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EXECUTIVE SUMMARY

The Expert Workshop on “Fishway Design Principles to Enhance Sustainability of Inland Fishery in the
Southeast Asian Region” was organized by the Southeast Asian Fisheries Development Center
(SEAFDEC) on 6-10 March 2016 in Thailand and Lao PDR under the project on “Application of fish
passage design principles to enhance sustainability of inland fishery resources in the Southeast Asian
region” with financial support from the Australian Centre for International Agricultural Research (ACIAR).

The Expert Workshop was participated in by the participants, which include international and regional
experts, officers and experts of Department of Fisheries and the Royal Irrigation Department of Thailand,
as well as SEAFDEC Secretary-General, concerned officers of the SEAFDEC Secretariat, Training
Department (TD), and Inland Fishery Resources Development and Management Department (IFRDMD).

During the Expert Workshop, participants noted the biological information and requirements of different
species group is very important for development of appropriate design of fishway. Although, the existing
fishway design could facilitate migration of fish, but not all species could migrate up to lake. There is
therefore a need for identification of target species, which should focus on those that require long-distance
migration. From the Experts’ presentation on the works related to fishways design development in
Cambodia, Lao PDR, and Thailand, it was noted that there are several types of fishways could be used to
facilitate either upstream or downstream migration of fish, the choosing of particular design need to
compare their advantages and disadvantages, and take consideration the concerned species. It was
emphasized that one of the factors to facilitate effective migration of fish at fishway is the operational
management of water inflow to fishway facilities in particular fish passing to culvert.

The experiment fishway model which was developed by SEAFDEC/TD under the ACIAR-supported
project on “Application of fish passage design principles to enhance sustainability of inland fishery
resources in the Southeast Asian region,” was presented and discussion particularly on criteria for fishway
design towards enhancing the sustainability of inland fishery resources in the Southeast Asian region.
Moreover, the future actions were also discussed. It was recommended that the fishway experiment at TD
should be continued, funding support also should be further sought for conduct of field experiment and
validation, and assessment be made on new design of fishway in comparison with existing design(s). In this
connection, the Workshop also suggested to conduct experiments using fishway model developed by TD to
come up with biological information on various fish species/species group.
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REPORT OF THE EXPERTS WORKSHOP ON FISHWAY DESIGN PRINCIPLES TO
ENHANCE SUSTAINABILITY OF INLAND FISHERY IN THE SOUTHEAST ASIAN REGION

6-10 March 2016, Thailand and Lao PDR

I INTRODUCTION

1. The Experts Workshop on Fishway Design Principles to Enhance Sustainability of
Inland Fishery in the Southeast Asian Region was organized by the Southeast Asian Fisheries Development
Center (SEAFDEC) on 6-10 March 2016, Thailand and Lao PDR under the project on “Application of fish
passage design principles to enhance sustainability of inland fishery resources in the Southeast Asian
region” with financial support from the Australian Centre for International Agricultural Research (ACIAR).

2. The Workshop was attended by regional and international experts, officers and experts of the
Department of Fisheries and the Royal Irrigation Department of Thailand, as well as SEAFDEC Secretary-
General, concerned officers of the SEAFDEC Secretariat, TD, and IFRDMD. The List of Participants
appears as Annex 1.

3. The Workshop has objectives to obtain information from experts on works related to biology and
ecology in relation to fish migration and fishway designs, as well as their recommendations for undertaking
of activities under the ACIAR-supported project on “Application of fish passage design principles to
enhance sustainability of inland fishery resources in the Southeast Asian region,” particularly on criteria for
fishway design towards enhancing the sustainability of inland fishery resources in the Southeast Asian
region.

1. PRE-WORKSHOP EXCURSION

4. Excursion program was arranged for participants to visit fish passage at Sui Reservoir in Cham
Phone District; and fish friendly floodgates in Huay Papak, Huay Kae and Huay Phin in Xayburi District,
Savanakhet Province in Lao PDR on 6 March 2016. Participants also observed fishway facilities at
Thoranit-naruemit Watergate, and Na Koo Watergate in Nakhon Phanom Province; and Suraswadi
Watergate in Sakon Nakhon Province in Thailand on 7 March 2016.

1. WORKSHOP SESSION
3.1 Opening of the Workshop

5. SEAFDEC Secretary-General, Dr. Kom Silapajarn, welcomed participants, and expressed the
utmost appreciation of SEAFDEC for the participation of experts from various countries to this Workshop.
He briefly reiterated the importance of this Workshop in developing recommendations, particularly on
criteria for fishway designs and for further activities to be undertaken under the fishway project that is
being implemented by SEAFDEC with support from ACIAR. He subsequently expressed the appreciation
to ACIAR for extending financial support to this project and to Dr. Chumnarn Pongsri for leading the
implementation of this project; and declared the Workshop open. His Opening Remarks appears as Annex
2.

3.2 Introduction of the Workshop

6. The Workshop took note of the overview of the project on “Application of fish passage design
principles to enhance sustainability of inland fishery resources in the Southeast Asian region,” including
the agenda and arrangements as well as the expected results of the Workshop. The Prospectus of the
Workshop appears as Annex 3.



3.3 Review of Works Related to Fish Migration Biology and Ecology in Southeast Asia
e Overview on Biological and Ecological Aspects in Relation to Fishway

7. As basis for further discussion on development and operation of fishways to mitigate impacts from
cross-river obstacles in the Southeast Asian region, Dr. Chumnarn Pongsri emphasized the need to give
due consideration on three important aspects, namely: 1) engineering aspect; 2) biological aspect; and 3)
social aspect. Specifically, the engineering and biological aspects should be integrated to come up with
appropriate fishway designs. He further reiterated that different catchments comprise different groups of
aquatic species, and thus development of single fishway design that could facilitate migration for all
catchments/species would not be possible.

8. It was noted that biological information and requirements of different species group is very
important for development of appropriate designs of fishway. There is therefore a need for identification of
target species, which should focus on those that require long-distance (longitudinal) migration and provide
significant contribution to long-term food security of people; and collection of necessary biological
information of such species.

9. The Meeting further noted that under this Project, SEAFDEC intended to develop on-station
experimental fishway design, aiming to come up with model construction of fishway that could be
managed and used for the conduct of further scientific experiment; as well as to facilitate understanding of
public on the importance of fishways. Specifically, such fishway model could also be used to obtain
additional information on biological aspect of different groups of fish, e.g. dimension of fish, ability to
swim against water, migration behavior, migration time, etc. This information should be pooled with other
available information to facilitate the development of most effective engineering designs to facilitate
migration of fish in the future.

e Fish Passages in Nam Kam River, Thailand

10. Presentation on “Fish Passages in Nam Kam River, Thailand” (Annex 4) was made by Mr.
Boonsong Sricharoentham from the DOF Thailand. He provided an overview of Nam Kham River, a
tributary of the Mekong River, which is equipped with a series of fish ladders, from Suraswadi (uppermost
watergate next to Nong Han Lake) to Thoranit-Naruemit (lowermost watergate before Mekong River).
Different fish ladders were constructed using different designs (varied pool dimension, number of pool,
length of fish ladder, number of water gate, etc.).

11. Mr. Boonsong subsequently informed results from the study conducted during 2012-2015 with
support of MRC to evaluate fish migration through fish ladders, migration pattern of economically
important aquatic species, impact of hydrology on fish migration, and undertake DNA marker study. In
particular, information was collected on species, number, length and weight of fish, at the second
uppermost pool of the ladder at 2-hour interval during different diurnal period (day/night time) and
seasons. The study showed that out of 83 species of fish found at Thoranit-Naruemit Watergate, only 43
species could be recorded at Suraswadi Watergate. Tagging experiment was also conducted, with fish being
released at Thoranit-Naruemit Watergate to monitor recapture in the upstream river.

12. Observation was made that although the existing fishway design could facilitate migration of fish,
but not all species could migrate upto Nong Han Lake. This could be due to the fact that fish migration
occurs mainly during the early rainy season, when rainfall would be reserved in Nong Han Lake and not
discharged through the watergate, resulting in less water flow through Nam Kam River than the amount
that could trigger fish migration (comparing with the flow from other nearby tributary).

13. It was noted that Suraswadi Watergate is used to control water level and prevent flooding in Sakon
Nakhon Province, and this is the primary factor to be considered in discharging of water through the
watergate. Furthermore, while the operation of fishway should be undertaken during migration season,
currently no one is in charge in regulating the fishway based on the actual water level and migratory
requirement.



14. While noting that the operation of fishway in Nam Kam River was made by partial opening of the
inlet, observation was made that this kind of fishway is designed to be fully opened or fully closed, and
water would be automatically regulated at the opening of the pool slot.

34 Review of Works Related to Fishway Designs
e Principle of Fishway Design on Low-level Dams and Weirs

15. “Principle of Fishway Design on Low-level Dams and Weirs” (Annex 5) was presented by Dr.
Martin Mallen-Cooper. He elaborated the fishway design principles, which include the need to: 1) address
upstream/downstream migration; 2) integrate biology/ecology and hydraulics; 3) locate and design fishway
entrance to attract fish; 4) determine appropriate size of fishway to meet the biomass and flows of the river
system; and 5) document assumption and use adaptive management.

16. Several types of fishway designs, e.g. cone fishways, vertical-slot, rock-ramp fishways, etc., were
explained with advantages and disadvantages of each design, which should be taken into consideration in
choosing of appropriate design for different situation. It was further noted that each site for construction of
fishway is unique, and thus the design need to take into consideration the actual situation to ensure that
fishway could perform as expected. Construction of fishway model (small size) or computer modeling to
imitate actual situation and operation could be considered for fishway entrance design, as this is much
cheaper than changing the entrance after actual construction and could help identifying/solving problems
that may occur before the construction.

e Fish Passage Evaluation and Monitoring Technologies

17. Dr. Daniel Deng shared information on “Fish Passage Evaluation and Monitoring Technologies”
(Annex 6), with particular emphasis on: 1) Acoustic Telemetry; and 2) Sensor Fish Device, as options that
have been used extensively in the United States and around the world for monitoring of fish passage. It was
noted that “acoustic telemetry” (with tag attached to individual fish, receiver, and information processing
device) could be used to provide information on fish behavior and passage routes, e.g. how fish approach
the fishway, and the migrating behavior after passing fishway; but the equipment could be costly and
required high labor (although cost is recently significantly declined). For “sensor fish device,” this is useful
for monitoring of physical condition that the fish experience, e.g. pressure, strike and turbulence in fishway
and other structures that can cause fish injury and mortality.

e Fish Trap and Haul System for High Dam in China

18. Dr. Xiaotao Shi made presentation on “Fish Trap and Haul (T&H) System for High Dam in
China” (Annex 7). Although fishway is also used to facilitate fish migration across cross-river obstacles in
China, construction of fishway could be too costly for high dams, e.g. those with the height of over 100
meters, and thus T&H could be an alternative system that is cheaper and could be used to mitigate both
upstream and downstream migration requirement. It was noted that in designing the appropriate T&H
System, consideration should be given to appropriate site for putting trap, taking into consideration water
current, convenience of work; appropriate timing (season) based on migratory season of fish; and release
point where fish can find familiar environment, etc.

19. The advantages of T&H System were elaborated, particularly the ability to change location of the
trap in response to different conditions; ability to regulate trapping flow rate according to different fish
species in a larger scope; ability to release fish into the river course with no effect from discharge flow;
while there is no need to draw water from upstream reservoir for the operation of fishway. The application
of behavior guidance methods including attraction flow, light, air bubble curtain, guiding net, etc. should
be further studied. Challenges faced in the operation of T&H System and counter-measures toward them
were also explained in the presentation.



e Fish and Fishway in Cambodia

20. Mr. Chan Sokheng presented the “Fish and Fishway in Cambodia” (Annex 8), outlining the
importance of inland capture fisheries for Cambodia, and the nature of fish migration in Tonle Sap which
occurs during the wet season when fish enter into the tributaries, and during the dry season when fish gets
back to deeper water in Mekong River.

21. While noting that there are several types of fishways that could be used to facilitate either
upstream or downstream migration of fish, the choosing of particular design need to compare their
advantages and disadvantages, and take into consideration the concerned species. The result of study at
Stung Chinit showed that 41 out of 55 species could pass through fishway. It was also noted that proper
design of fishway for Cambodia still requires further studies, e.g. on swimming capabilities of target
species to make sure that these passes will be efficient.

e Fish Passage Development in Lao PDR

22. Mr. Douangkham Singhanouvong presented on “Fish Passage Development in Lao PDR” (Annex
9). He outlined rational on the need of fish passage as an option to preserve biodiversity of fish species in
response to construction of cross-river obstacles, e.g. large number of floodplain regulators in Lao PDR. In
2008, pilot study on fish passage was undertaken in the country with support from ACIAR, covering both
upstream and downstream migration. Specifically for upstream migration, three types of fish passes, i.e.
vertical slot, submerge orifice, and rock ramp were used; while for downstream migration, migrations
through overshot and undershot gates were experimented. Specifically for downstream migration, it was
noted that undershot gate could cause higher injury or mortality than overshot gate. A new gate design
which operate as overshot will therefore be installed and tested in Pak Peung wetland in 2016-2017.
Economic modeling would also be undertaken to evaluate the feasibility of fish pass.

e Lao Fish Passage Research-Results, Outcomes and Future Works

23. Mpr. Garry Thorncraft made the presentation on “Lao Fish Passage Research-Results, Outcomes
and Future Works” (Annex 10). He elaborated steps required for establishment of fish passage facilities,
which include: 1) Scoping (prioritizing the barriers, considering that there are very large number of barriers
in Lao PDR); 2) Research (on different types/designs of fishway, and undertaking experiments to compare
different types of design); 3) Construct; and 4) Assess (the ability of fish that can pass fishway through data
collection on species and size distribution at the top, bottom and culvert of fishway).

24, While noting the results from the fishway assessment showed the design pass almost all of the
species observed downstream of the site. It was emphasized that one of the factors to facilitate effective
migration of fish at fishway is the operational management of water inflow to fishway facilities in
particular fish passing to culvert, which is an important area and need more research/consideration for
future fishway design. Future works to be undertaken in Lao PDR were also noted, which include projects
on: 1) Improving the design of irrigation infrastructure to increase fisheries production in floodplain
wetlands of the Lower Mekong and Murray-Darling Basins 2014-2017 (supported by ACIAR); 2)
Quantifying biophysical and community impacts of improved fish passage in Lao PDR 2016 — 2021
(supported by ACIAR); and 3) Development of fish-friendly sustainable hydropower technology guidelines
2016 (Supported by USAID). It was further noted that involvement of stakeholders at different level is the
key for success of the project implementation.

3.5 Experimental Flumes for Fishway Design

25. Dr. Martin Mallen-Cooper informed the Workshop on “Experimental Flumes for Fishway Design”
(Annex 11). His presentation outlined different types of flume designs: namely: Straight flume in
laboratory; 2) Experimental fishway in laboratory or field station; and 3) Experimental fishways on site in
river/wetland, including advantages and disadvantages for each type of flume design. Cautions for the use
of flumes were however noted, i.e.: 1) flume could not be scaled-up to come up with full-scale
construction; data from laboratory experiment may underestimate swimming ability of fish in actual



situation and mislead fish behavior; and experimental fishway constructed for laboratory use is much
shorter (in length) than the real construction.

3.6 Experimental Fishway Model at SEAFDEC/TD

26. Mpr. Suthipong Tanasarnsakorn presented on “Fishway Experiment” (Annex 12) which was
undertaken at the SEAFDEC/TD. It was noted that the initial model (i.e. pool dimension, pool opening,
etc.) was designed based on recommendations made during the Workshop on Principle of Improved Fish
Passage at Cross-river Obstacles, with Relevance to Southeast Asia convened by SEAFDEC in 2013; and
was experimented to observe the possibility of several indigenous fish species to pass through the model.

27. The Workshop was informed that this initial model of vertical slot fishways was targeted at
fingerling size cyprinids (white fish) that require longitudinal migration. While it is anticipated that the
model would be further improved and used for experiment on various fish species to come up with relevant
data and information on fish biology and behavior; SEAFDEC also plans to construct smaller model that
could be demonstrated, e.g. during exhibitions, to enhance public understanding on fishway concept and
the utilization of fishway to mitigate impacts from cross-river obstacles.

3.7 Discussion
28. The Workshop discussed and came up with following recommendations:
Component and Criteria for Fishway Design

a) Designing and construction of fishways need to consider both biological aspect of aquatic species (e.g.
fish species, size, etc.), as well as hydrological aspect of the fishway (e.g. water discharge volume of
the river, water head, etc.). Although standard criteria for fishways (e.g. pool dimension, entrance size)
is already available, but this should be tailored to fit with the specificity of different locality and also
make use of available indigenous knowledge.

b) Steps for prioritization of sites for fishways could include: 1) Use of satellite data: to mark water
barriers, observe physical characteristics, position/size of catchment and aquatic habitat; 2) Field
survey to the site to see the actual barrier, condition of habitat/species, fishing activities,
local/indigenous knowledge; and 3) Evaluation/assessment to determine the potential benefit from
fishways (based on social-economic and biological dimensions), give score/rank and prioritize the site;
4) allocate fund to develop preliminary design, and formulate proposal for donor support. Criteria
for prioritizing sites for fishway could be found at http://aciar.gov.au/project/fis/2009/041. Priority
should be given not only to fishways for upstream migration, but also downstream migration, as if fish
can migrate into downstream part of the river, they can further migrate upward later on.

c) Attraction of fish to the entrance is important to facilitate migration:

- Based on the expert’s experience, the need of ~10% of total discharge through fishway (including
auxiliary flow) to attract fish was noted, and the structure of fishway should be able to
accommodate this.

- Requirement of discharge to attract fish is only during fish migration period, e.g. early period of
rainy season and not all-year-round (water flow during fish migration peak is not as much as
during water flow peak)

- Entrance position and design are also very important to facilitate/attract fish to find the entrance
(should be placed near the bank where fish usually swim).

d) Designing of fishways should also take into consideration migratory requirements of species under
international concerns e.g. eels (Anguilla spp). In this regard, Dr. Daniel Deng was requested to share
further information on fishway design to facilitate eel migration to SEAFDEC/IFRDMD. In addition,
migration of other important species, such as giant freshwater prawn should also be considered.



Improving Preliminary Fishway Model of SEAFDEC/TD

e)

g)

h)

)

The initial design of on-station fishway model of SEAFDEC/TD should be improved by increasing the
depth as much as possible. It was noted that the existing model still have ~ 30 cm freeboard, and thus
water depth could be increased by adding more water pump.

TD may consider varying the shape of slot opening (e.g. using straight slot, wide at the bottom and/or
top, blocked at the middle). However, different opening shape should be designed based on various
factors, e.g. fish species/size/behavior, amount of water discharge. The shape has to be carefully
chosen for specific site/situation.

Based on research (by Dr. Martin Mallen-Cooper): i) baffle deflector (small baffle) should be
increased to 1.6 times of slot width; ii) large baffle return should be increased to 2.0 times of slot
width; iii) sill in the base of the slot should be used and should be equal or greater than the height of
the head loss; and iv) pool proportions should be closer to 3:2 (length: width).

Experiment should be conducted making use of the on-station fishway model, using different species

and size of fish, different water flow rate and fishway slope, etc. Data should be recorded on:

- Water depth, pool depth, head loss between each pool, etc.

- Fish species/groups, fish size that could pass through the fishway (DOF Thailand may help
identifying priority species/groups to be experimented)

- Migration during different time of the day (day/night time)

- Flow measurement details, including spatial and temporal, and equipment used for measurement

Experts as well as staff of DOF Thailand, Cambodia and Lao PDR are invited to make use of the
experimental model at TD to conduct relevant study.

In the future, TD should transfer the fishway model laboratory data to undertake field experiments
before publishing design criteria.

Way Forward

Information Collection and Exchange

k)

D)

Activities should be pursued to collect addition biological information of fish, e.g.:

- Fish swimming performance in different turbulences and water velocities (high priority)

- Fish behavior in the river, approaching the weirs and below the weirs (e.g. using acoustic
telemetry, radio telemetry, camera). However, consideration should be made that fish in the
Southeast Asian region are small-size, large in number and high species diversity.

- Influence of lunar cycle should also be considered in data collection

Harmonized methodology for data collection should be developed and used for collection of
data/information on migratory fish by various agencies/institution, e.g. along Mekong up to upstream
river in China, as this could affiliate sharing/exchange of information in the future. Existing
methodologies developed by MRC should also be considered (see www.mrcmekong.org).

Data should also be collected on performance indicator of fishway, such as:
- Whether fish population upstream could be maintained;

- Proportion of fish that can pass into fishway (entrance attraction); and
- Whether fish migrate from bottom to top of the fishway itself.

Regular exchange of relevant information should be considered. This should include not only the
success case, but also the failure.

Establishment of e-group by SEAFDEC, comprising experts attending in this Workshop, to
facilitate communication and sharing/exchange of information (high priority)



Enhancing Cooperation with Royal Irrigation Department

p) Cooperation with RID should be enhanced in the future to ensure that appropriate fishway designs
would be taken into consideration in designing of new construction project.

q) It was noted that clear standard/criteria for design of fishways (both for upstream and downstream
migration) is necessary to facilitate communication with decision makers to understand specific
criteria/requirements for fishways. Information on benefit of fishway to biodiversity and contribution
to nutritional requirement of people should also be included.

r) Watergate operator/manager should be involved in designing of the fishways in order to know the
basic principle (e.g. water demand for fishways, discharge time, etc.), considering that the
effectiveness of fish migration also relies on watergate operation.

s) In seeking approval for engineering design of fishways, working group should be established,
comprising engineer, scientist, biologist, etc., to review the construction plan and minimize the
chance of mistake.

t) In addition to criteria that should be considered in construction of new fishway, modification of the
existing fishway structure or its operation to facilitate fish migration should also be considered.

3.8 Future Actions

29. The Workshop recommended that: 1) fishway experiment at TD be continued; 2) funding be
further sought for conduct of field experiment and validation (particularly on turbulence and baffle design);
and 3) Assessment be made on new design of fishway in comparison with existing design(s).

30. The Workshop suggested that as the conduct of experiments using fishway model developed by
TD to come up with biological information on various fish species/species group may take some time;
SEAFDEC, DOF and RID could consider developing a proposal for funding support from donors, e.g.
ACIAR or USAID, for field experiment using the fishway model. Thus, the field experiment could proceed
shortly after obtaining the required biological information.

31. Mr. Douangkham Singhanuwong informed the Workshop that Lao PDR is planning to host the
“Regional Workshop on Fish Passage and Hydropower” in September 2016; and encouraged all experts to
also attend in this Workshop. It was noted that participants of the Workshop would not only be from the
region but worldwide to share relevant knowledge and information.

3.9 Closing of the Workshop

32. Dr. Kom Silapajarn expressed his appreciation to the participants for their inputs and contribution
that paved the way toward facilitating the future activities of SEAFDEC in improving the design of
fishway model and conducting on-station experiments making use of the model. He expressed the
willingness of SEAFDEC to continue cooperation with all experts in the future works, as well a in sharing
of information on works in relation to fishways in the future; and declared the Meeting closed.
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Annex 2
OPENING REMARKS

By Dr. Kom Silapajarn
SEAFDEC Secretary-General

Dr. Chumnarn Pongsri, Leader of the project on Fishway Design Principles to Enhance Sustainability of
Inland Fishery in the Southeast Asian Region,

Delegates from the Royal Irrigation Department and Department of Fisheries of Thailand,

Officials of SEAFDEC Secretariat, TD and IFRDMD,

Ladies and Gentlemen,

Good morning,

First of all, please let me welcome all of you once again to the Meeting Session of the “Experts Workshop
on Fishway Design Principles to Enhance Sustainability of Inland Fishery in the Southeast Asian Region,”
although today is already the third day of the Expert Workshop. I would like to also take this opportunity to
express the gratitude of SEAFDEC for all of you in sparing your valuable time to attend in this Workshop,
and share with us your knowledge and experiences on wide aspects of fishway designs.

During the past two days, we have visited several fishway designs both in Lao PDR and Thailand, to equip
us with some background on the nature of cross-river construction in the Southeast Asian region, as well as
some fishway designs that had been constructed and operated in the area. I hope that this should provide a
good basis for the discussion that we are about to make today and tomorrow to come up with
recommendations towards improving the fishway designs that could be suitable for the specificity of the
Southeast Asian region.

To give you some more background on what we are doing now, SEAFDEC recently received a small
research grant from the Australian Centre for International Agricultural Research or ACIAR to implement
the project entitled “Application of fish passage design principles to enhance sustainability of inland
fishery resources in the Southeast Asian region”, with a view of developing a regional collaborative
approach on fish passage; and coming up with design and construction of experimental fishway model in
Thailand. And it is expected that the experimental fishway models prepared through this project would
provide a pathway for further research to improve knowledge on appropriate designs that could facilitate
upstream migration of indigenous fish in the Southeast Asian region.

For SEAFDEC, our works on fishway started very recently, only in 2013, when we convened the
“Workshop on Principles of Improved Fish Passage at Cross-rive Obstacles, with Relevance to Southeast
Asia,” supported by FAO, also with partial support from ACIAR. And based on the information obtained
from the 2013 Workshop, SEAFDEC started some works in designing and construction of initial models of
fishway at our Training Department in Thailand. Thus, we could also have some time at this Workshop to
also look into our initial designs in order to improve them, and see how this could be applicable on-site in
the future.

On behalf of SEAFDEC and our Member countries, I am thankful to ACIAR for extending financial
support to this new fishway project; and to Dr. Chumnarn Pongsri, the former Secretary-General of
SEAFDEC and leader of this project, for continue leading the implementation of this project, including the
conduct of this very important Workshop, even after he already transferred back from SEAFDEC to the
Department of Fisheries of Thailand.

I also wish this Workshop to come up with fruitful recommendations, particularly on recommendations on
criteria designing of fishway models that would be applicable for mitigating problems of cross-river

construction and enhance the sustainability of inland fishery in the Southeast Asian region in the future.

With that, I would like to declare this Expert Workshop open.
Thank you very much and have a good day.
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Annex 3
PROSPECTUS OF THE WORKSHOP
1. Background

Inland capture fisheries in the Southeast Asian region including Mekong River Basin deliver food security
and income for rural households and also serve as a valuable source of protein and important micro-
nutrients. However, inland fisheries are becoming increasingly threatened by riverine development
projects. Construction of cross-river obstacles such as dams, weirs, roads, etc. as means for rapid
development in response to increasing population and demand for agriculture products, hydropower
generation or urbanization, are major threats to the long term sustainability of inland capture fisheries as
any changes in migration, reproduction and biodiversity of aquatic populations has the potential to decrease
capture fisheries productivity. Appropriate mitigation measures to alleviate possible impacts from such
migration barrier are therefore necessary.

Fishways have been constructed worldwide and have proved to help mitigate many fisheries globally.
Nevertheless, in order to assure the effectiveness of the fishways, it is important that fishway design criteria
are established for local species and conditions of the specific region, and not adapted from studies
conducted elsewhere.

SEAFDEC in collaboration with the Department of Fisheries of Thailand therefore implement the project
on “Application of fish passage design principles to enhance sustainability of inland fishery resources in
the Southeast Asian region” with funding support from the Australian Centre for International Agricultural
Research (ACIAR). The project would be implemented for the period of 16 months starting from May
2015 to September 2016, with objectives to:

1) Develop a regional collaborative approach on fish passage through the conduct of an expert
workshop;

2) Design and construct experimental fishway facilities in Thailand; and

3) Provide a pathway for further research to improve knowledge on appropriate designs that could
facilitate upstream migration of indigenous fish.

In June 2015, SEAFDEC and the DOF Thailand convened an informal discussion and came up with initial
recommendations for designing fishway model to be experimented under the project. Initial experimental
fishway model was also put-up at SEAFDEC Training Department in Samut Prakan, Thailand. SEAFDEC
therefore plans to convene an “Expert Workshop on Fishway Design” to seek views from
regional/international experts on issues/factors to be considered in designing fishways that are effective for
the Southeast Asian region, and for improving of initial model of experimental fishway, as well as to
identify way forward to be undertaken, making use of the fishway designs developed under this project.

2. Objectives of the Workshop

The Workshop has objective to obtain information from experts on works related to biology and ecology
related to fish migration and fishways, as well as their recommendations for undertaking of activities under
the ACIAR-supported project on “Application of fish passage design principles to enhance sustainability of
inland fishery resources in the Southeast Asian region”, particularly on criteria for fishway design towards
enhancing the sustainability of inland fishery resources in the Southeast Asian region.

3. Expected Outputs
It is expected that the Workshop would come up with:

1) Review of information on fish migration biology and ecology in Southeast Asia, as well as on fishway
designs worldwide;

2) Recommendations on criteria for fishway designs for the Southeast Asian region, as well as specific
comment(s) for improving of initial model of experimental fishway; and

3) Recommendations on way forward for application of the fishway designs developed under this project.
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4. Date and Venue
The Workshop would be organized on 6-10 March 2016.

Excursion session would be arranged on 6-7 March 2016 for site visits in Savannakhet, Lao PDR; Nakhon
Phanom and Sakon Nakhon, Thailand. Workshop session would be conducted on 8-10 March 2016 in
Sakon Nakhon Province, Thailand.

5. Participants
The Workshop would be attended by:

1) Regional and international experts* on relevant subjects, e.g. fish biology, ecology, fishway designs,
etc.;

2) Relevant officers and experts* of the Department of Fisheries and the Royal Irrigation Department of
Thailand; and

3) SEAFDEC Secretary-General, concerned officers of the SEAFDEC Secretariat, TD, and IFRDMD.

* Experts attending in the Workshop would be requested to make presentation either under the sub-agenda
on: a) Review of works related to fish migration biology and ecology in Southeast Asia; or b) Review of

works related to fishway designs. Experts are also requested to submit corresponding working paper(s)
prior to the Workshop.

6. Workshop Program

Saturday, 5 March 2016

e Arrival of Participants to Nakhon Phanom, Thailand (transportation will be provided to
Mukdahan Province)
e Stay overnight in Mukdahan Province

Excursion Session

Sunday, 6 March 2016 (8.00 — 17.00 hrs)

Excursion program in Lao PDR

e Visit Fish Passage at Sui Reservoir, Cham Phone District, Savannakhet Province
e Visit Huy Papak Fish Passage, Xebangfai District, Khammoun Province

Back to stay overnight in Mukdahan Province

Monday, 7 March 2016 (8.00 — 17.00 hrs)

Check-out and leave Mukdahan Province

Excursion program in Nakhon Phanom and Sakon Nakhon, Thailand

e Visit fishway at Site 1: Thoranit-naruemit Watergate, That Phanom, Nakhon Phanom
e Visit fishway at Site 2: Na Koo Watergate, Na Kae, Nakhon Phanom

e Visit fishway at Site 3: Suraswadi Watergate, Phon Na Kaew, Sakon Nakhon
Check-in and stay overnight in Sakon Nakhon Province, Thailand

Workshop Session

Tuesday, 8 March 2016 (9.00-16.30 hrs.)

1. Opening of the Workshop

SEAFDEC Secretary-General welcomes all experts to the Workshop and delivers his Opening
Remarks.
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Introduction of the Workshop

The organizer presents an overview of the project on “Application of fish passage design principles to
enhance sustainability of inland fishery resources in the Southeast Asian region”. The agenda and
arrangements of the Workshop, as well as the expected results are also presented to the Workshop.

Review of Related Works

a)

b)

Review of works related to fish migration biology and ecology in Southeast Asia (topics to be
identified by experts)

Experts present on fish migration biology and ecology, with particular focus on the Southeast
Asian specificity.

Review of works related to fishway designs (fopics to be identified by experts)
Experts present on works related to fishway design. These also include the initiatives undertaken
in other regions that may be applicable for Southeast Asia.

Wednesday, 9 March 2016 (9.00-16.30 hrs.)

3.

4,

Review of Related Works (Continued)

Discussion

a)

b)

Component and criteria for fishway design

Based on the previous presentations on review of related works, experts are requested to provide
further recommendations on components and criteria for fishway design, as well as on factors and
other issues to be considered in designing fishways with a view to enhance its effectiveness for the
Southeast Asian region.

Experimental fishway model

SEAFDEC/TD presents the initial models of experimental fishway, and seeks views from Experts
for improvement of the model. Experts are also requested to provide comment on commissioning
of the experimental fishway design, to ensure it performs hydraulically and also ecologically.

Way forward

The Workshop discusses way forward on future activities to be undertaken using the experimental
fishway design. These include future studies, e.g. experiment on important fish species to ensure its
applicability in the region, possibility for on-site application of fishway design in the future, etc.

Thursday, 10 March 2016 (9.00-12.00 hrs.)

5.

Summary of the Results from the Workshop

Summary of the recommendations and future plan will be presented for consideration by the Experts.

Closing of the Workshop

SEAFDEC Secretary-General expressed his appreciation to all experts and declares the Workshop
closed.

Thursday, 10 March 2016 (13.00-16.30 hrs.)

Work Planning Session — to be attended only by participants from SEAFDEC Secretariat, TD and DOF
Thailand to discuss implementation of the project
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Annex 4
FISH PASSAGES IN NAM KHAM RIVER, THAILAND
1. Introduction

The Nam Kam River is a tributary of the Mekong River. Along its 123 kilometres, there are 5 Watergates
between the Nong Han Swamp (12,320 ha.) in the head waters and the confluence into the Mekong River.
All Watergates are equipped with fish passages. The study from 2010-2012 indicated that many fishes can
migrate from the Mekong River through the most downstream passage, but only few species were found
passing through the other four passages. There was evidence that several species that pass through the
most downstream passages were different from those being able to pass the more upstream passages. This
present study is designed to implement research activities in the Nam Kam River at Thoranit Naruemit
Watergate, the most downstream passages closest to the Mekong River and Suraswadee Watergate, the
most upstream passage connected to the Nong Han Swamp, because many fishes can migrate through these
two fish ways and the water management systems in these locations are well maintained.

Suraswadee Watergate

Thoranit Naruemit Watergate

Connecting to biodiversity survey study in the Nam Kam River found over 103 species of 24 families of
which sampling from fish passages for 92 species of 21 families, and from gillnets for 66 species of 20
families. At the Toranit Naruemit Watergate, sampling fishes that migrated through the passages for 60
days found 440,015 individuals, from 83 species of 21 families. At the Surassawadee Watergate, sampling
fishes that migrated through the passages of for 40 days found 413,471 individuals, from 56 species from
15 families.

At Toranit Naruemit Watergate, many fishes migrated in early rainy season, and a lot of rainfall period.
There were a few fishes migrated in ending rainy season, because fishes moved upstream from Mekong
River to Nam Kam River for spawning. At Surassawadee Watergate, a few fishes migrated in early rainy
season, while many fishes migrated during ending rainy season. Due to low the floodgate that causing the
water level in the Nam Kam River low, fishes would find a new habitat
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At Thoranit Naruemit Watergate, there were 70 species (95.80% of the total observed fishes) migrated
during the daytime. The most abundance species were Sikukia gudgeri , Dangila lineatus, Hypsibarbus
malcolmi, and Barbodes altus, respectively. During the night time, there were 68 species (4.19% of the
total observed fishes) migrated through the fish ladder. The most abundance species were Hemibagrus
nemurus, Laides longibarbis, Kryptopterus cheveyi, Mystus singaringan, and Hypsibarbus lageri,
respectively. At Surassawadee water gate, there were 35 species (6.97% of the total observed fishes)
migrated through the fish ladder. The most abundance species were Hemibagrus nemurus, Rasbora
argyrotaenia, Mastacembelus armatus, Dangila lineatus, respective. During the daytime, there were 35
species (93.03% of the total observed fishes) migrated. The most abundance species were Dangila lineatus,
Rasbora argyrotaenia, Osteochilus lini, and Osteochilus hasselti, Cyclocheilichthys apogon, Parambassis
siamensia, Systomus orphoides, Monotrete turgidus, respectively.

Fishes that migrated through fish passages at the Toranit Naruemit Watergate were in adult and maturation
states, like Morulius chrysophekadion( Bleeker, )0581Barbodes altus( Gunther, )0585, Hemibagrus
nemurus (Valenciennes, )0581, Kryptopterus cheveyi( Durand, )0191, Osteochilus hasselti( Valenciennes,
)0591, Yasuhikotakia modesta Bleeker, 0588, Crossocheilus siamensis ( Smith, )0180, and Puntioplites
proctozystron( Bleeker, )0588; and sub-adult species, like Morulius chrysophekadion( Bleeker, )0581,
Barbodes altus( Gunther, )0585, Hypsibarbus malcolmi ( Smith, )0198, Hypsibarbus wetmorei ( Smith,
)0198, Scaphognathops bandanensis Boonyaratpalin & Srirungroj,0190, and Puntioplites proctozystron
(Bleeker, 1865). At the Surassawadee Watergate, fishes that migrated through fish passages were in adult
and maturation states, like Osteochilus hasselti( Valenciennes, )0591, Dangila lineatus( Sauvage, )0595,
Hampala dispar Smith,0189, Henicorhynchus siamensis( de Beaufort, )0119, and Rasbora argyrotaenia (
Bleeker, )0581; and sub-adult species, like Osteochilus hasselti( Valenciennes, )0591, Dangila lineatus (
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Sauvage, )0595, Osteochilus lini Fowler, 0188, Pristolepis fasciata ( Bleeker,)0580, And Hemibagrus
nemurus (Valenciennes, 1839).
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Annex 5

PRINCIPLES OF FISHWAY DESIGN ON LOW-LEVEEL DAMS AND WEIRS
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Annex 6

FISH PASSAGE EVALUATION AND MONITORING TECHNOLOGIES:
ACOUSTIC TELEMETRY AND SENSOR FISH
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Annex 7

FISH TRAP AND HAUL (T&H) SYSTEM FOR HIGH DAM IN CHINA
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Annex 8
FISH AND FISHWAY IN CAMBODIA
1. Fishery in Cambodia

Cambodia’s fisheries play a very important role in contributing to employment opportunities to about 6
million people working full- and part-time in fisheries and fisheries related activities, providing people’s
livelihoods, national food security and adding approximately US$1.5 Billion per year to the economy,
corresponding to around 8-12% of total Gross Domestic Product (GDP).

At present, multiple factors, including population growth, the impacts of dams, climate change, overfishing
etc. are likely to have potential impacts on fisheries resources. Recently, the massive acceleration in plans
for hydropower development in the Mekong has led to growing concern over the potential environmental,
economic and social costs; in particular, there is acute concern over the impact on the basin’s fisheries.

Today, about 500 inland fish species and 520 marine fish species are known in Cambodia, and the total
annual freshwater and marine capture fisheries production is estimated at about 700-800 thousand tons, of
which the annual yield of inland fish amounts to 500-600 thousand tons, ranking 4th worldwide in inland
fish production after China, India and Bangladesh. The annual marine capture fish production is estimated
at 100-150 thousand tons, and the annual aquaculture production adds some 90-100 thousand tons.
Cambodian fish consumption is 63kg/person/year and fish provides 81.5% of Cambodian people’s animal
protein intake.

2. Fish migrations and life cycles in Cambodia

In rivers, fishes have adapted to life in running water and to seasonal changes in habitat availability. The
need to migrate is part of this adaptation. Fish movements take place at all stages of life, even the earliest
stages. In rivers, movements of fish eggs and larvae, in the form of downstream passive drift are common,
and are integrated events of the overall movement patterns of migrating fishes. Often, migration routes and
the spatial position of spawning areas are finely tuned to hydrological and environmental circumstances,
ensuring that eggs and/or larvae drift back downstream to their rearing habitats with the flowing water.

In an ecological context, fish migrations cannot be described without at the same time describing essential
fish habitats and the environment within which these habitats are embedded. Therefore, impacts of
development scenarios on fish migrations are not confined to the blocking of migration routes caused by
damming of rivers. Impacts on the environment, and there by on fish habitats, and changes in hydrological
patterns are equally important.

In a multi-species fisheries environment such as the Mekong system, it is useful to distinguish different
species groups based on different life history strategies. The broadest classification of fishes in the Mekong
fisheries context is the classification of fishes into black-fishes, whitefishes, and grayfish.

Fish migration pattern in the Mekong River and it tributaries of Cambodia are markedly different in dry
season and flooded season. An upstream migration from Phnom Penh capital to the Khone Falls occurs
between November and February. During this period, most of all whitefishes, and grayfish move out into
the Tonle Sap from flooded areas along the river and Great Lake. When in the Tonle Sap, they migrate
down to the Mekong River. Fish migrate upstream from Tonle Sap into the Mekong River just before full
moon and Sambor (near Kratie city) during full moon and after full moon near Khone Falls.

From May to July, fish migrate the opposite direction, from Khone Falls and migrated downstream.
3. Dams and Fish Migration
In view of these concerns and the special importance of migratory fish in the Mekong River in Cambodia,

we conducted an assessment of the potential impact of mainstream dams on fish migration and recruitment
in the Mekong and on the fisheries that depend upon migratory species. We reviewed available information
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on ecological and population characteristics for important fish species in the Mekong operating
hydroelectric dams to minimize impacts on migratory fish populations.

We concluded that the dams currently planned for the Mekong will have a major impact on the fisheries of
the basin. In particular, we concluded that the barriers created by the dams will disrupt upstream spawning
migration of economically and biologically important species. In addition, the downstream drift of fish
eggs and larval stages that sustain fisheries recruitment will be compromised, mainly because juvenile life
stages will be trapped in the impoundments. Dams in the tributaries and stream round Great Lake, will stop
the longest migrations and disrupt recruitment to the lower reaches of the river. Although the impacts of
dams higher in the basin and on individual tributaries will be restricted to the fish populations that use these
reaches, these populations contribute substantially to fish production along large stretches of the river.

In the Cambodia, a suite of fish passage technologies has been developed to partially mitigate the impacts
of dams. However, our assessment concluded that existing mitigation technology in the form of fishways,
locks and lifts cannot cope with the scale of fish migration on the Mekong River in Cambodia. In addition,
fish passage mitigation measures for dams in Stung Chinit necessitated research and development
conducted over decades, and relied on teams of experienced biologists and fish passage engineers. Similar
investments would be needed in the Mekong before any level of certainty on their effectiveness could be
determined. Furthermore, specific mitigation measures adapted to the species and hydrological conditions
of the Mekong would need to be designed from the start and integrated into dam engineering and operation.
Given the lack of investment so far, it is unlikely that any substantial mitigation measures will be available
in the foreseeable future.

4. Stung Chinit's Fishway

The main purposes of this paper were reviewed the monitoring fish pass after fish ladder built on Stung
Chinit diversion weir to allow fish migration . The fish ladder was the first structure in Kompong Thom
province, Cambodia. It was built in 2005 to allow fish migrate from downstream to upstream. Fish ladder
has 43 pools. Fish migration in fish ladder was monitored one year through fish cage checked everyday in
front of the structure, and 8 fishermen were selected to make logbook to study about fish productivity.

Fishway in Stung Chinit

During one year of fish ladder monitoring (Sep-2006 to Aug-2007), 41,980 fish individuals for 850
kilograms migrated throw fish ladder. There were only 4 orders with 10 families and 55 fish species which
migrated from downstream to upstream and only 5 orders with 11 family and 40 fish species from upstream
to downstream throw spill way structure. Only 18 of 55 fish species was occurrence in fish ladder. Most
fish species migrated were in Cypriniformes orders, especially in September and October 2006. Fish prefer
migration at day to night time which Cipriniformes at day time and Siluriformes at night time. Fish species
migrated to find new habitat than spawning. Fish migration had not relationship with rainfall factor, but it
had relationship with water level in reservoir and in downstream, especially fish migration had relationship
with lunar calendar (waxing moon). For fish catch estimation by fishermen logbook (6 fishermen in
reservoir and 2 fishermen in downstream), there were 8 orders with 18 families and 69 fish species was
recorded in Chinit reservoir and 44 fish species recorded in Chinit downstream. The total catch in the both
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sites were around 11 tons per year which the figure was higher than in 2002-2003. But for the total catch
was estimated 653 tons per year in Chinit reservoir that meant 0.9 kilograms/family/day and 74 tons per
year in Chinit River that meant 0.6 kilograms/family/day. The abundant of fish was caught by gill net and
seine net.

After Chinit reservoir rehabilitation, fish stock in Chinit reservoir has increased from 141 tons to 151 tons.
It meant that the fish stock high potential to support in local consumption, because just after dam
construction, fish stock increased 10 tons, and moreover, fish ladder structure has attracted fish to migrate
from downstream to reservoir, which fish around 40,000 with 750 kilograms a year. But high fish yield was
caught by fishermen using Brush Park during December 2006 to April 2007, which this fishing gear is
prohibited by fishery law. If this fishing gear is reduced or eliminated from Chinit downstream, the fish
stock in Chinit reservoir will be high potential.

5. Conclusion

The economic and social transformation of the twentieth century saw a dramatic increase in human
population, economic activity and demand for natural resources.

Choice the type of fishway, in many cases the final decision will be a compromise. Several types of
facilities may be suitable, each of which will have its own advantages and disadvantages.

The species concerned. Some fishways are very specific as White-fishes, black-fish and greyfishes . This is
clearly the fish migration and spawning.

Dams will bring a range of changes to the river and its fish habitats.

In a nutshell, fish passes can help mitigate the impact of dams but they are not a magic bullet. Fish passes
must be considered for all dams on tributaries, but a proper design requires studies of swimming
capabilities of target species to make sure that these passes will be efficient. On the mainstream and in the
lower part of the Mekong, the intensity of migrations is such that no fish pass can provide a realistic
mitigation measure.

References

Soel Schouten( 1999):Rehabilitation of Stung Chinit Diversion Weir in Cambodia and Impacts on
Fish Migration and Fisheries

Anders et al (2000): Fish Migration and Spawning Habits in the Mekong ~ Mainstream.

SOK Seyha (2007): Migration and Productivity of Wild Fish in Stung Chinit Reservoir, Kampong Thom
Province, Cambodia

Fisheries Administration (2014) : Cambodia Fishers at a glance

Fisheries Administration (2013) : Food and Nutrition Security Vulnerability to Mainstream
Hydropower Dam Development in Cambodia.

63






Annex 9
FISH PASSAGE DEVELOPMENT IN LAO PDR
1. Background

Rice production is important for Lao people. Approximately 50% of poor people in Lao PDR live in rural
areas reliant on irrigation-assisted agriculture, mostly rice production, which comprises 12—15% of the
gross domestic product and 73% of total employment (David and Huang, 1996). Most rice production
occurs on floodplains, which contain the most fertile and productive soil. The Lower Mekong Basin has
large annual water-level fluctuations that lead to floodplain inundation, which drives productivity and
increased rice yields. However, uncontrolled inundation can limit rice production, because high water
levels can drown and destroy crops. A common way to protect crops is to build regulators that protect crops
by controlling the amount of water spilling onto the floodplain; however, these can block important
migration pathways for fish.

Fish are an equally important commodity in Laos(Baird 2006). The average Lao citizen consumes 29 kg
fish/year, which is 48% of total animal protein intake (Hortle 2007). Between 40 and 70% of the overall
capture fishery depends on species that are considered migratory (Barlow er al. 2008). Developing
wetlands for irrigation or crop protection can lead to substantial capture-fishery decline because fish cannot
access spawning or nursery habitat; thus impacting river communities by reducing available protein and
income.

The Mekong is one of the world’s major catchment systems, and is generally recognized as the 10th largest
in the world in both discharge and length(Bouakhamvongsa and Poulsen 2001). It drains a total area of
795,000km’and is approximately 4,000km in length. Over 60 million people reside within the catchment in
the six countries it flows through. The river has immense importance in terms of benefits and ecosystem
services (fisheries, soil fertility, navigation, irrigation, ground water recharge) and cultural values for the
people of the region. It also contains some of the world's most unique aquatic communities, which include
freshwater dolphins, giant catfish, stingrays, and approximately 850 freshwater fish species(Campbell et al.
2006, Valbo-Jorgensen et al. 2009).

There are more than 1,200 fish species was found in lower Mekong Basin, of which about 500 to 600
species are habited in the Mekong River of Laos. The Mekong River and its tributaries plays very
important role in term of water resources and fisheries source for rural Lao Peoples. About 60 million
people in the Lower Mekong Basin are rely on fisheries and fish production from the Mekong River.

Fisheries are immensely important throughout the lower Mekong basin (the LMB, which is the Mekong
drainage within Lao P.D.R., Thailand, Cambodia and Vietnam). In food security terms, fish and other
aquatic animals provide on average 48% and 79% of the animal protein intake in Lao P.D.R. and
Cambodia respectively (see Table 1). From a livelihood perspective, more than 80% of rural households in
the Mekong basin in Thailand, Lao P.D.R. and Cambodia are involved in capture fisheries, and up to 95%
of the rural households in the Viet Nam delta (Hortle 2009). In economic terms, the capture fishery has a
first-sale value of between US$2,000-4,000 million per year (Hortle 2009). The annual yield from the
capture fishery in the LMB is about two million tonnes, which is approximately 2% of the total world
marine and freshwater catch, and about 11 times the total yield of all of Australia's capture fisheries(Allan
et al. 2005).

Table 1. Consumption of fish and other aquatic animals (OAAs) and selected meats in Lao P.D.R.
and Cambodia. (Information derived from Hortle, 2007).

Country Fish and OAAs % Beef Pork Chicken
Kg/person/year animal Kg/person/year Kg/person/year Kg/person/year
protein
Lao P.D.R. 29 48 5 6 5
Cambodia 37 79 2 3 2
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2. The Impact of Water Management Structures on Fisheries Production

The Mekong supports a large population of subsistence farmers and fishermen who rely heavily on regular
flooding of floodplain areas to increase productivity. Increased irrigation development in the four LMB
countries has led to construction of numerous (in excess of 10,000 in Thailand alone) low-level (generally
less than 6 m) water regulation devices which limit the movement of migratory fish(Daming and Kung
1997). Weirs were installed for water management purposes to improve water security/irrigation, but had a
negative impact on fish migration(Le et al. 2007). Consequently, the fish cannot move between rivers and
floodplains, which is essential for completion of their lifecycles. The proliferation of structures such as
roads and irrigation weirs can cost anywhere between several thousand to several million dollars per site
depending on size of the structure.

Unfortunately, construction of these structures can individually (and cumulatively) delay or prevent fish
passage onto the floodplain at the onset of the wet-season, thus reducing the habitat area available for fish
reproduction and growth(Baumgartner 2005). In addition, they create artificial aggregations of pre-
spawning fish below these barriers which are extremely vulnerable to overexploitation and disease. These
fish either spawn at the wrong time in the wrong place or do not spawn at all. Over time, these impacts
reduce the diversity and productivity of the fishery and the benefits of development projects (such as
improved road transport and more secure water supplies) are thus negatively offset by lost fisheries
productivity.

Many fish species within the region are highly migratory, and require connectivity among river reaches to
maintain access to feeding areas, spawning grounds and refuge habitats(Jensen 2001). The creation of
barriers on these important pathways can interrupt important life-cycle stages and can result in large-scale
population collapses. For instance, following construction of the Pak Mun Dam (Mun River, Thailand)
daily fish catches in upstream reaches had declined by 60-80%(Roberts 2001). Overall, the construction of
the dam led to the disappearance of 169 fish species from upstream reaches. This can be particularly
damaging to rural communities as their livelihood strategies are generally reliant on wild fisheries
productivity.

3. Opportunity to Use Fish Passage Technology to Reconnect Wetlands

In other areas of the world, fishways are effectively used to maintain pathways for migratory fish in order
to prevent large-scale fish community declines(Clay 1995). Fishways are simply channels around or
through an obstruction that permit fish to pass with undue stress. Fish swim through these channels and are
able to complete their migrations. In particular, the development of upstream fish-passage facilities has
advanced considerably in Australia over recent years(Stuart and Berghuis 2002, Mallen-Cooper and Stuart
2007, Barrett et al. 2008, Baumgartner et al. 2008). Work underway in Australia is directly relevant to the
Lower Mekong Basin. Developing a formal collaboration on fishway development issues is important to
ensure the long-term sustainability of these economically and socially important and ecologically unique
fish community assemblages.

There is strong evidence to suggest that advancing fish passage work in the Lower Mekong could have
substantial fisheries productivity returns. A fish yield of 67-137 kg/ha/year has been estimated for wetlands
in the LMB, and a first sale value of AUD1.20-2.00/kg (Hortle and Suntornratana 2008, Hortle 2009).
Using these data, restoration of a hypothetical wetland of 1,500-2,000 ha to full fisheries productivity
would return a value greater than the cost of the project within 5-10 years. Such a target is feasible, given
the potential involvement of large donor agencies (e.g., ADB and World Bank) in implementing the results
of the proposed project in separate interventions.

The estimated economic benefit is based on first sale price only, so it does not include multiplier effects
from trade, nor any estimate of the associated livelihood benefits (nutrition/health and employment) from
the increased fish supply. It is also important to appreciate that the fish are produced by the functioning
ecological system requiring little or no human input, unlike an aquaculture or other animal husbandry
operation.
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Our project sought to determine whether a fishway could be applied as a technology to rehabilitate
degraded floodplain fisheries in the Lower Mekong Basin. There were three major focus areas that were
required to develop multiple lines of evidence supporting fishways as a tool to rehabilitate fisheries, firstly:

(1) To understand the scale of wetland development in several key catchments;

(2) To determine if engineering solutions can help fish recover from the effects of floodplain
development;

(3) To understand the social and economic issues of impacted, and rehabilitated, floodplain fisheries.

The focus of our project was to determine if an integrated approach could be used to document the overall
impact, solution and benefits of obstructed fish passage at a demonstration site in the Lower Mekong
Basin.

Since 2008 to present the fish passage technology research for both upstream fish migration and
downstream fish migration has been conducted in Savanakhet and Bolikhamxay Province (Paksan district).
Three type of fish passage has been tested e.g. Vertical-slot, Sub Orifice and Rock Ram.

4. Downstream Fish passage- Improving Irrigation Infrastructure to Increase Fisheries
Production in the Mekong and Murray-Darling River Basins

4.1. The Importance of the Mekong Fishery:
The Lower Mekong Basin (LMB) sustains the largest freshwater fishery in the world (~18% world
production), more than 80% of rural households are involved in capture fisheries. People of the LMB
consume 6-8 times more freshwater fish than anywhere else in the world 70% of species in the LMB
Fishery need to migrate. There are three group of fish migration:

o  Feeding migrations — fish may migrate into rich feeding grounds of floodplain wetlands
during floods and often return to river when flood recedes.

e  Breeding migrations — fish may migrate large distances (usually upstream) to spawn.

o  Dispersal migrations — fish may move actively upstream or downstream between habitats or
passively drift downstream (as with eggs and larvae)

Floodplain wetlands are rich in habitat and food and are important breeding and feeding sites for fish.
“Black fish” species are floodplain specialists and typically remain in off-channel habitats. “Grey fish”
species move into wetlands on floods and return to main channel when flood recedes

4.2. Floodplain Regulators are Barriers to Fish Accessing Wetlands
The wetland regulators are important for irrigated agriculture and flood protection, however, the regulators
restrict fish access to most of the 200,000 km” of wetland in the LMB, by improving fish passage at
wetland regulators we can improve the Fishery. It has been estimated* that by improving the productivity
of wetlands, annual wetland capture fisheries production could increase from:

° Across Laos PDR: ~20,000 to ~82,000 tonnes

e  Across the LMB: ~581,000 tonnes to ~2.3 million tonnes

So far over then 100 different species have been trapped moving through fishway into wetland, however,
to return to the Mekong fish must leave the wetland through undershot gates, the pilot experiments in
Australia and Laos PDR show that more fish are injured or killed by undershot weirs than overshot weirs.
Therefore, the aims of this project are:
o To assist farming communities and management authorities to adapt irrigation structures in
ways that increase fishery value.

The main objectives of the project are to:
e  Understand the impact of irrigation infrastructure on the passage of fish from wetlands and
rivers;
e Install and assess the effectiveness of a fish-friendly regulator; and
e  Determine how improved fish passage at irrigation structures can increase the value of
capture fisheries.
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The project activities are:

1.

Fish passage surveys: This survey is to determine what species, life stages and biomass of fish are
passing through Pak Peung regulator; by Capture fish moving out of Pak Peung wetland used the fyke
and larval netting; Record species, abundance, length and weight.

Hydraulic surveys of irrigation structures in the LMB and MDB: The Sensor Fish will be used to
measure hydraulic stresses (e.g. shear and pressure)faced by fish at different regulators

Installation and testing of a fish-friendly regulator at Pak Peung: Fish-friendly’ overshot Layflat gates
have successfully replaced undershot gates at over 50 sites in Australia; therefore, in Lao PDR these
type of gates will be retro-fitted upstream of existing gates at Pak Peung. The prototype flap gates will
be designed by the AWMA company (Australia) for Pak Peung. After installation, the experiments
will test difference in fish mortality between old undershot and new layflat gates. The Pak Peung will
become the first ever demonstration site for both upstream and downstream fish passage at a wetland in
the LMB. It is Important teaching and promotional tool for application at more sites throughout the
LMB

Economic modelling of improvements in fisheries value: The resulting from regulator upgrades from
fish passage and mortality estimates we will be able to compare the cost of upgrading a regulator to the
returned value to the capture fishery.
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Annex 10

LAO FISH PASSAGE RESEARCH-RESULTS, OUTCOMES AND FUTURE WORKS
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Future Work

Improving the design of irrigation infrastructure to
increase fisheries production in floodplain wetlands of
the Lower Mekong and Murray-Darling Basins 2014-
2017 (ACIAR)

Quantifying biophysical and community impacts of
improved fish passage in Lao PDR 2016 — 2021
(ACIAR)

Development of fish-friendly sustainable hydropower
technology guidelines
2016 (USAid)
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Annex 11

OVERVIEW OF EXPERIMENT FLUMES TO DEVELOP FISHWAY DESIGN CRITERIA
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| Experimental Flumes for Fishway Design |

[

| Laboratory/ Field Station ]

I On-site in river/wetland I

\_l

Straight ﬂumes1
Test swimming speed:

Experimental fishways
Test swimming ability and behaviour

. Burst speed
. Prolonged speed
. Cruising speed

Experimental fishways
Test swimming ability and behaviour

Application to fishway design

+ Used in road culvert design (gradient culvert
size).

» Not effectively used in fishway design,
because it is difficult to transfer swimming
speed to water velocity in fishways, especially
without testing turbulence.

« Requires fish to be ‘added'. Difficult to expect
fish to behave ‘normally’ as it is such an
artificial environment.

» Impossible to test all species.

L d to i

+ Used directly in fishway design but
results can be conservative because
captive fish are used.

» Requires fish to be ‘added’. Difficult to
expect fish to behave ‘normally’ as it is
such an artificial environment.

+ Impossible to test all species.

Application to fishway design

= Realistic results that are used
directly in fishway design but is
difficult to collect the data in the
field due to varying water levels
and the lack of control over fish
numbers or species composition
(potentially no data!).

« Uses actual migrating fish which
are motivated to move.

Figure 1. Types of experimental flumes used in fishway design and their application.

" Flumes are usually straight but can be annular (circular track).
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+ Can test more species than in a
laboratory environment but can be
variable and depends on natural
migration rates.
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Annex 12

FISHWAY EXPERIMENT

Hydraulic design —General information
The hydraulic design of a fish way experiment by
SEAFDEC/TD

General:

- Target fish

- Overall dimension

- Required amount of pools

- Pool and opening / slot dimensions
- Flow velocity in an opening / slot

- Dissipated power in pool

- Deflecting block

- Result

Overall dimension

Fish passage testing platform
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Experiment of the fish way
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Results
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