness of 
riparian/floodplain reptiles 

NA         

 

 

Ranid and microhylid frogs are 

associated with freshwater habitats for 

all or part of their life cycle. In general, 

most ranids and microhylids prefer still 

open or slow flowing shallow wetland 

habitats for breeding. Moreover, they 

also prefer living in areas of low water-

level fluctuation. Large water-level 

fluctuations (> 20 cm change on 

average) reduces species richness. 

Changes to peak flows and flood rates 

can displace amphibian larvae and 

increase their vulnerability to predation (Richter and Azous 1995). 
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Among the ranids and microhylids, Hylarana nigrovittata and Hoplobatrachus rugulosus best 

represent their guild. While the first species often occur in upland areas (over 300 mamsl) of the 

Mekong River, the latter are widespread and common in lowland area of the Mekong River. 

 

 Hylarana nigrovittata 10.3.1.1

This species is known from southern Yunnan, China, and southern Myanmar through Thailand, Lao 

PDR, Viet Nam and Cambodia (Bourret 1941, Taylor 1962, Inger et al. 1999 and Stuart 1999). 

However, it does not occur in Tonle Sap, the Cambodian floodplain or the Mekong Delta (Bain and 

Hurley 2011, Nguyen et al. 2009). 

The species is most often found between 200 and 600 mamsl but ranges as widely as 60-1200 

mamsl. It inhabits gentle streams in evergreen forest, including evergreen galleries in deciduous 

forest areas (Inger et al. 1999; Stuart 1999). Eggs are deposited in the forest and tadpoles live in 

quiet sections of stream or in slow-moving water (Bain and Hurley 2011).  

 

 Hoplobatrachus rugulosus 10.3.1.2

This species is widespread from Central, Southern and Southwestern China including Taiwan, 

Hong Kong and Macau to Myanmar through Thailand, Lao PDR, Viet Nam and Cambodia south to 

the Thai-Malay peninsula (Diesmos et al. 2004; Nguyen et al. 2009).  

The species lives in a variety of habitats including paddy fields, irrigation infrastructure, fish ponds, 

ditches, floodplain wetlands, forest 

pools, and other wet areas. Eggs are 

deposited in open water bodies and 

tadpoles live in still water such as 

pools and ponds (Bain and Hurley 

2011). The adults are effective 

predators on other species of frogs 

and its larvae prey on tadpoles of 

other species. The tiger frog is 

reported to occur from sea level up to 

700 mamsl (Diesmos et al. 2004). 

 

The linked indicators for the ranid and microhylids are given in Table 10.2.
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Table 10.2 Ranid and microhylid: Linked indicators and reasons for selection 

Linked indicator Reasons 

Biomass riparian 

vegetation 

Riparian vegetation provides shelter, ambush place (for foraging) 

and food for amphibians. If reduced or lost, many frog species will 

be unable to persist.  

Biomass algae 
The amphibian tadpoles rely partly on periphyton and benthic algae 

for food. 

Dry duration 
The duration of the dry season affects the viability of small pools, 

ponds along the river, which represent a key habitat for frogs. 

Wet season onset 

These frogs breed in the wet season. Thus, the timing of the 

season is extremely important for gonad development on the one 

hand (early onset) and tadpole development on the other (late 

onset). 

Wet season duration 
The length of the wet season is crucial to the provision of habitat in 

wetlands along the river. 

Average salinity in 

dry season 

High concentration salinity/conductivity will impact on the 

respiration process of tadpoles and frogs. This indicator is linked to 

frogs in the coastal area only (FA8). 

Sediment 

concentration 

Reduced or lack of sediment causes reduced food availability for 

tadpoles. High concentrations of sediment can cause water 

contamination and decreased growth and development of tadpoles. 

Average channel 

velocity 

Most amphibian and their tadpoles prefer living in calm or slow 

moving water bodies (e.g., lakes, pools, littoral areas with 

vegetation). Therefore, higher than average channel velocity is 

predicted to wash out frogs, especially tadpoles from their shelters. 

 

 

10.3.2 Aquatic serpents 

This guild is composed of viviparous species that live entirely in water (mainstream and floodplain) 

and feed mainly on fish and other aquatic species. Changes in flow, in terms of both timing and 

duration of high and low flow regimes will directly impact their offspring or indirectly impact their 

habitats and the availability of food (fish). 

Indicator groups and/or species include members of Homalopsidae (Enhydris spp. Erpeton 

tentaculatum), Acrochordidae (Acrochordus spp). Among the group, the two species Enhydris 

bocourti and Cylindrophis ruffus that best represent their guild. These two species are reasonably 

widespread and biological and ecological information is available to some extent.  

 

 Enhydris bocourti 10.3.2.1

This species is endemic to Southeast Asia including Thailand, Malaysia, Cambodia, and Viet Nam 

(Murphy 2007). Along the Mekong River, this species is reported to occur in the Cambodian 

floodplain, the Tonle Sap Great Lake (Brooks et al. 2007) and the Mekong Delta (Hoang and Vo 

2013; Nguyen et al. 2006, 2009).  
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The Enhydris bocourti occurs in freshwater 

swamps, shallow lakes, pools and other 

stagnant water habitats in the lowland and 

low hills at elevations up to ~200 m (Das 

2010, Murphy 2007). It is highly aquatic, 

concealing itself on logs near water bodies 

(Das 2010). It feeds mainly on fish, but may 

also consume young frogs (Murphy 2007). 

This is a viviparous species, and clutches 

comprise 15-20 neonates, measuring 220 

mm (Das 2010). 

 

 Cylindrophis ruffus 10.3.2.2

The red-tailed pipe snake (Cylindrophis ruffus) occurs from Myanmar through southern China, and 

southward to Indonesia (Adler et al. 1992). It appears to be absent from much of Lao PDR except 

upper Mekong Lowland and Southern Lao Lowland (Bain and Hurley 2011). The species is 

relatively common in the Cambodia 

floodplain, the Tonle Sap and the Mekong 

Delta (Bain and Hurley 2011). 

It inhabits both terrestrial and aquatic 

habitats and occurs in a wide range of 

lowland habitats including natural and 

artificial ones such as rice fields, gardens, 

road-side ditches, canals, ponds, and lakes 

(Wogan et al. 2012) up to 1676 m (Das 

2010). It is nocturnal and sub-fossorial; 

feeds mainly on other snakes and eels, and 

is a good swimmer (Das 2010).  

 

The linked indicators for the aquatic serpents are given in Table 10.3.
64

 

 

Table 10.3 Aquatic serpent: Linked indicators and reasons for selection 

Linked indicator Reasons 

Biomass riparian 

vegetation 

Riparian vegetation provides shelter, ambush habitat (for 

foraging) and foods for aquatic and semi-aquatic snakes. When 

destroyed, many snakes will no longer survive. Biomass of 

riparian vegetation, especially of aquatic and semi-aquatic plants 

is linked to abundance of aquatic snakes. 

Fish Biomass  

Water snakes in the LMB are among the top predators, feeding 

predominantly on fishes and amphibians, but also on other 

reptiles and crustaceans. The fish biomass is considered to be a 
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Linked indicator Reasons 

main factor in determining the abundance of water snakes. 

Flood volume in 

flooding season 

Floods provide foods and support for the expansion of water 

snakes to new areas in the wet season. Years with higher flood 

volumes are good for snakes, but, if floods are very high, they 

may be displaced from or washed out of riparian habitats. 

Average salinity in dry 

season 

While marine snakes are highly adapted to high concentration 

salinity/conductivity, only a few species of aquatic snakes are 

found in brackish water bodies. This link is applied to the coastal 

area only (FA8). 

Wet season average 

channel velocity 

Most water snakes prefer living in calm or slow moving water 

bodies (e.g., lakes, pools, littoral areas with vegetation). 

Therefore, stronger than average channel velocity is predicted to 

wash out water snakes away from their shelters. 

 

 

10.3.3 Aquatic turtles 

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

Change in flow, especially in the timing and duration of high flows will directly affect their nesting 

places or indirectly affect their habitats and the availability of food. Aquatic turtles feed mainly on 

fishes and other crustacean and snails. 

 

Within the assessment areas, indicator groups include members of Trinonychidae (Amyda 

cartilaginea, Pelochelys cantorii) and Geoemydidae (Malayemys subtrijuga). All these turtles are 

good indicators of changes in water flow and sediment supply. These species are also a target of 

hunting and egg collecting in the region and currently listed as threatened in the IUCN Redlist. 

 

 Amyda cartilaginea  10.3.3.1

The Asiatic softshell turtle is native to Brunei Darussalam; Cambodia; Indonesia; Lao PDR; 

Malaysia; Myanmar; Singapore; Thailand; and Viet Nam. Along the Mekong River, this species was 

recorded in Can Tho and Ben Tre, Dong Thap, An Giang of Viet Nam; Stung Treng, and the Tonle 

Sap Great Lake in Cambodia (Timmins 2006), Vientiane (Stuart and Plat 2004), and as far as Ban 

Houaykhoualouang in Lao PDR 

(IUCN 2013). 

It prefers wetlands such as marshes, 

swamps, and large muddy rivers at 

lower elevations. The species feeds on 

water insects, shrimps, fishes and 

frogs (Asian Turtle Trade Working 

Group 2000). Adult females lay eggs 

annually in holes on riverbanks 

(Timmins 2006). 

 



 

  
Page 333 

 

  

 Pelochelys cantorii  10.3.3.2

The globally Endangered Asian Giant Softshell Turtle occurs in apparently isolated localities, and 

extending from the west coast of India, eastwards through Bangladesh, Myanmar, Peninsular 

Thailand, central and southern China, Cambodia, Lao PDR, Viet Nam, Peninsular Malaysia, 

Indonesia, and the Philippines (Asian Turtle Trade Working Group 2000; Das 2008). In the LBM, 

this species is distributed from southern Lao (Upper Mekong Lowland and Southern Lao Lowland) 

to Cambodia and the Mekong Delta (Bain and Hurley 2011).  

 

The species is known from variety of habitats including lakes, rivers and sea coasts (Das 2008). In 

the Cambodian Mekong River, the adult turtles appear to inhabit deep pools in the mainstream, 

some of which are over 40 m deep (Emmett 2009). The species is found nesting on sandbars in 

December and January; the eggs hatch approximately two months later (Emmett 2009). Food 

includes fish, shrimps, crabs and molluscs and additionally plant parts (Nutaphand 1979). 

 

 Malayemys subtrijuga  10.3.3.3

The Malayan snail eating turtle is native to 

Cambodia, Indonesia, Lao PDR, 

Malaysia, Thailand and Viet Nam (Asian 

Turtle Trade Working Group 2000). Along 

the Mekong River, the species was 

recorded as far north as Vientiane (Stuart 

and Platt 2004). 

 

These turtles live in canals, ponds, 

wetlands, including rice fields, where the 

water flows slowly. They eat mainly 

aquatic animals including crabs, shrimps, insects, worms, small fish and snails with a preference 

for clams, and mussels (Monre and Vast 2007). The species lays eggs on the banks and the 

nesting season is from December to March (Platt et al. 2008). 

 

The linked indicators for the aquatic turtles are given in Table 10.4.
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Table 10.4 Aquatic turtles: Linked indicators and reasons for selection 

Linked indicator Reasons 

Erosion 
Erosion will cause habitat loss and displace nesting site of turtles 

along the riverbanks. 

Exposed sandy 

habitat in the dry 

season 

Aquatic turtles need sandy habitat for thermoregulation and nesting. 

Dry maximum 

channel depth 
High water level depth can inundate nests of turtles on riverbank. 
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Linked indicator Reasons 

Wet season duration 

Short duration of wet season may have minor direct impact on 

aquatic turtles living in the mainstream. On the contrary, long wet 

seasons may cause unsuccessful reproduction since eggs of aquatic 

turtles need about 60-90 days of dry season for hatching. 

Riparian and aquatic 

cover 

Riparian and aquatic cover provide shelter and feeding ground for 

some turtles. 

Fish biomass 
The fish biomass is considered be a main factor in determine the 

abundance of water turtles. 

Snail abundance 
Aquatic turtle, especially Malayemys subtrijuga in floodplains, feed 

mainly on snails.  

Extent flooded forest 

cover 

In the floodplain area, flooded forest provides shelter and feeding 

ground for some turtles. 

Extent herbaceous 

marsh vegetation 

In the floodplain area, herbaceous marsh vegetation provides shelter 

and feeding ground for some aquatic turtles. 

Average floodplain 

depth 

High level of average floodplain depth will inundate nests of turtles in 

the dry season (FA7). 

 

 

10.3.4 Semi-aquatic turtles 

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

Platysternidae. These species live grassland and riverine and swamp forests. They are classified 

as both terrestrial and freshwater species, and nest on sandbars and riverbanks and also tidal 

areas of large river estuaries. Change in flow, in terms of both timing and duration of high flow 

regimes will directly affect their nesting areas. 

 

Indicator groups and/or species include members of Geoemydidae (Cuora amboinensis, 

Hoesemys grandis, Heosemys annandalii) and Platysternidae (Platysternon megacephalum). 

 

 Cuora amboinensis  10.3.4.1

The Malayan box turtle, Cuora 

amboinensis, is native to Bangladesh, 

Cambodia, Lao PDR, Viet Nam; it is 

listed as Vulnerable in India, 

Indonesia, Malaysia and Thailand 

(Asian Turtle Trade Working Group 

2000). Within LMB, the species 

occurs in the Mekong Delta, the 

Cambodian interior and as far north 

as Champasak Province of Lao PDR 

to Cambodia and Viet Nam‘s Mekong 

Delta (Bourret 1941). 
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The species occurs mainly in tropical rainforest areas and is the most aquatic of box turtles in the 

world. They are found quite often in rice paddies, marshes, and shallow ponds in tropical areas 

(Barbour and Ernst 1992; Bourret 1943). The turtle reaches the age of sexual maturity at 4- 5 years 

old. Females dig a nest in a moist, well drained area to lay eggs. Malayan box turtles are 

omnivorous reptiles with younger turtles tending towards more meat consumption and older turtles 

eating a more herbivorous diet. They also feed on waxworms, crickets, fish, and many types of 

insects. Feeding occurs in the water and accomodates their highly aquatic lifestyle (Barbour and 

Ernst 1992).  

 

Cuora amboinensis is the least common of the three species of turtles that are regularly harvested 

in Tonle Sap Biosphere Reserve (Platt et al. 2008). In Viet Nam‘s Mekong Delta, the species is 

under risk of extirpation due to habitat loss and overexploitation (Hoang 2012; Nguyen et al. 2009; 

Huynh et al. 2012). Unsustainable harvesting and trade to satisfy the still intensifying demand of 

Asian food markets is the main cause behind these species‘ demise (Altherr and Freyer 2000). 

 

 Heosemys grandis 10.3.4.2

The species is native to Cambodia, Lao PDR, Malaysia, Myanmar, Thailand and Viet Nam. The 

species is widespread in wetlands in lowlands and low hill terrain of Cambodia (Touch Seang Tana 

et al. 2000). In Lao PDR, some 

records of this species were 

reported from the limestone region 

of Central Lao PDR, and southern 

Lao PDR (Stuart 1999; Stuart and 

Platt 2004). In Thailand, it is mainly 

found in southeastern and 

peninsular regions but probably in 

wet lowland areas throughout the 

country (van Dijk and Palasuwan 

2000). It also inhabits streams, 

rivers and freshwater marshes of 

central and southern Viet Nam 

(Hendrie 2000).  

 

The Giant Asian Pond Turtle (Heosemys grandis) inhabits rivers, streams, marshes, and paddy 

fields from estuarine lowlands up to about 400 mamsl (Asian Turtle Trade Working Group 2000). 

This species becomes sexually mature at the age of about 6-10 years. In captivity, one or two 

clutches of 3-11 eggs usually 4-7 eggs are laid each year (Rudolphi and Weser 2000). The only 

clutch size reported from a female in the wild was three eggs (van Dijk 1998b). 

 

The linked indicators for the semi-aquatic turtles are given in Table 10.5.
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Table 10.5 Semi-aquatic turtles: Linked indicators and reasons for selection 

Linked indicator Reasons 

Erosion 
Erosion will cause habitat loss and displace nesting sites of turtles 

along the riverbanks. 

Wet season duration 

Short duration of wet season may dry out shallow swamps and pools, 

long wet season may cause unsuccessful reproduction since eggs of 

the turtles need about 90 days of dry season for hatching. 

Dry maximum rate of 

change 

Maximum rate of change of water in wet season may affect habitat 

and nesting place of semi-aquatic turtles. 

Extent lower bank 

vegetation cover 

Most turtles feed both on animals and plants so the vegetation along 

the lower bank is very important for semi-aquatic turtles. It provides 

shelters, food sources and nesting places for semi-aquatic turtles. 

Dry maximum 

channel depth 
High water level depth can inundate nests of turtles on riverbanks. 

Floodplain: Biomass 

vegetation cover 

In the floodplain area, biomass vegetation cover provides shelter and 

feeding ground for some semi-aquatic turtles (FA7). 

Extent herbaceous 

forest cover 

In the floodplain area, herbaceous marsh vegetation provides shelter 

and feeding ground for some semi-aquatic turtles FA7. 

 

 

10.3.5 Quantity of amphibian available for human use 

Amphibians are one of the sources of 

protein for villagers living along the river 

and in the floodplain. The biomass of 

amphibians that are available for local 

human consumption will reflect their 

status at each site/village.  

 

To date, most studies on biodiversity in 

general and amphibians in particular 

focused on species richness and the 

number of species harvested by local 

people rather than the amount or 

quantity of amphibians that are 

available for human consumption. Within LMB, the East Asian Bullfrog Hoplobatrachus rugulosus, 

Asian Grass Frog Fejervarya limnocharis, Crab-eating Frog Fejervarya cancrivora are the most 

exploited species in the Mekong Delta and the floodplain while Limnonectes spp., Ordorrana spp. 

are often caught in upland areas (Hoang and Vo 2013; Nguyen et al. 2006; Timmins 2006). 

 

The linked indicators for the quantity of amphibian available for human use are given in Table 

10.6.
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Table 10.6 Quantity of amphibian available for human use: Linked indicators and 

reasons for selection 

Linked indicator Reasons 

Wet season onset 
Frogs are more abundant at the start of wet season. This is 

also the time of frog exploitation. 

Pesticide 

concentration 

Frogs are sensitive to pesticides. The greater the 

concentration of pesticides in the environment the less 

quantity of frogs available for human use. 

 

 

10.3.6 Quantity of reptiles available for human use 

Aquatic and semi-aquatic 

reptiles are an important 

income source of local people. 

Aquatic and semi-aquatic 

reptiles including turtles, large 

lizards and snakes are 

consumed for food, skin and 

traditional medicine, or sold to 

traders who visit villages in 

most study areas along the 

Mekong River (Hoang and 

Ngo 2014; Nguyen et al. 2006; 

Stuart 1999; Stuart et al. 2000; 

Stuart and Platt 2004; Stuart 2004; Timmins 2006). They are often exploited in the LMB, especially 

in the flooding season. Biomass or quantity of reptiles available for human use will reflect their 

status at each area.  

 

The linked indicators for the quantity of reptiles available for human use are given in Table 10.7.
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Table 10.7 Quantity of reptiles available for human use: Linked indicators and reasons 

for selection 

Linked indicator Reasons 

Flood volume 

High flood volumes often bring food for snakes in the flood plain 

areas. The abundance of snakes in FP increases thanks to a 

surplus of their prey, such as fishes and rats, during flood season. 

Local people in FP experience good harvests of snakes in high 

flood years. 

Wet season 

floodplain maximum 

depth 

High FP water depth increases the exposure of FP reptiles, 

especially colubrid and elapid species, for human consumption. 

During this time, semi-terrestrial, terrestrial and tree snakes use 

emerging trees as shelter. 

 

 

10.3.7 Species richness of riparian/floodplain amphibians 

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

wetlands, with low levels of water fluctuation and low sediment flows. Changes in river and 

sediment flows will lead to changes in species richness of riparian and floodplain amphibians. 

 

Species richness is the number of different species represented in an ecological community, 

landscape or region. Species richness is simply a count of species, and it does not take into 

account the abundance of the species, or their relative abundance distributions. 

 

The species richness of a certain area may increase or decrease depending on the quality of 

habitats. Most amphibians have low capacity for dispersal and therefore they will decline in 

abundance or even become locally extirpated when their habitats are reduced or eradicated.  

 

The linked indicators for the quantity of reptiles available for human use are given in Table 10.8.
69

 

 

Table 10.8 Species richness of riparian/floodplain amphibians: Linked indicators and 

reasons for selection 

Linked indicator Reasons 

Erosion 
Erosion will cause habitat loss leading to the decline in 

abundance or locally extirpation of amphibians. 

Wet season onset 

When the wet season comes too early, physical 

development of frogs is neither complete nor ready for 

mating, possibly causing delays in the reproduction of these 

amphibian species. 

 

A late onset may influence the development of tadpoles, 

which often hatch one or two weeks after the first rain. 
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Linked indicator Reasons 

Wet season duration 
Short wet season duration will dry out small pools and 

ponds along the river resulting in frog population decline. 

Wet season: 

maximum rate of 

change 

Changes to peak flows can displace amphibian larvae and 

increase their vulnerability to predation. Large water-level 

fluctuations (> 20 cm change, on average) reduced species 

richness (Richter and Azous 1995). 

Biomass riparian 

/aquatic cover 

Riparian vegetation provides shelter, ambushing places (for 

foraging) and foods for amphibians. When it is lost, many 

amphibians cannot survive due to loss of habitat or 

exposure to predators, including humans. Biomass of 

riparian vegetation is linked to abundance of amphibians. 

Biomass of algae 

The amphibian tadpoles feed on algae. The increase or 

decrease of biomass of algae would change the abundance 

of the tadpole community and affect amphibian species 

richness. 

T1 average sediment 

concentration 

Most amphibians lay eggs after the first rain. High 

concentration of sediment in T1 season will cause water 

contamination, leading to a decline in number of larvae 

surviving to metamorphosis. High average sediment 

concentration in a year will cause the decline of the 

abundance, but if it happens in several years it will impact 

amphibian species richness. 

Dry duration 
Long dry season duration will dry out small pools and ponds 

along the river resulting in frog population decline. 

 

 

10.3.8 Species richness of riparian/floodplain reptiles 

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

sandbars and riverbanks and loss of riverine forests will cause habitat changes and reduce the 

diversity of riparian reptiles. A long duration of the flooding season will increase the exposure of 

riparian reptiles to human pressure. Most reptiles have high capacity of dispersal so they tend to 

move out of unsuitable habitats while lack of food may force reptiles to disperse to adjacent areas 

for foraging, both resulting in decline in species richness. 

 

The linked indicators for species richness of riparian/floodplain reptiles are given in Table 10.9.
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Table 10.9 Species richness of riparian/floodplain reptiles: Linked indicators and 

reasons for selection 

Linked indicator Reasons 

Erosion 
Erosion will cause habitat loss leading to decline in 

abundance or local extirpation. 

Wet season onset 

Wet season onset is an environmental trigger for some 

species. Normal wet season onset also supports the 

abundance of frogs, the main foodstuff of many reptiles. 

Wet season 

maximum rate of 

change 

Maximum rate of change of water in wet season may affect 

reptile habitat along the river and the floodplain such as 

riparian vegetation, dead logs, dens along the riverbank or 

in inundated forest/grassland and displace them from their 

shelters. 

Biomass riparian 

vegetation 

Riparian vegetation is very important to reptiles for shelter 

and foraging. Loss of habitat will displace riparian reptiles 

and force them to move to other areas. 

Fish biomass  

Many riparian and floodplain snakes feed on fish. Food 

shortage will effect abundance and species richness of 

reptiles. 

Extent of grassland 

In the floodplain area, seasonally inundated grassland 

provides shelter and feeding grounds for many lizards, 

snakes and turtles. 

Extent of flooded 

forest 

In the floodplain area, flooded forest provides shelter and 

feeding ground for many lizards, snakes and turtles. 

 

 

10.4 Status and trends 

The estimated 2015 ecological status for each of the herpetofauna indicators is provided in Table 

10.10. The definitions for the categories are given in Table 3.2. The expected trends in the 

indicators are discussed in Sections 10.4.1 to 10.4.8, respectively. 
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Table 10.10 Estimated 2015 ecological status for each of the herpetofauna indicators 
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Mekong River 
in Lao PDR 

C C NA NA NA NA NA NA NA C C C NA 

Mekong River 
in Lao PDR/ 
Thailand 

C C NA NA C E NA NA NA C C C NA 

Mekong River 
in Cambodia 

C C D NA C D NA D D C C C NA 

Tonle Sap 
River 

NA C D C C E NA D D C C C NA 

Tonle Sap 
Great Lake 

NA C D C C E E D D C D C NA 

Mekong Delta NA C D C C E D E D C D C NA 

 

 

10.4.1 Ranid and microhylid amphibians  

This guild includes members of families Ranidae, Microhylidae and Dicroglossidae which are 

associated with water bodies for whole or part of their life cycle. Two representative species have 

been selected to represent this guild; one from Ranidae (Hylarana nigrovittata) and one from 

Dicroglossidae (Hoplobatrachus rugulosus). The population status of F. limnocharis in the LMB is 

similar to that of Hoplobatrachus rugulosus. 

 

 Hylarana nigrovittata 10.4.1.1

Little is known about the population status of this species. The species is listed as Least Concern in 

IUCN Red List in view of its wide distribution and presumed large population. The species is 

subject to some threats but it is unlikely to be declining fast enough to qualify for listing in a more 

threatened category (van Dijk et al. 2004). Within the LMB, the species has declined slightly over 

the past 15 years.  

 

The main threats to this species are the loss of forest canopy over its streams, and hydrological 

changes (van Dijk et al. 2004). Its range in the LMB is threatened by habitat destruction and 

degradation for agriculture, wood and power plants (van Dijk et al. 2004).  
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Figure 10.1 Ranid and microhylid amphibians (Rana nigrovittata): Historic abundance 

estimates as % relative to 2015 (100%) 

 

Note: it is estimated that the species declined about 10% in 15 years since 2000 and 20% in 30 

years since 1970. The population size before 1970 is predicted to be stable. Four main 

anthropogenic causes of change in abundance of the species include: 

 land cover changes: loss of habitat; 

 impoundments leading to hydrology change and loss of habitat; 

 run-of-river abstractions: hydrology change; 

 sediment mining causing bank erosion and increased water turbidity.  

 

 Hoplobatrachus rugulosus 10.4.1.2

Hoplobatrachus rugulosus adapts well to wet rice cultivation, and has managed to thrive in these 

conditions, although harvesting pressure and agricultural pollution, specifically herbicides, 

pesticides, are key threats. The global population is believed to be stable (Diesmos et al. 2004) but 

the species is becoming rarer in the lowland areas because of overexploitation. Hoplobatrachus 

rugulosus is the most common species being exploited in Viet Nam‘s Mekong Delta (Hoang and Vo 

2013; Nguyen et al. 2006). 

 

The species is listed as Least Concern in view of its wide distribution, tolerance of a broad range of 

habitats and presumed large population (Figure 10.2). The species as a whole is not under threat 

and the global population is stable (Diesmos et al. 2004), but it has become rare in the lowland 

areas because of overexploitation, particularly the larger animals (Diesmos et al. 2004). 

Hoplobatrachus rugulosus is the most commonly exploited amphibian species in Viet Nam‘s 

Mekong Delta, as a result the population in the Delta has declined greatly in the last 25 years 

(Hoang and Vo 2013; Nguyen et al. 2006). 
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Figure 10.2 Ranid and microhylid amphibians (Hoplobatrachus rugulosus): Historic 

abundance estimates as % relative to 2015 (100%) 

 

 

In the Mekong Delta, it is estimated to have declined by about 30% within 15 years since 2000 and 

10% within 30 years since 1970. The population size before 1970 is believed to have been stable. 

There was a slightly decline in other regions. Five main anthropogenic causes of change in 

abundance of Hoplobatrachus rugulosus include: 

 land use changes: loss of habitat and shelters; 

 impoundments and run of river abstractions causing a change in hydrological regime and 

leading to impacts on tadpoles; 

 harvesting pressures: local people collect adult animal for household consumption and 

trade; 

 agricultural pollution: pesticides, fertilizers with impacts on their prey (insects). 

 

10.4.2 Aquatic serpents 

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

and feeds mainly on fishes and other aquatic species. Indicator species included members of 

Homalopsidae (e.g., Enhydris spp. and Erpeton tentaculatum) and Acrochordidae (e.g., 

Acrochordus spp). 

 

 Enhydris bocourti 10.4.2.1

During the second decade of the 20th century, Smith (1914) reported that the Bocourt Water Snake 

was common in the rural areas surrounding Bangkok. There is a reported decline of this species in 

Cambodia, due to the harvesting and export of this species to China. For example, from 1991-2001 

Zhou and Jiang (2004) reported about 16 000 live snakes were exported to China, representing 4% 

of the live snakes imported into China over this period. This species is heavily exploited in Tonle 

Sap Great Lake in Cambodia, and populations are declining (Brooks et al. 2007). In Viet Nam, this 

species is amongst the most exploited of all reptile species in the Mekong Delta (Stuart 2000, 

Hoang and Ho 2013; Hoang and Vo 2013; Goodall and Simon 2010). The population appears to be 
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in decline as fishermen are reporting that the species is more difficult to find than previously 

(Goodall and Simon 2010). 

 

 

Figure 10.3 Aquatic serpents (Enhydris bocourti): Historic abundance estimates as % 

relative to 2015 (100%) 

 

 

The main anthropogenic drivers of change in the abundance of Enhydris bocourti include: 

 land use changes, including wetland conversion to paddy field and urbanisation; 

 irrigation: drainage of wetland areas, habitat loss and degradation; 

 harvesting pressure: overexploitation for food and crocodile farming, wildlife trade, skins; 

 agricultural pollution: pesticides, fertilizer, which impact on the snakes and their prey items. 

 

 Cylindrophis ruffus 10.4.2.2

The global population of this species is more likely to be increasing than declining (Wogan et al. 

2012). However, in the Tonle Sap and the floodplain of Cambodia as well as in Viet Nam‘s Mekong 

Delta it appears to be suffering rapid declines due to overharvesting. In the Tonle Sap Great Lake, 

the species is declining due to the massive scale of the aquatic snake trade (Stuart et al. 2000). 

Brooks et al. (2007) estimated that this species accounted for 0.02-5% of all aquatic snakes traded 

at Tonle Sap. The species is most often found in reptile shops and markets in Viet Nam‘s Mekong 

Delta for food (Hoang 2013; Hoang and Vo 2014) and medicinal purposes (Stuart 2004). Reptile 

shop owners from Dong Thap, Hau Giang and Can Tho have reported that the number of pipe 

snakes they buy from collectors is in steady decline, and at about 30-50% of the levels 15-20 years 

ago. 
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Figure 10.4 Aquatic serpents (Cylindrophis ruffus): Historic abundance estimates as % 

relative to 2015 (100%) 

 

 

10.4.3 Aquatic turtles 

Aquatic turtles live and feed mainly in water bodies but lay their eggs on sandbars or river/stream 

banks. 

 

Indicator groups and/or species include members of Trinonychidae (e.g., Amyda cartilaginea, 

Pelochelys cantorii) and Geoemydidae (e.g., Malayemys subtrijuga). 

 

1.1.1.1 Amyda cartilaginea 

At the global scale, the species‘ population was estimated, inferred or suspected to be reduced by 

at least 20% over the last ten years or three generations, and projected to be further reduced by at 

least 20% within the next ten years or three generations (Asian Turtle Trade Working Group 2000). 

The population in Viet Nam has been estimated to have undergone a reduction of up to 20% in 

some area due to habitat loss and degradation, overexploitation and illegal trade (Monre and Vast 

2007). In Ban Houaykhoualouang (Lao PDR) local residents have reported a low number of ‗large‘ 

individuals caught recently, indicating a sharp decline in this species. The same situation has been 

reported in Stung Treng (Timmins 2006). 
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Figure 10.5 Aquatic turtles (Amyda cartilaginea): Historic abundance estimates as % 

relative to 2015 (100%) 

 

 

The main anthropogenic drivers of change in the abundance of Amyda cartilaginea include: 

 land use changes; 

 harvesting pressure; 

 impoundments; 

 sediment mining; 

 climate change. 

 

 Pelochelys cantorii  10.4.3.1

There is very little quantitative information on population trends of this species. This turtle does not 

appear to be abundant anywhere. Smith (1930) mentioned that it was common in the Chao Phraya 

and Ratburi rivers of Thailand in the early part of this century, but van Dijk and Palasuwan (2000) 

reported that this species appears to be virtually extinct in at least the Chao Phraya and Mae Klong 

systems of Thailand. The same situation is presumed to exist in many of the LMB region (Asian 

Turtle Trade Working Group 2000). 

 

Touch et al. (2000) indicated that Viet Namese populations of the species were probably extinct. In 

Lao PDR and Thailand have some populations nearing extinction. Cambodia was suspected of 

having an important population regionally. Emmett (2009) reported that a population of Pelochelys 

cantorii in the mainstream of the Mekong River is exhibiting a slow decrease. At that site, local 

fishermen occasionally caught large adult specimens and number of nesting sites remained stable 

at more than ten nests per year for 2006-2008 (Emmett 2009).  

 

At global scale, the species was listed in IUCN Redlist of Threatened Species as Vulnerable in 

1996 then upgraded to Endangered in 2000, which means the species is observed, estimated, or 

suspected to have been reduced by at least 50% over the past ten years or three generations. 

Pelochelys cantorii is threatened over much of its range due to direct exploitation and habitat loss 

(Asian Turtle Trade Working Group 2000). 
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Figure 10.6 Aquatic turtles (Pelochelys cantorii): Historic abundance estimates as % 

relative to 2015 (100%) 

 
 
The main anthropogenic drivers of change in the abundance of Pelochelys cantorii include: 

 land use changes: habitat loss and degradation. Most wetland areas in LMB have been 

converted to paddy fields; 

 impoundments: loss of habitat, and reduced habitat availability due to water regime 

changes; 

 harvesting pressure: overexploitation within its range for food demands and wildlife trade; 

 sediment mining: riverbank erosion causing loss of nesting places; 

 climate change: increase in temperature may lead to unbalance of sex of hatching. 

 

 Malayemys subtrijuga 10.4.3.2

At the global level, the species is considered Vulnerable. The same conservation status is recorded 

in Cambodia, Lao PDR and Viet Nam while its status in Thailand is not uncommon but it suffers 

from impacts to habitats (Asian Turtle Trade Working Group 2000c). 

 

Malayemys subtrijuga is the most harvested turtle in Tonle Sap (Platt et al. 2008). The population 

in the Tonle Sap system was reported to have declined by as much as 90% due to overexploitation 

and egg collection. In Viet Nam, the population is estimated to have declined by ~50% due to 

exploitation, habitat loss and agricultural pollution (Monre and Vast 2007). 

 

Five main anthropogenic causes of change are: 

 land use changes: habitat loss and degradation; 

 harvesting pressure: overexploitation and egg collection pose high threats to survival of the 

species; 

 agricultural pollution: overuse of pesticides, fertilizers and other chemicals for agriculture 

development may poisoned aquatic turtles and deplete their foods; 
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 impoundments: change in water level and irregular hydrological regime will cause loss of 

habitat, nesting places; 

 sediment mining: sand and gravel exploitation leading to riverbank erosion resulting in 

displacement of nesting sites and increased water contamination. 

 

 

Figure 10.7 Aquatic turtles (Malayemys subtrijuga): Historic abundance estimates as % 

relative to 2015 (100%) 

 

 

10.4.4 Semi-aquatic turtles 

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

Platysternidae. These species live in grassland 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.  

 

Indicator groups and/or species include members of Geoemydidae (Cuora amboinensis, 

Hoesemys grandis, Heosemys annandalii) and Platysternidae (Platysternon megacephalum) 

 

 Cuora amboinensis 10.4.4.1

Malayan Box Turtle populations are declining due to the current overexploitation of turtles for 

national and international trade in Asian countries. The species is considered Endangered in 

Cambodia, Lao PDR, Viet Nam and Vulnerable in Thailand (IUCN 2000). Altherr and Freyer (2010) 

reported that Cuora amboinensis is the most commonly imported Asian turtle in the US between 

1993 and 1995 and has suffered a precipitous decline within the past decade.  

 

In the Mekong Delta, Nguyen et al. (2006) - on the basis of interviews with local people - reported 

that the number of Malayan Box Turtles has been greatly reduced recently compared to about ten 

years ago. 
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Figure 10.8 Semi-aquatic turtles (Cuora amboiensis): Historic abundance estimates as % 

relative to 2015 (100%) 

 

 

The five main anthropogenic drivers of change in the abundance of Cuora amboinensis include: 

 land use changes: habitat loss and degradation; 

 harvesting pressure: overexploitation and egg collection pose high threats to survival of the 

species; 

 agricultural pollution: overuse of pesticides, fertilizers and other chemicals for agriculture 

development may poison aquatic turtles and deplete their foods; 

 impoundments: change in water level and irregular hydrological regime will cause loss of 

habitat and nesting places; 

 climate change: increase in temperature may cause an imbalance of sex ratio at birth of 

this turtle. The temperature of the eggs during a certain period of development is the 

deciding factor in determining sex, and small changes in temperature can cause dramatic 

changes in the sex ratio of turtles (Bull 1980). 

 

 Heosemys grandis  10.4.4.2

At a global scale, the species has declined throughout its range. Within the LMB, the population in 

Cambodia is considered to be of significant size, but details are lacking (Touch Seang Tana et al. 

2000) while there is no information on population status in Lao PDR available. In Thailand, surveys 

found Heosemys grandis to be uncommon to rare, and presumed to be depleted in most areas 

(van Dijk 1999). No information on population status in Viet Nam is available (Hendrie 2000) but 

the species is estimated to have reduced by up to 20% due to overexploitation (Monre and Vast 

2007). 

 

Heosemys grandis is considered Vulnerable in Cambodia, Lao and Viet Nam. The limited data for 

Thailand suggest that it is also Vulnerable there. 
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Figure 10.9 Semi-aquatic turtles (Heosemys grandis): Historic abundance estimates as % 

relative to 2015 (100%) 

 

 

The five main anthropogenic drivers of change in the abundance of Heosemys grandis include: 

 land use changes: habitat loss and degradation; 

 harvesting pressure: overexploitation and egg collection pose high threats to survival of the 

species; 

 agricultural pollution: overuse of pesticides, fertilizers and other chemicals for agriculture 

development may poison aquatic turtles and deplete their foods; 

 impoundments: change in water level and irregular hydrological regime will cause loss of 

habitat and nesting places; 

 climate change: increase in temperature may cause imbalance of sex ratio at birth. The 

temperature of the eggs during a certain period of development is the deciding factor in 

determining sex, and small changes in temperature can cause dramatic changes in the sex 

ratio of turtles (Bull 1980). 

 

10.4.5 Quantity of amphibians available for human consumption 

Currently, there is no systematic survey information on amphibian trade and exploitation and little is 

known about the trends in exploitation of amphibian. Amphibians were reported to provide 

supplementary food resources for local communities in the four LMB countries (Hortle 2007) and in 

some areas it is one of the most dominant component of other aquatic products (Baltzer and Pon 

2002). However, levels of trade are estimated to have steadily decreased due to habitat loss, 

unsustainable harvesting, agricultural pollution and extreme climatic events. 
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Figure 10.10 Amphibians available for human consumption: Historic abundance estimates 

as % relative to 2015 (100%) 

 

 

10.4.6 Quantity of reptiles available for human use 

Aquatic and semi-aquatic reptiles including turtles, large lizards, and snakes are consumed for food 

and traditional medicine, or sold to traders who visit villages in most study areas along the Mekong 

River (Hoang and Ngo 2014; Nguyen et al. 2006; Stuart 1999; Stuart et al. 2000; Stuart and Platt 

2004; Stuart 2004; Timmins 2006). Most studies identified the number and extent of species being 

exploited by local people and certain others documented the amounts harvested by day or by 

season, and the trend of exploitation. 

 

In Viet Nam, Stuart (2004) reported approximately 1900 individual reptiles of 21 reptile species in 

reptile trade shops, of which 16 species were witnessed being harvested by local people living in U 

Minh Thuong National Park, Kien Giang Province. In Dong Thap Province, Hoang (2013) reported 

that 16 species (mainly water snakes) out of 34 species of snakes that are exploited by local 

people for food and sale in food markets, and 12 species are used for medicinal purposes. Among 

those species, three species are recorded in all trade points across the province, including 

Enhydris subtaeniata, Enhydris enhydris and the Common Pipe Snake Cylindrophis ruffus. Species 

of Elapid snakes are becoming very rare, for instance, Banded Kraits Bungarus fasciatus and 

Cobra Naja atra were recorded at only one of 26 points of investigation. In Long An Province, 

among the 17 species of reptiles recorded, 13 were observed being sold in the market around Lang 

Seng NR (Nguyen et al. 2006). 

 

In Tonle Sap, Cambodia, Stuart et al. (2000) reported that at the peak of the wet season between 

1999 and 2000 it was estimated that upwards of 8500 water snakes, mainly Enhydris genus, were 

harvested and sold per day, primarily for crocodile and human food. Brooks et al. (2007) provided 

an insight into fishing for low-value water snakes in the Tonle Sap. The authors reported that in 

1975, aquatic resources were very abundant and fishing was largely on a subsistence basis, with a 

small human population and no commercial fishing. Since 2000, there has been a severe decline in 
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the availability of resources observed by local people and the trend is predicted for a steady decline 

in the coming years. 

 

In Lao PDR, Stuart (1999) stated that local residents reported that turtles, monitor lizards and large 

snakes are more difficult to find now than they were several years ago. It is estimated that the trend 

is a continuing decline in Lao PDR due to increasing human demands on arable lands and for 

these species as food. 

 

 

Figure 10.11 Aquatic/ semi-aquatic reptiles available for human exploitation: Historic 

abundance estimates as % relative to 2015 (100%) 

 

 

The five main anthropogenic causes of change are: 

 land use and cover changes: loss of habitats and shelters, prey depletion; 

 harvesting pressure: adult and eggs collection, illegal wildlife trade; 

 agricultural pollution: pesticides, fertilizers, which cause death and prey depletion. 

 

10.4.7 Species richness of riparian/floodplain amphibians 

Species richness is the number of different species represented in an ecological community, 

landscape or region. Species richness is simply a count of species, and it does not take into 

account the abundance of the species or their relative abundance distributions. Based on the 

available information on species richness of the focal areas of the BioRA assessment, the species 

richness of riparian and floodplain amphibians are unchanged even though most species are now 

confined to protected areas. 
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Figure 10.12 Species richness of riparian amphibians: Historic abundance estimates as % 

relative to 2015 (100%) 

 

 

The five main threats to species richness of riparian amphibians are: 

 land cover changes; 

 harvesting pressure; 

 agricultural pollution; 

 climate change. 

 

10.4.8 Species richness of riparian/floodplain reptiles 

Available information on the species richness of riparian reptiles for the FAs is limited. In the 

Mekong Delta at least two species of crocodiles (Crocodilus porosus and C. siamensis) and one 

species of turtle, the Mangrove Terrapin (Batagur baska), have been extirpated (Nguyen et al. 

2009). The estimated historic change in species richness is provided in Figure 10.13. 

 

The Mangrove Terrapin has been documented in Tonle Sap Great Lake, but recent surveys have 

found no evidence and the species has almost certainly been locally extirpated (Platt et al. 2003). 

 

The main threats to species richness of riparian reptiles are: 

 land cover changes; 

 harvesting pressure; 

 agricultural pollution; 

 climate change. 
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Figure 10.13 Species richness of riparian reptiles: Historic abundance estimates as % 

relative to 2015 (100%) 

 

 

10.5 Response curves and supporting evidence/reasoning 

The explanations and evidence for the shape of the response curves are tabulated as follows: 

 

Table 10.11 Ranid and microhylid amphibians 

Table 10.12 Aquatic serpents
 
 

Table 10.13 Aquatic turtles 

Table 10.14 Semi-aquatic turtles 

Table 10.15 Amphibians available for human use
 
 

Table 10.16 Riparian/floodplain reptiles available for human use
 
 

Table 10.17 Riverine/floodplain amphibian species richness  

Table 10.18 Riverine/floodplain reptile species richness. 

 

 

NB: The response curves do not address any of the scenarios directly. The curves are drawn for a 

range of possible changes in each linked indicator, regardless of what is expected to occur in any 

of the scenarios. For this reason, some of the explanations refer to conditions that are unlikely to 

occur under any of the water-resource development scenarios but are needed for completion of the 

response curves. In addition, each response curve assumes that all other conditions are at 

preliminary reference condition. 

 

The curves provided below are site specific, although the relationships are similar across all sites. 

The FAs used as an example for each curve are noted. 
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Table 10.11 Ranid and microhylid amphibians
71

 

Response curve Explanation 

 

Riparian vegetation provides shelter, ambush habitat (for foraging) and foods for wildlife, 

including amphibians (Catterall 1993, Catterall et al. 2007). Obvious inhabitants of the 

riparian zone are frogs whose life cycles are inextricably linked with riparian habitat (Clyne 

1969). When degraded or lost, many amphibians can no longer survive due to loss of 

habitat or exposure to their predators, including human. Biomass of riparian vegetation is 

linked to abundance of amphibians, although there is no quantitative studies on the extent 

of frog abundance dependent on vegetation. Since many ranid and microhylid species 

can adapt to disturbed habitats, it is estimated that there would be a ~50% decline if the 

biomass of riparian vegetation dropped to zero and an increase of ~30% if the biomass 

was ~ 250% of 2015 levels at FA1.   

 

Amphibian tadpoles rely partly on periphyton and benthic algae for food, and hence 

tadpoles are microphagous (‗small eating‘; Vitt and Caldwell 2009). While adult frogs can 

survive over a long period of food shortage, the tadpoles require more energy for 

metamorphosis.  From hatching, most amphibians will increase 3-20-fold in length, but 

some species may increase over 100-fold in mass and therefore require more food (Vitt 

and Caldwell 2009).  It is estimated that there would be a ~40% decline if the algae 

biomass dropped to zero and a ~20% increase if the biomass was 250% of 2015 levels. 

                                                      

 
71

 Mostly taken from FA1. 
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Response curve Explanation 

 

Most amphibians have low capacity of dispersal (Graham et al. 2006). Metamorphosing 

amphibian larvae move into and through the habitat of their parents, most becoming part 

of the local population. Dispersal distance is usually small, and the juveniles occupy home 

ranges in vacant spots among adults or in peripheral locations (Vitt et al. 2009).  Drought 

imposes habitat fragmentation on amphibian metapopulations by reducing the number of 

inundated wetlands, thus increasing dispersal distances among sites (Walls 2013). Long 

dry season duration will dry out small pools, ponds along the river and the larvae may not 

have sufficient time in which to develop (Walls 2013), which will result in population 

decline. Currently, there is no quantitative study on the extent the impact of dry duration 

poses on any frog population. At FA1, it is estimated the population decline of ~40% if the 

dry season lasts over 8.5 months. 

 

In the seasonal tropical area, rainfall is one of the major determinants for timing of 

reproduction (Zug et al. 2001). Timing and intensity of rainfall play a major role in 

determining when breeding should occur. In general, reproduction of most amphibians 

was strongly synchronised with the onset of the rainy season. The first rain is an 

environmental trigger of numerous frogs. In seasonal tropical environments, most 

amphibians breed during the wet season, although exceptions are known (Vitt and 

Caldwell 2009). When the wet season come too early, physical developments of frogs is 

neither complete nor ready for mating. It may cause delay of reproduction of these 

amphibian species. The late coming of wet season onset may influence on tadpoles, 

which often develop one or two week after the first rain.  
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Response curve Explanation 

 

All amphibians depend to some extent on the availability of fresh water for successful 

reproduction, regardless of whether they engage in direct development in the terrestrial 

environment or deposit their eggs in aquatic habitats (Well 2007). Short wet season 

duration will not provide enough water for small pools, ponds in the floodplain around the 

lake for frog breeding, resulted in frog population decline. However, species living close to 

the lake (e.g., FA7) may not suffer this situation. It is estimated the population decline of 

40% if no wet season occurs.  

 

The first rain is an environmental trigger of numerous frogs and therefore, T1 falls into the 

breeding season of most frogs. Because amphibian tadpoles rely partly on algae, no 

sediment will cause lack of foods for tadpoles and population decline estimated at about 

30% for the next year. On the contrary, most amphibians prefer living in the area with low 

sediment flow because high concentration of sediment causes water contamination, 

posing risk of impact on development of embryos and tadpoles and leading to population 

decline (Karasov et al. 2005). 

 

Most amphibian and their tadpoles prefer living in calm or slow moving water bodies (e.g., 

lakes, pools, littoral areas with vegetation). Changes to peak flows can displace 

amphibian larvae and increase their vulnerability to predation (Richter and Azous 1995). 

Therefore, strong average channel velocity is predicted to wash out frogs, especially 

tadpoles away from their shelters. Since no quantitative study on the impact of average 

channel velocity on the abundance of frogs exists, it is estimated that a slight decrease of 

~8-10% at FA1 during flood season if maximum velocity reaches 1646 m/s. 
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Response curve Explanation 

 

Most ranid and microhylid amphibians in the lowland adapt to grassland area and several 

amphibian species prefer living in grassland habitat, especially Hylarana group (H. 

macrodactyla, H. erythraea) of Ranidae family (Bain and Hurley 2011). (FA7) 

 

 

Table 10.12 Aquatic serpents
 72

 

Response curve Explanation 

 

Riparian vegetation provides shelter, ambush place (for foraging) and foods for aquatic 

and semi-aquatic snakes (Catterall 1993, Catterall et al. 2007).  When degraded or lost, 

many snakes can no longer survive. Biomass of riparian vegetation, especially of aquatic 

and semi-aquatic plants is linked to abundance of aquatic snakes. It is estimated that 

there would be a ~40% decline if the biomass of riparian vegetation dropped to zero and 

an increase of ~20% if the biomass was 250% of 2015 levels. 

                                                      

 
72

 Mostly taken from FA1, exceptions denoted in text. 
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Response curve Explanation 

 

Most water snakes in the LMB are among the top predators, feeding predominantly on 

fishes and amphibians, but also on other reptiles and crustacean (Murphy 2007; Vitt and 

Caldwell 2009). The fish biomass is considered be a main factor in determining the 

abundance of water snakes. It is estimated that there would be a ~ 50% decline if the fish 

biomass dropped to zero and a ~50% increase if the biomass was 250% of 2015 levels. 

 

High flood volume often brings food for snakes in the floodplain areas. The abundance of 

snakes in FP increases thanks to a surplus of their prey such as fishes and rats during 

flood season. Thus, if the flood volume drops to lower levels this will result in a drop in 

snake abundance. Years with higher flood volumes are good for snakes, however, if 

floods are very high snakes will be displaced or washed down river. Snakes have been 

reported to appear in lowland areas after severe floods in many places. 

 

Most water snakes prefer living in calm or slow moving water bodies (e.g., lakes, pools, 

littoral areas with vegetation; Wogan et al. 2012). Therefore, strong average channel 

velocity is predicted to wash out water snakes away from their shelters. However, the 

Mekong River at FA5 is wide and divided into two or three channels in places, and the 

mainstream connects to the floodplain, which means that average channel velocity is 

lower than that at FA1-3, although flood volume may be higher. The average flood volume 

therefore has less of a flushing influence than in other upstream areas. 
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Response curve Explanation 

 

Aquatic serpents in the Tonle Sap Great Lake were observed using the herbaceous 

marsh for shelter and ambush places, especially the young snakes (pers. obs.).  

Cylindrophis ruffus and several enhydrids are commonly found among the macrophytes in 

the Tonle Sap Great Lake and the Mekong Delta.  

 

The terrain of the Tonle Sap Great Lake is flat and a change in water depth the floodplain 

causes a large corresponding change in the area of inundation. An increase of average 

floodplain depth would translate into an increase in food and shelter for aquatic snakes. 
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Table 10.13 Aquatic turtles
73

 

Response curve Explanation 

 

Aquatic turtles live mainly in water but lay their eggs along the riverbanks. Both Asian 

Softshell Turtle and Asian Giant Softshell Turtle were reported to lay eggs in some 

sections of the Mekong River (Timmins 2008). There is no information on whether nesting 

sites of aquatic turtles in Mekong River and its floodplain are located in areas with high 

potential of bank erosion. Bank erosion could cause total loss of nesting area or partly 

affect normal development of embryos.  

 

Along the channel, aquatic turtle needs sandy habitat for thermo-regulation and nesting as 

reported for Asian Giant Softshell Turtle (Emmett, 2009) and Asiatic Softshell Turtle 

(Timmins 2006) in LMB or for other riverine turtles, (including those in eastern Minnesota, 

USA (Lenhart et al. 2013)) . Lack of sandy habitat may restrict the occurrence of aquatic 

turtles in surrounding water bodies.  

 

Short duration of wet season may have minor direct impact on aquatic turtles living in the 

mainstream of the river. On the contrary, long wet seasons may cause unsuccessful 

reproduction since eggs of aquatic turtles need about 60-90 days of dry season for 

hatching (Emmett 2009). 

                                                      

 
73

 Mostly taken from FA5, exceptions denoted in text. 
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Response curve Explanation 

 

Aquatic turtles in the LMB are among the top predators, feeding predominantly on fishes 

and amphibians, but also on other reptiles and crustaceans (Voris and Murphy 2002).  

Fishes are important prey of reptiles, especially aquatic turtles and aquatic snakes (Asian 

Turtle Trade Working Group 2000, Murphy 2007).  The fish biomass is considered to be a 

main factor in determining the abundance of water snakes. Little is known about how 

much food, especially fish biomass, affects abundance of aquatic turtles. It is predicted 

that the abundance of aquatic turtles will decline ~40% if fish biomass dropped to zero 

and an increase of ~20% if the biomass was 250% of 2015 levels at FA2. (FA2) 

 

Snails are the main food of the Malayan snail-eating turtle and also occur in diet of soft-

shelled turtles. There is no quantitative study on the relationship between snail abundance 

and the abundance of aquatic turtles in the LMB. In the upper Mississippi River System, 

the Northern Map Turtle (Graptemys geographica) is abundant in the northern portion of 

the river with clearer water and abundant snail prey (Johnson and Briggle 2012). 

 

Freshwater aquatic turtles leave their aquatic habitats to dig nests, search for mates when 

their original stream or pond dries up (Vitt et al. 2009). The Malayan Snail-Eating Turtle 

was observed to feed on fruits on the ground of flooded forest in the dry season. They 

also make nests under dense canopy of Vitex sp. between December and March (Platt et 

al. 2008). (FA7). 
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Response curve Explanation 

 

Herbaceous marsh vegetation including submerged and floating species provide good 

shelter and ambush habitat for aquatic turtles. No available information for the relation 

between aquatic turtles and herbaceous marsh vegetation exists for the LMB. However, 

the Painted Turtle occupancy increased greatly in impoundments and marshes, 

corresponding to herbaceous vegetation (Rizkalla and Swihart 2006). (FA7) 

 

Inundated grassland around the lake provides nesting habitat in the dry season and 

feeding grounds in the flood season for aquatic turtles. Lack of information on the link 

between aquatic turtles and grassland limits prediction of the response curve. (FA7) 
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Table 10.14 Semi-aquatic turtles
74

 

Response curve Explanation 

 

Semi-aquatic turtles live or hide in habitat near water sources including riparian 

vegetation, temporary ponds, and dead logs/trunks.  Most semi-aquatic turtles lay eggs on 

the bank of the river or in the floodplain around the Tonle Sap Great Lake as reported for 

Cuora amboiensis in seasonally flooded forest or Heosemys annandalii in the muddy 

seasonally flooded inundation zone (Emmett 2009). High erosion along the riverbank can 

wash away shelter and destroy nests. Since these animals can disperse to adjacent 

areas, these impacts are expected to be minor. (FA4) 

 

Short duration of wet season may have a strong impact on semi-aquatic turtles living 

along the mainstream river. On the contrary, a long wet season may cause unsuccessful 

reproduction since eggs of the semi-aquatic turtles need about 90 days of dry season for 

hatching. 

 

Most semi-aquatic turtles lay eggs on the bank of the river or in the floodplain around the 

Tonle Sap Great Lake, as reported for Cuora amboiensis in seasonally flooded forest or 

Heosemys annandalii in the muddy seasonally flooded inundation zone (Emmett 2009). A 

maximum rate of change in the dry season may submerge nesting sites leading to 

failed/poor breeding success. 

                                                      

 
74

 Mostly taken from FA3, exceptions denoted in text. 
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Response curve Explanation 

 

Most semi-aquatic turtles feed both on animals and plants so the vegetation along the 

lower bank is very important for them. It provides shelters, food source and nesting places 

for these species. It is predicted that there would be a ~70% decline if the extent lower 

bank vegetation cover dropped to zero and an increase of ~15% if it was 250% of 2015 

levels at FA3. 

 

Semi-aquatic turtles live in both aquatic and terrestrial environments. They nest on 

riverbanks and their reproduction may be impacted by water level if it is high enough to 

overtop the riverbank. Normal water depth in dry season seems not to impact on semi-

aquatic turtles. However, if strong floods occur or peak operation of hydropower plants, it 

could submerge the riverbank and the floodplain in downstream areas, causing reduction 

or extirpation of nesting sites of turtles. 

 

Semi-aquatic turtles of the Tonle Sap Great Lake feed on fruits on the ground of flooded 

forest in the dry season. They also make nests under flooded forest cover. The extent of 

flooded forest cover, therefore, will impact on the expansion of these turtles in the dry 

season. (FA7) 
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Response curve Explanation 

 

In the dry season, semi-aquatic turtles partly rely on herbaceous marsh for food and 

shelter. No available information exists on the relationship between semi-aquatic turtles 

and herbaceous vegetation in the LMB. It is predicted that there would be a 20% decline 

if the extent herbaceous vegetation dropped to zero and an increase of 10% if it was  

250% of 2015 levels at FA7. (FA7) 

 

 

Table 10.15 Amphibians available for human use
 75

 

Response curve Explanation 

 

Wet season onset is an environmental trigger for frog breeding. The amount of amphibian 

available for human use is also highest in this season. Late arrival of the wet season may 

reduce the number and quality of amphibians available for human use. 
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 Mostly taken from FA3, exceptions denoted in text. 
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Response curve Explanation 

 

Pesticides contains several chemical compounds that may interfere with the endocrine 

system of amphibians by mimicking the action of endogenous hormones, blocking cell 

receptors and thus preventing action of endogenous hormones, or may affect synthesis, 

transport, metabolism, and/or excretion of endogenous hormones. Depending on 

amphibian species and pesticides, lethal effect ranges between 0.1 – 5 ppm. The 

estimated median lethal concentration (LD50) for some pesticides in tadpoles is even 

lower i.e., at about ppb level (Relyea 2005). The more amphibians poisoned by 

pesticides, the less amphibians available for human harvest. 

 

 

Table 10.16 Riparian/floodplain reptiles available for human use
 76

 

Response curve Explanation 

 

High flood volume often bring food for snakes into the floodplain areas. The abundance of 

snakes in FP increases thanks to surplus of their prey, such as fishes and rats, during 

flood season. Local people in FP experience a good harvest of snakes in high flood years. 

High FP water depth increases the exposure of FP reptiles, especially colubrid and elapid 

species to human harvesting. During this time, semi-terrestrial, terrestrial and tree snakes 

use emerging trees as shelter and are available for human exploitation. 

 

 

                                                      

 
76

 Mostly taken from FA3, exceptions denoted in text. 
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Table 10.17 Riverine/floodplain amphibian species richness
 77

 

Response curve Explanation 

 

Riparian vegetation provides shelter, ambush place (for foraging) and foods for 

amphibians. Tree-frogs also making foam nests on tree branches. Most amphibians have 

low capacity of dispersal so when their habitat lost; many amphibians can no longer 

survive due to exposure to their predators, and reduced food sources and nesting places. 

Biomass of riparian vegetation is linked to species richness of amphibians. 

 

Most amphibians have low capacity of dispersal, therefore, the more erosion of the 

riverbank the more loss of habitat. Erosion also increases water contamination, leading to 

decline of amphibian abundance. 

 

All amphibians depend to some extent on the availability of fresh water for successful 

reproduction, regardless of whether they engage in direct development in the terrestrial 

environment or deposit their eggs in aquatic habitats. Long dry season duration will dry 

out small pools and ponds along the river resulting in the delay or unsuccessful 

reproduction in that year. The species richness of riparian/floodplain amphibians will be 

decreased if the long dry season happens in subsequent years. It is predicted that, it 

takes several years with long dry duration season to displace an amphibian species from 

a certain area. (FA2) 

                                                      

 
77

 Mostly taken from FA3, exceptions denoted in text. 
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Response curve Explanation 

 

Wet season onset plays as an environmental trigger of breeding season of most 

amphibians. When the wet season arrives too early, physical development of amphibians 

is neither complete nor ready for mating. If the wet season onset is late, it may influence 

the abundance and growth of tadpoles, which often develop one or two week after the first 

rain. If these extreme events happen occasionally, it may not affect the species richness. 

However, if it happens in several years in a row, the species richness will declined. (FA2) 

 

Changes to peak flows can displace amphibian larvae and increase their vulnerability to 

predation. Large water-level fluctuations, e.g., > 20 cm change, on average, and reduced 

species richness (Richter and Azous 1995). 

 

Riparian vegetation provides shelter, ambush habitat (for foraging) and foods for 

amphibians. Tree-frogs also making foam nests on tree's branches. Most amphibians 

have low capacity for dispersal so when their habitat is lost; many amphibians can no 

longer survive due to exposure to their predators, reduction in food supply and nesting 

places. Biomass of riparian vegetation is linked to species richness of amphibians. 
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Response curve Explanation 

 

Most amphibians lay eggs after the first rain. High concentration of sediment in T1 season 

may cause water contamination, leading to a decline in number of larvae surviving to 

metamorphosis. High average sediment concentration in a year will cause the decline in 

abundance, but if it happens across several years it may impact the species richness of 

amphibians. 

 

 

Table 10.18 Riverine/floodplain reptile species richness
78

 

Response curve Explanation 

 

Most reptile species have a wide home range and can travel a long distance within a day. 

When their habitat is disturbed or destroyed, they will move to adjacent areas even in 

unconnected habitat. Bank erosion in flooding season will displace shelters of riparian 

reptiles. Little is known about the relationship between species richness of reptiles and 

erosion. It is predicted that species richness decline estimated at ~10% of present data if 

erosion was 250% of 2015 levels. 

                                                      

 
78

 Mostly taken from FA3, exceptions denoted in text. 
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Response curve Explanation 

 

Wet season onset plays as an environmental trigger of breeding season of most reptiles. 

Most reptiles lay eggs in the soil in the dry season and require from a few weeks up to 

three months for embryo development. If the wet season comes early, it could destroy the 

eggs before they hatch. However, if wet season comes too late, it would impact the 

offspring survival. 

 

Most riparian/FP reptiles live in riparian vegetation, dead logs, dens along the riverbank or 

in inundated forest/grassland. These types of habitat may be strongly impacted by a 

maximum rate of change of water in the wet season when the reptiles are predicted to be 

washed away from their shelters. 

 

Riparian vegetation is very important to riparian reptiles. In FA1, only snakes and lizards 

are included in species richness of riparian/floodplain reptiles. Species richness is 

estimated to reduce to less than 15 % of reference condition if biomass of riparian 

vegetation is reduced to zero. We estimated that the number of species of reptiles 

increase slightly in accordance with biomass but no greater than an upper limit of 10%. 

(FA1) 
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Response curve Explanation 

 

Fishes are important prey of reptiles. However, riparian reptiles just partly rely on fish. So, 

species richness of riparian reptiles is estimated at less than 10% of present abundance if 

fish biomass is reduced to zero. At the maximum fish biomass, species richness increase 

is estimated at 6% of reference conditions. 

 

The diversity of reptiles is often high in the forest than in the grassland habitats. It is 

estimated that the reptile richness increases up to 8% if extent of flooded forest cover 

increases to 250% of reference conditions. (FA7) 
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11 Birds 

 

Lead specialist: Anthony Stones 

 

Regional specialists (fauna excl. fish): 

Cambodia: Pich Sereywath 

Lao PDR: Dr Phaivanh Phiapalath 

Viet Nam: Dr Luu Hong Truong. 

 

11.1 Introduction 

11.1.1 Objectives of the bird discipline of BioRA  

The objective of the bird discipline of BioRA was to focus on providing the inputs required for 

identification, population and calibration of bird indicators in DRIFT. 

 

The identification of bird indicators for the study area was based upon a detailed understanding of the 

ecology of the LMB, the sorts of development options under consideration and the requirements of 

the project technical specialists from other disciplines. As there are approximately 1200 bird species 

within the Mekong Basin (http://mekongriver.info/biodiversity), with 220 riparian bird species 

dependent upon the Lower Mekong region and its associated wetland habitats for feeding, nesting 

and/or resting, for modelling purposes, it was important to be selective in the consideration of 

indicator species.  

 

This involved including species that are considered likely to be impacted by changes in flows and 

sedimentation, and also species that are representative of species groups (‗guilds‘) within the study 

area, and which represented an ecological niche relevant to the LMB (e.g., wire-tailed swallow as a 

species that nests almost exclusively within rocky crevices within the channel). Due to the dramatic 

population changes in many of these species during both the course of the past century and 

particularly more recently (e.g., in the last 20 years), the species selected are in many cases also of 

conservation concern – so for example these include large, iconic species such as sarus crane and 

Bengal florican, both of which are dependent upon the seasonally inundated wetlands within the LMB. 

The scope of this work also required a consideration of river-linked birds of social importance in the 

LMB. 

 

11.1.2 Assumptions and limitations 

There has been significant progress in recent years in respect of ornithological knowledge within the 

LMB study area, with publication of identification and distributional information, such as A Guide to the 

Birds of Thailand (Lekagul and Round 1991) and The Birds of Cambodia: An Annotated Checklist 

(Goes 2013). Often this information relates to broader scale distributions rather than detailed local 

ecological studies of species (which have been relatively few in Asia) so this limits the understanding 

of local status and trends in populations. Additionally, there have been relatively few detailed 

ecological studies and/or long-term monitoring projects on species within Asia, and the LMB, so 

determining and quantifying impacts, at anything other than a broad scale is often difficult. Most 
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population studies are limited to larger species such as large waterbird species, and species such as 

Bengal florican. Furthermore, such studies tend to be fairly recent (e.g., within the past 30 years at 

best), so knowledge of Historical population changes and impacts is limited, although it is 

acknowledged that habitat areas and populations of many of these species have declined 

significantly. The factors driving population changes of individual species are often complex and may 

be synergistic, so isolating causal effects to integrate into the modelling process is not straightforward, 

and in many cases is not possible. Thus, assigning anything other than broad population changes and 

general reasoning for these is not always possible.  

 

11.2 Bird indicators 

A list of bird indicators and the reasons for their selection in BioRA is given in Table 6.2. Of those 

selected, several have experienced rapid population declines since c. 1985, and some species have 

gone from fairly widespread and common within the LMB to near extinction (e.g., river tern). There 

are, however, few recent data to demonstrate this, and assumptions about current population levels 

are based on extrapolation of trends shown in earlier surveys (from the last 15-25 years of survey 

work), and in some cases amended by the changes that are known to have occurred in other places 

with similar pressures (e.g., the known ongoing decline of large ground-nesting birds).  

 

11.2.1 Medium/large ground-nesting channel species (river lapwing and river tern) 

This bird guild includes species that nest on the ground, typically on sandbars and islands within the 

channel. Such species historically included river tern (Sterna aurantia), river lapwing (Vanellus 

duvaucelli), great thick-knee (Esacus recurvirostris), Indian skimmer (now extirpated from the LMB), 

black-bellied tern (Rhyncops albicollis) (now extirpated from the LMB) and little tern (Sterna albifrons). 

The two indicator species were selected as highly precise distributional information is available for 

both of the species, they are difficult to overlook and both species offer a high level of heterogeneity 

(which therefore provides something informative to model). In addition to changes in flow and 

sedimentation regimes, ground-nesting species are particularly susceptible to disturbance and 

predation by humans and other animals, such as dogs. Three smaller ground-nesting species, which 

also nest within the channel, and thus would be potentially susceptible to changes in flow and 

sedimentation regimes, overall appear to be more robust to anthropogenic factors such as 

disturbance and predation. These species are little ringed plover (Charadruis dubius), small pratincole 

(Glareola lactea) and paddyfield pipit (Anthus rufulus). Representatives of this guild maintain 

populations in FA1 – 4 (inclusive). 

 

1.1.1.2 River lapwing (Vanellus duvaucelii) 

River lapwing was selected as representative of this species guild in FA1, 2 and 3. It occurs across a 

wide range in southern Asia, an area of 1.5 million km
2
 (BirdLife International 2015), and is found from 

north-eastern India to Viet Nam (BirdLife International 2012). Within the LMB, it prefers wide, slow-

moving rivers with sand, rocky or gravel bars and islands (Duckworth et al. 1998).  

 

This species has been recorded widely in the LMB especially in Cambodia and Lao PDR. It is 

restricted to the upper Mekong River and its tributaries, but occurs at low densities throughout most of  
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Table 11.1 Bird indicators used in BioRA 

Indicator Groups 
Indicator 
species 

Reasons for selection 
Focus Areas 

1 2 3 4 5 6 7 8 

Medium/large ground-nesting 

channel species 

River lapwing 

River lapwing is similar to river tern in that it is difficult 
to overlook and there is good distributional 
information, so it means the species can be modelled 
in those areas of the Mekong where river tern is 
absent, with the exception of the Viet Namese 
Mekong, where both species are effectively absent. 

        

River tern 

River tern occurs at very low population levels and is 
extirpated along the majority of the Mekong River but 
was selected as the species has highly precise 
distributional information, it is difficult to overlook, and 
displays a high level of heterogeneity (thus offering 
something informative to model). 

        

Tree-nesting large waterbirds White-shouldered 
ibis 

This species guild is highly significant in terms of the 
ecology of the LMB. White-shouldered ibis is a 
dispersed nesting species, which makes use of the 
channel and channel-fed wetlands, and was 
Historically present along the length of the Mekong. 

        

Bank-/hole-nesting species 

Pied kingfisher 

This species guild includes kingfishers (pied), plain 
martin and bee-eaters, with hole-nesting species 
being an important component of the riverine 
ecosystem. 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. The value of the study area as 
breeding habitat is very high for these species, and 
particularly of importance for pied kingfisher. 

        

Blue-tailed bee-

eater 

Pied kingfisher is largely extirpated from northern 
reaches of the main channel, notably from large parts 
of Lao PDR. Blue-tailed bee-eater is another hole-
nesting species, that whilst under threat still occurs 
within the northerly Focus Areas, so is used as an 
alternative guild species within these areas. 
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Indicator Groups 
Indicator 
species 

Reasons for selection 
Focus Areas 

1 2 3 4 5 6 7 8 

Flocking non-aerial passerine 

of tall graminoid beds 
Baya weaver 

The tall graminoid beds that grow in seasonally 
flooded wetlands are biologically very different from 
other grasslands. Baya weaver is representative of 
the weaver species which are confined to seasonally 
flooded wetlands, and dependent upon this specialist 
habitat. All weaver species occur in rain-fed /tributary-
fed wetlands, with the study area providing habitat for 
more than half of the Lao PDR / Viet Nam / Cambodia 
population.  

        

Large ground-nesting species 

of floodplain wetlands 

Sarus crane 

This species is representative of large ground-nesting 
species using the inundation zone during part of their 
life cycle, which is an important ecological component 
of the LMB, this species occurs within the Delta 
region and around Ton le Sap.  

    Flyover  Flyover  
Dry 
season 
vistor 

Dry 
season 
visitor 

Bengal florican 

This species is representative of large ground-nesting 
species using the inundation zone during part of their 
life cycle, which is an important ecological component 
of the LMB, this species is now in effect tied to the 
inundation zone within the region, around the Ton le 
Sap. 

        

Large channel-using species 

that require bank-side forest 

Lesser fish eagle 

This guild is representative of a group of species that 
are tied to the water / forest interface, and within that 
are varying dependent on flowing water rather than 
standing water. It includes fish owls (the ecology and 
distribution of which is poorly known), white-winged 
wood duck (of which there is no evidence of large 
populations on the channel, in the BTonle SapIA or in 
the Delta) and the two species of fish eagle, which 
have different ranges along the length of the Mekong. 

        

Grey-headed fish 

eagle 

This guild is representative of a group of species that 
are tied to the water / forest interface, and within that 
are varying dependent on flowing water rather than 
standing water. It includes fish owls (the ecology and 
distribution of which is poorly known), white-winged 
wood duck (of which there is no evidence of large 
populations on the channel, in the BTonle SapIA or in 
the Delta) and the two species of fish eagle, which 
have different ranges along the length of the Mekong. 
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Indicator Groups 
Indicator 
species 

Reasons for selection 
Focus Areas 

1 2 3 4 5 6 7 8 

Rocky-crevice nester in 

channels 

Wire-tailed 

swallow 

In SE Asia, this species is restricted to flowing water 
courses, and perhaps uniquely among the 
passerines, its nest site is totally independent of 
sediment (of all the other channel-nesting passerines 
they either burrow into the sediment or nest in bushes 
which root in the sediment). It is therefore 
representative of a unique gild. The majority of the 
regional population of the species are on the Mekong 
mainstream. 

        

Dense woody vegetation / 

water interface  
Masked finfoot 

A wetland species associated with dense wooded 
areas, this species is ecologically unique, and the 
LMB is of outstanding global importance for this 
globally endangered species. 

        

Small non-flocking land bird of 

seasonally-flooded vegetation 

Jerdon‘s bushchat 

Selected as channel dependent species in northern 
part of study area, with close association with 
‗channel bushland‘ habitat which is impacted by 
variations in water level and potentially by changes in 
sedimentation regimes. 

        

Mekong wagtail 
Selected as a restricted range channel dependent 
species which is confined to the Mekong river and a 
small number of other riverine locations. 

        

Manchurian reed 

warbler 

This species was selected as representative of 
landbird species dependent upon seasonally flooded 
vegetation, particularly in the BTonle SapIA, where a 
large population of the world‘s population winters in 
the BTonle SapIA inundation area, with a large 
proportion of this habitat within the region (e.g., 
floodplain grassland) located in the project area. 

       

Passage 
migrant 
Viet 
Nam – 
not 
modelled 
in FA8 
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its range (Li et al. 2009). In Cambodia, the species is described as a local and uncommon resident 

on undisturbed riverine sandbars and islands (Goes 2013), although the wet season movements 

are poorly understood. 

 

The species is not known to breed along the Mekong River in Viet Nam. 

 

The river lapwing nests on sand banks 

alongside the Mekong River, with 

nesting generally occurring from 

January through until March, with a 

few late nests into April. It lays two-six 

eggs on the ground and feeds 

predominantly on insects (including 

mayflies), worms, small crustaceans 

and molluscs. The mean nest initiation 

date for breeding birds studied in 

Cambodia is 15 February (A. Claasen 

pers. com.). The young probably take 

3-4 weeks to fledge, so river lapwings need exposure of breeding habitat from about January (to 

establish territories and begin initiating nests) through the nesting season (ending around late 

March), then approximately an additional four weeks for chicks to fledge. Therefore, exposed 

breeding habitat is required from about the beginning of January until about the end of April (A. 

Claasen pers. com.).  

 

1.1.1.3 River tern (Sterna aurantia) 

The river tern was selected as representative of this guild in FA4. It occurs across a wide range in 

southern Asia, an area of 5.1 million km
2
. It is found in Pakistan, India, Nepal, Bhutan, Bangladesh, 

Myanmar, Thailand, Lao PDR, Cambodia 

and southern China, and formerly in Viet 

Nam (del Hoyo et al. 1996; 2007; BirdLife 

International 2012).  

 

It inhabits rivers and freshwater lakes, also 

occurring rarely on estuaries, and breeds 

on sandy islands (del Hoyo et al. 1996). It 

feeds predominantly on fish, small 

crustaceans and insects. Breeding occurs 

mainly in February-May (del Hoyo et al. 

1996). 

 

River tern is a solitary or loosely colonial sandbar nester, with a clutch size of 2-3 eggs (Claasen 

2004). Nest scrapes are located on sandbars, including within flooded forest. Breeding surveys 

along the Sesan River in 2003 indicated a nest initiation date spread from 2 March to 30 April, and 

a hatching date of 26 March to 23 May, with a similar date range recorded on the Mekong River 

from the Central Kratie – Stung Treng in 2007. Typically nesting birds favoured large sandbars with 
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little vegetation, and nested near specifics but not colonially. Causes of nest failures included egg 

collection by humans, predation by animals (including domestic dogs, rats, greater thick-knee, 

southern jungle crow Corvus macrorhynchos and little heron Butorides striatus), and inundation 

(Goes 2013).  

 

11.2.2 Tree-nesting large waterbirds (white-shouldered ibis) 

The complex of habitats within the LMB is of international importance for colonial-nesting 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 nesting waterbird 

species (e.g., woolly-necked stork Ciconia episcopus, giant ibis Thaumatibis gigantea and white-

shouldered ibis Pseudibis davisoni), which nest in dry forest with pools that are not fed by the main 

channel fed.  

 

1.1.1.4 White-shouldered ibis (Pseudibis davisoni) 

White-shouldered ibis was selected as an indicator for the guild, as it occurred throughout the study 

area historically, is closely associated with the channel, and is of conservation significance. It was 

historically present along the majority of the Mekong channel, but is currently restricted to FA4. 

None of the other Focus Areas support large 

tree-nesting waterbirds.  

 

White-shouldered ibis inhabits wetlands and 

grassland, such as pools, marshes, open 

grasslands or watercourses, and wide rivers 

with sand and gravel bars are important for 

the species. Trapaengs (seasonal pools) are 

particularly favoured during the dry (breeding) 

season, with a shift to matrix sites such as 

long- and seasonally-abandoned rice fields, 

grasslands (often inundated after high rainfall) and the dipterocarp forest itself after rainfall events 

(Wright et al. 2010; in Buckton and Safford 2004) in the wet season (H. Wright in litt. 2012). The 

species has been recorded along the mainstream Mekong in Cambodia, wetlands and open ponds 

in paddy fields during dry season, also the mosaic of shrub and grasslands on the Tonle Sap 

floodplain (Wright 2012; Wright et al. 2012).  

 

While some ibis species breed in large colonies, the white-shouldered ibis is a solitary (non-

colonial) nester, which is site-faithful and a dry-season breeder (Wright 2012). Typically the 

species breeds between February and July, although the breeding season may vary with 

location. In Cambodia, it has been recorded nesting in the dry season (December-May) in remnant 

dry forest close to seasonally abandoned wet season rice paddy, large contiguous areas of dry 

forest and in flooded forest within the Mekong channel. Nests are built in trees at a height of five 

to ten metres above ground, and two to four eggs per clutch is thought to be normal. 

 

It feeds mostly on amphibians (81%) and some small invertebrates (Wright 2012).  
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11.2.3 Bank/hole-nesting species (Blue-tailed bee-eater and pied kingfisher) 

The bank/hole-nesting guild includes pied kingfisher, plain martin (Riparia chinensis) and blue-

tailed bee-eater. Within the LMB, there are very few sandbanks suitable for nesting other than 

those cut by rivers, in particular along the mainstream, but also along some of the lower tributaries. 

Changes in flow and sedimentation will influence the size and location of sandbanks, and thus may 

impact on the nesting habitats of these species. The value of the study area as breeding species is 

very high for these species, in particular for pied kingfisher and plain martin. None of these species 

are of high global conservation concern within the LMB. 

 

1.1.1.5 Blue-tailed bee-eater (Merops philippinus) 

The blue-tailed bee-eater was selected as representative of the bank/hole-nesting guild at FA1, 

FA2 and FA3. It is also present as a breeding species within FA4, FA5, FA6 and FA7 but the pied 

kingfisher, which is now likely extirpated as a breeding species from FA1, FA2 and FA3, was 

selected as the guild representative for those areas.  

 

Blue-tailed bee-eater breeds throughout south-east Asia, favouring sub-tropical open country, such 

as farmland, parks or rice fields. It is most often seen near large waterbodies. Like other bee-eaters 

it predominantly eats insects, especially bees, wasps and hornets, which are caught in the air by 

sorties from an open perch. Observations at breeding colonies in central India (Kasambe 2005) 

recorded that out of 170 prey items, 120 were and 7 were small insects (bees and unidentified 

species).  

 

This bee-eater is a seasonal migrant breeder along the Mekong River northern Lao PDR (IUCN 

2013). Given the small numbers found in the main occurrence period (March-July) in the 1990s-

2000s, this population may be on the verge of local extinction, but the species remains abundant 

lower down the Mekong River, 

in Cambodia as well as in 

various other Southeast Asian 

countries (e.g., Goes 2013, 

Round 2008, Timmins 2006 

and 2008a).  

 

It breeds in colonies in sandy 

banks or open flat areas, 

where it lays five to seven 

spherical white eggs in a 

tunnel it constructs. 

Observations from a colony in 

central India (Kasambe 2005) recorded that tunnels vary in depth from just a few cm deep. Tunnel 

excavation is sometimes abandoned because of obstacles like tree roots or hard soil or rocks. Out 

of nearly 1 100 nest tunnels, the number of birds present at the colony was estimated at only 250 – 

300 individuals.  

 

https://en.wikipedia.org/wiki/Insect
https://en.wikipedia.org/wiki/Bee
https://en.wikipedia.org/wiki/Wasp
https://en.wikipedia.org/wiki/Hornet
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1.1.1.6 Pied kingfisher (Ceryle rudis) 

The pied kingfisher was selected as representative of the bank/hole-nesting guild at FA4, 5, 6, 7 

and 8. The pied kingfisher has an extremely large range, mainly across Africa and Asia, occupying 

an area of 23.9 million km
2
. Although overall size of the population is unknown, it is not considered 

to be decreasing sufficiently rapidly to be of conservation concern (BirdLife International 2015). 

 

The distribution of pied kingfisher in 

Cambodia is restricted to the Tonle Sap 

and Mekong-Bassac floodplains and the 

whole River Mekong plus its tributaries.  

 

This kingfisher feeds mainly on fish, 

although it will take crustaceans and large 

aquatic insects such as dragonfly larvae 

(Tjomlid 1973). It usually hunts by 

hovering over the water to detect prey 

and diving vertically down bill-first to capture fish. Pied kingfishers can deal with prey without 

returning to a perch, often swallowing small prey in flight, and so can hunt over large water bodies 

or in estuaries that lack perches. It is quite a gregarious species, and forms large roosts at night. 

The breeding season is typically February to April, and the nest is a hole excavated in a vertical 

mud bank about 2 m above the level of the water. The nest tunnel is over 1 m long, and ends in the 

nest chamber. The usual clutch is three to six white eggs. The pied kingfisher sometimes 

reproduces co-operatively, with young non-breeding birds, from an earlier brood, assisting parents 

or even unrelated older birds. Within Lao PDR, the species is associated with wide slow-flowing 

rivers with exposed earth banks. However, this is considered to be a very restricted habitat use 

compared with that in many other countries of the species‘s wide range, linked to an historical 

major range contraction (Duckworth et al. 1999). 

 

11.2.4 Flocking non-aerial passerines of tall graminoid beds (Baya weaver) 

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

other grasslands, and are confined to seasonally flooded wetlands. The flocking non-aerial 

passerines of these beds include baya weaver (Ploceus philippinus), Asian golden weaver 

(Ploceus hypoxanthus), streaked weaver (Ploceus manyar), red avadavat (Amandava amandava), 

yellow-breasted bunting (Emberiza aureola; a Palearctic migrant now listed as Endangered as the 

trapping at winter flock sites is so intensive), chestnut munia (Lonchura atricapilla), common myna 

(Acridotheres tristis), white-vented myna (Acridotheres grandis), Asian pied starling (Gracupica 

contra), vinous-breasted starling (Acridotheres burmannicus), black-collared starling (Gracupica 

nigricollis) and white-shouldered starling (Sturnus sinensis) (which is a migrant but closely 

associated with the channel and its habitats). All of the above species are residents within the LMB, 

and all depend on this grassland habitat, which is strongly impacted by burning, buffalo-grazing 

and conversion to rice paddies. Weavers and other species are also under severe harvesting 

pressure, in particular for merit in festivals and for food. As the graminoid beds are found within in 

rain-fed /tributary-fed wetlands, the study area is considered to provide habitat for more than half of 

the Lao PDR / Viet Nam / Cambodia population of this species. 
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The guild is not represented at FA1, 2 and 3. 

 

1.1.1.7 Baya weaver (Ploceus philippinus) 

Baya weaver was selected as the indicator species for this guild at FA4, 5, 6, 7 and 8. Baya weaver 

has a wide range and is found across most of the Indian subcontinent and South-East Asia, an 

area of 6.34 million km
2
 (BirdLife International 2012). It is one of three weaver species described in 

the South-East Asia region (Robson 2008). Although the population size has not been quantified it 

appears to be stable.  

 

The species is a resident of open country, 

cultivated fields, freshwater wetlands, 

grasslands and grassy pools in dry 

deciduous forests in lowlands (Goes 2013). 

It also occurs seasonally in the Tonle Sap 

swamp forest and the upper Mekong 

channel mosaic. 

 

Baya weavers are social and gregarious 

birds. They forage in flocks for seeds, both 

on the plants and on the ground. Flocks fly 

in close formations, often performing complicated manoeuvres. They are known to glean paddy 

and other grain in harvested fields, and occasionally damage ripening crops and are therefore 

sometimes considered as pests. They roost in reed-beds bordering waterbodies. They depend on 

wild grasses as well as crops like rice for both their food (feeding on seedlings in the germination 

stage as well as on early stages of grain and nesting material. They also feed on insects (including 

butterflies), sometimes taking small frogs, geckos and molluscs, especially to feed their young. 

Their seasonal movements are governed by food availability.  

 

Weavers nest in colonies in trees (rarely in bushes) typically of up to 20-30 nests, close to the 

source of food, nesting material and water. Baya weavers are best known for the elaborately 

woven nests constructed by the males. These pendulous nests are retort-shaped, with a central 

nesting chamber and a long vertical tube that leads to a side entrance to the chamber. The nests 

are woven with long strips of paddy leaves, rough grasses and long strips torn from palm fronds. 

Each strip can be between 20 and 60 cm in length. A male bird is known to make up to 500 trips to 

complete a nest. The breeding season is mainly from April to August but extends from February to 

September (Goes 2013).  

 

The males take about 18 days to construct the complete nest with the intermediate ‗helmet stage‘ 

taking about eight days (Asokan et al. 2008). The nests are partially built before the males begin to 

display to passing females. Once a male and a female are paired, the male goes on to complete 

the nest by adding the entrance tunnel. Males are almost solely in charge of nest building, though 

their female partners may join in giving the finishing touches, particularly on the interiors. The 

female lays about two to four white eggs and incubates them for about 14 to 17 days (Ali 1957). 

The chicks leave the nest after about 17 days (Ali and Ripley 1999). 

 

https://en.wikipedia.org/wiki/Rice
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11.2.5 Large ground-nesting species of floodplain wetlands (Sarus crane and 

Bengal florican) 

Large ground-nesting species of floodplain wetlands use the inundation zone during part of their 

life cycle. Both indicators species described below are highly threatened and of global conservation 

significance.  

 

This guild is not represented within FA1 and FA2. 

 

1.1.1.8 Sarus crane (Grus antigone) 

Sarus crane was selected as the indicator for the large ground-nesting species of floodplain 

wetlands at FA8. It occurred historically throughout the study area and may still flyover (or occur on 

passage) in FA5 and FA6, but is a dry season visitor only to FA7 and FA8. It was selected as an 

indicator, as it was one of only two large, 

ground-nesting species that is associated 

with the inundation zone.  

 

The sarus crane is the world‘s tallest flying 

bird (Archibald et al. 2003). The present 

population of sarus cranes within 

Cambodia and Viet Nam comprises fewer 

than one thousand individuals and faces 

many threats. In order to devise a strategy 

to conserve these cranes, study is being 

undertaken into the species‘ ecological requirements. During the breeding season the cranes live in 

northern Cambodia‘s deciduous forests. The study being undertaken by IUCN/WCS is looking at 

nest site selection and nest success rates. During the non-breeding season (the dry season), most 

cranes move out of the forests to wetlands in the Tonle Sap basin and the Mekong Delta, where 

WCS and the Wildfowl and Wetlands Trust (WWT) are conducting research on crane foraging 

behaviour and food availability at four study sites in different ecological settings . 

 

(http://www.iucn.org/about/union/secretariat/offices/asia/what_we_do/cepf_indo_burma/?21816/Re

viving-sarus-crane-populations-in-Cambodia-and-Viet-Nam) 

 

The optimal habitat includes a combination of small seasonal marshes, floodplains, high altitude 

wetlands, human-altered ponds, fallow and cultivated lands, and rice paddy (Nandi 2006). They 

forage on marshes and shallow wetlands for roots, tubers, insects, crustaceans and small 

vertebrate prey, and often focus their foraging on underground tubers of native wetland vegetation 

such as Eleocharis spp. Across their range as a whole, breeding pairs typically nest in a wide 

variety of natural wetlands, along canals and irrigation ditches, beside village ponds and in rice 

paddies. More than other crane species, sarus cranes also utilize wetlands in open forests as well 

as open grasslands (e.g., in northern Cambodia).  

 

Like other crane species, sarus cranes form long-lasting pair-bonds and maintain territories within 

which they perform territorial and courtship displays that include loud trumpeting, leaps and dance-

like movements. The main breeding season is during the wet season, when the pair builds a large 

https://en.wikipedia.org/wiki/Marsh
https://en.wikipedia.org/wiki/Wetland
https://en.wikipedia.org/wiki/Root
https://en.wikipedia.org/wiki/Tuber
https://en.wikipedia.org/wiki/Crustacean
https://en.wikipedia.org/wiki/Prey
https://en.wikipedia.org/wiki/Pair_bond
https://en.wikipedia.org/wiki/Display_(zoology)
https://en.wikipedia.org/wiki/Wet_season
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nest ‗island‘, a circular platform of reeds and grasses nearly two metres in diameter and high 

enough to stay above the shallow water surrounding it. Where possible, nests are located in 

shallow water where short emergent vegetation is dominant, and in India the use of human-

dominated wetlands is common (Nandi 2006).  

 

The nests can be more than two metres in diameter and nearly one metre high. Pairs shows high 

fidelity to the nest site, often refurbishing and reusing nests for as many as five breeding seasons 

(Mukherjee et al. 2000). The clutch is one or two eggs (rarely three or four; 

https://en.wikipedia.org/wiki/Sarus_crane - cite_note-43 ) which are incubated by both sexes for 

about 31 days (range 26–35 days) (Sundar 2009; Ricklefs et al. date unknown). Eggs are chalky 

white and weigh about 240 grams. Approximately 30% of all breeding pairs succeed in raising 

chicks in any year, and most of the successful pairs raise one or two chicks each, with brood sizes 

of three being relatively rare (Sundar 2006; Sundar 2011). The chicks are fed by the parents for the 

first few days, but are able to feed independently after that and follow their parents for food. Young 

birds stay with their parents for more than three months. 

 

A study of breeding sarus crane in India (Aryal 2009) recorded that birds mostly used Imperata 

plants for nesting material (but also rice), with the choice of nesting material being dependent upon 

the vegetation around the nest. 

 

Sarus cranes forage in shallow water (usually with water depth of less than 30 cm) or in fields, 

frequently probing in mud with their long bills. They are omnivorous, eating insects (especially 

grasshoppers), aquatic plants, frogs, crustaceans and seeds. Occasionally they may eat larger 

vertebrate prey such as water snakes (Xenochrophis piscator). Plant matter eaten includes tubers, 

corms of aquatic plants, grass shoots as well as seeds and grains from cultivated crops such 

as groundnuts and cereal crops such as rice.  

 

1.1.1.9 Bengal florican (Houbaropsis bengalensis) 

Bengal florican was chosen as the indicator for the large ground-nesting species of floodplain 

wetlands at FA7. This species was historically also a breeding resident in FA8, but is now likely 

extirpated from there, with the last confirmed record in 2000.  

 

 Bengal florican has two disjunct populations: 1. Indian Subcontinent, and; 2. South-East Asia 

(BirdLife International 2001); a distribution area of 84 500 km
2
 (BirdLife International 2015). A 

bustard species with a very small, declining 

population; a trend that has recently become 

extremely rapid and is predicted to continue 

in the near future, largely as a result of the 

widespread and on-going conversion of its 

grassland habitat for agriculture. It only 

survives in small, highly fragmented 

populations.  

 

The population of this species has been 

widely documented in Cambodia since 1997, 

https://en.wikipedia.org/wiki/Grass
https://en.wikipedia.org/wiki/Clutch_(eggs)
https://en.wikipedia.org/wiki/Sarus_crane#cite_note-43
https://en.wikipedia.org/wiki/Range_(statistics)
https://en.wikipedia.org/wiki/Omnivore
https://en.wikipedia.org/wiki/Xenochrophis_piscator
https://en.wikipedia.org/wiki/Peanut
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but there is little information prior to this, and there is no readily obtainable quantifiable information 

on the population in Viet Nam, other than the species is probably extirpated here (Figure 11.8).  

 

Detailed research into the species' ecology in Cambodia demonstrated that the effects of human 

disturbance are weak and annual burning is important for maintaining suitable habitat, supporting 

the idea that community-based grassland management that maintains traditional agricultural 

practices will benefit Bengal floricans. This has implications for management in South Asia, where 

remaining (and declining) populations are largely confined to strict protected areas in which such 

practices may not be occurring (Gray et al. 2007). Further study has revealed that, whilst burned 

grassland is selected by males during the breeding season, unburned grassland and other habitats 

providing cover are selected by females, demonstrating the need for appropriate grassland 

management in conservation areas that provides a variety of habitats to ensure the survival of this 

species (Gray et al. 2009). 

 

Bengal florican inhabits lowland dry, or seasonally inundated, natural and semi-natural grasslands, 

often interspersed with scattered scrub or patchy open forest. In Cambodia, it is known to make 

relatively local seasonal movements in response to the flooding regime of the Tonle Sap lake: in 

the dry season, the species breeds in grasslands in the inundation zone of the lake; it then moves 

to nearby open forest areas during the wet season. During the breeding season males 

preferentially select habitats related to low-intensity human activity, chiefly burned grassland, 

whereas females primarily select unburned grassland but also use unburned, uncultivated 

grassland in dry-season rice head-ponds (Gray et al. 2009).  

 

Floricans are very reclusive except in March, April and May when males display in leks (an area 

where birds gather during the breeding season for community courtship displays) of at least seven 

birds, widely spaced. The primary display is a short-arching display flight. The female is much more 

secretive and harder to see, blending into the background vegetation and only flying to breed with 

the males or find food. Typically, one or two eggs are laid, anecdotally in small pockets of medium 

to tall grass in recently burnt areas (R. van Zalinge, pers. obs.), which are incubated for about 26 

days. The shy nature of this bird has made it difficult to accurately assess the population size, but 

satellite tagging of birds in Cambodia indicates strong site fidelity.  

 

Floricans are omnivorous, feeding on insects as well as seeds, fruits and flowers, and have also 

been known to take small lizards and snakes.  

 

11.2.6 Large channel-using species that require riparian forest (lesser fish eagle 

and grey-headed fish eagle) 

Large channel-using species that require riparian forest include white-winged wood duck 

(Asarcornis scutulata), tawny fish owl (Ketupa flavipes), brown fish owl (Ketupa zeylonensis), buffy 

fish owl (Ketupa ketupu), grey-headed fish eagle and lesser fish eagle.  

 

All of these species are dependent on the water / forest interface, and within this depend variously 

on flowing and standing water.  
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The ecology of the owl species is poorly known. The mainstream outside of the upper Cambodian 

Mekong is likely to hold very few birds due to the lack of tall forest at the edge of the mainstream, 

and hence the owl is probably more of a tributary bird (J. W. Duckworth pers. com.). In the case of 

the tawny fish-owl, many of the claimed identifications might be erroneous, as records are 

haphazard, and the species is nocturnal and inconspicuous. The consensus amongst field 

biologists in the region is that the brown fish owl is the most widespread of the three species (J. W. 

Duckworth pers. com.) and is the only species for which there is sufficient historical evidence to 

suggest decline, although it is likely that the other two have experienced similar fates. The brown 

fish owl is also the only one of the three owl species for which there is evidence that it occurs within 

the study area north of the Lao PDR border. Tawny fish owl is known from Lao PDR but all the 

records are from tributaries, whereas buffy fish owl has not been confirmed from Lao PDR. 

Populations of brown fish owl along the mainstream north of the Cambodian border are at perhaps 

c. 10% of the size that they were in 1900 (J W. Duckworth pers. com.).  

 

Lesser fish eagle was historically present throughout the Mekong mainstream, but is now absent 

north of Cambodia, with now only a few birds remaining in the upper Cambodian Mekong, and it is 

now essentially a bird of the tributaries. By contrast, for grey-headed fish eagle, FA7 (the Ton le 

Sap) supports a massive proportion of the regional population.  

 

White-winged wood duck is one of the most threatened birds in the region. On current best 

knowledge, there is no evidence that there were ever large populations in the channel, the Tonle 

Sap Great Lake or the Delta (Green, 1993), and none of the project area has ever held high 

densities (Evans 1997). The duck is tied to wetlands but the population within the project area 

represents only a small proportion of the regional total (there maybe perhaps be 30 individuals 

remaining within the LMB, but of these, 25 individuals might be outside the study area).  

 

1.1.1.10 Lesser fish eagle (Ichthyophaga humilis) 

Lesser fish eagle was selected as the indicator for large channel-using species that require riparian 

forest at FA4. 

 
Lesser fish eagle has a wide range across from India to Borneo, in most of Southeast Asia, an area 

of 2.92 million km
2
 (BirdLife International 2015), but occurs at low densities. It has a moderately 

small population estimated at 15 000-75 

000 birds that is thought to be declining 

(Birdlife International 2012). It is thought to 

be undergoing a moderately rapid 

population reduction.  

 

The species frequents large forested rivers 

and wetlands in the lowlands and foothills 

up to 2, 400 m, but usually below 1 000 m 

(Birdlife International 2015), and is seen 

most often along hill streams and fast-

moving water. As the name suggests, lesser fish eagles eat almost exclusively fish, and have feet 

adapted to aid in gripping slippery fish, by having strongly curved talons, and spicules along the 

underside of the birds' toes which help them to grip fish as they pull them from the water. Birds sit 

https://en.wikipedia.org/wiki/Spicule
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and watch for prey from a perch, which may be an overhanging tree or rock in the middle of a 

stream, with the fish being mainly caught by being snatched from the water. Individual birds use a 

number of regularly used perches that they often switch between throughout their feeding time.  

 

Incubation and fledging periods are unknown, but the breeding season in the lesser fish eagle 

begins in March and ends in August for birds in Northern India and Nepal, but in other areas, may 

begin in November and end in April. Between two and four eggs are laid in a clutch, and their nests 

consist of sticks and green leaves. After regular use, the nest may reach one m across and up to 

1.5-m deep. 
 

 

1.1.1.11 Grey-headed fish eagle (Ichthyophaga ichthyaetus) 

The grey-headed fish eagle was selected as the indicator for large channel-using species that 

require riparian forest at FA4, FA7 and 8.  

 

Although presumably formerly widespread in the lower Mekong basin, there are few certain records 

from Lao PDR and Thailand; historical identification of fish eagles to species was challenging. It is 

now locally common only in Cambodia.  

 

Within Indochina, the species is found in 

Thailand (formerly a widespread resident, 

now absent from north and centre, rare 

and local in the south), Lao PDR (now rare 

and conceivably extirpated), Viet Nam 

(scarce in south, disappearing from north), 

Cambodia (regional stronghold for the 

species – the density at Prek Toal is the 

highest in the world, indicating that Tonle 

Sap is probably of very high regional and 

likely global importance for the species, 

Goes 2013). 

 

Little is known about the ecology of the grey-headed fish eagle despite it being a globally near-

threatened species in apparent decline (Tingay et al. 2010).  

 

The grey-headed fish eagle is a sedentary species, living solitarily or in pairs in lowland forests up 

to 1 500 mamsl. Their nests are close to bodies of water such as slow-moving rivers and streams, 

lakes, lagoons, reservoirs, marshes, swamps and coastal lagoons and estuaries. The grey-headed 

fish eagle spends much of its time perching upright on bare branches over water bodies, 

occasionally flying down to catch fish. Little time appears to be spent in the air soaring, and no 

other aerial displays have been described. 

 

The breeding season usually takes place between November and May across most of its mainland 

range. Breeding at Prek Toal follows the flood regimes that begin in September, with eggs near 

hatching or hatching at peak flood waters in October–November.  

 

https://en.wikipedia.org/wiki/Fledging
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This eagle builds a huge stick nest, up to 1.5 m across and, with repeated use, up to 2 m deep. 

The nest is lined with green leaves and, where situated in tall trees (8–30 m) on or near the top of 

the tree with an open crown structure, which can be in a forest or in a standalone tree.  

 

Observations of birds at Prek Toal noted that eagles selected relatively tall trees with an open 

crown structure as nesting trees. In addition, grey-headed fish eagles seemed to prefer nesting 

closer to permanent water than expected, but the timing of breeding did not differ according to 

distance to permanent water. A preference for nests near water may reflect an advantage based on 

prey availability. Water snakes, a known prey item, were significantly more abundant at a site in 

permanent water than at a temporarily flooded site, in December. Human habitation was identified 

to be negatively correlated to eagle nest-site occupancy rates, which may reflect indirect effects of 

human exploitation of eagle food supplies, which may in future be exacerbated by any changes to 

the Tonle Sap ecosystem as a result of upstream dam construction. 

 

The clutch size can be between two and four eggs (usually two) unmarked white eggs. Both 

incubation, foraging and fledgling feeding are carried out by the male and female, with incubation 

lasting 45–50 days and the fledgling period 70 days. 
 

 

Juveniles are known to disperse from the breeding areas, presumably in search of mates or 

another food source. 

 

As the common name suggests the grey-headed fish eagle is a specialist piscivore which preys 

upon live fish and scavenges dead fish
 
and occasionally reptiles and terrestrial birds and small 

mammals. Tingay et al. (2010) found that the diet of the grey-headed fish eagle in the Prek Toal 

protected area of the Tonle Sap included the endangered Tonle Sap water snake. Whether this is 

the primary prey item of their diet or a seasonal occurrence in this are remains unclear. The most 

common method of foraging used is to catch fish from a hunting perch close to a water source with 

a short flight to snatch prey on the water surface or just below. It is also dynamic in prey pursuit 

and can catch fish in rough water such as rapids.  

 

11.2.7 Rocky crevice nester in channels (Wire-tailed swallow) 

1.1.1.12 Wire-tailed swallow (Hirundo smithii) 

This guild comprises of a single species – wire-tailed swallow. In SE Asia it is restricted to flowing 

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

sediment (of all the other channel-nesting 

passerines they either burrow into the 

sediment or nest in bushes which root in 

the sediment). The majority of the regional 

population are on the Mekong mainstream. 

 

Wire-tailed swallow has an extremely large 

range in Asia, an area of 15.1 million km
2
 

(BirdLife International 2015). This species 

gets its name from the very long 
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filamentous outermost tail feathers, which trail behind like two wires. Both sexes have these long 

trailing tail feathers, but the female has shorter "wires". 

 

This bird is found in open country near water and human habitation. Wire-tailed swallows are fast 

flyers and they generally feed on insects, especially flies, while airborne. They are typically seen 

low over water, with which they are more closely associated than most swallows. 

 

The neat half-bowl nests are lined with mud collected in the swallows' beaks. They are placed on 

vertical surfaces near water under cliff ledges or more commonly on man-made structures such as 

buildings and bridges. 

 

A clutch is three to four eggs in Africa, and up to five eggs in Asia (Turner and Rose 1989). These 

birds are solitary and territorial nesters, unlike many swallows, which tend to be colonial. 

 

11.2.8 Dense woody vegetation / water interface  

1.1.1.13 Masked finfoot (Heliopais personatus) 

This bird species guild comprises of a single species – masked finfoot. Masked Finfoot is patchily 

distributed from north-east India and Bangladesh, through Myanmar, Thailand, Cambodia, Lao 

PDR and Viet Nam to Peninsular Malaysia, Sumatra and Java (one record), Indonesia (BirdLife 

International 2001). This species is on the 

verge of regional if not global extinction. 

Consequently, the Mekong tributaries are 

of outstanding global importance for this 

species.  

 

This elusive species has a very small and 

very rapidly declining population as a 

result of the ongoing loss and degradation 

of wetlands and especially riverine lowland 

forest in Asia. 

 

The species is patchily distributed from northeastern India, Southeast Asia and Indonesia and is 

enigmatic (Goes 2013). Populations are apparently in steep decline throughout its range such that 

its population is now estimated at 1 000-2 500 birds (Birdlife International 2012). 

 

The species is very shy, occurs at low densities and is difficult to study in the wild, but some 

nesting studies of the species have been undertaken in the Sundarbans in Bangladesh. Studies 

recorded that the nests were positioned in the first line of vegetation overhanging riverbanks (mean 

stream width 23 m) with a mean height of the nest above high tide water level of 1.8 m. The nesting 

behaviour, which had not been previously described, discovered that during the entire observation 

period (commencing three days before hatching), only the female incubated the eggs; the male 

was not seen near the nest. While on the nest, the hatchlings were fed small fish and shrimp. The 

chicks were observed to have left the nest by the morning after hatching. Birds were usually seen 

foraging along the bank of the creeks, feeding on small crabs during low tide, and resting under 

bushes on the bank of creeks (Khan 2005).  

https://en.wikipedia.org/wiki/Insect
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Of the 19 masked finfoot nests located, the linear distance between nests was between 220 and 

2,200 m. This averaged out at one nest located per 5.8 km of waterway surveyed. All nest trees 

were leaning over water at all tide levels and positioned in the first row of vegetation along a creek 

or in an isolated group of dead trees in the water near the bank. No other local bird species (such 

as crows) with comparable nest size would place these at heights as low above the water (mean 

1.8 m), or as approachable by climbing. The water depth below the nests was deep enough to 

enable a fast escape for the bird by jumping down or diving away. The tree canopy on both creek 

sides near the nest usually did not meet overhead.  

 

Masked finfoot nests were built on a fork, naturally formed by branches or the branching trunk, with 

two examples being found embedded in nest fern Asplenium sp. The nests consisted of dead twigs 

loosely piled up, in two cases interwoven with slender leaves of ‗hental‘ Phoenix paludosa or nest 

fern.  

 

During the survey, clutch sizes varied from three to five eggs, although very rarely clutch sizes of 

up to eight eggs have been reported (Khan 2003). Both males and females were seen incubating 

on different nests.  

 

Hopwood (1921) mentioned a minimum distance between two nests of 180 m from the nesting 

area in Myanmar. Nest heights above water seem to range from a few inches to c. 3 m above the 

prevailing water levels. Besides sticks and twigs as main construction material the nests of masked 

finfoot are sometimes interwoven with a few long and slim leaves.  

 

11.2.9 Small non-flocking land bird of seasonally-flooded vegetation (Jerdon‘s 

bushchat, Mekong wagtail and Manchurian reed warbler) 

The LMB supports a range of habitats that are important for the bird community they support, and 

that are seasonally flooded. Many of these species are relatively small (in terms of body size) 

landbird species which are typically found utilising the habitat individually rather than in flocks, in 

particular using habitats within the 

channel, for breeding, food or shelter. A 

number of these non-flocking landbird 

species occur within the seasonally 

flooded vegetation within the Mekong 

channel. For the majority of these species, 

they are dispersed and the population 

levels of individual species are not 

significant. They also occur in habitats that 

are rain- or tributary-flooded. Typically the 

major threat to these species is habitat 

loss. The majority of these species occur 

in habitats other than those in the Mekong 

channel, although in the case of Jerdon‘s bushchat, a high proportion of the world‘s population is 

considered to nest within the main channel, which is why it was selected as an indicator species. 

Other species found within this habitat type include great coucal (Centropus sinensis), plaintive 
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cuckoo (Cacomantis merulinus), black-and-red broadbill (Cymbirhynchus macrorhynchos), 

mangrove whistler (Pachycephala cinerea), black drongo (Dicrurus macrocercus), little green bee-

eater (Merops orientalis), purple-throated sunbird (Leptocoma sperata), yellow-vented bulbul 

(Pycnonotus goiavier), streak-eared bulbul (Pycnonotus blanfordi), long-tailed shrike (Lanius 

schach), racket-tailed treepie (Crypsirina temia), pied fantail (Rhipidura javanica), striated grassbird 

(Megalurus palustris), peaceful dove (Geopelia placida), lesser coucal (Centropus bengalensis), 

chestnut-capped babbler (Timalia pileata), yellow-bellied prinia (Prinia flaviventris),  yellow-eyed 

babbler (Chrysomma sinense), plain prinia (Prinia inornata), zitting cisticola (Cisticola juncidis), 

golden-capped cisticola (Cisticola exilis), along with wintering passerines including bluethroat 

(Luscinia svecica), Pallas‘ grasshopper warbler (Locustella certhiola), lanceolated warbler 

(Locustella lanceolata), red-throated flycatcher (Ficedula parva) and dusky warbler (Phylloscopus 

fuscatus). 

 

1.1.1.14 Jerd  ’s bushch t (Saxicola jerdoni) 

In FA1 and FA2, the species selected as representative of this ‗species guild‘ is Jerdon‘s bushchat. 

Jerdon‘s bushchat is an insectivorous chat that breeds in the dry season within ‗channel bushland‘ 

habitat occurring along that stretch of the Mekong channel from the town of Paklay District, 

Xayabouri Province to Thanaleng, Vientiane City, defined as Important Bird Area, IBA LA006 

(Ounekham and Inthapatha 2003). It is a species of channel bushland, hill grassland on denutrified 

ex-forest land and seasonally-inundated grasslands (‗elephant grass‘). The bushland occupied by 

the birds occurs in a fine mosaic with open sediment, rocks and water, with most males observed 

singing in March from sprays of vegetation projecting above the general level of the bushland 

(Duckworth 1997). Optimal habitat holding the highest densities of birds has been identified as 

Homonoia-dominated bushland on rocks, with birds seen in tall grass or Mimosa pigra patches in 

the channel during the wet season, when the Homonoia was largely or entirely submerged 

(Duckworth 2012). During the months of highest flow, the Mekong inundates all habitat suitable for 

Jerdon‘s bushchat. The bushes are completely underwater, but it is this annual submersion that 

retains the vegetation as bushland. A significant proportion of the world population is probably 

present in the study area. 

 

Jerdon‘s bushchat eats exclusively woody plant-eating insects (phytophagous insects) which are 

associated with the ‗channel bushland‘ plant habitat, specifically woody species, e.g., Homonoia (J. 

W. Duckworth pers. com.). Males perch on prominent perches on low vegetation to sing in suitable 

habitat in the dry season, with many observations of singing males in March, with no singing 

witnessed during June and July (Duckworth 1997), although small numbers of birds are present in 

mid July, when most of the breeding area had been submerged by the seasonally rising river water. 

During the wet season it is not clear where these individuals go when the Mekong is high, but the 

absence of observations in dry land vegetation at Paksang means that it is unlikely that they simply 

move from the channel into the adjacent vegetation, unless they change completely in behaviour 

and become highly skulking. Birds have returned to the channel to commence breeding towards 

the end of the wet season (IUCN 2013). The species also occurs in deforested hill habitat in 

northern Laos, and outside of Indochina the species is found in lowland grass and scrub, and 

usually close to water (Duckworth 1997). 
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In Lao PDR, as in Thailand, it breeds from March to May on the Mekong, with some evidence that 

more extreme northern populations establish territories later than those that are further south. The 

nest is usually on the ground amongst the roots of a grass tuft or in a hollow in a bank or ditch. 

Usually four (sometimes three) eggs are laid. Incubation is by the female only and the length of the 

incubation period is unknown but is likely to be around 13-14 days. There is no information on 

nestlings, how long they remain in the nest, their behaviour once they leave the nest, or the 

relationship with their parents. It is also not known if this species raise more than one brood per 

year, although in the Mekong river channel this would be unlikely (J. W. Duckworth in litt. to  E. 

Urquhart) (Urquhart 2001). A juvenile with full-grown tail was observed in June (Duckworth 1997). 

 

1.1.1.15 Mekong wagtail (Motacilla samveasnae)  

Mekong wagtail was selected as the representative species for FA4. Mekong wagtail is endemic to 

the LMB, is an insectivorous species that has a significant proportion of its population tied to river 

channels, and is confined to channel 

bushland but also occurs widely in 

the larger tributaries, so the study 

areas supports an important, but not 

irreplaceable proportion of the global 

population.  

 

This species was described to 

science as recently as 2001 

(Duckworth et al. 2001), so there is 

little evidence to comment on the 

historical population levels of Mekong 

wagtail. However, the species was 

previously overlooked as a form of white wagtail (Motacilla alba) and in fact the species was in fact 

first collected in December 1972, on a tributary of the Mun river, Ubon Ratchathani Province, north-

east Thailand.  

 

The species was selected on the basis of its extreme site fidelity to the channel (including within 

the wet season), thus rendering it susceptible to changes in flows and sedimentation, and on 

account of its conservation significance, given that it is the only endemic bird species from the 

Mekong river.  

 

It breeds in riverine "channel mosaic" habitat, typically in broad (>100 m across), lowland rivers, 

where the streambed is exposed to provide rocky outcrops and bushland, gravel shoals and/or 

sandbars, tufted grasses and annual dicotyledons. It avoids wooded areas. It will regularly feed 

within bushes in the water, walking along branches and picking food items from these and from 

leaves (Birdlife International).  

 

In the extensive sections of flooded forest along the Mekong, M. samveasnae was not found 

among the trees, but amid bushes and rocks. Sandbar-dominated stretches of channel mosaic may 

support resident M. samveasnae: one extensive sandbar with only one rock-bar, outcropping 

intermittently, and supporting only a few bushes, formed a pair‘s territory. This pair fed frequently 
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on the sand surface, but most pairs had little or no unconsolidated sediment in their territories. 

Breeding birds only rarely use the earthen banks at the channel margins or those higher islands 

with vegetation resembling that of the floodplain (Duckworth et al. 2001).  

 

The species breeds in February into April, in the later part of the low-flow season. The first nest 

ever recorded was located at Kampi on the Mekong mainstream north of Kratie in Cambodia in 

2010. The nest located was on a rocky islet in a natural cavity between a rock and a Phyllanthus 

juillienii (Euphorbiaceae) and contained three chicks. Breeding behaviour recorded has also 

included the collection of nest material in mid-February, food carrying to nestlings and the presence 

of juveniles in April and May (Handschuh and Packman 2010).  

 

1.1.1.16 Manchurian reed warbler (Acrocephalus tangorum) 

Manchurian reed warbler was selected as the representative species for Small non-flocking land 

bird of seasonally-flooded vegetation in FA6 and 7. Manchurian reed warbler is an insectivorous 

passerine which breeds in breeds in south-

east Russia and northeast China, and 

winters in Thailand (mainly at Khao Sam 

Roi Yot), Indonesia, Cambodia and Lao 

PDR (BirdLife International 2012). It has 

been found wintering in sedge beds in dry 

dipterocarp forests (Round 1988), and in 

tall grass stands (away from water), sedge 

beds (both wet and dry), scrub-fringed 

lotus swamps, and heterogenous 

scrub/grass mixes away from water 

(BirdLife International 2012). 

 

Manchurian reed warbler was selected as an indicator species as Cambodia appears to be a major 

stronghold for the species; in particular it makes intensive use of seasonally-flooded vegetation in 

the Tonle Sap floodplain (Zone 4a, FA6), and is described as locally common (Bird et al. 2007). It 

occurs in central Laos (Zone 2, FA3), e.g., at Paksan wetlands, Bolikhamxay Province (J. W. 

Duckworth in litt. 2012) and in Viet Nam. The paucity of recent sightings at well-watched and 

increasingly heavily-monitored and ringed sites (such as Bung Boraphet in Thailand) suggests it is 

genuinely very scarce (P. Round in litt. 2012). 

 

It is a winter / dry season visitor to the LMB, with birds having been recorded include tall grass 

stands (away from water), sedge beds (both wet and dry), scrub-fringed lotus swamps, and 

heterogeneous scrub/grass mixes away from water (BirdLife International 2012). Within Tonle Sap 

inundation zone, a strong positive association of Manchurian Reed Warbler with tall grass (possibly 

a Saccharum sp.), similar in appearance to Phragmites reedbed, appears to be strongly favoured 

over alternative habitats (Bird et al. 2012).  

 

Little is known about the biology of the Manchurian reed-warbler but it is thought that, like most 

other species in the genus Acrocephalus, it is an insect eater.  
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Table 11.2 Linked indicators and reasons for selection 

Indicator species Linked indicator Reasons 

River lapwing 
Availability of exposed sandy 

habitat in the dry season 

This is a ground-nesting species which utilises 

sandy and rocky areas for nesting, such as 

braided stream channels and islands. 

River lapwing Insects on stones  
This species feeds on a range of aquatic 

invertebrates. 

River lapwing Insects on sand  
This species feeds on a range of aquatic 

invertebrates. 

River lapwing Dry duration  

This species needs a dry season period of c. 4 

months to establish territory, nest, lay eggs and 

fledge young. 

River lapwing Dry average channel depth  

The dry average channel depth will determine 

the amount of available nesting habitat within the 

channel for this species. 

River lapwing Dry average within day range 

The susceptibility of nests to being ‗flooded out‘ 

will be determined, in part, by the daily water 

level fluctuations. 

River tern FA4 not yet done To be added later. 

White-shouldered ibis Ranid  Ranids are a component of this species‘ diet. 

White-shouldered ibis Aquatic serpents  
Aquatic serpents are a component of this 

species‘ diet. 

White-shouldered ibis 
Floodplain: Extent flooded forest 

cover  

The species (along with the other guild 

members) are dependent upon flooded forest 

cover for nesting and shelter. 

White-shouldered ibis 
Floodplain: Extent herbaceous 

marsh vegetation 

The species (along with other guild members) is 

dependent upon this cover for hunting and for 

shelter from predators.  

White-shouldered ibis 
Wet: average floodplain area of 

inundation 

The area of inundation during the wet season 

will in part determine the availability of fishing 

areas, and also the accessibility of nest sites to 

predators.  

White-shouldered ibis 
Dry: average floodplain area of 

inundation 

The area of inundation in the dry season will in 

part determine the availability of feeding 

opportunities for the species and in addition will 

determine accessibility of nesting areas to 

predators. 

White-shouldered ibis Wet onset 

The onset of the wet season may impact upon 

the availability and accessibility of prey items for 

the species. 

White-shouldered ibis Composite: fish biomass 

Species from this guild prey on fish as part of 

their diets so a catastrophic decline in fish stocks 

may impact on productivity. 

White-shouldered ibis Dry duration 

The duration of the dry season may have an 

impact upon the availability of prey and also the 

accessibility of nest sites to predators.  

Blue-tailed bee-eater Erosion (bank / bed incision) 
Bee-eaters are hole-nesting species that dig 

their own nest holes in banks. 
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Indicator species Linked indicator Reasons 

Blue-tailed bee-eater Dry average within day range 
Banks holes nests susceptible to aseasonal 

flooding. 

Blue-tailed bee-eater Composite: Insect emergence 
Bee-eaters are insectivorous species, feeding 

chiefly on wasps, bees and hornets. 

Pied kingfisher Erosion (bank / bed incision) 
Kingfishers are hole-nesting species that dig 

their own nest holes in banks. 

Pied kingfisher Dry average within day range 
Banks holes nests susceptible to aseasonal 

flooding. 

Baya weaver 
FP: Biomass riparian / aquatic 

cover 

This species makes use of riparian vegetation 

for shelter, feeding and nesting. 

Baya weaver Dry average channel depth 
Changes in habitat availability through channel 

depth changes may impact upon populations.  

Baya weaver Composite: Insect emergence 

Although graminivorous, the species feeds 

invertebrates to its young, so this food supply 

may be critical. 

Sarus crane FA8 – not yet done To be added later. 

Bengal florican Wet: ave FP Area inundation 

As a ground-nesting species, the availability of 

appropriate nesting habitat in the dry season is 

of critical importance to the species.  

Bengal florican Dry: ave FP depth  

The average floodplain depth in the dry season 

is of high importance to this ground-nesting 

species. 

Bengal florican FP: Extent of grassland vegetation 
The area of the extent of grassland habitat is 

important to this ground-nesting species. 

Bengal florican Dry: ave FP Area inundation  
The area of inundation is important to this 

ground-nesting species. 

Bengal florican Dry duration 

The duration of the dry season will determine 

whether or not there is sufficient time for the 

species to undergo courtship rituals and breed 

successfully. 

Lesser fish eagle FA4 - not yet done To be added later. 

Grey-headed fish eagle FP: Extent flooded forest cover  
The species is dependent upon tall forest for 

shelter, nesting and hunting. 

Grey-headed fish eagle Composite: fish biomass 

The grey-headed fish eagle is a 

specialist piscivore, which preys upon live fish 

and scavenges dead fish, and occasionally 

reptiles and terrestrial birds and small 

mammals. Tingay et al. found that the diet of the 

grey-headed fish eagle in the Prek Toal 

protected area of the Tonlé Sap contains the 

endangered Tonlé Sap water snake. 

Wire-tailed swallow 
Availability of exposed rocky 

habitat in the dry season 

This species is tied to the channel nesting on 

rocky gebels within the channel. 

Wire-tailed swallow Composite: Insect emergence 
The species is insectivorous, being an aerial 

feeder feeding on flies etc.  

Wire-tailed swallow 
Composite: Benthic invertebrate 

biomass 

The species is insectivorous, being an aerial 

feeder feeding on flies etc. 
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Indicator species Linked indicator Reasons 

Masked finfoot Shrimps and crabs 
The species feeds on a range of invertebrates 

including shrimps and crabs. 

Masked finfoot FP: Extent flooded forest cover 
The species is dependent upon flooded forest 

cover for shelter and nesting. 

Masked finfoot 
FP: Extent herbaceous marsh 

vegetation 

The species is dependent upon herbaceous 

marsh vegetation cover for shelter and nesting. 

Masked finfoot Benthic invertebrate abundance The species feeds on a range of invertebrates. 

Masked finfoot Dry duration 
Variability in the dry duration may make the 

species more susceptible to access from people. 

Jerdon‘s bushchat 
Composite: Benthic invertebrate 

biomass 
The species feeds on a range of invertebrates. 

Jerdon‘s bushchat Extent lower bank vegetation  
Loss of habitat may impact severely on this 

species. 

Jerdon‘s bushchat Biomass riparian vegetation 
Loss of habitat may impact severely on this 

species. 

Jerdon‘s bushchat Composite: Insect emergence 

The species feeds on a range of invertebrates, 

particularly those phytophagus species 

associated with Homonoia and other channel 

bushland species. 

Mekong wagtail Composite: Insect emergence The species feeds on a range of invertebrates. 

Mekong wagtail 
Composite: Benthic invertebrate 

biomass 
The species feeds on a range of invertebrates. 

Manchurian reed warbler 
Floodplain: Extent herbaceous 

marsh vegetation 

This species was selected as representative of 

landbird species dependent upon seasonally 

flooded vegetation, particularly in the Ton le Sap 

inundation area, where a large population of the 

world‘s population winters, with a large 

proportion of this habitat in the region (e.g., 

floodplain grassland) in the project area. 

 

 

11.3 Status and trends 

The estimated 2015 ecological status for each of the bird indicators is provided in Table 11.3Table 

10.10. The definitions for the categories are given in Table 3.2. The expected trends in the 

indicators are discussed in Sections 11.3.1 to 11.3.9. 
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Table 11.3 Estimated 2015 ecological status for each of the bird indicators 
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2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 2015 

Mekong River 

in Laos PDR 
D B B NA NA E D NA E NA E NA B NA 

Mekong River 

in Laos PDR/ 

Thailand 

D NA NA NA NA E D NA E NA E NA B NA 

Mekong River 

in Cambodia 
D NA NA B NA D D C E NA E NA B NA 

Tonle Sap 

River 
NA NA NA NA D E D C E NA NA NA B E 

Tonle Sap 

Great Lake 
NA NA NA NA D E D C E D NA D NA E 

Mekong Delta NA NA B NA E E C C E E NA E NA E 

 

 

11.3.1 Medium/large ground-nesting channel species  

 River lapwing: 11.3.1.1

River lapwing is classified under IUCN Red List category as Near-Threatened (NT; BirdLife 

International 2015).  

 

The global population is estimated at approximately up to 25 000 individuals. 

 

This species has been recorded widely in the LMB and the lapwing occurs throughout the Mekong 

stretch and its tributaries in Lao PDR (Sekong, Se Sap, Nam Theun; Duckworth et al. 1999), and 

Cambodia (Sesan, Srepok) (Claasen 2004). In the LMB, the species has declined in abundance, 

but was found as common during dedicated surveys of the Mekong Ramsar channel complex in 

2005-2006 (Timmins 2006) and the central Kratie – Stung Treng section in 2006-2007 (Timmins 

2008) and 2010-2012 (Andrea Claasen); along the tributaries, multiple records of variable numbers 

since 1994 (highest totals of 223 along the whole Sesan, May 1998; 72 birds along the lower 

Sekong, November 2002; 39 birds along the upper Sekong, December 2011; and 9 birds along the 

Srepok, February 2001).  

 

In Cambodia the species is described as a local and uncommon resident on undisturbed riverine 

sandbars and islands in the dry season, and similar habitat during the rainy season (Goes 2013), 

although the wet season movements are poorly understood. It is restricted to the upper Mekong 

(above Kampi) and its tributaries. Both the Upper Lao Mekong and the Cambodian populations are 

each estimated to be in the region of 400-500 pairs (J. W. Duckworth pers. com.; Timmins 2008).  



 

  
Page 398 

 

  

 

The species has declined severely on the tributaries such as Sesan and Sekong rivers, by 

approximately 50% – on the Sesan from 223 birds in 1998 to 102 birds in 2003, and 60 birds on a 

slightly shorter section in 2010. It is considered that the decline of the population on the central 

Stung Treng – Kratie Mekong is ongoing (A. Claasen pers. com.; Bejuizen et al. 2008). 

 

About 200 birds were found along the Sesan River in northern Cambodia in 2008 (Bejuizen et al. 

2008), and probably a similar number at the Stung Treng Ramsar Site (Zone 3, FA4).  

 

Within Lao PDR, a minimum of 230 river lapwings were recorded between Luang Prabang to 

Vientiane (Zone 1, FA2), during wet season surveys (IUCN, 2013), with a 2012 dry season survey 

finding an estimated 207 territories (i.e., sites where between 1-3 birds were found; IUCN 2013). 

The largest group found during the wet season was of >50 birds in the channel mosaic 

downstream Ban Khok Khaodo – just 20 km downstream of Paklay Town. Many birds were 

associated with small areas of exposed sedimentary formations and rocks in the channel, or in 

stretches where such channel bed features were rare, on sparsely vegetated patches of river bank. 

 

During the 2012 dry season count, the absence of breeders from otherwise ideal habitat around the 

two largest towns, Louangphabang and Paklay, joins with the well-established breeding absence 

from Vientiane city in showing that the breeders are much less tolerant of human activity than are 

Small Pratincole (Glareola lactea) and Little Ringed Plover (Charadrius dubius; IUCN 2013). 

 

Earlier surveys from the town of Paklay to Vientiane city (January 2000) found 42 river lapwings 

(Duckworth et al. 2002) and in 2004, 116–144 birds were recorded, mainly upstream and 

downstream of Sanakham Town.  

 

River lapwing is considered to be present at population levels of c. 30% of its 1900 populations (J. 

W. Duckworth pers. comm.) along the Mekong mainstream (with a decline of 80-90% within the 

LMB catchment as a whole since 1900; Figure 11.1). The population was probably relatively stable 

until the 1960s or even 1970s; thereafter there was a precipitous decline in some areas, but a 

much shallower decline in others (e.g., Upper Cambodian Mekong; parts of the Mekong between 

Vientiane and Louangphabang, and even sections of the Mekong between Louangphabang and 

Xiangkok). 
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Figure 11.1 Medium/large ground-nesting channel species (river lapwing): Historical 

abundance estimates as % relative to 2015 (100%) 

 

 

The main drivers of change for river lapwing are considered to be: 

 incidental disturbance by people, dogs and livestock; and 

 harvesting pressure (of eggs and chicks). 

 

These might be joined in future by other factors irrelevant or trivial during the twentieth century: 

 changes in flow regimes. 

 

 River tern: 11.3.1.2

River tern is classified under IUCN Red List category as Near-Threatened (NT; BirdLife 

International 2012).  

 

The global population is estimated at between 50 000 and 100 000 individuals (Delaney and Scott 

2006). In the LMB, the species has declined in abundance in Thailand, where it is now considered 

very rare (del Hoyo et al. 1996). The species is critically endangered in the LMB, and has declined 

in Lao PDR since the early 20
th
 century (Thewlis et al. 1998), and is very close to being extirpated 

from the country (J. W. Duckworth pers. comm. 2015).  

 

The entire Mekong basin population is likely less than 250 birds, with northeast Cambodia (Zone 3, 

FA4) supporting the largest population of river tern in Indochina and the only remaining viable 

population (Timmins 2008). The Mekong Ramsar and the central Kratie – Stung Treng (Zone 3, 

FA4) are now the last regional strongholds for the species with an estimated 45-70 birds and 100 

birds respectively (Timmins 2006; 2008). Of concern was that a 2010-2012 study focusing on the 

latter population also found it to be steadily declining, with only 50-60 individuals estimated in the 

study area (A Claasen, cited in Goes 2013). 

 

Previous records from March to May 2007 were c. 78-104 birds seen from Koh Sompeay, c. 10 km 

downstream the Stung Treng Town to Koh Plong (Bejuizen et al. 2008); the same survey also 
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found one large flock of 30-40 birds in the north end of Koh Preah, and another small flock of eight 

birds in the channel east of Koh Enchey. The Sesan River tributary was considered one of the most 

important habitats of this species (Bejuizen et al. 2008). The species is probably extinct as a 

breeder on the Mekong downstream of Kratie.  

 

There have only been a few records from Lao PDR in recent decades such as four pairs recorded 

in Siphandone wetlands (Zone 3) in 1997 (Daconto 2001), between Vientiane Muncipality and 

Xayabouri Province in the late 1980s (Duckworth et al. 1999), one pair at Ban Sompoy at the 

Sekong River tributary in 1997, and a further 1-2 birds in Ban Namkong (Duckworth et al. 1999).  

 

Current survey data from Louang Phabang to Vientiane Cities (Zone 1) confirmed absence of this 

species along the stretch (IUCN 2013), and it is considered highly likely that this species is 

extirpated in Lao PDR north of Pakxe; the area downstream where it was found (Duckworth 2008) 

has not been revisited subsequently. 

 

Similarly there are few, if any, recent records from the Thai stretch of the Mekong River – there is a 

record of a pair of birds frequenting a freshwater lake and marshy area in vicinity of the Yonok 

wetlands in Chiang Saen during 2008-2009 (P Round, pers. comm. email, 12 July).  

 

It may be heading towards extinction within Cambodia within the next 10 years if no specific 

conservation action is carried out (Goes 2013), and without the careful management of water 

resource development projects.  

 

Nesting areas are vulnerable to flooding, predation and disturbance (del Hoyo et al. 1996). Hunting, 

with nest robbery by people and domestic dogs were observed in the north-east Cambodia, 

including at the Sesan River. For example, on the Sesan on a sample of 12 monitored nests in 

2003, 83% were on islands and 17% on mainland bars, all of these nests failed due to egg 

collection (67%), predation by animals (22%) and nest flooding (11%; Claasen 2004). The negative 

population trend in Lao PDR is probably due mainly to excessive human disturbance on sandbars 

(Thewlis et al. 1998), with populations of this species having collapsed in the last 50 years 

(Duckworth et al. 1999). Some previous observations show that pairs do not nest colonially. In 

some sections of the Mekong where the bird used to nest, is difficult to find the species today. Only 

three juveniles were found at Koh Preach and Koh Enchey colony during the 2006-7 survey 

(Bejuizen et al. 2008). Moreover, with human populations and economic growth, particularly the 

multitude of dam construction projects completed, underway or planned in South-East Asia (e.g., 

along the Mekong river (Goes 2013) and tributaries), this may increasingly threaten the species 

through changes to flow regime and flooding of nest-sites. Its habitat in the Upper Mekong may be 

threatened by the construction of dams in the Dayingjiang region of south-western Yunnan (Yang 

Liu in litt. 2011).  

 

The river tern is considered to be present at population levels of less than 5% of its 1900 

populations along the Mekong (J. W. Duckworth pers. comm.; Figure 11.2). There is no information 

on the rate of decline, so it has been assumed that the decline between 1900 and 1970 is lower (c. 

10% decline), than the decline from 1970 to 2015, which has been more pronounced because of 

human population increases along the river and the associated impacts of hunting. 
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Figure 11.2 Medium/large ground-nesting channel species (river tern): Historical 

abundance estimates as % relative to 2015 (100%) 

 

 

The two main long-term drivers of change for this species are considered to be: 

 harvesting pressure (of eggs and chicks) by people and domestic dogs; and 

 disturbance including nest trampling by people and domestic ungulates to nesting colonies 

and habitats. 

 

A third factor is considered to be important now, but was of negligible relevance to the trend to 

2000, by which time 90% + of the regional population had been extirpated: 

 damming on tributaries, contributed to reduction in fish stocks (e.g., Sesan and Sekong) 

faster than on the mainstream. This decline is most evident on the Sesan, possibly as a 

result of upstream dams in Viet Nam (Andrea Claasen, pers. comm.). 

 

Declining fish stocks might have reduced carrying capacity and so could constrain the extent of any 

(theoretical) recovery, but is unlikely to have had anything to do with the current decline. 

 

The impact of mining on tributaries, e.g., on the Sekong River (which could potentially result in 

poison-tainted fish, which would potentially impact on tern populations) is difficult to evaluate. 

 

11.3.2 Tree-nesting large waterbirds 

 White-shouldered ibis: 11.3.2.1

White-shouldered ibis is classified under IUCN Red List category as Critically Endangered (CR; 

Birdlife International 2015). 

 

White-shouldered Ibis occurs in a small range of 88 900 km
2
, now being found, after a major range 

collapse, only in Northeast Cambodia, extreme southern Laos and along one river in East 

Kalimantan, Indonesia (BirdLife International 2013). Cambodia currently supports a minimum of 

95% of this global population (Wright et al. 2012; 2013). White-shouldered Ibis is one of five ibis 
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species described in the Southeast Asian region (Robson 2008). The global population is 

estimated at c. 970 birds including several small populations in Indonesia (BirdLife International 

2013), of which Cambodia supports 731-856 birds, a minimum of 95% of the global population 

(Wright et al. 2012, 2013, 2015). Its previous range was as a widely but patchily distributed species 

across much of Thailand, Lao PDR, south and central Viet Nam and Cambodia, parts of Myanmar, 

Kalimantan (Indonesia), Sarawak (Malaysia) and south-west Yunnan, China, but it has declined 

dramatically during the 20
th

 century. It is extinct in Thailand, Malaysia (Sarawak), China (Yunnan) 

and close to extinction in Lao PDR and Viet Nam, and there are no recent records from Myanmar. 

This bird has been described as the most endangered and rarest large resident waterbird in South-

East Asia (Timmins and Clements 2006a,cited in Buckton and Safford 2004). Within the LMB (and 

all of mainland South-east Asia), the white-shouldered ibis is now confined to just a few sites in 

northern Cambodia, southern Viet Nam and extreme southern Laos.  

 

Within Cambodia, the species used to be much more common and widespread, in open 

countryside, but is now extirpated from most of the country, although Cambodia currently supports 

a minimum of 95% of the global population (Wright et al. 2012; 2013), especially at the Western 

Siem Pang. Populations are extirpated in the southern regions, and on the verge of extinction in the 

northwest. It is very rare in the dry season in the Tonle Sap grasslands (recent records include a 

single at Wat Pognea Prom (Chikreng) in 2012, in Kompong Thom grasslands up to 12 at Baray – 

Chong Doung in 1999, followed by near annual records of one to three birds between January and 

July at Veal Sragnai, Kvao and/or Baray-Choung Doung BFCA), and has small isolated populations 

in the north of the country (Goes 2013). In the northeast it is locally fairly common at Siem Pang 

(Zone 3), the upper Mekong channel mosaic and Lomphat Wildlife Sanctuary (Ratanakiri). An 

extensive survey between Kratie and Strung Treng (Zone 3, FA4) in northeast Cambodia in 

November 2006 and March-April 2007 recorded an estimated 78-125 birds, but with a near 

absence of birds (single bird recorded) during the floods in July-August 2007 (Bejuizen et al. 2008), 

and fairly common during January-May 2010-2012 with a maximum of 124 birds during annual 

roost counts. The first census survey on this bird was undertaken in 2010 throughout the northeast 

Cambodia (Zone 3) and discovered at least 4 subpopulations including 226 birds at Western Siem 

Pang, 187 birds at Lomphat WS, 124 birds in Central section of the Mekong River, and 34 birds in 

Kulen Promtep WS (Wright et al. 2012). However, the species today has a very small population 

and has undergone a decline of a scale and magnitude greater than other large waterbirds in 

mainland South-East Asia (Buckton and Safford 2004). 

 

Within Lao PDR, white-shouldered ibis is a very scarce bird, and there are no recent records from 

wihin the Mekong channel. It has been recorded from Xe Pian from the Xe Kong Plains and from 

the Xe Pian river in the early-mid 1990s (Thewlis et al. 1998). Wildlife surveys at the nearby Houay 

Kaliang area of the Xe Pian NPA in eastern Khong district included sightings of giant Ibis (Thewlis 

et al. 1998), but not white-shouldered Ibis. Giant Ibis and white-shouldered Ibis were reported in 

Ban Khem and Kadian sectors, respectively, of Dong Khanthung proposed NPA (Round 1998). 

During the 2010 gibbon survey in Dong Khanthung NBCA, both Nam Phak and Kadien River were 

considered to support potentially suitable habitats for ibises where peddle flats and some ponds 

are present (Phiapalath and Saysavanh 2010). 

 

Within the LMB this species has declined dramatically since 1900; it was previously common and 

widespread (Duckworth et al. 1999; Goes et al. 2001; Thomas and Poole 2003), but is considered 

to have declined by over 90% since 1900. There is no information on the rate of decline, although it 
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is likely that there was species has been extirpated from the China border to the Cambodian border 

(e.g., 100% decline), and similarly downstream of Stung Treng or Kampi (100% decline), but with a 

decline of only 40-80% between the Cambodian border and Stung Treng. It is assumed that the 

rate of decline for all areas is 10% up until 1960, and 90% thereafter. 

 

Within Viet Nam and probably Lao PDR, this species is almost extinct as a breeding species and 

now only occurs as a rare non-breeding visitor (Birdlife International 2013; Figure 11.3). 

 

 

Figure 11.3 Large tree-nesting waterbirds (white-shouldered ibis): Historical abundance 

estimates as % relative to 2015 (100%) 

 

 

The main drivers of change for this species are considered to be: 

 hunting including nest robbery and collecting eggs; 

 human activity around feeding areas (possibly exacerbated by the effects of hunting); and 

 habitat loss to agriculture.  

 

11.3.3 Bank and hole-nesting species 

 Blue-tailed bee-eater: 11.3.3.1

Blue-tailed bee-eater is classified under IUCN Red List category as Least Concern (LC; Birdlife 

International 2015). However, within Lao PDR, given the only small numbers found in the main 

occurrence period (March-July) in the North Lao Mekong in the 1990s-2000s, this population may 

be on the verge of local extinction. Fortunately the species remains abundant lower down the 

Mekong, in Cambodia as well as in various other Southeast Asian countries (e.g., Goes ; Round 

2008; Timmins 2006; 2008).  

 

Rapid changes in flow regimes and ecology of the river due to upstream dams may affect breeding 

success. 
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Figure 11.4 Bank and hole-nesting species (blue-tailed bee-eater): Historical abundance 

estimates as % relative to 2015 (100%) 

 

 

 Pied kingfisher: 11.3.3.2

Pied kingfisher is classified under IUCN Red List category as Least Concern (LC; Birdlife 

International 2015).  

 

Pied kingfisher has an extremely large range, an area of 23.9 million km
2
. This species of kingfisher 

is widely distributed across Africa and Asia, with Europe forming <5% of the global range. It is one 

of seventeen kingfisher species in the South-East Asian region (Robson 2008). Although the 

population size is not known, it is not considered to be decreasing sufficiently rapidly to be of global 

conservation concern (BirdLife International 2015).  

 

Along the Mekong, there are very few sandbanks suitable for nesting other than those cut by rivers 

– the mainstream is particularly good, along with some of the lower tributaries. The value of the 

study area to bank / hole-nesting breeding species (such as pied kingfisher and plain martin) in the 

Mekong countries is thus very high.  

 

The species was described as ‗common‘ along the Mekong, Tonle Sap and Bassac rivers in 

Cambodia prior to 1970 (Thomas and Poole 2003). The distribution of this species in Cambodia is 

restricted to the Tonle Sap and Mekong-Bassac floodplains and the whole River Mekong plus its 

tributaries. There have been multiple sightings of the singles, pairs or family groups at various sites 

in the swamp forest and grasslands (various authors), with 75 birds counted during a fast boat 

journey between Phnom Penh and the open lake in April 2000, with the highest concentration of 

birds in the Delta area (P. Davidson); 30 birds from a similar count in January 2008 (Olausson 

2008). 

 

Within Cambodia, the species is an uncommon to locally common resident, primarily associated 

with large rivers and their floodplains, but also occurring in swamp forest, streams, ponds and 

grasslands (Goes 2013).  
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Cambodia supports two population strongholds, one centred on the Tonle Sap Great Lake (Zone 

4a) and the second along the upper Mekong River (Zone 3, FA4) and tributaries. The species is 

present along the Mekong from southern Kratie to the Lao PDR border, with maximum boat-based 

counts of 43 birds from the Lao PDR border to Kratie town in February 2000 (Poole et al. 2000), 

40+ birds (20+ groups) in the central Kratie – Stung Treng section in 2006-2007 (Timmins 2008)  

and found common at the latter site in January-May 2010-2012 (AC); 25 birds at 13 sites on the 

Mekong Ramsar in 2005-2006 (Timmins 2006); along the Sekong, six birds from Stung Treng to 

Siem Pang in November 2002 (Timmins et al. 2003); along the Sesan, 36 birds in the upper section 

in May 1998 (Timmins and Men 1998) and eight birds in the lower section in January 1999 (FG); 

along the Srepok, only one bird in May-June 1998 (Timmins and Men 1998). The Tonle Sap‘s 

complex maze of channels and creeks offer large expanses of suitable habitat which likely shelter a 

healthy population, and the upper Mekong river channel mosaic supports the bulk of the 

northeastern population (Goes 2013). The former is probably stable although comparison of 2000 

and 2008 counts along the Tonle Sap River suggest some decline, and warrant more thorough 

assessment. The population in the northeast is declining, possibly severely. The whole stretch 

downstream and upper Kratie to Lao-Cambodia border is probably the largest localized population 

(Bejuizen et al. 2008) and part of Tonle Sap floodplain would be the second.  

 

Within Lao PDR, the species was common in the upper Lao Mekong channel (here taken as 

between the China – Lao PDR border and Vientiane; Delacour and Greenaway 1940), and 

reportedly still occurred in the 1990s around Chiang Saen, although in 1999–2000 only one was 

found between Ban Xiangkok and Vientiane, well below the habitat‘s carrying capacity (Duckworth 

et al. 2002). The species was historically more commonly reported in the south of the country 

rather than the north especially in Champassak Province (Thewlis et al. 1998, Duckworth et al. 

1999), but this may be reflective of survey effort. The pied kingfisher is considered to have 

undergone the steepest historical decline of any bird in Lao PDR (Duckworth et al. 2002), and as 

such is considered to be present at population levels of less than 5% of its 1900 populations in the 

Lao and Lao/Thai Mekong (J. W. Duckworth pers. comm.); declines are likely to be rather less in 

the Kampuchean sectors. A 2011–2012 survey from Luang Prabang to Vientiane yielded no record 

of this species along this stretch of the Mekong (IUCN 2013), although occasional individuals may 

persist or visit the area; the species is basically absent from the survey area. There is no 

information on the rate of decline, but it has been assumed that the decline is steeper since 1970 

(Figure 11.5). 

 

It was also recorded as very local in the Viet Namese part of the Delta (Buckton and Safford 2002), 

apparently restricted to the Plain of Reeds in Dong Thap and Long An provinces. It remained a 

fairly common resident at Tram Chim (Zone 5, FA8) up until at least 1998 with a daily maximum of 

up to eight birds recorded.  

 

In Viet Nam, from 1900-1950, the French built and developed an extensive canal system, thus 

increasing available habitat; between 1950 and 1970 the War meant that this type of habitat was 

not further expanded. Since 1970, the canal system has been expanded further until 2000. In Viet 

Nam, it is assumed that the pied kingfisher population has increased threefold from 1900-1950 in 

line with the habitat increase, from 1950-1970 it remained stable, and from 1970-2000 it has 

increased by a further tenfold in line with the habitat increase (Duc Huang Minh pers. com.). 
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There is no information on the rate of decline, but it has been assumed that the decline is steeper 

since 1970 (Figure 11.5). 

 

Rapid changes in flow regimes and ecology of the river due to upstream dams may affect breeding 

success.  

 

Figure 11.5 Bank / hole-nesting species (pied kingfisher): Historical abundance estimates 

as % relative to 2015 (100%) 

 

 

The main drivers of change for this species are considered to be: 

 harvesting pressure (of eggs and chicks);  

 declining fish stocks; 

 disturbance to nest sites; 

 habitat change / loss through impoundments; and 

 pollution and chemical poisoning. 

 

11.3.4 Flocking non-aerial passerine of tall graminoid beds  

 Baya weaver:  11.3.4.1

Baya weaver is classified under IUCN Red List category as Least Concern (LC; BirdLife 

International 2015). 

 

There were only a few records of this species in Lao PDR by 2000 (Duckworth et al. 1999, 2002), 

and although there were rather more during the 2000s (J. W. Duckworth in litt. 2015) it seems 

overall to be rather scarce and localised in the country. Within the LMB in Lao PDR, the species 

was recorded at several sites along the southern Mekong (Thewlis 1996), also 30 birds per day 

were observed in Dong Khanthung, a seasonally flooded dry forest located to the west of 

Siphandone wetland (Zone 3, FA4) by Round (1998), at Ban Thadua in southern Vientiane City 

and Nam Ghong in Attapeu province (Duckworth et al. 1999). Paksan District in Bolikhamxay 

Province held a breeding colony in 1950; this, or another, was relocated during the 2000s (J. W. 

Duckworth in litt. 2015). There are also a number of other locality records from the 2000s up lao 
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Mekong tributaries, e.g., the Nam Ngum and the Xe Champon (J. W. Duckworth in litt. 2015). Along 

the Mekong from Louang Phabang to Vientiane, Lao PDR, a group of four or more old nests, 

probably belonging to this species, was seen in trees amongst tall grass at the edge of a channel 

sandbank (at Don Sang), Paklay District, Xayabouri Province (IUCN 2013).  

 

The species is more abundant in Cambodia as the species was regularly recorded in the Kratie 

area (Zone 3, FA4) during surveys in 2006 and 2007 (Bejuizen et al. 2008). In Cambodia, it has 

been recently observed in some numbers by the bird specialist group Birdtour Asia in northeast 

Cambodia (Eaton and Nelson 2015).  

 

In Viet Nam, thirty birds were seen at Tram Chim National Park, September 1998, but there were 

no observations in July 1999 (Buckton and Safford 2004). A record from Lang Sen came from 

identifying its distinctive nest shape with a probable small colony here in July 1999 (Buckton and 

Safford 2004). Four individuals and several active nests were located at Xeo Quyt in July 1999 

(Buckton and Safford 2004), and at least 50 individuals and many nests at Bac Lieu bird sanctuary, 

August 1999 (Buckton and Safford 2004). 

 

The main regional threat to this species is the conversion of marshes and swamps to rice paddies. 

Overharvesting of nests for ‗decorations‘ is a further threat to this species. Hunting (including 

trapping and perhaps poisoning as a pest of rice crops) is also likely to be a threat; as a flocker 

feeding seasonally in rice fields, it is efficient to net large numbers.  

 

It has been assumed that the decline in baya weaver has been 20% since 1900 (J. W. Duckworth 

pers. comm.) and that the decline has been linear across the range of the species during this 

period. 

 

 

Figure 11.6 Flocking passerines of tall graminoid beds (baya weaver): Historical 

abundance estimates as % relative to 2015 (100%) 

 

 

The main drivers of change for this species are considered to be: 

 land use changes, specifically the conversion of marshes and swamps to rice paddies; and 
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 harvesting of adults for consumption and of nests for decoration, and possibly of adults 

pest control. 

 

A further two factors might have local effects but are irrelevant at the regional scale: 

 erosion protection measures, such as embankments; 

 change in bank morphology as a result of water-resource developments. 

 

11.3.5 Large ground-nesting species of floodplain wetlands 

 Sarus crane: 11.3.5.1

Sarus crane is classified under IUCN Red List category as Vulnerable (VU; BirdLife International 

2015). It is critically endangered within the LMB.  

 

This species' population is suspected to have decreased considerably since 1900, owing to the 

loss and degradation of wetlands, as a result of drainage and conversion to agriculture, ingestion of 

pesticides, and the hunting of adults and collection of eggs and chicks for trade, food, medicinal 

purposes and to help limit damage to crops (Archibald et al. 2003). From 2001 to 2006, much of 

the seasonally inundated floodplains of the Ha Tien Plain in Viet Nam were lost, mostly due to the 

expansion of shrimp farms. In habitats that are not well protected, the bird is shy and sensitive to 

human disturbance (in case of the habitat used in Xe Pian NPA, Lao PDR) (P. Phiapalath pers. 

comm.). In addition, collision with transmission lines may be a significant threat in parts of its range 

as has been observed in India (Sundar et al. 2000). 

 

The Mekong Delta especially at Tram Chim National Park (Zone 5, FA8) supports the stronghold 

population of this subspecies in the LMB. Part of this subpopulation has been well monitored at 

Tram Chim NP since 1988 with a maximum of 1,052 birds but declined to 665, 365, 187 and 48 in 

1989, 1992, 1993 and 2001, respectively (Buckton and Safford 2004). The population has 

fluctuated in some years and rebounded to 469 birds in 1999 (Nguyen Van Hung in litt. 1999) and 

562 individuals in 2008 (Evans et al. 2009 cited in Buckton and Safford 2004). A further decline has 

been noted subsequently with a sharp decline to 496 birds in 1999 and 167 birds in 2000, and by 

2012, the number of birds at Tram Chin NP had declined to between 80-150 birds (Birdlife 

International 2012). In any case, it is estimated that the population of the Indochinese sarus crane 

is at least 1,000 birds, of which the groups spending the dry season in the Viet Namese Mekong 

Delta represent over 30% of the population (Buckton and Safford 2004). 

 

Within Cambodia, and in the Mekong Delta, the species occurs at Boeung Prek Lapouv IBA in 

Takeo province and Kampong Trach IBA in Kampot Province (Seng Kim Hout et al. 2003 cited in 

Buckton and Safford 2004). Counts of up to 200 have been made in March and April in 1998 and 

1999 at Ang Trapeang Thmor, Cambodia (BirdLife International 2001). However, the population 

has decreased in the country as maximum total counts at the sites to date are 155 birds in March 

2002 and 48 birds in February 2003, respectively. In addition, four sarus cranes were observed in 

the Tonle Sap grasslands (Zone 4a, FA7) in 2015 (Eaton and Nelson 2015). 

 

Within Lao PDR, the crane used to be widespread in central and southern Laos at sites such as Xe 

Pian and Dong Hua Sao NPAs in Champassak, with one pair at Ban Sompoy by Sekong River in 

Sanamxay District, Attapeu Province, Nong Luang in Savannakhet Province, prior to 1980 (Thewlis 
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et al. 1998, Duckworth et al. 1999). However, there have only been a few records since 1996 

(Duckworth et al. 1999), for example one bird was recorded in Dong Khanthung (Round 1998), a 

pair was seen at Nong Phue, Ban Nongkhe Sivilay (inside Xe Pian NPA) in 2001 (M. K. Poulson 

pers. comm.). This pair continued to visit Nong Phue, ―an open pond located within jungle‖, at Ban 

Nongkhe Sivilay regularly during 2000s. Also, there is a report from villagers of a pair occasionally 

visiting Nong Ben in 1999 at Ban Hinlat in Dong Khanthung (Phiapalath and Saysavanh 2010).  

 

The crane was previously a breeding resident in Thailand but is now extinct there (Lekagul and 

Round 1991) and it is highly likely that the species will soon be extirpated in Lao PDR if it even 

persists now.  

 

This species' population is suspected to have decreased considerably since 1900, owing to the 

loss and degradation of wetlands, as a result of drainage and conversion to agriculture, ingestion of 

pesticides, and the hunting of adults and collection of eggs and chicks for trade, food, medicinal 

purposes and to help limit damage to crops (Archibald et al. 2003). From 2001 to 2006, much of 

the seasonally inundated floodplains of the Ha Tien Plain were lost, mostly due to the expansion of 

shrimp farms. In areas where hunting laws are not well enforced, the bird is shy and sensitive to 

human disturbance (in case of the habitat used in Xe Pian NPA, Lao PDR) (P. Phiapalath pers. 

comm.). In addition, collision with transmission lines may be a significant threat in parts of its range 

as has been observed in India (Sundar et al. 2000).  

 

The status assessment refers to the population of sarus crane that occurs within the LMB, but note 

that c. 50% of the sub-population is found in Myanmar. Sarus crane is considered to be present at 

population levels of 5% of its 1900 populations along the Mekong, with the exception of the Tram 

Chim NP, the Viet Nam Delta where it is considered to occur at c. 50% of its 1900 levels. There is 

some information on the rate of decline for the population at Tram Chim NPA from 1,058 birds in 

1988 to 562 birds in 2008 so it has been assumed that the decline has been linear throughout the 

period 1900 – 2015, roughly at 50% in the LMB (Figure 11.7). 

 

Overall, the current population of the Indochinese sarus crane is c. 800-1 000 birds and its 

subpopulation in Myanmar of c.500-800 birds (Delaney and Scott (2006), BirdLife International 

2012). Despite past declines, recent counts have shown some increase in the Southeast Asian 

population; however, the Indochinese population especially at Tram Chim National Park is highly 

unstable and susceptible to extinction if the current rates of habitat degradation continue (Archibald 

et al. 2003).  
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Figure 11.7 Large ground-nesting species of floodplain wetlands (sarus crane): Historical 

abundance estimates as % relative to 2015 (100%) 

 

 

The two main drivers of change for this species are considered to be: 

 habitat loss by converting to agriculture and shrimp farms in floodplain area; and 

 some hunting and collecting eggs. 

 

Further local and/or potential threats include: 

 disturbance by human from fishing and by domestic buffaloes occupying its feeding sites 

(ponds) in dry season (this is only likely in areas of heavy hunting where the birds have 

become very shy; in parts of India the birds breed amid heavy human and buffalo use);  

 ingestion of pesticides used in agriculture; and 

 impact by collision with transmission lines. 

 

 Bengal florican: 11.3.5.2

Bengal florican is classified under IUCN Red List category as Critically Endangered (CR; Birdlife 

International 2015).  

 

The South-East Asian population occurs in Cambodia and may conceivably be extant in southern 

Viet Nam. The population in the Tonle Sap region, which supports the vast majority of the 

population of Cambodia, was estimated at between 312 and 550 (95% CI) based on surveys in 

2012, with only 216 displaying males recorded (C. Packman in litt. 2013). This represents a 44% 

decrease from the previous survey in 2005, and a minimum of 294 displaying males had been 

recorded in 2007 (Gray et al. 2009). More than 50% of this population occurs on seasonally 

inundated grasslands within Kompong Thom province (Gray et al. 2009). This estimate, based on 

extent of available habitat in 2005 and known habitat loss between 2005 and 2007, represents a 

rapid decline owing to habitat loss, from a projected 3 000 individuals in 1997 (T. Gray, T. Evans 

and Hong Chamnan in litt. 2006). Given accelerating post-2005 grassland loss of 28% within 10 

grassland blocks holding 75% of the estimated population (Gray et al. 2009), and a further 11% of 

habitat lost in four protected areas in 2008 (Evans et al. 2009), projected rates of decline will 
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equate to over 80% during a three generation period (T. Gray, T. Evans and Hong Chamnan in litt. 

2006). Recent assessment of habitat loss indicates that it has indeed been widespread and 

extensive between 2005 and 2012, and a number of sites identified as having blocks of grassland 

in excess of 10 km
2
 now contain little or no grassland (C. Packman in litt. 2013). Annual monitoring 

of Bengal florican populations in Bengal florican Conservation Areas (BFCAs) and adjacent areas 

in Cambodia during March-April 2008-11 indicates that whilst populations in some protected areas 

are stable, in other locations population declines are ongoing. Outside protected areas there is 

likely to be very little suitable grassland habitat remaining (Mahood et al. 2012). 

 

The species does not occur, and was not recorded historically, in Lao PDR or Thailand. Within Viet 

Nam, Buckton and Safford (2004) cited the species as ‗Rare, possibly Resident‘. Although there 

were records from close to the Delta in the 1920s, the first records from the Delta consisted of 

several sight records of up to four in the vicinity of Tram Chim NP, Dong Thap Province from 1990-

1994. One or two individuals were recorded in Dong Thap Province between 1997 and 1999, and 

the remains of a dead bird were retrieved from the Ha Tien Plain, Kien Giang Province in 1997. 

During a survey in Tram Chim in 1999, local people reported breeding at the site and claimed to 

have found eggs and chicks. Apparently recorded from Tram Chim in 2000 (Diep Dinh Phong, SIE 

team). Some people were also familiar with the characteristic display of the species, and a member 

of national park staff claims to have seen the eggs of this species. By 2004, it was considered 

unlikely that the species would occur outside the Tram Chim NP within Dong Thap Province, as all 

other major grassland habitat fragments have been converted to rice agriculture (Buckton and 

Safford 2004). At that time, the extent of grassland within the Ha Tien Plain was more extensive 

and could potentially have been a more important area for the species.  

 

The key threats are the extensive loss and modification of grasslands through drainage, conversion 

to agriculture and plantations, overgrazing, inappropriate cutting, burning and ploughing regimes, 

heavy flooding, invasion of alien species, scrub expansion, dam construction and inappropriate and 

illegal development (Brahma and Lahkar 2009, Evans et al. 2009; van Zalinge et al. 2009). In 

particular, the spread of dry season rice cultivation in Cambodia is rapidly converting existing 

grassland habitat. Land sales and concessions are often pushed through despite resistance from 

local villagers (Evans et al. 2009). Excessive hunting for sport and food may have triggered its 

decline, but owing to advocacy and law enforcement is no longer a serious threat, at least in 

Cambodia. As in South Asia, the Mekong population is small, isolated and vulnerable to local 

extirpation. Other threats may include human disturbance and trampling of nests by livestock.  

 

The population in this species has been widely documented in Cambodia since 1997, but there is 

little information on the population of the species prior to this, and there is no readily obtainable 

quantifiable information on the population in Viet Nam, other than the species is probably extirpated 

here (Figure 11.8). It is assumed that the Bengal florican was present in the Mekong Delta – but 

the size of the population is unknown. 
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Figure 11.8 Large ground-nesting species of floodplain wetlands (Bengal florican): 

Historical abundance estimates as % relative to 2015 (100%). 

 

 

The 5 main drivers of change for this species are considered to be: 

 Land use changes particularly dry season rice cultivation at the expense of traditional 

agriculture, and conversion of dry forest (wintering quarters) into seasonal rubber 

plantations; 

 Market-driven hunting (in 1980s) but now ceased; 

 Inappropriate land management practices; 

 Disturbance to nest sites; and 

 Trampling of nests. 

 

11.3.6 Large channel-using species that require riparian forest 

 Lesser fish eagle: 11.3.6.1

Lesser fish eagle is classified under IUCN Red List category as Near Threatened (NT; Birdlife 

International 2015). Populations within Myanmar and Lao PDR are considered to be of global 

conservation significance. 

 

In the LMB, the species in Cambodia has two small isolated populations as a scarce resident in the 

northeast and southwest (Goes 2013). In Thailand it is rare in west and south and in Lao PDR as 

small numbers persist in several catchments (although fragmentation of populations and their small 

size renders them vulnerable to local extinction). In Viet Nam it is rare to locally fairly common in 

west Tonkin and south Annam. 

 

This species was likely historically to have been present along the length of the Mekong 

mainstream. Some observations and records were made in Lao PDR and Cambodia. This species 

was observed in and after the 1990s in various Lao catchments, of which the largest populations 

are in the Xe Kong, the Nam Ou, and the Nam Kading, (Thewlis et al. 1998; Duckworth et al. 1999; 

2010; Fuchs et al. 2010).  
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Within Cambodia, present in the central Stung – Treng Mekong with regular records since 2000, 

with five records during extensive surveys between November 2006-July 2007 (Timmins 2008; 

Bejuizen et al. 2008), and noted as uncommon during field work during January 2010-May 2012, 

with six records involving perhaps 5-6 birds (AC); also recorded along the O‘Talas, Srepok and the 

upper Sekong.  

 

The species is vulnerable to casual hunting including egg and chick harvesting and to habitat 

conversion (loss of riparian forest). Over-fishing and perhaps especially, pollution, may already 

have impacted a moderately small population. Disturbance might also be relevant in that, 

presumably because of hunting, the birds observed in Lao PDR in the 1990s-2000s were typically 

notably shier in Lao PDR than were those seen in the Hukaung valley, Myanmar, an area with 

much lower levels of large-bird hunting (J. W. Duckworth in litt. 2015). Hunting of adults and 

nestlings has been the major cause of decline in larger birds in Lao PDR (Thewlis et al. 1998), with 

loss of favoured nest sites affecting tree-nesting species such as the fish eagle, which would have 

continued to decline even had persecution been brought under control. Furthermore, its reliance on 

undisturbed forests makes it vulnerable to the development of hydro-electric dams (Goes 2013). A 

moderately rapid and on-going population decline is suspected on the basis of rates of habitat loss 

and degradation. 

 

Lesser fish eagle is considered to be present at population levels of c. 1% of its 1900 populations 

(J. W. Duckworth pers. comm.) along the Mekong. There is no information on the rate of decline, 

so it has been assumed that the decline was low until c. the 1960s but then with a major rapid loss 

thereafter, and that this pattern was similar along the length of the river. 

 

 

Figure 11.9 Large channel-using species that require riparian forest (lesser fish eagle): 

Historical abundance estimates as % relative to 2015 (100%)  
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The two main drivers of change for this species are considered to be: 

 harvesting, perhaps especially egg and chick harvesting; and 

 habitat degradation including loss of nesting sites along forested rivers. 

 

Other factors might have had local effects but are unlikely to have played a noticeable role in the 

regional decline: 

 over-fishing; 

 disturbance from human traffic in waterways; and 

 water pollution. 

 

 Grey-headed fish eagle: 11.3.6.2

Grey-headed fish eagle is classified under IUCN Red List category as Near Threatened (NT; 

Birdlife International 2015). 

 

Within the LMB within Cambodia, this species is historically fairly common in the Tonle Sap 

floodplain (Thomas and Poole 2003); it has been recorded throughout the swamp forest during 

surveys since 1992, including 13 birds in the Boeng Rohal area (Battambang) in April 1997, and 

10-17 birds at Boeng Chmma in September 2006, and common at Prek Toal (many sources). This 

species was formerly present in the southeast of the country, but it is now a rare non-breeding 

visitor to the Mekong-Bassac floodplain (Goes 2013). Within Tonle Sap, 32 different nests were 

found within an 80km
2 

in and adjacent to the core area on 6-13 December 2005 (Tingay
 
et al. 

2006), and annual monitoring recorded up to 58 nests in 2006-2010 (Sun et al. 2010). Parr et al. 

(1996) estimated over 100 pairs at Tonle Sap Great Lake in 1996. 

 

Within Lao PDR, this species was perhaps less common than lesser fish eagle, and has also 

declined (Thewlis et al. 1998). For example, in comparison with the estimate of 100 pairs from 

Tonle Sap Great Lake in 1996, contemporary Lao PDR numbers are very low and restricted to the 

Cambodian border areas (Thewlis et al. 1998). There are no post-1998 records from additional 

sites in the country. 

 

This is a poorly studied species thought to be in recent decline in many portions of its range, 

possibly as the result of habitat loss (deforestation and loss of wetlands), overfishing, siltation, 

human disturbance, and pesticide contamination (BirdLife International 2009), although Tingay et 

al. (2006, 2010) pointed out that these statements are based mostly on anecdotal evidence. 

 

For the purposes of this assessment, grey-headed fish eagle is considered to be present at 

population levels of c. 25% of its 1900 populations (J. W. Duckworth pers. comm.; Figure 11.10) 

along the Mekong. There is no information on the rate of decline, so it has been assumed that the 

decline has been linear throughout the period 1900 – 2015, and within FA7 (Ton le Sap). While it is 

likely that it lived locally along the Mekong north of Cambodia there is no clear evidence and it has 

not been treated by Fig. 6.77 as present there even in 1900. 
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Figure 11.10 Large channel-using species that require bank-side forest (grey-headed fish 

eagle): Historical abundance estimates as % relative to 2015 (100%) 

 

 

For the Delta, the species is present. There are sporadic records of its occurrence but the numbers 

have not been quantified. For this reason it was listed as 100%; based on habitat availability and 

known human patterns it is likely that Delta numbers are presently about 10% of 1900 levels. 

 

The main drivers of change for this species are considered to be: 

 hunting, especially egg and chick harvesting; 

 habitat degradation through the loss of riverine forest, even in regions where a high 

proportion of forest remains; 

 over-fishing; 

 human disturbance (Tingay et al. 2006 found a negative correlation between human 

habitation and nest site occupancy rates in Cambodia); and 

 pollution. 

 

11.3.7 Rocky crevice nester in channels 

 Wire-tailed swallow: 11.3.7.1

Wire-tailed swallow is classified under IUCN Red List category as Least Concern (LC; Birdlife 

International 2015). 

 

The global population size has not been quantified, but the species is reported to be common in 

Africa, common in Pakistan and locally common in India (Grimmett, Inskipp and Inskipp, Keith et al. 

1992).  

 

In north Laos, there is evidence of decline since 2000 to 2012 in the stretch between Vientiane and 

Louangphabang. In 1999–2000 it was found that the species peters out north of Oudanxay 

province, a pattern assumed then to be natural, but in the light of range retraction between 2000 

and 2012 downstream of Louangphabang, perhaps at least in part reflecting overharvesting. 
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Between Louangphagang and Vientiane, the species is not uniformly distributed (see IUCN 2013 

for full details on numbers and distribution), with birds typically seen in singles, duos or in small 

groups of up to 8 birds during the dry (breeding) season but in flocks of up to several hundred in 

the wet season. 

 

Within Lao PDR, the species forms large post-breeding flocks by September (e.g., 40 on 2
nd

 

October 2004; and in the Ban Nasa–Paksang area, 163, 327; and 200 to 500 on 14
th
 and 15

th
 July 

1996 and 26
th
 September 1999, respectively; Thewlis et al. 1998; Duckworth et al. 2002). The 

species is not common north of the town of Louangphabang (Duckworth et al. 2002; Fuchs et al. 

2007), but it remains widespread and common in the southern half of the country wherever 

sufficiently wide rivers have suitably rocky stretches (Thewlis et al. 1998; Duckworth et al. 2002; 

Timmins and Robichaud 2005). 

 

Surveying of this species is perhaps somewhat hit-or-miss. It may be that the species goes high to 

feed under certain conditions, or because it loafs in inconspicuous perches. Less likely is that birds 

leave the channel. J. W Duckworth (in litt. 2015) has only thrice in Lao PDR seen the species 

outside the channel (always within a few hundred yards of the channel). 

 

In Cambodia (from where it was first recorded in 1995), it is a local resident with a very restricted 

range, being restricted to the upper Mekong river and its tributaries, favouring rocky river stretches 

with rapids (Goes 2013), and nowhere recorded in large numbers. It was found to be fairly common 

to uncommon during field work in the central Kratie – Stung Treng Mekong (its main stronghold in 

the country with perhaps <100 birds) in January-May 2010-2012 (A. Claasen), with two colonies of 

at least five and two birds in 2006-2007 (Timmins 2008). The species may benefit in future from the 

introduction of man-made nest sites. For example, in 2010 in Stung Treng, it was reported to nest 

under the newly built Sekong bridge, and probably nesting under the Srepok bridge on 26 January 

2010 (FG). There are stray records from the Tonle Sap Great Lake (dry season) and Phnom Penh 

(Goes 2013).  

 

The percentage of the regional (mainland South-east Asia) population within the study area is very 

high (certainly 50% and probably 75%; W. Duckworth pers. com.). Within Lao PDR, it might seem 

that for a small, non-colonial breeder, the only predictable threat to this species would be damming 

of large rivers, which could drastically reduce breeding habitat proportionate to the decrease in 

seasonal change in water levels. However, nests are easy to find, and within Cambodia and Lao 

PDR, human robbery of nest contents may be suppressing numbers, particularly where channel 

outcrops are small and simple, and nests are thus easily found. Consistent with this, between 

Louangphabang and Vientiane cities, the gaps in distribution within areas of rocky channel tend to 

be in stretches with narrow and simple rocky outcrops. However, there is no way of telling that this 

is not a habitat-driven distribution pattern. 

 

The estimate of the 2015 population is 70-90% of 1900 levels (J. W Duckworth pers. comm.). Thus 

a population of 80% of 1900 levels has been assumed across the species range with a relatively 

stable population up until the 1960s (indicated as a 5% decline), with a linear decline thereafter. 

Such as estimate has been omitted from Zone 4, as the species only occurs here as an occasional 

species. 
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Figure 11.11 Rocky-crevice nester in channels (Wire-tailed swallow): Historical abundance 

estimates as % relative to 2015 (100%) 

 

 

The main driver of change to date for this species is considered to be: 

 changes in food supply from fast-flowing to reservoir conditions; and 

 human robbery of nests. 

 

11.3.8 Dense woody vegetation / water interface  

 Masked finfoot: 11.3.8.1

Masked finfoot is classified under IUCN Red List category as Endangered (EN; Birdlife 

International 2015). 

 

The species is very rare and poorly known, and any assessments for this species within the LMB 

will by their very nature be particularly provisional, in part due to the limited knowledge about the 

population levels in the BTonle SapIA, although under the current habitat, there is no indication that 

the study area supports a large proportion of the regional population. There is no evidence that the 

species has ever been common on the Mekong mainstream.  

 

Masked finfoot was not recorded in Lao PDR until 1993, and has since been found in only the Xe 

Kong basin and in Dong Khanthung proposed NBCA (Duckworth et al. 1999). It is impossible to 

judge the size of the presumed breeding population. However, there is no evidence it has ever 

been common along the Mekong mainstream (J. W. Duckworth pers. comm.). Observations from 

Lao PDR are from wide stretches of river (20 m or more) and slow-flowing with no emergent 

vegetation, although the banks had good cover (Thewlis et al. 1998). 

 

Within Cambodia it occurs probably mainly as a breeding visitor, in forested rivers and streams up 

to 300m, as well as in the Tonle Sap swamp forest. Given the large area of potentially suitable 

habitat around Tonle Sap Great Lake, the population in that area may be of high conservation 

significance, although repeated surveys have failed to locate anything but tiny numbers of 
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individuals (C. M. Poole in litt. 1999), local people are familiar with the bubbling call and the species 

might prove more abundant than records suggest. It may potentially be overlooked in the BTonle 

SapIA to the extent that there might be tens of them rather than the handful of birds that get seen 

(c. one record per year), but extent of populations not considered to be any larger than this (S. 

Mahood pers. comm). 

 

Assuming that masked finfoot is not common in the Ton le Sap, the current population is likely 

present at c. 1% of its 1900 levels. The project area probably holds c. 10% of the regional 

population. 

 

The main threat is the destruction and increased levels of disturbance to rivers in lowland riverine 

forest, driven by agricultural clearance and logging operations and increased traffic on waterways. 

Habitats have been further degraded by the removal of bankside vegetation and changes in 

hydrology resulting from dam construction, and siltation. Hunting and collection of eggs and chicks 

have been recorded; indeed the species is easily caught at the nest making it prey to opportunistic 

human hunters. Observations from Lao PDR indicate that rather than taking flight, birds only flush 

at distances of 20 m and then fly to adjacent bankside vegetation, whilst others just walked onto 

river banks to hide in the vegetation: such behaviour (which has also been observed in Thailand) 

may make the species more susceptible to hunting in the dry season. 

 

No empirical estimates exist for the current rate of decline, but as a species reliant on undisturbed 

wetlands declines are anticipated across its range given the pressure on riverine and mangrove 

habitats. J. W. Duckworth (pers. comm.) has estimated a very provisional estimate of current 

population being 1% of 1900 levels. This estimate has been applied across all zones (Figure 

11.12). 

 

 

Figure 11.12 Dense woody vegetation / water interface (masked finfoot): Historical 

abundance estimates as % relative to 2015 (100%) 
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The main drivers of change for this species are considered to be: 

 destruction and increased levels of disturbance to rivers in lowland riverine forest, 

driven by agricultural clearance and logging operations and increased traffic on 

waterways; 

 habitat degradation through the removal of bankside vegetation; 

 changes in flow timing and volumes; 

 changes in siltation; and 

 hunting and collection of eggs and chicks. 

 

11.3.9 Small non-flocking land bird of seasonally-flooded vegetation 

 Jerd  ’s bushch t: 11.3.9.1

Jerdon‘s bushchat is classified under IUCN Red List category as of Least Concern (LC; Birdlife 

International 2015).  

 

The global population has not been assessed but it appears to be stable.  

  

Within the Mekong River Basin, the species occurs along the Mekong channel stretch from well 

upstream of Xiangkok to upstream of Ban Thanasanghin, Vientiane City which overlaps with a 

number of  Important Bird Areas, IBA LA006 (Ounekham and Inthapatha 2003). In March 1996, a 

large population was discovered breeding at the confluence of the Nam Sang River and the 

Mekong River, 60 km to the north of Vientiane. In the dry-season 2012, many hundreds, probably 

into the low thousands, were found within FA1 and FA2. This stretch holds a significant population 

of this species in the world, especially at Paksang area (Duckworth 1997). On the Thai side of the 

border, IBA TH022 (‗Mekong channel near Pakchom‘) extends for 160 km (Pimathi et al. 2004) 

apparently equivalent to that part of LA006 that lies on the international Thai–Lao border (IUCN 

2013). A population density is c. three pairs of the bird occupying five hectares of mosaic habitat 

(Duckworth 1997). 

 

This species is only known from north of Vientiane within the LMB (Delacour and Jabouille 1927; 

Bangs and van Tyne 1931; Bourret 1943 and David-Beaulieu 1944). Between 1950 and 1990 no 

new bird observations were reported from Lao PDR. During intensive fieldwork from 1992-1995 the 

species was not found at any of the numerous sites surveyed (Thewlis et al. 1998), which were 

however mainly to the south of the historical records. In and since 1996 Jerdon‘s bushchat was 

recorded patchily in both the Mekong channel and in hill grassland north of Vientiane along the 

Mekong and in and north of the Nam Theun Extension proposed NPA in the Annamites (e.g., 

Thewlis et al. 1998; Duckworth et al. 1999, 2002, IUCN 2013, Duckworth in press [Nam Ngum]). 

The species was mostly surveyed and recorded in the Mekong channel (Zone 1, FA2) and 

probably partly in the upper section of Zone 2, FA3. Some dozens of this species were recorded in 

January 2000 on the boat trip from the town of Paklay to Vientiane City (downstream of Zone 1; 

Duckworth et al. 2002). The record of this bird in the LMB at Paksang (downstream of the Zone 1), 

60 km upstream from the Vientiane City as 100-200 pairs identified in 6 squares km in March 1996 

(Duckworth 1997) represents the then most southerly known record of this species globally, 

extended to Ban Thanasanghin by Duckworth et al. (1998). Away from the Mekong, this species 

has been recorded in hill grassland (perhaps especially stands of Imperata cylindrica) in many 

areas (e.g., Duckworth et al. 1999, 2002, Duckworth in press). Recent surveys in January 2012 
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(IUCN 2013) confirmed the continued occurrence of many hundreds into the low thousands of the 

species in the dry season between Louang Phabang and Vientiane.  

 

Potential threats to this species are considered likely to largely relate to habitat loss / change and, 

conceivably, disturbance. Human habitation densities and river use along most of this stretch of 

river are higher today than historically. This includes the creation of embankments, dredging of the 

river channel, and extracting gravel and sands. However, all of these phenomena are so localised 

that they could potentially have little effect on the overall Lao Mekong population. By contrast, 

proposed hydropower projects on the Mekong would modify the habitat so that many bird species, 

including Jerdon‘s bushchat, would be likely to decline seriously within stretches above dams.  

 

The population of Jerdon‘s bushchat is not considered to have declined significantly in the Mekong 

until now (Figure 11.13). The availability of its preferred habitat within the river channel north of 

Vientiane has remained largely unmodified from the information that can be derived from historical 

maps, so it seems feasible that population has remained fairly stable. 

 

 

Figure 11.13 Small non-flocking landbirds of seasonally-flooded vegetation (Jerdon’s 

bushchat): Historical abundance estimates as % relative to 2015 (100%) 

 

 

The main drivers of potential change for Jerdon‘s bushchat are considered to be: 

 disturbance to the habitats, specifically the inundation of lengths upstream of dams and 

consequent loss of seasonally inundated bushland. 

 

There is no other plausible driver of major change; the following might exert minor effects at the 

most local of levels: 

 land use changes (as populations grow so might changes in land use practices on the 

islands, but these are likely to focus island areas above high water level, areas which do 

not hold suitable Jerdon‘s bushchat habitat, and on cultivable areas within the seasonally 

exposed zone, whereas most bushchats are on rugged rocky stretches); 

 hunting pressure (hunting with bird nets), but as a non-flocking and fast-breeding species 

the ability to depress populations is slight; and 
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 collecting eggs and chicks, but the species is not kept, nor likely to be kept, in captivity, 

and all evidence is of decreasing background collection of effort-intensive small birds and 

nest contents for food in recent years, a trend predicted to continue with forward economic 

growth. 

 

 Mekong wagtail: 11.3.9.2

Mekong wagtail is classified under IUCN Red List category as Near Threatened (NT; Birdlife 

International 2015).  

 

It has a restricted linear range and a small population. It is highly tolerant of human presence, and 

its habitat is not particularly vulnerable to human-induced changes. However, the many dams 

currently proposed for the Mekong, particularly those on sections where the river has a low 

gradient, have the potential to disrupt long stretches of its riverine range by flooding the river 

channel. Its small to moderately small population is therefore projected to undergo a moderately 

rapid decline over the next three generations. 

 

A preliminary population estimate of 10,000-19,999 individuals (Birdlife International 2015) 

assumes that the species‘ population is moderately small owing to its highly specialised habitat 

requirements and restricted distribution. This estimate equates to 6,667-13,333 mature individuals, 

rounded here to 6,000-15,000 mature individuals. 

 

The first record of this bird in Viet Nam was in 2002 from Yok Don National Park, Da Lat Province, 

where it is likely to be a resident breeder (Le Trong Trai and Craik 2008). Two locations in 

Northeast Cambodia (Zone 3, FA4) where the birds were recorded in the wet season survey 

(August 2007), as two birds  in Prek Preah River – 6 km from the mainstream, and one bird at a 

floodplain wetland – just 1.5 km inland, east of Sambor Town (Bejuizen et al. 2008). Another recent 

record of this bird in the LMB was on the road to Tmatboey in Cambodia (Eaton and Nelson 2015).  

 

The species is highly tolerant of human presence, and its habitat is not particularly vulnerable to 

human-induced changes. The potential impact would result from currently proposed dams on the 

Mekong River, particularly those on sections where the river has a low gradient, in terms of i) major 

within day/within week fluctuations consequent upon poor management of dam releases, which 

would potentially flood nests but is manageable, and ii) direct permanent inundation of suitable 

bushland – which is not readily manageable, and would cause a proportionate decrease in the 

population (J. W. Duckworth pers. comm.). 

 

This species was described to science as recently as 2001 (Duckworth et al. 2001). There is little 

evidence to comment on the historical population levels of Mekong wagtail, but based upon 

plausible threats and their history, it is highly likely that the population has been relatively stable 

since 1900: the IUCN Red List suggests a decrease of perhaps 1% over the last decade, which is 

reflected within the table. The habitats in which the species typically occurs appear not to have 

undergone major change (Figure 11.14).  
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Figure 11.14 Small non-flocking landbirds of seasonally-flooded vegetation (Mekong 

wagtail): Historical abundance estimates as % relative to 2015 (100%) 

 

 

The main driver of potential change for Mekong wagtail is considered to be: 

 disturbance to the habitats, specifically the inundation of lengths upstream of dams and 

consequent loss of seasonally inundated bushland. 

 

There is no other plausible driver of major change; the following might exert minor effects at the 

most local of levels: 

 land use changes (as populations grow so might changes in land use practices on the 

islands, but these are likely to focus island areas above high water level, areas which 

do not hold suitable Mekong wagtail habitat, and on cultivable areas within the 

seasonally exposed zone, whereas most Mekong wagtails are on rugged rocky 

stretches); 

 hunting pressure (hunting with bird nets), but as a non-flocking and fast-breeding 

species the abilty to depress populations is slight; and 

 collecting eggs and chicks, but the species is not kept, nor likely to be kept, in captivity, 

and all evidence is of decreasing background collection of effort-intensive small birds 

and nest contents for food in recent years, a trend predicted to continue with increasing 

economic growth. 

 

Moderately rapid declines are suspected to take place in the next three generations owing to the 

proposed construction of a number of dams, which will almost certainly impact upon the species's 

specialised habitat (Birdlife International 2015). 

 

 Manchurian reed warbler 11.3.9.3

Manchurian reed warbler is classified under IUCN Red List category as Vulnerable (VU; Birdlife 

International 2015). 
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This is due to its small, declining population as a result of habitat loss in both its breeding and 

wintering grounds (Birdlife International 2015).  

 

The global population estimate of 2 500 - 9 999 mature individuals is based on a detailed analysis 

of records by BirdLife International (2001), where it was concluded that the species must have a 

fairly small world population (i.e. fewer than 10 000). This estimate equates to 3 750 – 14 999 

individuals, rounded here to 3 500 – 15 000 individuals. 

 

The population in Cambodia appears to be a major stronghold for the species where this bird was 

discovered as recently as 2000 (Duckworth et al. 2001), with the species recorded between 

January and May, mainly in the Tonle Sap grasslands at low densities (Goes 2013). Therefore, the 

Tonle Sap floodplain is potentially the most significant wintering site for the species, despite a very 

low density (Bird et al. 2012). It is believed to have declined there since 2005, at least locally, as it 

no longer occurs around Krous Kraom and is now infrequently recorded in Stoung-Chikreng where 

good habitat remains (J. Eaton pers. comm.). Overall, its population is suspected to be continuing 

to decline at a moderate rate due to habitat losses.  

 

There are records from the Tonle Sap floodplain (Zone 4a, FA6) where it is locally common (Bird et 

al. 2007). It occurs in North Laos (Zone 2, FA3) such as Paksan wetlands, Bolikhamxay Province 

(J. W. Duckworth in litt. 2012) on the Mekong floodplain; there are no records from the Mekong 

channel in Lao PDR, and in Viet Nam. The paucity of recent sightings at well-watched and 

increasingly heavily-monitored and ringed sites (such as Bung Boraphet in Thailand) suggests it is 

genuinely very scarce (P. Round in litt. 2012).  

 

Its population is declining due to habitat loss in both its breeding and wintering grounds (Birdlife 

International 2012; Figure 11.15). The bird has suffered greatly from encroachment with plantations 

of casuarinas, eucalyptus and coconut palms, and the establishment of prawn farms with salt and 

brackish water. Marshes where the bird occurs elsewhere are threatened by reclamation and 

urbanisation, and no freshwater swamp habitat lies within any protected area. Similarly, habitat loss 

and degradation is continuing at wetlands in Paksan District, an important stopover site in Lao 

PDR, where the tall emergent grasses favoured by the species are routinely removed by local 

people and there are a number of proposals for large-scale destruction of the wetland (W. 

Duckworth in litt. 2012). In Cambodia, the situation may be more promising as the species has 

been recorded in man-made headponds used for dry season rice cultivation, although its 

preference for tall dry grass habitat may render it susceptible to dry season burning which is 

extensive (Bird et al. 2007).  
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Figure 11.15 Small non-flocking landbirds of seasonally-flooded vegetation (Manchurian 

reed warbler): Historical abundance estimates as % relative to 2015 (100%) 

 

 

Population declines since 1900 are probably due to changes (e.g., habitat loss) occurring within the 

breeding area (Duckworth pers. comm. 2015; Figure 11.15). The study area population now is 

considered to be reduced to c. 40% of 1900 level (the Delta habitat was already severely modified 

by 1990), given the near complete loss of habitat in the Delta and comparing the size of the Delta 

with the BTIA and the proportionately very small amounts of similar habitat associated with the 

main channel. For the purposes of this assessment it has been assumed that the population has 

declined by 40% since 1900. 

 

The main within-region drivers of change for this species are considered to be: 

 habitat loss (wetland conversion); and 

 grassland and weeds burned. 

 

Other factors might have local effects: 

 hunting pressure (hunting with bird nets, spotting), although for this species this is likely to 

have minimal effect as it cannot efficiently be caught in large numbers; and 

 impoundments (flow changes) might increase or reduce the population – the habitat used 

at the Pakxan wetlands in Lao PDR was generated by impoundment. 

 

11.4 Response curves and supporting evidence/reasoning 

The explanations and evidence for the shape of the response curves are tabulated as follows: 

Table 11.4 Medium/large ground-nesting channel species - river lapwing 

Table 11.5 Tree-nesting large waterbirds - white-shouldered ibis 

Table 11.6 Bank/hole nesting species – blue-tailed bee-eater 

Table 11.7 Bank/hole nesting species – pied kingfisher 

Table 11.8 Flocking non-aerial passerine of tall graminoid beds – baya weaver 

Table 11.9 Large ground-nesting species of floodplain wetlands – Bengal florican 
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Table 11.10 Large channel-using species that require bank-side forest – grey-headed fish 

eagle  

Table 11.11 Rocky-crevice nester in channels – wire-tailed swallow 

Table 11.12 Dense woody vegetation / water interface – masked finfoot
 
 

Table 11.13 Small non-flocking land bird of seasonally-flooded vegetation – Jerdon‘s bushchat  

Table 11.14 Small non-flocking land bird of seasonally-flooded vegetation – Manchurian reed 

warbler  

 

NB: The response curves do not address any of the scenarios directly. The curves are drawn for a 

range of possible changes in each linked indicator, regardless of what is expected to occur in any 

of the scenarios. For this reason, some of the explanations refer to conditions that are unlikely to 

occur under any of the water-resource development scenarios but are needed for completion of the 

response curves. In addition, each response curve assumes that all other conditions are at c. 2007-

2015. 

 

The curves provided below are site specific, although the relationships are similar across all sites. 

The FAs used as an example for each curve are noted. 

 

Note: Three of the indicators, river tern, Mekong wagtail and lesser fish eagle are only used for 

FA4, which is as yet incomplete. One other indicator, Sarus crane, is used in the Delta (FA8). 

Response curves for these FAs will be created at a later date. 
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Table 11.4 Medium/large ground-nesting channel species - river lapwing
79

 

Response curve Explanation 

 

River lapwing prefers wide, slow-moving rivers with sand, rocky or gravel bars and 

islands (Duckworth et al. 1998). As a ground-nesting species, it is susceptible to 

predation, and to variations in water level. Knowledge of the species‘ nesting 

requirements chiefly comes from direct observations. In the dry season, the species is 

local and uncommon in Cambodia on undisturbed riverine sandbars (Goes 2013). Within 

northern Lao PDR in the wet season, many birds were associated with small areas of 

exposed sedimentary formations and rocks in the channel, or in stretches where such 

channel bed features were rare, on sparsely vegetated patches of river bank (IUCN 

2013). Historically, the species would have nested on ‗pure‘ bare sandy bars, and would 

do so again if hunting pressures exacerbated. Under current levels of human exploitation, 

the species utilises habitats which are more difficult for predators (such as humans and 

dogs) to access, so typically uses braided channel habitats. The shape of the response 

curve indicates that an increase or decrease of 50% of sandy habitat is unlikely to impact 

river lapwing populations, as they are not currently habitat limited. A loss of 100% in 

sandy habitat would see a decrease in the lapwing population (unless sand was replaced 

by rock and braided materials, rather than water, and if so, in this case populations might 

actually increase. 

 

River lapwing forages for food in mud and bare sand and feeds predominantly on insects 

(including mayflies), worms, small crustaceans, molluscs. Whilst there is no published 

work on the diet of river lapwing, both adults and young feed on invertebrates by foraging 

on wet sandy areas along water margins, although they will pick up insects from 

elsewhere (A. Claasen pers. com.). They will also forage around rocks and gravel, but 

less frequently. If there is a decrease in insects on stones, this will result in a reduction of 

prey items for the species. This wader species eats a range of food items. Whilst food 
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 Taken from FA1 
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Response curve Explanation 

supply has the potential to be a limiting factor, as the current population levels are 

depressed through hunting / predation and collection of eggs, with populations probably 

at c. 30% of 1900 levels, it is likely that there would need to be a loss of perhaps 70% of 

invertebrate food supply before there is any impact on river lapwing populations. 

 

River lapwing forages for food in mud and bare sand and it feeds predominantly on a 

range of prey items including insects (including mayflies), worms, small crustaceans and 

molluscs. Whilst food supply has the potential to be a limiting factor, as the current 

population levels are depressed through hunting / predation and collection of eggs, with 

populations probably at c. 30% of 1900 levels, it is likely that there would need to be a 

loss of perhaps 70% of invertebrate food supply before there is any impact on river 

lapwing populations. 

 

As a ground-nesting species, the length of the dry season may be important in 

determining the success of the species in breeding successfully. River lapwing is likely to 

require exposure of breeding habitat from about January (when they establish territories 

and begin initiating nests) through the nesting season (ending around late March), and 

probably about an additional 3-4 weeks for chicks to fledge. So altogether, they need 

exposed habitat from about beginning of January until about end of April (A. Claasen 

pers. com.). Many species of bird will attempt to re-establish if their first clutch of eggs is 

lost. If there is a reduction in the length of the dry season from 7 to 4 months this will 

reduce the number of opportunities to nest so there will be a decline in numbers.  
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Response curve Explanation 

 

Ground-nesting species such as waders and terns are susceptible to sudden changes in 

water level during breeding (January-end April inclusive) when nesting territories are 

established on sandy riverine banks, eggs are being incubated or chicks have hatched 

but cannot yet fly. Water fluctuations caused by dams have negatively impacted least tern 

(Sterna antillarum), piping plover (Charadrius melodus), and Canada goose (Branta 

canadensis) populations in the United States by flooding nests and chicks, limiting food 

availability, and altering nesting habitat (Casey et al. 1985; McDonald and Sidle 1992; 

Schwalbach et al. 1993;Tibbs and Galat 1998). Extended high flows, and varying daily 

flows decrease the area of available nesting and foraging habitat when water levels are 

high (Sidle et al. 1992, Leslie et al. 2000). As well as reducing the areas available for 

breeding and foraging, habitat loss can decrease the proportion of chicks that 

successfully fledge (Espie et al. 1998). Sandbar erosion coupled with the lack of newly 

created sandbars leads to more severe habitat loss for sandbar-nesting species (Ligon et 

al. 1995, Stevens et al. 1997).  

There are examples of this happening in the LMB. Studies by Claasen on the Sesan 

River in north-east Cambodia identified that of a sample size of 11 river lapwing nests, 

54.5% of nests were within 5 m of the high water mark. Inundation caused the failure of 

five river lapwing nests (45.5% of all nests, or 71.4% of failed nests), with the majority of 

nest inundations occurring during especially large rises in water level. These nests were 

active for one or two weeks, but then became flooded by large water releases from Yali 

Falls Dam (Claasen 2004). The most downriver nest flooded was a river lapwing nest 

located between Phum Talat and Phum Svay Rieng (UTM 0673162, 1517540), over 

170 km from the Cambodia/Viet Nam border, and over 240 km from the dam. On 10
th
 

March, the water rose to c.15 cm above the nest, a considerable rise in water level given 

the height of the nest above water (15 cm), the distance of the nest from the water (55 m) 

and the width of the river channel (about 100 m).  
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Table 11.5 Tree-nesting large waterbirds - white-shouldered ibis
80

 

Response curve Explanation 

 

Tree-nesting large waterbirds eat a range of food items and, in general, are not 

dependent on one specific item of prey. The type of prey item will also vary seasonally, 

for example the greatest biomass of food items for white-shouldered ibis at trapeangs 

(small ponds) in the dry season appears to be amphibians (Collar et al. 2012). If ranid 

populations were extirpated ibises could exploit other food items to compensate for their 

loss, although this might prove difficult in the dry season when other food items are 

limited and ranids form the bulk of their diet. Were ranid populations to increase 

exponentially, then it is likely this would enhance productivity as this is a key food item in 

the dry season breeding period (Collar et al. 2012). 

 

Tree-nesting large waterbirds, which include storks, herons and ibises eat a range of food 

items, and in general are not dependent on one specific item of prey. If aquatic serpent 

populations were extirpated ibises could exploit other food items to compensate for their 

loss. Were the populations of prey items such as aquatic serpent populations to increase 

exponentially, then this would almost certainly assist in enhancing productivity. 

 

Tree-nesting large waterbirds are directly dependent upon the flooded forest cover for 

nesting, protection from predators, and indirectly through flooded forest supporting habitat 

for prey items. If there is a decrease in the area of this habitat through, e.g., habitat 

fragmentation, then it would reduce habitat for nesting birds, which would lead to a 

decrease in numbers. Increase availability of nesting habitat would have the opposite 

effect, although it is not known whether or not nest site availability is a limiting factor in 

the population size of white-shouldered ibis. 
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Response curve Explanation 

 

Herbaceous march vegetation is an important habitat for many species of egrets, herons 

and storks which use it for protection from predators and areas in which to hunt aquatic 

prey. If there is a decline in the area of this habitat it is likely that will this result in a 

decrease in waterbird populations. Similarly an increase in this habitat type will likely 

favour waterbird species, provided that this is not at the expense of other preferred 

habitat types. 

 

A reduction in the area of inundation in the dry season, which is when many waterbird 

species (including white-shouldered ibis) nest, may make it easier for people to access 

nest colonies thus increasing the risk of persecution. A reduction in wetland area will also 

concentrate feeding birds in fewer wetland sites, which again will result in increased 

disturbance and persecution. However, this will also concentrate food resources, which 

may beneficial the waterbirds. That said food supply is not considered to be limiting 

population levels at this time. Since monitoring of waterbirds was established at Prek 

Toal, Tonle Sap in 2001 there has been a significant increase in the number of 

waterbirds. The reasons for this are not fully understood but the manned protection of 

colonies (which has virtually eliminated poaching of eggs)
,
 in the breeding season is 

considered to be a key factor (Sun Visal and Mahood 2011). 
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Response curve Explanation 

 

A delay in the onset of the wet season or an earlier wet season may potentially shift the 

birds' breeding patterns. Since nesting waterbird monitoring commenced in 2001, the 

mean peak nesting date of large waterbirds in Prek Toal is nearly two months earlier than 

when records began (Sun Visal and Mahood 2012). To date, the reason for this shift in 

breeding behaviour timing remains unexplained. 

 

By modelling fluctuations in breeding abundances of 10 colonial waterbird species over 

the past quarter century (1986–2010) at the Macquarie Marshes in Australia, the authors 

were able to demonstrate clear relationships to exist between flows and breeding, both in 

frequencies and total abundances (Bino et al. 2014). Thus an earlier wet onset 

(effectively an increased flow during what was previously the dry season) is likely to have 

implications for breeding populations. 

 

Fish forms an important component of waterbird diet, although the composition of fish in 

the diet varies between species. Storks, herons and ibises eat a range of food items and 

in general are not dependent on one specific food item. If fish biomass  was significantly 

reduced this would represent just one of the typical prey item groups. Since monitoring of 

waterbirds was established at Prek Toal, Tonle Sap in 2001 there has been a significant 

increase in the number of waterbirds breeding here. The reasons for these increases are 

not fully understood but are likely linked to protection afforded to colonies by the rangers. 

In 2011, the Fishing Lots system, which provided incidental protection to the large 

waterbird colonies was abolished (Sun Visal and Mahood, 2011), so it should be possible 

to assess the impacts of increased numbers of fishermen (and therefore presumably 

increased fish take) on waterbird numbers. 
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Table 11.6 Bank/hole nesting species – blue-tailed bee-eater
81

 

Response curve Explanation 

 

Blue-tailed bee-eaters excavate their own nest burrows, nesting in loose colonies in 

sandy banks, with a preference for light sandy soil that allows good drainage. Wherever 

there are extensive sand bars within the main channel, there are typically extensive sand 

cliffs which can reach heights of 20m. However, seasonally exposed sandbars are of no 

use for breeding, with the birds requiring established sand banks (ie the main river bank), 

with the shear being too high in seasonal banks.  

 

Removing vegetation and old nest holes from slopes with sandy loam soil has been 

shown to improve the breeding habitat and increase the number of breeding blue-tailed 

bee-eaters (Yi Ping-Wang et al. 2009). Thus where erosion results in the cutting of new 

banks and there is a reduction in the levels of vegetation, then this will likely increase 

nesting opportunities for this species. It has been assumed likely that the loss of exposed 

sandy sediments will have no effect on this species guild until there is a decrease of 90% 

in the habitat type. It is considered unlikely that a doubling in the availability of sand will 

result in an increase in population, as sufficient nesting habitat is currently available. 

 

Blue-tailed bee-eater could be subject to flooding of nest burrows, or there may be 

reduced nest site availability in the dry season if there is an increase in average channel 

depth. Flash flooding has been known to impact on bee-eater nests, but this is 

understood to relate to exceptional events. 
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Response curve Explanation 

 

Blue-tailed bee-eater is an active, aerial-feeding insectivorous species, eating a range of 

flying insects, notably wasps, bees and hornets. They feed opportunistically, and have a 

fairly wide food choice. Whilst breeding success is likely to increase at times of peak 

emergence, if emergence in any particular group of insects fails, it is likely that birds will 

switch to other insect food. Additionally as an aerial feeder, it is likely to range outside the 

channel in search of prey items. Blue-tailed bee-eaters have been observed to notice a 

small wasp or hornet flying at 80-100 m distant against a backdrop of distant trees and 

hunt prey items at such distances (Fry et al. 1992). 

 

 

Table 11.7 Bank/hole nesting species – pied kingfisher
82

 

Response curve Explanation 

 

Pied kingfishers excavate their own nest burrows, nesting in loose colonies in sandy 

banks, with a preference for light sandy soil that allows good drainage. Wherever there 

are extensive sandbars, there are extensive sand cliffs which can be 20 m high. 

Seasonally exposed sandbars are of no use for breeding, with the birds requiring 

established sand banks (i.e., the main river bank) rather than in-channel bars.  

 

The loss of exposed sandy sediments is not expected to affect on these birds until there 

is a 90% habitat loss. It is considered that a doubling in the availability of sand will not 

result in an increase in population. 
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Response curve Explanation 

 

Pied kingfisher could be subjected to flooding of nest burrows, or there may be reduced 

nest site availability in the dry season if there is an increase in dischare, and thus water 

level. Observations of pied kingfisher nesting along the Sesan River identified one nest 2-

3 m above the water level. It was observed that there were fluctuations of 50-80 cm within 

a 24-48 hour period, so clearly there is a risk that nests could potentially flood if water 

levels fluctuated by a depth of 1 m or more (Claasen 2004). 

 

Pied kingfisher, a species in this guild that breeds in FA5 is not expected to be 

immediately limited by fish biomass. Pied kingfisher is considered likely to be present at 

c. 25-30% of the habitat‘s carrying capacity; thus there would be no effect on pied 

kingfisher populations if there was a decline of 25-30% of fish biomass. If fish biomass 

declines below 70% of current levels there would be a linear decline in pied kingfisher 

population. 
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Table 11.8 Flocking non-aerial passerine of tall graminoid beds – baya weaver
83

 

Response curve Explanation 

 

Baya weaver weaves hanging nests, colonially, preferably close to wetlands, typically in 

trees, and rarely in bushes. They typically flock to feed on seeds of grass species, with 

the nests in close proximity to water and a ready source of food. Movements are typically 

related to rains or food availability. Thus the biomass of riparian / aquatic cover may 

impact on roosting areas (birds roost colonially in reedbeds or similar when non-

breeding), nesting habitat and food availability. If all of the vegetation was lost within the 

channel, it is considered that there is unlikely to be an effect, as birds would be able to 

nest and feed away from the channel itself, but a doubling in area of channel vegetation 

would potentially benefit the species at the end of the dry season, when there would be 

an increased number of weavers present seeking a source of food. 

 

Variation in dry average channel depth, where it affects nesting, or more likely roosting or 

feeding habitat may impact on species population levels. Increasing the height of the 

water level during the wet season will have no impacts. However, in the dry season there 

may be a substantially smaller area of exposed channel bed giving rise to an increased 

number of islands (land area), which if colonised by riparian cover may increase available 

habitat for this species. 

                                                      

 
83

 Taken from FA5 



 

  
Page 436 

 

  

Response curve Explanation 

 

Baya weavers nest in the dry season, and feed their young on insects (including 

butterflies) and occasionally molluscs. A failure in insect emergence at the critical time of 

young fledging (late dry season) may thus impact on productivity. This effect is also likely 

to apply to the insectivorous channel nesting species, Jerdon's bushchat and Mekong 

wagtail. 

 

The extent of flooded forest cover available may impact on weaver populations, but it 

would also depend on the type of habitat which replaces the forest cover. A shift to 

grassland habitats, for example, may actually benefit the species as there would be an 

increased supply of seeds from graminaceous species. If there was a total loss of flooded 

forest cover then this may impact on the species‘ ability to find nest sites, as flooded 

forest has been recorded as a breeding habitat (Goes 2013). (FA7) 

 

The extent of herbaceous marsh may thus impact on roosting areas (birds roost colonially 

in reedbeds etc. when non-breeding) and feeding areas. A loss of 100% of this habitat 

would result in the loss of 100% of the baya weaver population; it is considered that a 

doubling in the area of vegetation would lead to an increase in population levels of 

perhaps up to 60% of the species, as this would increase food availability for the species. 

(FA7) 
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Response curve Explanation 

 

The species typically flocks to feed on seeds of grass species, with the nests in close 

proximity to water and a ready source of food. Movements are typically related to rains or 

food availability. Any reduction in grassland extent (and presumably replacement by 

agriculture) may potentially affect this food source, but baya weaver will also feed on rice 

and crops in cultivated areas. (FA7) 

 

 

Table 11.9 Large ground-nesting species of floodplain wetlands – Bengal florican
84

 

Response curve Explanation 

 

It undergoes seasonal movements, retreating to non-inundated grassland patches within 

deciduous woodlands, as well as near or in harvested rice fields during August-December 

(Goes 2013). As a ground-nesting species, Bengal florican is dependent upon an optimal 

breeding habitat consisting of grassland maintained through burning and low intensity 

grazing, as well as mosaic of natural grasslands, fallow fields and low-intensity deep-

water rice cultivation (Goes 2013). It undergoes seasonal movements, retreating to non-

inundated grassland patches within deciduous woodlands, as well as near or in harvested 

rice fields during August-December (Goes 2013). Reductions in the grassland land area 

within the floodplain, would reduce the available breeding habitats for floricans. 

 

Bengal florican requires available breeding habitat from about January (when they 

establish territories and begin initiating nests) through nesting season (ending around late 

March), then probably about an additional 3-4 weeks for chicks to fledge. So altogether, 
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Response curve Explanation 

they need exposed habitat from about beginning of January until about end of April.  

 

The vast plain of grassland formerly under low intensity use has been increasingly 

converted to large-scale intensive agriculture, mainly through building of dams for dry 

season rice cultivation (Goes 2013). Scrub invasion also poses a concern in some areas, 

often stemming from dams blocking access to traditional grazing areas (Goes 2013). 

Tonle Sap grasslands are rapidly being lost due to intensification of rice cultivation and, 

based on satellite images, declines of 28% of grassland cover were documented within 

10 grassland blocks between January 2005 and March 2007 (Gray et al. 2009). 

 

 

Table 11.10 Large channel-using species that require bank-side forest – grey-headed fish eagle 
85

 

Response curve Explanation 

 

The density of grey-headed fish eagle at Prek Toal is the highest in the world, indicating 

that the Ton le Sap is probably of very high regional and likely global importance for the 

species (Goes 2013). Tingay et al. (2012) documented a high-density breeding 

population (between 60-80 breeding pairs) in the seasonally inundated swamp forest. 

Away from the LMB, historical declines documented are essentially confined to areas of 

habitat degradation and increased disturbance. The species requires tall trees for nesting 

and shelter, so any decline in this area of habitat type is liable to result in decreased 

numbers of nesting pairs.  
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Response curve Explanation 

 

Fish is an important component of the diet of grey-headed fish eagle, although the 

population at Prek Toal is at least partly dependent on water snakes as prey (Tingay et al. 

2006). If fish stocks declined by say 90%, then this may become a limiting factor on the 

population, but birds may be able to switch to other iprey items such as water snakes, if 

these are available. 

 

 

Table 11.11 Rocky-crevice nester in channels – wire-tailed swallow
86

 

Response curve Explanation 

 

It is assumed that if the availability of exposed rocky habitat reduced to zero, the swallow 

population would reduce as there would be a reduction in the number of available nesting 

opportunities, the species generally being confined to rocky outcrops within the channel. 

Similarly an increase in the availability of rocky habitat would provide increased nesting 

opportunities. However, there is an abundance of nest sites, so can probably lose 90% of 

the rocks without losing the birds. Collectors of nests and eggs collect very 

opportunistically so if the area of rocks was halved, this would make it easier to access/ 

get to nests, so the species might decline after one third loss of rocky habitat. 
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Response curve Explanation 

 

It is assumed that the wire-tailed swallow population would reduce or more likely 

potentially leave the channel area if the biomass of benthic invertebrates reduced to zero. 

As an aerial feeder it is likely the birds would move elsewhere to forage, such as adjacent 

farmed habitats. Depending upon how far the birds had to travel to forage this may 

potentially impact on the breeding success of the species. If there is a decline in 

invertebrate populations of 10-30% it is not considered that there will be a decline in 

population, but there would be a linear decline in population beyond a 30% decrease in 

invertebrate populations. 

 

It is assumed that the wire-tailed swallow population would reduce, or more likely 

potentially leave the channel area if the biomass of benthic invertebrates reduced to zero, 

although in the dry-season birds were not observed to move any significant distance from 

rocky crags and cliffs in the channel on which they nest (IUCN 2013), and the paucity of 

'out of channel sightings' (only 3 known observations, all within 500m of the channel) 

((IUCN 2013), including birds feeding over channel mosaic and one over a freshly-felled 

bamboo-dominated fallow 500m from the channel, indicates that the species is closely 

tied to channel habitats. As an aerial feeder it is likely the birds would move elsewhere to 

forage, such as habitats adjacent to the channel. Depending upon how far the birds had 

to travel to forage this may potentially impact on the breeding success of the species. If 

there is a decline in invertebrate populations of 10-30% it is not considered that there will 

be a decline in population, but there would be a linear decline in population beyond a 

30% decrease in invertebrate populations. 
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Table 11.12 Dense woody vegetation / water interface – masked finfoot
 87

 

Response curve Explanation 

 

Shrimps and crabs only form part of masked finfoot‘s diet. The species eats a range of 

their prey items such as insects and benthic invertebrates. In addition the species is 

present at such a low density that prey classes are unlikely to be a limiting factor. 

 

The species prefers overhanging and dense wetland vegetation (Goes 2013). Threats to 

the species are little known, and more often inferred than directly observed. Habitat loss, 

especially riverbank vegetation, is often cited, although the species is absent from large 

tracts of apparently suitable habitat. 

 

The species prefers overhanging and dense wetland vegetation (Goes 2013). Threats to 

the species are little known, and more often inferred than directly observed. Habitat loss, 

especially riverbank vegetation, is often cited, although the species is absent from large 

tracts of apparently suitable habitat. 
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Response curve Explanation 

 

The species eats benthic invertebrates as part of its diet only - it also takes insects and 

crabs and shrimps. As it eats a range of prey items, and the bird is present at such low 

densities, a reduction in benthic invertebrate abundance is unlikely to be the major factor 

limiting productivity. 

 

 

Table 11.13 Small non-flocking land bird of seasonally-flooded vegetation – Jerdon’s bushchat 
88

 

Response curve Explanation 

 

Jerdon's bushchat breeds in 'channel bushland' vegetation in the channel and feeds 

exclusively on insects, which derive from the 'woody biomass' from within the inundation 

zone. It is assumed that the Jerdon's bushchat population would decline (or potentially 

move from the channel area) if the biomass of benthic invertebrates reduced to zero as 

the species is insect dependent. 
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Response curve Explanation 

 

Within the study area Jerdon's bushchat breeds exclusively in 'channel bushland' 

vegetation in the channel - thus a reduction in this habitat would negatively impact on the 

species, although it is considered unlikely to affect population levels unless the available 

cover reduced to c. 10% of its current levels. If there is complete loss of habitat with no 

replacement, then the species would cease to breed and would likely die out within 5+ 

years (based on average life expectancy of c. 4 years of small sedentary insectivirous 

passerine of similar body size and life habits). 

 

Jerdon's Bushchat has a life expectancy on c. 4 years (based on average life expectancy 

of small sedentary insectivirous passerine of similar body size and life habits) and that the 

population would take four years to decline to zero if there was no suitable breeding 

habitat. It is assumed that if the area of habitat doubles in size, the bushchat would 

respond by increasing its population to a limited extent. The population would only really 

decline if the extent of lower bank vegetation cover reduced to c. 10% of its current levels, 

as loss of nest sites is not considered to be a limiting factor at this stage for this species. 

 

Jerdon's bushcat is insectivirous. Whilst productivity is likely to increase with higher levels 

of peak emergence, if emergence is reduced within the channel, it is likely that birds will 

switch to other insect food from adjacent habitats. In particular, the species is dependent 

upon phytophagus insects from Homonoia and other woody, channel bushland species, 

so any reduction in this habitat, e.g., through cutting, which might affect the populations of 

invertebrates may have a negative effect on productivity. 
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Table 11.14 Small non-flocking land bird of seasonally-flooded vegetation – Manchurian reed warbler 
89

 

Response curve Explanation 

 

Manchurian reed warbler is considered to be largely an insectivorous species. It is a 

winter visitor to the Tonle Sap Great Lake, inhabiting reedbeds, swamps and shrubby 

grasslands, and food is unconsidered unlikely to be a limiting factor in the species' winter 

quarters. Factors likely to be limiting of populations are equally or more likely to be in 

operation in the species‘ breeding areas. (FA6) 

 

Manchurian reed warbler winters in reedbeds, swamps and shrubby grasslands, and 

feeds on insects. It is not considered likely that the biomass of benthic invertebrates 

would be a limiting factor in the wintering population of the species. Factors likely to be 

limiting of populations are equally or more likely to be in operation in the species breeding 

areas. (FA6) 

 

Manchurian reed warbler winters in reedbeds, swamps and shrubby grasslands - thus a 

reduction in this habitat would negatively impact on the species, although this loss is not 

quantifiable. If there is complete loss of habitat with no replacement, then the species 

would cease to overwinter, which may have consequences for the maintenance of the 

breeding populations (the species breeds in southeast Russia and northeast China), 

although quantifying this is difficult. 
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12 Mammals 

 

Lead specialist: Anthony Stones 

 

Regional specialists (fauna excl. fish): 

Cambodia: Pich Sereywath 

Lao PDR: Dr Phaivanh Phiapalath 

Viet Nam: Dr Luu Hong Truong. 

 

12.1 Introduction 

12.1.1 Objectives of the mammal discipline of BioRA  

The objective of the mammal discipline of BioRA was to focus on providing the inputs required for 

identification, population and calibration of mammal indicators in DRIFT. 

 

The identification of mammal indicators for the study area was based upon a detailed understanding 

of the ecology of the LMB, the development options under consideration and the requirements of the 

project technical specialists from other disciplines. As there are approximately three guilds of 

mammals regularly occurring in the LMB, for modelling purposes, it was important to be selective in 

the consideration of indicator species. This involved including species that are likely to be impacted by 

changes in flows and sedimentation, and also species that are representative of major guilds in the 

LMB (e.g., Irrawaddy
2
 (Mekong) Dolphin, otters and wetland ungulates). Due to the dramatic 

population changes in many of these species during the last century and more recently (e.g., in the 

last 20 years), these species are also of conservation concern. The species are Mekong Dolphin, 

otter species, and Hog Deer. They are respectively dependent upon the mainstream including deep 

pools, the mainstream and tributaries along with associated vegetation, and seasonally inundated 

wetlands within the LMB. The scope of this work also required a consideration of river-linked 

mammals of social importance in the LMB. 

 

12.1.2 Assumptions and limitations 

There has been significant progress in recent years in respect of mammalogical knowledge within the 

LMB study area, with publication of identification and distributional information, such as A Guide to the 

Mammals of Thailand and Southeast Asia (Lekagul and McNeely 1977) and Mammals of Lao PDR 

(Parr 2008). Often this information relates to broader scale distributions rather than detailed studies of 

species, which limits the understanding of local trends and status. Additionally, there have been 

relatively few detailed ecological studies and long-term monitoring projects on species in LMB, so 

determining and quantifying impacts, at anything other than a broad scale is often difficult. Some 

research has been done on the Mekong Dolphin and Hog Deer, but nothing of significance on otters, 

largely due to their extremely reduced population levels and the difficulty in locating individuals. 

 

Knowledge of historical population changes and impacts is limited, although it is acknowledged that 

both extent of habitat and populations of many of these species have declined significantly. The 

factors driving population changes of individual species are often complex and may be synergistic, so 
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isolating causal effects to integrate into the modelling process is not straightforward, and in many 

cases is not possible  

 

12.2 BioRA zones and Focus Areas, with the focus on mammals 

BioRA FA4 is the main focus area for mammals as it supports populations of Mekong Dolphin, Hog 

Deer (and is the only BioRA zone within the project area which supports these species), and probably 

otters. In addition to FA4, the presence of otters is more widespread – they are plausibly still present 

but in very low numbers it at all, and probably sporadically only in BioRA FA2 (IUCN 2013), and are 

present in FA7 and FA8. Otter populations are, however, extremely low across the LMB (Bejuizen 

2008) and many records are outdated.  

 

12.3 Mammal indicators 

A list of mammal indicators and the reasons for their selection in BioRA is given in Table 12.1.  

 

12.3.1 Mekong Dolphin (Irawaddy) (Orcaella brevirostris) 

Mekong Dolphin 

(Orcaella brevirostris) is 

a small, shy dolphin that 

is dark grey in colour with 

a paler underside, a 

small rounded dorsal fin 

and a bluntly-rounded 

head. It can reach 

lengths of  2.75 m, 

weighs up to  

150 kg, and normally 

lives in groups of up to six individuals. It feeds on fish. It is one of only three whale and dolphin 

species that occupy both fresh and marine waters. 

 

The LMB, especially the Central Cambodia Mekong River holds the last known populations of 

Mekong Dolphins. The dolphins are present at FA4 from the channel from below Khone Falls in 

Southern Laos to Kratie in Cambodia.  

 

Its habitat is characterised by deep pools with seasonally flooded forest found on the lower bank. The 

dominant large tree species in the river channel habitat of the dolphin is Anogeissus rivularis.  

 

Although dolphins are generally found in groups of 2-3 animals, sometimes as many as 25 individuals 

have been known to congregate in deep pools. Irrawaddy Dolphins are known to co-operate with 

fishermen in both the Ayeyarwady and Mekong Rivers by driving fish into the waiting nets. 
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Table 12.1 Mammal indicators used in BioRA 

Indicator species Reasons for selection 
Focus Areas 

1 2 3 4 5 6 7 8 

Mekong dolphin 

Mekong dolphin is the only species in this guild (as a mammalian piscivore 

being exclusively confined to the river channel). The species is likely to be 

susceptible to changes in flows and sedimentation levels, particularly in 

relation to pool depth, which would impact upon the species. 

        

Otter spp. 

This mammal species guild comprises Eurasian otter, Asian small-clawed 

otter, hairy-nosed otter and smooth-coated otter. The reason that no one 

species alone has been selected as an indicator species is because the 

majority of otter records are not determinable to species. Otters are 

associated with aquatic ecosystems and were historically present along 

the Mekong. Otters are threatened by hunting, pollutants and habitat 

destruction. 

 

Not used 
at FA2 as 
presence 
uncertain 

      

Hog deer 

Hog deer is the wetland ungulate selected for modelling. Hog deer 

displays no preference for channel-flooded wetlands as opposed to rain-

fed wetlands. Eld‘s deer (Panolia eldii) on the other hand utilises rain-fed 

wetlands typically, although may occur from time to time in channel-fed 

wetlands.  

 

Both hog deer and Eld‘s deer would previously have been abundant in the 

Tonle Sap inundation area. One further species of ungulate, sambar, is a 

hill forest species, which although recorded from the LMB is not associated 

with the channel nor its associated wetlands and tributaries.  
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Dolphins spend most of their time foraging, and are neither particularly active nor acrobatic, but 

they do make low leaps on occasion. They typically dive for less than two minutes, but dive times 

are longer when animals are frightened. Life expectancy of Mekong Dolphins is around 30 years, 

and while some individuals reach adult size at the age of four to six, the specific age of sexual 

maturity isunknown. Young dolphins grow quickly – they are around 1 m long at birth and weigh 

~12 kg; calves then increase by over 50 cm and 33 kg in their first seven months. Females give 

birth every 2-3 years; but in stressed populations mating may take place at an earlier age and 

calving at shorter intervals. 

 

Dry season habitat availability is considered to be important for Mekong Dolphins (December to 

early May). While dolphins make use of many parts of the river (including river branches and small 

streams) during the high-water season (June–November; Baird and Mounsouphom, 1997), 

available dolphin habitat is greatly reduced, which makes locating and observing dolphins much 

easier (particularly at its height during April/May; Baird and Beasley, 2005). In the dry season many 

fish, including most large species, move into deep water areas (Baird et al. 2001; Poulsen 2003; 

Baird and Flaherty 2004). This is significant because dolphins in the Mekong River appear to spend 

most of their dry season day feeding (Stacey 1996). Dolphins along the Lao/Cambodian border 

were seen most frequently in waters of 15–19.9 m depth in the dry season (Stacey 1996). Findings 

by Stacey (1996) and other observations indicate that in the dry season dolphins only rarely 

venture into water depths shallower than ~ 9 m (Baird and Beasley 2005). 

 

The long-distance movements of small cyprinids up the Mekong River probably influence the 

habitat usage and feeding patterns of dolphins in the dry season (Baird and Mounsouphom 1994; 

Baird et al. 2003). In March 1995, Baird and Mounsouphom (1997) found the remains of ten whole 

Henicorhynchus (reported to be Cirrhinus at the time) lobatus in the stomach of a dead dolphin 

recovered from the Mekong River near the Lao/Cambodia border. 

 

Table 12.2 Mekong dolphin: Linked indicators and reasons for selection 

Indicator species Linked indicator Reason 

Mekong Dolphin 

Geomorphology: Pool depth  
Dolphins use deep pools for resting, 

feeding and social interaction.  

Macroinvertebrate: Shrimps 

and crabs  

Dolphins eat shrimps and crabs through 

food chain, although fish is the most 

important prey.  

Fish: Rithron resident 

Rithron resident fish are important prey 

items for the dolphin, particularly in the dry 

season.  

Fish: Main channel resident 

(long distant white) 

The white fish, especially the Cyprinid, are 

the main fish prey of the dolphin – mainly 

Pa soi (Cirrhinus sp.). The white fish 

migrate long distances along the channel 

to breed, and then return to live in deep 

pools in the dry season (Roberts, 1997).  

Fish: Main channel spawner 

(short distant white) 

Many fish species live and breed in the 

channel and are preyed on by dolphins.  
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12.3.2 Otters (Aonyx, Lutra and Lutrogale) 

The LMB historically supported four species of otter: 

Eurasian Otter (Lutra lutra), Asian Small-clawed Otter 

(Aonyx cinerea), Hairy-nosed Otter (Lutra sumatrana) and 

Smooth-coated Otter (Lutrogale perspicillata).  

 

Otters inhabit banks with vegetation, and sandbanks 

(Dong et al. 2010), with the river channel and its 

associated forest habitat also being an important habitat 

type (Wright et al. 2008). In addition, the availability of 

extension flooded forest cover in areas such as Tonle Sap 

has a similar function to that of the biomass of riparian 

vegetation in providing habitat for otters as well as their 

prey.  

 

Otters are carnivorous mammals, and are 

aquatic, semi-aquatic or marine, 

depending upon the species. For most 

otter species, fish is the staple of their diet. 

This is often supplemented by frogs, 

crayfish and crabs, thus bringing them into 

competition with humans.  

 

Hairy-nosed Otter (left)  is one of the least 

known otters, very nocturnal and living in 

difficult areas in a rather small part of Asia 

(Kruuk 2006). Hairy-nosed Otter is found 

at Tonle Sap Great Lake (Wright et al. 

2008) where the otters live mainly in the flooded forest and scrub surrounding the lake, and in the 

Delta (Wright et al. 2008). Like many predators, the Hairy-nosed Otter occurs at low densities, and 

the number and frequency of sightings are low. From studies of Hairy-nosed Otter in Pru Toa 

Daeng Peat Swamp Forest, Narathiwat Province in southern Thailand, the species preys primarily 

on fish, water snake and crustaceans, with fish as the major prey item (Kanchanasaka and Duplaix 

2011). 

 

The Asian Small-clawed Otter (left) and Smooth Otter 

adapt well to a variety of habitats (Sasekumar et al. 

2012). From studies of Small-clawed Otter in Pru Toa 

Daeng Peat Swamp Forest, Narathiwat Province in 

southern Thailand, this species was recorded to prey 

on crab, snail, water snake, and fish primarily, with 

crabs as the major prey item. Fish seem to be less 

important than invertebrates in the Small-clawed 

Otter‘s spraints (Kanchanasaka and Duplaix 2011). 
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The two most common fish families identified in the scat samples of both hairy-nosed and small-

clawed otter from the studies in southern Thailand were Belontiidae and Channidae. Although 29 

families and 100 species of fish were identified in the Pru Toa Daeng Peat Swamp Forest itself, 

only eight fish families were recorded in the otter habitat in the marshes and wetlands of the 

secondary and evergreen forests. Hairy-nosed Otter was also observed removing fish from fish 

traps without damaging the traps, and was also identified drowned in fish traps (Kanchanasaka and 

Duplaix 2011). 

 

The Eurasian Otter (next page), which 

is the most widely distributed of the 

otter species, ranges from Ireland in 

the west to Japan in the east and from 

the arctic to North Africa and Sri 

Lanka. Within this range, ten 

subspecies are recognised (Foster-

Turley et al. 1990). It has been well-

studied in Europe (Chanin 1985; 

Mason and Macdonald 1986), but its 

ecology in Asia remains little known. 

Eurasian Otters are primarily fish-

eaters, although they also eat other vertebrates and crustaceans. In Europe these otters tend to be 

solitary and generally at low density when found in freshwater rivers and marshes, but are more 

numerous in coastal environments where food is more plentiful. In Asia, they are elusive and rare. 

They are especially susceptible to human-induced disturbances and thus occur mostly in higher 

altitude streams and other remote areas.  

 
All four species of otter were used in BioRA because it is not possible to select a single species as 

the majority of otter records are not identifiable to species.  

 

Table 12.3 Linked indicators and reasons for selection 

Indicator Linked indicator Reasons 

Otters 

Fish: Main channel resident 

(long distant white) 

The white fish is the main fish prey of the otters –

this fish group migrates long distances to breed, 

and then returns to live in deep pools in the dry 

season (Roberts 1997).  

Fish: Main channel spawner 

(short distant white) 

Many fish species live and breed in the channel 

area and are preyed upon by otters. 

Channel: Biomass riparian 

vegetation 

Riparian vegetation is critically important habitat 

for otters (Wright et al. 2008) as it provides shelter 

and breeding habitat.  

Floodplain: Extent of flooded 

forest cover 

Flooded forest provides important resting, 

breeding and feeding habitats for otters, and 

provides similar conditions for their prey items.  

 

 

https://portals.iucn.org/library/efiles/html/Otter/References.html#CP1985
https://portals.iucn.org/library/efiles/html/Otter/References.html#MCFM1986a
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Studies undertaken on three species of otter, Eurasian Otter, Smooth-coated Otter and Asian 

Small-clawed Otter, which occur sympatrically in the Huai Kha Khaeng River and tributaries in 

Thailand showed that there were some small inter-species differences in the use of major sections 

of the river, and some variations in micro-habitat and in food. Smooth-coated Otter was identified 

as the most specialised fish eater, taking larger fish than Eurasian Otter, which eats more 

amphibians. Te Asian Small-clawed Otter is a crab specialist. However, there was considerable 

overlap in behaviour between the three species, particularly between Eurasian Otter and Smooth-

coated Otter where there was some evidence for interaction leading to exclusion (Kruuk et al. 

1994). 

 

12.3.3 Hog Deer (Axis porcinus annamiticus) 

Hog Deer has undergone dramatic range-wide declines which have been largely unnoticed. The 

species previously occurred over much of lowland South and mainland Southeast Asia (Evans 

1902). It was previously widespread and common, but during the mid- and late twentieth century, it 

underwent rapid range-wide declines, as a consequence of hunting and conversion of floodplain 

grasslands to agriculture (Timmins et al. 2012; Wilson and Mittermeier 2011, in Brook in press). 

The species has been extirpated from Lao PDR, Viet Nam, and Thailand, and Cambodia holds the 

only known wild populations of the Indochinese subspecies Axis porcinus annamiticus (Brook in 

press). It inhabits lowland dry forest associated with wetlands, weeds and grassland in a mosaic 

with other vegetation (Maxwell et al. 2007).  

 

Hog Deer is usually reported from habitat consisting 

of wet or moist tall grasslands, often associated with 

medium- to large-sized rivers (Biswas 2004), and 

appears to reach its highest densities in floodplain 

grasslands (Odden et al. 2005). Studies in India and 

Nepal have shown a preference for grasslands 

dominated by Imperata cylindrica (Biswas 2004). 

Similar alluvial floodplain grassland seems to be used 

in Thailand and Indochina (Maxwell et al. 2007; Clark 

undated; R.J. Timmins pers. comm. 2006). The 

highest elevation where it has been recorded was at 

1500 mamsl in Nagaland (Timmins et al. 2015). In the 

southwestern coastal lowlands of Cambodia, where 

apparently the species was once common (Dumas 1944), the species appears to use an open 

habitat mosaic including brackish Eleocharis sedge marshes and ‗upland‘ tall Imperata cylindrical 

grasslands, and areas of scrubby open secondary woodland interspersed with ‗dry‘ short stature 

grasslands; cane-grass floodplain grasslands are essentially absent in this region (Timmins and 

Sechres 2010, R.J. Timmins pers. comm. 2014). One of the few detailed historical accounts of an 

abundant subpopulation in Southeast Asia was from extensive tall floodplain grasslands in the 

Dong Nai catchment, Viet Nam (Clark undated).  

 

Hog Deer is a primarily a grazer of young grasses, particularly Imperata cylindrical and Saccharum 

spp.; it also takes herbs, flowers, fruits and young leaves and shoots of shrubs (Bhowmik et al. 

1999; Dhungel and O‘Gara 1991; Bisawas 2004; Wegge et al. 2006). It is more a grazer and less a 
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browser than is the Sambar, Rusa unicolor. Animals occur in scrub and cinnamon gardens in Sri 

Lanka, where they cause considerable damage to home crops (McCarthy and Dissanayake 1992). 

 

Where undisturbed, Hog Deer tend to be crepuscular, with significant day-time activity and some 

night-time activity (Dhungel and O‘Gara 1991). In some areas it seems to have become more 

nocturnal and solitary (e.g., Cambodia; R.J. Timmins pers. comm. 2008), presumably through 

hunting pressure. The main social group is a female and fawn. When more hog deer are in a 

group, they do not appear to form a strong "unit", for example, when flushed they disperse in 

different directions rather than as a group. Aggregations of animals have been observed feeding on 

new shoots following fire in Nepal (Dhungel and O‘Gara 1991), and in India, aggregations of 40–80 

animals are frequently seen on grazing grounds created by Great Indian Rhinoceros Rhinoceros 

unicornis and/or short grasslands near large water bodies (N.S. Kumar pers. comm. 2008, based 

on observations in 1996).  

 

Home ranges vary widely in size, but average about 5-70 ha, depending on how the range is 

defined (Dhungel and O‘Gara 1991; Odden et al. 2005). Breeding occurs during September–

October in Nepal and India and (presumably based on captives) during September - February in 

China. One to two fawns are born during April - May in Nepal and during April - October in China. 

Gestation period is 220 - 230 days (Dhungel and O‘Gara 1991; Sheng and Ohtaishi 1993). Fawns 

wean at six months, reaching sexual maturity at 8-12 months. The maximum recorded life span is 

20 years. 

 

Hog Deer displays no preference for channel-flooded wetlands as opposed to rain-fed wetlands. 

The selection of this animal as indicator of the species guild ‗Wetland ungulates‘ is because of its 

use of channel-flooded wetlands associated with the main river channel.  

 

Table 12.4 Linked indicators and reasons for selection 

Indicator species Linked indicator Reasons 

Hog Deer 

Wet season onset 

The wet season onset provides Hog Deer with 

new grass shoots which are a seasonally 

important food source. Therefore delay in wet 

season onset or early wet season onset may 

impact on this food resource.  

Floodplain inundation  

Variability in the length of time that the 

floodplain is inundated will impact upon Hog 

Deer ecology in terms of access to shelter and 

food resources, and also on the accessibility of 

the population to humans.  

 

 

12.4 Status and trends 

The estimated 2015 ecological status for each of the mammal indicators is provided in Table 12.5. 

Expected trends are discussed in Sections 12.4.1 and 12.4.3, respectively. The definitions for the 

categories are given in Table 3.2.  
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Table 12.5 Estimated 2015 ecological status for each of the mammal indicators 

Area Irrawaddy Dolphin Otters Hog Deer 

Mekong River in Laos PDR NA E NA 

Mekong River in Laos PDR/Thailand NA E NA 

Mekong River in Cambodia E E E 

Tonle Sap River NA E NA 

Tonle Sap Great Lake NA E NA 

Mekong Delta NA E NA 

 

 

12.4.1 Mekong Dolphin (Irawaddy) 

Irrawaddy Dolphins have a discontinuous distribution in the tropical and subtropical Indo-Pacific, 

occurring almost exclusively in estuarine and fresh waters. They are found in coastal areas in 

South and Southeast Asia, and in three rivers: the Ayeyarwady (Myanmar), the Mahakam 

(Indonesian Borneo) and the Mekong. There are freshwater subpopulations in three large rivers: 

Ayeyarwady River (up to 1400 km upstream) in Myanmar, Mahakam River (up to 560 km 

upstream) in Indonesia, and Mekong River (up to 690 km upstream) in Cambodia and Lao PDR. 

They are also found in two marine-appended brackish water bodies or lakes: Chilika in India and 

Songkhla in Thailand.  

 

Irrawaddy dolphins were first reported from the Mekong River in the mid-1860s by the Frenchman 

Henri Mouhout, who rediscovered the Cambodian Ankor ruins (Mouhot 1966). In early August 

1860, Mouhout was traveling on the Tonle Sap River past Phnom Penh and he noted ―shortly 

afterward we entered the Mekon [sic], which was only now beginning to rise .. here shoals of 

porpoises sail along with their noses to the wind, frequently bounding out of the water‖ (Mouhot 

1966, p. 173). There were perhaps a few thousand individuals in the river between Khone Falls and 

the Delta c. 1900 – 1920 (Beasley et al. in Campbell 2009). The first dedicated study of dolphins‘ 

inhabiting the Cambodian Mekong River was conducted in 1968/69 by a French doctoral student, 

Renee Lloze, who observed dolphins along the river from the Viet Namese/Cambodian border 

north to just past Kratie township, including Tonle Sap Great Lake (Lloze 1973). The only known 

historical reports of dolphins in the Viet Namese Mekong River are from the 1920s. These reports 

were apparently collected by Frenchmen Gruvel (1925) and Krempf (1924-1925; cited by Lloze 

1973). These early records suggest that dolphins historically occurred throughout the lower 

Mekong River, from the bottom of Khone Falls, south to the Viet Namese Delta (including Tonle 

Sap Great Lake), perhaps numbering at least a few thousand individuals. No historical or 

contemporary dolphin records are known from the mainstream Mekong River north of the Khone 

Falls. As a result of political instability, war, and internal conflict, little research had been conducted 

on the Mekong Dolphin population before the early 2000s. Thus, the historical range of this species 

included the Sekong River, from Cambodia into Lao PDR, the Tonle Sap, and far downstream in 

the Mekong River into Viet Nam (Baird and Mounsouphom 1997; Smith and Jefferson 2002). In 

addition to a reduced range, the current population is also greatly reduced from presumed historical 
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levels which, on consideration of reported hunting levels the latter half of the 20
th
 century (Smith 

and Jefferson 2002; Beasley 2007), may have been an order of magnitude larger than in 2010 

(Ryan et al. 2011). There is evidence of direct persecution of the species for oil extraction in Tonle 

Sap Great Lake during the mid-1970s (Perrin et al. 1996), with the Khmer Rouge using the oil from 

dolphins in lamps, and motorbike and boat engines, and also ate dolphin meat. After the Pol Pot 

regime when guns were abundant throughout the country, Viet Namese and Khmer soldiers 

reportedly shot at dolphins for target practice. Many interviewees from Stung Treng Province in 

Cambodia reported that they had observed groups of dead dolphins floating downstream after the 

Pol Pot regime (Beasley 2007). In 1994, the population of the entire river was estimated at no more 

than 200 individuals (Baird 1994).  

 

Irrawaddy Dolphins are primarily threatened by bycatch, the accidental capture of aquatic animals 

in fishing gear. Habitat degradation, deeper pools becoming shallower, decline in prey abundance 

and boat traffic disturbance, and pollution from agrochemicals are all believed to be taking a toll. 

Studies on dolphin populations elsewhere have also identified impacts of boat-related tourism that 

include changes in swim direction, lengthened inter-breath intervals, reduction in inter-individual 

distances, changes in the type of surface behaviours, reductions in resting behaviour, an increase 

in breathing synchronicity between individuals and increased rates of whistle production. These 

cumulative short-term effects may also result in serious long-term conservation concerns (Beasley 

2007). 

 

In 2005, the Irrawaddy Dolphin population in the Mekong River was estimated to be declining at 

> 4.8% per annum on the basis of the mortality rate evident in the carcass recovery program, and 

field evidence that few newborns survive for more than one month (Beasley 2007). Based on the 

estimated Mekong Dolphin population size (Beasley 2007) and typical growth rate of a cetacean 

population (4% per year, calculated from Wade 1998), the most conservative level of 

anthropogenic mortality that the Mekong Dolphin population can currently withstand is less than 

one individual per year (Beasley 2007; Figure 12.1). 

 

A recent study, undertaken by WWF Cambodia (Phan et al. 2015), estimated a population of 80 

individuals in 2015, with a 95% confidence interval of 64 -100. The 2015 figure of 80, four of which 

are in Laos, is five fewer than in 2010. The average annual population growth rate is estimated at 

0.98; an average annual decline of 1.6% per year between 2007 and 2015. Earlier studies 

suggested an annual decline of 7% between 2004 and 2007, and 2.2% between 2007 and 2010. 

Thus, it is probable that the rate of population decline has slowed in the last five years. 

 

The average annual survival is estimated at 0.98 (95% CI 0.90-0.99), or 2.4% mortality per year 

Recruitment – juveniles who survive to adulthood - is estimated at 0.8% per year. Prior to 2013 

recruitment was estimated as zero. There is now evidence of limited recruitment but it is still lower 

than mortality rates. 
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Figure 12.1 Irrawaddy Dolphin: Historic abundance estimates as % relative to 2015 

(100%) 

 

The main drivers of change for this species are considered to be: 

 By-catch: the accidental capture of animals in gill nets (Beasley 2007); 

 Mortality of juveniles (causes remain to be ascertained for the Mekong population). In 

2005, the Mekong dolphin population in the Mekong River was estimated to be declining at 

a yearly rate of at least 4.8% on the basis of the mortality rate evident in the carcass 

recovery program, and field evidence that few newborns survive for more than one month 

(Beasley 2007). Based on the estimated Mekong Dolphin population size (Beasley 2007) 

and typical growth rate of a cetacean population (4% per year, calculated from Wade 

1998), the most conservative level of anthropogenic mortality that the Mekong Dolphin 

population can currently withstand is less than one individual per year (Beasley 2007).  

 Inbreeding depression due to small population size (the species may suffer from reduced 

population viability as a result of inbreeding); 

 Effects of impoundments: this can potentially include reducing the numbers of fish in the 

river, and lowering the levels of dissolved oxygen. Dams may change river sedimentation 

patterns, causing rivers to undergo major changes in morphology which may potentially 

reduce the likelihood of formation of dolphins' preferred habitats, sandbars and sandy 

islands, and potentially the infill of deep pools. 

 Disturbance through boat harassment and noise, and boat collision: studies on dolphin 

populations elsewhere have identified impacts of boat-related tourism to include changes 

in swim direction, lengthened inter-breath intervals, reduction in inter-individual distances, 

changes in the type of surface behaviours exhibited, reductions in resting behaviour, an 

increase in breathing synchronicity between individuals and increased rates of whistle 

production). The cumulative short-term effects described above may result in serious long-

term conservation concerns (Beasley 2007).  

 

Other potential threats may include habitat degradation, a decline in prey abundance and pollution 

from agrochemicals are believed to be having an impact (Beasley 2007).  
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12.4.2 Otters  

This mammal species guild comprises four species - Eurasian Otter, Asian Small-clawed Otter, 

Hairy-nosed Otter and Smooth-coated Otter. Historically, these four species of otter would have 

occurred throughout the LMB, but numbers of all otter species are very low in the LMB, with all 

species virtually extirpated from most of their historical range. It is considered that there are no 

secure otter populations of any species in northern Southeast Asia (J. W. Duckworth pers. comm.).  

 

Eurasian Otter is widespread across the Palearctic so the Asian populations are of no global 

conservation significance, based on current taxonomy (J. W. Duckworth pers. comm.), but 

nonetheless the populations have declined. It is considered Near Threatened due to an ongoing 

population decline, but at a rate no longer exceeding 30% over the past three generations.  

 

The Smooth-coated Otter is considered Vulnerable due to an inferred future population decline 

caused by habitat loss and exploitation (Hussain et al. 2008). 

 

The Asian Small-clawed Otter is considered Vulnerable due to a projected future population decline 

due to habitat loss and exploitation, and its range has shrunk in the last few decades. 

 

Hairy-nosed Otter is under increasing pressure throughout its range due to high levels of poaching 

(Hussain et al. 2008), and is classified as Endangered due to its historical population decline. Its 

populations are under rapid decline almost across mainland Southeast Asia, through trade-driven 

hunting (Duckworth and Hill 2008, Sheperd and Nijman 2014) and habitat degradation. Threats to 

the species include illegal poaching, hunting, pollution (pesticide used in agricultural land) and 

overfishing. This otter is hunted for its skin which is traded, for traditional medicine and its meat. 

Disturbance to habitats through activities such as sand mining and fishing activities may also be 

increasing pressures on the population (Dong et al. 2010). Based on estimated rates of decline, 

this species is suspected to have declined by up to 50% in the past three generations (30 years 

based on Pacifici et al. 2013) due to illegal poaching and hunting, pollution, overfishing causing 

depeletion of prey and being caught as by-catch. The current rates of decline are expected to 

continue and further threaten this species. In Viet Nam, almost the entire Mekong Delta has been 

converted into rice fields, reducing the habitat of otters to a few national parks (Dong et al. 2010). 

The investigation of Hairy-nosed Otter in Viet Nam dates back to 1925, with the first sighting in 

1932, and a population was identified in 2000 following otter surveys in the Mekong Delta from U 

Ming Thuong Nature Reserve (now a National Park) in Kien Giang Province. This species has 

been reported from low-lying peat swamp forests dominated by Melaleuca cajuputi in the LMB. 

Within Cambodia, Hairy-nosed Otters are found at Tonle Sap Great Lake (Wright et al. 2008) 

where the otters live mainly in the flooded forest and scrub surrounding the lake. Like many 

predators the Hairy-nosed Otter occurs at low density, and the number and frequency of sightings 

are very few. Surveys of the Mekong River between Kratie and Stung Treng towns in 2006-2007 

recorded occasional tracks of both probably Lutra otters and also Smooth-coated Otters in the dry 

season, with local residents reporting that otters are still present in the eastern channels and Koh 

Pleng Island area of the western mainstream – if otters of any species do persist, it is in very small 

numbers (Bejuizen 2008).  

 

Within Lao PDR, small numbers of otters seem to persist between Luangphabang and Vientiane 

(IUCN 2013), but this information is based solely on village reports. They have clearly been hunted 
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out from most of the LMB, but a few wary animals may persist, visit or have recolonised. If so, 

these animals may go undetected because of current unfamiliarity many residents have with otter 

signs, especially the younger generation who did not experienced otters when they were more 

common than at present.  

 

It is considered that otter numbers are now present at ~ 3% of 1900 populations (W. Duckworth 

pers. comm.), and this figure has been applied as representing a linear decline fashion across all 

zones (Figure 12.2). 

 

 

Figure 12.2 Otters: Historic abundance estimates as % relative to 2015 (100%) 

 

 

Otters are susceptible to killing for the wildlife trade (including hunting for their skins to trade, as 

traditional medicine and also as meat), and also due to being considered competitor for fish. Dam 

construction in the upper Cambodian Mekong would increase this trade (J. W. Duckworth pers. 

comm.). Habitat disturbance, such as sand mining also increases pressure on the otter population. 

 

The main drivers of change for these species are considered to be: 

 hunting for the wildlife trade, meat and traditional medicine 

 habitat loss / degradation 

 habitat disturbance such as sand mining and fishing activities 

 pollution  

 fishing by-catch. 

 

12.4.3 Hog Deer 

Hog Deer is threatened by habitat loss to agricultural land, hunting and disturbance. The species 

was listed as Endangered on the IUCN Red List of Threatened species in 2008; prior to this the 

species had not been categorised as threatened (Timmins et al. 2012, in Brook in press). 
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Hog deer has undergone dramatic range-wide declines which have been largely unnoticed. The 

species has been extirpated from Laos, Viet Nam, and Thailand; it has been reintroduced to a 

number of protected areas in the latter, some of which require ongoing management, (controlled 

burning to prevent succession and maintain grassland) and control of livestock in grasslands.  

 

Cambodia now holds the only known wild populations of the Indochinese subspecies Axis porcinus 

annamiticus (Brook in press). The internal taxonomy of Axis porcinus is still under deliberation. 

Most published checklists and taxonomic authorities classify A. porcinus as a polytypic species with 

two subspecies, namely the nominate occurring in Pakistan, India, Bangladesh, Bhutan, Nepal and 

Myanmar, and A. p. annamiticus in Thailand, Laos, Viet Nam, Cambodia and China. There is 

uncertainty as to where the geographic boundary lies between A. p. porcinus and A. p. annamiticus 

(although it is likely to be located in Myanmar or Thailand), and whether the taxa have come into 

contact in modern times (Maxwell et al. 2007). Due to these declines, it was listed as Endangered 

on the IUCN Red List of Threatened species in 2008; prior to this the species had not been 

categorised as threatened (Timmins et al. 2012, in Brook in press). 

 

Hog Deer previously occurred over much of lowland South and mainland Southeast Asia (Evans 

1902). The species was previously widespread and common, but during the mid and late twentieth 

century, it underwent rapid range-wide declines, as a consequence of hunting and conversion of 

floodplain grasslands to agriculture (Timmins et al. 2012; Wilson and Mittermeier 2011, in Brook in 

press; Figure 12.3). 

 

 

Figure 12.3 Wetland ungulates (Hog Deer): Historic abundance estimates as % relative to 

2015 (100%) 

 

 

The species is heavily hunted, including the opportunistic taking of fawns by domestic dogs, and its 

range is limited by habitat loss and fragmentation. As the populations are now so small and 

isolated, there is a very real risk of the population suffering from reduced viability as a result of 

inbreeding. 
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The main drivers of change for this species are considered to be: 

 hunting and disturbance; 

 habitat loss and fragmentation, including land management practices such as the burning 

of habitat; 

 land use change; 

 flooding/inundation; there is only limited opportunity for the populations to disperse to 

suitable habitat owing to the increase in plantation agriculture; 

 in-breeding. 

 

12.5 Response curves and supporting evidence/reasoning 

The explanations and evidence for the shape of the response curves for the otters are tabulated in 

Table 12.6. 

 

Note: The other two indicators, Mekong Dolphin and Hog Deer only occur at FA4, which is as yet 

incomplete and so the response cruves are not provided. 

 

NB: The response curves do not address any of the scenarios directly. The curves are drawn for a 

range of possible changes in each linked indicator, regardless of what is expected to occur in any 

of the scenarios. For this reason, some of the explanations refer to conditions that are unlikely to 

occur under any of the water-resource development scenarios but are needed for completion of the 

response curves. In addition, each response curve assumes that all other conditions are at at 

preliminary reference condition. 

 

The curves provided below are site specific, although the relationships are similar across all sites. 

The FAs used as an example for each curve are noted. 
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Table 12.6 Otters
90

 

Response curve Explanation 

 

Otters eat mainly fish and crustaceans with some variation between the species in this 

guild (Small-clawed Otters eat mainly crustaceans). If shrimp and crab populations 

decline to zero, it is considered that otters would switch prey to other items such as fish, 

amphibians, small mammals, birds, earth worms etc. (Mason and MacDonald 2009). 

There is evidence that in some populations, reproductive success fluctuates with prey 

availability, so it has been assumed that otter breeding success would increase slightly 

with increasing shrimp and crab numbers (Kruuk et al. 1991). 

 

Otters are unlikely to be significantly impacted by a decline in fish biomass, as otter 

populations are currently at such low levels and presumably fragmented throughout the 

LMB project area, that fish biomass is unlikely to be a limiting factor on population size. 

Additionally, they feed on a range of pery items, although some species are more 

dependent upon fish. Otters eat mainly fish and crustaceans, with some variation between 

what the four species in this guild eat. If fish populations decline to zero, it is considered 

that otters would switch prey to other items such as amphibians, crustaceans, small 

mammals and birds, earth worms, etc. (Mason and MacDonald 2009). There is evidence 

that in some populations, reproductive success fluctuates with prey availability, so it has 

been assumed that otter breeding success would increase slightly with increasing fish 

numbers (Kruuk et al. 1991). 

                                                      

 
90

 Taken from FA7 
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Response curve Explanation 

 

Otters are associated with the flooded forest, which they depend on for shelter, breeding 

and protection. As otter populations are currently so low, it is unlikely that the non-

availability of flooded forest cover would be a factor limiting population size, although 

clearly if this habitat type was to reduce to zero, this would have a negative effect on the 

remaining, presumably highly-fragmented, populations. 

 

Otters are associated with herbaceous marsh in the floodplain, on which they depend for 

shelter and protection, although they are observed in the open from time to time. As the 

populations are currently so low, it is unlikely that a reduction in the biomass riparian / 

aquatic cover would be a factor limiting population size, although clearly if habitat linkages 

were to be reduced this would have a negative effect on the remaining, presumably 

highly-fragmented, populations. As otter populations are currently so low, it is unlikely that 

the non-availability of herbaceous marsh would be a factor limiting population size, 

although if this habitat type was to reduce to zero, it would have a negative effect on the 

remaining, presumably highly-fragmented, populations. 
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Appendix A. AERIAL PHOTO ANALYSIS 

LAO PDR: BY DR BOUNHENG SOUTHICHAK 

 

Aerial photographs 1959 Google Earth images 2013 

 
 

Aerial photo of the Mekong River in 

1959 

Photo of Mekong River using Google Map near Muang 

Kan village, Lao PDR (FA1). Note the area of high shear 

stress pressed onto Thailand side, which has caused 

bank erosion.  

  

Aerial photo of the Mekong River in 

1959 

Photo of Mekong River near Nong Ham village, FA1 in 

northern Laos. Note the occurrence of more-sandy bank 

on the right side of the Mekong River.  
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Mekong River near Huay Xai 

In 1959, the confluence of the tributary with the Mekong 

can be observed. Note, the land development and 

change of the confluence in the later image.  

 

 

Mekong River above Luang Prabang 

city (FA2). 

Note the larger island and fewer sandbanks in the later 

image, probably as a result of reduced sediment supply.  
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Mekong River near the Luang Prabang 

City (FA2). 

Note the loss of sandbanks were observed in Khan 

River and the Mekong River in the later image, and the 

increase in development outside Luang Prabang world 

heritage city.  

 

 

Mekong River near Sanakham, FA 2 

Mekong River near Sanakham, FA2, not much change 

in the undisturbed area, except for the access road on 

the right side of the river. The sandbank seems to be 

smaller in 2013, but this could be a flow issue.  
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CAMBODIA: BY SOPHON TOCH. 

Aerial photographs 1959 Google Earth images 2013 

  

Kampong Cham  Notable changes between 1959 and 2013 are: 

- Beoung Snay has been filled in  

- Density of urban areas is increased 

- Large increase in bank protection works 

- New bridge 

- Samroang Island is more distinct). 

 

 

 

Change in landscape of Vientiane Capital (FA 2) due to 

city development. The riparian garden along the 

Mekong Riverbank has been eliminated by bank 

protection measures. The Thatluang Marsh has been 

developed into a special economic zone.  
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Kaoh Pen and Kaoh Sotin  The shape of the island changed from 1959, 

more bend for the small stream, erosion on 

island side and sand deposit on mainland side. 

  

Chaktomuk  A few small inlands become one big island that 

called Khaoh Pich, the change could be a result 

of a combination of natural and human 

activities. 
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Appendix B. STATUS AND TRENDS OF VEGETATION IN 

THE MEKONG DELTA 

Delta macrophyte specialist:  Dr Nguyen Thi Ngoc Anh 

 

B1: OVERVIEW OF VEGETATION IN THE MEKONG DELTA 

Aquatic macrophytes refer to large plants visible to the naked eye and having at least their 

vegetative parts growing in permanently or periodically aquatic habitats. These plants colonise a 

variety of aquatic habitats and can be divided into the following life forms: rooted submerged – 

plants that grow completely submerged and are rooted into the sediment (e.g., elodea, Elodea 

canadensis); free-floating – plants that float on or under the water surface (e.g., water hyacinth, 

Eichhornia crassipes); emergent – plant rooted in the sediment with foliage extending into the air 

(e.g., cattail, Typha domingensis) and floating-leaved – plants rooted in the sediment with leaves 

floating on the water surface (e.g., water lilies, Nymphaea spp). Aquatic macrophytes and other 

vegetations (mangrove, Malaleuca) play an important role in structuring communities in aquatic 

environments, protecting coastal zone. These plants provide physical structure, increase habitat 

complexity and heterogeneity and affect various organisms like invertebrates, fishes and water 

birds (Kitaya, et al. 2001; Thomaz and Cunha 2010). Macrophytes generally colonise shallow 

ecosystems where they become important components, influencing ecological processes (e.g., 

nutrient cycling) and attributes of other aquatic attached assemblages (e.g., species diversity). 

Development of aquatic macrophytes is highly affected by environmental factors such as turbidity, 

salinity, light, water level, disturbance, nutrient regimes as well as grazers (Kitaya, et al. 2001; 

Thomaz and Cunha 2010).  

 

In the Mekong Delta, natural and semi-natural vegetation communities reflect the climatic, soil and 

hydrological conditions found there, and can be divided into freshwater and saline communities 

(Masterplan Project 2010). Several studies have listed the dominant types of flora in the Mekong 

Delta as follows: 

 Freshwater vegetation communities: can be further subdivided into swamp-forest 

vegetation, herbaceous vegetation, riverbank vegetation, and aquatic vegetation in 

waterways and water bodies (Kiet 1994). Regarding the freshwater vegetation, some 

confusion existed regarding the dominant tree species in Mekong Delta swamp-forest, but 

it has been confirmed that the only species found in the Mekong Delta is Melaleuca 

cajuputi (Craven and Barlow 1997). This species forms semi-natural forest in some areas, 

though the majority is plantation.  

 Saline vegetation communities: consist largely of mangrove forest. The Delta still contains 

some tracts of mangrove and Melaleuca forest in relatively good condition. 

 

According to Tran Triet (1999) herbaceous vegetation includes extensive areas of seasonally 

inundated grassland, which have been subdivided into four main groups: 

 Grassland on areas of deep and prolonged freshwater inundation that are dominated by 

Eleocharis dulcis, Oryza rufipogon and Phragmites vallatoria, occurring on potential or light 

active acid-sulphate soils. 
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 Grassland on active acid-sulphate soils that are dominated by Eleocharis dulcis, E. 

ochrostachys, Ischaemum rugosum and Lepironia articulata, and inundated with 

freshwater to a moderate depth and for a moderate duration.  

 Grassland on sandy and old alluvial soils that are dominated by Eragrostis atrovirens, 

Setaria viridis, Mnesithea laevis and Panicum repens, and inundated only to a shallow 

depth and for a short time.  

 Grasslands affected by brackish water that are dominated by Paspalum vaginatum, 

Scirpus littoralis, Zoysia matrella, Eleocharis dulcis and E. spiralis. These are affected by 

brackish water and can be inundated on a daily basis due to tides.  

 

The long human habitation in this area has meant that little is known of the original vegetation 

(Torell et al. 2003), but there is evidence in the form of tree stump remains, which suggests that 

extensive areas of the Delta were once forested (Kiet 1993, see also Section 7.5). More recent 

investigations, however, found that only relatively small areas of natural Melaleuca swamp forest 

and grassland and sedge-land remain in the Mekong Delta (Safford and Maltby 1997; Tran Triet et 

al. 2000; Rundel 2009). Although Melaleuca swamps are low in plant diversity, they have a great 

significance in maintaining natural ecosystem function. These swamps reduce water flow in the wet 

season and minimize flooding, store freshwater water, reduce soil acidification, promote 

biodiversity of many aquatic organisms, and provide a sustainable source of wood for construction 

and fuel. 

 

The benefits of Melaleuca planting have been widely recognised, and the area of this forest type 

has increased in recent years. Regenerating Melaleuca forest is largely found on acid sulfate soil 

and old alluvial sediments, and consists of trees 2-6 m tall, but locally reaching 10-12 m. These 

reinstated swamp forests are largely composed of pure stands of Melaleuca cajuputi (Craven and 

Barlow 1997).  

 

There are also still some tracts of mangrove forest in relatively good condition. Rundel (2009) 

reported that mangrove diversity in the Mekong Delta area is relatively high. Of the approximately 

50 species of true mangroves which are distributed in South and Southeast Asia, including 

Indonesia, 29 species occur in Viet Nam. Mangrove forests typically exhibit strong patterns of 

zonation. Dominant species are Avicennia alba, Avicennia officinalis, Bruguiera parviflora and 

Rhizophora apicuata. A. alba is a pioneer species in areas of saline intrusion with a special root 

system and high salt resistance (Mui Ca Mau World Biosphere Reserve).  

 

A coloured vegetation index of the Mekong Delta in Viet Nam (derived from Proba-V data in 2013) 

is shown in Figure B-1. Vigorous, irrigated vegetation appear with a bright green while crops in arid 

regions, deciduous and coniferous forests appear with a progressively darker green. Soils appear 

as tan, brown, and mauve. 

 

Herbaceous vegetation includes extensive areas of seasonally inundated wetlands dominated by 

grasses and sedges. These have been subdivided into four main groups separated by the amount 

and duration of flooding during the wet season (Tran Triet 1999). The first are wetlands on areas of 

deep and prolonged freshwater inundation on acid sulfate soils, and dominated by Eleocharis 

dulcis, Oryza rufipogon, and Phragmites vallatoria. A second wetland community inundated with 
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Figure B-1: Mekong Delta Vegetation Analysis (543) 1990-2010 

(www.greenatom.net/image/vegetation-mekong-delta-vietnam) 

 

 

freshwater to a moderate depth and for a shorter duration are dominated by E. dulcis, Eleocharis 

ochrostachys, Ischaemum rugosum, and Lepironia articulata. The third, grasslands on sandy and 

old alluvium soils inundated to only a shallow depth and for a short time are dominated by 

Eragrostis atrovirens, Setaria viridis, Mnesithea laevis, and Panicum repens. Finally, wetlands 

affected by brackish water that are dominated by Paspalum vaginatum, Scirpus littoralis, Zoysia 

matrella, E. dulcis, and Eleocharis spiralis. 

 

The vegetation in the Tram Chim Natitional Park (Table B1) provides possibly the best indication of 

natural communities in the Delta. This 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 

five widespread grassland communities at Tram Chim, of which the community dominated by 

Eleocharis dulcis. The other grassland communities are dominated by Eleocharis ochrostachys, 

Panicum repens, Ischaemum rugosum and Vossia cuspidate and wild rice Oryza rufipogon is of the 

highest conservation significance. In open swamp and along small older channels are dominated 

by lotus: Nelumbo nucifera, along with Nymphaea nouchali, N. pubescens, and N. tetragona (Quoi 

2006; Ni et al. 2006). Unfortunately, Tram Chim wetlands are seriously infested by the exotic weed 

mimosa, Mimosa pigra L. The first mimosa plants were seen in Tram Chim around 1984–1985. By 

the year 2000 the area infested by mimosa was 490 ha, which increased to 940 ha in 2001 and 

1900 ha in 2002 (Triet et al. 2004). Mimosa invasion became a major concern for biodiversity 

conservation at Tram Chim. Mimosa invasion has quickly reduced native vegetation, especially 

grassland, consequently affecting faunal communities which depend on the native vegetation.  
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Table B1: Vegetation community in the Tram Chim National Park (Quoi 2006) 

 

 

 

The distribution of these communities displays a marked gradient according to elevation (and 

hence flood depth and duration; Ni et al. 2006; Figure B2; Figure B3). 

 

 

Figure B2: Distribution of dominant vegetation communities along an elevation, flood depth 

and duration gradient (Ni et al. 2006). 
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Figure B3: Topography and current vegetation community distribution within Tram Chim 

National Park (Ni et al. 2006). 

 

 

Thinh (2003) reported that physical environment of the Mekong Delta is strongly controlled by 

hydrological regimes of Mekong River and tide. A diurnal tide is dominant in the Gulf of Thailand, 

whilst a semi-diurnal tide is dominant in the east sea. Generally, there are two high waters and two 

low waters per day, but the two low waters are sometimes very different in level. The average daily 

tidal range varies between 3.5 m and 4.5 m in the East Sea and between 0.5 m and 0.8 m in the 

Gulf of Thailand. The tidal effects extend throughout the Delta area in Viet Nam. Following the 

establishment of several salted prevention constructions, at present only about 1 100 000 to 

1 200 000 ha are affected by seawater intrusion in the dry season. Distance of salinity penetration 

various branches of the Mekong varies from 20 to 65 km. Because of the large inflow of fresh water 

from the Mekong, salinity along the eastern coast of the Delta is very low, particularly during the 

flood season. The maximum salinity of 4 ppt occurs at the end of the dry season, in April. Towards 

the end of the rainy season in September and October, the combination of floodwaters from the 

rivers, local rainfall and tidal inundation can result in the flooding of 1 400 000 ha to 1 800 00 ha in 

the Delta. 

 

B2: PAST ECOLOGICAL STATUS OF THE MEKONG DELTA  

By the early nineteenth century, the Viet Namese kings had conquered and pacified the Delta by 

digging canals and establishing military (farm soldier) settlements in this low-lying area. After the 

French arrived in 1867, the colonial government excavated a number of great canals for 

maintaining security and developing transportation. However, the latter half of the century a 

considerable expansion of rice cultivation in the Delta was established, particularly in the central 

part along the Tien Giang and the Hau Giang, two main tributaries of the Mekong River (Koji 2001). 

By the end of eighteenth century, many important canals had been built, and in 1818–1819, the 

digging of two canals of prime importance began (Thoai Hau and Vinh Te in An Giang Province). 

The water works allowed peasants to gradually enlarge the cultivated and habitable areas. 

 

After 1900, additional canal construction by the colonial government not only as a means of 

transportation but also as a means of reclaiming land, further accelerated the expansion of rice 

cultivation in the Delta. By the Great Depression of the 1930s, most of the Mekong Delta, except 

for the broad depression and the plain of reeds, had been converted to arable land consolidating 
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this region's position as the rice bowl of French Indochina. After the end of the Viet Nam War in 

1975, the areas began to be exploited to a great extent for developing rice cultivation. The 

vegetation in these areas was quickly cleared, not only by government agencies but also by 

pioneering spontaneous migrants from other areas in the Delta (Yoko 1984; Brocheux 1995; Koji 

2001). 

 

Before the Viet Nam War, the broad Depression occupied a large area in the southwestern part of 

the Delta, encompassing Minh Hai Province and parts of Hau Giang and Kien Giang Provinces. 

This area is prone to flooding in the rainy season and to saltwater intrusion and acidification in the 

dry season. The two lowest areas in the broad depression, U Minh Thuong and U Minh Ha, contain 

thick peat deposits on which Phragmites grasslands and Melaleuca forests were dominantly 

distributed. The Plain of Reeds is a closed, broad floodplain of the Mekong River, encompassing 

the northern parts of Dong Thap and An Giang Provinces. As it is enclosed by a sand ridge in the 

east, natural levees of the Tien River in the southwest and the old alluvial terrace in the north, it 

resembles a big, saucer-shaped, shallow lake in the rainy season. The water level can rise to three 

metres, and natural drainage is very difficult and slow. It also contains potential acid sulfate soil. 

Hence, once after the soil is oxidised through digging or tilling, the potential acidity is very easily 

activated. Although most of the area is under cultivation today, it was originally covered with 

Phragmites, Melaleuca and Eleocharis, of which the latter two can tolerate strong acidity (Koji 

2001). 

 

After the Second World War, the plain of reeds were established along canals excavated in the late 

1950s for transportation and defense of the frontiers as well as functioned to promote expanding 

rice cultivation because they supplied freshwater from the Mekong River to the lowlands. It also 

enabled them to wash away the acid emerging through the oxidization of the subsoil in this area 

and favoured to convert larger areas into rice fields. Moreover, at that period the swamp grassland 

surrounding the strategic villages covered with Ischaemum indicum, wild rice (Oryza rujipogon) and 

other vegetation were converted to rice fields by farmers (Koji 2001). 

 

B3: SOCIALIST REFORM POST THE VIET NAM WAR 

The greatest change in land use, which took place immediately after the end of the Viet Nam War, 

was the socialist reform of the landholding and production systems introduced by the new 

government. Rice fields owned by large-scale farmers or absentee landlords were distributed to 

small scale or landless farmers, and a system of collectivised labour was introduced. Large-scale 

state farms were established as a model for propagating the socialist production system, not only in 

the Plain of Reeds and the Broad Depression, but in the entire Delta. However, the placement of 

state farms was restricted to lands highly prone to deep flooding, acid emergence, and/or salt 

intrusion. In the Broad Depression, after spontaneous migrants exploited and denuded the original 

vegetation to cultivate rice, a vast area of 21 400 hectares was enclosed to establish and conserve 

Melaleuca forests, and a number of state farms were established in the surroundings. In addition to 

these areas, many state farms were established in the coastal plain of northwestern Kien Giang 

Province, from Rach Gia to Ha Tien. This area was also highly prone to salt intrusion and 

acidification. Under the Doi Moi policy, the state farms were completely closed in 1997 (Koji 2001). 
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Figure B4 Distribution of State Farms in the broad depression and the plain of reeds 

(Koji 2001) 

 

 

B4: INTENSIFICATION OF RICE CULTIVATION AFTER DOI MOI POLICY.  

Many canals excavated by the central and provincial governments after socialist reform paved the 

way for great progress in rice cultivation in the Plain of Reeds and the Broad Depression. In 

addition, the introduction of high yielding varieties (HYVs) of rice played an important role in 

expanding rice cultivation in these areas. The HYVs, were first introduced to the Mekong Delta in 

1968 and brought about a noticeable change in traditional rice cultivation and rice-based cropping 

systems (Tanaka 1995). They were adopted in the central part of the Delta, such as Long An and 

Can Tho Provinces, at the initial stage of introduction and were gradually disseminated to the 

periphery of the Delta. In the Plain of Reeds and the Broad Depression, their adoption was delayed 

for quite a long time due to adverse environmental conditions to adopt the high yielding varieties. 

They had to wait for the complete disappearance of acid through consecutive washings with the 

fresh water available from the new canals. 
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Khanh and Nhan (1999) presented land use status in the Mekong River Delta in 1998. Mekong 

Delta is fertile area so it has been exploited quite intensively. In 1998, almost 94% of 3.9 million ha 

of the Delta area had been utilised (the average countrywide is 70%; Table B2).  

 

Table B2 Land use status in the Mekong Delta in 1998 

 

 

 

Most Delta lands are devoted to agricultural production. Out of 3.9 million ha of natural area, 

agricultural land accounts for 73.44%, forest land – only 7.78%, unused land is still considerable 

with 5.69%, residential land – 2.59%. Aquaculture land occupies a considerable area and has 

rapidly increased in the last decade. In 1998, the aquatic land was 208,206 ha accounting for 7% of 

agricultural land. It increased 176,206 ha as compared to 1985. Rapid increases of saltwater 

shrimp farming have been occurred in Ca Mau and coastal provinces. These activities are the main 

reasons for reduction in mangrove forest area.  

 

The wetlands of the Mekong Delta were once extensive and varied. Today, much of the Delta has 

lost its natural habitat, although remnants of the once extensive peat swamp forests, freshwater 

forests and flooded grasslands are represented in these wetlands Ni et al. (2003) evaluated the 

status of the Mekong Delta, they found that Mekong Delta has been changed since the 1970s. The 

canal and associated agricultural activities dramatically changed the face of the Delta. Previously 

inaccessible and uninhabited areas were settled, and surface water drained quickly from the 

depression. The average period of flooding in the depression decreased from 12 months to 

between 4 and 6 months and only the lowest areas remained submerged all year round. Rice 

production has been changed from single to multiple rice cropping in the Delta since the late 

1960s, and with improvement of water management system, rice-cropping systems have changed 

completely over most of the Delta.  

 

1985-2008: 

According to Viet Nam-Netherlands Mekong Delta Masterplan Project (2011), the Mekong Delta 

has encountered a number of constraints resulting in difficulties for agriculture development, in 

particular, and for socio-economic development. The major natural constraints include: the impacts 

of floods from the upper part of the Delta, salinity intrusion, acid sulfate soils and acid water 

movement to lowland areas and shortage of fresh water for cultivation and domestic uses.  
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This project described change in land use in the Mekong Delta; agricultural land shows an 

increasing trend over the period 1985 - 2008, however, rice and upland crops show an opposing 

trend. Amounts of increasing agricultural land stem from reclamation of wasteland and from some 

components that were not included in the concept of agricultural land statistics system before (for 

example land for producing salt was not classified as agricultural land before 2000). Aquaculture 

land increased very much, from 445 300 ha in 2000 to 752 200 ha, in 2008. Areas of increasing 

aquaculture land are cleared at the expense of rice land, forestry land and wasteland.  

 

The structure of agricultural land has changed: while annual cropland reduced with 202 086 ha, 

perennial tree land increased with 25.6 ha. In the structure of annual cropland, rice-cultivated land 

reduced with 193 034 ha. Most of the reduced area was shifted to aquaculture land and is located 

in the provinces: Ca Mau, Bac Lieu, Soc Trang, Kien Giang, Tra Vinh (brackish aquaculture) and 

An Giang, Dong Thap, Can Tho City (fresh water aquaculture).  

 

Changes in agricultural land use in general versus rice – upland crops from 1985 – 2008 are 

presented in Figure B5 and Table B3. 

 

Figure B5 Changes in rice and other agricultural land in the Mekong Delta 1985-2008  

 

Table B3 Change in land use in the Mekong Delta 1985-2008 

 

 

 

Aquaculture is one of the strong growth points in the Mekong Delta. After the year 2000, 

aquaculture has shown a rapid progression, particularly at Ca Mau, Bac Lieu, Kien Giang 



 

  
Page 499 

 

  

Provinces; Shrimp has replaced rice in some areas (South Ca mau, Quan Lo – Phung Hiep, Soc 

Trang, Tra Vinh, Ben Tre). Brackish aquaculture area increased from 445 300 ha in 2001 to 

752 200 ha in 2008 and production from 365 141 000 to 1 838 640 tonnes respectively. Not only 

brackish aquaculture rapidly developed, but also fresh water aquaculture. The Delta waters 

harbour a typical fresh water fish (Cavefish/Basa). Cavefish juveniles are placed in the river (in 

floating cages, or in confined ponds). The area of fresh water aquaculture increased from 

94 639 ha in 2001 to 137 110 ha in 2007 and its production from 238 258 to 1 168 623 tonnes 

respectively. 

 

Table B4 Change in agricultural area in the Mekong Delta (1 000 ha) 

Years 2000 2001 2002 2003 2004 2005 2006 2007 2008 

Country 641.90 755.20 797.70 867.60 920.10 952.50 976.50 1018.80 1052.60 

Red river 

basin 

68.30 71.40 77.10 81.10 84.80 107.80 113.10 117.20 121.20 

MKD 445.30 546.80 570.30 621.20 658.50 680.20 691.20 723.80 752.20 

 

 

B5: HYDROLOGICAL AND SALINE STATUS OF SOILS IN MEKONG DELTA 

In the past, the Mekong Delta was considered as an area with plenty of water. Fresh water can 

meet all user requirements. However, in recent decades, due to the development of production 

sectors, population (extension of agricultural land, industrial areas) especially the development in 

upstream countries and climate change – sea rise phenomenon, the Delta is facing major 

challenges. With reduction in fresh water inflows, more serious saline intrusions into agricultural 

land occur in the dry season, and increasing depth and duration of floods have become more 

common.  

 

Annually, approximate 1.2 - 1.9 million ha of the Delta is affected by floods with an inundation 

depth between 0.5 and 4.0 m for 2 to 6 months (depending on the floods/years). A region located in 

the north of Cai San, Cai Tau Thuong and Nguyen Van Tiep Canals area is considered as a deeply 

inundated area (inundation depth > 1.0 m). An area located in the southern Cai San, Cai Tau 

Thuong and Nguyen Van Tiep Canals region is a shallowly inundated area (inundation depth 

ranging from 0.5 - 1.0 m). These areas are indicated in Figure B6. In deeply inundated areas, 

double crop patterns are encouraged and in shallow inundated areas triple crops are applied.  
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Figure B6 Mekong Delta: Inundation map for the 2000 floods 

 

 

Saline intrusion: Located at the end of the basin and connected with the sea by many rivers and 

canals the Delta is strongly affected by the intrusion of saline sea-water. Saline water intrudes to 

the Delta through the nine river mouths of the Mekong River. Maximum saline water intrusion, 

expressed as lengths along the river branches are provided in Table B5 and Table B6. 

 

Table B5 Maximum length of 4g/l saline intrusion to the Mekong Delta in the dry 

season between 2000 and 2008 (km) 
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Table B6 Area affected by salinity intrusion in he Mekong Delta (2000=2008) 

 

 

 

According to Viet Nam-Netherlands Mekong Delta Masterplan project (2011), the Mekong Delta 

has been impacted from upstream development.This issue has been identified and is considered a 

very important and imminent problem for the Mekong Delta. Based on programs carried out by the 

MRC, such as BDP, WUP, FMMP, some hydropower and agricultural development plans from 

upstream countries are presented. The main identified threats from development of hydroelectric 

power plants in China, Lao PDR, and Cambodia include:   

 Impact on flood regime: normally, the main goal of most hydrological power plants is to 

generate electricity and not flood prevention. For that reason, during the flood season, they 

try to store enough water to generate electricity in the next dry season. When there is a 

big, unusual flood, while the reservoir is full or nearly full, instead of storing this flood 

volume, much will be discharged and this may cause damage downstream. In the Water 

Resources Development plan for the Delta in the context of climate change and sea level 

rise, the flood volume was supposed to increase by 5% only. In the case of small floods, 

most of the flood volumes will be stored for power generation and consequently not cause 

flooding the Delta. Flooding may mean that more fertilizer and pesticides will have to be 

used and yield and production of rice will be reduced. Another impact on the Delta is the 

cleaning effect of floods, viz. floods help to clean the fields, exterminate pests and reclaim 

(flush) acid sulphate soils. Farmers in the Delta who experience no floods or only small 

floods consider this flooding risk a potential disaster.  

 Reduce sedimentation in the Delta: The development of the Delta is associated with the 

process of sediment deposition. Dams built on the river mean that most of the sediments 

will be trapped in the reservoir; resulting in a huge volume of fertile sediment that is lost for 

the Delta.  

 

Climate change: The Mekong Delta faces the impact of climate change and sea level rise. 

According to several scenarios, rainfall is predicted to increase in the rainy season, and to 

decrease in the dry season; hurricanes may become more intense and longer lasting. The path of 

storms moves gradually southwards, with more serious impacts on the Delta. Furthermore, the 

boundaries between saline, acid-sulfate and alluvial soils will change and result in damage to 

traditional agricultural production. The Mekong Delta is located in a low-lying area, thus while sea 

level rise is forecasted to be 0.69 m – 1.0m, the area affected by the 4 g/l salinity intrusion will be 

approximately 51% to 58% of the total area of the Delta. Consequently, the rice yield of paddies is 

predicted to reduce by 9%. The fresh water areas will be affected more seriously by salnisation and 

resulting in altered cropping patterns. Rice and fruit production and fresh water aquaculture will be 

reduced.  

 



 

  
Page 502 

 

  

Physical changes: With the expansion of agriculture, most of the land area of the Delta has been 

heavily used for agriculture and a small remaining amount is used for forestry/wetland conservation 

purposes. The physical conditions have been changed significantly through a dense network of 

canals enabling freshwater delivery to most parts of the Delta. Through this canal system, water 

has been used for flushing out soil toxicants and acidity.  

 

Farming system changes: after 1975 the Delta witnessed a rapid increase of rice farming area 

and a rapid shift from traditional farming to intensive rice farming during the 1980‐1990s.  

 

Declining water resources: Water resources of the Delta exhibit a declining trend. The volume of 

flood water arriving at the Delta has been lessened. The peak flood level observed in Chau Doc 

station in 2010 was the lowest in 85 years. Dry season flows have also been weakened. 

Consequently, saline intrusion in the dry season has occurred further inland. 

 

 

Figure B7 Water trend in Tien and Hau rivers from 2000 to 2010 

 

Reduced water quality and water seasonality has also changed. The flood season starts later than 

it did historically and floods often arrive unexpectedly at the tail end of the flood season. 

 

Loss of natural habitats and declining ecosystem integrity in the Mekong Delta: During the 

past 30 years, many mangrove areas have been converted to aquaculture, mainly for shrimp. Most 

of the natural Melaleuca and grassland areas have been converted either to rice agriculture or 

replaced with planted Melaleuca. Scattered protected areas have been established at biodiversity 

hotpots. While natural habitats outside these protected areas have almost totally disappeared due 
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to the expansion of agriculture and aquaculture, the habitats inside the protected areas are semi‐

natural. Wetland habitat quality has also declined due to loss vegetation community in the Mekong 

Delta (IUCN 2010).  

 

B6: PRESENT AND FUTURE ECOLOGICAL STATUS OF THE MEKONG 

DELTA 

Current climate patterns 

The Mekong Delta has a tropical monsoon climate with a seasonal distribution of dry and wet 

months depending on the monsoon. The dry season usually coincides with the northeast monsoon 

that lasts from November to April, and the weather is characterised by dry heat and little rain. The 

wet season coincides with the southwest monsoon that lasts from May to October, and the weather 

is characterised by high temperatures, high humidity, and rainfall. The yearly average rainfall in the 

Mekong Delta is 1733 mm and is mainly concentrated in the rainy season. The highest average 

rainfall (2200-2500 mm) occurs in Ca Mau and Kien Giang Provinces. Provinces with the lowest 

rainfall, ranging from 1300-1500 mm, are Dong Thap, Tien Giang and Ben Tre. The difference 

between highest and lowest annual rainfall is~1200 mm. October has the highest rainfall and it is 

the period of flood peaks in the Mekong Delta and also of water level rise due to strong winds. 

From January to March, average rainfall in this area is very low. Sea water level rises due to wind 

surges during this dry period can lead to salt intrusion that may severely affect agriculture. The 

combination of heavy rainfall, drought and water level rise due to wind and the occurrence of flood 

peaks are important issues that need special consideration in climate change coping and 

adaptation strategies for the Mekong Delta. 

 

Several investigations revealed that major challenges in the Delta in recent times can be attributed 

to socio-economic transformation and urbanisation processes (Leinenkugel, et al. 2011), leading to 

the degradation of the last natural forest and wetland areas (Kuenzer et al. 2011a; Vo et al. 2012), 

accompanied by increasing water pollution. Furthermore, climate change is a threat. Wetland 

systems in the Mekong Delta are vulnerable and particularly susceptible to changes in quantity and 

quality of water supply. Climate change may have its most pronounced effect on wetlands through 

alterations in hydrological regimes (Erwin 2009). The Delta is one of the most threatened places on 

earth with respect to sea level rise. Rising sea levels are forecasted to lead to intensified saltwater 

intrusion into the Mekong main stems and canals, as well as into aquifers and soils, as tidal 

saltwater influences progress further inland (Renaud et al. 2012; Kuenzer et al. 2011b). According 

to an IPCC prognosis (2007) for a sea level rise of between 75 and 100 cm by the end of this 

century, about 20%–50% of the low lying Delta will be affected if no countermeasures are taken. 

 

The Mekong Delta has been impacted by climate change, water resource development, dam 

construction. At present, drought and saline intrusion threaten, especially in the coastal provinces 

where dry weather and salt penetration has affected agricultural production and the daily life of 

local farmers and people. Salt penetration is worst in the southern provinces of Kien Giang, An 

Giang and Soc Trang. In Ben Tre Province, the saline water entered in Ba Tri, Cho Lach and Chau 

Thanh District as far as 50- 60 km from the large local river mouths like Cua Dai, Ham Luong and 

Co Phien. Saline intrusion also threatens agricultural production, rice crops and supplies of fresh 

water in Tien Giang, Tra Vinh and Soc Trang (Hydrology Meteorology Forecast Centre in southern 

region). Additionally, in 2015 Viet Nam experienced significantly lower rainfall in the Central 

highlands area and other part of the Delta because of El Nino. This reduced maize, rice and wheat 
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yields. Experts predicted that by 2050, many provinces in the Mekong Delta-including Can Tho will 

be 0.8-1 m below sea level. The situation is expected to result in agricultural land loss, threats to 

infrastructure and degradation of preserved areas such as Tram Chim Park, U Minh Thuong, Lang 

Sen, Tra Su and Ha Tien.  

 

A recent study evaluated current and future dynamics of the surface water resources in the Delta 

(Trung et al. 2012). They divided the surface water resources in the Delta into nine geomorphologic 

regions, and for each described present (2012) and likely future scenarios.  

 The fluvial plain (Table B7)  

 Closed depression of the floodplain (Table B8) 

 Open depression of the floodplain (Table B9) 

 High coastal plain (Table B10) 

 Low coastal plain (Table B11) 

 Open depression of the coastal plain (Table B12) 

 Tidally inundated plain of coastal plain (Table B13) 

 Alluvial terrace (Table B14) 

 The hill mountain regions, which are outside of the BioRA study area and so not 

considered further.  

 

Table B7: Dynamics of surface water resource of the fluvial plain in the present and future 

Present Future 

About 12.8% area of water resources on the fluvial 

plains is regulated by irrigation projects. Therefore, 

for areas under irrigation, water dynamics are 

controlled over space and time through regulation of 

dykes and sluice gates. 

No change. 

Major part of the remaining areas have the depths of 

>0.5m with different salinity concentrations, of which 

salinity range of 0-2 g/l (77.8% area). At the depth of 

<0.5m with salinity range of 2-4 g/l and >4 g/l occupy 

a small proportion (1% area). 

All remaining areas have the depths of >0.5m, of 

which salinity range of 0-2 g/l will be reduced 

compared to the present (72.9% area) while salinity 

>2 g/l will be increased in area compared with the 

present.  
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Table B8: Dynamics of surface water resource of the closed depression of the floodplain in 

the present and future 

Present Future 

82.3% of the area has depths of >0.5m, with a 

salinity range of 0-2 g/l. 

The remaining area has depth <0.5 m with salinity 

range of 2-4 g/l (11.8%) or >4 g/l (0.74%). 

All areas will be >0.5 m deep with different salinities. 

The salinity range of 0-2 g/l will occupy large area 

but this will decrease to 72%.  

Areas with salinities >2 g/l will increase as compared 

to the present, especially areas of 2-4 g/l (increase 

to 23% of area). 

 

 

Table B9: Dynamics of surface water resource of the open depression of the floodplain in 

the present and future 

Present Future 

All areas have the depths of >0.5m, of which salinity 

range of 0-2 g/l (62.6% area); salinity range of 2-

4 g/l occupy 6.3% and at salinity >4 g/l have a larger 

fraction 31.1%.  

All areas have the depths of >0.5m, of which salinity 

range of 0-2 g/l will occupy 69,9%, increased 

compared to the present ; areas at salinities of 2-4 

g/l will be 6.1% and salinity >4 g/l will be 24%, which 

will be lower than at the current. 

 

 

Table B10: Dynamics of surface water resource of the high coastal plain in 2012 and in the 

future 

2012 Future 

44% area of high coastal plains are regulated water 

source by the irrigation projects of Nam Mang Thit 

and Phung Hiep;  

No change 

The majority of the remaining area has depths of 

>0.5m of which those with salinity <4 g/l are ~1.3%, 

and those with salinity >4 g/l are ~46.6%. 

Major part of areas have the depths of >0.5m of 

which those with salinity <4 g/l are 0.4%, and those 

with salinity >4 g/l is are ~55.3%; 

7.8% at the depth of <0.5m with salinity of >4 g/l 
Areas with a depth of <0.5m and salinity of >4 g/l will 

be reduced to 0.3% of the area. 
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Table B11: Dynamics of surface water resource of the low coastal plain in 2012 and in the 

future 

Present Future 

About 23.5% area of low coastal plains have 

regulated water sources by the irrigation projects of 

Phung Hiep 

No change 

Majority of the remaining areas have depths of 

<0.5m of which salinity >4 g/l have highest 

percentage (41.3%) 

At the depth <0.5m with salinity >4 g/l, reduce to 

24.7% 

At a depth >0.5m with salinity >4 g/l, occupy 23.5% 

total area of low coastal plain. 

At the depth >0.5m with salinity >4 g/l, occupy 

37.3% which will be higher than at the present. 

 

 

Table B12 Dynamics of surface water resource of the opened depression of coastal 

plain in 2012 and in the future 

Present Future 

Major part of areas have the depths <0.5m of which 

salinity >4 g/l have highest percentage (74.2%); 

salinity range of 0-2 g/l is 14.7%;  

At the depth <0.5m with salinity >4 g/l, will be 66.6%, 

which will be lower than in the present. 

At the depth >0.5m with different salinity 

concentrations, occupy 2.6% total area of opened 

depression of coastal plain. 

At the depth >0.5m with salinity ranges of 0-2 g/l and 

> 4g/l, occupy 25.6% which will be 23% higher than 

at the present. 

 

 

Table B13: Dynamics of surface water resource of the tidally inundated plain of coastal plain 

in 2012 and in the future 

Present Future 

About 5.8% areas of the region are regulated water 

source by the irrigation projects of Nam Mang Thit. 
No changes 

All remaining area with salinity of >4 g/l, of which 

areas have the depth of <0.5 m occupy 53.6%. At 

the depth >0.5m is 40.6% 

All remaining area with salinity of >4 g/l, of which 

areas have the depth of >0.5 m occupy larger 

fraction (82.4%) than at the present; at the depth 

<0.5m will be down to 11.9%;  
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Table B14: Dynamics of surface water resource of the alluvial terrace in 2012 and in the 

future 

Present Future 

All areas have the depth >0.5 m and salinity range of 

0-2 g/l. 

All areas have the depth >0.5 m; however small part 

of this region (1.9%) have salinity range of 2-4 g/l. 

 

 

B7: MAIN ANTHROPOGENIC DRIVERS OF CHANGE 

The five main anthropogenic drivers of change in vegetation in the Mekong Delta are:  

1 Land cover and land use changes 

2 Irrigation 

3 Fire 

4 Invasive alien species 

5 Climate change.  

 

Land cover and land use changes 

Based on the field observation, information provided by the satellite data used and an informal 

interview conducted with the villagers and local officials, two major factors responsible for land 

use/land cover changes were identified viz. natural and man-made. Natural factors for the changes 

are mainly due to flooding condition and tidal inundation. Man-made factors, on the other hand, 

include changes in agricultural practices, land conversions, destruction of mangrove and Melaleuca 

forests and urban growth (Masterplan Project 2010). 

 

IUCN (2010), the key wetland types found in the Delta include inland freshwater, coastal wetland, 

estuary, and peatland wetlands. Land uses often depend on topography, soil characters, 

hydrology, infrastructures, economy and policies. The main land uses in the Delta (Figure B8) are: 

 triple irrigated rice 

 double irrigated rice and upland crops 

 double irrigated rice and double rainfed rice 

 mono irrigated rice and upland crops 

 mono rainfed rice and upland crops 

 pineapple and sugarcane 

 mixed garden 

 mangrove and tidal swamp 

 Melaleuca forest and plantation 

 salt pans 

 shrimp ponds 

 fish aquaculture 

 mountainous shrub. 
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Figure B8 Land use in the Mekong Delta 

 

 

The Delta is one of the most productive rice growing areas of Viet Nam and has the highest 

population density. This is also one of the major economic development regions of the country. 

Much of the forest areas were destroyed before and during the famous Viet Namese war and 

economic reconciliation after the war. Few scattered and degraded forests mainly of Melaleuca and 

mangroves are left, suffering from intense pressure from humans. In addition, a significant impact 

resulted from a change from rice fields to aquaculture. In 2000, in the ecotone areas this resulted in 

high variation in salinity and ecological condition in areas such as Tien Giang, Ben Tre, Tra Vinh, 

Soc Trang, Bac Lieu, Ca Mau, Kien Giang. In many areas, local authorities allowed to change from 

rice field to shrimp culture or a rice crop, over one shrimp-breeding season (Mien 2002). 

 

Thinh (2006) also inventoried 130 flora species in Tram Chim National Park including 14 woody 

tree species, 2 shrubs, 5 climbers, and 109 herb plant species. Normally, M. cajuputii grows 

together with Alstonia spathulata, Pharagmites karka in U Minh, Long Xuyen Quadrangle, Dong 

Thap Muoi. After cutting and destruction, many other plants stand like Lecheries dulcis, Eleocharis 

ochrostachys, Cyperus spp., and Phragmites karka are involved in various stages of plant 

succession. Vegetation species composition is characterised by the presence of many acid-tolerant 

plants such as Eleocharis dulcis, E. ochrostachys, Lepironia articulata, and Xyris indica. Due to the 

connection with the sea, the downstream areas also have plants that are saltwater-tolerant such as 

Paspalum vaginatum and Scirpus littoralis. However, plants in in some inland wet plain were rarely 

seen, and salt-tolerant grassland plants were not detected. 

 

Increased saline intrusion for shrimp farming results in crop production losses in surrounding  

communities or in upper parts of the river basin. In contrast, shrimp farming might suffer from fresh 

water diverted and field water discharges from crop production areas. In addition, the development 
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of shrimp farming has resulted in significant losses of coastal mangrove forests, resulting in 

declining aquatic resources, on which livelihoods of the poor depend (Binh et al. 2005). 

 

Changes in land use for intensive-rice growing areas are mainly located in upstream and mid-

stream provinces. During 2000 and 2004, the upper provinces Long An, Tien Giang, Dong Thap, 

An Giang, Kien Giang, Can Tho, Vinh Long and Hau Giang shared an average of 85% in the dry 

season crop and 73% in the wet season crop of the total rice farming area and productivity in the 

Delta (CSO 2005). The triple rice farming is mainly practiced in areas with well-developed irrigation 

systems or well-controlled flood systems. Intensification of rice production systems is highly reliant 

on water availability, as well as access to other key inputs (fertilizers, pesticides, seed, labour, 

etc.). The intensive water demands in the upper and middle parts of the Delta have implications for 

dry season water availability and related salinity intrusion in the coastal zone - a clear trade-off 

occurs between expansion of dry season rice production upstream and downstream impacts of 

salinity. This could cause negative effects on freshwater macrophytes. 

 

Investigation from Ni et al. (2003) found that the Mekong Delta in the late 1990s consists of three 

main ecosystems. Town and cities cover 10% of the land area and support 30% of the population. 

Agriculture land, including rural villages and hamlets, covers 83% of the land area and support 70% 

of the population. Rice occupies 57% of the agricultural land, and 78% of the cropped land, 

although upland crops are also important locally. The third ecosystem, natural of semi-natural 

wetland, covers less than 7% of the Delta, mainly in the depression areas (Nhan 1997). Settlers 

abandoned their land to settle elsewhere and the original forest and diverse grassland ecosystem 

did not recover. Instead, the acid-tolerant sedge, Eleocharis dulcis, became dominant over wide 

areas, which contrast with the high species richness often found in some other grassland in the 

Delta. Habitat alteration and intensive exploitation of remaining wetlands have resulted in 

population decline and extinction of numerous species that cannot exist year-round on paddy fields 

or intolerant of intensive exploitation.  

 

A summary of land cover categories is included in Table B15. Though there are 11 categories in 

the classification legend, within the Lower Mekong Basin (LMB) boundary, the total area under 

clouds and sea is less than 0.01%. The forest covers 29.2% of the LMB, while Scrubland classified 

as the largest category (36.5%), if combined its Highland and Lowland subcategories. Three 

subcategories of paddy cultivated area accounted for 27.9% of Lower Mekong Basin (Perera et al. 

2010). 

The structure of agricultural land has changed. Annual cropland has been reduced to 202 086 ha, 

while perennial woodlands have increased by 25 638 ha. In the structure of annual cropland, rice-

cultivated land reduced with 193 034 ha. Most of the reduced area was shifted to aquaculture land 

and is located in the provinces: Ca Mau, Bac Lieu, Soc Trang, Kien Giang, Tra Vinh (brackish 

aquaculture) and An Giang, Dong Thap, Can Tho City (fresh water aquaculture).  

Changes in agricultural land use in general, and in rice/ upland crops in particular, between 1985 

and 2008 (Masterplan Project 2011) are presented in Table B15. 
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Table B15 Changes in agricultural land use between 1985 and 2008 

 

 

 

In the past, the Mekong Delta was considered as a water rich area, but in recent decades, the 

development in the production sectors, increased population (extension of agricultural land, 

industrial areas; Table B16), development in upstream countries and climate change – sea rise 

phenomenon, has changed that reality. Shortages of freshwater, serious saline intrusions into 

agricultural land in the dry season, and increasing depth and duration of floods, have become 

commonplace.  

 

Table B16 Change in land use in the Mekong Delta (1985-2008) 

 

 

Sohall (2012) reported rapid change in the land cover/land use in the Mekong Delta, Viet Nam due 

to intense population pressure, agriculture/aquaculture farming and timber collection in the coastal 

areas of the Delta.  
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Figure B9 Land use map in the Mekong Delta in 1996 (A) and 2000 (B) 

 

 

Changing land use is a direct cause of ecosystem alterations in the Cuu Long River Delta (Thong 

et al. 2013). Change in land use is the most important driver, which has occurred dramatically over 

the last ten years as manifested in the conversion of flooded grassland and parts of mangrove and 

Melaleuca forests into rice cultivation and aquaculture. This change has affected ecosystem 

structure, natural resources and environments considerably, resulting in decrease in forest land 

and estuarine tidal-fats, which narrowed habitats of forest species and reduced biodiversity 

(changes in dominant species, structure and density of fauna and flora communities) and 

ecological balance (regeneration, growth, habitats and food chain). The statistics indicate that Cuu 

Long Rver Delta has lost 72 825 ha of forest during the period of 1980-1995 and 11 785 ha of 

forest during the period of 2000-2010 (Table B17). 

 

Table B17: Changes in area of natural forest in Cuu Long River Delta 

 

 

 

The change in land use for expansion of shrimp-farming has caused pollution, especially in coastal 

salinised wetlands with blooming shrimp farming leading to the overwhelming alumni infection. 

A B
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Extensive and improved extensive shrimp culture with poor technology, facilities, irrigational 

conditions contribute to water pollution and disease outbreaks at large scale. 

 

Linh et al. (2013) assessing the dynamics of water resources in terms of space and time and 

identifying changes of the land use in the Mekong Delta during the period of 2006 - 2010. They 

reported that water resources dynamics kept a significant role, leading to land use changes at the 

delta scale and land use has been significantly changed under the impacts of hydrological changes 

and development of irrigation system. All factors mentioned above could be the important driver 

causing the changes of vegetation communities in the Mekong Delta.  

 

Irrigation 

Viet Nam's irrigation development policy directions are divided between the objective to continue 

increasing rice production through agricultural intensification and to improve farmer's livelihoods 

through crop diversification and integrated farming. While the first objective requires the 

construction of new large-scale irrigation system in deeply flooded area of the Viet Namese 

Mekong River Delta, the latter demands the modification in management of existing irrigation 

physical infrastructure for non-rice crops, in particular brackish aquaculture in the coastal zones 

(Hoanh et al. 2014).  

 

Change in land use for intensive rice cultivation and shrimp farming, hence, requires improviement 

in irrigation systems to meet water demands for these activities. A dense network of canals, 

developed for promoting rice cultivation in Viet Nam, tremendously altered the natural hydrological 

regime in such a way that floating vegetation can no longer be supported. Canals moved water in 

and out of the floodplains very quickly, resulting in an abrupt change in water level and a much 

shorter water retention period. Canals facilitated land reclamation and agricultural intensification. 

As a result, most of the natural grasslands of the Mekong Delta in Viet Nam have been lost in the 

last two decades. Only a small area of grasslands was preserved in Tram Chim National Park and 

in some smaller protected wetlands. Currently, efforts are being made to conserve remnant 

grasslands in the Ha Tien Plain, an area located near the grassland (Tran Triet 2001). Floating 

vegetation was reported to have existed in the Viet Nam part of the Mekong Delta before, 

particularly in the Plain of Reeds (Kiet 1993), but has been eradicated entirely due to habitat loss 

and hydrological changes. 

 

Dyke constructions prevent flooding and increased water pollution, owing to the increase in 

hydrophytes and the accumulation of their organic matter, which in turn can harm zoobenthos. 

More serious damage is occasioned on fish populations, especially white fish, whose migration 

routes are blocked between canals and rivers. Changes in pH and water salinity can also have 

deleterious effects on native organisms and biological processes (Mien 2002). Moreover, dyke 

construction in upstream will reduce sedimentation in the Mekong Delta, resulting in a huge volume 

of fertile sediment that is lost for the Mekong Delta. Additionally, in the low flow period (dry season), 

the more water is extracted from the upstream, the more the coastal plain will be vulnerable to 

severe salt intrusion. These trends will predictably further damage freshwater vegetation 

communities. 

 

Hydropower development and several other upstream developments, such as water diversions and 

irrigation schemes in Thailand, Cambodia and Lao PDR, will also have an impact on the future 

hydrology of the Delta. Depending on the scale of these projects and their operation regime, dry 



 

  
Page 513 

 

  

season discharge of the Mekong River to Viet Nam could be significantly reduced which will 

increase salinity intrusion. 

 

Fire 

According to Hien (2007), human activities are the major causes of forest and grassland fires in 

Viet Nam and forest fires can happen at any time of the year depending on the location. Highly 

flammable vegetation communities in the Delta include: mangrove forest, Melaleuca forest, 

bamboo forest, grassland and short tree communities. Notwithstanding this, under hot dry weather 

almost all the vegetation ignites easily, and veld fires are a frequent occurrence. In dry season 

~6 million ha (about 50% of total forest area) is at high risk. The main causes of these fires are:  

 burning for agriculture land (~20% of fires) 

 use of fire for trapping wild animals and use of smoke to harvest bee‘s honey (~ 55%) 

 illegal exploitation of timber and other forest products (~15% ) 

 conflicts between forest-resource stakeholders, who burn forests to harm competitors 

(~10%). 

 

The ecological impacts of the fires are significant. For instance, a massive extent of peat forest 

(nearly 30%) of the Melaleuca peat forest in these areas has burned; Fire Incident Assessment 

2002; Ni et al. 2006) and 8–45 year old trees are now a rarity. The depth of peat has been reduced 

by 30–100 cm (from an estimated original 150 cm), and habitat for deer, wild pigs, monkeys and 

hundreds of bird species has been altered significantly. Fire suppression efforts, although 

successful at stopping the spread of the fires once they have started, have resulted in ~15 km of 

additional canals in the area. As part of the suppression effort, salt water has been pumped into 

both areas, which can lead to negative impacts on fresh water plants, organisms, and native 

wildlife (Fire Incident Assessment 2002; Ni et al. 2006; Hien 2007).  

 

The new canals and widening of existing canals to stop the current fire event was a remarkable, 

well-coordinated, and successful effort, but canals are not the long-term solution to fire control. The 

pumping of salt water into the canal system for fire control accomplished the short-term objective of 

suppressing the fire, but the long-term impacts of the salt water, especially if this practice is needed 

more often, will only compound problems that are contributing to the deterioration of the peat forest 

(Fire Incident Assessment 2002; Ni et al. 2006). 

 

While the wetlands of the Mekong Delta, their ecosystems, and associated biodiversity were 

influenced by alternating wet and dry cycles during the year, the hydrological rhythm is often not 

respected. To protect the trees from fire, tall dykes are built, canals are dug, and water is stocked 

all year round in the wetland protected areas, leading to the loss of the hydrological, soil, 

vegetation dynamics. Consequently, the integrity of the ecosystem is severely injured (Ni, et al. 

2006). The main remaining peat areas in U Minh Region are housed within the two national parks, 

U MInh Thuong and U MInh Ha, and some smaller and thinner areas in the surrounding area of U 

Minh Ha National Park. While being protected, the peat layers are being degraded severely due to 

both fire and inappropriate hydrology regimes. The main approach to peat management applied 

has been using canals and tall dykes to prevent fire. While this approach helped eliminate fire risk 

at the beginning (before 2002), the prolonged year round inundation is not appropriate to the 

seasonal hydrological needs of the wetland ecosystems, resulting in massive die-off of the 

vegetation. To salvage the vegetation, water has been released. After that, however, the peat layer 



 

  
Page 514 

 

  

is subject to extreme dry conditions in the dry season as a result of which the canal systems suffers 

a rapid loss of water in the dry season. The difference in elevation between the different parts of 

the peat domes presents an additional challenge to hydrology management. The result is that the 

peat layer is being degraded gradually through fire in the dry season, being flushed out to the 

canals and oxidation. The peat layer in U Minh is a store of carbon and its degradation is 

contributing greatly to carbon emissions. 

 

Invasive alien species 

The giant mimosa (Mimosa pigra), which is on the list of 100 of the World‘s Worst Invasive Alien 

Species (MWBP/RSCP 2006), is widespread in the lower Mekong Basin and found in most 

sections of the main river and along its tributaries from northern Laos to the Mekong Delta in Viet 

Nam, the border between Lao PDR and Thailand, and throughout Cambodia, in the seasonally 

inundated areas of the Tonle Sap River and the Great Lake (Triet 2005). Giant Mimosa has 

replaced natural wetland species and is also spreading to small wetland areas within Dipterocarp 

forests. The species has colonised the Mekong River channel mud/sediment fats and sandbars in 

the Lao PDR region, resulting in the loss of feeding and breeding habitats of wading birds (Lazarus 

et al. 2006). In a case study of Tram Chim National Park in Viet Nam, Triet (2004) shows that the 

Giant Mimosa doubled its area between 2000 and 2002. Triet also reports that with the 

replacement of vegetation and loss of feeding grounds is one of the main reasons for the sharp 

decrease in the Eastern Sarus Cranes (Grus antigone) from 600-800 in the 1990s to 100 in 2003. 

Dense, prickly thickets impede the movements of animals, including livestock. In addition, this 

species increases siltation and impedes movement in waterways. 

 

Invasive alien species is one of five major drivers of biodiversity loss in inland waters (MEA 2005; 

Miththapala 2007). Triet (2000) records 68 alien plants in the Mekong Delta and lists 12 as major 

weeds and four species - Mauritius Grass (Brachiaria mutica), Water Hyacinth (Eichhornia 

crassipes), Water Lettuce (Pistia stratiotes) and Giant Mimosa (Mimosa pigra) - as invasive alien 

fora on wetlands. Also listed are the Siam Weed (Chromolaena odorata) and Torpedo Grass 

(Panicum repens; IUCN 2006). 

 

Tram Chim wetlands are seriously infested by the mimosa. The first mimosa plants were seen in 

Tram Chim around 1984–1985; by the year 2000 the area infested by mimosa was 490 ha, which 

increased to 940 ha in 2001 and 1,900 ha in 2002 (Triet et al. 2004), when the invasive became a 

major concern for biodiversity conservation at Tram Chim. Mimosa invasion has quickly reduced 

native vegetation, especially grassland, consequently affecting faunal communities which depend 

on the native vegetation. The management of mimosa in Tram Chim National Park has not been 

effective for several reasons, most importantly because of the lack of sufficient funding, expertise 

and baseline information (Triet et al. 2001; Storrs et al. 2002). 

 

Water hyacinth (Eichhornia crassipes) is considered one of the most invasive alien species (UNEP 

2013). It is characterised by rapid growth rates, extensive dispersal capabilities, large and rapid 

reproductive output and broad environmental tolerance (Zhang et al. 2010). In the Mekong Delta, 

water hyacinth is widespread on freshwater wetlands especially in standing water. The rapid 

growth of water hyacinth destroys biodiversity as it suppresses the growth of native plants and 

negatively affects microbes. It also prevents the growth and abundance of phytoplankton under 

large mats, ultimately affecting fisheries (Gichuki et al. 2012; Villamagna and Murphy 2010). As 

flows increase and water levels rise during the wet season, floating mats are carried by the current 
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into the main channel where they break up and drift downstream to colonise other parts of the river. 

It is particularly troublesome in places where rivers have been dammed, as the standing waters in 

the impoundment provide ideal conditions for development of water hyacinth mats. 

 

Climate change 

The climate in the Mekong Delta is influenced by both the southwest and northwest monsoons 

(Sohall 2012). Extensive salinization of the river and its tributaries occurs in the dry season, when 

the sea water intrudes into the Mekong Delta. 

 

The Mekong Delta ranks amongst the top five Deltas in the world most likely to be severely 

affected by climate change.  The climate is already changing in the Delta. Despite a limited record 

of meteorological and hydrological data, trends in temperature, rainfall and sea level are noticeable 

(e.g., Tuan 2010). From 1970 to 2007, the average temperature rose 0.6°C and rainfall increased 

by 94 mm.  According to several scenarios, rainfall is predicted to increase in the rainy season, and 

to decrease in the dry season; hurricanes may become more intense and longer lasting. The path 

of storms moves gradually southwards, with more serious impacts on the Delta. Furthermore, the 

boundaries between saline, acid-sulfate and alluvial soils will change and result in damage to 

traditional agricultural production. The Mekong Delta is located in a low-lying area, thus while sea 

level rise is forecasted to be 0.69 – 1.0 m, the area affected by the 4g/l salinity intrusion will be 

approximately 51% to 58% of the total area of the Delta. If this happens, the rice yield will reduce 

by 9%. The fresh water areas will be affected more seriously, cropping patterns will change.  

 

Increased temperature would facilitate forest fires, especially in peat swamp forests, mangroves, 

Melaleuca forest and pine forests. Climate change together with the decrease of watershed forests 

and irrational water use might increasingly result in more inundation, flash floods, landslides with 

severe impacts on the environment and human livelihoods. Farmers in the Mekong Delta have 

reported the following phenomena in the last four years, and especially in the last two years (Tuan 

2010): 

 Higher sea levels 

 Increased saline intrusion 

 Shorter rainy seasons 

 Longer dry seasons 

 More intense and less predictable rain events  

 Higher ambient temperatures, especially in the dryseason. 

 

The impact of climate change on the river discharges is likely to be complex and the response may 

vary across the river basin. Climate change will result in change of rainfall pattern and stream flow 

which can cause severe floods in the rainy season (especially in Ben Tre Province) and low flows 

in the dry season. It is estimated that in the Delta maximum monthly flows will increase by 16-19% 

and minimum monthly flows will decrease by 26-29%, compared with 1961-1990 levels.  

 

In addition to the changes in local climate, the sea level is predicted to rise 33 cm by 2050; 45 cm 

by 2070 and 1 m by 2100 (Ninh et al. 2008). This is expected to result in the progressive inundation 

of the lowlands along the coastline, increased salinity of the estuaries and degradation of the 

coastline. Salinity intrusion has already occurred up to 50 km upstream in some parts of the Delta 

(WISDOM Mekong 2010).  A rise in sea level will increase salinity levels in the Delta‘s rivers and its 
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water networks. A 1-m sea level rise would increase the area of ≥ 4 g/l salinity with 334 000 

hectares in relation to the benchmark year of 2004, a rise of 25% (Mekong Delta Plan 2013). Deep 

salinity intrusion is occurring already during dry seasons, giving rise to significant crop losses. Its 

extent and frequency is likely to increase due to climate change, giving rise to even higher and 

more frequent economic losses.  



 

  
Page 517 

 

  

Appendix C. FISH SPECIES OF THE LMB WITH 

ALLOCATED GUILD AND DISTRIBUTION IN EACH 

FOCAL AREA 

LIST UPDATED BY DR KENZO UTSUGI 

 

Key 

Guild 

number 
Guild name 

G1 Rithron resident species 

G2 Main channel resident (long distant white) species 

G3 Main channel spawner (short distance white) species 

G4 Floodplain spawner (grey) species 

G5 Eurytopic (generalist) species 

G6 Floodplain resident (black) 

G7 Estuarine resident species 

G8 Anadromous species 

G9 Catadromous species 

G10 Marine visitor species 

G11 Non-native species 

 

 

Family Species name BioRA Guild 
Focus Area 

1 2 3 4 5 6 7 8 

Adrianichthyidae Oryzias mekongensis G6 
 

1 1 1 
    

Adrianichthyidae Oryzias minutillus G6 
 

1 1 1 1 1 1 1 

Adrianichthyidae Oryzias pectoralis G6 
 

1 1 
     

Adrianichthyidae Oryzias sinensis G6 
        

Adrianichthyidae Oryzias haugiangensis G7 
       

1 

Akysidae Akysis brachybarbatus G1 
        

Akysidae Akysis clinatus  G1 
    

1 1 
  

Akysidae Akysis ephippifer G1 
        

Akysidae Akysis fuliginatus  G1 
        

Akysidae Akysis maculipinnis G1 
        

Akysidae Akysis recavus G1 
  

1 
 

1 
   

Akysidae Akysis varius G1 
  

1 1 
    

Akysidae Pseudobagarius filifer G3 
       

1 

Akysidae Pseudobagarius inermis  G3 
   

1 
 

1 
  

Akysidae Pseudobagarius leucorhynchus G3 
        

Akysidae Pseudobagarius nitidus G3 
        

Akysidae Pseudobagarius similis G3 
   

1 
   

1 

Akysidae Pseudobagarius sinensis G3 
        

Akysidae Pseudobagarius subtilis  G3 
  

1 1 
    

Albulidae Albula argentea G10 
       

1 

Albulidae Albula glossodonta  G10 
       

1 
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Family Species name BioRA Guild 
Focus Area 

1 2 3 4 5 6 7 8 

Ambassidae Parambassis baculis  G11 
        

Ambassidae Parambassis apogonoides G4 
   

1 1 1 1 1 

Ambassidae Parambassis wolffii G4 
   

1 1 1 1 1 

Ambassidae Parambassis siamensis G5 1 1 1 1 1 1 1 1 

Ambassidae Ambassis ambassis  G7 
        

Ambassidae Ambassis buruensis G7 
       

1 

Ambassidae Ambassis gymnocephala  G7 
       

1 

Ambassidae Ambassis kopsii G7 
       

1 

Ambassidae Ambassis nalua G7 
       

1 

Ambassidae Ambassis vachellii  G7 
       

1 

Amblycipitidae Amblyceps caecutiens G1 
 

1 1 1 
  

1 
 

Amblycipitidae Amblyceps foratum G1 
        

Amblycipitidae Amblyceps serratum G1 
 

1 1 1 
    

Amblyopidae Odontamblyopus tenuis G10 
       

1 

Amblyopidae Brachyamblyopus intermedius G7 
       

1 

Amblyopidae Caragobius urolepis G7 
       

1 

Amblyopidae Taenioides anguillaris G7 
       

1 

Amblyopidae Taenioides cirratus G7 
       

1 

Amblyopidae Taenioides gracilis G7 
       

1 

Amblyopidae Taenioides nigrimarginatus G7 
       

1 

Amblyopidae Trypauchen pelaeos  G7 
       

1 

Amblyopidae Trypauchen vagina G7 
       

1 

Amblyopidae Trypauchenichthys sumatrensis  G7 
       

1 

Anabantidae Anabas testudineus G6 1 1 1 1 1 1 1 1 

Antennariidae Histrio histrio G10 
       

1 

Antennariidae Antennarius biocellatus G7 
       

1 

Aplocheilidae Aplocheilus panchax G7 
    

1 1 1 1 

Apogonidae Jaydia truncata (Bleeker 1854). G10 
       

1 

Ariidae Arius arenarius  G7 
       

1 

Ariidae Arius arius  G7 
       

1 

Ariidae Arius gagora G7 
       

1 

Ariidae Arius leptonotacanthus G7 
       

1 

Ariidae Arius maculatus G7 
     

1 
 

1 

Ariidae Arius malabaricus G7 
       

1 

Ariidae Arius microcephalus G7 
       

1 

Ariidae Arius utik G7 
       

1 

Ariidae Arius venosus G7 
     

1 
 

1 

Ariidae Batrachocephalus mino G7 
     

1 
 

1 

Ariidae Cephalocassis borneensis G7 
   

1 1 1 1 1 

Ariidae Cryptarius daugueti G7 
       

1 

Ariidae Cryptarius truncatus G7 
       

1 

Ariidae Hemiarius harmandi  G7 
       

1 

Ariidae Hemiarius sona G7 
       

1 
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Family Species name BioRA Guild 
Focus Area 

1 2 3 4 5 6 7 8 

Ariidae Hemiarius sona  G7 
       

1 

Ariidae Hemiarius stormii G7 
        

Ariidae Hemiarius verrucosus  G7 
   

1 1 
  

1 

Ariidae Hexanematichthys sagor G7 
       

1 

Ariidae Ketengus typus G7 
       

1 

Ariidae Nemapteryx macronotacantha G7 
       

1 

Ariidae Nemapteryx nenga G7 
       

1 

Ariidae Netuma bilineata G7 
       

1 

Ariidae Netuma thalassina G7 
       

1 

Ariidae Osteogeneiosus militaris G7 
       

1 

Ariidae Plicofollis argyropleuron G7 
       

1 

Ariidae Plicofollis dussumieri  G7 
       

1 

Ariidae Plicofollis nella  G7 
       

1 

Ariidae Plicofollis tonggol G7 
       

1 

Atherinidae Atherina valenciennes Bleeker 1854 G10 
       

1 

Atherinidae Atherinomorus duodecimalis G10 
       

1 

Atherinidae Atherinomorus lacunosus G10 
       

1 

Badidae Badis ruber G4 1 1 
      

Bagridae Bagrichthys majusculus G3 1 1 1 1 1 1 
 

1 

Bagridae Bagrichthys obscurus G3 1 1 1 1 1 1 
 

1 

Bagridae Hemibagrus filamentus G3 1 1 1 1 1 1 1 1 

Bagridae Hemibagrus hoevenii  G3 
        

Bagridae Hemibagrus nemurus G3 
        

Bagridae Hemibagrus spilopterus G3 1 1 1 1 1 1 1 1 

Bagridae Hemibagrus wyckii G3 
 

1 1 1 1 1 
 

1 

Bagridae Hemibagrus wyckioides G3 1 1 1 1 1 1 1 1 

Bagridae Pseudomystus bomboides G3 
  

1 
     

Bagridae Pseudomystus siamensis G3 1 1 1 1 1 1 1 1 

Bagridae Pseudomystus stenomus G3 
        

Bagridae Tachysurus fulvidraco  G3 
        

Bagridae Tachysurus sinensis  G3 
        

Bagridae Mystus albolineatus G4 
 

1 1 1 1 1 1 1 

Bagridae Mystus atrifasciatus G4 1 1 1 1 1 1 1 1 

Bagridae Mystus bocourti G4 
 

1 1 1 1 1 1 1 

Bagridae Mystus castaneus  G4 
        

Bagridae Mystus gulio G4 
        

Bagridae Mystus multiradiatus G4 
 

1 1 1 1 1 1 1 

Bagridae Mystus mysticetus G4 1 1 1 1 1 1 1 1 

Bagridae Mystus nigriceps G4 
        

Bagridae Mystus rhegma G4 
   

1 
    

Bagridae Mystus singaringan G4 1 1 1 1 1 1 1 1 

Bagridae Mystus velifer G4 
        

Bagridae Mystus wolffii G4 
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Family Species name BioRA Guild 
Focus Area 

1 2 3 4 5 6 7 8 

Balitoridae Balitora annamitica G1 
  

1 
     

Balitoridae Balitora lancangjiangensis G1 1 
       

Balitoridae Balitora meridionalis G1 1 
       

Balitoridae Balitoropsis zollingeri G1 
   

1 
    

Balitoridae Hemimyzon confluens G1 1 1 
      

Balitoridae Hemimyzon ecdyonuroides  G1 
        

Balitoridae Hemimyzon elongatus G1 
  

1 
     

Balitoridae Hemimyzon khonensis G1 
   

1 
    

Balitoridae Hemimyzon papilio G1 
  

1 
     

Balitoridae Hemimyzon pengi G1 1 1 
      

Balitoridae Hemimyzon tchangi G1 
        

Balitoridae Homaloptera confuzona G1 
   

1 
    

Balitoridae Homaloptera indochinensis G1 
        

Balitoridae Homaloptera maxinae  G1 
        

Balitoridae Homaloptera yunnanensis G1 1 
       

Balitoridae Homalopteroides smithi G1 
 

1 1 1 1 1 1 
 

Balitoridae Homalopteroides tweediei G1 
        

Balitoridae Pseudohomaloptera leonardi G1 
        

Balitoridae Pseudohomaloptera vulgaris G1 
        

Balitoridae Pteronemacheilus meridionalis G1 1 
       

Barbuccidae Barbucca diabolica  G1 
        

Batrachoididae Allenbatrachus grunniens G7 
       

1 

Batrachoididae Allenbatrachus reticulatus  G7 
       

1 

Batrachoididae Batrachomoeus trispinosus G7 
       

1 

Belonidae Ablennes hians  G10 
       

1 

Belonidae Strongylura incisa G10 
       

1 

Belonidae Strongylura leiura G10 
       

1 

Belonidae Strongylura strongylura G10 
       

1 

Belonidae Tylosurus crocodilus G10 
       

1 

Belonidae Xenentodon cancila G5 
        

Belonidae Xenentodon canciloides G5 1 1 1 1 1 1 1 1 

Bothidae Arnoglossus macrolophus  G10 
       

1 

Bothidae Arnoglossus tapeinosoma  G10 
       

1 

Botiidae Sinibotia longiventralis G1 1 
       

Botiidae Sinibotia superciliaris G1 
        

Botiidae Ambastaia sidthimunki G3 
   

1 
    

Botiidae Syncrossus beauforti G3 1 1 1 
     

Botiidae Syncrossus helodes G3 1 1 1 
     

Botiidae Yasuhikotakia caudipunctata G3 
  

1 
     

Botiidae Yasuhikotakia eos G3 1 1 1 
     

Botiidae Yasuhikotakia lecontei G3 1 1 1 
     

Botiidae Yasuhikotakia longidorsalis G3 1 
       

Botiidae Yasuhikotakia modesta G3 
 

1 1 
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Family Species name BioRA Guild 
Focus Area 

1 2 3 4 5 6 7 8 

Botiidae Yasuhikotakia morleti G3 
  

1 
     

Botiidae Yasuhikotakia nigrolineata G3 
 

1 1 1 
    

Botiidae Yasuhikotakia splendida G3 
  

1 1 
    

Bregmacerotidae Bregmaceros mcclellandi G10 
       

1 

Callionymidae Calliurichthys doryssus  G10 
       

1 

Callionymidae Calliurichthys filamentisus  G10 
       

1 

Callionymidae Repomucenus fluviatilis G10 
       

1 

Callionymidae Repomucenus sagitta G10 
       

1 

Callionymidae Trachicephalus uranoscopus  G10 
       

1 

Callionymidae Tonlesapia amnica  G3 
     

1 1 1 

Callionymidae Tonlesapia tsukaewakii  G3 
     

1 1 1 

Carangidae Alepes djedaba  G10 
       

1 

Carangidae Alepes kleinii  G10 
       

1 

Carangidae Alepes melanoptera  G10 
       

1 

Carangidae Alepes sp. G10 
       

1 

Carangidae Atule mate G10 
       

1 

Carangidae Carangoides armatus G10 
       

1 

Carangidae Carangoides fulvoguttatus  G10 
       

1 

Carangidae Carangoides praeustus G10 
       

1 

Carangidae Caranx ignobilis G10 
       

1 

Carangidae Caranx sexfasciatus G10 
       

1 

Carangidae Naucrates ductor G10 
       

1 

Carangidae Scomberoides lysan G10 
       

1 

Carangidae Scomberoides tol  G10 
       

1 

Carangidae Selar crumenophthalmus  G10 
       

1 

Carangidae Selaroides leptolepis G10 
       

1 

Carcharhinidae Carcharhinus dussumieri G10 
       

1 

Carcharhinidae Carcharhinus hemiodon G10 
       

1 

Carcharhinidae Carcharhinus leucas G10 
       

1 

Carcharhinidae Carcharhinus limbatus G10 
       

1 

Carcharhinidae Lamiopsis temminckii G10 
       

1 

Carcharhinidae Rhizoprionodon acutus G10 
       

1 

Carcharhinidae Rhizoprionodon oligolinx G10 
       

1 

Carcharhinidae Scoliodon laticaudus  G10 
       

1 

Chanidae Chanos chanos G10 
       

1 

Channidae Channa gachua G5 1 1 1 1 1 1 1 1 

Channidae Channa lucius G6 1 1 1 1 1 1 1 1 

Channidae Channa marulioides G6 
        

Channidae Channa marulius G6 1 1 1 1 
    

Channidae Channa melanoptera  G6 
        

Channidae Channa melasoma G6 
        

Channidae Channa micropeltes G6 1 1 1 1 1 1 1 1 

Channidae Channa striata G6 1 1 1 1 1 1 1 1 
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Family Species name BioRA Guild 
Focus Area 

1 2 3 4 5 6 7 8 

Chaudhuriidae Chaudhuria caudata G6 
 

1 1 1 1 1 1 1 

Chaudhuriidae Chaudhuria fusipinnis G6 
 

1 1 
     

Cichlidae Oreochromis aureus G11 1 
       

Cichlidae Oreochromis mossambicus G11 
       

1 

Cichlidae Oreochromis niloticus G11 1 1 1 1 1 1 1 1 

Cichlidae Tilapia rendalli G11 
        

Clariidae Clarias gariepinus G11 1 1 1 1 1 1 1 1 

Clariidae Clarias batrachus G6 1 1 1 1 1 1 1 1 

Clariidae Clarias cataractus G6 
        

Clariidae Clarias fuscus G6 
        

Clariidae Clarias macrocephalus G6 1 1 1 1 1 1 1 1 

Clariidae Clarias meladerma G6 
 

1 1 
     

Clariidae Clarias nieuhofii G6 
        

Clariidae Heteropneustes kemratensis G6 
        

Clupeidae Anodontostoma chacunda G10 
       

1 

Clupeidae Anodontostoma thailandiae G10 
       

1 

Clupeidae Escualosa elongata  G10 
       

1 

Clupeidae Escualosa thoracata G10 
       

1 

Clupeidae Sardinella fimbriata G10 
       

1 

Clupeidae Sardinella gibbosa G10 
       

1 

Clupeidae Tenualosa toli G10 
       

1 

Clupeidae Clupeichthys aesarnensis G3 
 

1 1 1 1 
   

Clupeidae Clupeichthys goniognathus G3 
     

1 1 1 

Clupeidae Clupeichthys perakensis  G3 
        

Clupeidae Clupeoides borneensis G3 
     

1 1 1 

Clupeidae Corica laciniata G3 
     

1 1 1 

Clupeidae Corica soborna G3 
     

1 1 1 

Clupeidae Tenualosa thibaudeaui G3 
 

1 1 1 1 1 1 
 

Clupeidae Minyclupeoides dentibranchialus  G4 
   

1 1 1 
 

1 

Clupeidae Hilsa kelee G7 
       

1 

Clupeidae Nematalosa nasus G7 
       

1 

Cobitidae Cobitis laoensis Gl 1 
       

Cobitidae Microcobitis misgurnoides  G11 
   

1 
    

Cobitidae Misgurnus anguillicaudatus G11 
   

1 
    

Cobitidae Misgurnus mizolepis  G11 
   

1 
    

Cobitidae Acanthopsoides delphax G3 
 

1 1 1 
    

Cobitidae Acanthopsoides gracilentus G3 1 1 1 
     

Cobitidae Acanthopsoides hapalias G3 
   

1 1 
   

Cobitidae Acanthopsoides molobrion  G3 
        

Cobitidae Acantopsis thienmedhi Sontilat, 1999 G3 
      

1 
 

Cobitidae Acantopsis sp. 'small-spots' G3 
 

1 1 1 1 1 1 1 

Cobitidae Acantopsis sp. 'large spots' G3 
 

1 1 1 
    

Cobitidae Pangio anguillaris G4 
 

1 1 1 1 1 1 
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Family Species name BioRA Guild 
Focus Area 

1 2 3 4 5 6 7 8 

Cobitidae Pangio filinaris G4 
 

1 1 1 
    

Cobitidae Pangio fusca G4 
 

1 1 1 
    

Cobitidae Pangio kuhlii G4 
        

Cobitidae Pangio longimanus  G4 
        

Cobitidae Pangio myersi G4 
   

1 
  

1 
 

Cobitidae Pangio oblonga G4 
  

1 
     

Cobitidae Lepidocephalichthys berdmorei G6 
        

Cobitidae Lepidocephalichthys furcatus G6 
        

Cobitidae Lepidocephalichthys hasselti G6 1 1 1 1 1 1 1 1 

Cobitidae Lepidocephalichthys kranos  G6 1 1 1 1 1 1 1 
 

Cobitidae Lepidocephalichthys zeppelini  G6 
 

1 1 1 
    

Cynoglossidae Cynoglossus abbreviatus G10 
       

1 

Cynoglossidae Cynoglossus bilineatus G10 
       

1 

Cynoglossidae Cynoglossus cynoglossus G10 
       

1 

Cynoglossidae Cynoglossus feldmanni G10 
   

1 1 1 1 1 

Cynoglossidae Cynoglossus gracilis  G10 
       

1 

Cynoglossidae Cynoglossus lida  G10 
       

1 

Cynoglossidae Cynoglossus lingua G10 
       

1 

Cynoglossidae Cynoglossus microlepis G10 
   

1 1 1 1 1 

Cynoglossidae Cynoglossus puncticeps G10 
       

1 

Cynoglossidae Cynoglossus trulla G10 
       

1 

Cynoglossidae Paraplagusia bilineata G10 
       

1 

Cyprinidae Toxabramis houdemeri ? 
        

Cyprinidae Barbodes lateristriga G1 
        

Cyprinidae Devario acrostomus G1 
 

1 1 
     

Cyprinidae Devario annandalei G1 
        

Cyprinidae Devario apopyris G1 1 
       

Cyprinidae Devario chrysotaeniatus G1 1 
       

Cyprinidae Devario fangfangae G1 
 

1 
      

Cyprinidae Devario gibber G1 
   

1 
    

Cyprinidae Devario laoensis G1 1 1 
      

Cyprinidae Devario leptos G1 1 1 
      

Cyprinidae Devario regina  G1 
        

Cyprinidae Devario salmonata G1 
   

1 
    

Cyprinidae Discherodontus ashmeadi G1 
 

1 1 1 
    

Cyprinidae Discherodontus parvus G1 
        

Cyprinidae Discherodontus schroederi G1 
        

Cyprinidae Epalzeorhynchos kalopterum  G1 
        

Cyprinidae Epalzeorhynchos munense G1 
 

1 1 1 
    

Cyprinidae Garra cambodgiensis G1 
 

1 1 1 
  

1 
 

Cyprinidae Garra cryptonema G1 
        

Cyprinidae Garra cyrano G1 
   

1 
    

Cyprinidae Garra fasciacauda G1 1 1 1 1 1 
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Cyprinidae Garra fisheri  G1 
        

Cyprinidae Garra fuliginosa  G1 
 

1 1 1 1 
 

1 
 

Cyprinidae Garra imberba G1 
        

Cyprinidae Garra mirofrontis G1 
        

Cyprinidae Garra poilanei  G1 
        

Cyprinidae Garra theunensis G1 
 

1 1 
     

Cyprinidae Gobiobotia longibarba G1 
        

Cyprinidae Gobiobotia meridionalis G1 
        

Cyprinidae Gobiobotia yuanjiangensis  G1 
        

Cyprinidae Lobocheilos davisi G1 
 

1 1 1 1 
   

Cyprinidae Lobocheilos delacouri G1 
 

1 1 1 1 
   

Cyprinidae Lobocheilos fowleri G1 
        

Cyprinidae Lobocheilos gracilis G1 
        

Cyprinidae Lobocheilos melanotaenia G1 
 

1 1 1 1 
   

Cyprinidae Lobocheilos quadrilineatus G1 
        

Cyprinidae Lobocheilos rhabdoura G1 
 

1 1 1 1 
   

Cyprinidae Mekongina erythrospila G1 1 1 1 1 1 
   

Cyprinidae Mekongina lancangensis  G1 
        

Cyprinidae Metzia bounthobi  G1 
 

1 
      

Cyprinidae Metzia lineata G1 
        

Cyprinidae Mystacoleucus atridorsalis G1 
  

1 1 1 
   

Cyprinidae Mystacoleucus chilopterus G1 
  

1 1 
    

Cyprinidae Mystacoleucus ectypus G1 
 

1 1 
     

Cyprinidae Mystacoleucus greenwayi G1 
   

1 
    

Cyprinidae Mystacoleucus lepturus G1 1 
       

Cyprinidae Mystacoleucus obtusirostris  G1 1 1 1 1 1 1 1 
 

Cyprinidae Neolissochilus baoshanensis  G1 
        

Cyprinidae Neolissochilus blanci  G1 1 1 1 1 
    

Cyprinidae Neolissochilus soroides G1 
        

Cyprinidae Neolissochilus stracheyi G1 
        

Cyprinidae Onychostoma fangi  G1 
        

Cyprinidae Onychostoma fusiforme G1 
 

1 1 1 
    

Cyprinidae Onychostoma gerlachi G1 1 1 1 
     

Cyprinidae Onychostoma meridionale G1 
 

1 1 1 
    

Cyprinidae Opsarius caudiocellatus G1 
        

Cyprinidae Opsarius koratensis G1 
 

1 1 1 1 
 

1 
 

Cyprinidae Opsarius ornatus G1 
        

Cyprinidae Opsarius pulchellus G1 1 1 1 
     

Cyprinidae Oreichthys parvus G1 
  

1 
   

1 
 

Cyprinidae Osteochilus waandersii G1 
 

1 1 1 1 
   

Cyprinidae Oxygaster anomalura G1 
        

Cyprinidae Percocypris tchangi G1 
 

1 
      

Cyprinidae Poropuntius angustus G1 1 
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Cyprinidae Poropuntius bantamensis G1 
        

Cyprinidae Poropuntius bolovenensis G1 
   

1 
    

Cyprinidae Poropuntius carinatus G1 
   

1 
    

Cyprinidae Poropuntius cogginii G1 
        

Cyprinidae Poropuntius consternans G1 
        

Cyprinidae Poropuntius deauratus G1 
        

Cyprinidae Poropuntius exiguus G1 
        

Cyprinidae Poropuntius huangchuchieni G1 
        

Cyprinidae Poropuntius kontumensis G1 
   

1 
    

Cyprinidae Poropuntius krempfi  G1 
        

Cyprinidae Poropuntius laoensis G1 1 1 1 1 1 
   

Cyprinidae Poropuntius laticeps  G1 
        

Cyprinidae Poropuntius lobocheiloides G1 
        

Cyprinidae Poropuntius normani  G1 1 1 1 1 1 
 

1 
 

Cyprinidae Poropuntius rasorius  G1 
        

Cyprinidae Poropuntius shanensis  G1 
        

Cyprinidae Poropuntius solitus G1 
   

1 
    

Cyprinidae Poropuntius speleops G1 
   

1 
    

Cyprinidae Poropuntius susanae  G1 
        

Cyprinidae Pseudohomaloptera sexmaculata G1 
        

Cyprinidae Ptychobarbus kaznakovi G1 
        

Cyprinidae Raiamas guttatus G1 1 1 1 1 1 1 1 
 

Cyprinidae Scaphiodonichthys acanthopterus G1 1 1 1 1 
    

Cyprinidae Scaphiodonichthys macracanthus  G1 
        

Cyprinidae Schizopyge dolichonema G1 
        

Cyprinidae Schizopyge lissolabiata G1 
        

Cyprinidae Schizopygopsis anteroventris G1 
        

Cyprinidae Schizothorax griseus G1 
        

Cyprinidae Schizothorax lantsangensis G1 
        

Cyprinidae Schizothorax taliensis G1 
        

Cyprinidae Schizothorax yunnanensis G1 
        

Cyprinidae Tor ater G1 
  

1 
     

Cyprinidae Tor laterivittatus G1 1 1 
      

Cyprinidae Tor polylepis G1 
        

Cyprinidae Tor sinensis G1 1 1 1 1 
    

Cyprinidae Tor tambra G1 1 1 1 1 
    

Cyprinidae Tor tambroides G1 1 1 1 1 
    

Cyprinidae Triplophysa microps G1 
        

Cyprinidae Troglocyclocheilus khammouanensis G1 
  

1 
     

Cyprinidae Abbottina rivularis G11 1 
       

Cyprinidae Carassius auratus G11 1 
  

1 
    

Cyprinidae Cirrhinus cirrhosus G11 1 1 1 1 1 1 1 1 

Cyprinidae Cirrhinus mrigala  G11 
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Cyprinidae Ctenopharyngodon idella G11 1 1 1 1 1 1 1 1 

Cyprinidae Cyprinus carpio G11 1 1 1 1 1 1 1 1 

Cyprinidae Hemibarbus labeo G11 1 
       

Cyprinidae Hemibarbus macracanthus  G11 1 
       

Cyprinidae Hemibarbus maculatus G11 1 
       

Cyprinidae Hemibarbus medius  G11 1 
       

Cyprinidae Hypophthalmichthys molitrix G11 1 1 1 1 1 1 1 1 

Cyprinidae Hypophthalmichthys nobilis G11 1 1 1 1 1 1 1 1 

Cyprinidae Labeo dyocheilus G11 
        

Cyprinidae Labeo erythropterus G11 
        

Cyprinidae Labeo rohita G11 1 1 1 1 1 1 1 1 

Cyprinidae Leptobarbus hoevenii G11 
        

Cyprinidae Megalobrama terminalis  G11 1 
       

Cyprinidae Neobarynotus microlepis G11 
        

Cyprinidae Osteochilus enneaporos G11 
        

Cyprinidae Pseudorasbora parva G11 1 
       

Cyprinidae Catlocarpio siamensis G2 1 1 1 1 1 1 1 1 

Cyprinidae Cosmochilus cardinalis G2 
        

Cyprinidae Cosmochilus harmandi G2 1 1 1 1 1 1 
 

1 

Cyprinidae Cyclocheilos enoplos G2 1 1 1 1 1 1 1 1 

Cyprinidae Cyclocheilos furcatus G2 
 

1 1 1 
    

Cyprinidae Probarbus jullieni G2 1 1 1 1 1 1 1 1 

Cyprinidae Probarbus labeamajor G2 
 

1 1 1 
    

Cyprinidae Probarbus labeaminor G2 
   

1 
    

Cyprinidae Aaptosyax grypus G3 
 

1 1 1 
    

Cyprinidae Albulichthys albuloides G3 
     

1 1 1 

Cyprinidae Amblyrhynchichthys micracanthus  G3 1 1 1 1 1 1 1 1 

Cyprinidae Amblyrhynchichthys truncatus G3 
        

Cyprinidae Balantiocheilos ambusticauda  G3 
 

1 
 

1 
   

1 

Cyprinidae Balantiocheilos melanopterus G3 
        

Cyprinidae Bangana devdevi G3 
        

Cyprinidae Bangana discognathoides G3 
        

Cyprinidae Bangana elegans G3 
 

1 
      

Cyprinidae Bangana laticeps G3 
        

Cyprinidae Bangana lippa G3 1 1 
      

Cyprinidae Bangana musaei  G3 
  

1 
     

Cyprinidae Bangana yunnanensis G3 1 
       

Cyprinidae Bangana zhui G3 
        

Cyprinidae Barbichthys laevis G3 1 1 1 1 1 1 1 1 

Cyprinidae Chanodichthys flavipinnis  G3 
        

Cyprinidae Cirrhinus brevirostris G3 
        

Cyprinidae Cirrhinus jullieni G3 
 

1 1 1 1 1 1 
 

Cyprinidae Cirrhinus microlepis G3 
 

1 1 1 1 1 1 
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Cyprinidae Cirrhinus molitorella G3 
        

Cyprinidae Cirrhinus prosemion G3 1 1 1 1 1 
   

Cyprinidae Folifer brevifilis G3 1 
       

Cyprinidae Hemiculter krempfi  G3 
        

Cyprinidae Hemiculter leucisculus  G3 
        

Cyprinidae Hemiculterella macrolepis G3 
        

Cyprinidae Hypsibarbus lagleri G3 
 

1 1 1 
    

Cyprinidae Hypsibarbus malcolmi G3 
 

1 1 1 1 1 
  

Cyprinidae Hypsibarbus pierrei G3 
 

1 1 1 1 
   

Cyprinidae Hypsibarbus suvattii G3 
        

Cyprinidae Hypsibarbus vernayi G3 1 1 1 1 1 
   

Cyprinidae Hypsibarbus wetmorei G3 
 

1 1 1 1 
   

Cyprinidae Incisilabeo behri G3 1 1 1 1 1 1 
  

Cyprinidae Labeo barbatulus G3 
   

1 1 
   

Cyprinidae Labeo chrysophekadion G3 1 1 1 1 1 1 1 1 

Cyprinidae Labeo pierrei G3 1 1 1 1 1 1 1 1 

Cyprinidae Leptobarbus rubripinna  G3 
 

1 1 1 1 1 1 1 

Cyprinidae Luciocyprinus striolatus G3 1 1 1 1 
    

Cyprinidae Luciosoma bleekeri G3 1 1 1 1 1 1 1 1 

Cyprinidae Luciosoma setigerum G3 
   

1 
    

Cyprinidae Opsariichthys bidens G3 
 

1 
      

Cyprinidae Osteochilus melanopleurus G3 
 

1 1 1 1 1 1 1 

Cyprinidae Osteochilus schlegelii G3 
     

1 1 1 

Cyprinidae Oxygaster pointoni G3 
  

1 
     

Cyprinidae Pseudohemiculter dispar G3 
        

Cyprinidae Puntioplites bulu G3 
    

1 
   

Cyprinidae Puntioplites falcifer G3 1 1 1 1 1 
   

Cyprinidae Puntioplites proctozysron G3 1 1 1 1 1 1 1 1 

Cyprinidae Puntioplites waandersi G3 
   

1 1 
   

Cyprinidae Scaphognathops bandanensis G3 1 1 1 1 
    

Cyprinidae Scaphognathops stejnegeri G3 
 

1 1 1 1 
   

Cyprinidae Scaphognathops theunensis G3 
  

1 
     

Cyprinidae Acheilognathus barbatulus G4 
 

1 
      

Cyprinidae Acheilognathus deignani G4 1 
       

Cyprinidae Amblypharyngodon chulabhornae G4 1 1 1 1 1 1 1 1 

Cyprinidae Barbodes aurotaeniatus G4 1 1 1 1 1 1 1 1 

Cyprinidae Barbodes binotatus (restricted in Java) G4 
        

Cyprinidae Barbodes rhombeus G4 
 

1 1 1 
  

1 
 

Cyprinidae Barbodes semifasciolatus G4 
        

Cyprinidae Barbonymus altus G4 1 1 1 1 1 1 1 1 

Cyprinidae Barbonymus schwanenfeldii G4 
 

1 1 1 1 1 1 1 

Cyprinidae Brachydanio albolineata G4 
 

1 1 1 
  

1 
 

Cyprinidae Chela huae  G4 
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Cyprinidae Cyclocheilichthys apogon G4 1 1 1 1 1 1 1 1 

Cyprinidae Cyclocheilichthys armatus G4 1 1 1 1 1 1 1 1 

Cyprinidae Cyclocheilichthys heteronema G4 
   

1 1 
 

1 
 

Cyprinidae Cyclocheilichthys lagleri G4 
   

1 
    

Cyprinidae Cyclocheilichthys repasson G4 1 1 1 1 1 1 1 1 

Cyprinidae Cyprinus barbatus G4 
        

Cyprinidae Cyprinus chilia G4 
        

Cyprinidae Cyprinus daliensis G4 
        

Cyprinidae Cyprinus longipectoralis G4 
        

Cyprinidae Cyprinus megalophthalmus G4 
        

Cyprinidae Cyprinus rubrofuscus G4 1 1 1 1 1 1 1 1 

Cyprinidae Danio albolineatus G4 
        

Cyprinidae Danio pulchra Smith, 1931 G4 
   

1 
  

1 
 

Cyprinidae Danio rosea Fang & Kottelat, 2000 G4 1 1 1 
     

Cyprinidae Desmopuntius johorensis G4 
        

Cyprinidae Laocypris hispida G4 1 1 1 1 
    

Cyprinidae Laubuka caeruleostigmata G4 
 

1 1 1 
    

Cyprinidae Laubuka laubuca G4 
        

Cyprinidae Macrochirichthys macrochirus G4 1 1 1 1 1 1 1 1 

Cyprinidae Osteochilus brachynotopteroides G4 
 

1 
 

1 
    

Cyprinidae Osteochilus striatus G4 
  

1 
     

Cyprinidae Parachela maculicauda G4 1 1 1 1 1 1 1 1 

Cyprinidae Parachela oxygastroides G4 
  

1 1 1 1 1 1 

Cyprinidae Parachela siamensis G4 
 

1 1 1 1 1 1 1 

Cyprinidae Parachela williaminae G4 
 

1 1 1 
    

Cyprinidae Paralaubuca barroni G4 1 1 1 1 
    

Cyprinidae Paralaubuca harmandi G4 
   

1 1 1 1 
 

Cyprinidae Paralaubuca riveroi G4 
        

Cyprinidae Paralaubuca typus G4 1 1 1 1 1 1 1 1 

Cyprinidae Parasikukia maculata G4 
     

1 1 
 

Cyprinidae Pethia stoliczkana G4 1 1 
      

Cyprinidae Puntigurus partipentazona G4 1 1 1 1 1 1 1 1 

Cyprinidae Puntius masyai  G4 
  

1 1 1 1 1 1 

Cyprinidae Rasbora amplistriga G4 
 

1 1 
     

Cyprinidae Rasbora atridorsalis G4 
 

1 
      

Cyprinidae Rasbora aurotaenia G4 
 

1 1 1 1 1 1 1 

Cyprinidae Rasbora borapetensis G4 1 1 1 1 1 1 1 1 

Cyprinidae Rasbora caudimaculata G4 
        

Cyprinidae Rasbora daniconius G4 
 

1 1 1 1 1 1 1 

Cyprinidae Rasbora dorsinotata G4 
 

1 1 
     

Cyprinidae Rasbora dusonensis  G4 
 

1 1 1 1 1 1 1 

Cyprinidae Rasbora hobelmani G4 1 1 1 
     

Cyprinidae Rasbora myersi G4 
 

1 1 
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Cyprinidae Rasbora paviana G4 
 

1 1 1 1 
 

1 
 

Cyprinidae Rasbora rubrodorsalis G4 
 

1 1 1 1 1 1 1 

Cyprinidae Rasbora septentrionalis G4 1 
       

Cyprinidae Rasbora tornieri G4 
   

1 1 
  

1 

Cyprinidae Rasbora trilineata G4 1 1 1 1 1 1 1 1 

Cyprinidae Rasbosoma spilocerca G4 
 

1 1 1 
  

1 
 

Cyprinidae Rhodeus laoensis G4 
  

1 
     

Cyprinidae Rhodeus rheinhardti  G4 
        

Cyprinidae Rhodeus sinensis  G4 
        

Cyprinidae Sikukia flavicaudata G4 
        

Cyprinidae Sikukia gudgeri G4 
 

1 1 1 1 
  

1 

Cyprinidae Sikukia longibarbata G4 
        

Cyprinidae Sikukia stejnegeri G4 
     

1 1 1 

Cyprinidae Systomus jacobusboehlkei G4 1 1 
      

Cyprinidae Thynnichthys thynnoides G4 1 1 1 1 1 1 1 1 

Cyprinidae Trigonopoma pauciperforatum G4 
        

Cyprinidae Trigonostigma espei G4 
        

Cyprinidae Barbonymus gonionotus G5 1 1 1 1 1 1 1 1 

Cyprinidae Crossocheilus atrilimes G5 
 

1 1 1 1 1 1 1 

Cyprinidae Crossocheilus cobitis G5 
        

Cyprinidae Crossocheilus oblongus G5 
 

1 1 1 
    

Cyprinidae Crossocheilus reticulatus G5 
 

1 1 1 1 1 1 1 

Cyprinidae Crossocheilus siamensis  G5 
        

Cyprinidae Epalzeorhynchos frenatum G5 
 

1 1 1 1 1 1 
 

Cyprinidae Gymnostomus caudimaculatus G5 1 1 1 1 1 1 1 1 

Cyprinidae Gymnostomus cryptopogon  G5 1 1 1 1 1 1 1 1 

Cyprinidae Gymnostomus lineatus G5 
  

1 1 
    

Cyprinidae Gymnostomus lobatus G5 1 1 1 1 1 1 1 1 

Cyprinidae Gymnostomus ornatipinnis G5 
 

1 1 1 
    

Cyprinidae Gymnostomus siamensis G5 1 1 1 1 1 1 1 1 

Cyprinidae Hampala dispar G5 1 1 1 1 1 1 1 1 

Cyprinidae Hampala macrolepidota G5 1 1 1 1 1 1 1 1 

Cyprinidae Labiobarbus leptocheilus G5 1 1 1 1 1 1 1 1 

Cyprinidae Labiobarbus lineatus G5 1 1 1 1 1 1 1 1 

Cyprinidae Labiobarbus siamensis G5 1 1 1 1 1 1 1 1 

Cyprinidae Osteochilus lini G5 
 

1 1 1 
    

Cyprinidae Osteochilus microcephalus G5 1 1 1 1 1 1 1 1 

Cyprinidae Osteochilus vittatus G5 1 1 1 1 1 1 1 1 

Cyprinidae Systomus orphoides G5 
        

Cyprinidae Systomus rubripinnis G5 
  

1 1 1 1 1 1 

Cyprinidae Boraras micros G6 
 

1 1 1 
    

Cyprinidae Boraras urophthalmoides G6 
       

1 

Cyprinidae Esomus longimanus G6 
 

1 1 
 

1 
  

1 
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Cyprinidae Esomus metallicus G6 1 1 1 1 1 1 1 1 

Cyprinidae Puntius brevis G6 1 1 1 1 1 1 1 1 

Cyprinidae Thryssocypris tonlesapensis G7 
   

1 1 1 1 1 

Dasyatidae Dasyatis bennettii  G10 
       

1 

Dasyatidae Dasyatis zugei G10 
       

1 

Dasyatidae Himantura imbricata G10 
       

1 

Dasyatidae Himantura oxyrhynchus G10 
     

1 
 

1 

Dasyatidae Himantura signifer G10 
        

Dasyatidae Himantura uarnak G10 
       

1 

Dasyatidae Himantura undulata G10 
       

1 

Dasyatidae Dasyatis laosensis G3 1 1 1 1 
    

Dasyatidae Himantura polylepis G3 
 

1 1 1 1 1 
 

1 

Dasyatidae Pastinachus sp G7 
       

1 

Datnioididae Datnioides undecimradiatus G3 
 

1 1 1 1 1 
  

Datnioididae Datnioides pulcher G4 
 

1 1 1 1 1 1 1 

Datnioididae Datnioides polota G7 
       

1 

Drepaneidae Drepane longimana  G10 
       

1 

Drepaneidae Drepane punctata G10 
       

1 

Eleotridae Asterropteryx semipunctata G10 
       

1 

Eleotridae Bostrychus  scalaris G10 
       

1 

Eleotridae Bostrychus sinensis G10 
       

1 

Eleotridae Odonteleotris canina G10 
       

1 

Eleotridae Oxyeleotris siamensis G10 
     

1 
 

1 

Eleotridae Oxyeleotris urophthalmus  G10 
       

1 

Eleotridae Oxyeleotris urophthamoides  G10 
     

1 
 

1 

Eleotridae Oxyeleotris marmorata G5 1 1 1 1 1 1 1 1 

Eleotridae Butis amboinensis G7 
       

1 

Eleotridae Butis butis G7 
       

1 

Eleotridae Butis gymnopomus G7 
       

1 

Eleotridae Butis humeralis  G7 
       

1 

Eleotridae Butis koilomatodon G7 
       

1 

Eleotridae Eleotris acanthopoma G7 
       

1 

Eleotridae Eleotris fusca G7 
       

1 

Eleotridae Eleotris melanosoma  G7 
       

1 

Eleotridae Ophiocara porocephala G7 
       

1 

Elopidae Elops hawaiensis  G10 
       

1 

Elopidae Elops machnata G10 
       

1 

Engraulidae Coilia macrognathos G10 
       

1 

Engraulidae Coilia neglecta  G10 
       

1 

Engraulidae Coilia rebentischii G10 
       

1 

Engraulidae Setipinna breviceps G10 
       

1 

Engraulidae Setipinna taty G10 
       

1 

Engraulidae Stolephorus baganensis G10 
       

1 
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Engraulidae Stolephorus chinensis G10 
       

1 

Engraulidae Stolephorus commersonnii G10 
       

1 

Engraulidae Stolephorus dubiosus G10 
       

1 

Engraulidae Stolephorus indicus G10 
       

1 

Engraulidae Stolephorus insularis G10 
       

1 

Engraulidae Stolephorus tri G10 
       

1 

Engraulidae Thryssa dussumieri  G10 
       

1 

Engraulidae Thryssa hamiltonii G10 
       

1 

Engraulidae Thryssa setirostris G10 
       

1 

Engraulidae Coilia dussumieri G7 
       

1 

Engraulidae Coilia lindmani G7 
   

1 1 1 1 1 

Engraulidae Lycothrissa crocodilus G7 
   

1 1 1 1 1 

Engraulidae Setipinna melanochir G7 
  

1 1 1 1 1 1 

Exocoetidae Cypselurus poecilopterus G10 
       

1 

Gastromyzontidae Annamia normani G1 1 1 1 1 
    

Gastromyzontidae Sewellia breviventralis G1 
   

1 
    

Gastromyzontidae Sewellia diardi G1 
   

1 
    

Gastromyzontidae Sewellia elongata G1 
   

1 
    

Gastromyzontidae Sewellia patella G1 
   

1 
    

Gastromyzontidae Sewellia speciosa G1 
   

1 
    

Gastromyzontidae Vanmanenia serrilineata G1 1 
       

Gastromyzontidae Vanmanenia striata  G1 1 
       

Gerreidae Gerres erythrourus G10 
       

1 

Gerreidae Gerres filamentosus G10 
       

1 

Gerreidae Gerres infasciatus G10 
       

1 

Gerreidae Gerres limbatus  G10 
       

1 

Gerreidae Gerres longirostris G10 
       

1 

Gerreidae Gerres oyena G10 
       

1 

Gerreidae Pentaprion longimanus G10 
       

1 

Gobiidae Papuligobius ocellatus G1 
 

1 1 1 1 
   

Gobiidae Rhinogobius albimaculatus G1 
 

1 1 
     

Gobiidae Rhinogobius lineatus  G1 
 

1 1 
     

Gobiidae Rhinogobius maculicervix G1 
 

1 1 
     

Gobiidae Rhinogobius mekongianus G1 1 1 
      

Gobiidae Rhinogobius taenigena G1 
 

1 1 
     

Gobiidae Boleophthalmus boddarti G10 
       

1 

Gobiidae Cryptocentrus caeruleomaculatus G10 
       

1 

Gobiidae Cryptocentrus callopterus G10 
       

1 

Gobiidae Cryptocentrus cyanospilotus G10 
       

1 

Gobiidae Cryptocentrus wehrlei G10 
       

1 

Gobiidae Drombus bontii  G10 
       

1 

Gobiidae Exyrias puntang G10 
       

1 

Gobiidae Gobiopsis macrostomus G10 
       

1 



 

  
Page 532 

 

  

Family Species name BioRA Guild 
Focus Area 

1 2 3 4 5 6 7 8 

Gobiidae Istigobius decoratus G10 
       

1 

Gobiidae Istigobius ornatus G10 
       

1 

Gobiidae Mahidolia mystacina G10 
       

1 

Gobiidae Oxuderces dentatus G10 
       

1 

Gobiidae Oxyurichthys microlepis G10 
       

1 

Gobiidae Oxyurichthys papuensis G10 
       

1 

Gobiidae Oxyurichthys tentacularis G10 
       

1 

Gobiidae Parachaeturichthys polynema G10 
       

1 

Gobiidae Parapocryptes serperaster G10 
       

1 

Gobiidae Pseudapocryptes borneensis G10 
       

1 

Gobiidae Pseudapocryptes elongatus G10 
       

1 

Gobiidae Scartelaos histophorus G10 
       

1 

Gobiidae Synonym of P. elongatus G10 
       

1 

Gobiidae Acentrogobius caninus G7 
       

1 

Gobiidae Acentrogobius chlorostigmatoides G7 
       

1 

Gobiidae Acentrogobius cyanomos G7 
       

1 

Gobiidae Acentrogobius janthinopterus G7 
       

1 

Gobiidae Acentrogobius moloanus G7 
       

1 

Gobiidae Acentrogobius viridipunctatus G7 
       

1 

Gobiidae Amblyotrypauchen arctocephalus G7 
       

1 

Gobiidae Apocryptodon madurensis G7 
       

1 

Gobiidae Aulopareia janetae G7 
       

1 

Gobiidae Awaous grammepomus G7 
       

1 

Gobiidae Bathygobius fuscus G7 
       

1 

Gobiidae Brachygobius kabiliensis  G7 
       

1 

Gobiidae Brachygobius mekongensis G7 1 1 1 1 1 
  

1 

Gobiidae Brachygobius sabanus  G7 
       

1 

Gobiidae Brachygobius xanthomelas G7 
   

1 1 1 1 1 

Gobiidae Eugnathogobius kabilia G7 
       

1 

Gobiidae Eugnathogobius microps G7 
       

1 

Gobiidae Eugnathogobius siamensis G7 
   

1 1 1 1 1 

Gobiidae Glossogobius aureus G7 
   

1 1 1 1 1 

Gobiidae Glossogobius giuris G7 
   

1 1 1 1 1 

Gobiidae Glossogobius koragensis G7 
       

1 

Gobiidae Glossogobius sparsipapillus G7 
       

1 

Gobiidae Gobiopterus brachypterus G7 
       

1 

Gobiidae Gobiopterus chuno G7 
   

1 1 1 1 1 

Gobiidae Hemigobius hoevenii G7 
       

1 

Gobiidae Hemigobius mingi G7 
       

1 

Gobiidae Mugilogobius chulae G7 
       

1 

Gobiidae Oligolepis acutipennis G7 
       

1 

Gobiidae Oligolepis cylindriceps G7 
       

1 

Gobiidae Paratrypauchen microcephalus  G7 
       

1 
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Gobiidae Periophthalmodon freycineti G7 
       

1 

Gobiidae Periophthalmodon schlosseri G7 
       

1 

Gobiidae Periophthalmodon septemradiatus G7 
       

1 

Gobiidae Periophthalmus chrysospilos G7 
       

1 

Gobiidae Periophthalmus gracilis G7 
       

1 

Gobiidae Periophthalmus kalolo G7 
       

1 

Gobiidae Psammogobius biocellatus  G7 
       

1 

Gobiidae Pseudogobiopsis oligactis G7 
       

1 

Gobiidae Pseudogobius avicennia G7 
       

1 

Gobiidae Pseudogobius javanicus G7 
       

1 

Gobiidae Redigobius balteatus G7 
       

1 

Gobiidae Redigobius bikolanus G7 
       

1 

Gobiidae Redigobius chrysosoma G7 
     

1 
 

1 

Gobiidae Redigobius isognathus  G7 
       

1 

Gobiidae Rhinogobius giurinus  G7 
   

10 4 3 3 39 

Gobiidae Stenogobius gymnopomus G7 
       

1 

Gobiidae Stenogobius mekongensis G7 
       

1 

Gobiidae Stigmatogobius pleurostigma G7 
       

1 

Gobiidae Stigmatogobius sadanundio G7 
        

Gyrinocheilidae Gyrinocheilus aymonieri G3 
 

1 1 1 
  

1 
 

Gyrinocheilidae Gyrinocheilus pennocki G3 1 1 1 1 1 1 1 1 

Haemulidae Plectorhinchus flavomaculatus  G10 
       

1 

Haemulidae Plectorhinchus picus  G10 
       

1 

Haemulidae Pomadasys argenteus G10 
       

1 

Helostomatidae Helostoma temminckii G11 
  

1 
  

1 
 

1 

Hemiramphidae Hemiramphus far G10 
       

1 

Hemiramphidae Rhynchorhamphus georgii  G10 
       

1 

Hemiramphidae Rhynchorhamphus naga G10 
       

1 

Hemiramphidae Hyporhamphus affinis G7 
       

1 

Hemiramphidae Hyporhamphus dussumieri G7 
       

1 

Hemiramphidae Hyporhamphus intermedius G7 
       

1 

Hemiramphidae Hyporhamphus limbatus G7 
   

1 1 1 1 1 

Hemiramphidae Hyporhamphus melanopterus G7 
       

1 

Hemiramphidae Hyporhamphus neglectus G7 
       

1 

Hemiscylliidae Chiloscyllium griseum G10 
       

1 

Hemiscylliidae Chiloscyllium indicum G10 
       

1 

Hemiscylliidae Chiloscyllium punctatum G10 
       

1 

Indostomidae Indostomus spinosus G4 
 

1 1 1 
  

1 
 

Latidae Lates calcarifer G10 
       

1 

Latidae Psammoperca waigiensis G10 
       

1 

Leiognathidae Deveximentum insidiator G10 
       

1 

Leiognathidae Eubleekeria splendens G10 
       

1 

Leiognathidae Gazza minuta G10 
       

1 
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Leiognathidae Leiognathus equulus G10 
       

1 

Leiognathidae Leiognathus ruconius G10 
       

1 

Leiognathidae Nuchequula blochii G10 
       

1 

Leiognathidae Nuchequula gerreoides G10 
       

1 

Leiognathidae Nuchequula pan  G10 
       

1 

Lobotidae Lobotes surinamensis G10 
       

1 

Loricariidae Pterygoplichthys pardalis G11 1 1 1 1 1 1 1 1 

Loricariidae Hypostomus plecostomus G3 1 1 1 1 1 1 1 1 

Lutjanidae Lutjanus argentimaculatus G10 
       

1 

Lutjanidae Lutjanus johnii G10 
       

1 

Lutjanidae Lutjanus lutjanus  G10 
       

1 

Lutjanidae Lutjanus malabaricus G10 
       

1 

Lutjanidae Lutjanus russellii G10 
       

1 

Mastacembelidae Mastacembelus armatus G5 1 1 1 1 1 1 1 1 

Mastacembelidae Mastacembelus dienbienensis  G5 1 
       

Mastacembelidae Mastacembelus favus  G5 
 

1 1 1 1 1 1 1 

Mastacembelidae Macrognathus circumcinctus G6 
   

1 1 
  

1 

Mastacembelidae Macrognathus maculatus G6 
        

Mastacembelidae Macrognathus meklongensis G6 
        

Mastacembelidae Macrognathus semiocellatus G6 1 1 1 1 1 1 1 1 

Mastacembelidae Macrognathus siamensis G6 1 1 1 1 1 1 1 1 

Mastacembelidae Synonym of M. circumcinctus G6 
        

Mastacembelidae Mastacembelus erythrotaenia G7 
       

1 

Megalopidae Megalops cyprinoides G10 
       

1 

Monacanthidae Paramonacanthus choirocephalus  G10 
       

1 

Monacanthidae Paramonacanthus sulcatus G10 
       

1 

Monodactylidae Monodactylus argenteus G10 
       

1 

Moringuidae Moringua microchir  G10 
       

1 

Moringuidae Moringua raitaborua  G10 
       

1 

Mugilidae Chelon parsia G10 
       

1 

Mugilidae Chelon subviridis G10 
       

1 

Mugilidae Chelon tade G10 
       

1 

Mugilidae Moolgarda cunnesius G10 
       

1 

Mugilidae Moolgarda pedaraki G10 
       

1 

Mugilidae Moolgarda perusii G10 
       

1 

Mugilidae Moolgarda seheli G10 
       

1 

Mugilidae Moolgarda speigleri G10 
       

1 

Mugilidae Mugil cephalus G10 
       

1 

Mugilidae Ellochelon vaigiensis G7 
       

1 

Muraenesocidae Congresox talabon G10 
       

1 

Muraenesocidae Congresox talabonoides G10 
       

1 

Muraenesocidae Muraenesox bagio G10 
       

1 

Muraenesocidae Muraenesox cinereus G10 
       

1 
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Muraenidae Gymnothorax pictus G10 
       

1 

Muraenidae Gymnothorax pseudothyrsoideus  G10 
       

1 

Muraenidae Gymnothorax tile G10 
       

1 

Muraenidae Strophidon sathete G10 
       

1 

Myliobatidae Aetomylaeus nichofii G10 
       

1 

Nandidae Nandus oxyrhynchus G4 1 1 1 1 1 1 1 1 

Nandidae Nandus nebulosus G7 
       

1 

Nemacheilidae Claea dabryi  G1 
        

Nemacheilidae Homatula acuticephala  G1 
        

Nemacheilidae Homatula anguilloides  G1 
        

Nemacheilidae Homatula erhaiensis  G1 
        

Nemacheilidae Homatula potanini  G1 
        

Nemacheilidae Homatula pycnolepis  G1 
        

Nemacheilidae Nemacheilus arenicolus G1 
 

1 1 
     

Nemacheilidae Nemacheilus banar G1 
        

Nemacheilidae Nemacheilus binotatus G1 
        

Nemacheilidae Nemacheilus longistriatus G1 1 1 1 
     

Nemacheilidae Nemacheilus masyae G1 
      

1 
 

Nemacheilidae Nemacheilus pallidus G1 1 1 1 
 

1 
   

Nemacheilidae Nemacheilus platiceps G1 
      

1 
 

Nemacheilidae Physoschistura pseudobrunneana G1 
        

Nemacheilidae Physoschistura raoi  G1 
        

Nemacheilidae Schistura amplizona G1 1 
       

Nemacheilidae Schistura aramis G1 1 
       

Nemacheilidae Schistura athos G1 1 
       

Nemacheilidae Schistura atra G1 
  

1 
     

Nemacheilidae Schistura bairdi G1 
        

Nemacheilidae Schistura bannaensis  G1 
        

Nemacheilidae Schistura bella G1 1 
       

Nemacheilidae Schistura bolavenensis G1 
   

1 
    

Nemacheilidae Schistura breviceps G1 1 
       

Nemacheilidae Schistura bucculenta G1 1 1 
      

Nemacheilidae Schistura cataracta G1 
  

1 
     

Nemacheilidae Schistura clatrata G1 
        

Nemacheilidae Schistura conirostris G1 
        

Nemacheilidae Schistura coruscans G1 
 

1 
      

Nemacheilidae Schistura crabro G1 
 

1 1 
     

Nemacheilidae Schistura daubentoni G1 
   

1 
    

Nemacheilidae Schistura defectiva G1 
 

1 
      

Nemacheilidae Schistura diminuta  G1 
        

Nemacheilidae Schistura dorsizona G1 
  

1 1 
    

Nemacheilidae Schistura ephelis G1 
 

1 
      

Nemacheilidae Schistura fasciolata G1 
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Nemacheilidae Schistura finis  G1 
 

1 
      

Nemacheilidae Schistura fusinotata G1 
        

Nemacheilidae Schistura globiceps G1 1 
       

Nemacheilidae Schistura hoai  G1 1 1 
      

Nemacheilidae Schistura imitator G1 
   

1 
    

Nemacheilidae Schistura irregularis G1 1 
       

Nemacheilidae Schistura isostigma G1 
   

1 
    

Nemacheilidae Schistura kaysonei G1 
  

1 
     

Nemacheilidae Schistura kengtungensis G1 1 
       

Nemacheilidae Schistura khamtanhi G1 
   

1 
    

Nemacheilidae Schistura kloetzliae G1 1 
       

Nemacheilidae Schistura kohchangensis G1 
      

1 
 

Nemacheilidae Schistura kongphengi G1 
  

1 
     

Nemacheilidae Schistura kontumensis G1 
   

1 
    

Nemacheilidae Schistura laterimaculata G1 
        

Nemacheilidae Schistura latidens G1 
        

Nemacheilidae Schistura latifasciata G1 1 
       

Nemacheilidae Schistura leukensis G1 
 

1 
      

Nemacheilidae Schistura macrocephalus G1 1 
       

Nemacheilidae Schistura magnifluvis G1 
 

1 
      

Nemacheilidae Schistura melarancia G1 1 1 
      

Nemacheilidae Schistura namboensis G1 
        

Nemacheilidae Schistura nicholsi G1 
   

1 
    

Nemacheilidae Schistura nomi G1 
  

1 
     

Nemacheilidae Schistura novemradiata G1 1 
       

Nemacheilidae Schistura nudidorsum G1 
  

1 
     

Nemacheilidae Schistura obeini G1 
 

1 
      

Nemacheilidae Schistura personata G1 
 

1 
      

Nemacheilidae Schistura pertica G1 1 
       

Nemacheilidae Schistura poculi G1 
        

Nemacheilidae Schistura porthos G1 1 
       

Nemacheilidae Schistura procera G1 1 
       

Nemacheilidae Schistura punctifasciata G1 
  

1 
     

Nemacheilidae Schistura quaesita G1 
 

1 
      

Nemacheilidae Schistura quasimodo G1 1 1 
      

Nemacheilidae Schistura rikiki G1 
   

1 
    

Nemacheilidae Schistura russa G1 1 
       

Nemacheilidae Schistura schultzi G1 1 
       

Nemacheilidae Schistura sertata G1 1 
       

Nemacheilidae Schistura shuangjiangensis G1 
        

Nemacheilidae Schistura sigillata G1 
 

1 
      

Nemacheilidae Schistura sokolovi G1 
        

Nemacheilidae Schistura sombooni G1 
  

1 
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Nemacheilidae Schistura spiloptera G1 
        

Nemacheilidae Schistura suber G1 
 

1 
      

Nemacheilidae Schistura tenura G1 
 

1 
      

Nemacheilidae Schistura tizardi G1 
        

Nemacheilidae Schistura tubulinaris G1 
  

1 
     

Nemacheilidae Schistura xhatensis G1 1 
       

Nemacheilidae Schistura yersini G1 
        

Nemacheilidae Sectoria heterognathos G1 1 
       

Nemacheilidae Triplophysa brevicauda  G1 
        

Nemacheilidae Triplophysa jianchuanensis  G1 
        

Nemacheilidae Triplophysa leptosoma  G1 
        

Nemacheilidae Triplophysa orientalis  G1 
        

Nemacheilidae Triplophysa stenura G1 
        

Nemacheilidae Triplophysa stolickai G1 
        

Nemacheilidae Tuberoschistura baenzigeri  G1 1 1 
      

Nemacheilidae Tuberoschistura cambodgiensis G1 
      

1 
 

Nemacheilidae Paracanthocobitis botia G6 
        

Notopteridae Chitala blanci G1 
 

1 1 1 1 
   

Notopteridae Chitala lopis G3 
   

1 
    

Notopteridae Chitala ornata G5 
 

1 1 1 1 1 1 1 

Notopteridae Notopterus notopterus G5 1 1 1 1 1 1 1 1 

Odontobutidae Terateleotris aspro G1 
 

1 1 
     

Odontobutidae Micropercops cinctus  G11 
        

Odontobutidae Neodontobutis aurarmus G4 
 

1 1 
     

Ophichthidae Leiuranus semicinctus G10 
       

1 

Ophichthidae Ophichthus lithinus  G10 
       

1 

Ophichthidae Ophichthus rutidoderma G10 
       

1 

Ophichthidae Pisodonophis boro G8 
     

1 
 

1 

Ophichthidae Pisodonophis cancrivorus G8 
     

1 
 

1 

Osphronemidae Osphronemus exodon G1 
 

1 1 1 
    

Osphronemidae Macropodus opercularis G11 
        

Osphronemidae Osphronemus goramy G11 
   

1 
   

1 

Osphronemidae Betta prima G6 
      

1 
 

Osphronemidae Betta smaragdina G6 
 

1 1 1 
    

Osphronemidae Betta splendens G6 1 
     

1 
 

Osphronemidae Betta stiktos  G6 
   

1 
    

Osphronemidae Synonym of Trichopodus trichopterus G6 1 1 1 1 1 1 1 1 

Osphronemidae Trichopodus leerii G6 
        

Osphronemidae Trichopodus microlepis G6 1 1 1 1 1 1 1 1 

Osphronemidae Trichopodus pectoralis G6 
 

1 1 1 1 1 1 1 

Osphronemidae Trichopodus trichopterus G6 1 1 1 1 1 1 1 1 

Osphronemidae Trichopsis pumila G6 
 

1 1 1 1 1 1 1 

Osphronemidae Trichopsis schalleri G6 1 1 1 1 1 1 1 1 
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Osphronemidae Trichopsis vittata G6 1 1 1 1 1 1 1 1 

Osteoglossidae Scleropages formosus G1 
        

Pangasiidae Pangasius kunyit ? 
        

Pangasiidae Pangasius nasutus ? 
        

Pangasiidae Pangasius djambal G11 
        

Pangasiidae Pangasius pangasius G11 
        

Pangasiidae Pangasius polyuranodon G11 
        

Pangasiidae Pangasianodon gigas G2 1 1 1 1 1 1 1 1 

Pangasiidae Pangasianodon hypophthalmus G2 1 1 1 1 1 1 1 1 

Pangasiidae Pangasius bocourti G2 1 1 1 1 1 
  

1 

Pangasiidae Pangasius conchophilus G2 1 1 1 1 1 
  

1 

Pangasiidae Pangasius larnaudii G2 1 1 1 1 1 1 1 1 

Pangasiidae Pangasius mekongensis  G2 
   

1 1 1 1 1 

Pangasiidae Pangasius sanitwongsei  G2 1 1 1 1 1 
   

Pangasiidae Helicophagus leptorhynchus G3 1 1 1 1 1 1 1 1 

Pangasiidae 
Helicophagus waandersii (Indonesian 
sp) G3 

        
Pangasiidae Pangasius macronema G3 

 
1 1 1 1 1 1 1 

Pangasiidae Pseudolais micronemus G3 
 

1 1 1 
    

Pangasiidae Pseudolais pleurotaenia G3 1 1 1 1 1 1 1 1 

Pangasiidae Pangasius elongatus  G8 
   

1 1 1 1 1 

Pangasiidae Pangasius krempfi G8 1 1 1 1 1 
  

1 

Paralichthyidae Pseudorhombus arsius  G10 
       

1 

Pegasidae Pegasus laternarius G10 
       

1 

Pegasidae Pegasus volitans G10 
       

1 

Phallostethidae Neostethus bicornis G7 
       

1 

Phallostethidae Neostethus lankesteri G7 
       

1 

Phallostethidae Phallostethus dunckeri G7 
       

1 

Phallostethidae Phenacostethus posthon  G7 
       

1 

Phallostethidae Phenacostethus smithi G7 
   

1 
   

1 

Phallostethidae Phenacostethus trewavasae  G7 
       

1 

Platycephalidae Grammoplites scaber G10 
       

1 

Platycephalidae Inegocia japonica G10 
       

1 

Platycephalidae Platycephalus indicus G10 
       

1 

Platycephalidae Sorsogona tuberculata G10 
       

1 

Plotosidae Paraplotosus albilabris  G10 
       

1 

Plotosidae Plotosus lineatus G10 
       

1 

Plotosidae Plotosus nhatrangensis  G10 
       

1 

Plotosidae Oloplotosus mariae  G11 
        

Plotosidae Euristhmus nudiceps G7 
       

1 

Plotosidae Plotosus canius G7 
    

1 
 

1 1 

Poeciliidae Gambusia affinis G11 1 1 1 1 1 1 1 1 

Poeciliidae Poecilia reticulata G11 1 1 1 1 1 1 1 1 
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Polynemidae Leptomelanosoma indicum G10 
       

1 

Polynemidae Polydactylus plebeius G10 
       

1 

Polynemidae Polydactylus sexfilis G10 
       

1 

Polynemidae Polydactylus sextarius G10 
       

1 

Polynemidae Eleutheronema tetradactylum G7 
       

1 

Polynemidae Filimanus heptadactyla G7 
       

1 

Polynemidae Polynemus dubius G7 
       

1 

Polynemidae Polynemus melanochir G7 
   

1 1 1 1 1 

Polynemidae Polynemus multifilis G7 
        

Pristidae Anoxypristis cuspidata  G10 
       

1 

Pristidae Pristis microdon G10 
   

1 1 
  

1 

Pristidae Pristis pectinata  G10 
       

1 

Pristidae Pristis zijsron  G10 
       

1 

Pristigasteridae Ilisha elongata G10 
       

1 

Pristigasteridae Ilisha megaloptera G10 
       

1 

Pristigasteridae Ilisha sirishai  G10 
       

1 

Pristigasteridae Opisthopterus tardoore G10 
       

1 

Pristigasteridae Opisthopterus valenciennesi  G10 
       

1 

Pristolepididae Pristolepis fasciata G4 1 1 1 1 1 1 1 1 

Psettodidae Psettodes erumei  G10 
       

1 

Rachycentridae Rachycentron canadum G10 
       

1 

Rhynchobatidae Rhynchobatus australiae G10 
       

1 

Salangidae Neosalanx brevirostris  G7 1 1 1 1 
 

1 
 

1 

Scatophagidae Scatophagus argus G7 
       

1 

Schilbeidae Clupisoma longianalis G3 
        

Schilbeidae Clupisoma sinense G3 1 1 1 1 
    

Schilbeidae Laides hexanema G3 
        

Schilbeidae Laides longibarbis G3 1 1 1 1 1 1 
 

1 

Sciaenidae Aspericorvina jubata G10 
       

1 

Sciaenidae Bahaba polykladiskos G10 
       

1 

Sciaenidae Chrysochir aureus  G10 
       

1 

Sciaenidae Dendrophysa russelii  G10 
       

1 

Sciaenidae Johnius belangerii G10 
       

1 

Sciaenidae Johnius coitor G10 
       

1 

Sciaenidae Johnius macrorhynus  G10 
       

1 

Sciaenidae Johnius trachycephalus G10 
       

1 

Sciaenidae Johnius weberi G10 
       

1 

Sciaenidae Larimichthys crocea G10 
       

1 

Sciaenidae Nibea soldado G10 
       

1 

Sciaenidae Otolithes ruber  G10 
       

1 

Sciaenidae Panna microdon G10 
       

1 

Sciaenidae Pennahia argentata G10 
       

1 

Sciaenidae Protonibea diacanthus G10 
       

1 
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Sciaenidae Pterotolithus lateoides  G10 
       

1 

Sciaenidae Pterotolithus maculatus G10 
       

1 

Sciaenidae Boesemania microlepis G4 
 

1 1 1 1 1 1 1 

Sciaenidae Parma pama G7 
       

1 

Scombridae Rastrelliger brachysoma G10 
       

1 

Scombridae Rastrelliger kanagurta G10 
       

1 

Scombridae Scomberomorus koreanus  G10 
       

1 

Scombridae Scomberomorus sinensis G10 
   

1 1 
  

1 

Scombridae Scomberomorus commerson G10 
       

1 

Scyliorhinidae Atelomycterus marmoratus G10 
       

1 

Serpenticobitidae Serpenticobitis cingulata G1 1 
       

Serpenticobitidae Serpenticobitis octozona G1 
 

1 1 
 

1 
   

Serpenticobitidae Serpenticobitis zonata G1 
   

1 
  

1 
 

Serranidae Cephalopholis leopardus  G10 
       

1 

Serranidae Epinephelus areolatus G10 
       

1 

Serranidae Epinephelus bleekeri G10 
       

1 

Serranidae Epinephelus coioides G10 
       

1 

Serranidae Epinephelus erythrurus  G10 
       

1 

Serranidae Epinephelus sexfasciatus G10 
       

1 

Serrasalmidae Colossoma macropomum G11 
        

Serrasalmidae Piaractus brachypomus G11 1 1 1 1 1 1 1 1 

Siganidae Siganus canaliculatus G10 
       

1 

Siganidae Siganus fuscescens G10 
       

1 

Siganidae Siganus guttatus G10 
       

1 

Siganidae Siganus javus G10 
       

1 

Sillaginidae Sillaginopsis domina G10 
       

1 

Sillaginidae Sillago aeolus G10 
       

1 

Sillaginidae Sillago lutea  G10 
       

1 

Sillaginidae Sillago sihama G10 
       

1 

Siluridae Pterocryptis bokorensis G1 
     

1 1 
 

Siluridae Pterocryptis inusitata G1 
  

1 
     

Siluridae Pterocryptis torrentis G1 
        

Siluridae Silurichthys hasseltii G1 
        

Siluridae Silurichthys schneideri G1 
      

1 
 

Siluridae 
Belodontichthys dinema (Indonesian 
sp.) G11 

        
Siluridae Wallago leerii (Indonesian species) G11 

        
Siluridae Belodontichthys truncatus G3 1 1 1 1 1 1 1 1 

Siluridae Ceratoglanis pachynema G3 
        

Siluridae Hemisilurus mekongensis G3 
 

1 1 1 
    

Siluridae Kryptopterus bicirrhis G3 
      

1 
 

Siluridae Kryptopterus cryptopterus G3 
   

1 1 1 1 
 

Siluridae Kryptopterus dissitus G3 
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1 2 3 4 5 6 7 8 

Siluridae Kryptopterus geminus  G3 1 1 1 1 1 1 1 1 

Siluridae Kryptopterus limpok G3 
        

Siluridae Kryptopterus macrocephalus  G3 
        

Siluridae Kryptopterus minor  G3 
        

Siluridae Kryptopterus palembangensis G3 
  

1 1 
    

Siluridae Kryptopterus schilbeides G3 
   

1 
 

1 
  

Siluridae Micronema cheveyi G3 1 1 1 1 1 1 1 1 

Siluridae Micronema hexapterus G3 
        

Siluridae Micronema moorei  G3 
        

Siluridae Phalacronotus apogon G3 1 1 1 1 1 1 1 1 

Siluridae Phalacronotus bleekeri G3 1 1 1 1 1 1 1 1 

Siluridae Phalacronotus micronemus G3 1 1 1 1 
    

Siluridae Wallago attu G3 1 1 1 1 1 1 1 1 

Siluridae Wallago micropogon  G3 
 

1 1 1 1 
   

Siluridae Ompok bimaculatus G4 
        

Siluridae Ompok hypophthalmus G4 
        

Siluridae Ompok siluroides G4 1 1 1 1 1 1 1 1 

Siluridae Ompok urbaini  G4 
   

1 1 1 1 
 

Sisoridae Bagarius bagarius G1 1 1 1 1 1 
   

Sisoridae Bagarius suchus G1 
  

1 1 
    

Sisoridae Bagarius yarrelli G1 1 1 1 1 1 
   

Sisoridae Creteuchiloglanis kamengensis G1 
        

Sisoridae Glyptothorax buchanani  G1 
        

Sisoridae Glyptothorax coracinus  G1 
      

1 
 

Sisoridae Glyptothorax deqinensis G1 
        

Sisoridae Glyptothorax filicatus  G1 
        

Sisoridae Glyptothorax fuscus G1 1 1 1 1 
  

1 
 

Sisoridae Glyptothorax horai G1 
        

Sisoridae Glyptothorax lampris G1 1 1 1 1 1 
 

1 
 

Sisoridae Glyptothorax laosensis G1 1 1 1 1 1 
   

Sisoridae Glyptothorax macromaculatus G1 
 

1 
      

Sisoridae Glyptothorax siamensis G1 
        

Sisoridae Glyptothorax zanaensis G1 
        

Sisoridae Oreoglanis delacouri G1 
 

1 
      

Sisoridae Oreoglanis hypsiura G1 
  

1 
     

Sisoridae Oreoglanis lepturus G1 
 

1 
      

Sisoridae Oreoglanis macronemus  G1 
 

1 
      

Sisoridae Oreoglanis setigera G1 1 
       

Sisoridae Oreoglanis suraswadii  G1 1 
       

Sisoridae Pareuchiloglanis abbreviata G1 
        

Sisoridae Pareuchiloglanis feae  G1 
        

Sisoridae Pareuchiloglanis gracilicaudata G1 
        

Sisoridae Pareuchiloglanis kamengensis  G1 
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Sisoridae Pareuchiloglanis myzostoma G1 
        

Sisoridae Pareuchiloglanis prolixdorsalis  G1 
        

Sisoridae Pseudecheneis immaculata G1 
        

Sisoridae Pseudecheneis sulcatoides G1 
        

Sisoridae Pseudecheneis sympelvica G1 
 

1 1 
     

Soleidae Brachirus orientalis G10 
       

1 

Soleidae Dagetichthys commersonii G10 
       

1 

Soleidae Dagetichthys marginatus G10 
       

1 

Soleidae Solea ovata  G10 
       

1 

Soleidae Zebrias quagga G10 
       

1 

Soleidae Zebrias zebra G10 
       

1 

Soleidae Brachirus harmandi G5 
 

1 1 1 1 1 1 1 

Soleidae Achiroides leucorhynchos G7 
       

1 

Soleidae Achiroides melanorhynchus G7 
     

1 1 1 

Soleidae Brachirus elongatus G7 
       

1 

Soleidae Brachirus panoides G7 
       

1 

Soleidae Brachirus siamensis G7 
   

1 1 1 
 

1 

Sphrynidae Sphyrna lewini G10 
       

1 

Sphyraenidae Sphyraena putnamae  G10 
       

1 

Sundasalangidae Sundasalanx mekongensis G3 
 

1 1 1 1 1 1 1 

Synanceiidae Choridactylus multibarbus G10 
       

1 

Synanceiidae Inimicus didactylus G10 
       

1 

Synanceiidae Leptosynanceia asteroblepa  G10 
       

1 

Synanceiidae Minous monodactylus G10 
       

1 

Synanceiidae Synanceia horrida G10 
       

1 

Synbranchidae Monopterus albus G6 1 1 1 1 1 1 1 1 

Synbranchidae Macrotrema caligans G7 
       

1 

Synbranchidae Ophisternon bengalense G7 
       

1 

Syngnathidae Hippichthys spicifer G10 
       

1 

Syngnathidae Hippocampus kuda G10 
       

1 

Syngnathidae Hippocampus trimaculatus G10 
       

1 

Syngnathidae Ichthyocampus carce G10 
       

1 

Syngnathidae Syngnathoides biaculeatus G10 
       

1 

Syngnathidae Doryichthys boaja G5 
   

1 1 1 1 1 

Syngnathidae Doryichthys contiguus G5 
 

1 1 1 
    

Syngnathidae Doryichthys deokhatoides G5 
      

1 
 

Syngnathidae Doryichthys martensii (non-Mekong) G5 
        

Syngnathidae Oostethus brachyurus G7 
       

1 

Synodontidae Harpadon nehereus G10 
       

1 

Synodontidae Harpadon translucens G10 
       

1 

Synodontidae Saurida elongata  G10 
       

1 

Synodontidae Saurida gracilis G10 
       

1 

Synodontidae Saurida nebulosa G10 
       

1 



 

  
Page 543 

 

  

Family Species name BioRA Guild 
Focus Area 

1 2 3 4 5 6 7 8 

Synodontidae Saurida tumbil G10 
       

1 

Synodontidae Saurida undosquamis G10 
       

1 

Synodontidae Trachinocephalus myops G10 
       

1 

Terapontidae Eutherapon theraps G10 
       

1 

Terapontidae Pelates quadrilineatus G10 
       

1 

Terapontidae Terapon jarbua G10 
       

1 

Terapontidae Terapon puta G10 
       

1 

Tetraodontidae Auriglobus modestus G1 
        

Tetraodontidae Auriglobus nefastus G1 
 

1 1 1 1 1 
  

Tetraodontidae Pao baileyi G1 
  

1 1 1 
   

Tetraodontidae Pao turgidus G1 
 

1 1 1 
    

Tetraodontidae Arothron reticularis G10 
       

1 

Tetraodontidae Arothron stellatus G10 
       

1 

Tetraodontidae Chelonodon patoca G10 
       

1 

Tetraodontidae Gastrophysus oblongsus G10 
       

1 

Tetraodontidae Lagocephalus lunaris G10 
       

1 

Tetraodontidae Lagocephalus spadiceus G10 
       

1 

Tetraodontidae Pao abei G3 
 

1 1 1 1 
   

Tetraodontidae Pao cambodgiensis G4 
        

Tetraodontidae Pao cambodgiensis G4 
 

1 1 1 1 1 1 1 

Tetraodontidae Pao palembangensis  G4 
        

Tetraodontidae Pao suvattii G4 
 

1 1 1 
    

Tetraodontidae Pao brevirostris G6 
        

Tetraodontidae Pao cochinchinensis G6 
        

Tetraodontidae Carinotetraodon lorteti G7 
     

1 1 1 

Tetraodontidae Dichotomyctere fluviatilis G7 
       

1 

Tetraodontidae Dichotomyctere nigroviridis G7 
       

1 

Tetraodontidae Dichotomyctere ocellatus G7 
       

1 

Tetraodontidae Pao fangi  G7 
  

1 1 1 1 1 1 

Tetraodontidae Pao leiurus G7 
        

Tetrarogidae Vespicula depressifrons  G10 
       

1 

Toxotidae Toxotes chatareus G7 
  

1 1 1 1 1 1 

Toxotidae Toxotes jaculatrix G7 
       

1 

Toxotidae Toxotes microlepis G7 
       

1 

Triacanthidae Tripodichthys oxycephalus  G10 
       

1 

Trichiuridae Trichiurus lepturus G10 
       

1 

Vaillantellidae Vaillantella maassi ? 
        

Zenarchopteridae Hemirhamphodon pogonognathus G10 
       

1 

Zenarchopteridae Zenarchopterus buffonis G10 
     

1 1 1 

Zenarchopteridae Zenarchopterus clarus G10 
     

1 1 1 

Zenarchopteridae Zenarchopterus dunckeri G10 
     

1 1 1 

Zenarchopteridae Zenarchopterus pappenheimi  G10 
     

1 1 1 

Zenarchopteridae Dermogenys siamensis G6 
 

1 1 
     



 

  
Page 544 

 

  

Family Species name BioRA Guild 
Focus Area 

1 2 3 4 5 6 7 8 

Zenarchopteridae Dermogenys orientalis G7 
       

1 

Zenarchopteridae Zenarchopterus dispar G7 
       

1 

Zenarchopteridae Zenarchopterus ectuntio G7 
     

1 1 1 

Zenarchopteridae Zenarchopterus striga G7 
       

1 
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Appendix D. AMPHIBIANS AND REPTILE SPECIES LISTS 

Table D1 Amphibians occurring along the mainstream and its floodplains in Lower 

Mekong Basin 

Species FA1 FA2 FA3 FA4 FA5 FA6 FA7 FA8 

Duttaphrynus melanostictus 
 

1 
     

1 

Ingerophrynus macrotis 
 

1 
      

Fejervarya cancrivora 
 

1 
     

1 

Fejervarya limnocharis 
       

1 

Hoplobatrachus rugulosus 
 

1 
      

Limnonectes gyldenstolpei 
 

1 
      

Limnonectes kuhlii 
 

1 
      

Occidozyga lima 
 

1 
     

1 

Occidozyga martensii 
 

1 
     

1 

Occidozyga vittata 
       

1 

Hyla simplex 
       

1 

Ichthyophis bananicus 
       

1 

Ichthyophis nguyenorum 
 

1 
      

Leptobrachium smithi 
 

1 
      

Leptolalax minimus 
 

1 
      

Calluella guttulata 
 

1 
      

Kaloula indochinensis 
  

1 
     

Kaloula pulchra 
 

1 1 
    

1 

Microhyla berdmorei 
 

1 1 
     

Microhyla butleri 
  

1 
     

Microhyla fissipes 
 

1 1 
    

1 

Microhyla heymonsi 
 

1 1 
    

1 

Microhyla ornata 
 

1 
      

Microhyla pulchra 
 

1 1 
     

Micryletta inornata 
 

1 
     

1 

Amolops cremnobatus 
 

1 
      

Hylarana erythraea 
 

1 1 
    

1 

Hylarana macrodactyla 
 

1 
     

1 

Hylarana nigrovittata 
 

1 
      

Hylarana taipehensis 
  

1 
    

1 

Odorrana chloronota 
 

1 
      

Pelophylax lateralis 
 

1 
      

Chiromantis doriae 
  

1 
    

1 

Chiromantis nongkhorensis 
 

1 1 
     

Chiromantis vittatus 
 

1 1 
    

1 

Kurixalus bisacculus 
 

1 
      

Kurixalus odontotarsus 
 

1 
      

Polypedates megacephalus 
 

1 
     

1 

Rhacophorus kio 
 

1 1 
     

Rhacophorus orlovi 
 

1 
      

Rhacophorus rhodopus 
  

1 
     

Theloderma asperum 
 

1 1 
     

Theloderma stellatum 
       

1 



 

  
Page 546 

 

  

Table D2 List of reptiles occurring along the mainstream and its floodplains in the 

Lower Mekong Basin 

Species FA1 FA2 FA3 FA4 FA5 FA6 FA7 FA8 

Ahaetulla nasuta (Bonnaterre 1790)               1 

Ahaetulla prasina (Boie 1827)   1 1         1 

Amphiesma stolatum (Linnaeus 1758)   1 1         1 

Amyda cartilaginea (Boddaert 1770)   1 1 1       1 

Batagur baska (Gray 1831)               1 

Boiga cyanea (Duméril, Bibron and Duméril 

1854)   1 1           

Boiga multomaculata (Boie 1827)   1 1           

Bungarus candidus (Linnaeus 1758)               1 

Bungarus fasciatus (Schneider 1801)     1         1 

Bungarus multicinctus (Blyth 1861)     1           

Calliophis maculiceps (Günther 1858)     1         1 

Calloselasma rhodostoma (Kuhl 1824)   1 1           

Calotes bachae (Hartmann, Geissler, 

Poyarkov, Ihlow, Galoyan, Rödder and Böhme 

2013)   1            1 

Calotes versicolor (Daudin 1802) 1 1 1         1 

Cerberus schneiderii (Schlegel 1837)               1 

Cnemaspis aurantiacopes (Grismer and Ngo 

2007)               1 

Cnemaspis caudanivea (Grismer and Ngo 

2007)               1 

Cnemaspis nuicamensis (Grismer and Ngo 

2007)               1 

Cnemaspis tucdupensis (Grismer and Ngo 

2007)               1 

Coelognathus radiatus (Boie 1827)   1 1         1 

Crocodylus porosus (Schneider 1801)     1           

Cryptelytrops macrops   1             

Cuora amboinensis (Daudin 1802)               1 

Cuora mouhotii (Gray 1862)   1             

Cyclemys oldhami (Gray 1863)     1           

Cylindrophis ruffus (Laurenti 1768)   1 1       1 1 

Cyrtodactylus eisenmanae (Ngo Van Tri 2008)               1 

Cyrtodactylus grismeri (Ngo Van Tri 2008)               1 

Cyrtodactylus intermedius (Smith 1917)               1 

Cyrtodactylus paradoxus (Darevsky and 

Szczerbak 1997)               1 

Cyrtodactylus pseudoquadrivirgatus (Rösler, 

Nguyen, Vu, Ngo and Ziegler 2008)               1 

Chrysopelea ornata (Shaw 1802)   1 1         1 

Dasia olivacea (Gray 1839)               1 

Dendrelaphis pictus (Gmelin 1789)   1 1         1 

Dixonius siamensis (Boulenger 1899)   1             

Draco maculatus (Gray 1845)               1 
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Dryocalamus davisonii (Blanford 1878)     1           

Enhydrid bocourti     1       1 1 

Enhydris chinensis (Gray 1842)             1 1 

Enhydris enhydris (Schneider 1799)             1 1 

Enhydris jagorii   1 1       1 1 

Enhydris innominata (Morice 1875)             1 1 

Enhydris plumbea   1 1       1 1 

Enhydris subtaeniata (Bourret 1934)             1 1 

Erpeton tentaculatum (Lacépède 1800)             1 1 

Euprepiophis mandarinus (Cantor 1842)               1 

Eutropis chapaensis (Bourret 1937)               1 

Eutropis longicaudata (Hallowell 1857)   1 1         1 

Eutropis macularia (Blyth 1853)   1           1 

Eutropis multifasciata (Kuhl 1820)   1 1         1 

Fimbrios klossi (Smith 1921)               1 

Fordonia leucobalia (Schlegel 1837)               1 

Gehyra mutilata (Wiegmann 1834) 1 1 1         1 

Gekko gecko (Linnaeus 1758)   1 1         1 

Gekko Viet Namensis (Sang 2010)               1 

Gonyosoma oxycephalum (Boie 1827)               1 

Hemidactylus bowringii (Gray 1845)               1 

Hemidactylus frenatus (Duméril and Bibron 

1836) 1 1 1         1 

Hemidactylus garnotii (Duméril and Bibron 

1836)     1         1 

Hemidactylus platyurus (Schneider 1792) 1 1 1         1 

Heosemys annandalii (Boulenger 1903)             1 1 

Heosemys grandis (Gray 1860)     1       1 1 

Homalopsis buccata (Linnaeus 1758)     1       1 1 

Homalopsis nigroventralis     1           

Indotestudo elongata (Blyth 1854)     1         1 

Leiolepis rubritaeniata Mertens 1961               1 

Lycodon capucinus (Boie 1827)               1 

Lycodon laoensis Günther 1864   1 1           

Lygosoma bowringii (Günther 1864)     1         1 

Lygosoma haroldyoungi (Taylor 1962)     1           

Lygosoma quadrupes (Linnaeus 1766)               1 

Malayemys subtrijuga (Schweigger 1812)   1 1       1 1 

Manouria impressa (Günther 1882)   1             

Naja atra (Cantor 1842)     1         1 

Naja kaouthia (Lesson 1831)               1 

Naja siamensis (Laurenti 1768)     1         1 

Oligodon cinereus (Günther 1864)               1 

Oligodon cyclurus (Cantor 1839)               1 

Oligodon deuvei (David, Vogel and Van 

Rooijen 2008)   1 1           
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Oligodon fasciolatus (Günther 1864)   1 1         1 

Oligodon ocellatus (Morice 1875)               1 

Oligodon taeniatus (Günther 1861)               1 

Ophiophagus hannah (Cantor 1836)   1 1         1 

Pareas carinatus (Boie 1828)   1             

Pareas hamptoni (Boulenger 1905)   1             

Pareas margaritophorus (Jan 1866)     1         1 

Pelochelys cantorii (Gray 1864)     1 1         

Platysternon megacephalum (Gray 1831)   1             

Trimeresurus popeiorum   1             

Psammodynastes pulverulentus (Boie 1827)               1 

Ptyas korros (Schlegel 1837)   1 1         1 

Ptyas mucosa (Linnaeus 1758)               1 

Ptychozoon lionotum Annandale 1905   1             

Python reticulatus   1 1         1 

Python molurus (Linnaeus 1758)     1         1 

Physignathus cocincinus (Cuvier 1829)   1             

Rhabdophis subminiatus (Schlegel 1837)     1         1 

Ramphotyphlops braminus (Daudin 1803)   1 1         1 

Scincella reevesii (Gray 1838)   1             

Siebenrockiella crassicollis (Gray 1831)               1 

Sphenomorphus maculatus (Blyth 1853)   1             

Takydromus sexlineatus (Daudin 1802)   1 1         1 

Trimeresurus albolabris (Gray 1842)               1 

Trimeresurus macrops (Kramer 1977)   1             

Tropidophorus laotus   1 1           

Varanus nebulosus (Gray 1831)   1    1       1 

Varanus salvator (Laurenti 1768)               1 

Xenochrophis flavipunctatus (Hallowell 1860)   1 1         1 

Xenochrophis piscator (Schneider 1799)   1 1         1 

Xenopeltis unicolor (Reinwardt 1827)   1 1         1 

 

 


