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ARTICLE INFO ABSTRACT

Handled by B. Morales-Nin The construction of dams and other river infrastructures is threatening migratory fish stocks in many parts of the
world by greatly reducing river-floodplain connectivity. Fishways are technical tools that can restore river
connectivity for migratory fishes, but their effectiveness is often limited by a lack of biological information on
their target species, especially in developing countries of South East Asia. We sought to inform the design of a
vertical-slot fishway for Myanmar migratory fishes, by using a flume-based vertical-slot fishway to determine if
(1) their passage ability is influenced by hydraulic conditions (such as depth and head differential or ‘headloss’
between cells); and (2) fish size influences passage ability for each species. This was achieved by comparing
passage success under headloss options of 50-mm and 100-mm, and by assessing the relationship between size
and ability to pass the flume - in four representative migratory species: Pangasius pangasius (pangas catfish),
Notopterus notopterus (featherback fish), Puntius chola (swamp barbs) and Esomus danrica (flying barbs). Our
results indicated that flume passage ability was greater under the 50-mm headloss for Pangasius pangasius,
Notopterus notopterus and Puntius chola; and that flume passage ability increased in larger individuals for Pan-
gasius pangasius and Notopterus notopterus. In comparison, Esomus danrica could not ascend under either the 50-
mm or 100-mm headloss options. The inter-specific variability in these results empirically demonstrates the
importance of obtaining baseline biological information on the target species for planned fishways in order to
optimise their effectiveness.
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1. Introduction biological knowledge for target species is often lacking, especially in

developing countries of South East Asia (Conallin et al., 2020).

Fish stocks are under threat from the impacts of hydropower and
irrigation infrastructure development in many river-floodplain systems
around the world (Reid et al., 2019). Dams and other infrastructure
disrupt river-floodplain connectivity, and prevent migratory fishes from
accessing crucial habitat to complete their life-cycles (Reid et al., 2019).
Fishways can be used to partially reinstate river connectivity for
migratory fish species if they are designed according to the context and
biology of the target species (Baumgartner et al., 2018). However,
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South East Asia is currently home to some of the world’s most highly
productive inland fisheries, and these fisheries are of critical importance
to food security and livelihoods in the region (Ziv et al., 2012). The
Lower Mekong Basin fishery, for example, provides between 48% and
79% of animal protein intake to Lao PDR and Cambodia, respectively
(Hortle, 2007), and is estimated to have an annual first-sale value of
around US$17 billion (Nam et al., 2015). Nonetheless, rivers throughout
the region are being rapidly developed for hydropower and irrigation
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demands, and consequently the highly-valued fisheries are under threat
(Ziv et al., 2012).

Growing efforts are being made to restore fish passage through
fishway implementation in Lao PDR, Thailand, Cambodia and Vietnam
(Baumgartner et al., 2021). Myanmar’s fish passage restoration efforts
are currently lagging behind those of its neighbours’, although there is
growing interest in incorporating fish passage technologies into river
development programs (Conallin et al., 2020). Indeed, there are
currently plans to build Myanmar’s first fishway — a vertical-slot
configuration at Shan Gaing Sluice on the Abyar-Shangaing tributary
in the Bago catchment — and it is anticipated that other fish passage
initiatives will soon follow. Consequently, there is now an urgent need
for baseline biological information on Myanmar’s migratory fish species
to ensure the benefits of such solutions are maximised.

We undertook flume-based experiments to inform the design of the
planned Shan Gaing Sluice vertical-slot fishway and other future
vertical-slot fishways for Myanmar migratory fishes. Our primary ob-
jectives were to (1) assess whether Myanmar fish species would use a
vertical-slot fishway; (2) determine if their passage ability is influenced
by differences in headloss and associated hydraulic conditions; and (3)
determine if fish size influences passage ability for each species. These
objectives were addressed by comparing passage rates under headloss
options of 100-mm and 50-mm; and by assessing the relationship be-
tween size and ability to pass the flume. The 100-mm headloss option
was based on the moderate fishway slope of 1 v:15 h proven to be
effective for Lao fishes by Baumgartner et al. (2012), while the 50-mm
headloss option was based on a low fishway slope of 1 v:30 h.

2. Methods
2.1. The study species

There are over 500 freshwater fish species in Myanmar inland waters
(Baran et al., 2018). We chose to focus on two representative
large-bodied migratory species, Pangasius pangasius (Pangas catfish),
and Notopterus notopterus (featherback), and two representative
small-bodied migratory species, Puntius chola (swamp barb), and Esomus
danrica (flying barb). Pangasius pangasius and Notopterus notopterus are
both very important economic and cultural species for Myanmar people.
The former is anadromous and undertakes longitudinal migrations
within large rivers and estuaries, while the latter is potadromous and
undertakes lateral migrations between the river and floodplains (Win
et al., 2008). Puntius chola and Esomus danrica are potadromous species
that provide an important source of protein and nutrients to rural
Myanmar people, and are key prey items for larger fish (Froese and
Pauly, 2022; Riede, 2004). These four species were used as representa-
tive South East Asian inland fish species because of their: (1) migratory
behaviour, and therefore likely vulnerability to the impacts of river
development; and (2) socio-economic importance (Froese and Pauly,
2022; Riede, 2004; Win et al., 2008). They were also readily available
during the study period.

Juvenile Notopterus notopterus were collected using stationary
bamboo filter traps from Akwi Inn in Pan Ta Naw Township, while
Pangasius pangasius were artificially bred at Ta Lote Hla Freshwater
Fishery Station in Ma U Bin Township and trialled as juveniles. Sub-
adult Puntius chola were collected using fish traps from Zwe Batt
Anyar Su Village in Waw township, and juvenile Esomus danrica were
seine-netted from the Institute of Fishery Technology in Yangon. All fish
species were transported in oxygenated bags to the experimental flume
site at Bago Irrigation Training Centre. The mean total lengths ( &+ 1 SD)
for each species were as follows: Pangasius pangasius: 146.7 + 35 mm (n
= 200, and size range=111-188 mm); Notopterus notopterus: 144 + 29
mm (n = 200, and size range=115-181 mm); Puntius chola 61.12 + 16
mm (n = 200, and size range=50-81 mm); and Esomus danrica: 31 + 14
mm (n = 100, and size range=24-45 mm).

The fish were held in five concrete tanks (1.58 m x 1.35 m x 0.83 m)
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and two fine mesh net cages (1.52 m x 1.52 m x 3.04 m) for at least 48 h
before experimentation. The water was sourced from a nearby pond, and
had a mean temperature of 24 °C, dissolved oxygen concentration of 3.5
mg.L"}, pH of 6.8, suspended solids concentration of 80 mg.L", and
salinity of O ppt. Each tank received an 80% water change twice daily
and the net cage was cleaned once every two days. The fish were fed
daily with earthworms and green feed (0.1 mm) pellets.

2.2. The flume-based vertical-slot fishway

The flume was 7.5 m long, 1 m deep and 1 m wide, with acrylic glass
on one side to observe migrating fish (Fig. 1). It received the same water
as the holding tanks, and therefore had the same water quality condi-
tions. There was a 1 m x 1 m x 1 m cell at the top for the inlet water
chamber, four cells (1.5 m long, 1 m wide and 1 m deep) in the middle of
the flume for the fishway, and thena 0.5m x 1 m x 1 m cell at the bottom
for the outlet chamber (Fig. 1). The fishway slope was changeable by
adjusting the tilt of the fishway from a centre pivot mechanism sup-
porting it. Water was pumped into the water inlet cell with a maximum
water flow of 1300 L.min. Three vertical-slot baffles were installed.
Each was 598 mm long, 1000 mm high, and had a 240 mm slot.

The water velocity was varied from the different headlosses in the
flume fishway by changing the fishway slope and discharge. The head-
loss was measured approximately ( + 1 mm) with measuring rope and
the velocity of the water in the flume was calculated from the headloss
using the equation (Vennard and Street, 1982):

V=Cg4-(2 g-Ah) *3

Where V = water velocity (ms’l), Cd = coefficient of discharge (1.0),
g = acceleration due to gravity (9.8 ms'z), and Ah = headloss (m).

Under a 50-mm headloss, the theoretical maximum water velocity
through the slots was calculated to be approximately 1 ms™ and the
associated maximum turbulence was calculated to be 20 W.m™ (using
the maximum discharge multiplied by the headloss and the gamma
value (of 9777 Newtons/m®)) and dividing this resulting value by the
standard fishway pool volume (O’Connor et al., 2015)). We confirmed
these attributes by taking measurements during the experiments and
using them to calculate the predicted velocity and turbulence. The water
velocities were also measured with a Geopacks water flow meter (Geo-
packs, Hatherleigh, Devon, UK) in situ to confirm that the calculations
were correct.

The hydraulic conditions for each headloss option were additionally
assessed by undertaking CFD modelling (Ansys 2022 R1 Fluent, Ansys,
Canonsburg, PA, USA). Three-dimensional geometries of the flume fish
passage were constructed using Ansys 2022 R1 SpaceClaim (Ansys,
Canonsburg, PA, USA), and the surface and volume meshing was
developed using Ansys 2022 R1 Meshing software (Ansys, Canonsburg,
PA, USA). The 50-mm headloss geometry was created by sloping the
flume bed at 2° and setting the water depth at 400 mm, while the
100mm headloss geometry was created by sloping the flume bed at 4°
and setting the depth at 275 mm. The full details for the CFD modelling
are reported in the Online Appendix.

2.3. Experimental design and data analysis

The two headloss options were tested five times each between 11
January and 26 January, 2022, with 20 new individuals of a species
randomly selected for each trial, and the order of headloss options and
species randomised. Each trial involved 20 individuals of the test species
being placed in the bottom cell and left to acclimatise for 20 min. The
bottom cell was closed by a fibreglass door made with fine blue mesh
seine. After 20 min, the fibreglass door was opened and the fish were
allowed another 20 min to ascend the fishway. The number of fish as-
censions were then counted at the end of each trial.

To assess the CFD model results, velocity profiles were plotted as
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Fig. 1. Photo (a) and schematic (b) of the flume-based vertical-slot fishway.

three layers of water depth in the plan, and the cross section at the baffle
opening, and the longitudinal section along the flume in the baffle
portion. For the 50-mm headloss option, three layers were defined as
bottom (50 mm), middle (200 mm) and top (400 mm) water depth. For
the 100-mm headloss, the bottom, middle and top water depths were 50,
150 and 275 mm, respectively.

The influence of headloss and fish total length on passage ability
were analysed for each species separately using logistic regression
analysis in SAS 9.3 (SAS Institute 2013). Passage ability was treated as a
binary response variable, and was categorised as either fish passing the
flume-based fishway or not passing it.

3. Results
3.1. Hydraulic conditions

CFD modelling indicated that maximum velocity at the baffle
openings for the 50-mm headloss option was 1.01 ms™, while predicted
velocity was 0.99 ms? and measured velocity was 1 ms™. Similarly,
CFD-modelled maximum velocity at the baffle openings for the 100-mm
headloss option was 1.29 ms}, while predicted velocity was 1.4 msand
measured velocity was 1.2 ms™. Turbulence values for the 50-mm and
100-mm headloss options were predicted to be approximately 17 and
48 W.m >, respectively; and the CFD-modelled ‘average’ turbulence
kinetic energy (k) values for the 50-mm and 100-mm headloss options
were 0.121 m2.s2 and 0.26 m2.s2, respectively.

3.2. Fish ascensions

Puntius chola had the greatest average passage probability (0.56)
irrespective of headloss option, followed by Notopterus notopterus (0.26),
and then Pangasius pangasius (0.09). Esomus danrica did not ascend the
flume-based vertical-slot fishway under either headloss option (Table 1).

Table 1
Overall passage probabilities of each species through the flume-based
vertical-slot fishway, averaged over both headloss options.

Species Probability of passage
Pangasius pangasius 0.09
Notopterus notopterus 0.26
Puntius species 0.56
Esomus danrica 0.00
Overall average 0.26

When headloss options were compared for each species, Pangasius pan-
gasius, Notopterus notopterus and Puntius chola were all significantly
greater at passing under the 50-mm option than under the 100-mm
option (Table 2; Fig. 2). Notopterus notopterus increased most in pas-
sage ability under the 50-mm headloss (12.2 times greater than under
the 100-mm headloss), followed by Puntius chola (9.5 times) and then
Pangasius pangasius (6.9 times) (Table 2). The size of Pangasius pangasius

Table 2

Wald Chi-square and estimate (with 95% CI) results from the logistic regression
analyses for each species. Esomus danrica was not statistically tested because no
individuals could ascend the fishway under either headloss. *P < 0.05;
**P < 0.01; * **P < 0.001.

Pangasius pangasius ~ Notopterus Puntius chola
notopterus
Wald Chi-
square

Headloss 8.24 * * 30.98 * ** 43.53 * **

Total length 4.60 * 5.11* 0.89

Estimate

Headloss 6.908 12.194 9.545
(1.846-25.843) (5.045-29.476) (4.883-18.657)

Total length 1.042 1.034

(1.004-1.082) (1.004-1.065)
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Fig. 2. The probability of (and model equation for) each fish species passing

the flume-based vertical-slot fishway based on their total length, for headlosses

of 50-mm (solid line) and 100-mm (dotted line). The headloss term in the model

equations was 1 for the 50-mm treatment and O for the 100-mm treatment.

Esomus danrica was not included because no individuals of this species passed
the fishway under either headloss.

and Notopterus notopterus also significantly influenced their flume pas-
sage ability’s, with the former being 1.034 times more likely to pass for
every 1 mm increase in length, and the latter being 1.042 times more
likely to pass for every 1 mm increase in length (Table 2; Fig. 2).

4. Discussion
4.1. Headloss and fish size effects on passage

Fishway passage ability was significantly greater under a headloss of
50-mm than under a headloss of 100-mm for Pangasius pangasius,
Notopterus notopterus and Puntius chola. Also, fishway passage ability was
enhanced in larger individuals for Pangasius pangasius and Notopterus
notopterus. By contrast, Esomus danrica did not ascend under either
headloss during the experimental period. The marked inter-species
variation in these findings underscores the need for basic biological
information on target species to optimise fish passage restoration efforts.
It also suggests that neither headloss option could provide 100% passage
efficiency. Future research should endeavour to validate these ‘labora-
tory-based’ findings with a full field trial where fish are actively
migrating and demonstrating strong behavioural motivation.

Baumgartner et al. (2012) compared 1 v:15 hand 1 v:7.5 h slopes on
an in situ experimental vertical-slot fishway for Lao migratory species.
They similarly concluded that vertical-slot fishways could provide good
passage for most species, but that passage ability was greater for lesser
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slopes and that a proportion of weaker-swimming fish might still be
unable to ascend (Baumgartner et al., 2012). These findings highlight
the challenge of designing a single fishway that can provide upstream
passage for all migratory species and life-stages in tropical river systems
(Godinho and Kynard, 2009).

The 50-mm headloss in our study resulted in a markedly lower slot
velocity and turbulence than the 100-mm option, which would have
probably made for an easier ascent — especially for the small fish (Stuart
and Mallen-Cooper, 1999). Baumgartner et al. (2018) reported an
average slot velocity of 1.71 ms™ and predicted turbulence of 64 W.m™>
for a 150-mm headloss experimental vertical-slot fishway in Lao PDR,
while Baumgartner et al. (2012) reported an average maximum slot
velocity of 1.4 ms? and predicted turbulence of 96 W.m™ for their
1 v:15 h slope vertical-slot fishway. By contrast, CFD modelling in our
study indicated that maximum average slot velocity for the 50-mm
headloss option was 1.01 ms}, and predicted turbulence was approxi-
mately 17 W.m 3. Nonetheless, the relatively moderate hydraulic con-
ditions for this headloss were apparently still not amenable for the
ascension of Esomus danrica. Therefore, in large biodiverse systems,
effective fish passage of all species may not be possible (Lira et al.,
2017). However, achieving partial passage is more advantageous than
the situation where there is a migration barrier (Baumgartner et al.,
2020, 2018). Where a migration barrier exists with no solutions, there is
no passage possible.

4.2. Benefits and limitations of the study approach

Although laboratory-based flumes can be limited with respect to
their incorporation of real-world conditions and the number of species
they can test, they are useful for obtaining swimming performance data
and are much more feasible to manipulate and assess than real-world
fishways (Amaral et al., 2016; Baumgartner et al., 2012). The flume
experiments in this study provided robust data on the swimming ability
of Myanmar migratory species. Further trials are now needed to deter-
mine suitable design criteria for facilitating the passage of Esomus
danrica. The additional CFD modelling approach used in this study
would be highly valuable for quantifying the hydraulic conditions while
testing various design criteria.

4.3. Conclusion

This study provided the first assessment of Myanmar fish species’
ability to pass a fishway — and more specifically, a flume-based vertical-
slot configuration designed to simulate the country’s first planned
fishway. Our findings will inform both the development of the Shan
Gaing fishway, and design criteria that could be applied to other similar
proposed fishways in the region. The distinct inter-species variability in
the passage results also emphasises the importance of collecting bio-
logical information on the target species for planned fishways in order to
maximise their efficacy.
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