k?’ﬁuv’ga( oy L0 :09.38

%/r/ e «/f-o-rw
INTERIM REPORT
ANNEX A _— &

THE USE OF PASSES AND WATER
REGULATORS TO ALLOW
MOVEMENTS OF FISH THROUGH
FCD/I STRUCTURES

FAP 17
FISHERIES STUDIES
AND PILOT PROJECT

JULY 1993

Prepared for the Government of Bangladesh



INTERIM REPORT
ANNEX A

THE USE OF PASSES AND WATER
REGULATORS TO ALLOW
MOVEMENTS OF FISH THROUGH
FCD/I STRUCTURES

FAP 17
FISHERIES STUDIES
AND PILOT PROJECT

JULY 1993

Prepared for the Government of Bangladesh



CONTENTS

SUMMARY

INTRODUCTION

FISH MIGRATION

FISH PASSES AND "FISH-FRIENDLY REGULATORS"
RECOMMENDATIONS OF OTHER PROJECTS
CONCLUSIONS

RECOMMENDATIONS

FUTURE WORK

Appendix 1 - Explanation of some hydraulic terms

References

page 1
page 2
page 5
page 13
page 40
page 44
page 46

page 48



1 SUMMARY

1.1 The effects of flood control structures on the migration of fishes in Bangladesh has
previously been overlooked during planning. Considering the importance of these
movements in the life cycles of fish, this issue should be addressed in future plans.

1.2 To allow the passage of fish, fish passes can be constructed at regulators which create
significant head height differences between the upstream and downstream (or inside and
outside) water levels and where interference with migration routes is apparent. This is
particularly important in the North East (NE) region of Bangladesh, where head differences
commonly exceed three metres and where the carp fishery may be in jeopardy due to
obstruction of migration pathways by flood control structures. The installation of fish
passes should also be considered when large main river barrages are planned. Passes can
be designed in the light of experience gained elsewhere in the world.

1.3 Throughout Bangladesh, small and intermediate scale regulators are affecting the
movement of fishes to and from the floodplain. Efficient flood control produces benefits
for agriculture, but can devastate floodplain fisheries. Regulators can be modified simply
to improve their "fish-friendliness", prevent fish kills, minimise damage to fish and avert
detrimental changes in behaviour. It may therefore be possible to compromise between the
needs of fish and rice, to optimise the production of both.
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2 INTRODUCTION

2.1 Flood control schemes in Bangladesh, prior to the FAP, have previously ot
considered and proposed mitigation against the negative impacts on the floodplain fisheries.
One of the most important prerequisites for the life cycle of many fishes is the ability to
move between the different habitats required for growth and reproduction. If this is
obstructed by FCD/I schemes, then not only is the fishery constrained by the physical
boundaries, but the interruption of the life cycle can severely reduce the production of fish.

2.2 The effectiveness of flood control schemes is dependent upon embanking an area of
the floodplain and installing regulators, through which water is channelled in and drained
out at appropriate times.

2.3 Embankments along river banks alter the flow pattern and velocity of current in the
river and consequently may effect the response of fish migrating upstream.

2.4 With the construction of full riverside embankments, the overbank spillage of river
water is changed from a continuous slow seepage across the floodplain to a powerful surge
of water through narrow canals and sluices. As a result fish actively moving onto the
floodplain to breed and feed are swept with the current, disorientating them and possibly

causing physical damage. "

2.5 In the NE region of Bangladesh, Indian major carps are thought to overwinter in haors
(large flooded areas) and pass into the rivers around April, when they are stimulated to
move by run-off from rainfall in the hills of India. Embanking haor areas blocks the
passage of carp and narrows the escape routes to the rivers. Flows of water through the
regulators can be in either direction and can reach current speeds that would stimulate fish
to move against the current, which could disorientate fish and possibly change migratory
behaviour.

2.6 Where submersible embankments are present, delay in the overbank flooding affects
the movement of adults and delays the drift of hatchlings onto the floodplain. Early flash
flooding in the NE region is important in dispersing hatchlings over the haors.



2.7 The effects of regulators on the drift of hatchlings is unclear, although densities of fish
upstream and downstream of structures are often different. The hydrostatic pressure caused
by head differences across regulators may sometimes be sufficient to kill hatchlings, but
studies by FAP 17 have so far not recorded such kills (FAP 17 Interim Report, 1993).
Hatchling studies are continuing at a number of regulators in the NE and NW regions of
Bangladesh.

2.8 It is possible to partially mitigate the negative impacts due to restriction of river bank
overspill, through structural additions and/or modifications to flood control schemes. Fish
passes can be installed to assist both adult upstream migration and to facilitate active
downstream movement of adults and passive drift of hatchlings.

2.9 There is no experience in construction and use of fish passes in Bangladesh, and very
little information on the swimming characteristics of the fish species of Southern Asia. In
order to predict likely responses to various types of fish passes extrapolation from
information gathered in other parts of the world is therefore necessary. Before the design
and operational characteristics of a fish pass can be decided upon, those aspects of the
migratory response which are to be accommodated need to be identified.

2.10 This report presents information from several expert sources. The experiences of
hydraulic engineers on the interaction between migrating fish and flood regulating
structures has been drawn upon. The timing and pathways of fish mlgranons in Bangladesh
were considered by fisheries biologists, as were the characteristics of migrations of
comparable species elsewhere in the world. Work on fish passes implemented in other
countries was also reviewed, as a guide to FAP planners. Ongoing and completed surveys
in Bangladesh, conducted by FAP 17 and other FAP projects, were reviewed.

2.11 The conclusions and recommendations presented here should not be considered final,
as investigations in progress will yield a greater understanding of the migration of native
species, the distribution of fry and hatchlings, and the effect of flood control upon young
fishes. Guidelines for planners on the installation and design of fish passes and modification

of regulators in order to ensure least damage to fisheries will be given in the final report
of FAP 17.

2.12 The migration patterns of groups of fishes from other rivers elsewhere in the world
are chronicled because so little has been published about the behaviour of native species.
Knowledge about fish movements is necessary to formulate sensible advice for planners.
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2.13 A discussion of the possible designs of fish passes that may be suitable for use in
FCD/I schemes is provided. "Fish-friendly regulators" are proposed, with a detailed
discussion of how regulators affect fish and how modifications to the designs and operation
can be made to minimise harmful effects.

2.14 Some other FAP projects have looked at the effects of flood control on movement

of fishes, and their recommendations on how this might be considered in future plans have
been reviewed.

2.15 Recommendations and suggestions for future investigations are included, and it is
hoped this report will stimulate discussion amongst interested parties.



3 FISH MIGRATION

3.1 Few flood river fish are confined to one habitat throughout the year. The species that
reside on the floodplain and beels during the dry season tend to be those with adaptations
to withstand limiting conditions (such as desiccation, isolation and deoxygenation) in the
dry season pools. The majority of species, however, are migratory. Of these, some are
restricted to a small geographical area and make only short migrations (20-30 km). Some,
however, migrate substantial distances, up to several thousand kilometres, between widely
different habitats.

3.2 For fish inhabiting seasonal floodplain river systems, the optimum habitat for feeding
is rarely the same as that for breeding, and migrations between the two habitats are
undertaken. The breeding grounds are often upstream of the feeding grounds, so that the
relatively passive eggs and hatchlings can drift downstream towards the feeding grounds.
The developing fish are transported and dispersed with the floods through the secondary
river systems, and by the time they reach the floodplains are at a stage of development able
to exploit the rich food resources.

3.3 Fish migration is most commonly brought about by a behavioural response to currents.
However, the nature of this response can change during the life cycle of the species. The
most fundamental change is between actlve upstream migration, usually undertaken by
adults moving to their spawning grounds and the passive or combined active/passive
downstream migrations of juveniles. For the fish population to be maintained, both phases
need to be possible (Figure 3.1).

3.4 Whilst this is the basic pattern, species of fish differ greatly in the extent of their
movements. The fish communities of Southern Asia have been divided into the "black
fishes" which are essentially resident on the floodplain and the "white fishes" which
show some distinct migration within the river system, usually associated with spawning.

3.5 The "black fishes" are those which would normally retreat into the beels or other
residual water bodies after the floods have receded. They are commonly taken in the kua
or fish-pits, which trap the last remnants of the floodplain waters. They include Anabas
testudineus, Heteropneustes fossilis, Channa spp., Mastacembellus spp., Colisa spp. and
some species of Puntius.
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Figure 3.1  Basic pattern of migration between feeding, spawning and nursery habitats.

3.6 The "white fishes" can be divided into three categories depending on the extent of
their migrations:

(i) Those with considerable longitudinal migrations, which may be followed by lateral
migrations onto the floodplain (e.g. Pangasius pangasius, Tor putitora);

(1) Those with limited longitudinal migrations followed by lateral migrations onto the
floodplain (e.g. major carp species, Clarias batrachus); and



(iii) Those species which are truly anadromous, moving from the sea into freshwater to
breed (e.g. Hilsa ilisha).

3.7 Few direct observations of the migration of fishes in the rivers of Bangladesh have
been published. It is necessary, therefore, to infer the most probable pattern of events from
observations elsewhere in the Gangetic or Brahmaputra systems or from other regions with
hydrological conditions which are essentially tropical. The mahseers, such as Tor putitora,
which in India move considerable distances into headwater streams to spawn (Talwar and
Jhingran, 1992), are of the first category of migratory species. However, it appears that
by far the greatest number of migratory species in Bangladesh exhibit category
(i) migrations. Observations in India suggest that Carla carla (Jhingran, 1968), Labeo
rohita (Khan and Jhingran, 1975) and Cirrhinus mrigala (Jhingran and Khan, 1979) all
show only local movements upstream, and primarily migrate laterally onto the floodplain
after spawning along the margin adjoining the river. Though it has been suggested that the
major carps carry out long distance migrations beyond the borders of Bangladesh to spawn
(Tsai and Ali, 1985), evidence of fry catches along the banks of the Padma (Nabi and
Hossain, 1982) suggest local spawning grounds, because there is little possibility for
upstream migration beyond of the Farraka Barrage just over the border in India. It is
therefore probable that spawning occurs locally, e.g. in the Halda River in SE Bangladesh
(Tsai and Ali, 1988).

3.8 The migratory behaviour of the catﬁshes of Bangladesh is unknown. In Africa many
of the catfishes such as Clarias, Schilbe and Eutropius spp. show local migrations plus the
lateral movement onto the floodplain as outlined in category (ii), (Lowe McConnell, 1975).
The catfish Clarias batrachus has been mentioned as migrating onto the floodplain (Talwar
and Jhingran, 1992), but the behaviour of other catfishes such as Ompok spp., Mystus spp.
and Wallagonia atru is unclear. Elsewhere, catfishes of this type would typically show
movements of the category (ii) type.

3.9 The anadromous hilsa shows large-scale movements from the estuary into the river
during the monsoon season, typical of category (iii) migration. In the Hooghly River, a
small peak in activity later in the winter has also been noted (Pillay and Rosa, 1963).
There is also the suggestion of resident river populations in the Ganges (Pillay and Rosa,
1963) and Islam and Hossain (1983) have noted that small numbers are present near
Rajshahi at all times of year. The breeding season occurs here in July to November and
January to March (Islam and Hossain, 1983).
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Critical features of migratory behaviour; fish responses to current.

3.10 River discharges provide the essential directional cues to physiologically-prepared
fishes to move upstream, whilst also offering increased resistance to progress. Work in the
erstwhile USSR has demonstrated that fish tend to follow their migratory pathways against
the resistance of the current in one of two ways (Pavlov, 1989).

3.11 Pelagic and some near-bottom dwelling species move near the surface of the water.
[llumination and not the time of day is the principal criterion for movement, hence the
fullness of the moon is important in determining the timing of migrations. Species which
rely upon mainly tactile orientation, for example many of the catfishes, move against the
current close to the bottom or near the banks at night. The moon or other sources of light
can inhibit migratory movement of these species.

3.12 Fish normally migrate at an intermediate cruising speed and only rarely at maximum
speed. If current velocity in the main river channel exceeds their swimming ability, the fish
will move closer to the bank where velocities are generally slower. The presence of
turbulence or whirlpools tends to disorientate the fish. The swimming speeds of bottom fish
tend to be rather lower than those of pelagic species, of the order of 0.5-1.0 times the body
length sec” compared to 3-4 times the body length sec’ for pelagic species. Nevertheless,
the rate of progress upstream is often similar, since the bottom fish are moving in slower
currents (Pavlov, 1989). -

3.13 During upstream spawning migrations, active swimming phases seem to alternate
with shorter passive phases, due to fatigue or re-orientation in complex current systems.
When spawning approaches, the basic response of the fish to the current changes and the
more sustained active upstream movement of the fish gives way to a more active/passive
swimming behaviour. At this time the overall swimming activity of the fish declines and
they move into side channels and onto the floodplain. On the floodplain there is little
directional current, as the flood advances rapidly but gently by the process of “creeping
flow". Currents are generally below the threshold required to trigger the directional
response and no doubt alter tactile, olfactory and visual senses that assist in the final
orientation to the spawning or feeding grounds.

3.14 Distribution of fish on the floodplain seems much more random and less aggregated
and directional. As the floods recede both adults and juveniles re-orientate to the current
in their active/passive migration downstream back to the main channel.



3.15 Whilst this is the basic pattern, species differ in the extent of the various responses.
All except those categorized as "black fishes" show the active upstream adult and passive
downstream juvenile migrations (Figure 3.1). Distances of migration for both age-groups
in category (i) can be very great. For example, Pangasius spp. is recorded as travelling
over 1000 km in Cambodia. Those of category (ii) may travel tens of kilometres, whilst
distances covered by category (iii) species are variable. For example hilsa is found up the
Padma River as far as Rajshahi (Islam and Hossain, 1983), a distance of some 250 km
from the sea.

3.16 Whilst most investigations on fish migratory responses have been carried out on
European or North American species, the same groupings appear valid for warm-water
species. For example, tagged specimens of the pelagic characins Prochilodus spp. and
Salminus spp. follow the gradients of flow velocity in the main river and move during
daylight hours, whilst the catfishes Pseudoplatystoma spp. and Luciopimelodus spp. follow
the contours of the bottom and avoid the zones where current speeds are greatest
(Poddubnyi et al., 1981).

3.17 Current velocity is the main initial stimulus to upstream migration, and there are two
indices which define the ability of the current to stimulate movement and the ability of the
fish to respond. These are:

- Threshold Current Velocity (V,,), the minimum current velocity which leads to an

orientation reaction against the current (values range from 1-30 cm sec™)

- Critical velocity (V,,), the minimum current velocity at which fish begin to be carried
away by the water flow.

3.18 The Vy, needs to be exceeded to stimulate the fish to begin upstream movement,
assuming that physiological factors, such as the hormone cycle of ripening fish, are at the
appropriate stage.

3.19 The Vg, and V_, v-ary with size of fish and also according to the species or category
of fish (Figure 3.2). Typically, bottom-dwellers have critical velocities 2-3 times lower
than those for species living in mid or upper levels of the water column. For these species
there is a tendency for threshold velocities to be high and critical velocities to be low. The
reverse is true for pelagic species.
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3.20 Fish are also generally attracted to faster currents: attracting velocities are frequently
0.6-0.8 of the V,,. For a wide selection of European species, the V_, ranges from 0.7-0.9
m sec” (Malevanchik and Nikonorov, 1984).
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1. Alburnus alburnus. 2. Leucaspis delineatus. 3. Ruitilus rutilus caspius. 4. Carassius carassius. 5.
Abramis ballerus. 6. Perca fluviatilis. 7. Vimba vimba. 8. Nemachilus barbatulus. 9. Cottus gobio. 10.
Rhodues sericeus. 11. Tinca tinca. 12. Cobitis taenia. 13. Acipenser guldenstadti. 14. Husa huso. 15.
Acipenser stellatus.

Figure 3.2  Critical current velocities for different species and sizes of fish

3.21 One final factor which is known to affect the performance and response of migratory
fishes to current velocity is temperature. Maximum swimming speed is affected both by
temperature and length of fish. It is possible to predict their effects (Beach, 1984) using
an empirical formula derived by Zoll (1982). The interaction of these two factors
(Figure 3.2) shows that 2 0.9 m fish has a predicted maximum swimming speed of only
4.3 m sec” at 10 °C, but this increases to0 9.6 m sec” at 25 °C. Since maximum swimming
speed must be closely related to V,, , the critical current velocity, then temperature must
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be expected to have an effect on this value. This may be, however, a "within species"
effect: there is no evidence that tropical species have a higher maximum swimming speed
or critical velocity than do temperate species. In fact, the range of critical velocities found
in tropical Brazil and temperate USSR appear to be similar.

Hatchling movement

3.22 The early floods are extremely important for fish movement, not only for adult fish
moving upstream and onto the floodplains for spawning, but also for transporting the
developing hatchlings and fry to the rich feeding grounds of the floodplains.

3.23 The dispersal of carp hatchlings with the early floods has considerable significance
in Bangladesh. A hatchling and fry fishery has been established along the banks of the
Jamuna, Padma and smaller rivers such as the Old Brahmaputra, Dhaleswari and Baral
rivers. This fishery, using fine mesh conical nets (savar nets), supplies "seed" for
aquaculture. Some 70-75% of the total "seed" production of Rajshahi comes from 14
collection centres on the Padma River (Nabi and Hossain, 1983).

3.24 The early floods are not only important for transporting carp hatchlings, but they also
carry a large number of other species. The development and drift of other species, such
as Chanda spp. and Glossogq{_)ius spp. and species of prawn correspond to later peaks in
river discharge in August and September (FAP 17 Interim Report, 1993).

3.25 The effects of regulators on the drift of hatchlings is unclear, although numbers
caught inside and outside have differed. The hydrostatic pressure caused by head
differences across regulators may sometimes be sufficient to kill hatchlings, but studies so
far have not shown this in practice (see Interim Report, July 1993).

3.26 Further work is ongoing at a number of different regulators in the NE and NW
regions of Bangladesh. Studies in the NC region are aimed at evaluating the natural drift
of hatchlings along the Dhaleswari River, and vertical and horizontal movements down the

Lohuajang River. Both these rivers are free flooding at present, but plans are proposed for
their regulation.

3.27 FAP 20 has already given some indications of the natural distribution of hatchlings
in the water column. Initial findings showed little difference in the densities of hatchlings
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drifting in different levels of the water column, but when flow characteristics (theoretical)
were considered, the largest numbers of hatchlings appeared to move with the surface
layers. The numbers transported decreased exponentially down through the water column.
FAP 17 results will elucidate the situation further.

3.28 It is clear that the annual monsoon rains and subsequent flooding in Bangladesh have
considerable influence on the spawning and early development of many native fish species.
The life cycles are intimately linked to the hydrologic cycle. Changes in the hydrology
such as differing flow patterns of rivers and khals and the limiting of access to and from
the floodplains brought about by flood control (embankments and regulators) must have an
effect on the movements of fish and thence on the abundance of stocks.

3.29 The possibilities of maintaining adult migration and downstream drift of hatchlings
through structural and operational modification to the engineering works are apparent from
overseas experience. Work in South America and Russia shows that the use of fish passes
at regulatory structures and artificial stocking are complementary strategies (Bonetto 1980:
Poddabnyi er al., 1984) and a combination of both approaches is now commonly employed
in mitigation. For example, valuable sturgeon stocks are maintained in the Volga River by
a combination of a massive rearing programme and the construction of fish passes on
barriers in the lower reaches of the river (Pavlov and Vilenkin 1991; Pavlov 1989).

3.30 The following section discusses the options fgr use of fish passes and assesses the

effects of regulators on the passage of fish. Modifications to the designs of regulators to
improve their "fish- friendliness" are also suggested.
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