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 Summary 1
 
This document describes the approach to monitoring fish and fisheries at the Don Sahong dam 
project in Lao PDR. Most of the monitoring activities are in progress or under development, with 
data at various stages of entry to databases, checking and analysis, so results are not presented 
here. The intention is to properly document what is being done as required for later preparation of 
project reports, and to inform and seek comment from others who share an interest in the Don 
Sahong project. 
 
It is assumed that readers are familiar with general material on the Mekong basin and its fisheries; 
background material provided here includes some discussion of prior fisheries studies at the project 
site, information on regional fish migrations and fish passage, and a summary of fish passage 
mitigation approaches up to September 2014. 
 
The aims of monitoring fish and fisheries at the project site are: 
 

1. to evaluate the effectiveness of fish passage mitigation measures for upstream-migrating 
fish and to provide information for ongoing fish passage improvement;  

2. to evaluate risk to downstream-migrating fish and to provide information needed to develop 
downstream fish passage mitigation measures; and 

3. to determine the socio-economic importance and value of the fisheries to the population 
directly affected by the project. 

 
Monitoring also must meet GoL requirements and provide information to assess whether the fish 
passage mitigation measures achieve their objectives as specified in the MRC’s MRC Preliminary 
Design Guidance for proposed LMB mainstream dams (PDG). 
 
The monitoring program includes: 
 

• analysis of secondary data, including local ecological knowledge (LEK); 
• fisher catch monitoring via household sampling; 
• CPUE Monitoring by standard methods; 
• mark-recapture studies (tagging of fish); 
• monitoring of drifting fish larvae; and 
• monitoring of downstream passage of larger fish (juveniles and adults). 

 
Several supplementary surveys are also being carried out to support or complement these activities. 
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 Introduction - project location and background 2

2.1 Project and location 

The Don Sahong Dam location at Khone Falls is shown in Figure 1 and details of the project are 
presented in NCG (2013). The dam would block the Sahong Channel, one of the main channels that 
cross the Great Fault Line and form the Khone Falls in southern Lao PDR. There are about 30 named 
channels, including many that are small or seasonal. The channels are steeply sloping with generally 
rapid flow, and are punctuated by waterfalls, cascades and rapids, which are barriers to upstream 
fish migration to varying degrees, depending on their height and the extent to which they submerge 
or are ‘drowned out’ during the wet season 
 

  
 
Figure 1 Khone Falls, showing the main channels (italics), the main waterfalls (in red), villages, and 
islands (upper case) 
The Mekong runs northwest to southeast. N= NOKKASUM 
 
Roberts and Baird (1995) determined that the Sadam, Sahong, and Xang Pheuak channels are the 
most important for upstream fish migration and that there is little or no upstream movement of fish 
through other channels for most of the time, based on their observations of the height of the 
barriers and their interviews with fishers. The DSPC dam will block the Sahong Channel which 
Roberts and Baird concluded was ‘the most important channel for migrating fish species at all times 
of the year’, although there are as yet no quantitative monitoring data which show the relative 
importance of each of the channels.  

2.2 Migration patterns of fish at Khone Falls 

At Khone Falls, upstream fish migrations are relatively well-described as summarised in Figure 2. 
During the dry season fish migrate upstream from Cambodia into and/or through the Khone Falls 
area, which provides excellent feeding and refuge habitat; a few species also spawn at this time. For 
much of the dry season the water is relatively clear, so algae grow profusely, providing a prime food 
source for many herbivorous or omnivorous fishes. Within and near the falls (upstream and 
downstream) there are also many deep rocky pools which provide shelter for fish. In the early wet 
season, as water becomes turbid and discharge increases, fish migrate away from the falls (either 
upstream or downstream) or move to the edges and feed in flooded riparian forest, which is still 
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relatively intact in this part of the river system (Phylavanh and Baird, 1999). From April onwards, 
several waves of migrating fish move upstream from Cambodia and accumulate below the falls. 
Most of these fish are making spawning or pre-spawning migrations. Some species spawn in pools 
below the falls, but many fish attempt to pass the falls, with peak migration activity often following 
small increases in river level and discharge. As a result of the high species diversity (> 200 species) 
and because migrations may comprise either or both locally resident and transient fish, the actual 
patterns of migration may be quite complex. 
 

 
Figure 2 General patterns and timing of fish migrations at Khone Falls  
From Baran (2006). Note that timing and direction of the fish migrations presented in Figure 2 may be 
modified by the results of ongoing DSPC data collection; note also that the figure does not cover all groups of 
migrating fish, e.g. many species of catfishes. 
 
The timing of downstream migrations is not well-known, as is evident from the imbalance in Figure 
2. Analyses of interview data from 34 fishers in Champasak confirm that in this part of the river 
system upstream migrations occur mainly during the dry season and into the early wet season 
(Figure 3), corresponding generally to those shown in Figure 2. Downstream migrations were 
reported to occur throughout the wet season, with apparent peaks in July and November. 
Downstream migrants include juveniles as well as adults returning from upstream spawning 
migrations. In the data summarised in Figure 3, there were relatively few reports of downstream 
migrations (52 cf. 166 upstream), because during the wet season there is less fishing, fewer fish are 
caught and migration direction is less obvious when water is turbid and many of the gears used are 
non-directional (e.g. hooks and some traps). During the wet season at Khone Falls, gears which do 
specifically target downstream-migrating fish include stationary trawls (jib nets) and lee traps (Figure 
4). Lee traps are however not common gears at this time as they are constructed when river levels 
are low, then are usually damaged or destroyed during the wet season flood, so many are no longer 
functional in the late wet season as river levels fall.  
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Figure 3 Migration direction and timing reported by fishers 
Data from 34 Mekong fishers in Champasak Province, Lao PDR, interviewed in 1999 (MRC data). The 
responses are from 218 reports for 43 common species. Champasak Province includes Khone Falls 
and extends 120 km north. The figures are based on interviews and should only be taken as a 
general indication of the relative intensity of migrations. 
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Figure 4 Lee traps at Nokkasum Noi, dry season (29/1/14) and wet season (17/8/14) below 
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2.3 Fish passage mitigation 

Upstream fish passage 
 
Fish passage improvement measures commenced in 2011 in Xang Pheuak Channel and in 2013 in 
Sadam Channel, and potential improvements to increase fish passage through other channels have 
also been identified. In Xang Pheuak Channel, three separate obstructions have been modified since 
2011. Each modification aims to reduce channel gradients to 1:30 or less by breaking and removing 
large boulders (which act as dams and create small waterfalls), by excavating smaller rocks and 
selective deepening, and by slight realigning flows using rocks piled in gabions. The target gradient is 
the same as or less than gradients at places where many fish are known to pass the main barrier in 
Sahong Channel, known locally as Tat Pho-Tat Liew. The Sadam Channel to the east of Sahong 
Channel was modified in early 2013 by deepening the entrance to the western upstream inlet (one 
of two) by 0.5 metres, which allowed more water to enter the channel at all times. Unlike all other 
channels across the Khone Falls, Sadam has no major obstructions, but did have very low and diffuse 
flows in the dry season prior to modification. The increased flows have improved year-round 
conditions for fish passage in Sadam Channel, most significantly in the dry season.  
More modifications are planned for both Xang Pheuak and Sadam channels in the dry season of 
2015 to deepen them and to reduce gradients at obstructions, and in addition to construct flow-
directing rock groynes at the downstream junctions of both channels to improve attraction flows. 
 
As well as natural obstructions, fishing gears can cause very significant blockage of channels and 
catch many fish that are attempting to migrate through them. The increasing use of large gears such 
as luang khang (Figure 5), lee traps (Figure 4) and jib nets (Figure 40) is discussed by Roberts and 
Baird (1995) as one of the reasons for fisheries decline and a cause of conflict over resource access 
at the falls. Part of DSPC’s work to improve fish passage has entailed working with the local 
community and government to eliminate large illegal gears (luang khang and lee traps) from Sadam 
and Xang Pheuak Channels. The strategy to reduce fishing pressure primarily involves developing 
alternative livelihoods supported by community co-management of the fishery, which includes 
educating the community in sustainable fisheries management and removal of illegal gears, 
supported by annual surveys of the number, type and location of illegal big gears.  
 
From the brief explanation above, it is clear that fish passage mitigation at the Don Sahong Dam site 
differs significantly from the typical situation where a dam entirely blocks a river and artificial fish 
passages (such as fish ladders) are constructed to allow upstream-migrating fish to pass the dam. At 
most dams where fish passage mitigation is attempted, fish swimming upstream must pass through 
relatively small artificial structures. At Don Sahong, upstream fish passage will be facilitated through 
modifications at barriers in the natural channels, and by controlling fishing effort, especially by large 
gears. Because the channels are large and natural, there is no a priori reason why these channels 
would be unsuitable for passing large numbers of migrating fish, as compared with constructed fish 
passages, which are typically much smaller and quite artificial (see Tables 1 and 2) 
 
Downstream fish passage 
 
At hydropower dams, fish passing downstream may be drawn through hydroelectric turbines or over 
spillways. At Don Sahong, there will be no spillways built at the dam, as excess water will flow down 
the other natural channels which will also provide for safe downstream passage for fish. However 
any fish passing through the turbines will still be at some risk of injury or trauma. Therefore a study 
is currently being undertaken to determine the best option(s) for deterring downstream-migrating 
fish away from the Sahong Channel and down other channels which provide safe passage. It should 
be noted that construction of the dam and plant will take about five years, which should provide 
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adequate time to carry out studies on the approach to and feasibility of downstream deterrence 
options. At typical cross-river dams it is most effective to incorporate all mitigation measures in the 
design of the dam and power plant. Don Sahong also differs in this respect, as it is likely that 
downstream diversion measures would be applied within or at the upstream entrance of the Sahong 
Channel. 
 

 
Figure 5 A luang khang trap under construction in Sahong Channel 19/5/2014 
 

 
Figure 6 Inside a luang khang trap looking downstream through entrance funnels  
Sahong Channel 25/8/13 

 DSPC 8/9/14         Page 7 of 55 



 

 The DSPC Fisheries Monitoring Program – aims and overview 3
 
The primary aims of monitoring fish and fisheries at the project site are: 
 

1. to evaluate the effectiveness of fish passage mitigation measures for upstream-
migrating fish and to provide information for ongoing fish passage improvement;  

2. to evaluate risk to downstream-migrating fish and to provide information needed to 
develop downstream fish passage mitigation measures; and 

3. to determine the socio-economic importance and value of the fisheries to the 
population directly affected by the project. 

 
Monitoring also aids in assessing whether the project is in accordance with the MRC’s Preliminary 
Design Guidance for Mainstream Dams (PDG) of 2009, in particular the recommendation (Clause 61) 
that “The developer should provide effective fish passage upstream and downstream. Effective fish 
passage is usually defined as “providing safe passage for 95% of the target species under all flow 
conditions.”  
 
The Don Sahong Concession Agreement between the Project developer and the GoL specifically 
requires the company to demonstrate that the mitigation measures meet and comply with the 
MRC’s Preliminary Design Guidance (PDG) for fish passage. Clause 61 of the PDG requires a 
monitoring design that as a minimum is able to determine which species are passing through the 
channels. However, other clauses imply it is desirable to demonstrate that the fish passages can also 
accommodate the quantities (numbers and biomass) of migrating fish. 
 
During 2014, DSPC has focussed mainly on developing and applying methods for monitoring 
upstream fish migration for which mitigation has already begun and is ongoing (i.e. modification of 
natural channels and control of fishing pressure).  
 
Monitoring the composition and the abundance of fish migrations upstream through individual 
channels that cross Khone Falls is very challenging because of the diversity of migrating species, the 
complexity of their migration behaviour, the variety of fishing gears in use, and the characteristics of 
the channels. As mentioned above, typical artificial fish passages (e.g. fish ladders) are much smaller 
than the natural channels at Khone Falls, so fish passing through them are exposed and relatively 
easy to monitor by counting or catching them, in contrast to fish swimming up the natural channels 
which are large, generally fast and turbulent, have mainly rocky substrates and many islands and in-
stream vegetation, and are very turbid in the wet season, all factors that tend to protect fish from 
observation or capture. Sampling close to any of the waterfalls is difficult or impossible because of 
large-scale turbulence and would be hazardous. The key parameters of the main channels in Table 1 
can be compared with some large artificial fishways in Table 2. 
 
On the positive side, the presence of several natural channels with different degrees of obstruction 
by barriers does provide an opportunity for comparative sampling of fish at different points which 
can greatly aid interpretation of results. 
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Table 1 The main channels at Khone Falls, approximate dimensions and discharge range 

Channel Approximate 
width (m) 

Natural Discharge (m3 s-1) 
5 %-ile Median 95 %-ile 

Total Mekong* 1300-5500 29,982 4,691 1,674 
Western Channels 600-3500 19,679 1,555 84 
Ee Dtout 100-400 1,382 173 12 
Xang Pheuak (Khone Lan) 250-850 2,073 260 18 
Sahong 90-160 1,387 301 50 
Sadam 50-60 291 58 3 
Phapheng 250-500 5,170 2,344 1,505 

Note: discharge statistics are derived from daily flows at Pakse over the period 1985 to 2009, using 
flow splits equations reported in SMEC (2014)1. These data represent flows prior to the 
Hydropower era.  

* measured at the MRC gauge at Pakse 
 
Table 2 Some artificial fishways, approximate dimensions and discharge 

Fishways Type of fishway Width (m) Dept
h (m) 

Narrowest 
point 

Design 
discharge 

(m3 s-1) 
Reference 

Stung Chinit, 
Cambodia Large vertical slot 2 m in 

pools 2-4.5 0.25 m (in 
slot) 0.67 Lahmeyer et al. 

(2002) 
Moura Weir, 
Australia Typical vertical slot 2.4 1-3 0.2 (in slot) 0.1-0.3 Sunwater 

(2010) 
Pak Mun, 
Thailand 

Pool and weir, large 
steep salmonid type 3 m 1-1.2 1 m (over 

baffle) ~1-3 Roberts (2001) 

Itaipu Fishway 

Very large 
combination 
(nature-like with 
vertical slots) 

5-6 m 2.5 
m 

1 m (in 
slot) 11.4 Makrakis et al. 

(2011) 

 
There are four approaches to determining the species and the numbers and/or proportions of fish 
migrating upstream past Khone Falls and in each channel. 
 

Section 3: Secondary data, including local ecological knowledge (LEK). 
Section 4: Fisher catch monitoring. 
Section 5: CPUE Monitoring by standard methods. 
Section 6: Mark-recapture (or observation). 
 

Each of these possible approaches is discussed in the sections below, including the extent to which 
they are being applied by DSPC. 

 
As well as monitoring upstream fish passage, the program also studies downstream movement of 
fish, which comprises: 
 

1) drifting fish larvae (ichthyoplankton), which are very small, mostly less than 1 cm in length; 
and  

2) larger fish (juveniles and adults).  
 

1 SMEC 2014. Don Sahong Hydropower Project - Extended Computational Hydraulic Modelling: Modelling of 
Upstream Channels 
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Larval fish monitoring aims to determine the proportions of fish larvae that might be at risk of 
passing through the hydropower plant as outlined in Section 7. While there are very limited options 
for directly excluding fish larvae from the plant, the results of the study will indicate the possible 
degree of risk, which depends largely on the timing of larval drift peaks, as the flow through the HPP 
year will vary seasonally, from about 5 to 45% of the total Mekong flow at Khone Falls. 
 
The larger downstream-migrating fish (juveniles and adults) will probably be under-represented in 
fisher catches and in CPUE sampling, because migration is mainly during the wet season, when there 
is less fishing pressure (most people are engaged in agriculture) and when fish are less catchable 
because of the massive diluting effect of wet season flows. Therefore, it is intended to develop 
specific methods to monitor downstream migrations, so that the likely risk of passage through the 
DSHP can be evaluated, and so that experiments can be conducted on ways to deter fish from 
passing down the Sahong Channel and into the hydropower intakes. As noted above, because of the 
five-year duration of the DSHP construction period, there should be adequate time to develop such 
monitoring and an approach to deterrence.  
 
Several supplementary surveys to support or complement the other activities are described in Annex 
1. 
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 Secondary data 4
 
Secondary data incudes published research reports and local ecological knowledge (LEK). These are 
being progressively accessed and reviewed to provide supporting information for the ongoing 
monitoring. Some background information is presented in Section 1 and further information is 
briefly reviewed below. 
 

4.1 Published reports 

Fish and fisheries of the Khone Falls area are relatively well-studied compared with most other 
places in the Mekong basin. Early studies provide general descriptions of the fish and fisheries in this 
area (Roberts, 1993; Roberts and Baird, 1995) with some monitoring data for specific gears 
(Singhanouvong et al., 1996a, 1996b). Results of monitoring of catches of 29 households in Hang 
Khone and Hang Sadam villages over a five-year period 1993-1999 have been presented in several 
papers (e.g. Baran et al. 2005; Baird et al., 2003; Baird and Flaherty, 2004; Baird et al., 2004). These 
provide important information on the main species and patterns in migrations as judged by catches 
below the falls. However there is no published information which directly addresses the issue of 
successful fish passage across the GFL – i.e. there is no information on the quantities or proportions 
of fish that pass over the falls. The opinions of fishers (LEK) are also referred to in several papers, e.g. 
Roberts (1993), Roberts and Baird (1995), relating to the passability of individual waterfalls to fish. 
Fishers no doubt have very good general understanding of the patterns of fish migration based on 
catches, and also by direct observations of fish in the dry season when water is clear. However they 
have no way of knowing the proportions of fish that pass across the falls or which channels are 
preferred; such fish may continue to migrate for hundreds of kilometres, with unknown quantities 
being caught along the way.  
 

 

 
Figure 7 Estimated CPUE by fishers along the Mekong River from Kratie to Pakse 
CPUE is in units of reported average catch per boat or lee trap per year. Khone Falls is just upstream 
(to the right) of zero (the border). Source: Cacot (2007). 
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Cacot (2007) interviewed fishers at 20 locations over a distance of 300 km between Kratie in 
Cambodia and Pakse in Lao PDR, in a study during 2006 which aimed to recommend management 
measures to conserve and manage the fishery. An important result was that reported catch per unit 
effort was much lower upstream of the Khone Falls area than downstream, by a factor of about five-
fold (the points to the right in Figure 7). One likely explanation of the lower CPUE upstream is that 
there is a lower biomass of fish on average in the river, which would be expected as a consequence 
of depletion (fishing mortality) as fish migrate up from Cambodia into Lao PDR. However the data 
may also reflect to some extent differences in efficiency of gears and the fact that there are more 
fishers per km in Lao PDR than in Cambodia. Moreover, the catches would include fish that are 
resident or migrating locally, so also reflect the quality and productivity of the local habitat where 
fishers are operating.  
 
The MRC has collected daily catch data from 108 fishers at 36 sites along the Mekong from Viet Nam 
to upper Lao from 2003 until April 2014 when the program ceased. The data set includes two 
sampling locations upstream of the Khone Falls (Ban Hat and Ban Hadsalao Villages). The MRC data 
(up to 2009) have been partly analysed and published (Halls et al., 2013) but have not yet been 
analysed in a way that would provide any information about the likely proportion of fish migrating 
across Khone Falls. It is planned to analyse these data for evidence of migration peaks and patterns 
and to compare relative CPUE along the main Mekong channel. Other published and unpublished 
information will continue to be sought and reviewed with reference to fish migration across the falls. 
 

4.2 Local Ecological Knowledge (LEK) 

A great deal of time can be saved by fully understanding and documenting what is known already. 
Fishers in the project area have a very extensive and detailed understanding of many aspects of fish 
ecology and fisheries, based on their own experiences while fishing as well as information from their 
parents or other fishers. Some of the publications mentioned above incorporate considerable 
information from expert fishers. While fishers may not be able to quantify numbers or biomass 
precisely, they are likely to have a good understanding of general patterns of movement by species 
or taxa; of the timing of migrations; where fish accumulate; and which channels permit successful 
upstream migration across the falls at different river levels. Objective interviews of expert fishers in 
each village above and below the falls are to be conducted in 2014, as a check on the LEK-based 
opinions reported previously elsewhere and to obtain background information relevant to the 
objectives of the DSPC study. Annex 1 includes a draft questionnaire to be refined and then used as 
the basis for those interviews.  
 
An example of the type of information that can be obtained is provided in the following record of a 
group interview held at Ban Hang Sadam on 27 October, 2013. At that meeting, fishers said that in 
the dry season fish could ascend the falls through some channels to the west of Ban Hang Sadam in 
small numbers, as well as via Sahong Channel, Sadam Channel and Xang Pheuak Channel, consistent 
with published reports. They also said that 50% of fish that enter Sahong Channel can pass 
upstream, based on the central part of the channel being kept clear of traps, but later amended that 
figure to 70%, perhaps worried about being blamed for blocking the channel with their traps. Their 
impressions in this case are probably based on direct observations, as the fish they are trying to 
catch at that time are quite visible in places. 
 
The MRC Migration and Spawning database contains the results of detailed interviews with 450 
fishers at 119 villages along the Mekong River, including at Khone Falls. This data source has been 
partly reviewed (see Figure 3) and will be interrogated further for specific information. 
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 Monitoring fisher catches 5
 
The Khone Falls area is heavily fished by about 400 households from 6 villages in the project area. 
Monitoring of the catches by 60 representative households (families) has been carried out by DSPC 
since 2009, according to the procedure outlined in Annex 2. Information on gears used, locations 
fished, total catch, main species and prices is now entered daily in logbooks by each family. The data 
can be used to estimate total fishing effort and the total catch and CPUE by some gears above and 
below the falls. After taking into account other information on migration patterns of each species, 
the household catches and CPUE can provide some guide to the likely quantities of fish migrating 
through the falls if it can be assumed that lower CPUE indicates lower abundance of fish (see Section 
5). 
 
Monitoring total catches by each household integrates catches across all gears. For estimating total 
catches in an area, such household monitoring is generally simpler and easier than monitoring 
catches by individual gears, because the high diversity of gear types, dimensions and fishing 
methods makes gear censuses and selection of representative gears very difficult. However, to 
supplement the household catch monitoring (i.e. all fish from all gears), the project has monitored 
some specific gears.  
 
In 2013 catches by single luang khang traps were monitored upstream and downstream of the falls 
in three channels. The advantages are that luang khang are efficient at catching large numbers of 
fish during their upstream migration and can be considered a strongly directional gear, primarily 
catching upstream-migrating fish, for which species and size distribution should be evident, subject 
to the gap width on the traps. Ideally, based on CPUE, the results would also indicate the likely 
proportions of fish passing the falls. However each luang khang trap is quite individual in its design 
and catches are highly dependent on the particular location where traps are set, which affects their 
CPUE, and limits firm conclusions being drawn about differences in catch rates upstream and 
downstream of the falls. To improve interpretation of results would require standardisation and 
replication; i.e. several (6 or more) identical gears would need to be constructed upstream and 
downstream of the barrier of interest. It should be noted that luang khang are illegal gears which 
catch many large fish that are migrating upstream prior to spawning, and DSPC should in general be 
engaged in supporting measures to regulate or eliminate them. Moreover they are expensive and 
are a significant consumer of wood poles illegally logged and transported into Lao PDR from 
Cambodia, again an activity that the company should not support. As an alternative to direct 
monitoring, DSPC has in 2014 increased the amount of information recorded during household 
monitoring, which includes some luang khang traps (as expected because representative households 
are sampled). Some of the standard traps being trialled (Section 5) may be similar in their action to 
luang khang, although much smaller in size. 
 
In 2014 during the early wet season, DSPC also carried out a ‘large gear survey’ of luang khang and 
lee traps (See Annex 1). The objective was to validate and supplement the household monitoring 
data, and to obtain information from all large gears in the project area which could be used to 
compare upstream-downstream catch rates as a guide to species and quantities of fish passing the 
falls. 
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 Monitoring by standard methods 6
 
 
The main aim of monitoring by standard methods at the DSHP location is to quantify fish passage 
across the falls.  
 
DSPC has been testing various methods since early 2013 upstream and downstream of the falls. This 
section describes the various options that were considered and the status of current monitoring.  

Although there are various texts on methods for monitoring river fish (Backiel and Welcomme, 1980; 
Bonar et al., 2009; Bosley et al., 1986; CEN, 2005; DEP, 2006; FAO, 1999; Potter and Pawson, 1991; 
TVA, 2010; Zale et al., 2013) there are at present no standard methods documented or used 
routinely in the Mekong basin, which is notable for the great diversity of habitat types and large 
seasonal changes caused by flow variations. Therefore DSPC has invested significant time and effort 
in developing quantitative methods suited to the task and also to developing the skills and capacity 
of the monitoring team. Since 2013 DSPC has employed local fishermen to staff the monitoring 
program (Figure 8), and has trained them in standard procedures for sample collection and data 
recording. The program has been gradually expanding as capacity has been developed and 
experience gained, so that fish passage monitoring will be well-established once the project is under 
construction. 

 
Figure 8 Cast-netting team at Phapheng Resort in 2013 
 
Fish abundance can be monitored by direct observation (without capture), or by capture. 

6.1 Direct observation 

Where fish can be seen, surveys may be carried out by divers who identify species and estimate their 
size and abundance. For much of the year the waters of the Mekong are turbid, and even in the dry 
season when water is clear, fish may shelter within snags or under rocks, or may move to deep 
water. Therefore direct visual observation generally is not possible and cannot be used as a routine 
monitoring procedure. However, in the dry season fish are visible at certain places, for example in 
shallow water or where they attempt to ascend barriers. There fish movements can be observed, to 
provide useful supplementary information.  
 
Fish may also be directly monitored using hydroacoustics, which entails the use of sound waves to 
detect fish. A transmitter emits a powerful acoustic signal and a receiver records the time and 
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strength of echoes of the signal reflected from the riverbed and from objects in the water column 
(Figure 9). Hydro-acoustic equipment uses transducers to both propagate and receive the acoustic 
signal. In conventional units, the strength of an echo from a fish depends upon the size of its swim 
bladder, which varies by species and size, so the method is most useful in studies of one or a few 
species against which it can be calibrated (e.g. Viravong et al., 2006). Where there are many species 
present (as in the Mekong) conventional hydroacoustics alone cannot provide accurate estimates of 
size or biomass of fish by species. Hydroacoustics is most effective in unobstructed water-bodies 
such as lakes, or may be used in constructed fish passages where fish must swim within a simplified 
pathway where there are no obstructions to the signal transmission and echoes. It is not likely to be 
useful for monitoring fish movements in the channels at Khone Falls because of the complexity of 
habitat, shallow depth in many places, fast turbulent water and likely interferences from air bubbles 
and debris. There would also difficulties operating boats in many places. In the Mekong, 
hydroacoustics appears to be most applicable in pools that are 10 m or more in depth in conditions 
of laminar flow (Viravong et al., 2006), but even in such areas the method must be calibrated against 
fish catches by standard CPUE sampling. 
 

 
Figure 9 Example of an echogram from a hydroacoustic survey in a deep pool in the Mekong 
The river bed appears as a yellow line while green patches indication aggregations of fish or other 
objects that produce echoes (Viravong et al., 2006). 
 
Recent advaces in hydroacoustics include development of high-frequency multibeam sonar which 
under ideal conditions can provide high-resolution images capable of showing individual fish and 
their movements and behaviour e.g.  Baumgartner et al. (2006); Price et al. (2013).  The transducer 
may be fixed or mobile and the range is typically up to 30 m. Criteria for effective deployment in a 
river are listed by Holmes et al.( 2005); while these were specified for use of a DIDSON unit for 
monitoring migrating fish, they apply in general to use of hydroacoustics for quantifying abundance 
of migrating fish in rivers 
 
Criteria are listed with a comment on whether they are met at Khone Falls. 
 

1. The channel should be straight with laminar flow. Laminar flow produces less acoustic 
background noise than turbulent flow, resulting in an increased signal-to-noise ratio and 
hence a greater ability to detect fish. Channels at Khone Falls have generally non-laminar 
and turbulent flow. 
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2. Bottom profile should be planar, rather than shelved or scalloped, which creates zones that 
are inaccessible to the acoustic beam. Channels at Khone Falls generally have a rough and 
scalloped bottom profile which would obscure fish. 

 
3. Bottom substrate should be free of large boulders that can create turbulent flow or mask 

the passage of fish. Channels at Khone Falls contain many large boulders and snags. 
 

4. Fish should be actively migrating. Holding or milling fish may be counted several times, 
leading to overestimates of numbers migrating. In the channels at Khone Falls, fish 
aggregate downstream of obstructions in many places. 

 
5. There should be minimal human activity, which may affects fish behaviour and the estimate 

of numbers of fish migrating. Propeller wash entrains air bubbles and creates background 
noise. At Khone Falls there is frequent boat traffic in places. 

 
Failure to meet all of these criteria obviates the use of hydroacoustics for general application in 
assessing fish migration through the Khone Falls channels. Practical difficulties of boat access and 
operation also militate against use of hydroacoustics. However, high-resolution technology (e.g. 
DIDSON) may have some application in future, for example in tracking schools or individual fish 
where they aggregate or migrate up fishways; i.e through relatively confined areas.  
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6.2 Capture methods  

Most monitoring of fish entails their capture, usually with the aim of deriving absolute or relative 
estimates of abundance of fish in a defined area.  
  
Absolute estimates of abundance or fish density (e.g. kg ha-1) can be made through depletion 
sampling in small enclosed water-bodies. The channels at the project site are relatively large and 
could not be routinely enclosed. Mark-recapture sampling can provide abundance estimates where a 
significant proportion of the fish population can be tagged and where the entire population is within 
the area that can be sampled; both conditions do not apply at the project site. Tagging at the project 
site (as discussed in Section 7) aims primarily at tracking fish migrations, but may provide some 
information on relative abundance if most tags are returned. 
 
Relative estimates of abundance are most commonly used in monitoring programs, based on 
standardised gears, methods and effort. Fish catches are expressed in terms of catch-per-unit effort 
(CPUE), which may be compared over time and between sites as an indicator of fish abundance in 
the water-body (see also 3.1 above). Ideally CPUE would be directly correlated with the abundance 
of fish in the water. Possible interfering factors (covariates) are controlled as far as possible during 
sampling and are also monitored so their effects can be taken into account in analyses. For 
monitoring fish passage through the channels at Khone Falls, changes in CPUE are intended to be 
one basis for inferring movements of migrating fish. As an example, the graphs in Figure 10 appear 
to show that fish migrated from the downstream site to the upstream site in about 10 days. 
However, other possible causes for the variation in catches should be discounted before drawing a 
firm conclusion.  
 

 
Figure 10 Hypothetical example of a CPUE comparison between two sites  
Showing likely movement of fish upstream. CPUE units are no. of fish/gear/time. 
 
Changes in fish abundance may also be apparent as a difference in proportions of each species 
between sites above and below barriers or along the course of a channel (e.g. Makrakis et al., 2007) 
 
It is also important to consider the impact of fishing gears set near a barrier, which are likely to be 
selective to some extent, causing differences in catches above and below the barrier. 

 DSPC 8/9/14         Page 17 of 55 



 

 

 
Figure 11 Example of a comparison of size distribution of fish between sites 
Showing possible restriction of upstream migration of small and large fish.  
 
As well as providing CPUE measures of abundance (numbers and biomass); fish caught by standard 
sampling can also be used in length-frequency analysis, which may provide guidance for fish passage 
improvement. The size distribution of fish downstream and upstream of barriers may provide an 
indication of the effectiveness of fish passage, as exemplified in Figure 11. In this hypothetical 
example, and assuming that fish are attempting to migrate upstream, the absence of small fish (20-
100 mm) and large fish (440-500) above the barrier suggests that they cannot pass it. This example 
also illustrates the importance of use of control or comparative sites at which there are no barriers 
to demonstrate (in this case) that fish across all size ranges are indeed migrating upstream. 
 

6.3 Development of CPUE sampling at DSPC 

General design of monitoring 
 
CPUE sampling is being applied downstream and upstream in each of the main project area channels 
as shown in Figure 12, the main aim being to quantify species and sizes of fish entering and 
swimming through the channels. There are four sampling locations downstream of natural barriers - 
one in each of four channels, and 7 locations upstream. In Sahong Channel and Xang Pheuak Channel 
additional upstream locations were added to provide coverage as the channels are wider and more 
braided above the falls. The Etut Channel was added as a comparative or control site as it is thought 
to be impassable to upstream-migrating fish. 
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CPUE monitoring will also be applied upstream and downstream of specific barriers in the channels 
which have been modified to facilitate fish passage (this has been termed ‘fish passage’ monitoring 
to distinguish it from the routine CPUE sampling), as shown in Figure 12. CPUE sampling has been 
ongoing since January 2014, whereas ‘fish passage’ monitoring was only trialled during one week in 
May 2014 in the Khone Lane area of Xang Pheuak (the two most westerly points in Figure 12).  
 

 
Figure 12 CPUE sampling locations 
Rectangles indicate the approximate positions of sampling locations upstream (7) and downstream 
(4) of major barriers. Red lines indicate the main waterfalls or rapids.  Fish passage works 
 
The general approach to both CPUE and fish passage monitoring is to sample fish daily in each 
downstream and upstream location, using a selection of gears, as discussed below. Daily monitoring 
is necessary because fish may migrate for short periods, and because the pattern of migration needs 
to be understood so that future sampling can be focussed on migrations. Each routine sampling 
location (Figure 12) covers approximately 600 m of river channel length and is divided into 6 main 
sampling sites (i.e. within a location), each occupying about 1/6 of the area of the location. Each day, 
trained fishers set or use gears at one site within each location. Most set gears (gill nets and traps) 
are portable and are moved each day to a new site in a random rotation through the six different 
sites within each location, the aim being to randomise the places where each gear is set within the 
location, so that over time the catches are representative of that location. Each gear is set in a 
suitable sub-habitat within each site; as the river levels change, the extent and position of suitable 
sub-habitats also changes. Cast-nets are also used in a standard way within each site (20 casts per 
day). Some fixed traps have also been tested as discussed below; their catches may indicate 
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migration patterns, but are considered less representative for the location than the gears which can 
be moved throughout the sampling location. The times of setting or using gears have also been 
standardised across all locations; e.g. gill nets and traps are routinely set overnight, but some net 
and trap sets are also made during the daytime for comparison.  
 
Sampling gears and methods 
 
To be effective, CPUE sampling must use gears and methods that catch fish of a wide range of 
species and sizes with a consistent bias, and such gears must be of identical dimensions and 
available in adequate numbers for replication and collection of representative samples at each 
location over a defined time period. As the program aims primarily to study migrating fish, an ideal 
gear would also be directional, i.e. selective for fish moving either up or downstream. 
 
Large rivers are considered difficult environments to sample quantitatively for fish, and methods are 
still under development worldwide (e.g. Jones and Yunker, 2011). The channels at the project site 
are particularly challenging for much of the year; some specific issues include the following: 
 

• access to many locations is difficult and boat access is not always possible;  
• channels are subject to extreme seasonal changes in flow which create widely different 

conditions for sampling; 
• there is very fast water in places (3-5 m s-1);  
• substrata and depth are highly variable; 
• water flows through trees and bushes which grow on many small islands within the channels 

and along the edges, more so during the wet season, and fish live in and migrate through 
such sheltered habitats;  

• during the dry season filamentous algae grow prolifically and tend to clog gears; and 
• during the early wet season considerable organic debris (sticks, leaves and logs) drifts 

downstream and tends to clog and damage gears.  
 
As documented in Annex 3, to provide CPUE data, DSPC is trialling various standardised fishing gears, 
which are being progressively updated and improved as results of the monitoring are analysed and 
methods are adjusted. 
 
A range of methods for sampling inland fish were considered, together with the methods used by 
Khone Falls fishers for developing standard gears. DSPC’s household monitoring database (Section 2) 
contains records of gear use and catches from 60 representative families since 2009; the three most 
commonly used gears were gill nets (mong), cast nets (hair) and funnel traps (lob). Other gears 
which are routinely used elsewhere and were trialled include electrofishing (an illegal method which 
requires a permit) and seine netting. Some other methods have also been appraised but rejected at 
this stage. For example, hook and line fishing is common at Khone Falls, especially during the wet 
season, but is relatively selective, difficult to standardise, and perhaps not useful for catching some 
migrating fish (which may not be feeding). One gear which is relatively uncommon – stationary trawl 
or jib – is being developed because it has the particular advantage of selecting downstream-
migrating fish, which are relatively under-represented in catches and about which there is generally 
little information. It is proposed to use jib nets to monitor downstream-migrating fish in experiments 
to evaluate ways of deterring fish from entering Sahong Channel and passing through the 
hydroelectric turbines (see final paragraph of Section 2). 
 
In general, to ensure long-term sustainability of the program, gears are being made locally, however 
the downside is that local supplies are irregular and construction capacity is limited, which can delay 
availability of gears. 
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Some of the advantages and disadvantages of various gears for sampling in the channels at Khone 
Falls are summarised in Table 3. Several versions of each type of gear were constructed and used 
during 2014. The details and the current status and designs of gears are set out in Annex 3.  
 
Table 3 The main gear types which were appraised for use in quantitative monitoring at DSPC 
Method Advantages Disadvantages 
Gill nets 
(mong) 

Cheap and readily available, very familiar to 
fishers. 
Light and easy to transport and set replicates. 
Catch most species and size ranges. 
A passive gear so less operator error. 
Can catch fish over an extended period when set. 

Work well only in calm water, fish migrating through 
deep fast water cannot be caught effectively. 

  May be torn or damaged by logs or debris. 
  Selective for some species. 
  Probably not reliable for direction of fish movement. 
  Nets and/or fish may be stolen. 
Funnel traps 
(lob) 

Can be set to catch fish migrating directionally. 
Many different types can be made to suit 
conditions. 
Some types can be set in deep and fast water to 
catch fish migrating directionally. 
Fish may remain alive in traps and can be tagged 
and released. 

Relatively more expensive and/or time-consuming to 
make than gill or cast nets. 

 Testing and development of traps is taking time, they 
are relatively specialised in their use and efficiency. 

 Traps seem to be quite sensitive to location, so more 
replicates may be needed at a site. 

 Relatively large and bulky to lift and transport. 

Cast nets 
(hair) 

Cheap and readily available. 
Light and easy to carry and to replicate by 
multiple casts. 
Catch many species and sizes and tend to 
complement gill net catches. 
An active gear, so easy to increase effort. 

Can be effectively used only in certain habitats and at 
certain times; these biases are not well-understood 
yet. 

  Fishers tend to make and be used to their individual 
designs. 

  Fishing is highly subject to 'operator error', and occurs 
in a short period during the day. 

  The number of fish caught can be quite low or even 
zero. 

Stationary 
trawls (jib) 

Selective for downstream-migrating fish, so 
potentially useful for experiments or monitoring 
of fish deterrence measures. 

Cannot be used as a routine gear for monitoring 
upstream fish migration, which is of most interest for 
assessing the success of channel modifications. 

  
Apppears to catch many species and sizes, 
depending upon design, but limited information 
available at this stage. 

Time-consuming and specialised to make, requires 
some more work on design and production, 
influences ability to replicate at this stage. 

    Must be set in suitable places where flow is fast. 

    Can collect a large amount of debris, especially during 
the early flood. 

Electrofishing 
Can catch many species and sizes under suitable 
conditions. Ideal for small streams (wading) or 
for large but slow-flowing rivers (boat-mounted). 

The channels are mostly too deep for wading and it 
would be practically difficult to access all sampling 
areas by a boat. 
Relatively expensive and complex method requiring 
long-term attention to maintenance and training. 
Potentially hazardous to operators. 
Requires a permit and is illegal, so may cause ill-
feeling or copycatting if used where many people are 
fishing. 
Requires the same operators at each site or highly 
subject to operator error. 
Is affected by conductivity and turbidity and selective 
by species and size. 

  
Useful to complement other methods to 
complete a species list at a site as part of a 
survey. 

    
    
    

  

  

Seine nets 
and trawls 

Can catch many species and sizes in a short time 
period in the right conditions 

Requires sandy and snag-free substrata, which 
obviates their use in the channels 

 
Methods of identifying fish and processing samples were also developed as described in Annex 4. 
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 Monitoring drift of ichthyoplankton 7

7.1 Aim and objectives 

The aim of the ichthyoplankton (larval fish) monitoring program is to predict the potential impact of 
the DSHPP on the survival of ichthyoplankton drifting through the Khone Falls during the course of a 
year. 
 
The objectives of the fish larval study are: 
 

• to determine the total load of ichthyoplankton passing down the two channels most affected 
by the project (Sahong and Phapheng2); 

• to assess the importance of the load through these channels relative to the total larval load 
passing across Khone Falls; 

• to predict how the DSHPP operation could affect survival of fish larvae passing through the 
Sahong and Phapheng channels; and 

• to ascertain the periods when larvae are most abundant and could be collected for future 
testing if required.  

7.2 Background 

In the Mekong at Khone Falls the most abundant fish in catches are cyprinids and catfishes, for 
which representative species are known to spawn numerous small demersal eggs that develop and 
hatch quickly (<1-2 days). Many species spawn prior to or in the early flood, so their developing 
larvae or fry are able to take advantage of the expanding habitat and increasing availability of food 
as the wet season progresses. The larvae of such ‘flood spawners’ typically drift downstream with 
the rising waters, in which they may be carried to flooded areas. Monitoring near Phnom Penh and 
in the Mekong delta has documented large peaks of cyprinid larvae and catfish larvae and fry in the 
early wet season, consistent with flood-spawning (Halls et al., 2013). Notwithstanding the 
importance of flood spawning, a study of 11 sites along the mainstream in 2009 (Cowx et al., 2012) 
showed that some fish larvae are present in the drift all year, which is to be expected given that the 
Mekong supports more than 800 fish species (Valbo-Jorgensen et al., 2009) and several are known 
to spawn at other times. 
 
The only available background information on larval drift at Khone Falls is from the baseline study of 
Cowx et al. (2012), in which 11 sites were sampled along the Mekong six times during 2009. At the 
two sites closest to the DSHPP (Pakse and Veunkham), larvae were present in all samples, but in 
relatively low numbers compared with most of the other 11 sites. The data however may not be 
representative of total annual drift, because larvae may drift in large numbers over a few short 
periods (typically a few days) each year, so sampling just six times per year may miss such peaks. 
 
Drifting fish larvae that pass through hydropower turbines may be injured or killed by striking or 
being struck by blades or other parts of the turbines, or by the effects of shear stress and turbulence 
or pressure changes (Cada et al., 2006; Cada, 1990) The effects of passage on larvae may be less 
severe than on larger fish because they will be relatively unaffected by strike injury (Turnpenny, 
1998) and it is likely that shear stress and turbulence will only affect a few percent since the 
probability of larvae passing close to the blades or other structures is relatively is small. The effects 
of barotrauma will depend largely on whether the larvae have developed swim bladders. 
Assuming drifting fish larvae are evenly distributed through the water column, the load of larvae 
passing through the DSHP will be approximately proportional to the flow through the plant. During 

2 Simplify by assuming Sahong (developed) = flow weighted proportion of baseline Phapheng load. 
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the wet season, the total discharge (of all channels) is up to 38 times the minimum discharge 
recorded during the dry season (Table 1). The proportion of water flowing through the plant will vary 
from about 5% during peak wet season flows to about 45% during minimum dry season flows, which 
is also the proportion of the total larval load that could pass through the plant at those times, under 
the assumption of even distribution through the water column. The proportion of larvae that passes 
through the plant over a one-year period will therefore depend upon the timing of larval peaks; if 
most larvae drift at times of high discharge a relatively small proportion may pass through the plant, 
conversely larvae drifting during low-flow periods are more likely to pass through the plant. 
 
The larval monitoring study by DSPC in the first instance aimed to quantify the proportion of drifting 
fish larvae that might be expected to pass through the DSHPP. The proportion of fish that might be 
injured or killed is not known at present, so requires further evaluation. The monitoring also 
identified the timing of the main larval peaks which is useful information should larvae need to be 
sampled for any future test-work. 
 

7.3 Methods 

Field sampling 
 
Fish larvae were sampled from June 2013 to August 2014 using conical plankton nets with mouth 
diameter of 0.5 m, length of 3 m, and with 500 µm aperture nylon mesh, similar to those that have 
been used in many other studies of fish larvae in large rivers e.g. (Bialetzki et al., 2005; Humphries 
and Lake, 2000; Reynalte-Tataje et al., 2012). Nets were set to hang about 10 m downstream of large 
buoys which were anchored to the riverbed by two 25-kg weights (Figures 13, 14). The nets fished 
with the upper edge of the mouth approximately 0.5 m below the water surface. For each sample 
the nets were set for 30 minutes. A General Oceanics mechanical flow meter was hung in the middle 
of each net (Figures 13, 15). Flow meters were cleaned with detergent weekly to prevent any 
accumulation of sediment and then re-calibrated. 
  

 
Figure 13 General arrangement for setting the ichthyoplankton net 
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Figure 14 Heavy weights (25 kg) were used to anchor ichthyoplankton nets 
 
 

 
Figure 15 General Oceanics mechanical flowmeter as used in each ichthyoplankton net 
 
The volume of water that was filtered by the net (V) was calculated as the number of propeller 
rotations (R) multiplied by a calibration factor (C) and by the area of the net mouth (A).  
  
 V (m3) = N x C x A  
 
The volume of water which was filtered was used to calculate the concentration of larvae in the 
sample in larvae per ML (megalitre or 1000 m3).  
 
In the main channel sampled (Phapeng) the flow is turbulent and fast, averaging about 2 m s-1 but 
has been measured at up to 5 m s-1 in places. Initial setting of the plankton nets was problematic; it 
was difficult to anchor the nets and significant amounts of sand were filtered by the nets (despite 
the depth being about 3-5 m), as high turbulence mixed sand and organic detritus through the water 
column (Figure 16). Based on the high turbulence, it was assumed for this study that the water was 
well-mixed vertically and there would be insignificant vertical variation in larval density. After a 
period of testing different approaches, nets were set in places which were relatively slow (~1 m s-1) 
because there was some obstruction of flow by small islands or underwater obstructions. 
 
 

 
Figure 16 Setting an ichthyoplankton net in fast water in Phapheng Channel, June 2013 
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Monitoring aimed to take representative samples of fish larvae each day in the main channel of the 
river. Sampling began on 19 June 2013 at Phapeng Channel near the resort (Figure 17). Eight points 
were sampled across the river, numbered P1-8 from the east (LHS) to the west (RHS) side of 
Phapheng Channel at approximately equal spacing and in the main flow of the river. For the first 
three months of the study, every morning and every afternoon one sample was taken from the left 
or north eastern group of sites (No. 1-4) and one sample was taken from the right or south-western 
group of sites (No. 5-8), so that each day two samples were taken from the eastern side and two 
from the western side of the river. In any sequence, once a point was sampled it was not re-sampled 
until the other points in its group had been sampled (i.e. random sampling without replacement). All 
eight points were therefore sampled once in any two-day period, with the sequence re-randomised 
every 2 days. 
 

 
Figure 17 Ichthyoplankton sampling sites 
P1-8 = Phapheng Channel, S1-S3 = Sahong Channel, X1 = Xang Pheuak Channel, S4 = Sahong Channel 
downstream, M1-M3 = Mekong main channel downstream (usually called Pbaew Nyai) 
 
As well as sampling eight points across Phapheng Channel during the day; other samples were taken 
as follows at a lower frequency. 
 

• Edge samples: these were taken weekly in slow-flowing within a few metres of the river’s 
edge, the aim being to check whether fish density differed from that in the main stream. 
The sample duration was adjusted based on approximate flow to filter a similar volume of 
water; e.g. when the current speed was approximately half that of the mainstream 
samples the duration was 1 hour rather than 30 minutes.  

 
• Night samples: these were taken weekly at about 20:30-21:00 at the same point as a prior 

afternoon sample to allow pairwise comparisons. Routine night sampling was not 
considered feasible as it is hazardous. 
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• Samples in other channels: samples were taken at other sites as shown in Figure 9; in 2013 

samples were taken weekly and in the last 3 months of the study samples were taken daily 
for comparison with a daily Phapeng Channel sample. 

   
The load of ichthyoplankton drifting over a time period was calculated by multiplying the mean daily 
concentration of larvae in the water column by the discharge for that day. 
 
 Load (ichthyoplankton day-1) = Concentration (larvae m-3) x Discharge (m3 day-1). 
 
Daily discharge for each channel was estimated by DSHPC from discharge models (AECOM 2011), 
which were based on MRC daily discharge monitoring data at Pakse. 
 
Results from the first three months of the study showed that ichthyoplankton concentrations did not 
vary greatly across the Phapeng Channel, and had fallen to relatively low levels compared with peak 
values. Therefore, sampling continued at only one point in Phapeng Channel at a reduced frequency 
of one sample per day, the aim being to gain an approximate indication of variation in 
ichthyoplankton density and composition over the course of one year. Over the first year of 
sampling (June 2013 to June 2014) only two strong peaks in larval drift were evident, and they 
appeared to be linked to lunar phase. Sampling in Phapeng (1 sample per day) continued after June 
2014 for 3 months to determine whether the peaks would repeat during the same moon phase. 
Simultaneous samples were also taken at other sites for pairwise comparisons to test whether there 
were differences in larval drift density across the entire Khone Falls system of channels.  
 
Ichthyoplankton sample sorting and identification 
 
Most samples were processed immediately after taking them; some (<10%) were fixed in 4% 
formaldehyde for about one week. Samples were washed gently over 500 µm aperture nylon mesh 
sieve to remove fine detritus and sediment, and spread in silver trays, and then visually inspected by 
two people under magnifying (x 3) lamps (Figure 18). Each tray was checked by one person and then 
by the other person and finally checked by a supervisor. All animals, including aquatic insects and 
shrimp larvae were removed and transferred to 4% formaldehyde solution for one week (unless they 
were from samples which were already fixed), after which they were transferred to 70% ethanol. 
 

 
Figure 18 Sorting fish larvae from detritus 
 
Fish larvae were examined under a binocular microscope (x10-x40 and were identified using 
published and unpublished keys and with the assistance of specialists for problematic specimens. 
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The total length of each fish larva was measured to +0.1 mm using an eyepiece micrometer and 
classified by stage following Termvidchakorn and Hortle (2013) (with the addition of a flexion stage 
between pre and post-flexion stage). 
 

• Yolk-sac larva: the larva has a visible yolk sac, attached to the anterio-ventral part of its 
body. The fish is nourished by yolk while the main body parts develop; these include the 
mouth, gut, anus, eyes and primordial fins or anlages. 

 
• Pre-flexion larva: the yolk sac has been absorbed, the mouth and anus are open and the fish 

begins to feed on external prey. The urostyle is parallel to the body. 
 

• Flexion larva: The urostyle is flexing upwards and the caudal fin rays begin to develop. 
 

• Post-flexion larva: the urostyle has completed flexion, the caudal, dorsal and anal fins 
develop, and the small fish begins to resemble a juvenile. This stage ends when the larva has 
undergone metamorphosis (some species) or when its pelvic fins have developed. 

 
• Juvenile: all organs (except the gonads) are functioning. The fish gradually assumes a full 

adult shape as it grows. Certain parts of the fish may increase in number as the fish grows, 
for example, the number of scales or gill rakers. 

 
• Adult: a fish with all organs functioning, including mature or maturing gonads. 
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 Fish marking-observation 8
 
Fish which are captured in good condition can be marked and released, after which their movements 
may be followed, either by recapturing them (mark-recapture) or by recording their position with 
electronic readers or receivers. 
 
For studying migration, the main advantages of marking fish are as follows: 
 

• there can be an unequivocal demonstration of fish movement, e.g. ‘fish X moved 3 km 
upstream through Sadam Channel in 28 days’; 

• marking and observation can greatly reduce uncertainty and reliance on opinions and LEK; 
• fish are not killed and may provide information for long periods and over long distances; 
• fish may be recorded during multiple migrations. 

 
The main challenges of marking fish include: 
 

• fish must be caught alive and in good condition; 
• significant numbers of fish must be marked relative to the total number of fish at the site; 
• handling and marking may stress the fish causing them to changes their behaviour; 
• electronic tags and tracking devices are expensive; and 
• in conventional mark-recapture programs it can be difficult to get tags returned by fishers. 

  
The main methods that were considered included 1) electronic tags which do not require recapture 
and 2) conventional marks or tags that require recapture of the fish; these are discussed briefly 
below. 
 
Electronic tags 
 
PIT (passive integrated transponder) tags 

 
 
Fish are tagged with a small glass-encapsulated electromagnetic coil and microchip. PIT tags do not 
emit a signal; they are activated by a reader inductively to transmit an alphanumeric code. Tags were 
formerly large, internal and expensive, but are now smaller, relatively cheap and can be moulded 
into the body of an external tag (see photo). 
 
Advantages 

• Fish do not need to be caught to read a tag, also tags are visible (now) so can be easily 
retrieved by fishers. 

• Fish may be tracked long distances as they pass detectors; useful for larger long-distance 
migrators migrating through several fish passes, and very useful for conventional fishways, 
despite high costs of readers 

• Many fish can be tagged fairly cheaply; ~<$5 per fish. 
• Tags are non-toxic and usually well-tolerated. 
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Disadvantages 
• To set up a reader to cover about 7 m of stream (width) with a control unit would cost up to 

$30,000; the unit must have power at all times and be kept clear of debris. 
• Fish must pass within 50-60 cm of a reader, at best 1 m for detection, and fish passing a 

reader quickly may not be detected. 
• To cover the three target DSHPP channels (Table 1) would therefore be prohibitively 

expensive (several million dollars) and likely impossible as the readers and associated cables 
etc. could not cope with flood conditions, so PIT tagging was not further considered at this 
stage.  

• There may be scope for PIT tagging in small well-defined constructed channels. 
 
Acoustic tags 

 
Acoustic tags emit a signal (unlike PIT tags) that is read by fixed receivers or by portable 
hydrophones. The receivers’ range is now up to 800 m, depending on conditions, so two receivers at 
a point in each channel could be sufficient to track fish movements through channels. 
 
Advantages 

• Individual fish can be tracked from point of release. 
• Fish can be followed over large distances. 
• Recovered tags can be re-used. 

 
Disadvantages 

• Tags are difficult and time consuming to attach. 
• Tag batteries last 165 – 550 days (7-9 mm tags), after that there is no signal. 
• Each tag costs $350; they are expensive, but becoming cheaper and smaller.  
• Cost is ~$2000 per fixed reader. Total cost at DSPC could be $50,000 for readers.  
• Feasibility during wet season with high turbulent flows and debris is doubtful; receivers are 

likely to be damaged or swept away. 
 
Overall the costs would be very high if large numbers of fish are to be tagged and the feasibility 
needs further assessment. 
 
Conventional marks and tags that require recapture 
 
Conventional marking methods include visual external marks such as fin-clipping, brands or dyes and 
internal tags read by electronic readers; these have particular applications but were not considered 
further for DSPC use at Khone Falls. Most conventional tagging has used external tags with unique 
codes; among these T-bar tags and dart tags are the most commonly used worldwide and have been 
trialled by DSPC in 2014. 
 
Advantages 

• T-bar and dart tags are commonly used and long-established. 
• Fish can be tagged cheaply with an individually numbered tag at ~$1 per fish. 
• Tags are non-toxic and usually well-tolerated. 
• Tags are visible so can be easily retrieved by fishers. 
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• Tagging with conventional tags is very useful for training and familiarising staff with handling 
and tagging fish, which is a pre-requisite for consideration of more advanced methods such 
as electronic tagging (above).  

 
Disadvantages 

• A high rate of return of tags is essential for any quantitative interpretation of data. Fish may 
not be re-captured or tags may not be returned by fishers.  

• Pathways of migration are inferred but not unequivocally proven. 
• At Khone Falls, a lot of fish are caught commercially; at times large numbers of fish are 

caught and transported by traders to markets. Tags on individual fish may be obscured and 
overlooked when fish are simply handled in piles.  

 
Use of conventional tags at DSHPP 
In 2014, the project used conventional T-bar and dart tags to mark fish in the downstream sections 
of the main channels. Fish were tagged during two main migration periods – early dry season (mainly 
medium-sized cyprinids) and early wet season (larger spawning or pre-spawning fish). These 
migrations were selected because fish are of medium to large size and suitable for tagging. As the 
number of fish in each species varies unpredictably from day-to-day and annually, there are no 
‘target’ species as such, rather the selection of fish for tagging is based on size. Fish shorter than 
about 20 cm are not tagged because they are more likely to suffer from handling and from carrying a 
tag, and also because they are much more abundant than larger fish, so a relatively small proportion 
of fish will be tagged. Very large fish (>~60 cm) were also not routinely tagged because of the high 
cost of purchasing them from fishers.  
 
The first period of tagging was during the early dry season migration, with mainly medium-sized 
cyprinids tagged. These fish were caught by cast-netting; at the beginning of the study the fishers 
used their preferred cast nets, which have monofilament meshes of 4-7 cm and relatively heavy 
weights. These nets caused damage to the fins of some smaller cyprinids, which may have led to 
some mortality. The tagging team then switched to finer-mesh (3 cm) cast nets with lighter weights, 
which reduced capture efficiency but also reduced damage to fish. The main alternative method at 
this time is gill netting, which is likely to cause more damage to fish. Catfishes by comparison were 
all in good condition on release.  
 
The early wet season upstream migration is the most important in terms of the biomass of spawning 
fish passing through each channel and the large catches by Lee and Luang Khang traps downstream 
of the falls. This migration is also amenable to a tagging study, as many of the fish are 20-60 cm in 
length. During June 2014, a tagging team was stationed on a lee trap in each main channel where 
fish could be tagged quickly and returned directly to the water below. At the peak of the run, more 
than 100 fish were tagged per night by this method. 
 
To get useful data, the tagged fish must be recaptured; and the tags must be returned. Experience 
elsewhere in the Mekong shows that returns can be satisfactory, despite the large numbers of fish 
and fishers, if fishers are effectively informed about the program; the mechanism to return the tag is 
simple; and the reward is adequate (Hogan et al. 2006). 
 
DSPC initially publicised the tagging study by a local campaign that distributed posters (Figure 19) 
and flyers in the local fishing villages and at locations upstream where fishers landed their catch or 
where fish were traded or sold. During the fish tagging period there was a media promotion 
campaign using local radio (4 daily broadcasts for 4 weeks) and newspaper (articles in local Lao 
language press).  
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The tagging study was publicised more widely by notifications to GoL agencies (DLF, LARREC, 
MONRE, PAFO, and DAFO), the MRC and the riparian countries’ regional fisheries agencies. 
However, no tags have yet been recovered from outside Lao PDR. The reward for return of a tag was 
two-fold – an initial payment of 20,000 LAK or USD 2.50, plus entry into the Tag Lottery with a prize 
of 2,000,000 LAK or USD250 to the winner. A Lao language poster was used to advertise the fish 
tagging program. The poster explains that if a tagged fish is caught, the fisher should measure the 
length and return the tag for a small reward and an entry into the Tag Lottery. The poster also lists 
telephone numbers to arrange the collection of tags. 
 
As at mid-August 2014, about 800 fish in 41 species had been tagged and 80 tags had been returned. 
All fish had either been caught close to the release site or had moved upstream. The study has 
demonstrated that conventional tagging is practical at DSHPP and could be further utilised to answer 
key questions about migration. The rate of tag return has been up to now rather low, and more 
efforts will be made to improve communication and collection of tags.  
 

 
Figure 19 Poster to advertise the tag and recapture program 
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Figure 20 Labeo chrysophekadion with T-bar tag  
Kon Lan 21/5/14 
 
 

 
Figure 21 Releasing tagged Labeo chrysophekadion  
Lower Sadam Channel 22/12/13 
 
 

 
Figure 22 Tagged Hemibagrus wyckioides returned by Nakasang Market trader 
25/7/2014  
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Annex 1 
Supplementary Surveys and Forms 
 
Intensive monitoring campaigns of households in all six villages were undertaken in 2014 to validate 
the smaller long term HH catch survey. Two surveys targeted specific migrations: 
 

• Pa Soi Survey 2014 – the HH catch during this dry-season migration of small cyprinid species 
was surveyed for all households who were participating in this fishery. The aims were to 
quantify the total catches above and below the falls and to calibrate the catch data from the 
60 HHs of the long-term daily HH monitoring program. 

 
• Big Gear Survey 2014 – the gross catch by large trap gears in wet season migration surveyed 

all Lee and Luang Khang traps in the channels from Phapheng west to Xang Pheuak and 
Eetut. 

 
A survey of fish catch and consumption was carried out in all six villages in 2014 to investigate long 
term trends in catch and gear use and survey consumption patterns in all fishing households. 
 
Village interviews aim to determine the nature and relative size and importance of the fishery as 
part of a village’s livelihoods and economy, as well as basic information on fisheries management. 
This survey will be carried out in late 2014. 
 
Interviews with expert fishers (older people who have many years’ experience) aim to get historic 
information on status and trends in catches and species migrations patterns and timing. Interviews 
are planned for late 2014. 
 
Forms are as follows. 
 

1. Daily Household Catch Form as used in pa soi survey 
2. Big gear survey form 
3. Yearly Household Catch Form 
4. Yearly Household Consumption Form 
5. Village Interview Form 
6. Expert Fisher - Local Ecological Knowledge (LEK) Interview Form 

 
The forms are provided separately. 
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Annex 2 
Monitoring household catches 
 
Surveys of fish catch by representative households have been widely used in the LMB to estimate 
total fish catch within defined areas (Hortle, 2007) ; these have been based on interviews or daily 
logbooks, which can provide detailed information about species, habitats and seasonal patterns of 
fishing and catches (e.g. (Dubeau et al., 2001). Since 2009, DSPC has been carrying out a long-term 
survey of catches by project-affected households living in and around the project area to determine 
the socio economic importance of the Khone Falls fishery to those families. The survey data is also 
useful for estimating relative fishing effort in each channels and the proportion of catches upstream 
and downstream of the main falls, which can provides some insight into the proportion of migrating 
fish that successfully pass the Khone Falls.  
 
Most of the people fishing in the project area live in six villages: Hua Sadam, Hang Sadam, Sahong 
(represented as two hamlets - Hua Sahong and Hang Sahong), Don Phapheng, Hang Khone and Esom 
(Figure 23 and Table 4). Ten households in each village were randomly selected for monitoring in Jan 
2009. Households with no regular fishers were excluded from the selection process. A local person in 
each village, employed as a ‘fishing co-ordinator’, visits the selected households each day and assists 
them to record their total household fish-catch in a log book. Villages are visited each fortnight by 
DSPC staff to collect the logbooks of fish-catch data. 
 
Table 4 Numbers of households in each village and those fishing regularly 

Village HH 1990 (1) HH 2009 (1) Fishing HH 2009 (1) HH 2013 (2) Fishing HH 2014 (3) 

Esom 55 90 80 85 65 
Phapheng 25 27 26 30 45 
Sahong 55 70 67 68 98 
Hang Khone 44 44 43 55 70 
Hang Sadam 20 96 94 100 25 
Hua Sadam 60 90 76 75 54 
Total 259 417 386 413 357 
Data Sources: (1) Phonekhampeng 2010 (EIA C); (2) Village Chief from GoL Registry Book; (3) LARReC pas soi 
survey 2014 (DSPC) 
 
The information entered in logbooks includes the main place fished, the main gear used and the 
total catch and its price per kg each day. From 2009 to 2012, households noted whether the fish 
they caught were migrating or resident, but generally did not record species. During 2013, they 
recorded the most abundant species in catches, and from 2014 they have recorded the three most 
abundant species as well as the fate of fish - eaten in the household, sold or given away. Therefore 
the data coverage has improved since the study started. While more information could be collected, 
there is a risk of participants fabricating results or leaving the study if they feel the study 
requirements are too onerous. 
 
The accuracy of the fish identifications by individual families was verified by irregular checks of 
identification of common species. To date representatives for each of the 60 households have 
identified specimens of 14 common species. In all, 482 identifications have been made with 97% 
correct.  
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Figure 23 Household survey monitors daily catch of 60 HH in six villages 
NB. The HHs fished at 147 named locations, of which 121 are below the Great Fault Line 
 
Household Catch Records 
The catch data recorded each day were written in a log book from 2009 to 2013. These primary 
records are stored at KPP Office (Table 5). Since 2013 the data were written directly to record sheets 
which matched the data entry form (Table 6), which shows the fields recorded. The data include the 
locations where fish were caught, and information on locations includes their position as above or 
below the Great Fault Line (GFL), which is the main barrier to fish migration upstream. 
 
Notes on data entry and checking 
The DSPC HH catch database is an MS Access database. It should be used in MS Access 2010. 
The database has four main components: 
 

1. Data entry forms to enter the catch records 
2. Maintenance tables to populate the drop down menus of the data entry forms  
3. Quality control reports to check / validate the data entry and primary records 
4. Reports to display results. 

 
All database activities should be via the front end – that is the four components listed above. Do not 
access the data base via tables and queries on the left side. 
 
This database was designed by Mr Andy Reiz (email a0n0d0y@netspace.net.au). He will be able to 
provide fixes and modifications if required. 
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Table 5 Logbook records stored at DSPC office at KPP Resort 
Book 
Number 

No of 
Villages 

Village Code Village Name Date Start Date end 

1 3 HSDM; Hag SDM; DPP Hua Sadam; Hang Sadam; Don 
Phapheng 

12/01/09 18/02/09 

2 3 SOM; SHG; HKN Esom, Don Sahong, Hang Khon 12/01/09 17/02/09 
3 3 HSDM; Hang SDM; DPP Hua Sadam; Hang Sadam; Don 

Phapheng 
18/02/09 16/03/09 

4 2 SOM; SHG; HKN Esom, Don Sahong, Hang Khon 01/03/09 19/03/09 
5 3 SOM; SHG; HKN Esom, Don Sahong, Hang Khon 16/02/09 16/03/09 
6 2 SOM; HKN Esom, Hang Khon 01/03/09 18/03/09 
7 1 DPP Don Phapheng 20/03/09 26/12/09 
8 1 HSDM Hua Sadam 17/03/09 11/11/09 
9 1 SHG Don Sahong 16/03/09 21/12/09 
10 1 SOM Esom 18/03/09 14/12/09 
11 1 HKN Hang Khon 19/03/09 28/12/09 
12 1 Hag SDM Hang Sadam 19/03/09 09/12/09 
13 1 DPP Don Phapheng 27/12/09 15/01/10 
14 1 HSDM Hua Sadam 12/11/09 15/01/10 
15 1 SHG Don Sahong 22/12/09 15/01/10 
16 1 SOM Esom 15/12/09 15/01/10 
17 1 HKN Hang Khon 29/12/09 15/01/10 
18 1 Hag SDM Hang Sadam 10/12/09 15/01/10 
19 1 DPP Don Phapheng 21/07/10 24/02/11 
20 1 HSDM Hua Sadam 21/07/10 22/02/11 
21 1 SHG Don Sahong 21/07/10 22/02/11 
22 1 SOM Esom 21/07/10 18/02/11 
23 1 HKN Hang Khon 21/07/10 20/02/11 
24 1 Hag SDM Hang Sadam 21/07/10 20/02/11 
25 1 DPP Don Phapheng 25/02/11 26/09/11 
26 1 HSDM Hua Sadam 23/02/11 27/09/11 
27 1 SHG Don Sahong 23/02/11 01/11/11 
28 1 SOM Esom 19/02/11 24/09/11 
29 1 HKN Hang Khone 21/02/11 28/09/11 
30 1 Hag SDM Hang Sadam 21/02/11 25/09/11 
31 1 DPP Don Phapheng 27/09/11 27/02/12 
32 1 HSDM Hua Sadam 28/09/11 15/02/12 
33 1 SHG Don Sahong 02/11/11 12/08/12 
34 1 SOM Esom 25/09/11 25/02/12 
35 1 HKN Hang Khone 29/09/11 12/08/12 
36 1 Hag SDM Hang Sadam 26/09/11 19/02/12 
37 1 DPP Don Phapheng 28/02/12 12/08/12 
38 1 HSDM Hua Sadam 16/02/12 29/08/12 
39 1 SHG Don Sahong 13/08/12 12/08/12 
40 1 SOM Esom 26/02/12 12/08/12 
41 1 HKN Hang Khon 23/08/12 29/01/12 
42 1 Hag SDM Hang Sadam 20/02/12 27/08/12 
43 1 DPP Don Phapheng 13/08/12 31/01/13 
44 1 HSDM Hua Sadam 30/08/12 30/01/13 
45 1 SHG Don Sahong 13/08/12 30/01/13 
46 1 SOM Esom 13/08/12 30/01/13 
47 1 HKN Hang Khon 30/01/12 30/01/13 
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Table 6 Household catch data record sheets  
 
ຊື່  ແລະ ນາມສະກຸນ:                                 ບ້ານ:                              ຜູ້ປະສານງານ:   

ວັນທີ ເດື ອນປີ  (dd/mm/yyy)               

ຮູ (Channel)               

ສະຖານທີ  (Location)               

ອຸປະກອນ (Method)               

ປາທີ ຫາໄດ້ທັງໝົດ (kg)               

ປາທີ ບໍ ລິ ໂພກ (ກິນ) (kg)               

ປາທີ ແປຮູບໃນຄົວເຮື ອນ (kg)               

ປາທີ່ ໃຫ້ໝູ່ເພືອນ (kg)               

ປາທີ ຂາຍ (kg)               

ລາຄາປາ (ກີບ/kg)               

ລວມເປັນເງີ ນ (kip)               

ຂາຍໃຫ້ໃຜ               

ຂາຍໄປຕະຫຼາດໃດ               

ຊະນິ ດປາ (Species)               

ໝາຍເຫດ:        
Name of Household:                            Village:                              Coordinator 

  
Date               
Channel               
Location               
Method               
Total fish catch (kg)               
Eaten (kg)               
Processed (kg)               
Given to relative (kg)               
Sold (kg)               
Price (‘000 kip/kg)               
Income (‘000 kip)               
Who did you sell to               
Where did you sell               
Species (% of total) 
1 
2 
3 
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Annex 3 
Gears used in CPUE sampling 
 
Gill Nets 
Gill nets which comprise several panels of different mesh size3 were used. Combining a range of 
meshes in one gill net allows capture of fish over a range of sizes in any place the net is set and each 
set of the gear provides one replicate sample. The panels were arranged in ascending size order 
(sequential) as has been done in many other studies (Arthur et al., 2010; Doyle et al., 2008; Hugueny 
et al., 1996). Alternative configurations were considered, such as a ‘random’ sequence e.g. (CEN, 
2005), however any particular sequence is equally probable under random selection (so an 
ascending sequence is equally valid to any other), and any sequence will cause some unknown level 
of bias, the result of possible interaction effects between the panels. The key consideration is that 
nets are always made identically to provide a constant bias. Hanging the panels in ascending order is 
the simplest approach for the fishers who hang the nets, and also ensures that the direction of net 
setting is easily standardised by always setting with the smallest meshes nearest to the edge. 
  
The first panel gill nets were made in December 2013 after investigations as follows. 
 

1. Fishers were interviewed regarding design parameters including mesh and filament sizes 
used for the dry season medium-sized cyprinid migrations. Meshes are usually 4-9 cm 
stretched mesh; some fishers used slightly larger meshes (10-12 cm) in the hope of catching 
some larger more saleable fish. 

 
2. Markets were visited to check the characteristics of available nets (which are an indicator of 

fisher preferences) as well as floats, weights and tying thread. 
 
3. Nets were initially made to float (floats were made large enough to suspend the net in the 

water column). Nets were first tested by drifting (with a canoe). Drift netting was difficult 
because of fast currents in the channels and numerous obstructions. The long canoes used 
by fishermen are not very manoeuvrable in these conditions. It was decided to only use set 
nets, which are tied by ropes to stakes on the bank.  

 
4. Set nets are be designed to sink (i.e. are ‘bottom set’) for several reasons. 

• Many canoes pass along the channels; typically they have ‘long-tail’ petrol engines 
which drive a propeller in the upper 30 cm of water; nets must be below that depth. 

• Bottom-set nets are less-affected by floating debris. 
• Usually, most fish are caught near the bottom of gill nets (e.g. Jones and Yunker, 2011; 

Baran et al., 2005) showed much higher catch rates for bottom-set versus surface-set 
nets. 

 
5. Weights on the foot rope are heavy enough to sink the entire net including the floats, which 

are made just large enough to ensure the net is suspended in the water column. 
 
6. The channels were inspected for suitable places to set nets, as nets must ‘fit’ within suitable 

habitats. The nets must be set in relatively calm water (current generally < 0.3 m s-1), 
typically backwaters or eddies behind obstructions or islands. In the project channels, these 
patches of suitable habitat are typically up to 25 long and 2-3 m deep, which limits the 
length and depth of the nets. 

 

3 Note: all mesh sizes are quoted as stretched mesh 
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The main design parameters for the first gill net design are shown in Table 7, and Figure 24 shows 
the main features of its design. The other two types of gill nets designed later were also bottom-set. 
 
Table 7 Main design parameters for small panel gill net 

Filament 
(mm) 

Mesh size 
(cm) 

stretched 

Meshes per 
10 cm 

Meshes 
per knot 

Knot 
spacing 

Meshes
/panel 

Meshes 
deep in 

net 

Hung 
Depth (m) 

0.14 4 5.00 5 10 100 50.0 1.73 
0.15 5 4.00 4 10 80 40.0 1.73 
0.2 6 3.33 3 9 67 33.3 1.73 
0.2 7 2.86 3 10.5 57 28.6 1.73 
0.2 8 2.50 3 12 50 25.0 1.73 
0.2 9 2.22 2 9 44 22.2 1.73 
0.2 10 2.00 2 10 40 20.0 1.73 

0.25 11 1.82 2 11 36 18.2 1.73 
TOTAL               

Hanging ratio (hung length/unhung length): 0.5 
Head and foot ropes: 3 mm diameter multifilament nylon 
Tying thread: multifilament nylon, 0.8 mm dia. 
Floats: 6 x 2 x 2 cm black neoprene 
Weights: lead rings 11 mm diameter with 5 mm hole, tied in sets of 3 every 10 cm 
 

 
Figure 24 Small panel gill net main features  
Hanging ratio is 0.5 (hung length/unhung length) 
 
In April 2014, a large panel gill net (Table 8) was designed to target larger migratory fish expected in 
the early wet season (May-June). Large panel gill nets were set nightly from 22 May 2014. 
 
Table 8 Parameters for large panel gill net 
Filament 
thicknes
s (mm) 

Mesh 
size 
(cm) 

Meshes/pan
el 

Meshes 
per 
knot 

Knot 
spacing 
(cm) 

Knots/pane
l (cm) 

Meshes 
deep 

Hung 
Depth 
(m) 

Hung 
Lth (m) 

0.25 10 400 10 40 10.0 20.0 1.73 4 
0.25 12 320 8 40 10.5 16.6 1.73 4 
0.25 14 360 9 40 10.3 14.2 1.73 4 
0.25 16 360 9 40 10.3 12.5 1.73 4 
TOTAL               16 

Other parameters as for small panel gill net  
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In December 2013, small gill nets were purchased ready-hung; these were termed ‘pa soi’ gill nets 
because pa soi (Henicorhynchus spp.) is the main target fish, but they catch a wide range of species. 
Initially the nets were 15 m long with 2.5 cm stretched mesh, the only size available. Later 3 cm 
mesh nets became common (as fish grow in size during the dry season), so the nets were replaced 
on 31 May 2014 by nets which have two panels of equal length of 2.5 cm and 3 cm stretched mesh 
as shown in Table 9, which is intended to the long-term configuration for this net. 
 
Table 9 Design parameters for ‘pa soi’ panel gill net 

Filament 
(mm) 

Mesh 
size 
(cm) 

Meshes 
per 10 

cm 

Meshes 
per 

knot 

Knot 
spacing Meshes/panel 

Meshes 
deep in 

net 

Hung 
Depth 

(m) 

Hung 
lth (m) 

0.10 2.5 8.00 19 30 600 36 0.78 7.5 
0.10 3 6.67 15 30 500 36 0.94 7.5 
Total        15 

 

 
Figure 25 Gill nets and accessories in Pakse Market 
 

 
Figure 26 Making a panel gill net on-site, Dec 2013 
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Figure 27 Testing floating gill net by drifting with canoe, Dec 2013 
 

 
Figure 28 Setting a gill net in small backwater in lower Sadam Channel 
The backwater is about 25 m long, fast water is on the left, Dec. 2013 
 
Traps 
 
Many traps used in the Khone Falls area work on the principle that fish enter through a funnel, 
usually facing downstream. Once inside the trap it is relatively difficult for a fish to locate the exit. In 
some local types of trap, sharp projections deter the fish from re-entering the funnel from inside the 
trap. 
  
Several types of funnel traps have been built and trialled by DSPC. 
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Large metal-framed box traps 
These were the first traps which were built by DSPC, to a design shown in Figure 29, in three sizes as 
shown in Table 10. The frame was welded from 12 mm mild steel reinforcing rods. These traps were 
intended to be used in places where the water flow could be entirely blocked by fences, to direct 
fish into the trap. Based on trials in December 2013, fencing was found to be unfeasible because 
channels must be kept open for boat access. These traps were however set nightly at sampling sites 
up to 18 May June 2013 when their use was discontinued, mainly because they are relatively large 
and difficult to handle in the available canoes. For routine sampling they have been substituted by 
cylindrical lob traps (see below). In future, these large traps are likely to be most useful for 
quantitatively monitoring constructed fish passages where fences can be erected upstream and 
downstream and will likely be used for that purpose in 2015. Note that during a one-week trial 
monitoring of fish passages at Khone Lan in May 2014, large lobs were not available because they 
were being used at routine channel sites. 
 

 
Figure 29 The frame of a large metal-framed box trap and its funnel mouth 
Frame is 12-mm mild steel rod. Dimensions are coded; see Table 10. Additional stays in the corners 
are not shown. Mesh was coarse nylon multifilament 0.8 mm diameter. 
 

Code Trap 1 Trap 2 Trap 3 
H1 1.5 1.4 1.2 
W1 2.0 1.7 1.4 
W2 1.7 1.4 1.0 
L1 2.4 2.0 2.0 
L2 2.5 2.05 2.05 
H2 1.2 1.1 0.9 
W3 1.4 1.2 1.0 
W4 1.0 0.85 0.7 
A 30 20 15 
B 45 30 25 
C 10 7 5 
Mesh 4 cm 1.5 cm 1.5 cm 

Table 10 Dimensions of the large metal-framed box traps 
Codes are shown in Figure 26.  
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Figure 30 Adding mesh to cover a large metal-framed box trap 
 
 

 
Figure 31 Testing a large trap with fencing in upper Sadam Channel in Dec 2013 
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Small cylindrical bamboo trap (Lob Sing) 
This is one of the most common types of gears used in the DSPC project area. A standard version 
was made under supervision and to the design of one expert fisher (Mr Sing). The traps were about 
1.7 m long, 0.45 m diameter, with a 2 cm gap width and a funnel with 10 cm maximum entry width. 
For routine nightly monitoring these traps were set in pairs incorporated in a bamboo fence that was 
built from the bank outwards in a place where fish are known to migrate upstream, therefore they 
were only moved occasionally as river levels changed significantly.  
 

 
Figure 32 Making a small cylindrical bamboo trap 
 
These bamboo traps were at times quite effective for migrating fish, but obtaining and preparing the 
local materials and building the traps was very time-consuming, so a similar trap made of metal and 
plastic was designed. 
 

 
Figure 33 Small cylindrical metal traps were based on the design of the bamboo trap 
 
Small cylindrical metal trap 
This trap was built of metal and plastic to enable mass-production of a trap that was similar to those 
used widely by fishers that could be easily replicated and could be set in a range of habitats. As 
shown in Figure 33 and 34, the design was similar to the small cylindrical bamboo trap. The 
upstream end tapers to a point to deflect debris. At each site, these lobs are set in pairs in water of 
moderate current speed (0.2-0.6 m s-1) and depth (0.5-1 m) with the entrance downstream. The 
efficiency of the traps was increased in early November 2014 by adding a second funnel and by 
attaching the paired traps to small fences 2 m long by 0.5 m deep with horizontal split-bamboo slats 
at 8 cm spacing; the fences direct fish into the entrances. The catches of these traps are combined as 
one sample 
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Figure 34 Small cylindrical metal trap, main parameters of steel frame and funnel 
Frame is 8-mm mild steel rod. Trap is covered by plastic mesh which has hexagonal holes, 1.1 x 1.2 
cm aperture. 
 
 
Large cylindrical metal trap 
 

 

 
Figure 35 Large cylindrical traps end view (above), and side view (below) 
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These traps are modelled on common gears of the Khone Falls area. They target larger fish, so 
complement the small metal traps. They are generally set in slower deeper water with the funnel 
entrance facing downstream.  Their use began in mid-October 2014. 
 

 
Figure 36 Large cylindrical metal-frame trap, main parameters of steel frame 
Frame is 8-mm mild steel rod, spot-welded. Trap is covered by multifilament netting, which is also used for 
funnels, 8 cm stretched mesh. Two funnels taper to an internal diamond-shaped opening 27 x 35 cm across the 
corners. 
 
 
Fyke traps 
Fyke traps (or nets) are often used in large warm-water rivers for catching a wide range of species. 
They are a type of funnel trap with wings which guide fish into them. Commercial fyke traps were 
brought from an Australian supplier. They are relatively easy to store and transport as they are 
constructed with light materials, and the main trap is covered by high-quality braided nylon mesh so 
they are durable. Fyke nets were used nightly in early 2014, but may be discontinued in favour of 
cylindrical traps which can be made from locally available materials. 
 

 
Figure 37 Main parameters for fyke net design 
Sketch from the designer 
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Figure 38 Fyke net view from side and looking into funnel 

 
  

 DSPC 8/9/14         Page 51 of 55 



 

Cast nets 
 
Cast nets are widely available and used in the DSPC project area. The primary reason for using cast 
nets as a standard gear is that they can be used in many places in the channels, with widely varying 
current speeds and where other gears cannot be used effectively. As they ‘active’ gears which are 
cast and retrieved immediately fish may also be tagged and released. 
  

 
Figure 39 Cast nets can be used in a range of habitats and between snags and debris 
 

 
Figure 40 All the fishers hired by DSPC can throw a cast net consistently 
 
Cast net dimensions vary widely depending upon habitat, target species and fisher preferences. 
Larger diameter nets can catch more fish per cast, but are more difficult to throw and cannot be 
thrown into tighter (smaller) spaces. Adding more weight causes a net to sink faster and catch more 
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fish, but also increases the effort of casting. Coarser-meshed nets sink faster than fine-meshed nets, 
so are more efficient for catching larger fish, but catch fewer small fish. 
 
During 2013, large cast nets were used upstream and downstream of the main channels; catches 
were recorded by fishers in the field and on review there appeared to be significant inconsistencies 
in the data. During 2014, the mesh size was reduced to ensure capture of small cyprinids such as pa 
soi, and then small cast nets were employed daily beginning on 21 Jan 2014. A standard sample at 
each location comprises 20 casts of the net. At each location a different fisher is employed, so 
differences could reflect operator error. In early 2014 a comparison was made of fishers at #9 sites 
(i.e. all fishing in the same general areas), which confirmed that there were significant differences 
between fishers’ catch rates despite apparently similar abilities. The precise reasons for differences 
were not readily apparent and could not be explained by fishers4, but it is likely that over many years 
of experience some fishers have better-internalised the discrete micro- habitats where more fish are 
caught, and so focus their casting in those areas; there are also likely slight differences in their 
method. Therefore, CPUE from cast netting may be unreliable as a quantitative indicator of 
upstream-downstream differences between sites.  
 
Table 11 Design parameters for cast nets  
Parameter Large cast net Small cast net 
Filament diameter (mm) 0.36 0.26 
Mesh size (mm stretched) 55 25 
Height (m) 2.40 2.36 
Diameter (m) 3.2 2.8 
Weight of lead (kg) 3.5 2.5 

Note: monofilament nylon 
 
On 15 March 2014 daily cast-netting was discontinued, but weekly cast-netting has continued, with 
the objective of providing a more complete inventory of species presence at each location to 
complement results from gill nets and traps. During a one-week trial of fish passage monitoring cast-
netting by one fisher provided comparable effort up and downstream of the Kon Lan fish passages. 
 
Other methods 
 
As well as the gears discussed above (gill nets, cast nets and traps), seine netting and electrofishing 
have both been trialled. Seine nets (Figure 39) have relatively limited utility in the channels because 
of the rocky substrate and debris, but may be useful in some localised areas and for blocking or 
sectioning off parts of the fish passages for depletion sampling by electrofishing. 
 
A generator-powered electrofisher (240 Volt pulsed DC) was purchased and tested, and staff were 
trained in early 2014. Electrofishing was not attempted at the routine sampling sites because of 
perceived antipathy by local fishers and lack of clarity over permitting, despite a form of permit 
being issued by the Dept of Livestock and Fisheries (DLF) in Vientiane. Electrofishing would only be 
effective under certain conditions, and could not be carried out daily at all sites, so might be used to 
supplement other samples or for sampling defined areas near or in the constructed fish passages.  
 
Jib nets or stationary trawls (Figure 40) are used to catch downstream-migrating fish. A version was 
constructed and trialled in July and August 2014. The net was 5 m long and the upstream entrance 
was 1.8 m wide and 1.2 m deep. Mesh is 5 cm at the entrance, gradually reducing to 2.2 cm at the 
cod end, where a cylindrical bamboo trap is fitted. The trap is 0.3 m diameter, 2 m long and has a 

4 The fisher who consistently caught the most fish explained that his success was due to his “personal magic”.  
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gap width of 6 mm. See also Volkhardt et al. (2008) for possible downstream gears that may be 
useful. 
 

 
Figure 41 Testing a large seine net on one of a few sandy beaches in Phapheng Channel 
 

 
Figure 42 Jib net or stationary trawl in one branch of lower Sadam Channel 
Low water levels, 19 May 2014. River rises about 6 m during the wet season at this point.  
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Annex 4 
Procedure of identifying and processing fish 
 
See separate file. 
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