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A B S T R A C T   

A key challenge in fishery restoration strategies is prioritising fish passage remediation efforts to achieve optimal 
ecological and socio-economic outcomes. Various methodologies have been developed for assessing and pri
oritising the mitigation of fish passage barriers, but they have been designed for developed countries where site 
data and/or other resources are often readily available. We evaluated a new practical, low-cost basin-scale 
approach — referred to as the Fish Barrier Prioritisation Support System (FBPSS) — for assessing and prioritising 
the remediation of fish passage barriers of all types (i.e. large dams, small irrigation structures and road 
crossings) in resource-deficient settings, like those typical of developing countries. The FBPSS applies a five-stage 
decision-support framework to prioritise barriers for remediation based on geospatial, biological and socio- 
economic criteria. The stages involve identifying all potential barriers within the target basin using satellite 
imagery; conducting GIS analysis to rank the barriers for further investigation; field-validating the highest ranked 
barriers to ground-truth the GIS analysis results; identifying the highest priority field-validated barriers affecting 
fisheries productivity; and further refining the list according to socio-economic considerations. We applied the 
FBPSS to the Bago catchment in Myanmar as a case study, and then validated its effectiveness by comparing the 
fragmentation impacts (as measured by the Dendritic Connectivity Index) of the FBPSS-prioritised large dams 
with those of all large dams. The FBPSS successfully identified 876 potential barriers in the Bago catchment, and 
then systematically assessed these barriers using its filters to produce a prioritised list of 23 barriers for cost- 
effectively achieving optimal fishery and community benefits. The validation analysis revealed that the high 
priority FBPSS-combined barriers were responsible for 97–100% of the fragmentation of the combined barriers 
(with all large dams included). Our findings suggest that the FBPSS could be used as a practical decision support 
tool, in conjunction with expert knowledge, for prioritising the mitigation of fish passage barriers in resource- 
deficient settings. Future research could compare the results of the FBPSS with those of an optimisation 
model to assess how the two approaches perform under different scenarios, and to identify key modelling fea
tures that could potentially be integrated into the FBPSS.   

1. Introduction 

River systems around the world are being placed under immense 
strain from the construction of hydropower dams and other infrastruc
ture (Forman et al., 2003; Lucas et al., 2009; Ziv et al., 2012). There are 
currently estimated to be approximately 58,000 large dams (dams >15 
m) globally (https://www.icold-cigb.org/GB/world_register/gener 
al_synthesis.asp) and up to a thousand-fold more small irrigation 
structures (e.g. weirs) and road crossings (Forman et al., 2003; Lucas 
et al., 2009). While such infrastructures create a multitude of societal 

benefits, they have devastating impacts on many aquatic biota by 
altering flows, causing cold-water pollution and fragmenting habitats 
(Januchowski-Hartley et al., 2013). The habitat fragmentation impacts 
of river structures are particularly harmful to freshwater fisheries, since 
many fish species regularly need to swim long distances to reach critical 
spawning or rearing habitat for completing their life-cycles (Ziv et al., 
2012). In addition to reducing fish abundance, these fragmentation 
impacts can result in restricted range size, community composition al
terations and a loss of genetic diversity (Catalano et al., 2007; Nislow 
et al., 2011; Zhai et al., 2019). 
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There is a growing need for reliable, efficient and cost-effective 
aquatic habitat restoration strategies that can assess the barrier im
pacts of large numbers of structures at basin scales and prioritise them 
for fish passage remediation works (Franklin et al., 2022; Kemp and 
O'Hanley, 2010; King et al., 2017). Such strategies can optimise the 
ecological benefits of barrier remediation works by extending these 
benefits both longitudinally (upstream and downstream) and laterally 
(between rivers and floodplain habitats) (Januchowski-Hartley et al., 
2013; Kemp and O'Hanley, 2010). Basin-scale strategies are also likely to 
be more cost-effective than strategies that only consider individual 
barriers or catchments, since the former can leverage off considering the 
relative efficiencies gained from multiple management options (e.g. 
Erasmus et al., 1999). 

A range of GIS-based and scoring and ranking approaches are 
available for assessing and prioritising the remediation of river barriers 
at basin scales (see Kemp and O'Hanley (2010) for a review). These 
approaches are fairly simple to use, and are often hybridised by inte
grating GIS analysis functions with various metrics, embedded within a 
decision-support framework (e.g. Hoenke et al., 2014). However, they 
often neglect to consider the cumulative benefits from moving multiple 
barriers (Kemp and O'Hanley, 2010), and most have been developed for 
specific barrier-types and/or economically-important species in North 
America and the UK (Nunn and Cowx, 2012; Taylor and Love, 2003). 
Consequently, they have been designed for explicit contexts in devel
oped countries where prior site data and/or other resources are often 
readily available and easily accessible (Kemp and O'Hanley, 2010). 
However, in less developed countries such as those in South East Asia, 
there tends to be relatively scant financial resources and site data 
(Baumgartner et al., 2016), so there is a need for methods that are low 
cost, time-efficient and can still function effectively with the limited 
available data. Another limitation of existing GIS-based and scoring and 
ranking methods is that they largely neglect the societal benefits of fish 
passage barrier remediation (but see exceptions such as Hoenke et al., 
2014), even though there are obvious recreational, nutritional and 
livelihood returns from such remediation works (Hortle, 2007; Hortle, 
2009). Indeed, the Lower Mekong Basin (LMB) fishery for instance, is 
responsible for providing 50–80% of the animal protein to the 60 million 
people living in the lower Mekong countries (Hortle, 2007), and >80% 
of rural households are involved in the capture fishery industry (Hortle, 
2009). 

Recently optimisation modelling approaches have been increasingly 
used for river barrier removal planning, because of their ability to effi
ciently model the cumulative benefits from removing multiple barriers, 
along with their combined socio-economic costs and benefits (Kemp and 
O'Hanley, 2010). Optimisation modelling approaches can also be 
applied to multiple sites and/or species, and used to run scenario ana
lyses at basin scales (Cooper et al., 2021; O'Hanley et al., 2020; O'Hanley 
and Tomberlin, 2005). However, they are often complex, and require 
proficient mathematical and/or programming skills (Hermoso et al., 
2021; Kemp and O'Hanley, 2010). In addition, they are typically 
dependent upon all recommended barrier removals being implemented 
concurrently or as close to (Kemp and O'Hanley, 2010; Neeson et al., 
2015). Consequently, they still remain relatively inaccessible and/or 
inapplicable to stakeholders and decision makers in resource-deficient 
settings. Furthermore, in reality, the capacity of decision makers' to 
implement a recommended suite of barrier removals is typically 
restricted by socio-political factors — even in relatively resource-rich 
settings such as developed countries (Fitzpatrick and Neeson, 2018; 
Magilligan et al., 2017). 

We evaluated a new practical, low-cost approach for assessing and 
prioritising fish passage barriers for remediation in developing coun
tries, or any other settings where there is a clear need for low cost, time- 
efficient methods that can still function efficiently in the absence of site 
or spatial data. The approach — which we refer to as the Fish Barrier 
Prioritisation Support System (FBPSS) — is derived from existing mul
ticriteria decision analysis frameworks (e.g. Corsair et al., 2009; Hoenke 

et al., 2014), and incorporates GIS analyses, scoring and ranking tech
niques, and re-evaluation concepts used in optimisation techniques. This 
hybrid approach is intended to incorporate the re-assessment power of 
an optimisation system whilst maintaining the simplicity and real-word 
applicability of a GIS/scoring and ranking-based, hierarchical decision- 
support framework (Marsden et al., 2014). The ability of the FBPSS to 
function effectively in resource-deficient settings contributes to its 
novelty, as does its consideration of societal benefits along with fisheries 
and economic benefits. In the next section of this paper (Section 2: 
Methods and materials), we explicitly describe the hierarchical decision- 
support framework underpinning the FBPSS and the criteria that are 
used to determine the prioritisation ranks, and show how the FBPSS 
optimises the final ranks. We then demonstrate the application of the 
FBPSS using the Bago catchment in Myanmar as a case study and vali
date its effectiveness and sensitivity (Section 3: Case study), before 
discussing the management implications arising from the approach and 
providing recommendations for further development (Section 4: 
Discussion). 

2. Methods and materials 

2.1. Description of the approach 

The FBPSS applies Multi Attribute Utility Theory (MAUT) to rank fish 
passage barriers for remediation (Reichert et al., 2015). Multi Attribute 
Utility Theory facilitates decision making, using an objectives-based 
hierarchy approach to underpin the prioritisation process (Dyer, 
2005). It involves (1) identifying the primary objective to solve the 
problem; (2) defining appropriate criteria to assess whether the primary 
objective is being sufficiently addressed; and (3) establishing relevant, 
specific, measurable indicators to evaluate how well each criterion is 
met (Clemen, 1996; Hoenke et al., 2014). 

For the FBPSS, MAUT has been used to underpin a five-stage deci
sion-support framework with the primary objective of prioritising fish 
passage barriers for remediation in resource-deficient situations. The 
FBPSS's five-stage decision-support framework encompasses 14 criteria, 
with criteria 1–5 being assessed in Stage 2, criteria 6–10 assessed in 
Stage 4, and criteria 11–14 assessed in the Stage 5 (Figs. 1 and 2; Ap
pendix table's A1–A3). A comprehensive range of measurable indicators 
are applied to assess how well each of the fourteen criteria are met, using 
various expert-based scoring scales that have the flexibility to be 
adjusted (or weighted) for different contexts and/or management goals. 

The FBPSS is underpinned by the philosophy that upstream fish 
passage is more difficult to provide than downstream fish passage — 
especially for diadromous species in coastal catchments, when they re
turn as small juveniles to upstream habitats and have relatively poor 
swimming abilities (Marsden and Stuart, 2019). As a result, the FBPSS 
considers barriers lower in the system a higher priority for ensuring the 
maintenance of diadromous fish communities than those higher in the 
system. 

2.1.1. Stage 1: Identifying potential fish passage barriers 
The first stage involves identifying all potential fish passage barriers 

within the target catchment. Existing information is used where avail
able (e.g. road crossing or irrigation infrastructure spatial data layers) to 
begin populating a potential fish barrier geodatabase. If no road crossing 
data exist, points are created by spatially overlaying the layers repre
senting roads and waterways within the catchment (Marsden et al., 
2014). The success of this step relies on the availability of high- 
resolution and high spatial accuracy road and waterway spatial data. 
If these layers are not available and need to be created/enhanced, they 
must be similar in density to that of the other target catchments for 
comparability (Marsden et al., 2014). 

The points are then validated using the best imagery available on 
Google Earth or Bing Imagery. Any other structures identified in the 
imagery as intersecting the waterways are also added to the list of 
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potential barriers. Each potential barrier is allocated a unique geo- 
referenced identification number for the remainder of the five-stage 
process. 

2.1.2. Stage 2: Remotely assessing the potential barriers and prioritising 
them 

Once an inventory of all potential barriers has been compiled, GIS 
analysis is conducted to provide an initial ranking of the potential bar
riers for further field appraisal. The potential barriers are scored ac
cording to five geospatial criteria (criteria 1–5) that can be easily 
remotely assessed: 

2.1.3. Criterion 1. Stream order 
Stream order is a well-acknowledged proxy indicator of habitat 

availability, where larger streams typically contain a greater range of 
habitats, and higher abundances and diversities of fish than smaller 
streams (Hughes et al., 2011; Vieira and Tejerina-Garro, 2014). A 
Strahler stream order number is assigned to each stream line (using 
either licensed software like RivEX 10.35 (ArcGIS) (Hornby, 2010) or 
open-source software like Hy2roresO (QGIS) (Gonnaud et al., 2018)), 
and is spatially joined to each barrier. The barriers are then scored from 
1 to 5, with 5 being allocated to barriers on the larger streams. 

2.1.4. Criterion 2. Intensity of surrounding land use 
Fish community condition is directly correlated with habitat 

condition, which is in turn, correlated with the intensity of landuse in 
the surrounding catchment (Lammert and Allan, 1999). Consequently, 
GIS-assessed landuse intensity can be used as a surrogate indicator of 
fish community condition at basin scales. For the FBPSS, a broad landuse 
type is determined for each potential barrier's sub-catchment (natural 
forest, urban, agricultural). Sub-catchments with minimal intensive 
landuse (natural/forest) can yield more fish than those with maximal 
intensive landuse (Allan, 2004), and are thus scored higher (Appendix 
Table A1). 

2.1.5. Criterion 3. Upstream habitat (area) 
This criterion considers the waterbody area (in hectares) that would 

become available upstream of the potential barrier, to the next potential 
barrier, if fish passage were reinstated. Higher scores are given to po
tential barriers with large areas of upstream prospective habitat based 
on distance to the next barrier (Appendix Table A1). To efficiently es
timate upstream waterbody area, the FBPSS determines the average 
width for each stream category using imagery, and calculates the total 
length of stream upstream from the potential barrier to the next po
tential barrier in a GIS, before then multiplying the two relevant length 
and width measurements. The scoring categories are then allocated by 
considering all of the habitat areas as a distribution from smallest to 
largest, and then dividing that based on the percentiles to give a suitable 
distribution of scores. 

Fig. 1. The five prioritisation stages of the FBPSS.  
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2.1.6. Criterion 4. Number of downstream barriers 
This criterion considers the total number of potential barriers 

downstream in a direct path to the confluence with the main river 
channel (or mouth of the river if the potential barrier is on the main 
river). Potential barriers that have many other barriers downstream are 
less accessible to fish than those with few or no other barriers down
stream (Rolls, 2011; Slawski et al., 2008); therefore, the former are 
scored lower than the latter (Appendix Table A1). 

2.1.7. Criterion 5. Location in the catchment 
Criterion 5 considers the distance a barrier is from the mouth of the 

catchment, by assessing the percentage of catchment downstream of the 
barrier using GIS. Potential barriers that are located lower in the 
catchment (as indicated by them having a small percentage of catchment 
downstream) are scored higher than those in the upper catchment, since 
barriers that potentially obstruct access to a relatively high proportion of 
the catchment have a greater effect than those that only obstruct access 
to a small proportion of the catchment — irrespective of stream order in 
which the potential barrier is located (Martinez et al., 1994; Rolls, 2011) 
(Appendix Table A1). 

At the completion of Stage 2, the scores for all five criteria are 
totalled to allow for scoring-based ranks to be assigned to the potential 
barriers (Appendix Table A1). This allows the likely limited field re
sources to be directed towards field-validating the highest-ranked po
tential barriers in Stage 3. 

2.1.8. Stage 3: Field-validating the highest priority potential barriers 
In Stage 3, the highest ranked potential barriers from Stage 2 are 

ground-truthed, and additional barrier characteristics (that cannot be 
determined remotely) are assessed. This is arguably the most crucial 
stage of the FBPSS, as it ensures that the ranks of barriers are re- 
evaluated and optimised based on field-validated data. Non-barriers (i. 
e. those identified to have no effect on fish passage irrespective of river 
level) are eliminated here, since they have no impact on fisheries. The 
field-assessment team for Stage 3 should comprise of fisheries biologists, 
local irrigation officials and engineers wherever possible so that there is 
sufficient expertise to consider all factors associated with the identified 
barriers. The team members use templated field-sheets (Appendix — 
Supplementary item 1) to capture data for stage's 4 (the biological 
assessment) and 5 (the socio-economic assessment), including barrier 
dimensions, headwater/tailwater levels, observed fish species, and 
importance to the community (see Appendix — Supplementary item 1 
for more details). 

2.1.9. Stage 4: Conducting a biological assessment of potential fisheries 
productivity gains 

Stage 4 involves interrogating the data collected at actual barriers 
from Stage 3 and identifying the highest priority field-validated barriers 
affecting fisheries productivity. Confirmed barriers are scored on a range 
of 1–5 against the following biological criteria (criteria 6–10): 

2.1.10. Criterion 6. Passability of the fish barriers 
The passability of fish barriers is strongly affected by both their 

physical attributes and site contexts (Kemp and O'Hanley, 2010). High 
barriers, like large dams, are typically not passable by fish under any 
flows, and therefore assumed to be impassable, whereas bridges are 

Fig. 2. Criteria assessed for the FBPSS. Full details of the scoring categories for each criterion are included in Appendix table's A1, A2, and A3.  
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assumed to be completely passable and thus excluded from further an
alyses (Januchowski-Hartley et al., 2013). In comparison, small irriga
tion structures, like weirs, may allow low levels of passage depending on 
their height and the size of the stream they are erected on, with low 
weirs on large streams generally being more passable than large weirs on 
small streams (Marsden et al., 2014). Culverts can typically pass at least 
some fish on all but the lowest of flows, but are typically less passable 
when they restrict more flow (Marsden et al., 2014). To score this cri
terion, the FBPSS classifies barriers by their type and size. Large barriers 
with low passability (or that are completely impassable) are in much 
greater need of remediation than low barriers with high passability, and 
thus are scored higher (Appendix Table A2). 

2.1.11. Criterion 7. Stream and riparian condition 
Healthy streams support more productive and diverse fish commu

nities than degraded streams (Fausch et al., 1990), and thus are scored 
higher than the latter (Appendix Table A2). During Stage 3, team 
members inspect the stream in the vicinity of the barrier and the con
dition of the riparian vegetation (as an additional proxy indicator of 
stream condition). The field team should look for conditions conducive 
to supporting thriving fish communities, especially large deep holes and 
intact riparian vegetation (Baird, 2006; Pusey and Arthington, 2003). 
Sites with good quality stream and riparian condition score higher than 
those with poor quality stream and riparian condition. 

2.1.12. Criterion 8. Stream flow and waterhole permanence 
Aquatic habitats that maintain flow and waterholes year-round have 

greater carrying capacity and greater potential for long-term fisheries 
productivity than habitats that dry up (notwithstanding the importance 
of temporarily flooded habitats) (Sheldon et al., 2010). Therefore, per
manent aquatic habitats are scored higher than relatively temporary 
aquatic habitats (Appendix Table A2). Streamflow and water perma
nence information can be ascertained from local available flow data 
and/or by interviewing local officials and the community. 

2.1.13. Criterion 9. Instream habitat 
The occurrence of good quality instream habitat, such as weed beds 

and woody debris, provide food and habitat for fish, and support healthy 
and productive fish communities (Quist and Guy, 2001; Tillma et al., 
1998). The elimination of these features reduces the area of substrate for 
benthic organisms, and the availability and diversity of both structural- 
and flow-based habitat for fish (Quist and Guy, 2001; Tillma et al., 
1998). Therefore, sites with intact instream habitat located upstream of 
the barrier are scored higher than those with little or no instream habitat 
(Appendix Table A2). 

2.1.14. Criterion 10. Importance of site to local fishers 
Most streams in developing countries have little or no information on 

the migrations of their fish species (Cooke et al., 2012); yet such infor
mation is fundamental for prioritising barriers for remediation. The 
FBPSS investigates local fishing effort as a proxy source of migratory fish 
community data, since barriers with large numbers of fish trapped 
downstream are more heavily fished than those with few fish down
stream (Baumgartner et al., 2021; Millar et al., 2018). Field team 
members can investigate the prevalence of fishing activities at the bar
rier, by noting the occurrence of traps and nets; and by interviewing 
locals about the fishing activities that occur at the site, and the timing 
and magnitude of migrations there. Sites with high levels of fishing 
activity are scored higher than those with low levels (Appendix 
Table A2). 

At the end of Stage 4, all of the scores for each barrier are totalled and 
added to the scores from Stage 2. The prioritisation process can poten
tially be ended here, with the highest rank barriers likely being those 
that have the greatest impact on the biological function of fish migra
tions in the target river system. However, to complete a full FBPSS 
assessment, the investigator(s) proceed to Stage 5 to additionally 

consider the socio-economic drivers of remediation, which are of great 
importance to local stakeholders and funding bodies undertaking 
remediation. 

2.1.15. Stage 5: Conducting a socio-economic assessment of high priority 
barriers 

The barriers are scored on a scale of 1–5 according to four socio- 
economic criteria (criteria 11–14) in Stage 5: 

2.1.15.1. Criterion 11. Estimated cost of fish passage remediation. The 
prioritisation of barriers for restoring fish passage must consider the 
potential gains in fish productivity from barrier remediation, in 
conjunction with the cost of that remediation. Typically smaller barriers 
with simple fish passage requisites will be less expensive to rehabilitate 
than larger barriers with complex fish passage requisites (Cooper et al., 
2019). Therefore, where there are no differences in the potential to 
generate fisheries productivity gains at various barriers, the barriers 
requiring small low-cost fish passes are scored higher than those 
requiring more costly and complex fish passes (Appendix Table A3). 

2.1.15.2. Criterion 12. Technical viability of construction. If barriers are 
located far from services or in less-accessible terrain, their remediation 
works can be logistically difficult to manage (Cooper et al., 2019). 
Similarly, barriers requiring highly technical fish pass designs will be 
more difficult to fund and remediate than barriers requiring fish passes 
with simple designs and minimal engineering (Cooper et al., 2019). Low- 
cost sites that are easy to access and require limited engineering input 
contribute towards achieving the best cost-benefit ratios (Cooper et al., 
2019), and are therefore scored the highest (Appendix Table A3). 

2.1.15.3. Criterion 13. Fish passage effectiveness. The ability of a fish 
pass to function effectively under all flows is influenced by the barrier 
type, fish pass type and range of flows that occur within the system 
(Baumgartner et al., 2018). Consequently, sites amenable to supporting 
highly effective fish pass designs that can pass a wide range of species 
under various migration flows, are scored higher than those where only 
sub-optimal designs can be constructed to pass a limited number of 
species over a small range of the system's hydrograph (Appendix 
Table A3). 

2.1.15.4. Criterion 14. Accessibility of the fisheries productivity gains. 
Access to productive fisheries is especially important in many devel
oping countries (e.g. Hortle, 2007; Hortle, 2009), and consequently, fish 
barrier remediations are most effective in such countries where they 
provide fishery productivity gains that can be accessed by the local 
communities (Cooper et al., 2019). Stage 5 includes an assessment of the 
number of villages/towns likely to benefit from barrier remediation. 
Barriers that offer productive fishery gains to many local communities 
are scored higher than those that do not benefit any local communities 
(Appendix Table A3). 

Once Stage 5 is completed, the final barrier scores (‘FBS's’) are 
calculated by summing their total indicator scores for Stage 2 (criteria 
1–5), Stage 4 (criteria 6–10) and Stage 5 (criteria 11–14) (where ‘CIS’ =
criterion indicator score) (Eq. 1). The list of FBS's is then used to rank the 
barriers for remediation. 

FBS =
∑5

CIS=1
Stage 2 (CIS)+

∑10

CIS=6
Stage 4 (CIS)+

∑14

CIS=11
Stage 5 (CIS)

(1)  

3. Case study 

3.1. Background 

The 5348 km2 Bago catchment is situated in the southern part of 
Myanmar (Zin et al., 2015). It receives an annual total rainfall of about 
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3300 mm, although most of this rain occurs during a distinct ‘wet sea
son’ between May and October (Zin et al., 2015). The Bago River itself is 
about 331 km long, and flows into the Yangon River, and then eventu
ally into the Gulf of Mottama (Zin et al., 2015). It is considered to be one 
of the most significant and valuable rivers in southern Myanmar for 
fisheries, hydropower generation and irrigation use (San et al., 2020). 
Nonetheless, the fisheries are being increasingly threatened by the 
growing development of hydropower and irrigation infrastructure 
throughout the catchment (Conallin et al., 2019), and there is a 
concomitant need for effective barrier mitigation strategies. 

Accordingly, the Myanmar government has recently been working with 
the Australian Centre for International Agricultural Research (ACIAR) to 
prioritise barriers for remediation throughout the region. 

3.2. Implementation 

The identification (Stage 1) and analysis (Stage 2) of potential barrier 
sites for the Bago catchment were undertaken from January–February 
2018, while the field validation work (Stage 3) was undertaken prior to 
the beginning of the wet season, from 20 March–25 May that year. 

Fig. 3. All 876 potential barriers identified in the Bago catchment during Stage 1 of the FBPSS. Of the 876 potential barriers, 670 were found to be potential barriers 
during Stage 2's GIS analysis. The highest ranked 66 barriers were field-validated during Stage 3, and 23 of those 66 were confirmed to be actual fish barriers. 
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3.3. Results 

3.3.1. Stage 1: Identifying potential fish passage barriers 
At the time of our assessment, we identified 876 potential fish bar

riers in the Bago catchment (Fig. 3). 

3.3.2. Stage 2: Remotely assessing the potential barriers and prioritising 
them 

In Stage 2, we removed 206 potential barriers that GIS analysis 
indicated were non-barriers (e.g. they were found to be bridges) and/or 
of limited value to fish communities (e.g. since they were on small 
ephemeral first order streams). We were then left with 670 potential 
barriers to prioritise using the Stage 2 geospatial criteria. Upon 
completing the second stage of the prioritisation, it was found that the 
two highest-scoring potential barriers were weir/dams, located on the 
Bago River (430) and Bago River anabranch (433) (Table 1; Fig. 3). The 
third-highest scoring rank was equally shared by two gated regulators 
(both on the Bago-Sittaung Canal — 779 and 780) and a dam on the 
Bago River (443) (Table 1). 

3.3.3. Stage 3: Field-validating the highest priority potential barriers 
In Stage 3, we field-validated the highest-scoring 66 potential 

barriers of the 670 potential barriers ranked in Stage 2. The justification 
for ground-truthing this number of potential barriers was based on the 
resources available for conducting the field assessments at the time of 
the study. The field-assessments confirmed that 23 of the 66 potential 
barriers were actual barriers to fish migration, while the remaining 43 
were non-barriers (Fig. 3; Appendix Table A4). This high proportion of 
non-barriers was not surprising, given that the FBPSS avoids ruling out 
any potential barriers prior to Stage 3 to reduce the risk of ignoring 
barriers that superficially resemble bridges. 

3.3.4. Stage 4: Conducting a biological assessment of potential fisheries 
productivity gains 

The 23 field-confirmed fish barriers were then evaluated against the 
five biological criteria in Stage 4 (Appendix Table A4). Following the 
addition of the Stage 4 scores to the Stage 2 scores, the two weir/dams 
on the Bago River (430) and anabranch (433) remained as the two 
highest-priority barriers, and the weir/dam on the Bago River (443) 
remained as the third priority (Table 1). However, the two gated regu
lators (on the Bago-Sittaung Canal) that had also shared the third pri
ority position after Stage 2 (779 and 780), did not score very highly with 
respect to the biological criteria and consequently ended up dropping 
out of the top 10-ranked barrier list (Table 1). 

Table 1 
The highest-scoring barriers in the Bago catchment, and their results for each of the scoring stages and associated assessment criteria. C1 = assessment criterion 1, C2 =
assessment criterion 2 etc. See Appendix table's A1, A2 and A3 for an explanation of the assessment criteria for stage's 2 (C1–C5), 4 (C6–C10), and 5 (C11–C14), 
respectively. Bar = Barrier, W = weir/dam, G = gated regulator, B = bridge, Rk = Rank. See Appendix Table A4 for stream names.  

Barrier Lat Long Barrier type Stage 2 

C1 C2 C3 C4 C5 Tot Rk 

430 17.467 96.433 W 5 5 5 5 4 24 1 
433 96.425 17.468 W 5 5 5 5 4 24 1 
443 96.201 17.760 W 4 5 5 4 3 21 3 
779 96.498 17.216 G 4 3 5 5 4 21 3 
780 96.498 17.217 G 4 3 5 5 4 21 3 
32 96.246 16.962 G 4 2 5 5 4 20 6 
33 96.249 16.968 G 4 2 5 5 4 20 6 
781 17.217 96.500 G 4 3 5 4 4 20 6 
782 17.217 96.500 Bridge 4 3 5 4 4 20 6 
765 96.500 17.117 G 4 2 4 5 4 19 10   

Barrier Lat Long Barrier type Stage 4 Stage 2 & 4 

C6 C7 C8 C9 C10 Tot Rk Tot Rk 

430 17.467 96.433 W 5 4 4 4 3 20 2 44 1 
433 96.425 17.468 W 5 4 3 4 3 19 4 43 2 
443 96.201 17.760 W 5 4 3 4 2 18 5 39 3 
32 96.246 16.962 G 5 3 3 3 4 18 5 38 4 
33 96.249 16.968 G 4 3 3 3 4 17 8 37 5 
471 96.373 17.552 W 5 4 5 4 3 21 1 36 6 
845 96.657 17.513 G 4 4 3 5 4 20 2 34 7 
790 96.522 17.169 W 5 4 2 3 3 17 8 34 7 
448 96.283 17.724 W 5 4 3 4 2 18 5 32 9 
844 96.661 17.523 G 4 3 2 4 4 17 8 31 10   

Barrier Lat Long Barrier type Stage 5 Stage 2, 4 & 5 

C11 C12 C13 C14 Tot Rk Tot Rk 

430 17.467 96.433 W 2 3 2 3 10 9 54 1 
433 96.425 17.468 W 2 3 2 3 10 9 53 2 
32 96.246 16.962 G 2 4 4 4 14 3 52 3 
33 96.249 16.968 G 3 4 3 4 14 3 51 4 
780 96.498 17.217 G 4 3 2 5 14 3 50 5 
845 96.657 17.513 G 4 4 3 5 16 1 50 5 
779 96.498 17.216 G 4 3 2 5 14 3 49 7 
765 96.500 17.117 G 4 4 2 4 14 3 48 8 
844 96.661 17.523 G 3 4 4 5 16 1 47 9 
443 96.201 17.760 W 1 1 2 3 7 11 46 10 
790 96.522 17.169 W 3 4 2 3 12 8 46 10  
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3.3.5. Stage 5: Conducting a socio-economic assessment of high priority 
barriers 

The highest-scoring 23 barriers assessed for biological criteria in 
Stage 4 were additionally assessed according to their socio-economic 
impacts in Stage 5. The scores from Stage 5 were then summed with 
those from stage's 2 and 4 to produce a final score for each barrier 
(Appendix Table A4). After incorporating the socio-economic consid
erations, the two highest priority barriers (i.e. the weir/dams on the 
Bago River (430) and anabranch (433)) remained as the two highest 
priority barriers. Moreover, the top 10-ranked barrier list remained very 
similar, and only two new barriers entered the list (780 and 779) 
because they scored particularly highly for criterion 14 (i.e. they offered 
productive fishery gains to many local communities) (Table 1). 

3.4. Validating the FBPSS barriers prioritised for the Bago catchment 

To assess the effectiveness of the FBPSS for identifying high priority 
barriers in the Bago catchment, we compared the fragmentation impacts 
of the FBPSS large dams with those of all large dams in the catchment. 
This assessment was limited to large dams, because they were the only 
barrier-type that could be exhaustively quantified in the Bago catchment 
using the GRaND (large dam) database (Lehner et al., 2011) along with 
our own field assessments. In comparison, apart from our FBPSS in
ventory, there were no databases available for the road crossing or small 
irrigation barriers. The fragmentation impacts of the large dams (both 
FBPSS-specific and all) were assessed using the Dendritic Connectivity 
Index (DCI) (Cote et al., 2009). The DCI quantifies fish passage for both 
potamodromous and diadromous species on a scale between 0 and 100, 
where 100 signifies maximum connectivity for all migratory species in 
river systems lacking barriers (Cote et al., 2009). The index is calculated 
from the lengths of the two reaches either side of a barrier, the pass
ability of the barrier in both longitudinal directions, and the placement 
of the barrier (Cote et al., 2009). Specifically, the DCI potamodromous 
index quantifies the probability of fish moving freely within the river 
network both upstream and downstream (Eq. 2), whereas the DCI 
diadromous index (Eq. 3) quantifies the probability of fish movement 
between the outflow point (sink) and a river segment in both directions 
(Cote et al., 2009). 

Potamodromous 

DCIP =
∑n

i=1

∑n

j=1

li

L
lj

L

(
∏M

m=1
pu

m pd
m

)

*100 (2) 

Diadromous 

DCID =
∑n

i=1

li

L

(
∏M

m=1
pu

m pd
m

)

*100 (3) 

(li, lj – lengths of the river section i and j; L – total length of the river 
network; M – barriers; pu

m, pd
m – upstream and downstream passabilities of 

the mth barrier, respectively) 
Our FBPSS prioritised three large dams for remediation, even though 

there were actually a total of 11 in the catchment (Table 2). These ‘extra’ 
eight large dams were not deemed to be of high priority by the FBPSS 
because they were located higher upstream in the Bago catchment and/ 
or did not score highly in other biological or socio-economic assessment 
criteria. The validation analyses confirmed that the addition of these 
eight ‘extra’ large dams only reduced the DCI from 80.3 to 73.2 for 
diadromous fish, and that the three FBPSS large dams were responsible 
for 74% of all large dam-induced fragmentation for such fish (Table 2). 
Similarly, for potamodromous fish, the ‘extra’ large dams only reduced 
the DCI from 67.8 to 57.0, and the three FBPSS large dams were 
responsible for 75% of all large dam-induced fragmentation (Table 2). 
Furthermore, when the combined fragmentation influence of all barrier- 
types was considered, the ‘extra’ large dams did not change the 
combined-barrier DCI for diadromous fish at all, and the FBPSS barriers 
were thus responsible for 100% of the fragmentation for these fish 
(Table 2). For the potamodromous fish, the ‘extra’ large dams only 
reduced the combined-barrier DCI from 21.8 to 18.9, and the FBPSS 
combined barriers were responsible for 97% of the fragmentation from 
the combined barriers (with all large dams included) (Table 2). 

3.5. Sensitivity analysis of the FBPSS's barrier rankings to different 
criteria weighting scenarios 

We also assessed the sensitivity of the FBPSS's barrier rankings to 
different criteria weighting scenarios by altering the criteria weights by 
5%, 15%, 45%, and 75%, and determining the subsequent percent 
change in the top 23 barriers (similarly to Hoenke et al. (2014)). The 
criterion weight alterations were applied separately to the geospatial, 
biological and socio-economic criteria, and the alterations were done 
such that the total weightings for all criteria still added up to 100%. 

The results showed that the FBPSS's barrier rankings were aptly 
sensitive to different criteria weighting scenarios — with an increase in 
geospatial, biological or socio-economic criterion weightings leading to 
barriers with those characteristics being ranked higher, and vice versa 

Table 2 
FBPSS large dams versus all large dams in the Bago catchment, in terms of both numbers and their impacts on aquatic connectivity for diadromous and potamodromous 
fish (as indicated by dendritic connectivity index (DCI) scores). DCI scores range from 0 to 100, with 100 representing systems with no barriers and/or maximum 
connectivity (Cote et al., 2009). Fragmentation scores have also been included by taking the complement of the DCI scores. The last two columns show the results for all 
fish passage barrier-types combined (i.e. large dam, road crossing and small irrigation barriers) in the Bago catchment, with the first column representing FBPSS large 
dam, road crossing, small irrigation barriers only; and the second column representing all large dams, and FBPSS road crossing and small irrigation barriers.  

Result Large dams — 
FBPSS only 

All large 
dams 

All barrier-types combined — based on FBPSS large 
dam, road crossing, small irrigation barriers 

All barrier-types combined — based on all large dams, and 
FBPSS road crossing and small irrigation barriers 

Numbers 3 11 23 31 
DCI-diadromous 80.3 73.2 6.5 6.5 
Fragmentation- 

diadromous 
19.7 26.8 93.5 93.5 

DCI-potamodromous 67.8 57.0 21.8 18.9 
Fragmentation- 

potamodromous 
32.2 43.0 78.3 81.1  

Table 3 
Sensitivity of the top 23 barriers to changes in weightings of the geospatial 
criteria (Stage 2), biological criteria (Stage 4), and socio-economic criteria 
(Stage 5). The criteria weights were changed by 5%, 15%, 45%, and 75%.  

% change in criteria 
weightings 

% change in overall rankings of top 23 barriers when 
changes made to:  

Geospatial 
criteria 

Biological 
criteria 

Socio-economic 
criteria 

5 22 22 22 
15 35 35 43 
45 52 65 83 
75 74 70 91  
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(Table 3). Specifically, 5%, 15%, 45% and 75% increases to geospatial 
criteria weightings resulted in 22%, 35%, 52% and 75% respective 
changes in the rankings of the top 23 barriers (Table 3). The 75% in
crease to geospatial criteria weightings led to Barrier 443 moving up 
from rank 10 to 7 (because it had scored particularly high for the geo
spatial criteria), and barrier's 845 and 844 moving down from rank's 5 to 
10 and 9 to 12, respectively (because they had scored relatively low for 
the geospatial criteria) (Table 3; Fig. 4). Similarly to that for the geo
spatial criteria alterations, 5%, 15%, 45% and 75% increases to bio
logical criteria weightings resulted in 22%, 35%, 65% and 70% 
respective changes in the rankings of the top 23 barriers (Table 3). The 

15% increase to biological criteria weightings led to Barrier 471 moving 
up from rank to 14 to 13 (because it had scored particularly high for the 
biological criteria). Barrier 471 continued to increase its ranking from 
13 to 9 and eventually 6, as the weighting increased from 15% to 45% 
and then 75%, respectively. The socio-economic considerations were the 
most sensitive of the three criteria-types, with the 5%, 15%, 45% and 
75% weightings increases leading to 22%, 43%, 83% and 91% changes 
in the rankings of the top 23 barriers, respectively (Table 3). The 45% 
increase to socio-economic criteria weightings resulted in Barrier 845 
moving up from rank 5 to 2 (because it had scored particularly high for 
the socio-economic criteria), and then up to rank 1 when the weighting 

Fig. 4. The distribution of the top 23 barriers within the Bago catchment. See Table A4 for a description of each barrier.  
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increased to 75% (Table 3; Fig. 4). 

4. Discussion 

The FBPSS effectively identified 670 potential barriers in the Bago 
catchment at the time of our study. The highest-scoring 66 potential 
barriers were subsequently field-validated, and 23 were confirmed to be 
actual fish barriers. These 23 fish barriers were then further prioritised 
to generate a comprehensively ranked list of barriers for yielding 
optimal fishery and community benefits in a cost-effective manner. The 
high priority FBPSS combined barriers were responsible for 97–100% of 
the fragmentation of the combined barriers (with all large dams 
included) in the Bago catchment, and the FPBSS barrier rankings were 
suitably sensitive to changes in criteria weightings. These findings 
collectively confirm that the FBPSS is a relatively practical and effective 
option for prioritising the mitigation of fish passage barriers in resource- 
deficient settings. Indeed, eight fishways have now been planned and/or 
constructed since the current study — with two currently in the design 
phase (one in the Bago region in Myanmar and one near Vang Vieng in 
Lao PDR), one under construction in the Nam Ngum region in Lao PDR, 
and five built (two in the Champhone region in Lao PDR, and three in the 
Pursat region in Cambodia) (T. Marsden and G. Thorncraft pers. comm.). 
In addition, elements of the FBPSS are already being successfully applied 
by government organisations to assess river infrastructure barriers in 
other regions, such as Indonesia. 

4.1. Benefits of the FBPSS 

For a fish barrier prioritisation method to be applicable in real-world 
conditions, it is imperative that it can provide reliable, efficient and cost- 
effective outcomes using easily obtainable data (King et al. 2010). The 
results from our case study indicate that the FBPSS maintains the 
simplicity and reliability of a hybrid GIS-based scoring and ranking 
decision-support framework, but has improved efficiency thanks to its 
additional optimisation system traits (Marsden et al., 2014). To optimise 
the FBPSS's barrier prioritisation rankings, the scoring of each barrier is 
determined in relation to the other barriers in the system; and re- 
evaluated after field inspections determine which ones are actual bar
riers, so the scores of other barriers can change based on the information 
collected in the field. Also, the methodology does not require intensive 
computational effort beyond the initial mapping in GIS, unlike other 
barrier prioritisation methods. Furthermore, the barrier passability 
approach for the FBPSS is simple, rapid and low-cost in the field, and can 
be applied to all species and life stages for both upstream and down
stream movements as recommended by Kemp and O'Hanley (2010). 

While there are several effective GIS-based barrier prioritisation 
approaches already available to river managers, they have all been 
targeted for use in developed countries, and often towards a specific 
barrier type or fish species for which there is pre-existing knowledge/ 
data (e.g. Branco et al., 2014; Hoenke et al., 2014). The FBPSS differs in 
that it caters for all barrier-types and fish species, and functions well in 
data- and/or resource-deficient contexts like those typical of developing 
countries. It functions in resource-deficient contexts by using proxies 
based on scalable GIS analyses and/or by taking advantage of local 
knowledge (e.g. Kraft et al., 2019). For instance, the GIS data used to 
examine the priority of a barrier can be obtained from proxy information 
for aspects of the fish biology that are not directly available. Specifically, 
although there is often scant information about the condition of the fish 
communities in streams and wetlands of developing countries, sur
rounding landuse intensity is closely linked to habitat condition, which 
in turn, is closely linked to fish community condition (Lammert and 
Allan, 1999). The FBPSS takes advantage of the strong causal links be
tween these variables, to use GIS-assessed landuse intensity as a proxy 
for fish community condition at large spatial scales. To deal with a lack 
of data on the migration patterns of fish communities in each stream, 
locals can be interviewed about subsistence fisheries habits to obtain 

migratory fish community information and/or assess the magnitude and 
intensity of fishing activity as a guide to the magnitude and intensity of 
fish migrations (Silvano and Valbo-Jørgensen, 2008). 

The FBPSS is highly flexible and can be used in combination with 
expert knowledge for various objectives ranging from local-scale in
ventories of particular barrier-types to large-scale prioritisation strate
gies for a diverse range of structures. There is scope to incorporate 
scoring adjustments or attribute weightings for different country/site 
contexts and/or different management priorities and objectives (Mars
den et al., 2014). For instance, in some South East Asian countries, a 
regional committee may argue that the fishery productive benefit to 
local villages should be the highest priority within the FBPSS scoring 
system. Consequently, the committee may decide upon placing a greater 
weighting on the Productive Benefit score to ensure that this aspect is 
afforded appropriate consideration within the scoring system. Such a 
weighting could subsequently be used to ensure that projects with the 
most benefit to the local community are assigned the highest priority. 

There is also scope to vary the extensiveness of the field-validation 
stage (Stage 3) depending on staff resources. It may be achievable for 
a small team to field-validate approximately 200 sites per month in parts 
of South East Asia, for example, and this will yield sufficient site data to 
facilitate restoration efforts for several years in the region. Yet, if enough 
resources are available, larger field assessments can be undertaken by 
scaling up the number of staff for each region. 

The FBPSS's socio-economic criteria appear to be effective in 
ensuring the most cost-effective remediation of barriers with the 
greatest benefit to the local community. Our case study revealed that 
two new barriers would enter the top ten barrier list for the Bago 
catchment if socio-economic considerations were included, because 
these barriers scored particularly well for criterion 14 — the criterion 
assessing for potential fishery gains to local communities arising from 
barrier remediation. Nonetheless, the effectiveness of the FBPSS for 
including socio-economic considerations could be further enhanced by 
incorporating add-ins such as barrier mitigation benefit-cost analysis 
models (e.g. Cooper et al., 2019). Cooper et al., (2019) recently devel
oped a decision-support tool (DST) for assessing the benefit-cost out
comes of building fish passes at various sites in the Lower Mekong Basin. 
The DST models the return on investment for constructing or upgrading 
fish passes – both in terms of monetary value and potential extra fish 
protein for local communities (Cooper et al., 2019). Although it is spe
cific to the LMB, similar models could be developed to investigate the 
socio-economic implications of the FBPSS in other regions, and thereby 
broaden the socio-economic criteria available for use in the barrier 
prioritisation process (King et al., 2017). 

4.2. Limitations of the FBPSS and areas for improvement 

While the FBPSS has many strengths relating to its efficiency, prac
ticality and capacity to deal with resource-deficient contexts, there are 
several areas in which it could be improved over time. Specifically, the 
FBPSS's barrier assessment criteria examine the number of barriers 
downstream of the focal barrier and area of habitat upstream, but its 
scoring system does not explicitly quantify the correlated influences of 
all barriers in the network. This limitation could be alleviated by inte
grating optimisation modelling features that consider the spatial inter
connectedness of barriers, and the interactive impacts that multiple 
barrier mitigation activities have on longitudinal connectivity (e.g. King 
et al., 2017). For example, King et al., (2017) successfully integrated a 
coarse resolution barrier assessment methodology with advanced opti
mization modelling to develop a barrier assessment and prioritisation 
approach capable of cost-effectively dealing with the correlated in
fluences of barriers in UK stream networks. They argued that the inte
gration of the two methodologies actually enabled their hybrid approach 
to achieve a virtuous balance between pragmatism and sophistication 
(King et al., 2017). 

Another potential limitation of the FBPSS is that its passability 
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assessment methods are based exclusively on water transferability. 
While this makes the passability assessment methods simple and flexible 
to deal with a lack of biological data, it limits their capacity to consider 
more complex context-dependent species- and site-related factors (Kemp 
and O'Hanley, 2010; King et al., 2017). Therefore, there is much scope to 
refine the FBPSS's passability assessment methods over time as more 
site- and species-specific knowledge is generated, so long as it is not to 
the disadvantage of their practicality and efficiency in resource-deficient 
settings. Indeed, new protocols and technological developments should 
be used to support barrier passability assessment methods (Panagiotou 
et al., 2021). For instance, the passability assessments could build in 
more detailed barrier criteria like culvert slope and perching height 
(Kemp et al., 2008). They could also include fish criteria if dedicated 
biological studies of the target species were undertaken on their swim
ming capabilities, leaping ability, and behaviour. This knowledge is 
available for many species in North America, Europe and the UK (e.g. 
Lucas and Batley, 1996; Prenosil et al., 2016), but is still quite scarce for 
species in developing countries. 

In addition to the general nature of the FBPSS's passability assess
ment methods, the manual identification of potential barriers in Stage 1 
may be quite labour-intensive as some catchments can have hundreds of 
road/waterway intersections. The identification process can be further 
hampered by masking features such as dense canopy cover. Our team is 
currently exploring the possibility of using machine learning to identify 
medium-sized barriers to automate the identification process, following 
on from the success of this form of automation to other GIS-based pro
cesses (e.g. Kobler and Adamic, 2000). 

Another area for further development of the FBPSS may be to 
incorporate a mobile app that is linked to barrier inventory databases. 
New Zealand's national barrier assessment tool, the Fish Passage 
Assessment Tool, has this feature (Franklin et al., 2022). It allows for 
barriers in the database to be regularly updated and ground-truthed, and 
for the data to be visualised (Franklin et al., 2022). 

Further to the limitations and opportunities described above, future 
changes or enhancements to the FBPSS should include an extensive 
validation stage as a pre-requisite. Many existing barrier assessment 
methodologies have not been validated sufficiently, especially in the 
field, and this has unfortunately led to uncertainty about the accuracy of 
these methodologies (Kemp and O'Hanley, 2010). We validated the 
FBPSS in the current study by (1) ground-truthing the highest ranked 
potential barriers during a field assessment stage (Stage 3); (2) 
comparing the fragmentation impacts of the FBPSS-identified large 
dams with those of all large dams in the catchment; and (3) assessing the 
sensitivity of the FBPSS's prioritisation rankings to changes in the 
weightings of the methodology's evaluation criteria. These three vali
dation techniques were effective in initially appraising the effectiveness 
of the FBPSS, but the ultimate validation would involve field assess
ments comparing the sites' fish communities before and after the un
dertaking of barrier remediation works informed by the FBPSS (if and 
when such data become available for the Bago). 

Future enhancements to the FBPSS should also include stronger 
consideration of the potential for unintended consequences associated 
with barrier removal and/or other fish passage restoration approaches 
(Walter et al., 2021). Indeed, barriers, such as dams, can actually be 
beneficial in preventing the spread of invasive species and disease, and/ 

or holding back contaminated sediments (Cooper et al., 2021; Walter 
et al., 2021). A number of frameworks have been developed to assess 
aquatic connectivity trade-offs in barrier removal/mitigation decisions 
(Walter et al., 2021), so further research should be undertaken to 
determine how such frameworks could be in incorporated into the 
FBPSS. 

4.3. Management implications 

In resource-deficient settings where there is a need for low cost, time- 
efficient methods that are not necessarily dependent on the availability 
of existing site data, the FBPSS could be applied in conjunction with 
expert knowledge to assess and prioritise fish passage barriers for 
remediation. Suitable fish passage technologies or other barrier miti
gation works could be employed at the priority barrier(s) with the 
strategic purpose of achieving the most cost-effective remediation with 
the greatest benefit to the local fishery and community. Future research 
should now be undertaken to compare the results of the FBPSS with 
those of an optimisation model to assess how effective the two ap
proaches are under different scenarios, and to identify key modelling 
functions that could potentially be incorporated into the FBPSS without 
sacrificing its practicality and flexibility. Other fertile areas for 
enhancing the FBPSS could involve the consideration of unintended 
consequences in the barrier prioritisation process, and the development 
of a mobile app version of the system. Indeed, fish barrier prioritisation 
approaches that perform effectively in resource-deficient settings are 
crucial at a time when there is a growing need for fishery restoration 
efforts globally, and an often disproportionally meagre allocation of 
resources available to facilitate those efforts. 
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Appendix A  

Table A1 
Scoring categories for each of the criteria (1–5) assessed during Stage 2 (i.e. the GIS analysis component) of 
the FBPSS.  

Criterion Scoring category Score 

1 Stream order  

(continued on next page) 
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Table A1 (continued ) 

Criterion Scoring category Score  

A. ≥5 5  
B. 4 4  
C. 3 3  
D. 2 2  
E. 1 1 

2 Percent of intensive landuse   
A. 1–5.0% 5  
B. 5.1–40% 4  
C. 41–60% 3  
D. 60–80% 2  
E. ≥ 81% 1 

3 Upstream habitat (waterbody area in Ha)   
A. ≥33 5  
B.17–32 4  
C. 9–16 3  
D. 3–8 2  
E. 0–2 1 

4 Number of barriers downstream   
A. 0 5  
B. 1 4  
C. 2–3 3  
D. 4–8 2  
E. ≥8 1 

5 Area of upstream habitat as a proportion of entire catchment   
A. ≥80% 7  
B. 60–79% 5  
C. 40–59% 3  
D. 20–39% 2  
E. ≤20% 1   

Table A2 
Scoring categories for each of the criteria (6–10) assessed during Stage 4 (i.e. the biological component) of the FBPSS.  

Criterion Scoring category Score 

6 Barrier type   
A. Wetland regulator ≥3 m high 5  
B. Dam/weir ≥3 m high or wetland regulator 1.5–3 m 4  
C. Dam/weir 1.5–3 m; wetland regulator ≤1.5 m; culvert/pipe ≤60% of stream width 3  
D. Dam/weir ≤1.5 m high or culvert/pipe ≥60% of stream width 2  
E. No barrier - eliminated from this point forward – 

7 Stream condition   
A. Pristine-undisturbed (no clearing/alterations etc.) 5  
B. Low disturbance (≤25% of upstream area altered) 4  
C. Moderate disturbance (25–50%) 3  
D. High disturbance (51–75%) 2  
E. Very high disturbance (≥75%) 1 

8 Water supply/quantity   
A. Unregulated and permanent 5  
B. Regulated and permanent 4  
C. Stream occasionally dries up with refuge pools 3  
D. Stream seasonally dries with refuge pools 2  
E. Stream dries seasonally with no refuge pools 1 

9 Instream habitat   
A. Excellent. Abundant/diverse instream habitat. 5  
B. Good. Reasonable amount of instream habitat. 4  
C. Moderate. Moderate amount of instream habitat. 3  
D. Poor. Little suitable instream habitat. 2  
E. Very poor. Little/no instream habitat. 1 

10 Importance to local fishers   
A. The most important fishing location for local fishers 5  
B. Regularly fished, second most important fishing location 4  
C. Occasionally fished 3  
D. Rarely fished 2  
E. Never fished 1   
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Table A3 
Scoring categories for each of the criteria (11–14) assessed during Stage 5 (i.e. the socio-economic component) of the FBPSS.  

Criterion Scoring category Score 

11 Estimated cost of construction   
A. Low cost small/low nature-like fish pass (< 0.8 m) or short culvert baffles (<0.8 m) 5  
B. Low-moderate cost small/high nature-like fish pass (0.8–1.5 m), or low-height technical fish pass (<0.8 m), or tall culvert baffles (>0.8 m) 4  
C. Moderate-cost high nature-like fish pass (1.5–2 m), or medium/low height technical fish pass (0.8–1.5 m) 3  
D. Moderate-high cost large/low height technical fish pass (>1.5 m) 2  
E. High cost large/high height technical fish pass (>1.5 m) 1 

12 Technical viability of construction   
A. Simple installation of current design, with easy access and limited engineering required 5  
B. Simple installation of current design, with difficult access or thorough engineering required 4  
C. Modest installation of current design, with easy access and limited engineering required 3  
D. Modest installation of current design, with difficult access or thorough engineering required 2  
E. complex installation and engineering, or a new concept design 1 

13 Productivity benefits (Will pass…..)   
A. All species at all migration flows 5  
B. All species at most migration flows/many species at all migration flows 4  
C. All species at some migration flows/some species at all migration flows 3  
D. Some species at some migration flows/few species at all migration flows 2  
E. Some species on a narrow range of flows 1 

14 Effectiveness of reinstating fish passage at the site (Benefits to….)   
A. A number of towns/villages within 3 Km 5  
B. A single town/village within 3 Km 4  
C. Villages/towns within 5 Km 3  
D. Villages/towns within 10 Km 2  
E. No villages nearby to obtain benefits from improved production 1   

Table A4 
The highest-scoring 23 barriers in the Bago catchment (identified by the Fish Barrier Prioritisation Support System (FBPSS)), and the breakdown of their scoring results 
and associated criteria. C1 = assessment criterion 1, C2 = assessment criterion 2 etc. See table's 1, 2 and 3 for an explanation of the assessment criteria for stage's 2 
(C1–C5), 4 (C6–C10), and 5 (C11–C14), respectively.  

Barrier ID Lat Long Stream name Barrier type Stage 2           

C1 C2 C3 C4 C5 Tot Rank 

430 17.467 96.433 Bago River Weir/dam 5 5 5 5 4 24 1 
433 17.468 96.425 Thit Pin Seik Stream and Bago River Weir/dam 5 5 5 5 4 24 1 
32 16.962 96.246 Nga Moe Yeik Stream Gated regulator 4 2 5 5 4 20 6 
33 16.968 96.249 Branch of the Nga Moe Yeik Stream Gated regulator 4 2 5 5 4 20 6 
845 17.217 96.498 Zwebat Creek Gated regulator 3 3 4 2 2 14 38 
780 17.513 96.657 Bago - Sittaung Canal Gated regulator 4 3 5 5 4 21 3 
779 17.216 96.498 Bago - Sittaung Canal Gated regulator 4 3 5 5 4 21 3 
765 17.117 96.5 Paing Kyone Chaung Gated regulator 4 2 4 5 4 19 10 
844 17.523 96.661 Moe Yung Gyi Reserved Lease Gated regulator 3 3 4 2 2 14 38 
790 17.76 96.201 Yauk Kaw Stream Weir/dam 4 3 3 3 4 17 12 
443 17.169 96.522 Bago River Weir/dam 4 5 5 4 3 21 3 
783 17.231 96.514 Bago - Sittaung Canal Gated regulator 4 3 2 3 3 15 29 
805 17.221 96.474 Zalat Htaw Stream Gated regulator 4 2 3 5 2 16 19 
471 17.552 96.373 Salu Stream Weir/dam 3 5 3 3 1 15 29 
562 16.838 96.318 Kha Yan Stream Gated regulator 3 2 2 5 2 14 38 
873 16.959 96.357 Mau Stream Gated regulator 3 2 2 5 2 14 38 
579 16.981 96.415 Sel Ma Stream Gated regulator 3 2 4 5 2 16 19 
1 16.796 96.27 Bawt Creek Gated regulator 2 2 3 5 1 13 54 
555 16.821 96.299 Htaw Thon Stream Gated regulator 2 2 3 5 1 13 54 
448 17.724 96.283 Ko Du Kwe Stream Weir/dam 2 5 3 3 1 14 38 
330 16.95 96.205 Sin Phon Balar Stream Gated regulator 3 1 1 5 3 13 54 
470 17.545 96.368 Salu Stream Culvert road crossing 3 5 1 3 1 13 54 
817 17.48 96.441 Win Stream Weir/dam 2 5 1 5 2 15 29   

Barrier ID Stream name Stage 4 Stage 2 & 4 

C6 C7 C8 C9 C10 Tot Rank Tot Rank 

430 Bago River 5 4 4 4 3 20 2 44 1 
433 Bago River anabranch and Bago River 5 4 3 4 3 19 4 43 2 
32 Nga Moe Yeik Stream 5 3 3 3 4 18 5 38 4 
33 Branch of the Nga Moe Yeik Stream 4 3 3 3 4 17 8 37 5 
845 Zwebat Creek 4 4 3 5 4 20 2 34 9 
780 Bago-Sittaung Canal 4 3 2 2 4 15 13 36 6 
779 Bago-Sittaung Canal 4 3 2 2 3 14 16 35 8 
765 Paing Kyone Chaung 4 3 2 3 3 15 13 34 9 
844 Moe Yung Gyi Reserved Lease 4 3 2 4 4 17 8 31 14 

(continued on next page) 
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Table A4 (continued ) 

Barrier ID Stream name Stage 4 Stage 2 & 4 

C6 C7 C8 C9 C10 Tot Rank Tot Rank 

790 Yauk Kaw Stream 5 4 2 3 3 17 8 34 9 
443 Bago River 5 4 3 4 2 18 5 39 3 
783 Bago-Sittaung Canal 4 2 2 3 3 14 16 29 17 
805 Zalat Htaw Stream 4 3 3 3 3 16 11 32 12 
471 Salu Stream 5 4 5 4 3 21 1 36 6 
562 Kha Yan Stream 4 2 4 3 3 16 11 30 16 
873 Mau Stream 3 2 3 2 3 13 19 27 18 
579 Sel Ma Stream 4 2 4 3 2 15 13 31 14 
1 Bawt Creek 3 2 3 2 2 12 22 25 22 
555 Htaw Thon Stream 3 2 3 2 3 13 19 26 20 
448 Ko Du Kwe Stream 5 4 3 4 2 18 5 32 12 
330 Sin Phon Balar Stream 3 3 3 2 2 13 19 26 20 
470 Salu Stream 4 2 4 2 2 14 16 27 18 
817 Win Stream 1 2 1 2 2 8 23 23 23   

Barrier ID Stream name Stage 5 Stage 2, 4 & 5 

C11 C12 C13 C14 Tot Rank Tot Rank 

430 Bago River 2 3 2 3 10 18 54 1 
433 Bago River anabranch and Bago River 2 3 2 3 10 18 53 2 
32 Nga Moe Yeik Stream 2 4 4 4 14 5 52 3 
33 Branch of the Nga Moe Yeik Stream 3 4 3 4 14 5 51 4 
845 Zwebat Creek 4 4 3 5 16 1 50 5 
780 Bago-Sittaung Canal 4 3 2 5 14 5 50 5 
779 Bago-Sittaung Canal 4 3 2 5 14 5 49 7 
765 Paing Kyone Chaung 4 4 2 4 14 5 48 8 
844 Moe Yung Gyi Reserved Lease 3 4 4 5 16 1 47 9 
790 Yauk Kaw Stream 3 4 2 3 12 14 46 10 
443 Bago River 1 1 2 3 7 22 46 10 
783 Bago-Sittaung Canal 4 4 4 4 16 1 45 12 
805 Zalat Htaw Stream 3 4 2 3 12 14 44 13 
471 Salu Stream 1 1 2 3 7 22 43 14 
562 Kha Yan Stream 2 3 3 4 12 14 42 15 
873 Mau Stream 4 4 3 3 14 5 41 16 
579 Sel Ma Stream 2 2 3 3 10 18 41 16 
1 Bawt Creek 4 4 2 5 15 4 40 18 
555 Htaw Thon Stream 4 4 2 4 14 5 40 18 
448 Ko Du Kwe Stream 2 1 2 3 8 21 40 18 
330 Sin Phon Balar Stream 4 4 2 3 13 13 39 21 
470 Salu Stream 3 4 1 3 11 17 38 22 
817 Win Stream 5 5 1 3 14 5 37 23  

Appendix B. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.ecoleng.2023.107024. 
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