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Section 1:  Introduction 
 
 
Restoring fish passage has three objectives:  
 

 To restore migratory pathways; 
 To improve fish populations and biodiversity; 
 To provide improved ecosystem services (e.g. socio-economic benefits, resilience to 

climate change). 
 
Assessment is structured around these objectives, with sampling of:  
 

 fish migration at the site (in the fishway and at the weir); 
 fish populations in the area or region, upstream and downstream of the barrier; and 
 ecosystem services, usually socio-economic benefits.  

 
This manual will focus on the first objective and briefly discuss the other two.  
 
Even though there are generic designs of fishways, all applications at a site are unique – 
varying in length, layout and specific dimensions – and each site has a unique combination of 
characteristics, including river flow, fish species and sizes, and flow patterns downstream and 
upstream. Hence, all fishways need to be monitored to confirm that they are passing fish and 
meeting the three key objectives of restoring migratory pathways, improving fish populations 
and diversity, and providing improved ecosystem services. Monitoring is also an essential tool 
to optimize fishways, with the results providing feedback to the Guidelines on Fishway Design, 
Construction, Operation, Maintenance and Adjustment) (see MRC (2021).   
 
For the development of new fish passage projects of for improving the existing ones, a 
Monitoring Plan needs to be developed in the redesign phase, in consultation with fish 
biologists, irrigation engineers, and local fishers. Monitoring programmes vary according to 
the size and complexity of fishways. Large structures or large catchments require more 
detailed monitoring the progress of all three above objectives. Small structures carrying a 
reduced risk of inadequate operation may only require a limited monitoring programme of 
passage efficiency with visual assessment of attraction efficiency and downstream passage. 
However, in any event, the monitoring is to be conducted before and after the 
development/improvement of the fishway. This manual was developed to evaluate the 
effectiveness of the development or improvement of fishways, and to identify any necessary 
adjustment through monitoring. To inspect whether a fishway is functional or not, the 
Fishway Inspection Manual (2021 MRC) should be used. 
 
This manual is intended to be used for fish passages at irrigation and low-level structures in 
rivers. It is not intended for large hydropower dams because they have much more complex 
fish passage issues (e.g. turbines), which require more complex monitoring and evaluation. 
Nevertheless, many of the principles described in this manual are applicable to a wide range 
of fish passage projects.  
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Who this manual is intended for 
 
This manual is intended for practitioners such as scientists, engineers, government staff, 
operators of weir/gate related to fishway activities with a background in environmental 
sciences, experimental design, statistics, irrigation, water resources management, and field-
based research, as well as those who are planning and implementing a monitoring 
programme for a fish passage facility in the Lower Mekong Basin (LMB). It is complementary 
to the MRC 2021 Design Guidelines for Fishway Design and the MRC 2021 Fish Passage 
Inspection Manual. 
 

  



Fish-Friendly Irrigation: Fishway Monitoring Manual 

 3 

Section 2:  Fish migration at the site 
 
 

2.1. Overview and aims 
 
Fish migration at the site applies to upstream and downstream migrating fish and has three 
components that also align with fish passage design (Figure 1):  
 

1. Attraction efficiency (fishway entrance and weir/gate design);  
2. Passage efficiency (fishway channel design; gate design for downstream migrants); 

and 
3. Exit (location and conditions for a safe exit).  
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Components of fishway design:  1) Attraction, 2) Passage and 3) Exit  
(Source:  MRC, (prep) Design Guidelines for Fishways) 
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From these three components, monitoring has very specific aims that can be phrased as 
questions or hypotheses, which are shown in Table 1. These monitoring priorities are likely to 
change following an inspection and assessment of the design, following the MRC (2021) Fish 
Passage Inspection Manual and using the MRC (2021) Guidelines on Fishway Design, 
Construction, Operation, Maintenance and Adjustment.  
 
 

Table 1. Questions for fish passage monitoring at low-level barriers in the Lower Mekong Basin  
 

Upstream 
passage 

Questions for monitoring Generic priorities for 
monitoring at low-level barriers 
in the Lower Mekong Basin  
(to be reviewed for each specific 
project after a site inspection) 

Attraction efficiency Do fish find the fishway entrance(s)? Very high 

Passage efficiency Do fish enter the fishway? Very high 

 Do fish reach the exit? Very high 

Exit Do fish exit safely? High 

 Do fish continue to migrate through the 
impoundment? 

High 

Downstream 
passage 

  

Attraction efficiency Do fish pass through the impoundment:    
 i) larvae? High 
 ii) juveniles? Moderate 
 iii) adults?  Moderate 

 Do fish locate the entrance(s) of the 
fishway/spillway/sluice gate? 

Very high 

Passage Efficiency Do fish pass through the 
fishway/spillway/sluice gate safely? 

 Very high 

Exit Do fish pass through the tailwater safely?* Very high 

 
*Note: Fish can be disoriented after passing through turbines, sluices, or spillways and be prone to predation. 
 
For example, if overshot gates are used in the weir, which pass water into a deep plunge pool, 
then there is reasonable confidence that downstream fish passage is safe and the priority for 
monitoring would be very low. In contrast, if the fishway entrance was poorly located and 
there was turbulent flow next to the fishway, then the priority for monitoring this aspect 
would be high. The first step, therefore, in developing a monitoring programme is to:  inspect 
and assess the fish passage (as per the MRC 2021 Fishway Inspection Manual); identify 
significant design or operational issues; and address obvious deficiencies. 
 
The questions in Table 1 overlap directly with the MRC project on Joint Environment 
Monitoring of Mekong Mainstream Hydropower Projects, which includes fish passage 
monitoring of large mainstream dams. However, at large dams, downstream passage of 
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larvae through the impoundment is a higher priority, and there are four additional questions 
that only apply to large dams, regarding the powerhouse, turbines, and downstream fish 
passage:   
 

 Are large fish guided away from the powerhouse by the trash/fish screens, or is there 
impingement? 

 Do smaller fish that pass through the trash screens, pass through the turbines safely? 
 What are the hydraulic conditions within the downstream passage routes? 
 Is there any delayed mortality kilometre downstream? 

 
These questions do not apply to low-level barriers without hydropower. 
 

2.2. Methods 
 
2.2.1. Assessing upstream attraction efficiency  
 
Attraction efficiency is a measure of the fish that migrate up to the structure and locate the 
fishway entrance. It can be assessed using the following:  
 

 Observations, by examining flow patterns downstream of the weir and around the 
fishway, and assessing whether:  the fishway entrance is at the upstream limit of 
migration; there are no recirculating flows; and the fishway flow is not masked by 
competing flows. 

 Netting (e.g. gillnets, push nets, seine nets) or fisher samples below the weir and 
further downstream. If there is a high relative abundance of fish below the weir but 
not downstream, this suggests that fish are accumulating below the weir and 
fishway, either unable to find the entrance or unable to ascend the fishway.  

 Electrofishing samples below the weir and further downstream. As regards netting 
and fisher samples, the difference in abundance between sites indicates attraction 
efficiency.  

 Radio or acoustic tags. These are short-term tags (from 90 days to five years) which 
can plot fish movements up and down river systems. A well-designed tagging: 
programme can provide valuable information on the behaviour of fish in the vicinity 
of the fishway entrance and provide information on any possible delays or 
accumulation areas. 

 The ARIS (DIDSON) sonar camera. This technology uses sound waves to create a live 
underwater picture of fish in relation to various objects. This technology can be 
successfully deployed to track fish movements in and around the fishway entrance. 
Fish accumulations and fish movements into an entrance slot can be readily observed 
using this technology. 

 
These five methods are listed in order of approximate cost. For small irrigation projects and 
low-level barriers, it is likely that the first two approaches (i.e. observations, netting and fisher 
samples) would likely be used. 
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2.2.1.1. Electrofishing   
 
Electrofishing in large rivers is practised with a specialized boat (Figure 2). They can be tuned 
to stun most fish within proximity of the boat. Fish can then be identified, measured, and 
released with a high survival rate. Quantitative samples can be taken by ensuring consistency 
of electrofishing time. These can provide relative abundance of fish and are useful to assess 
fish accumulation downstream of a fishway, and also provide an independent sample of 
migrating fish to compare with fishway samples. The main limitations are that capture of fish 
is poor, which can remain stunned on the bottom of the river, and efficiency in deep water 
(> 2 m) is poor (MRC, 2019).  
 
Portable electrofishing equipment are also available and can be bank-mounted or backpack-
mounted (Figure 3). These are useful for shallow streams and can be used in fishways and 
around the entrance of fishways, if the water is shallow. They are particularly useful for 
sampling rock-ramp fishways, which are mostly designed with shallow depth. It should be 
noted that electrofishing is banned in Mekong countries; special permission must be obtained 
from the relevant authorities before commencing any sampling. In addition, electrofishing 
can be a lethal technique if used inappropriately. Sampling therefore also needs to conform 
to international standard procedures.  

 
Figure 2. Electrofishing boat  

Source:M Mallen-Cooper 
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Figure 3.  Bank-mounted (left) and backpack-mounted (right) electric fishing equipment 
(Source: MRC, 2019. Joint Environment Monitoring of Mekong Mainstream Hydropower Projects) 

 
2.2.1.2. Radio or acoustic tags 
 
These tags vary in size from a very small finger to a large finger, depending on battery life and 
range of signal. They require the insertion of tag and aerials (portable and/or fixed) into the 
fish for detection (Figure 4). Since the range is usually hundreds of metres, they are ideal for 
monitoring fish as they approach or leave a fishway. Up to 40% of tags can be lost to mortality 
or fishing, so the sample size needs to accommodate this. At least 50–60 fish of one species 
are required to understand variation in fish behaviour; hence, 100 tags is required to allow 
for losses (MRC, 2019, Joint Environment Monitoring of Mekong Mainstream Hydropower 
Projects). 
 
Radio tags can be detected from above the water while acoustic tags need an underwater 
detector (hydrophone). Acoustic tags provide high resolution spatial data on fish movement 
and work well in deep water (e.g. >10 m), although high turbulence (e.g. spillways) and rocky 
shallow water can limit the signal. Radio-tags provide a coarser spatial resolution but work 
well in shallow (< 10 m) water and turbulent water. Irrespective of the technology used, fish 
can be tracked within a metre of the fishway entrance, and movements under a range of flow 
conditions can be calculated. The MRC has a detailed manual for acoustic tagging, should this 
be of interest for monitoring :programmes. 
 

 
Figure 4. Insertion of radio tag into body cavity of fish (left), radio tag with external antenna (middle) 

and hand-held aerial to detect signals (right)  
Source: MRC, 2019 
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2.2.1.3. ARIS sonar cameras   
 
ARIS (previously DIDSON) cameras use sonar technology to produce clear video images in 
water with almost any turbidity. Their limitations are that they operate poorly in highly 
aerated water, which is located near spillways, and have a narrow beam, which cannot view 
a large wide river with a complex bed such as the Mekong. The ARIS cameras are particularly 
useful to assess fish attraction in the tailwater, fish entry into the upstream or downstream 
fishway, and fish impingement on trash screens. Because fish are not handled or captured, 
the data represent a reliable view of fish behaviour (MRC, 2019). 
 
 

 
Figure 5.  Image of an ARIS camera (left) and typical screen shot of ARIS image (right)  

 
Source: Joint Environment Monitoring of Mekong Mainstream Hydropower Projects MRC 2019 

 
 
2.2.2. Assessing upstream passage efficiency  
 
In passage efficiency, monitoring assesses whether all fish that enter the fishway can ascend. 
Therefore, sampling is carried out as follows:   
 

 downstream of the fishway entrance (to have a sample of migrating fish approaching 
the fishway); 

 in the fishway entrance (a sample of fish that can enter the fishway); and  
 at the fishway exit (a sample of fish that can ascend the fishway).  

 
2.2.2.1. Downstream of the fishway 
 
A range of methods can be used to sample downstream of the fishway, including nets, 
electrofishing and surveys of fishers, with the objective of sampling the full range of sizes and 
species of fish that are migrating up to the fishway. These samples provide a qualitative 
comparison with samples in the fishway. It is preferable to conduct sampling immediately 
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downstream of the fishway entrance and weir in order to catch fish that are actively 
migrating; however, if this is not safe, then sampling should be conducted as close as practical 
to the fishway and weir.  
 
Sampling immediately downstream of the fishway is likely to affect and reduce the number 
and type of fish entering the fishway, so this sampling is not conducted at the same time as 
direct sampling of the fishway. 
 
2.2.2.2. Fishway entrance and exit traps 
 
Fish moving through the fishway can be sampled by trapping with a cage (Figure 6) or funnel 
net (Figure 7) – both have an internal cone or funnel that allows fish entry and limits 
escapement of fish. The same mesh size needs to be used for both traps, which determines 
the minimum size of fish captured; and the same cone or funnel exit dimensions are used, 
which determines the maximum size for fish. Preferably, the same traps are used at the exit 
and entrance. Typically, these traps are made of a steel frame and covered in nylon mesh. 
 

 
Figure 6.  Funnel-net sampling a fishway exit 

(Source:  MAFF, Japan) 
 

 
Figure 7.  Example of a cage trap 

 
The cone or funnel design is important to maximize fish catch and minimize escapement. The 
cone entry needs to extend the full height of the trap and cover the full width of fishway, 
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which can require multiple cones. The cones taper to the middle of the trap (where there is 
less escapement of fish) using low angled sides (preferably < 25°; 45° maximum), which enable 
fish easy entry. 
 
The traps should be designed to capture all fish species and size classes. At times, separate 
traps are needed for small fish (using small mesh, e.g. 2–5 mm2) and large fish (using large 
mesh, e.g. 20-40 mm2), because large fish (e.g. > 30 cm) can be reluctant to enter traps with 
small mesh.  
 
The entrance and exit traps (Figure 8) are used separately (i.e. not at the same time), but for 
the same durations and time of day. This provides quantitative samples to compare size, 
species, and abundance of fish entering and exiting the fishway. Some escapement from these 
traps is expected, but if it is the same between the entrance and exit samples, a quantitative 
comparison is valid. 
 
 

 
Figure 8.  Fishway traps in A) Exit and B) Entrance 

 
The exit trap 
 
The objective of the exit trap is to assess fish that can ascend the full length of the fishway. 
Therefore, the exit trap is used immediately upstream of the fishway exit, with unrestricted 
flow through the fishway – this ensures that fish passage is assessed with the unaltered 
hydraulics (water velocity and turbulence) of the fishway. If the fishway has an exit gate, this 
needs to be fully open; otherwise, the results will be unrealistic. This is because closing the 
exit gate changes the internal hydraulics, reducing turbulence, and the results will not be 
comparable.  
 
If the exit trap cannot be used upstream of the fishway and exit gate, it can be used in the top 
pool of the fishway if the head loss at the exit baffle or the exit gate is less than head losses 
in the fishway. This would indicate that if fish reached the trap, they could continue through 
the exit. 
 
 

a) b) 
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The entrance trap  
 
The objective of the entrance trap is to provide a sample of migratory fish that can locate and 
enter the fishway. It is used in the entrance pool of the fishway at low flows, but is also used 
in higher pools if the tailwater is higher due to greater river flows. To ensure that any 
migratory fish present in the river can enter the fishway, the water velocity and turbulence 
need to be low at the entrance:  the target head loss (difference in water levels either side of 
the entrance baffle ), which determines water velocity at the fishway entrance is 50–80 mm, 
which enables weak-swimming fish to enter the fishway, as well as stronger-swimming fish. 
The reduced head loss is achieved by restricting discharge in the fishway (using the exit gate, 
stoplogs, or partially blocking the exit baffle). Hence, this sample is not a test of the fishway 
hydraulics or how effective the fishway is, but an independent sample of migrating fish that 
could use the fishway if water velocity and turbulence (hydraulics) were not restricting 
weaker-swimming fish.  
 
2.2.2.3. Rock-ramp fishways 
 
In fishway designs that are difficult to trap, such as rock-ramp fishways, alternative methods 
such as electrofishing or cast netting at the entrance and exit of the fishway can be used in 
place of traps. 
 
2.2.2.4. Passive Integrated Transponder (PIT) tags   
 
These are small, life-time (no battery) tags that have individual codes. The tag is identified 
and automatically logged into a computer when it passes within 20-40 cm of a specialized 
reader. These characteristics make it ideal for assessing fish passing through confined spaces 
in fishways (MRC, 2019). The MRC has a detailed manual for PIT tagging (as part of the JEM 
initiative) which could be followed if these technologies are of interest. 
 

 
Figure 9.  PIT tag (left) and surgical implant of tag in small fish (right)  

(Source:  Joint Environment Monitoring of Mekong Mainstream Hydropower Projects, MRC 2019) 
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2.2.3. Assessing downstream passage  
 
Downstream passage can be assessed using:  
 

 observations, by examining flow patterns, plunge pools, gate usage; 
 sampling fish as they pass through the weir;  
 PIT tags (return journeys show survival); 
 Radio or acoustic tags; 
 ARIS sonar camera. 

 

2.3. The Experimental Design and Sampling Plan 
 
The previous sections outlined the questions to be assessed and various methods to assess 
them. The Experimental Design and Sampling Plan for the site selects:  
 

 the questions from Table 1 that are high priorities to be answered; 
 the methods to answer the questions; 
 the replication of the methods (the number of samples, or fish tagged); 
 the sampling regime (season, timing [hours, day/night]); 
 the independence of the methods.  

 
Table 2 summarizes the Experimental Design and Sampling Plan, outlining the questions, 
methods, replication, experimental design, and sampling regime required to answer each 
question. Very high priority questions are shaded in orange. Similarly, methods for small 
monitoring projects in the Mekong tributaries are shaded in green, which are also the 
minimum requirements for assessing upstream passage. 
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Table 2. Experimental Design and Sampling Plan for fish passage monitoring at low-level barriers in 

the LMB 
 
 

  EXPERIMENTAL DESIGN  
AND SAMPLING PLAN 

UPSTREAM 
PASSAGE 

Questions for monitoring Method  Replication Sampling 
Regime 

Attraction 
efficiency 

Do fish locate the fishway 
entrance(s)? 

Radio/acoustic 
tags 

100 tags per 
species 

Set up grid of 
receivers to 
detect passage 

  ARIS acoustic 
camera 

Pilot sampling 
required to 

establish 
variance 

Set up at 
entrance and 
exit with sub-
sampling 
regime in place 

  Electrofishing 
below fishway 
entrance  

>20 (x 15 min. 
sweeps) 

Low, medium, 
and high 

flows;* during 
the migration 

season 

  Cast net below 
fishway 
entrance 

>20 (x 10 
casts) 

  Other nets Pilot sampling 
required 

Passage 
efficiency 

Do fish enter the fishway? Trap >20 

 Do fish reach the exit? Trap >20 
Exit Do fish exit safely? Radio/acoustic 

tags 
100 tags per 

species 
Need gated 
receiver setup 

 Do fish continue to migrate 
through the impoundment? 

Radio/acoustic 
tags 

100 tags per 
species 

Need gated 
receiver setup 

DOWNSTREAM 
PASSAGE 

    

Attraction 
efficiency 

Do fish pass through the 
impoundment:   

   

 i) larvae? Larval nets Pilot sampling 
required 

Spawning 
season 

 ii) juveniles? Nets  
 iii) adults?  Radio/acoustic 

tags 
100 tags per 

species 
 

 Do fish locate the entrance(s) of 
the fishway/spillway/sluice gate? 

Radio/acoustic 
tags 

100 tags per 
species 

 

Passage 
efficiency 

Do fish pass through the 
fishway/spillway/sluice gate 
safely? 

Radio/acoustic 
tags  

100 tags per 
species 

 

  Plastic tagged 
fish; nets 

Pilot sampling 
required 

Low, medium, 
and high flows; 

during 
migration 

season 

Exit Do fish pass through the tailwater 
safely? 

Nets Pilot sampling 
required 
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*Note: Flow classes are defined by percentiles of flow duration curve::  low (Q<75 %ile), medium (Q=25–-75 
%ile) and high flows (Q>25 %ile). 
 
 
Replication is needed because fish numbers, species, and sizes vary between samples. One 
sample of a cage trap or one tagged fish does not provide sufficient data to assess a fishway. 
Recommended replication is provided in Table 2. Note that the required numbers are per 
species and could be increased within each species if multiple life histories are of interest (e.g. 
if juveniles and adults are of interest, then both should be tagged with the minimum number). 
 
The sampling regime needs to accommodate the variable timing of migrating fish, and to 
assess the performance of the fish passage at different flows. Therefore, the timing of the 
assessment needs to be done in the migration season when peak numbers of fish are likely to 
be migrating (often at the beginning of the rainy season), and at three (or more) flow types:  
low (Q< 75 %ile), medium (Q=25–75 %ile) and high (Q>25 %ile) flows. Within each flow type, 
the same sampling is repeated and the results compared, which is called stratified sampling, 
in which each flow type corresponding to a strata (or level of sampling). 
 
Fishway monitoring during high flows, especially floods, can be dangerous for team members 
and should only be undertaken if the sampling locations at the exit and entrance of the 
fishway are safe. 
 
It is likely that different species are migrating at night and day, which can be another strata 
of sampling. Hence, an experimental design for assessing fishways should be stratified by flow 
and day/night, which means that each separate day and night samples would be replicated 
in each flow type (low (Q< 75 %ile), medium (Q=25–75 %ile) and high (Q>25 %ile). 
 
Through the migration season, fish species and sizes can vary, with some species migrating 
early in the season and others later. This affects the experimental design. For example, if 
sampling the exit and entrance of the fishway with cage traps, it is unwise to conduct all exit 
samples first, then all entrance samples. Exit samples may catch a species migrating early in 
the season while entrance samples may catch a species migrating later in the season; the 
results are then not comparable.  
 
Variability in fish migration is typical. In fishway sampling, the variability is accommodated in 
the experimental design by grouping different samples into blocks. Hence, in this example, 
exit and entrance fishway sampling would be conducted in a block of two separate but 
adjoining days (or other time period), and the block would be repeated. Other sampling 
methods can be added to the block, such as sampling immediately below the fishway 
entrance to assess fish approaching the fishway. The blocking of samples produces a robust 
experimental design that accommodates changes in migration with time. For instance, the 
fish community approaching the fishway on, for example, day 1 of a trial could be different to 
that on day 10 – these changes are spread between all samples within a block and among 
blocks. These experimental designs can be randomized blocks, split blocks, or Latin squares.  
 
An example of a sampling regime with a stratified, randomized block design is shown in Table 
3. Day and night are the two strata, and each day is block of three sampling methods in the 
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day and night times. Two-hour samples are shown, but in rivers with low abundances of fish, 
the duration of each sample might need to be 1,224 hours. Each day has a randomized block 
of samples, and each night has a randomized block of samples. Five days is shown but 10 days 
is more typical. 
 
Table 3. Example of a sampling regime with three gear types (exit trap, entrance trap and sampling 

immediately downstream of the fishway), stratified by day and night  
 

 Period 
(hr) 

Day 1 Day 2 Day 3 Day 4 Day 5 

Day 

8:00–
10:00 

Exit Entrance Exit Entrance Downstream 

10:30–
12:30 

Entrance Downstream Downstream Exit Entrance 

13:00–
15:00 

Downstream Exit Entrance  Downstream Exit 

Night 

17:00–
19:00 

Entrance Exit Entrance Exit Downstream 

19:30–
21:30 

Exit Downstream Downstream Entrance  Entrance 

22:00–
24:00 

Downstream Entrance Exit Downstream Exit 

 
 
In addition to variation between flows and days, migrating fish can vary among seasons and 
between years. Hence, it is desirable to monitor for more than one year (three to five years 
monitoring before and after the development/improvement of the fishway) to obtain 
comprehensive data.  
 
Independence refers to ensuring that methods or samples do not interact or conflict with each 
other, which could affect results. For example, sampling the exit and entrance of the fishway 
with cage traps at the same time would not be independent because upstream-migrating fish 
could not pass through the entrance trap to reach the exit. The results would then have no 
fish at the exit, which would suggest that the fishway was not working. In this example, the 
solution to achieve independence is to sample the exit and entrance on different days or time 
(on different days is desirable), so the samples are completely separate. 
 

2.4. Contingencies  
 
The replication in Table 2 assumes that fish are migrating, that all the equipment works well, 
and that there are no problems in the field. For most projects, any planned field time needs 
to be doubled to allow for contingencies, which can include fish not migrating, loss of gear, 
and flooding. An additional week or more in the field is also required to set up and test 
sampling methods. 
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2.5. Sampling and data recording 
 
Sampling  
 
Sampling methodologies, including data analysis, are outlined in the Fish Abundance and 
Diversity Monitoring Guideline (MRC, 2018). Fishway entrance and exit traps are used in 
almost all fishway assessments at low-level weirs, so an outline of the technique is provided: 
   
 

 Use the entrance and exit traps on separate days; 
 For the exit trap, ensure full unimpeded flow through the fishway; 
 For the entrance trap, restrict flow to achieve 50–80 mm head loss at the entrance; 
 Set the trap for a specific period; 
 Remove the fish at the end of the period; 
 Identify and count the total number of fish for each species (subsample, if > 200 per 

species); 
 Measure each fish for length and weight, if required (subsample, if > 200 per species); 
 Follow the same protocol with the same trap and same mesh etc. to avoid biased 

results; 
 Sample fish in different flows – low (Q<75 %ile), medium (Q=25–75 %ile) and high 

(Q>25 %ile) – during the fish migration season; 
 Preferably trap day and night in order to sample for different species; 
 Preferably sample downstream of the fishway (Section 2.2.2) to assess fish 

approaching the fishway. 
 
The sub-sampling protocols suggested here apply to any of the fish sampling techniques. 
 
Data recording 
 
The sampling team needs to record three types of datasheets:  
 

Datasheet 1. Shown in Figure 10. The site information and the individual use of each 
sampling gear, with start and end time, which is termed an ‘operation’. This 
sheet provides a unique reference number, a combination of date and 
operation number, which is used for Datasheet 2. 

 
Datasheet 2. Shown in Figure 11. For each operation, the species, size (length) and weight 

of individual fish is recorded. This will also provide the total number of 
captured fish for each species. The methods of measuring captured fish are 
indicted in the Fish Abundance and Diversity Monitoring Guideline (MRC, 
2018).  

 
If there are high numbers of fish, only a subsample of 200 fish of each species 
needs to be measured, and the remaining fish are counted for each species. 
Alternatively, sub-sampling can be conducted by counting the number of fish 
in a fixed weight (e.g. 1 kg for small fish; 10 kg for medium fish) and weighing 
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the total number of fish for that species. The total number can then be 
extrapolated.  
 
The data is summarized in Datasheet 1. 

 
Datasheet 3.  Shown in Figure 12. For each operation with an Exit or Entrance Trap, all 

pool head loss and depths are recorded downstream of the trap. 
 
Datasheets need to be photographed every day to ensure a duplicate copy of the data, and 
entered into a database after the fieldwork is complete. 
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Figure 10. Datasheet 1 with site information and use of each gear type (“Operation”). 
     
Note: The bottom half of the sheet is a summary from Datasheet 2. 
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Figure 11.  Datasheet 2 with biological information for each fish for an individual ‘operation’ (gear 

type) 

 
Figure 12.  Datasheet 3 with hydraulic information for an individual operation using an entrance or 

exit trap 
 
Note: The data are collected at the start and end of the operation. 
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2.6. Analysis 
 
The most common assessment technique for fishways at low-level weirs is sampling of the 
fishway with exit and entrance traps, and comparing these data with samples of fish 
immediately downstream of the fishway. The abundance, species composition, and 
length/frequency can be compared among the three locations, which provides a strong 
assessment of fish passage within the fishway, although there are few data on whether the 
fishway is passing the biomass of migratory fish downstream. 
 
Table 4 lists a range of different results of abundance from samples of the fishway exit and 
entrance, and downstream. For example, if species, sizes or abundances are present in the 
downstream samples but not the fishway entrance trap, this may indicate that these fish 
cannot locate or enter the fishway entrance. 
 

Table 4. A range of potential results and interpretation of fishway sampling 
 

 Sampling results* 

Interpretation of fishway effectiveness   Fishway 
exit 
trap 

Fishway 
entrance 

trap 

Immediately 
downstream 

of fishway 

Fish abundance 

Low Low Low 
Fish not migrating.  
Cannot assess fishway.  

Low Low High 

Fish migrating, but either:   
cannot find entrance or not using 
entrance. 
Ineffective attraction or entrance design 

Low High High 

Fish migrating; finding and using 
entrance; but cannot ascend fishway. 
(fishway water velocities too high, 
turbulence too high or fishway too 
shallow). 
Fishway ineffective for upstream passage 

High High High 
Fish migrating; finding and using 
entrance; and ascending fishway.  
Fishway effective for upstream migration 

 
*Note: The sampling results should be compared between the ones before and after the 
development/improvement of the fishway. 
 
In general, the length/frequency analysis is useful because fish length is a useful surrogate 
for swimming ability, as large fish are better swimmers than small fish. Hence, if small fish 
are absent from samples at the exit but present at the fishway entrance, this strongly 
suggests that water velocity and turbulence are too high for the passage of small fish.  
 
Figure 13 shows examples of length-frequency data and interpretation. 
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Figure 13.  Example of interpretation of length-frequency data from a fishway and downstream 
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b) fish are not migrating. 

a) small and large fish can locate, enter and ascend the fishway 
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Figure 14.  Example of interpretation of length-frequency data from a fishway and downstream 
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Section 3:  Assessing fish populations in the region  
 
Monitoring fish in the region provides an assessment of whether the fishway is contributing 
to broader improvements in fish populations. Several sites are needed upstream and 
downstream of the structure, before and after construction of the fishway. The presence 
upstream of more fish or fish species not found prior to fishway operation demonstrates that 
the fishway is positively impacting the fish community. This fish community data can be 
collected using a variety of methods including nets and electrofishing (Annex 1). 
 

Section 4:  Socio-economic monitoring   
 
Socio-economic monitoring is used to evaluate the benefits that local people obtain from a 
constructed fishway. Socio-economic monitoring should be conducted at three main levels, 
i.e. village, household, and individual fishers, and be also undertaken both before and after 
fishway construction, over a minimum of two wet seasons.  
 
The socio-economic surveys should focus on five key actions:   
 

1. Determine the baseline degree of fish harvest and consumption upstream and 
downstream of the structure, preferably before and after construction. 

2. Monitor local markets and other fish marketing pathways (fish traders) affected 
by the structure. 

3. Identify the contribution of fish from upstream and downstream of the structure 
to household incomes; if fishers are travelling long distances from upstream to 
downstream to fish, then a good fishway will allow the fish to move upstream 
and benefit more people.  

4. Quantify the arrangement of local fish-based economies by determining where 
people fish, when they fish, how much money they make from each species, and 
seasonal market variations. These can all influence household income and a 
fishway can help.  

5. Qualitatively assess local fisher and stakeholder perceptions of improvements 
effected by the fishway. 
 

The study should focus on local villages near a fishway (e.g. within 5 km) but include some 
villages in outlying areas of the region to gauge the degree of spatial variation in fishing rates. 
In a recent fisher survey of villages near the Pak Peung fishway, 6 villages and 60 households 
were surveyed. Village sample surveys should involve interviews with village chiefs and 
experienced fishers with a general knowledge of fishing practices in their region. Fish markets 
within each village and fish traders should be monitored to determine any fluctuations in fish 
prices both seasonally, and before/after structure modification.  
 
Household surveys, within each village, should be undertaken to determine overall 
consumption and catch of fish at a household level. Surveys should be undertaken several 
times annually, both before and after structure modification, to determine seasonal changes 
in catch and consumption rates. This information can be correlated with seasonal fish 
migrations to determine if there is a link between the two factors. Information should be 
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obtained through a face-to-face survey with the head of house, and some houses should be 
surveyed in each village.  
 
Individual surveys are then required to obtain information on individual fishing practices. 
This is necessary to determine the range of fishing techniques and target species. Any 
variation in fishing effort and sampling method must be considered when analysing data at 
the village or household level because effort can greatly bias results. This method will involve 
surveying both male and female fishing activities. A clear picture of group fishing activities 
and expedition fishing both into and away from the study area will also be developed. 
Villages should be presented with the results of the study to provide a basis for improving 
community-based fisheries management. Metrics describing fisheries production should be 
refined once structure modification has been completed.  
 
Sample questions of a socio-economic survey is shown in Annex 2. 
 
Benefit-cost analysis 
 
Cost-benefit analysis can be utilized for estimating the effectiveness of the constructed 
fishway on a financial basis. In this cost-benefit analysis, the total cost of a fishway is 
estimated based on total expected costs, i.e. construction and maintenance, for the lifespan 
of the project. The total benefit from the fishway comprises the direct benefits of the fishway 
over its lifespan (Cooper et al., 2019). The direct benefit is estimated from the additional fish 
yield or catch, which provides greater income, food security and improved diet. 
 
In general, the cost-benefit analysis is conducted before construction. However, it can be 
also carried out during fishway operation to evaluate the effectiveness of the post-
construction. The analysis of the post construction will be able to provide more reliable 
results than the pre-construction analysis because it can be estimated based on the actual 
construction and maintenance costs, and the additional fish yield. The cost-benefit analysis 
during operation is expected to make decisions more transparent for additional fishway 
installation in the LMB. 
 
The University of South Australia and Charles Sturt University developed the Lower Mekong 
Fishway Support Tool (LMFST) and utilized it in Lao PDR to analyse the cost-benefit of a 
fishway. Once data, e.g. fishway structure, type, target species, lifespan, discount rate and 
fish price, are input, the LMFST analyses the cost-benefit of a fishway (Cooper et al., 2019). 
The LMFST can be utilized to evaluate the effectiveness of a fishway. It is available for broader 
use from the authors. 
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Section 5:  Summary – Developing a fish passage 
monitoring programme  
 
Staff involved in a fishway monitoring :programme needs to understand the MRC 2022 
Guidelines on Fishway Design, Construction, Operation, Maintenance and Adjustment, and be 
able to use the MRC 2022 Fishway Inspection Manual. Developing a Fishway Monitoring 
Programme consists of the following actions:  
 

1. Inspect the fishway:   
 Carry out any needed maintenance. 
 Modify obvious design inadequacies.  
 Address operational issues. 

2. Identify and prioritize questions for monitoring (Table 1). 
3. Develop a test design to answer questions regarding:  

 Methods 
 Replication 
 Sampling regime. 

4. Ensure that the field time allows for contingencies. 
5. Carry out monitoring: 

 Ensure that methods are consistent each day. 
 Collect data and photograph to ensure a duplicate copy. 
 Enter data into a database. 

6. Prepare the technical report with recommendations. 
 

Section 6:  Conclusion  
 
The construction of fish passages are rapidly expanding in the LMB. As noted in the 
introduction, every fish passage facility is unique, which makes monitoring so important. 
Since every site is unique, it is difficult to ensure that every aspect of the fishway design is 
suitable. Using the MRC 2021 Guidelines on Fishway Design minimizes these risks, but 
monitoring is always needed to assess the actual biological performance and identify if 
modifications are needed. Without monitoring, the same design mistakes are repeatedly 
made, and ineffective fishways continue to be constructed. 
 
A fishway that is not passing fish effectively is an opportunity to learn and improve designs. 
Understanding why fish cannot use a fishway enables that specific site to be improved, and 
the knowledge can be applied to other sites. 
 
Finally, coordination among the Lower Mekong countries will be essential to ensure that the 
lessons learned about fishway design and monitoring as well as the benefits of improved fish 
populations are shared. 
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Annex 1. Methods of fish community sampling 
 
The following is repeated from Annex 10 of the 2021 Guidelines on Fishway Design, 
Construction, Operation, Maintenance, and Adjustment. 
 
Fish community data can be collected in a variety of ways; gill, seine or drum nets, 
electrofishing or fish traps would all be suitable techniques. The sampling may also 
collect fisheries data from local fishers who fish in the vicinity of the fishway. All data, 
however, should be collected in a manner that is easily compared over the life of the 
sampling programme. Hence, the method for data collection should be determined at 
the start of the sampling programme.  

 

 
Figure A1.1. Seine net sampling  

(Source: MRC 2019. Joint Environment Monitoring of Mekong Mainstream Hydropower Projects) 
 
A minimum direct sampling programme could consist of gillnet sampling with a range of 
mesh sizes from 1” to 6”, at four locations downstream and four locations upstream of the 
fishway twice per year in each season, i.e. the rainy season and dry season, over three years 
(Table A10.1, Figures A10.2 and FiguresA10.3). Gillnets are set for a standard period of time 
at all locations (e.g. three hours per net per and per day site) in a closely spaced (from 5 to 
10 km) sampling run (i.e. over four days). Much like the fishway sampling, depending on the 
size of the system and complexity of the fishway and fisheries, this sampling programme may 
need to be extended to more sites, or a longer period of time. Each site needs to have a 
monitoring programme developed that is suitable for these factors and will vary from the 
options presented here.  
 
Note that it is not advised to use gillnets for fish intended for tagging. Gillnets can injure fish 
and render them unsuitable for long-term studies as survival may be impaired. 
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Table 1.1. Gillnet locations over a typical four-day sampling run 
 

       Time               Day 1           Day 2           Day 3           Day 4  

Morning Site 1 
Site 2 

Site 3 
Site 4  

Site 5 
Site 6 

Site 7 
Site 8 

Afternoon Site 1 
Site 2 

Site 3 
Site 4 

Site 5 
Site 6 

Site 7 
Site 8 

Nighttime Site 1 
Site 2 

Site 3 
Site 4 

Site 5  
Site 6 

Site 7 
Site 8 

 

Figure A1.2.Gillnet sampling 
(Sources: MRC,2019. Joint Environment Monitoring of Mekong Mainstream Hydropower Projects) 
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Figure A1.3. Typical sampling locations associated with the construction of a new fishway 

 
Note: Sites are located upstream and downstream of the fishway location. 
 
All fish collected in the fish community sampling are identified to the species level, 
measured for length and recorded on data sheets. Water conditions such as quality and 
flow are recorded at each sampling location. All fish species counts and length data, 
together with water quality data, observations of flow and fishway functions should 
then be entered into a computerized database. The biological data collected are then 
analysed to determine if there are any differences between fish caught upstream and 
downstream of the fishway before and after construction. In general, sampling should 
show that there are more fish and species accumulating below the barrier prior to 
fishway construction and that these accumulations reduce after construction so that 
fish numbers are more evenly spread across sites (Figure A10.4).  
 



Fish-Friendly Irrigation: Fishway Monitoring Manual 

 31 

 
Figure A1.4. Idealized sampling results from sites downstream (left) and upstream (right) of a 

fishway before (top) and after (bottom) construction 
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Annex 2. Sample questions for socio-economic surveys 
 
The following is repeated from Annex 11 of the 2021 Guidelines on Fishway Design, 
Construction, Operation, Maintenance, and Adjustment. 
 
Sample questions for identifying differences before and after a fishway installation:  
 

 Is there any difference in the number of fish captured by fishers? 
 Is there any difference in the captured species? 
 Is there any difference in the weights of captured fish? 
 Is there any difference in the observed fish population at around a barrier? 
 Has an increase in fishers’ income been observed?  
 Is there any difference in fish migration pattern? 
 Is there any difference in time spent fishing? 
 Is there any difference in the use of captured fish? Are fish sold in markets, consumed 

at home, or gifted to relatives or friends?  
 

 
 Table A2.1. Sample of a record table for socio-economic survey 

  
Fishing 
location 

Species 
name 

Number of 
captured 

fish 

Total 
weight 

(kg) 

Weight of 
fish 

consumed 
at home 

(kg) 

Weight of 
gifted or 

given fish 
(kg) 

Fish weight 
sold in a 
market 

(kg) 

Fish price 
sold  

(USD/kg) 
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