
1

MANAGEMENT PLAN FOR 
THE AYEYARWADY DOLPHIN 

PROTECTED AREA  

Prepared by the Department of Fisheries, Myanmar, in 
collaboration with the Wildlife Conservation Society 

September 2008



 2

MANAGEMENT PLAN FOR THE AYEYARWADY 
DOLPHIN PROTECTED AREA 

 
CONTENTS 
 
Acknowledgements 
Executive Summary 
Statement of Need 
Development of the Management Plan 
Implementation of the Management Plan 
Management Plan for the Ayeyarwady Dolphin Protected Area 
 
Appendix 1. Conceptual Model for the Management Plan  
Appendix 2. Fisheries Laws and Orders in the Ayeyarwady Dolphin Protected Area 
Appendix 3. Irrawaddy Dolphin Watching Guidelines for Tourists and Tourism 
 Operators 
 Appendix 4. Status of Irrawaddy dolphins in Myanmar 
Appendix 5. Summary of conservation activities for Irrawaddy dolphins in the 
 Ayeyarwady Dolphin Protected Area 2005-2008 
Appendix 6. Research on the human-dolphin cooperative cast-net fishery 
Appendix 7. Global Status of Irrawaddy Dolphins and Significance of the 
Ayeyarwady Population 
 
ACKNOWLEDGEMENTS 
 
We express our gratitude to the following persons who contributed to this 
Management Plan. First and foremost we would like to thank U Khin Maung Aye, 
Director General Department of Fishery, Union of Myanmar (DoF), U Khin Ko Lay, 
Deputy Director General, DoF and U Khin Maung Soe, Deputy Director, Head of 
Research and Develpoment section,DoF, for their strong support and helpful input. 
We would also like to acknowledge assistance from U Tin Maung Kyi, Division 
Officer, Head of Mandalay Division, DoF, U Aung Aung Division Officer, Head of 
Sagaing Division, DoF, and U Myint Aung, Deputy Division Officer, Sagaing 
Division, DoF. U Mya Than Tun, Assistant Director, Head of Environment and 
Endangered Aquatic Animal Conservation Unit, role was essential to developing the 
management plan. Assistance in the field was provided by U Han Win, Assistant 
Fisheries Officer, DoF, Daw Thida Moe, Deputy Fisheries Officer, DoF, U Myint Soe 
Hlaing, District Fisheries Officer, DoF and U Tin Maung Htut, Township Fisheries 
Officer, DoF. We would like to thank U Than Myint, Director, Wildlife Conservation 
Society (WCS), Myanmar Program for his strong support. From WCS we would also 
like to thank Kyaw Thinn Latt, GIS and Data Base Manager, for his assistance with 
the maps and U Saw Tun, National Forest Complex Coordinator, for his helpful 
review of the management plan and conceptual model.   
 
 



 3

EXECUTIVE SUMMARY 
 
In December 2005, the Ayeyarwady Dolphin Protected Area was established by the 
Department of Fisheries, Myanmar, to protect a Critically Endangered population of 
Irrawaddy dolphins and a biologically unique human-dolphin cooperative fishery. 
Dolphins living in the Ayeyarwady River are one of only three riverine populations of 
the species. These animals and the cooperative fishery are vital to the rich wildlife and 
cultural heritage of Myanmar. A wide range of research and conservation activities 
have been implemented in the protected area under a partnership between the 
Department of Fisheries, Myanmar, and the Wildlife Conservation Society. These 
activities include surveys, patrols, educational outreach, consultations, and 
investigations on conservation threats and the human-dolphin cooperative fishery. 
There is a vital need to strengthen conservation progress in the protected area by 
implementing the Ayeyarwady Dolphin Protected Area Management Plan. Key 
components of the plan include actions and activities to (1) Dramatically reduce or 
eliminate illegal fishing activities; (2) Promote the long-term sustainability of the 
human-dolphin cooperative cast-net fishery; (3) Protect aquatic habitat; (4) Promote 
sustainable fisheries; (5) Strengthen the Ayeyarwady Dolphin Protected Area 
management team and infrastructure; and (6) Monitor the status of dolphins in the 
Ayeyarwady Dolphin Protected Area. The plan was developed after extensive 
consultations with local government officials, fish contractors, fishermen, village 
leaders and Buddhist monks. 
 
STATEMENT OF NEED 
 
There is a need to strengthen conservation management in the Ayeyarwady Dolphin 
Protected Area by implementing a detailed plan of policies and activities developed in 
collaboration with local people and government officers. The plan is needed to protect 
a Critically Endangered wildlife population, preserve a biologically unique example 
of human-dolphin cooperation and sustain productive fisheries vital to the economy 
and health of local people. 
 
DEVELOPMENT OF THE MANAGEMENT PLAN 
 
The Ayeyarwady Dolphin Protected Area Management Plan was developed after 
conducting extensive meetings, workshops and informal discussions to obtain input 
from local government officials, fish contractors, fishermen, village leaders and 
Buddhist monks. Their input was carefully considered, incorporated into the plan and 
used to ensure that it addresses the needs of wildlife protection as well as human 
welfare. 
 
IMPLEMENTATION OF THE MANAGEMENT PLAN 
 
The Management Plan for the Ayeyarwady Dolphin Protected Area will be 
implemented under the Memorandum of Understanding between the Department of 
Fisheries, Ministry of Livestock and Fisheries, Union of Myanmar, and the Wildlife 
Conservation Society, New York, on Cooperation in the Fields of Marine and 
Riverine Biodiversity Conservation in Myanmar signed on 6th February, 2007. The 
Department of Fisheries, Myanmar, (DoF) will be responsible for implementing 
policies in support of the management plan, establishing a core management team for 
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the protected area, providing staffing support, maintaining liaisons with local 
communities and other government departments and ministries, and facilitating the 
participation of international advisors from the WCS. Within internal financial, 
logistical and legal constraints, the WCS will provide technical training and advice, 
and financial assistance for research, survey, patrolling, educational outreach and 
training activities.  
 
MANAGEMENT PLAN FOR THE AYEYARWADY DOLPHIN PROTECTED 
AREA1 
 
Objective #1 - Dramatically reduce or eliminate illegal fishing activities.  
 
Action #1 Implement patrolling, educational outreach and enforcement activities. 
 
Activities 

1. Villagers will be educated about freshwater fisheries laws and regulations 
through meetings and discussions, distribution of printed media and showing 
education videos during all patrolling activities. (DoF) 

2. Twice-monthly patrols will be conducted in the Ayeyarwady Dolphin 
Protected Area during non-monsoon season months. (DoF/WCS) 

3. Patrols during the fish spawning season in June and July will be conducted 
jointly with the DoF District Headquarters in Singu and Mattaya to educate 
and enforce the fishery closure for protecting fish stocks. (DoF/WCS) 

4. The project vessel will be maintained for safe operation during patrols and 
surveys. (DoF/WCS) 

5. Fisheries regulations will be announced by loud speaker during all patrols. 
(DoF) 

 
Action #2 Educate local villagers, fish contractors, and local DoF officials on the 
negative impacts of illegal fishing practices on sustainable fisheries. 
 
Activities 

1. Workshops will be frequently convened for fishermen and fish contractors in 
local villages and for local DoF officials at District Headquarters in Singu and 
Mattaya. (DoF/WCS) 

2. Educational pamphlets and posters will be developed and distributed. 
(DoF/WCS) 

3. Permanent signboards will be placed in all riverine villages. (DoF/WCS) 
 
Action #3: Collaborate with local authorities and DoF officials to enforce fishery 
regulations that prohibit fishing with electricity, poisons and explosives, and restrict 
the use of gill-nets and seine-nets. 
 
Activities 

1. Frequent meetings will be held with local authorities and DoF officials to 
monitor progress and discuss solutions and constraints. (DoF) 

                                                 
1 DoF = Department of Fisheries primarily responsible for implementation; WCS = Wildlife 
Conservation Society primarily responsible for implementation; DoF/WCS = Department of Fisheries 
and Wildlife Conservation Society jointly responsible for implementation. 
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2. Joint patrols will be conducted on a frequent basis with local authorities and 
DoF officials. (DoF) 

 
Action #4 Implement policies that make fish contractors responsible for preventing 
illegal fishing techniques from being used in their contracted segments and for 
purchasing fish and crustacean catches obtained using illegal fishing techniques. 
 
Activities 

1. Notify fishing contractors that they will be held responsible for illegal fishing 
techniques practiced in their contracted segments and for purchasing fish or 
crustaceans caught using these techniques. (DoF) 

2. Conduct twice-monthly monitoring patrols and hold frequent discussions with 
fishermen and local DoF officials. (DoF) 

3.  Examine fish in local markets for evidence of being caught by electric fishing 
(mushy appearance and feel). (DoF) 

4. Revoke fishing licenses of contractors if illegal fisheries are found being 
practiced in their segments, or if they are found to be purchasing catches 
obtained from illegal fisheries. (DoF) 

 
Objective #2. Promote the long-term sustainability of the human-dolphin 
cooperative cast-net fishery. 
 
Action #1 Implement policies to protect the human-dolphin cooperative cast-net 
fishery. 
 
Activities 

1. Accurate documentation will be maintained of co-operative cast-net fishermen 
and they will be issued identity cards which give them special rights and 
responsibilities in the protected area (see below). (DoF) 

2. Notify local DoF officials and fishing contractors that co-operative cast-net 
fishermen holding identity cards must be allowed to fish with dolphins 
throughout the protected area. (DoF)  

3. Notify co-operative cast-net fishermen that their identity cards will be revoked 
if they are found using other fishing gears. (DoF) 

4. Revoke the licenses of fish contractors and subcontractors who prevent or 
disturb human-dolphin cooperative fishermen from operating in their licensed 
segments. (DoF) 

5. Frequent discussions will be held and visual monitoring will be conducted 
during regular patrols to ensure compliance of fish contractors and the co-
operative cast-net fishermen. (DoF) 

 
Action #2  Provide support for ensuring that cast-net fishermen cooperating with 
dolphins receive economic benefits from dolphin-watching activities 
 
Activities 

1. Organize the cast-net fishermen into cooperatives and promote agreements 
among them to share fees charged to tourists who come to observe the 
dolphins and the human-dolphin cooperative fishing practice. (DoF/WCS) 
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2. Provide training to cast-net fishermen and tourist guides on Irrawaddy Dolphin 
Watching Guidelines for Tourists and Tourism Operators to ensure that the 
dolphins are not harmed by the activity. (DoF/WCS) 

3. Establish appropriate fees for tourists visiting the Ayeyarwady Dolphin 
Protected Area for dolphin watching activities and share the funds equally 
between the DoF and the cooperative cast-net fishing communities. (DoF) 

 
Action #3.  Provide support to ensure that tourism operators conduct dolphin 
watching activities in a manner that does not harm the animals and provide directs 
benefits to the human-dolphin cooperative cast-net fishermen.  
 
Activities 

1. Conduct training courses for tourism operators on the biology and 
conservation of Irrawaddy dolphins and on safe practices for the dolphins and 
tourists during dolphin watching activities. (DoF/WCS) 

2. Conduct training workshops for tourism operators about opportunities and 
responsibilities for conducting dolphin watching activities. (DoF/WCS) 

3. Establish clear guidelines for the DoF to issue permits for tourism operators to 
conduct dolphin-watching activities. (DoF) 

4. Monitor tourism practices during patrols and hold frequent discussions with 
co-operative cast-net fishermen, tourist operators and tourists. (DoF/WCS) 

 
Objective #3 Protect aquatic habitat.  
 
Action #1: Monitor and inform government officials about illegal gold mining 
operations. 
 
Activities 

1. Record information on all observations of gold mining activities during patrols 
and surveys. (DoF/WCS) 

2. Submit reports and conduct workshops that include information on gold 
mining operations observed during patrols and surveys. (DoF/WCS) 

3. Maintain liaisons with the Ministry of Mines and Ministry of Transport about 
information on gold mining activities. (DoF) 

 
Action #2: Monitor mercury concentrations in fish muscle tissues  
 
Activities 

1. Obtain muscle tissue samples from Ompok and Wallgo fish species. 
(DoF/WCS) 

2. Analyze the tissue samples for mercury concentrations and interpret the 
biological implications of measured levels. (WCS) 

3. Include information on mercury concentrations in reports submitted to the 
Myanmar Government. (DoF/WCS) 

4. Highlight information on mercury concentrations during meetings and 
workshops with relevant government officials. (DoF/WCS) 
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Action #3: Monitor additional sources of habitat degradation including dredging 
operations, disposal of industrial and municipal wastes, and dam construction.  
 
Activities 

1. Document industrial development, waste outfalls, dredging operations and 
other potential sources of habitat degradation during surveys and patrols. 
(DoF/WCS) 

2. Keep the Department of Fisheries informed about developments that could 
have negative impacts on the environment in the Ayeyarwady Dolphin 
Protected Area. (WCS) 

3. Maintain liaisons with the Ministries of Transport, Industry, Energy and Mines 
about potential developments in the Ayeyarwady Dolphin Protected Area. 
(DoF) 

 
Objective #4: Promote sustainable fisheries  
 
Action #1 Investigate fishing techniques and fish catches with particular emphasis on 
gillnets and beach seines.  
 

Activities  
1. Conduct an investigation of gill-net and beach-seine catches, the number of 

gears, and their locations and operation. (DoF/WCS) 
2. Review the scientific literature on large floodplain fisheries management and 

communicate the findings to the DoF. (WCS) 
 
Action #2 Incorporate the recommendations of fishery investigations into fisheries 
orders and fishing contracts. 
 
Activities 

1. Make science-based recommendations to manage fisheries for sustainable 
catches and maintaining sufficient prey for dolphins. (DoF/WCS) 

2. Communicate fisheries management recommendations in reports and 
meetings. (DoF/WCS) 

 
Action #2 Conduct educational outreach on sustainable fishing practices. 
 
Activities 

1. Incorporate information on sustainable fishing practices into educational 
outreach activities including workshops, meetings, loudspeaker 
announcements and the development and dissemination of media materials. 
(DoF/WCS) 

2. Conduct training courses on sustainable fisheries and opportunities for 
alternative fishing livelihoods for fishermen currently employing illegal 
techniques. (DoF/WCS) 
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Objective #5 Strengthen the Ayeyarwady Dolphin Protected Area management 
team and infrastructure.  
 
Action #1: Provide technical training on dolphin survey, patrolling and mortality 
monitoring techniques. 
 
Activities 

1. Conduct yearly training courses for DoF staff on survey, patrolling, and 
mortality monitoring techniques. (WCS) 

2. Provide field experience to DoF staff and incorporate their participation in 
surveys and patrols. (WCS) 

 
Action #2: Establish an Ayeyarwady Dolphin Protected Area project office in 
Mandalay staffed with local staff from the Wildlife Conservation Society and the 
Department of Fisheries. 
 
Activities 

1. Maintain an office with basic facilities for communication, record keeping and 
data analysis. (DoF/WCS) 

2. Set up a small library on dolphin conservation and fisheries management. 
(DoF/WCS) 

3. Maintain a small dormitory for WCS and the DoF staff participating in project 
activities. (DoF/WCS) 

 
Action #3: Maintain patrolling and survey vessels. 
 
Activities 

1. Conduct regular maintenance on large and small vessels. (DoF/WCS) 
2. Outfit vessels with necessary equipment to conduct field activities. 

(DoF/WCS) 
3. Hire a suitable crew to ensure that patrolling and survey vessels can be safely 

operated during these activities. (DoF/WCS) 
   
Objective #6. Monitor the status of dolphins. 
  
Action #1: Assess the distribution and abundance of dolphins from sighting data  
 
Activities 

1. Conduct an annual upstream and downstream survey of the entire range of the 
dolphin population. (DoF/WCS) 

2. Maintain systematic records of dolphin distribution and abundance during 
twice-monthly patrols. (DoF/WCS) 

3. Compile and analyze data and information from surveys and patrols. 
(DoF/WCS) 

4. Communicate information on the status of the dolphin population in reports 
and during meetings with government officials. (DoF/WCS) 
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Action #2: Strengthen efforts to monitor dolphin mortality 
 
Activities 

1. Encourage local people to report dolphin mortalities and fisheries interactions 
during meetings and discussions, and through the distribution of educational 
media material. (DoF/WCS) 

2. Conduct training on carcass examination procedures. (WCS) 
3. Conduct carcass examinations on an opportunistic basis. (DoF/WCS) 
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OPPORTUNITIES

Nature tourism 

Biodiversity 
protection

Research on 
threatened aquatic 

species and 
floodplain fisheries

Maintain current 
benefits from 

ecosystem services

Protection of fish 
and crustacean 

spawning 

Increased food 
and economic 

security

Increased 
awareness of 
environmental 

issues

Conserve Irrawaddy 
dolphins, the human-
dolphin cooperative 
fishing practice, and 

sustainable fisheries in 
the Ayeyarwady 

Dolphin Protected 
Area (ADPA)

GOAL OBJECTIVES

Maintain and increase 
the population of 

Irrawaddy dolphins in 
the ADPA throughout 

their range upstream in 
the Ayeyarwady River. 

Eliminate 
illegal/destructive 

fishing practices in the 
ADPA.

Maintain water and 
habitat quality within 
the range of dolphin 

distribution. 

Conserve healthy 
stocks of dolphin prey 
and sustain productive 

fisheries.

Manage dolphin 
watching  activities for 

the benefit of 
conservation  and 

human-dolphin 
cooperative cast-net 

fishery.

Potential for mercury 
poisoning from gold 
mining operations

Sedimentation in deep 
pools from gold mining 

and other dredging 
operations.

Entanglement in 
gillnets.

Electrocution, habitat 
displacement and 

depletion of fish stocks 
due to illegal electric 

fishing.

Potential for habitat 
loss due to upstream 
water development.

REALIZED AND POTENTIAL 
THREATS

Depletion of fish stocks 
due to overfishing and 
the use of small mesh-

size nets

CAUSES INTERVENTIONS

Lack of coordination between DoF 
and other government authorities 

(e.g., local police, Ministry of 
Mines)

Lack of awareness among local 
people and government 

authorities about conservation 
and sustainability issues

Low level of food and economic 
security among local people.

Lack of monitoring and 
enforcement

Lack of guidelines from higher 
authorities

Inadequate scientific knowledge 
and training needed for 
conserving the dolphin 

population and managing 
sustainable fisheries

Convene frequent meetings 
among local fishermen, fish 

contractors, and government 
authorities.

Conduct joint patrols in the 
protected area for educational 

outreach, monitoring and 
enforcement

Conduct scientific 
investigations and range-wide 
monitoring surveys to assess 
the dolphin population and the 

threats they face 

Develop and implement 
policies that protect dolphins, 

aquatic habitat and sustainable 
fisheries 

Conduct training for cast-net 
fishermen and tourist guides on 

Irrawaddy dolphin watching 
guidelines for tourists and 

tourism operators

Conduct dedicated 
educational outreach 

programs for local 
communities and government 

officials

Potential for harassment, 
habitat displacement and 

vessel collisions from 
dolphin watching activities

Appendix 1. Conceptual model for the Ayeyarwady Dolphin Management Plan
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Appendix 2. Current Fisheries Laws and Orders in the 
Ayeyarwady Dolphin Protected Area 

Fisheries Notification No. 11/2005 states that:  

“In accordance with the power under section 22 sub-section (c)  of the Freshwater 
Fisheries Law, The Director General of the of the Department of Fisheries prohibits 
the catching fish using with the under mentioned fishing implement in Ayeyarwady 
River in order to safeguard and prevent the extinction of Ayeyarwady Dolphins. 
 
Protected Area 

In Ayeyarwady River, Starting from the points of Sagaing Division, Shwebo District, 
Kyaukmyaung Township, in front of Yae-daw Pagoda (Lat 22.60903  N; Long 
95.94280’ E) and Mandalay Division, Pyinoolwin District, Singu Township; (Lat 
22.61039  N; Long 95.94774  E) to the points of Sagaing Division, Mingun 
mountain range, in front of Baw-di-ta-htaung Pagoda (Lat 22 03937  N; Long 96 
02235  E) and Mandalay Division, Mandalay city, Nan-daw-kyun point (Lat 22 
03831  N; Long 96 03477  E). 

Prohibited Fishing Implement 
 
1. Gill-net obstructed in water-course;  
2. Gill-net obstructed from bank to bank of the river;  
3. Drift-net longer than 300 feet;  
4. Fishing implements and fishing methods that prohibited by the Department of 

Fisheries from time to time. 
    

It is stipulated that fishermen shall make a gap more than 600 feet [183 m] between 
net by net, which are not the prohibited implement. 
 
The catching or killing of Ayeyarwady dolphins and trade in whole or parts of them is 
also prohibited. In the case of accidentally caught by fishing net, fishermen shall 
release them alive without delay.” 
 
Also in December 2005, Fisheries Notification No. 10/2005 was announced which 
states that: 
 
 “In accordance with the power under section 22 sub-section (c) of the Freshwater 
Fisheries Law, The Director General of the Department of Fisheries prohibits electric 
and shocking with battery in order to prevent the extinction of fish.” 
 
Fisheries in the river are also regulated by the Freshwater Fisheries Law, No. 1/91, 4th 
March, 1991. Specific provisions of the law specify that:   

“No one shall operate a fishery without a lease, license or permission issued under 
this Law.  

No one shall do the following in any freshwater fisheries waters:  
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a. catching fish or causing mischief with explosive substance, poison, chemicals 
and dangerous material of a like nature;  

b. catching fish by a prohibited method and fishing implement;  
c. catching fish of a prohibited species and size;  
d. catching fish during a prohibited period and at a prohibited place.  

No one shall, after purchasing by fishery auction or after being granted tender license 
fail to pay within the prescribed period fishery rent, tender fee, license fee and fines 
due, without the permission of the Department.  

No one shall erect, construct, place, maintain or use any obstruction such as a dam, 
bank or weir in freshwater fisheries waters without the permission of the Department.  

A person who has obtained permission to operate a fishery shall not violate any 
condition contained in a lease, tender license or fishing implement license.  

No one shall do the following within the boundary of a fishery or fishery creek:  

a. cutting undergrowth or setting on fire in a habitat of fish;  
b. impairing the natural condition of a fishery so as to disrupt the flow of water 

in the main fishery.  

No one shall cultivate agricultural crops within the boundary of a fishery creek.  

No one shall cause harassment of fish and other aquatic organisms or pollution of the 
water in freshwater fisheries waters.  

No one shall alter the quality of water, volume of water or the water-course in a 
leasable fishery, reserved fishery and creeks contiguous thereto or in water-courses.” 

Penalties for violation of the Fisheries Act range from fines of 5,000-30,000 kyat, or 
imprisonment that may extend from 3 months to 2 years, or both, depending on the 
nature of the offense.” 
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Appendix 3. Irrawaddy Dolphin Watching Guidelines for 
Tourists and Tourism Operators 
 
Appendix 6.  
 

 

 

Seeing Irrawaddy Dolphins and other wildlife in their natural environment can be a thrilling 
and unforgettable experience.  

The cooperative fishery practiced between Irrawaddy dolphins and cast-net fishermen is a 
unique phenomenon. It is part of the rich cultural heritage and biodiversity of Myanmar. 

While watching wildlife, people sometime forget that their presence can have a negative 
impact on wildlife and their behavior. Just like us, wild animals need space to find food, 
choose mates, raise young, socialize, and rest.  

We must not disrupt the dolphins’ behaviour or cause them unnecessary stress by approaching 
them too fast or too closely, or making too much noise in their habitat. This can threaten their 
lives. Please follow these guidelines in the presence of Irrawaddy dolphin watching.  

Set an example for others and help protect our spectacular wildlife resources and 
unique culture of co-operative fishing. 

The following guidelines are intended to protect both the dolphins and the co-operative 
fishery for future generations. The dolphins and cooperative fishery are sensitive to the 
impacts of humans including inappropriate tourism practices. However, appropriate tourism 
can benefit both the survival of the dolphins and human-dolphin co-operative fishery. 

We need to minimize our impact on the Irrawaddy dolphin and its surrounding.  

These guidelines are designed to help you enjoy your wildlife encounter, and reduce the risk 
of disturbing the dolphins and cooperative fishery. 

     Irrawaddy Dolphin Watching: 

1. BE CAUTIOUS and COURTEOUS: Approach areas of known or suspected dolphin 
activity with extreme caution. Look in all directions before planning your approach or 
departure. 

  
2. SLOW DOWN: Reduce speed to less than 2 knots when within 300 meters/yards of 

the nearest dolphin. Avoid abrupt course changes.  
 

3. USE only row boats to observe the human-dolphin co-operative cast-net fishery.  
 

4. DO NOT ride on the co-operative fishing boat. Passengers are not allowed on these 
boats. They are unstable and cannot be maneuvered with the extra weight.  

 
5. WEAR A LIFE JACKET while in the row boat.  

IRRAWADDY DOLPHIN 
WATCHING GUIDELINES FOR 

TOURISTS AND TOURISM 
OPERATORS 
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6. KEEP CLEAR of the dolphins’ path. If dolphins are approaching you, cautiously 

move out of the way.  
 

7. DO NOT APPROACH dolphins from the front or from the side. Always approach and 
depart dolphins from behind, moving in a direction parallel to the direction of the 
dolphins. 

 
8. KEEP YOUR BOAT on the inshore side of the co-operative fisherman boat. 

 
9. DO NOT APPROACH or position your row boat closer than 10 metres/yards to any 

dolphin.  
 

10.  REDUCE YOUR SPEED AND CAUTIOUSLY MOVE AWAY if a dolphin 
surfaces within 10 metres/yards of the row boat.  

 
11.  LIMIT your viewing time to a recommended maximum of one hour. This will 

minimize the cumulative impact of dolphin-watching boats and give consideration to 
other viewers.  

 
12.  ALLOW NO MORE than 2 rowboats to observe the human-dolphin cooperative cast-

net fishery at any one time. 
 

13. BE CAUTIOUS AND QUIET used only sign language during cooperative fishing.  
 

14. DO NOT try to swim with, touch, or throw things at dolphins. 
 
15. DO NOT throw things into river which are not biologically degradable.  

 
16.  ENSURE that the cooperative fishermen receive fair compensation for showing 

tourists the human-dolphin cooperative fishery. Each group of tourists in a rowboat (no 
more than 3 persons) should pay 10,000 kyat to be shared equally among the fishermen. 

If you have questions and to report a dolphin disturbance or harassment please contact: 

Environmental and Endangered Species Unit, 
Department of Fisheries, Yangon 
01-680748 
 
Department of Fisheries, Mandalay 
02-30129 
 
Wildlife Conservation Society – Yangon 
01-524 893, 01-512 984 
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Appendix 4. Status of the Ayeyarwady dolphin population2 
 
DISTRIBUTION AND HABITAT 
 
The current distribution of the dolphin population is limited to a 398-km river 
segment located between Mingun (about 8 km upstream of Mandalay and 970 km 
from the sea) and Bhamo (about 88 km downstream of the river’s origin at the 
confluence of the Maykha and Maylikha rivers).  
 
The historic range of the species in the Ayeyarwady River as documented by 
Anderson (1879) was downstream as far as Prome [Pyay] (about 360 km from the 
sea) during the low-water season and Yenanyoung (about 540 km from the sea) 
during the high-water season. Upstream, the local Shan people reported to Anderson 
(1879) that dolphins were never found upriver of a point 30 km above Bhamo, where 
the course of the river was interrupted by rocks. They called the site Labine, or 
“Dolphin Point.” Anderson (1879) also reported that the dolphins ascended larger 
tributaries, such as the Taping, Khyendwen [Chindwin] and Shuaylee [Shweli], when 
these were in flood.  
 
The range of the dolphins has declined by 488 km in river length (or 56.7%) 
compared with the historical distribution reported by Anderson (1879).  
 
Dolphins in the Ayeyarwady are concentrated in geomorphically complex reaches 
upstream and downstream of channel confluences (especially at tributaries), islands, 
and defiles (where an alluvial channel becomes abruptly narrow and deep as it cuts 
through a mountain range). These conditions are present in three river segments that 
make up 69% of the total river length between Bhamo and Mingun: (1) the Taping 
river confluence at Bhamo to the upstream end of the second river defile at Sinkan (36 
km), (2) the downstream end of the second river defile to Tagaung (165 km), and (3) 
the downstream end of the third river defile at Kyaukmyaung to Mingun (74 km), 
providing habitat for 22.6%, 50.0% and 24.4% of the total number of dolphins, 
respectively, observed (N = 168) during three surveys conducted during 2002-2004 
(Figures 1 and 2).  
 
ABUNDANCE AND TRENDS 
 
Direct count surveys have been conducted to assess the abundance of Irrawaddy 
dolphins in the Ayeyarwady River (Table 1). The best available information indicates 
a population size of 59-72 individuals, based on the sum of best group size estimates 
for upstream surveys conducted between Bhamo and Mandalay in December 2003 
and December 2004. An abundance trend cannot be deduced from available data, but 
there is clear evidence of a major reduction in this population’s range. Irrawaddy 
dolphins are known to occur in the Ayeyarwady Delta, with 31 sightings (mean group 
size 2.4, SD = 1.5, range = 1-5) documented during patrols by rangers at the 
Manmahla Kyun Wildlife Sanctuary in 2003 (U Soe Lwin, Chief Warden, Manmahla 
Kyun Wildlife Sanctuary; pers. comm.). However, it seems highly unlikely that there 
                                                 
2 This appendix is adapted from Smith and Tun (2007) with updated information that has become 
available after this article was published. 
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is demographic connectivity between animals inhabiting estuarine waters and those 
inhabiting the river above Mingun.   
  

 
 
Figure 1. Map of the upper reaches of the Ayeyarwady River showing the locations 
of dolphin groups detected during the December 2004 upstream survey and the six 
geomorphically defined river segments summarized above.  
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Figure 2. Encounter rates of Irrawaddy dolphins in six morphologically distinct river 
segments located between the Taping River confluence at Bhamo and Mingun during 
surveys conducted in December 2002-2004.   
 
The three longest distances recorded between dolphin sightings during the November-
December 2002 downstream survey (172 km, 124 km, and 33 km), the December 
2003 upstream survey (120 km, 89 km, and 23 km), and the December 2004 upstream 
survey (92 km, 89 km, and 79 km) suggest that the remaining population is 
fragmented to some extent and that opportunities for interaction among dolphin 
groups are limited (at least during the dry season), thereby contributing to projected 
future population declines. The relatively high percentage of calves observed during 
the 2003 and 2004 surveys, 15.3% and 12.5% respectively, indicates that the 
population probably has the capacity to increase if human-caused mortality is 
reduced. 
 
CURRENT AND POTENTIAL FUTURE THREATS 
 
Department of Fisheries officials, fish contractors and local fishermen report that 
electric fishing represents the greatest threat to dolphins in the Ayeyarwady due to the 
risk of electrocution. Fish catches are believed to have declined substantially since 
electric fishing became widespread several years ago and dolphins now avoid certain 
areas because the animals were afraid of being shocked. Electric fishing is popular in 
the Ayeyarwady because the equipment is relatively inexpensive (and the battery can 
be used in the home for other purposes), needs little maintenance (unlike nets, 
longlines, bamboo traps and fishing fences which require constant repair), and results 
in relatively large catches with little effort. Electric fishing has been cited as being 
responsible for the largest number of recent known deaths of the baiji Lipotes 
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vexillifer, a “Critically Endangered” dolphin in the Yangtze River of China, and has 
come to be regarded as the main anthropogenic threat to the survival of that species 
(Zhang et al. 2003).   
 
Smith (2003) recorded a total of 5,701 fishing gears in the main channel of the 
Ayeyarwady during the November-December 2002 survey. Gill nets accounted for 
the majority of gear clusters (defined as a grouping of gears within 500 m of the first 
one observed; 57.4%) and, if sticks with small multiple hooks are excluded (which 
were used mostly downstream of dolphin distribution and were not regarded as a 
threat to the animals), the majority of individual gears (53.5%). Gill nets were also the 
most widespread gear in terms of their distribution throughout the river, and there was 
a significant positive relationship between gillnet encounter rates (i.e., number of 
gears observed each day) regressed against downstream progress on the survey (df = 
19; fixed gillnets P = 0.0176, F = 6.8321, R2 = 0.2750; drifting gillnets P = 0.0002, F 
= 20.7149, R2 = 0.5351). Within the river segment between Bhamo to Mingun 66, 100 
and 122 gillnets were recorded during the 2002-2004 surveys, respectively, which 
suggests that the use of gillnets has increased in intensity during this period. 
  
Wherever gillnets and cetaceans occur together there will be entanglements and 
mortality (see International Whaling Commission 1994). The fact that gillnets were 
present in higher frequencies in areas where dolphins were reported to occur 
historically, but were not observed during the 2002 survey, implies that these fishing 
gears are at least partially responsible for the range decline of the species. During 
interviews conducted in December 2005 fishermen reported observing at least two 
dolphins becoming entangled in a large-mesh gillnet and dying. Large-mesh gillnets 
used to catch large fish were thought to represent the greatest danger to the dolphins 
but apparently this type of net is rarely used in the river section where dolphins occur 
(Smith and Mya 2006).  
 
For small cetaceans it is generally recommended that yearly removals not exceed 1-
2% of the population size (Wade 1998) – the lower bound being more applicable to 
very small populations that are already vulnerable to extirpation due to demographic, 
genetic and other factors. If there are only about 72 animals in this subpopulation (the 
highest ‘best’ estimate of abundance from December 2004 survey; Table 1), any more 
than a single death every one or two years from human activities may be 
unsustainable.  
 
During the all-river survey conducted in 2002 (see above), Smith (2003) recorded a 
total of 890 gold mining operations (180 in the river segment where dolphins were 
recorded and 506 above the downstream extent of their range in Mingun), 
concentrated primarily in areas of reduced current, above and below defiles and near 
channel convergences – the same areas that constitute the preferred habitat of 
Irrawaddy dolphins. Large boat dredges (15.8% of the total operations) and hydraulic 
land blasters (13.4% of the total operations) introduce, break up, and redistribute large 
quantities of gravel and fine sediments. This causes major changes in the 
geomorphologic and hydraulic features of river channels that make them suitable for 
dolphins. These operations are also very noisy, which may disturb or displace 
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dolphins, or interfere with their ability to navigate, detect and catch their prey and 
communicate. 
 
During surveys in 2002-2004 of the Bhamo to Mingun river stretch, 25.8% of the total 
number of recorded gold mining operations (N = 935) were located in the 
Kyaukmyaung to Mingun segment, with large boat dredges positioned just 
downstream of the third river defile accounting for 78.6% of these. During the 2004 
survey of the river segment between Mingun and Bhamo, encounter rates of all 
operations were slightly lower (12%) than recorded during the 2003 survey, primarily 
due to the 22% decrease in the number of large boat dredges, particularly those 
located in the third defile. However, the total numbers of large boat dredges were still 
much higher (690%) than the number recorded in 2002 survey. Similar to results from 
the 2003 survey, of particular concern was the high concentration of large boat 
dredges in the third defile, which contained 163 dredges (encounter rate = 3.1/km), 
and between the end of the third defile at Kyaukmyaung and Mingun, which 
contained 73 dredges (encounter rate = 1.0/km).  
 
Gold mining operations in the Ayeyarwady use mercury (Hg) to amalgamate the gold. 
Benthic bacteria process mercury into highly toxic methylmercury (CH3Hg+ or 
MeHg). The bacteria are then consumed by other aquatic organisms and the 
methylmercury bioaccumulates up the food chain or is released, absorbed by 
phytoplankton, and reintroduced into the food chain by aquatic herbivores 
(Krabbenhoft and Rickert 1996). Methylmercury bioaccumulates to the highest levels 
in wildlife that feed high up the food chain, and piscivorous animals (i.e., fish eaters) 
are at the greatest risk of toxic effects (Environmental Protection Agency 1997). A 
study of stranded bottlenose dolphins in the Atlantic Ocean found liver abnormalities 
associated with elevated mercury accumulation (Rawson et al. 1993). The potential 
for mercury to have toxic effects on Irrawaddy dolphins may be especially high, due 
to their affinity for areas of reduced flow where entrained metals probably settle in 
higher concentrations than elsewhere in the river channel.  
 
During a survey in December 2004 between Mandalay and Bhamo, 61 samples of fish 
muscle tissue were collected (51 of Ompok sp. and 10 of Crossocheilus burmanicus). 
The mean mercury concentration for the Ompok specimens was 182 ng/g (SD = 96, 
range = 82-684), and for the C. burmanicus samples was 30 ng/g (SD = 18, range = 
15-75). Similar to the results from samples collected in 2002, Ompok fish did not have 
dramatically elevated levels. However, the measured concentrations were high 
enough to give reason for concern about their potential effects on piscivorous wildlife 
and humans. Three of the Ompok samples (5.8%) were above the 300 ng/g limit 
established for human consumption by the United States Environmental Protection 
Agency and one sample was above the 500 ng/g standard set by the World Health 
Organization. It is important to note that these criteria are human-based and assume 
that fish are only a small portion of an individual’s diet. The United States Fish and 
Wildlife Service is currently defining a mercury concentration effect level for the prey 
of piscivorous wildlife, and it will probably be set at around 100 ng/g (Darell Slotton, 
personal communication). Forty nine of the Ompok samples (or 96% of the total) were 
above this level. This is significantly higher than the levels recorded for Ompok fish 
during the 2002 investigation when only one out of 26 (or 4% of the total) samples of 
Ompok tested for mercury was above 100 ng/g. However, most of these latter samples 
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were collected above Bhamo so, due to the increasing trend of mercury concentrations 
in downstream sites (see above), this comparison may not be valid.  
 
In early 2005, based in part on the mercury results reported above, the government of 
Myanmar banned gold mining in the Ayeyarwady River. During a dolphin monitoring 
survey in November 2005, no gold mining operations were observed in the river 
segment between Mingun and Kyaukmyaung (Smith and Mya 2006). This contrasts 
with observations made in December 2004 of 73 large boat dredges and four manual 
sluice operations (Smith 2005b). A note of concern about mercury levels in the 
Ayeyarwady, however, is that these are also determined by gold mining operations 
located in tributaries. It will therefore be important to continue the existing mercury 
monitoring program because intensification of gold mining activities in areas outside 
the river mainstem could potentially cause mercury levels to increase to toxic levels. 
 
There are no known plans to construct dams in the Ayeyarwady River or its major 
tributaries in Myanmar, however, fisheries officers in Bhamo reported that one or 
more dams in the Taping River upstream of the Myanmar/China border were causing 
reduced flow during the dry season. Dolphins have been observed in the deep pool 
area at the Taping and Ayeyarwady confluence during all three surveys conducted in 
2002-2004, and these animals represent the farthest upstream range of the species. If 
flows are further reduced it could result in habitat loss and a decline in the upstream 
range of the dolphin population in the Ayeyarwady.  
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Table 1. Survey details for Irrawaddy dolphins in the Ayeyarwady River. 
 

Dates River Segment, Distance and 
Direction 

Mean 
Vessel 
Speed 

(km/hr) 

Number of 
Observers 

Number of 
Dolphin 
Groups 

Encounter Rates 

Sum of Best-
High-Low 

Estimates of 
Group Size 

References 

March & April 
1996 

248km of non-continuous trackline 
between Saigaing (Ava) Bridge and 

Ma U Village, concentrated in a 
27km segment between Mandalay 

and Shin Hla 

10.2km/hr 2 in the front 3 
0.012 groups/km 

0.048 dolphins/km 
 

12-14-9 Smith et al. 
(1997) 

December 1996 
206km heading upstream from 

Mandalay to the Shweli tributary 
confluence 

6.8km/hr 3 in the front 5 0.024 groups/km 
0.063 dolphins/km 13-14-13 Smith et al. 

(1997) 

December 1996 
193km heading downstream from the 

Shweli tributary confluence to 
Mandalay 

11.9km/hr 3 in the front 2 0.010 groups/km 
0.036 dolphins/km 7-8-7 Smith et al. 

(1997) 

December 1996 99km heading downstream from 
Mandalay to Bagan 8.2km/hr 3 in the front 0 --------------- 0-0-0 Smith et al. 

(1997) 
January & 

February 1998 
360km heading downstream from 

Bhamo to Mandalay 13km/hr 3 in the front 
and one in back 14 0.039 groups/km 

0.164 dolphins/km 59-70-55 Smith & Hobbs 
(2002) 

November & 
December 2002 

1,787km in the mainstem heading 
downstream from the confluence of 
the Maykha and Maylikha rivers to 
the Gayetgyi Island in the delta and 

201km in side channels from a 
smaller vessel along the way. 

 

11.4km/hr 
in the 
main 

vessel and 
10.4 in the 

small 
vessel 

2 independent 
teams of 3 in 
the front and 

two in the small 
vessel 

8 (all in a 
373km 

segment of 
the mainstem 

above 
Mandalay) 

0.021 groups/km‡ 
0.100 dolphins/km 37-47-33 Smith (2003) 

                                                 
‡ Encounter rate calculated only for the 373km segment above Mandalay. 
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Table 1. Survey details for Irrawaddy dolphins in the Ayeyarwady River (continued). 
 

Dates River Segment, Distance and 
Direction 

Mean 
Vessel 
Speed 

(km/hr) 

Number of 
Observers 

Number of 
Dolphin 
Groups 

Encounter Rates Sum of Best-
High-Low 

Estimates of 
Group Size 

References 

December 2003 420km in the mainstem heading 
upstream from Mandalay to Bhamo 
and 120km in side channels from a 

smaller vessel along the way 

7.8km/hr 
in the 
main 

vessel and 
8.2km/hr 
in small 
vessel 

3 in the front 
and 1 in the 
back on the 

main vessel and 
2 in the smaller 

vessel. 

16 (all in the 
mainstem) 

0.038 groups/km 
0.140 dolphins/km 

59-83-51 Smith (2005a) 

December 2003 414km in the mainstem heading 
downstream from Bhamo to 

Mandalay 

11.1km/hr 3 observers in 
front and 1 in 

the back 

10 0.024 groups/km 
0.104 dolphins/km 

43-50-40 Smith 
(2005a) 

December 2004 425.2km in the mainstream heading 
upstream from the Saigaing Bridge to 
Bhamo and 103.5km in side channels 
from a smaller vessel along the way. 

9.6km/hr 
in the 
main 

vessel and 
9.6 km/hr 

in the 
small 
vessel 

3 in the front 
and 1 in the 
back on the 

main vessel and 
2 in the smaller 

vessel. 

13 (all in the 
mainstem  

except for one 
group of 6-7 
individuals) 

0.031 groups/km 
0.169 dolphins/km 

72-76-65 Smith 
(2005b) 

December 2004 426.3km in the mainstem heading 
downstream from Bhamo to the 

Saigaing Bridge and 118.6km in side 
channels from a small vessel along 

the way. 

12.4km/hr 
in the 
main 

vessel and 
14.3km/hr 

in the 
small 
vessel 

3 in the front 
and 1 in the 
back on the 

main vessel and 
2 in the smaller 

vessel. 

10 (all in the 
mainstem 
except one 
group of 3 

individuals) 

0.023 groups/km 
0.077 dolphins/km 

33-35-31 Smith 
(2005b) 
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Table 1. Survey details for Irrawaddy dolphins in the Ayeyarwady River (continued). 
 

Dates River Segment, Distance and 
Direction 

Mean 
Vessel 
Speed 

(km/hr) 

Number of 
Observers 

Number of 
Dolphin 
Groups 

Encounter Rates Sum of Best-
High-Low 

Estimates of 
Group Size 

References 

May 2006 407.08km,  in the mainstream 
heading upstream from Mandalay to 

Bhamo 

6.5km/hr 
in the 
main 
vessel 

3 in the front 
and 1 in the 
back on the 
main vessel 

9 (all in the 
mainstem) 

0.011groups/km 
0.041dolphins/km 

 

31-34-28 Myo Chit 
( 2007) 

May 2006 405.82km in mainstream heading 
downstream from Bhamo 

12.5km/hr 
in the 
main 
vessel 

3 in the front 
and 1 in the 
back on the 
main vessel 

None None 0,0,0 Myo Chit 
( 2007) 

January 2008 421.37km, in the mainstream heading 
upstream from Mandalay to Bhamo 

6.5km/hr 
in the 
main 
vessel 

3 in the front 
and 1 in the 
back on the 
main vessel 

8 (all in the 
mainstem) 

0.019 groups/km 
0.095 dolphins/km 

40-48-47 Myo Chit 
( 2008) 

January 2008 460.32lm in the mainstream heading 
downstream from Bhamo to 

Mandalay 

12.6km/hr 
in the 
main 
vessel 

3 in the front 
and 1 in the 
back on the 
main vessel 

6 ( all in the 
mainstem) 

0.013 groups/km 
0.059 dolphins/km 

27-30-27 Myo Chit 
( 2008) 
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Appendix 5. Summary of conservation activities for 
Irrawaddy dolphins in the Ayeyarwady Dolphin Protected 
Area 2005-2008 
 
Establishment of a Protected Area 
In December 2005, the Myanmar government announced the establishment of a 
protected area for Irrawaddy dolphins in a ca. 74-km segment of the  
Ayeyarwady River between Mingun and Kyaukmyaung. Key provisions of Fisheries 
Notification No. 11/2005, which established the protected area, include requiring 
fishermen to immediately release dolphins if found alive and entangled in their nets, 
prohibiting the catching or killing of dolphins and trade in whole or parts of them, and 
prohibiting the use of gill nets that obstruct the water-course, are more than 300 feet 
(91.4 m) long, or spaced less than 600 feet (183.9) apart. Also in December 2005, 
Fisheries Notification No. 10/2005 was announced which prohibits the use of 
electricity to catch fish. 
 
The criteria for determining demarcation points for the protected area were based on 
the locations of dolphin sightings made during surveys conducted by the Department 
of Fisheries, Myanmar, and WCS in 2002-2004 and locations that could be 
unambiguously recognized by local people and government officials. Demarcation 
points (Figure 1) were determined during a dolphin survey and educational outreach 
trip to the protected area in November 2005. The western corner of the upstream 
boundary was established at the Yadaw Pagoda Jetty approximately one km north of 
Kyaukmaung. The eastern corner of the upstream boundary was established as the 
point on the east bank where the two tallest spires of the Yadaw Pagoda come into 
visible alignment. The western corner of the downstream boundary was established 
where the highest golden pagoda lines up with the standing Buddha atop the highest 
hill just south of Mingun. The eastern corner of the downstream boundary was 
established opposite this point on the east bank which is on a sandbar subject to 
erosion and deposition. 
 
Elimination of Gold Mining 
In early 2005, based in part on the mercury analyses reported above, the Government 
of Myanmar banned gold mining in the Ayeyarwady River. During 25 patrols of the 
protected area (see below), all conducted in both upstream and downstream 
directions, gold mining operations were only observed on two occasions and these 
were limited to small-scale panning versus large dredges which were common before 
the ban. A note of concern about Hg levels in the Ayeyarwady, however, is that these 
are also determined by gold mining operations located in tributaries. It will therefore 
be important to continue the existing Hg monitoring program because intensification 
of gold mining activities in areas outside the river mainstem could potentially cause 
mercury levels to increase to toxic levels. 
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Figure 1a. Upstream demarcation point slightly upstream of Kyaukmyaung for 
 Irrawaddy dolphin protected area. 
 

 
 
Figure 1b. Downstream demarcation point slightly downstream of Mingun for 
 Irrawaddy protected area. 
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Educational Outreach 
Before the protected area was announced educational talks and workshops on dolphin 
conservation and sustainable fisheries were held at monasteries, primary and 
secondary schools, local government offices and onboard our vessel at fishermen 
communities in Hsithe, Htone Gyi, Indown , Myayazun , Hinthama , Thein , 
Sheinmaka  and Myitkangyi (Figure 2). Banners were placed along the river bank and 
posters were distributed in towns and villages. A wide range of educational outreach 
activities were conducted during patrols after the Ayeyarwady Dolphin Protected 
Area was established in December 2005 including 24 meetings with local fishermen 
and fish contractors; 12 meetings with local government officials eight meetings with 
local DoF officers; eight workshops with fishermen, DoF officers, local police, and 
Fisheries Federation officials, and 16 education programs in local villages. During 
patrols of the Protected Area we also placed more than 20 strong wooden and brightly 
painted signboards along the river bank that informed local people about the ban on 
electric fishing and the penalties involved if caught using this destructive technique 
(Figure 3).  
 

 
 
Figure 2. U Mya Than Tun, Associate Director, Department of Fisheries giving an 
education talk to students and monks in Myayazun. 
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Figure 3. Cast-net fishermen standing in front of educational banner and signboard  
About the ban on electric fishing in Hsithe. 
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Patrols for Monitoring and Enforcement 
Between March 2006 and June 2008, 25 patrols were conducted in the protected area 
between Mingun and Kyaukmaung along 3,231 km of river length during 414 hours 
over 86 days (Figure 4; Table 1). While on patrol a total 39 sightings were made of 
Irrawaddy dolphins (mean group size = 4.8 individuals, SD = 3.0, range = 1-13 
(Figure 5). During the patrols the team confiscated four electric fishing vessels and 
gear, and one illegal small-sized beach net being used during the closed fishing 
spawning in May.  Educational outreach activities conducted during patrols are 
summarized above. 
 

 
 
Figure 4. Department of Fisheries patrol boat in the Ayeyarwady Protected Area with 
Fisheries Officers monitoring the dolphin population and fishing activities.
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Table 1. Summary of patrolling effort, observations and activities during patrols in the Ayeyarwady Dolphin Protected Area from March 2006 – 
May 2008. 
 
Patrol 

# Start Date End Date Distance  
(km) 

Time 
(hrs) 

No. Villages 
Visited 

No. Dolphin 
Sightings 

No. Illegal Gold 
Mining 

No. Illegal 
Fishing 

No. Educational 
Contacts4 

1 17-Mar-06 18-Mar-06 86.9 6.8 2 3 0 0 2 
2 24-Mar-06 28-Mar-06 174.3 16.7 5 6 0 0 4 
3 30-Mar-06 30-Mar-06 30.0 4.0 1 0 0 0 1 
4 8-Apr-06 10-Apr-06 153.7 15.8 3 2 0 0 3 
5 21-Apr-06 22-Apr-06 142.4 14.9 5 0 0 0 5 
6 24-Jun-06 25-Jun-06 134.1 16.6 2 1 0 0 1 
7 16-Aug-06 16-Aug-06 27.1 2.7 2 0 0 0 2 
8 30-Aug-06 31-Aug-06 194.2 22.0 5 2 0 0 3 
9 18-Sep-06 20-Sep-06 140.2 14.3 0 2 0 0 0 

10 18-Oct-06 19-Oct-06 141.1 17.7 3 1 0 0 3 
11 17-Feb-07 18-Feb-07 140.3 13.2 0 4 0 0 1 
12 28-Mar-07 30-Mar-07 95.6 8.9 4 4 0 0 4 
13 22-May-07 23-May-07 148.0 28.5 0 0 0 0 0 
14 20-Sep-07 22-Sep-07 150.5 21.1 1 1 0 0 1 
15 13-Oct-07 18-Oct-07 100.7 12.2 5 0 0 0 4 
16 28-Oct-07 2-Nov-07 113.9 21.2 6 0 0 0 4 
17 23-Nov-07 29-Nov-07 165.2 16.7 4 2 50 0 1 
18 6-Dec-07 16-Dec-07 171.6 19.5 4 6 25 0 4 
19 6-Jan-08 29-Jan-08 144.7 16.8 1 0 0 0 4 
20 28-Feb-08 2-Mar-08 162.2 31.4 5 0 0 4 6 
21 12-Mar-08 13-Mar-08 118.7 14.2 2 3 0 0 2 
22 25-Apr-08 4-May-08 178.2 22.3 3 0 0 0 3 
23 21-May-08 23-May-08 123.0 19.9 3 0 0 1 3 
24 3-Jun-08 5-Jun-08 171.1 22.9 2 2 0 0 1 
25 25-Jun-08 27-Jun-08 110.0 20.3 6 0 0 0 6 

                                                 
4 Educational contacts include all workshops and meetings detailed in the text above. 
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Figure 5. Map of the Ayeyarwady Dolphin Protected Area showing the locations of 39 
dolphin sightings made between during patrols conducted between March 2006 and June 
2008.  
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Protection of human-dolphin cast-net fishery 
A total 45 cooperative cast-net fishermen were identified from Myayazun (13), 
Myitkangyi (12), Hsithe (9), Hinta Gone (7) and Ayekyun (4) (Figure 6). These 
fishermen were issued special identity cards that give them the right to fish throughout 
the protected area for a nominal fee and make them responsible for reporting illegal 
fishing activities including the use of electricity, explosives and poisons. In addition, 14 
other cast-net fishermen from Htan Chauk Pin (5) and Nge Toe Tha Phan Daunt (6) and 
Sinn Kyun (3) were provisionally identified as fishing cooperatively with dolphin and 
will be issued identify cards after confirmation by the Township Fisheries Officer. 
Extensive meetings were also held with fish contractors and sub-contractors, and local 
fisheries officers to ensure that the rights granted to the cooperative holding identity are 
respected.  
 
Three meetings and one major workshop were held in Mandalay with representatives 
from eight tourism companies, two tourism vessel associations and the Ministry of Hotels 
and Tourism. The goal of these meetings and workshop was to ensure that tourism 
activities do not harm the animals and that the cooperative fishermen shared in revenues 
generated from the activity. During the meetings and workshop we also distributed and 
promoted Irrawaddy Dolphin Watching Guidelines for Tourists and Tourism Operators 
(Appendix 3). Future plans include organizing cast-net fishermen into cooperatives and 
promoting agreements among them to share fees charged to tourists who come to observe 
the dolphins and the human-dolphin cooperative fishing practice and providing training 
to cast-net fishermen to ensure that the dolphins are not harmed by tourism activities and 
visitors enjoy a safe and educational experience. 
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Figure 6. Map of the Ayeyarwady Dolphin Protected Area showing the locations of 
cooperative cast-net fishing villages. 
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Appendix 6. Research on the human-dolphin cooperative cast-
net fishery** 
 
Catch composition and conservation management of a human-dolphin 
cooperative cast-net fishery in the Ayeyarwady River, Myanmar 
 
Abstract 
A study of the catch composition of a human-dolphin cooperative cast-net fishery in the 
Ayeyarwady River was conducted during November and December 2006 and 2007 at 
fishing grounds in Myay Zun, Indown, The` Kyun and Hsithe. Altogether a total of 4,139 
fish from 42 species and five crustaceans from a single species were recorded in 1,099 
net casts made during 33 fishing sessions in dolphin habitat. Sufficient data were only 
available to conduct in-depth analyses of fish catches obtained from Myay Zun (776 net 
casts, 41.1% while cooperating with dolphins). These analyses indicated that catch per 
cast, defined by the number of fish, their weight and economic value, was higher (Mann-
Whitney P<0.001) during both 2006 (about double for all parameters) and 2007 (about 
triple for all parameters) while the fishermen were cooperating with dolphins. Differences 
in catch between cooperative and non-cooperative net casts were primarily explained by 
the much higher frequency of blank (or empty) casts (Chi-square=161.4 and 83.9 in 2006 
and 2007, respectively, both P<0.001, df=3) recorded during non-cooperative casts 
(68.3% and 71.3% in 2006 and 2007, respectively) versus cooperative casts (30.8% and 
31.6% in 2006 and 2007, respectively). Overall, fish catch could be described as meager 
which may be partially explained by the abnormal timing of flow recession during both 
years. However, the cast-net fishermen also consistently reported dramatically depleted 
catches due illegal electric fishing. Elimination of electric fishing from the Ayeyarwady 
Dolphin Protected Area will be crucial for protecting the dolphins and cooperative cast-
net fishery.  
 
Key Words: fish catch; Irrawaddy dolphins; mutualism; Orcaella brevirostris; 
conservation; fisheries management 
 

                                                 
** This appendix is adapted from an article submitted for consideration to be published in the journal 
Biological Conservation. Please do not cite. 
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1. Introduction 
Human-dolphin cooperative fishery 
 Mutualism practiced between humans and wildlife is a rare ecological phenomenon 
that has largely been attributed to a few specific relationships between fishermen and 
delphinid cetaceans (see Cousteau and Diole', 1975; Busnell, 1973; Thomson, 1967; 
Mead, 1961; Hall, 1984, 1986; Pryor et al., 1990). One example of human-dolphin 
mutualism is a cooperative fishery practiced between Irrawaddy dolphins (Orcaella 
brevirostris) and cast-net fishermen in the Ayeyarwady River Myanmar (Anderson, 
1879; Thein, 1977; Smith et al., 1997; Fig. 1). During this fishery, cast-net fishermen 
operating from small two-person canoes attract the animals to help them by (1) 
repeatedly striking the side of their canoe with a conical wooden pin in short-pulsed 
decrescendo drum rolls, (2) slapping the water surface sharply with the flat end of their 
paddle (Fig. 2), (3) letting the lead weights of their cats net dangle on the deck of their 
boat  making a tinkling sound, (4) vocalizing a guttural call from the throat which sounds 
similar to a turkey, and (5) making practice net casts. If the dolphins ‘agree’ to engage in 
cooperative fishing, they herd fish into a concentrated mass by swimming in ever-tighter 
semi-circles towards the fishermen. Then one dolphin pushes its half-submerged flukes in 
the direction of the fisherman, which serves to further concentrate the fish school and 
provides a ‘signal’ to the fisherman to cast his net (Fig. 3).  The fishermen benefit from 
the dolphins’ behavior because they can more easily capture fish concentrated by the 
herding and fluke push. The dolphins benefit by preying on fish whose movements are 
confused by the sinking net and those that are entangled on the outside of the net, 
momentarily stuck on the mud bottom and fall out of the net as it is pulled to the surface 
(Fig. 4; Smith et al., 1997).  
 Irrawaddy dolphins in the Ayeyarwady River are among only three riverine 
populations of the species (Smith and Jefferson, 2002). The other two are in the Mekong 
and Mahakam Rivers, and all are classified as “critically endangered” in the IUCN Red 
List (Kreb and Smith, 2004; Smith, 2004; Smith and Beasley, 2004). The Ayeyarwady 
population is located about 970 km from the sea between Mingun and Bhamo and 
concentrated in geomorphically complex reaches present in three river segments that 
make up 69% of their total range of about 400 linear km (Smith and Mya, 2007; Fig. 3). 
These segments are separated by narrow defiles (where an alluvial channel becomes 
abruptly narrow, deep and fast-flowing as it cuts through a mountain range) and only 
very limited demographic interaction is believed to occur among the dolphin groups 
occupying them.   
 The human-dolphin cooperative fishery is limited to the farthest downstream river 
segment located between Mingun and Kyaukmyaung (~74 linear km), which supports 
about 24% of the total population estimated to be 59-72 individuals (Smith and Mya, 
2007). In December 2005, the Department of Fisheries, Myanmar, announced the 
establishment of a protected area for Irrawaddy dolphins in this river segment (Fig. 4). 
Key provisions of the protected area include requiring fishermen to immediately release 
dolphins if found alive and entangled in their nets, prohibiting the catching or killing of 
dolphins and trade in whole or parts of them, and prohibiting the use of electricity to 
catch fish and gill nets that obstruct the water-course, are more than 300 feet (91.4 m) 
long, or spaced less than 600 feet (183.9m) apart (Smith and Mya, 2007).  
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 The present paper reports on a study of the catch composition of cast-net fishermen 
operating in this river segment while fishing with dolphins and while fishing without 
them. It then discusses measures being taken in the Ayeyarwady Dolphin Protected Area 
to conserve the dolphins and cooperative fishing activities. 
 
2. Materials and Methods 
 A study of the human-dolphin cooperative fishery in the Ayeyarwady River was 
conducted during 18 November 06 - 12 March 2006 and 24 November – 15 December 
2007. Prior to the study extensive casual observations and interviews with cast-net 
fishermen were carried out during surveys to assess the status of the dolphin population 
and plan for establishment of the protected area mentioned above (see Smith and Mya, 
2007).  During these activities four main areas were identified where the cooperative 
fishery is practiced: Myay Zun , Indown, The` Kyun, and Hsithe (Fig. 5). During the two 
study periods the research team visited these fishing grounds and accompanied the cast-
net fishermen while they conducted their normal activities. Attempts were made to work 
with a variety of fishing teams in each location and the fishermen were requested to fish 
as per their normal practice regardless of our presence. Observations were made from the 
adjacent shore or from a separate canoe that we hired especially for our use. When 
making observations from a canoe, we remained at least 50 m away from the fishing 
activity and avoided abrupt movements that might disturb the animals or fishing practice. 
We were often present at the beginning of a cooperative fishing session but also 
encountered the practice while patrolling on the river and began recording data after 
cooperative fishing activities had started.  
 A 2-3 person research team sampled the catches of cast-net fishermen. Before fish 
sampling began, the researchers gave each two-person fishing team a dozen or more 
plastic bags that had been numbered with red and black permanent marking pens. The 
fishermen were requested to place the fish and crustaceans from each net cast in a 
separate bag using the ones numbered in red if the catch was made while cooperating 
with dolphins and the ones numbered in black if the catch was made without the 
cooperation of dolphins.  While accompanying the fishermen one team member was 
responsible for observing and classifying each net cast according to whether or not any 
fish or crustaceans were caught, whether or not the cast was made while the fishermen 
were cooperating with dolphins, how many dolphins were present in the river reach 
(defined as defined as a relatively homogeneous stretch of channel located between 
obvious breaks in side slopes or tributary confluences), how many fishing teams were 
participating in the cooperative fishing session (multiple fishing teams were present with 
each one taking turns cooperating with the dolphins), and, if the cast was made with the 
cooperation of dolphins, how many animals were participating in herding fish toward the 
fishermen. 
 Cooperative net casts were defined as being immediately preceded by a distinct ‘fluke 
push.’ Cooperative casts were often preceded by a visible swell from accelerative 
swimming just below the surface or sometimes side-swimming in a concentric circle 
towards the fishermen. Non-cooperative net casts were defined as being made without a 
“fluke push” regardless of weather or not dolphins were visible in the river reach. This 
definition was based on extensive casual observations indicating the behavior was 
universally used by the fishermen as the signal to cast their nets (see Smith et al.  1997). 
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Observing and classifying each cast ensured that those made without catching any fish or 
crustaceans (i.e., blank casts) were included in the analyses. Additionally this information 
allowed us to cross-check whether or not the fishermen were placing cooperative and 
non-cooperative catches in the correct bags. Occasionally net casts were made in 
backwater areas over shallow flats (1-2m deep) with submerged bushes where the 
dolphins were never observed. Casts made in these areas were classified as occurring in a 
non-cooperative fishing area and not included in the analysis. 
 The marked bags were periodically collected from each fishing team and they were 
given new ones as needed. Information was recorded from each bag on (1) whether or not 
the catch was made with the cooperation of dolphins, (2) species identifications of all 
specimens (see Jayaram, 1981), (3) the total number of individuals of each species, and 
(4) the weight of all individuals of each species. When collecting fish and crustacean 
catches from multiple fishing canoes, the bags were kept separate so that they could be 
returned to their correct owners after the data were recorded. Photographs and voucher 
specimens were collected of each species recorded during the study. 
 Fishermen were interviewed about the price in local currency (kyat; 1,100 = 1$US) 
they received per local weight measurement (viss, 1 = 1.633kg) for different fish and 
crustacean species. Weights and values of each species sampled in each net cast were 
then converted to kilograms and US$, respectively, and used to calculate the economic 
contributions of each species for all recorded net casts. The focus was on the value of 
species to the fishermen versus the market price of the catch. 
 The exponent of a Shannon index (Shannon, 1948) was used to measure the ‘effective 
number of species’ (number of equally-common species required to give a particular 
value of the index) for each net cast. Using the ‘effective number of species’ is identical 
to entropy measurements in thermodynamics, economics and information theory, and the 
approach produces more stable, interpretable and sensitive measures of similarity than 
using the index alone (Jost, 2006). 
 Non-parametric statistics were used to avoid non-normality issues in the data set. 
Correlations were tested and measured with a Kendall taub coefficient, which makes 
adjustments for ties and produces values that range from  1 (100% negative 
concordance) to +1 (100% positive concordance), with zero indicating the absence of 
association. Catches were analyzed separately according to location and year to avoid 
having to consider these as covariates to explain statistical differences or correlations.   

 3. Results 

3.1 Overall Catch 
 Altogether a total of 4,139 fish from 42 species and five crustaceans from a single 
species (Machrobrachium sp.) were recorded in 1,099 net casts made during 33 fishing 
sessions (defined as a continuous sampling period – generally one in the morning and/or 
one in the afternoon) that took place within dolphin habitat (i.e., not including shallow 
hilly areas with emergent vegetation; Table 1). The weight of the overall catch was 51.6 
kg and the total value to the fishermen was 68.6 $US.   
 The economic values to the fishermen of the various fish species ranged from 0.56-
2.33 $US/kg. The price received for the most commonly occurring species (Labeo boga), 
which accounted for 48.6% of the total number of fish caught, 67.5% of the total weight, 
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and 56.6% of the total economic value, was 1.12 $US/kg. Crustaceans had the highest 
economic value to fishermen at $4.66 $US/kg; however, only 5 individuals were caught 
during the study, which accounted for 1.6% of the total value of the catch, and concerns 
that potential differences in catches made in different locations could confound 
comparisons between cooperative and non-cooperative net casts, the majority of analyses 
were limited to catch data from Myay Zun. 
 
3.2 Catches in Myay Zun 
 The large majority of cooperative net casts were recorded in Myay Zun (93.6%; Table 
2) and the fishermen were able to engage the dolphins to fish with them almost every day 
we were present along the banks of this village. Our analysis was therefore focused on 
these data. In total, 3,852 fish from 40 species and three crustaceans from a single species 
were recorded in 776 net casts (41.1% while cooperating with dolphins) during 27 fishing 
sessions (mean number of casts per session=29.8, SD=22.1, range = 2-86) in Myay Zun. 
The weight of the overall catch for all net casts was 43.4 kg and the total value to the 
fishermen was 57.2 $US. A single species (Labeo boga) accounted for 73.0% of the 
entire catch by weight, and the top six species ranked by weight accounted for 95.3% of 
the entire catch (Table 3). L. boga was also the most frequently occurring species 
recorded in 38.1% of the total number of net casts and 78.1% of net casts with catch (i.e., 
excluding ‘blank’ casts).  
 Overall catches of fish and crustaceans in Myay Zun were much lower in 2006 
compared to 2007 (Mann-Whitney U Test Ho P<0.001). During both 2006 and 2007, 
cooperative net casts (n=146 and n=174, respectively) resulted in substantially larger fish 
and crustacean catches according to numbers, weights and economic values to the 
fishermen (Mann-Whitney U Test Ho P<0.001) (Table 3). The differences between 
cooperative and non-cooperative catches could largely be explained by the much greater 
frequency (Chi-square=161.4, P<0.001, df=3 in 2006; Chi-square=83.9, P<0.001, df=3 in 
2007) of empty catches or ‘blanks’ recorded during non-cooperative casts (68.3% and 
71.3% in 2006 and 2007, respectively) versus cooperative casts (30.8% and 31.6% in 
2006 and 2007, respectively) (Table 3). Even excluding blank casts, cooperative net casts 
in 2007 caught significantly greater fish and crustacean numbers, weights, and values 
(Mann-Whitney Ho P<0.001); however, no differences in these parameters were detected 
in 2006, when overall catch was significantly lower (Table 4; see above). Cooperative 
casts also caught a greater number of effective species in 2007 (Mann-Whitney Ho 
P=0.018); however, no differences were detected in 2006.  There was a greater proportion 
of cooperative net casts that resulted in fish or crustaceans catches (Chi-square=21.66, 
df=1, P<0.001) in 2007 versus 2006, with 86.3% and 68.4% non-blank casts, 
respectively, but no difference in the proportions of non-blank casts between years for 
non-cooperative casts (Chi-square=0.429, df=1, P>0.05).   
 There was a slight positive correlation in the pooled data from both years between the 
number of boats participating in the cooperative fishing activity (median= 3, range=1-10) 
and the economic value of fish and crustacean catches, both when including blank casts 
and excluding them (Kendall taub coefficient 0.161 and 0.142, respectively, at P<0.01), 
but no correlations with fish or crustacean numbers or weights. There was also slight 
positive correlations in pooled data from both years between the number of dolphins 
participating in the cooperative fishing activity (median=3, range 1-4) and the economic 
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value of fish and crustacean catches (Kendall taub coefficient = 0.151 at P<0.01), as well 
as those visible in the river reach (median=11, range 2-12; Kendall taub coefficient = 
0.091 at P<0.05), but no correlations with fish or crustacean numbers or weights. 
 The species composition of catches made during cooperative and non-cooperative 
casts in pooled data from both years was similar with strong agreement between species 
ranks for individuals, weights and economic values (Table 3; Kendall taub coefficients = 
0.447, 0.275 and 0.236, respectively, all at Ho P<0.05). There was no difference (Mann-
Whitney U Test P=0.262) between for the effective number of species caught during 
cooperative casts (mean=2.2, SD=1.1, range=1.0-5.6) versus non-cooperative casts 
(mean=2.1, SD=1.0, range 1.0-6.0). 
 
3.3 Catches in Hsithe, Indown and The` Kyun  
 No cooperative net casts were recorded in Hsithe and dolphins were never 
encountered near this village despite several visits during both years of the study.  
Cast-net fishermen from Hsithe thought the dolphins might have abandoned visiting the 
river reach adjacent to their village because during both fishing seasons in 2006 and 2007 
they had been unable to fish due to a dispute with the local fish contractor.  
 Catch data from Indown and The` Kyun were in apparent rough agreement with data 
from Myay Zun. From a total of 83 casts in Indown, 12 (14.5%) were made with the  
cooperation of dolphins, including three blanks resulting in a mean catch of 2.6 fish/cast 
(range 1-8), 93.9 gm/cast (range=0.0-409.1), and 0.18 $US/cast (range=0.00-0.86); and 
71 were made without dolphin cooperation, including 43 blanks resulting in a mean catch 
of 1.2 fish/cast, 21.1 gm/cast and 0.04 $US/per cast (range=0.00-0.43), with the 
differences between them significant at Man-Whitney U Test P=0.018, 0.006 and 0.017, 
respectively. Excluding blanks, there were no significant differences between cooperative 
and non-cooperative casts in Indown, although weight was almost significant at P=0.086.  
From total of 19 net casts in The  Kyun, ten were made while cooperating with 
dolphins, all with catch, producing a mean of 4.9 fish or crustaceans/cast (range 1-16), 
82.3 gm/cast (range=20.0-305.0), and 0.10 $US/cast (range=0.02-0.35); and nine were 
made without cooperation from the dolphins, including eight blanks and resulting in a 
total catch of three fish weighing 18.3 gm and worth 0.02 $US.  
 
4. Discussion 
4.1 Catch composition  
 During the cooperative fishing study, the number of fish caught, and the total weight 
and value per cast was substantially greater during cooperative versus non-cooperative 
fishing. When blank casts were included, the catches from cooperative casts versus non-
cooperative casts were about double during the first year, when the overall catch was 
relatively low, and about triple in the second year when the overall catch was 
substantially higher. During the first year, after excluding blank net casts, there were no 
differences between cooperative and non-cooperative net casts, but during the second 
year the number of fish, their weight and value per cast were 32.4%, 26.6% and 25.0% 
greater, respectively, during cooperative casts. This implies that when fish are relatively 
scarce, the increase in fishing efficiency while cooperating with dolphins is primarily 
related to the much lower number of blank casts, but that when fish stocks are relatively 
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abundant, cooperative net casts also result in larger and more valuable catches compared 
to non-cooperative casts.  
 The correlation between the number of fishing teams participating in cooperative 
fishing and the value of fish catches was probably related to the fact that when cast-net 
fishermen are obtaining good catches, additional fishing teams join the cooperative 
fishing activity. The correlations between greater fish catches and increasing number of 
dolphins participating in the cooperative fishery and those in the general area are 
probably related to the greater efficiency of more animals herding fish (i.e., fewer 
opportunities for the fish to escape). 
 The results of this study indicate clear advantages for the fishermen to fish 
cooperatively with dolphins. However, regardless of the fishing technique used, catches 
were low and the income generated by the fishermen was meager. The paltry catches of 
the fishermen can probably be explained by a variety of factors. During the first year of 
the study the fishermen told us that catches were a great deal larger (particularly while 
fishing with the dolphins) in late September and early October after an early flood 
recession. During the second year of the study we planned fieldwork for this time; 
however, the monsoon season lasted much later in 2007 compared to 2006 and there were 
multiple post-monsoon floods which suppressed fish spawning. Fish stocks therefore 
never achieved their normal peak after flood recession. This meant that during both 2006 
and 2007, we probably never sampled catches when they were at their highest point, and 
when according to the fishermen the advantages of fishing with dolphins are particularly 
pronounced. Fishermen also consistently told us that catches, both with and without the 
cooperation of dolphins, had declined dramatically in recent years due to an influx of 
illegal electric fishing. They also told us that many cooperative fishermen had taken up 
different occupations, such as farming, salvaging logs lost from timber barges and gold 
mining, due to declining catches.  
 
4.2 Link between cooperative fishing and dolphin conservation 
 During the catch composition study detailed above, a separate researcher collected 
data on human and dolphin behavior using an ‘incident sampling technique’ (Altmann, 
1974). Quantitative analyses are in progress; however, a striking feature of these data was 
that, similar to interactions described for a cooperative cast-net fishery with common 
bottlenose dolphins (Tursiops truncatus) in Brazil; Pryor et al., 1990), the choreography 
was highly ritualized and instigated by the dolphins. A great deal of time was spent by 
the fishermen “calling” the dolphins (see above) and when the animals were present they 
often did not engage in cooperative fishing activities. Fishermen never chased the 
dolphins but instead carefully avoided making any abrupt movements that would cause 
the animals to flee. On every occasion we observed the fishing practice, including prior to 
this study (see Smith et al., 1997: Smith and Mya, 2007) and during surveys and patrols 
within the protected area, the fishing activity was clearly initiated by the dolphins when 
they began herding fish directly towards the fishermen, who remained “calling” and 
waiting at least 50 meters away from the animals, and the fishing session was sustained 
only by their participation. On almost all occasions, except during fishing sessions lasting 
only a few casts with meager or blank catches, dolphin behavior associated with feeding 
(e.g., raised flukes indicating a steep dive, accelerative rushes visible from the induced 
water swell, and side-swimming indicated by the flipper and fluke tips breaking the 
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surface) immediately succeeded the net casts (Fig. 5) and generally stopped only after the 
net was removed from the water. Particularly when catches were relatively large, the 
dolphins often engaged in vigorous social displays, including rubbing and mating, 
between casts. These observations and the persistence of the fishery for at least 130 years 
(see Anderson, 1879) imply that the practice contributes towards meeting the life-history 
needs of the dolphins and that its preservation is intrinsically linked to conserving the 
population.  
 
4.3 Threats to the dolphins and cooperative fishing practice 
 Illegal electric fishing is considered by cast-net fishermen, fish contractors and local 
DoF officials to be the greatest threat currently facing the dolphins due to the direct 
effects of electrocution and indirect effects of declining fish stocks (Smith and Mya, 
2007). Electric fishing is popular because (1) it requires only a relatively small 
investment for the batteries (which can be used for other purposes in the home), 
condenser and electrodes; (2) electric fishing gear requires little maintenance in 
comparison to nets; and (3) the technique results in relatively large catches with little 
effort.  
 Other potential threats to the dolphins (and cooperative cast-net fishery) include 
accidental entanglement in gillnets, excessive sedimentation in deep pools due to 
upstream gold mining operations and possibly mercury poisoning from the use of this 
element in the gold amalgamation process (Smith and Mya, 2007). Strong progress was 
made on reducing the latter two threats when the government of Myanmar banned gold 
mining in the Ayeyarwady River in December 2005. The ban has apparently been 
effective with a decline in the number of gold mining operations form 73 large boat 
dredges and four manual sluices recorded in the protected area during a dolphin survey 
conducted in December 2004 to zero recorded during a survey in November 2005 (Smith 
and Mya, 2007). There is still concern about mercury levels in the Ayeyarwady River 
because these are also determined by gold mining operations that may be located in 
upstream tributaries. 
 
4.4 Protected area management  
 Establishing a protected area for the dolphins and human-dolphin cooperative fishery 
between Mingun and Kyaukmyaung was a significant first step aimed at protecting a 
“critically endangered” wildlife population, preserving a biologically unique example of 
human-dolphin cooperation and sustaining fisheries vital to the economy and health of 
local human communities. Conservation activities currently being undertaken in the 
protected area include (1) conducting extensive meetings, workshops and informal 
discussions with local fishermen, government officials, fish contractors, village leaders 
and Buddhist monks to solicit their input on conservation threats and solutions and raise 
awareness about freshwater fisheries laws, dolphin conservation and the need to adopt 
sustainable fishing techniques; (2) issuing cooperative cast-net fishermen identity cards 
that give them the right to fish throughout the protected area and make them responsible 
for reporting illegal fishing activities including the use of electricity, explosives and 
poisons; (3) organizing cast-net fishermen into cooperatives and promoting agreements 
among them to share fees charged to tourists who come to observe the dolphins and the 
human-dolphin cooperative fishing practice; (4) providing training to cast-net fishermen 
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to ensure that the dolphins are not harmed by tourism activities and visitors enjoy a safe 
and educational experience; (5) conducting twice-monthly patrols to monitor compliance 
with laws prohibiting fishing with electricity, explosives and poisons, regulating the use 
of gillnets, and banning gold mining in the river; (6) notifying fishing contractors that 
they will be held responsible for illegal fishing techniques practiced in their contracted 
segments and for purchasing fish or crustaceans caught using these techniques; and (7) 
monitoring mercury concentrations in the fish tissues of fishes that feed at a relatively 
high trophic levels and are found extensively in the protected area.  
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Table 1. The top six ranked fish species according to total catch weight, and their percentage and rankings (in parentheses) according 

cooperative and non-cooperative net casts for the  proportion of occurrence, total number fish or crustaceans, catch weight, and 

economic value to the fishermen.   

 

Species 
Proportion of occurrence in 

net casts 

Proportion of total number 

of fish 
Proportion of total weight Proportion of total value 

 
Cooperative 

net cast 

Non-

cooperative 

net cast 

Cooperative 

net cast 

Non-

cooperative 

net cast 

Cooperative 

net cast 

Non-

cooperative 

net cast 

Cooperative 

net cast 

Non-

cooperative 

net cast 

Labeo Boga 31.4(1) 27.3(1) 52.4(1) 40.6(1) 73.0(1) 53.9 (1) 58.0(1) 46.4(1) 

Osteobrama 

belangeri 
12.4(3) 8.7(5) 7.6(5) 5.5(6) 6.5(2) 7.6 (3) 7.4(3) 8.2(4) 

Aspidoparia 

morar 
15.5(2) 11.2(4) 8.6(3) 7.5(4) 5.4(3) 4.0 (7) 15.4(2) 12.3(2) 

Mystus sp. 11.5(4) 13.0(2) 7.2(6) 8.5(3) 4.3(4) 4.9 (6) 2.8(5) 3.2(8) 

Gudusia 

variegata 
7.9(5) 11.5(3) 8.7(2) 20.1(2) 3.3(5) 9.8(2) 1.5(7) 4.2(6) 

Wallago attu 0.6(14) 0.9(13) 0.2(18) 0.2(18) 2.8(6) 6.4(5) 5.2(4) 11.0(3) 
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Table 2. Locations where fish catches were sampled with information on the number of fishing sessions, total net casts, casts made 

with and without the cooperation of dolphins, and casts made with and without catch. 

 

Location 
Fishing 

Sessions 
Total Casts 

Cooperative casts 

w/catch 

Cooperative casts 

w/no catch 

Non-cooperative 

casts with catch 

Non-cooperative 

casts with no 

catch 

 2006 2007 2006 2007 2006 2007 2006 2007 2006 2007 2006 2007

Myay Zun 12 15 247 529 126 119 20 55 32 102 69 253 

Indown 3 0 83 0 9 0 3 0 28 0 43 0 

The  

Kyun 

0 1 0 19 0 10 0 0 0 8 0 1 

Hsithe 2 0 0 221 0 0 0 0 0 51 0 170 
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Table 3.  Means (range) for the number of fish, their weight (kg) and value (US$) in the catches of cooperative and non-cooperative 

net casts (including blanks) according to study period. 

 

Study Period Cooperative net casts Non-cooperative net casts 

 Number Weight Value Number Weight Value 

Year one 4.3 

(0-30) 

59.7 

(0-1450.6) 

0.07 

(0-1.69) 

2.1 

(0-28) 

29.2 

(0-546.9) 

0.04 

(0-0.61) 

Year two 9.8 

(0-224.0) 

110.5 

(0-3,260.0) 

0.14 (0-

4.46) 

3.1 

(0-60) 

36.2 

(0-920.0) 

0.05 

(0-1.80) 

 



 48

 

Table 4.  Means (range) for the number of fish, their weight (kg), value (US$) and effective number of species (see above) in the 

catches of cooperative and non-cooperative net casts (excluding blanks) according to study period. 

 

Study 

Period 
Cooperative net casts Non-cooperative net casts 

 Number Weight Value Effective  

species 

Number Weight Value Effective  

species 

Year 

one 

6.7 

(1-30) 

89.0 (2.3-

1,450.6) 

0.10 

(0-1.69) 

2.09 

(1.0-6.0) 

6.5 

(1-28) 

91.7 (6.3-

546.9)

0.13 

(0-0.61) 

2.3 

(1-5) 

Year 

two 

14.3 

(1-224) 

161.6 (3.0-

3,260.0) 

0.20 

(0.00-4.46) 

2.3 

(1-5.2) 

10.8 

(1-68) 

127.6 

(1.0-920)

0.16 

(0.00—1.80)

2.0 

(1-5.6) 

 



 
Figure 1. Map of Myanmar showing the location of the protected area for Irrawaddy 

dolphins. 
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Figure 2. Photograph showing one fisherman tapping the side of the canoe with a 

conical wooden pin (left) and another slapping the water with the flat end of his 

paddle (right) signaling dolphins that they want to fish cooperatively with them.
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Figure 3. Photograph showing a dolphin ‘fluke push’ which concentrates the fish 

school and serves as the signal for the fisherman to cast his net. 

 

 

 
 

Figure 4. Photograph showing the tail fluke of a dolphin (bottom right) as it feeds                

                around the cast-net as it is being pulled up.
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Figure 5. Map of the Ayeyarwady Dolphin Protected Area between Mingun and 

Kyaukmyaung showing the sites where the catches of cast-net fishermen were 

sampled. 
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Appendix 7. Global Status of Irrawaddy Dolphins Orcaella 
brevirostris (Owen in Gray, 1866)†† 
 
Taxonomy 
 
Dolphins of the genus Orcaella were recently split into two species, the Irrawaddy 
dolphin Orcaella brevirostris and the snub-fin dolphin O. heinsohni (Beasley et al. 
2002, 2005). 
 
Geographic Range  
 
Irrawaddy dolphins have a discontinuous distribution in the tropical and subtropical 
Indo-Pacific, almost exclusively in estuarine and fresh waters (Figure 1) (Stacey and 
Arnold 1999; Arnold 2002). They occur from Borneo and the central islands of the 
Indonesian Archipelago north to Palawan, Philippines, and west to the Bay of Bengal, 
including the Gulf of Thailand. There are freshwater subpopulations in three large 
rivers: Ayeyarwady (up to 1,400 km upstream) in Myanmar, Mahakam (up to 560 km 
upstream) in Indonesia, and Mekong (up to 690 km upstream) in Vietnam, Cambodia 
and Lao PDR, and two marine-appended brackish water bodies or lakes: Chilika in 
India and Songkhla in Thailand. The fine-scale range of the species is poorly 
documented throughout much of its range in estuarine waters. 
 

 
 

Figure 1. Global distribution of Irrawaddy dolphins and Australian snub-fin dolphins. 
 
                                                 
†† This summary of the global status of Irrawaddy dolphins was adapted from the IUCN Red List 
Assessment of the species and the Report on the Workshop to Develop a Conservation Action Plan for 
Freshwater Populations of Irrawaddy Dolphins Smith et al. 2007). 
 
 . 
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Abundance 
 
No range-wide survey has been conducted for this species; nor is there a synoptic 
estimate of total numbers from local or regional surveys. Statistically rigorous 
abundance estimates are available for only a few portions of the range: 77 (CV = 
27.4%) in Malampaya Sound, Philippines (Smith et al. 2004); at least 125 (95% CI = 
114-152) in the Mekong River (Beasley et al. 2007); 70 (CV = 10%; 95% CL = 58-
79) in the Mahakam River, Indonesia (Kreb et al. 2007); 58-72 in the Ayeyarwady 
River, Myanmar (Smith et al. 2007-a); 5,383 (CV=40%) in coastal waters of 
Bangladesh (Smith et al. 2005); and 451 (CV=9.6%) in the Sundarbans mangrove 
forest of Bangladesh (Smith et al. 2006).  
 
Recent surveys indicate dramatic range declines in the Mekong, Mahakam and 
Ayeyarwady freshwater subpopulations (IWC 2001, Smith et al. 2007-b). All three of 
these subpopulations were classified as Critically Endangered in the 2004 Red List 
because the numbers of reproductively mature individuals were estimated to be < 50 
and continuing population declines were projected based on known and potential 
threats.  Two other geographically isolated subpopulations – one living in inner 
Malampaya Sound, Palawan, Philippines, and the other in Songkhla Lake, Thailand, 
were classified as Critically Endangered, also in 2004, due to their low numbers and 
limited ranges. 
 
Habitat and Ecology 
  
Irrawaddy dolphins prefer coastal areas associated with the muddy, brackish waters at 
river mouths, ranging offshore as far as the extent of the freshwater plume – often 
only a few km but more than 60km at the Meghna River mouth in Bangladesh (Smith 
et al. 2005). In rivers and mangrove channels, the species is most often observed at 
channel confluences and divergences and downstream of sharp meanders. They have 
been seen in the same area as finless porpoises in coastal waters of Bangladesh and 
Myanmar (Smith et al. 2005), and Ganges River dolphins in the waterways of the 
Sundarbans mangrove forest (Smith et al. 2006). 
 
Threats 
 
The estuarine and freshwater occurrence of this species makes it particularly 
vulnerable to threats from the intensive human activities that occur in these 
environments.  Threats include direct mortality from fisheries interactions, 
particularly gillnet entanglement, and vessel strikes, and habitat loss and degradation 
from dam and embankment construction, environmental contamination, and declining 
or altered freshwater flows.  Live captures for aquarium display also have been a 
conservation issue in some local areas.  Irrawaddy dolphins have been hunted directly 
in the past, at least in the Mekong and Mahakam Rivers, but are revered by local 
people in many areas of Asia.   
 
Irrawaddy dolphins are caught accidentally in fishing nets in almost all areas where 
they have been studied (Smith et al. 2007-b).  The most detailed information on 
bycatch comes from the Mekong River where, of 15 confirmed human-caused deaths 
2001-2005, 13 (87%) were due to gillnet entanglement (Beasley et al. 2007).  Based 
on reports from local fishermen and the retrieval of eight carcasses along the 
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Mahakam River between 1995 and 2005, Kreb et al. (2007) documented 48 deaths, 
66% of them from entanglement in large-mesh (10 –17.5 cm) gillnets.  Mortality also 
has been recorded in drift gillnets targeting elasmobranchs in coastal waters of 
Bangladesh (Smith et al. 2005) and bottom-set gillnets targeting crabs in Malampaya 
Sound (Smith et al. 2004).  Fishermen in some areas report the dolphins are released 
if found still alive (Smith and Hobbs 2002, Kreb et al. 2007), but in the case of 
drowned animals, the oil may be used for medicinal purposes or the flesh eaten 
(Smith et al. 2004).   
 
There have been no systematic observer schemes in freshwater or coastal regions, but 
evidence of bycatch and increased use of gillnets is cause for concern (IWC 2000).  
Fishing with electricity is considered a dire threat to the Ayeyarwady subpopulation 
(Smith et al. 2007-a).  
 
Many dams have been proposed that are likely to degrade the channels inhabited by 
Irrawaddy dolphins in the Mekong River Basin.  Of greatest concern are the large run-
of-the-river dams (dams without a reservoir that generally preserve a relatively natural 
flow regime) proposed for the Mekong mainstem near Stung Treng and Sambor 
(Perrin et al. 1996; Mekong Secretariat 1995).  Dam projects in Lao PDR, Cambodia 
and Vietnam threaten not only dolphins but also fisheries and therefore human 
livelihoods (Smith et al. 2007-b). A high dam planned for the headwaters of the 
Ayeyarwady River, Myanmar, in Myitsone just below the confluence of the Mali Hka 
and N’Mai Hka tributaries, provides reason for concern about its effects on the 
population of Irrawaddy dolphins occurring downstream. 
 
Deforestation and gold, sand and gravel mining are causing major changes to the 
geomorphologic and hydraulic features of rivers and marine-appended lakes where 
Irrawaddy dolphins occur (Smith et al. 2007-b).  Increased sedimentation resulting 
from deforestation in surrounding watersheds has resulted in declining water depths in 
Songkhla, Chilika and Semayang Lakes.  The last of these water bodies is appended 
to the Mahakam River and previously supported dolphins throughout most of its 
breadth.  Now it contains suitable habitat only in a small area near the channel 
connecting it with the mainstem (Kreb et al. 2007).  Between 1992 and 1997 the 
maximum depth of Chilika Lake declined from 3.4 to 1.4 meters and the 
accumulation of sediments led to shrinkage of the opening channel and a dramatic 
decline in salinity.  A new channel dredged in the northern portion of the lake in 2000 
apparently has mitigated at least some of the problems caused by sedimentation 
(Pattnaik et al. 2007). 
 
Habitat loss and population fragmentation in several areas have resulted from the 
proliferation of fixed fishing gears.  In the middle and southern portions of Songkhla 
Lake about 27,000 Sai nong or sitting traps and 13,000 Sang sai or barrier traps create 
more than 8000 linear km of barrier in multiple rows.  These fishing structures are left 
in place year-round and restrict dolphin movements such that their habitat is 
substantially reduced and the potential for demographic interaction with individuals in 
the Gulf of Thailand is eliminated (Smith et al. 2004).  
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Conservation Measures 
 
The species is listed in Appendix I of CITES. 
 
The Action Plan for the Conservation of Freshwater Populations of Irrawaddy 
Dolphins (Smith et al. 2007-c) notes that multiple-use protected areas will play a key 
role for conserving freshwater populations of Irrawaddy dolphins.  Protected areas 
could be a particularly effective conservation tool due to the fidelity of the species in 
freshwater systems to relatively circumscribed areas, as this can facilitate 
management.  The Action Plan also provided details on strategies for mitigating 
bycatch that included (1) establishing core conservation areas where gillnetting is 
banned or severely restricted; (2) promoting net attendance rules and providing 
training on the safe release of entangled dolphins; (3) initiating a program to 
compensate fishermen for damage caused to their nets by entangled dolphins that are 
safely released; (4) providing alternative or diversified employment options for gillnet 
fishermen; (5) encouraging the use of fishing gears that do not harm dolphins by 
altering or establishing fee structures for fishing permits to make gillnetting more 
expensive while decreasing the fees for non-destructive gears; and (6) experimenting 
with acoustical deterrents and reflective nets.  
 
A particular challenge for mitigating Irrawaddy dolphin bycatch in freshwater systems 
is that gillnet fisheries tend to be small-scale, noncommercial and widely dispersed.  
Mitigation approaches include (1) establishing core conservation areas where 
gillnetting would be banned or severely restricted; (2) promoting net attendance rules 
and providing training on the safe release of entangled dolphins; (3) initiating a 
program to compensate fishermen for damage caused to their nets by safely releasing 
an entangled dolphin; (4) providing alternative or diversified employment options for 
gillnet fishermen; (5) encouraging the use of fishing gear that does not harm dolphins 
by altering or establishing fee structures for fishing permits to make gillnetting more 
expensive while decreasing the fees for fishing practices that do not directly threaten 
dolphins (e.g., cast-net fishing); and (6) experimenting with and potentially 
employing acoustical deterrents and acoustically reflective gillnets.  
 
Multiple-use protected areas will play a key role for conserving freshwater 
populations of Irrawaddy dolphins. Protected areas could be a particularly effective 
conservation tool due to the fidelity of the species in freshwater systems to relatively 
circumscribed areas which aids effective management. Priority areas for protected 
area status include: (1) in the Mekong River, nine deep pool areas between Kratie and 
the Lao PDR-Cambodia border totaling 5,632 ha; (2) 10-20 km segments in the 
Mahakam River, at the Kedang Pahu tributary mouth at Muara Pahu Town, the 
mouths of the Kedang Kepala and Kedang Rantau, and the Pela tributary including 
the southern portion of Semayang Lake; (3) in the Ayeyarwady River, segments 
between the Taping river confluence at Bhamo to the upstream end of the second river 
defile at Sinkan (36 linear km), the downstream end of the second river defile to 
Tagaung (165 linear km), and the downstream end of the third river defile at 
Kyaukmyaung to Mingun (74 linear km); (4) in Songkhla Lake, the middle portion of 
upper Thale Luang and (5) in Chilika Lake, the area between Magamukh and the 
outer mouth.   
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Key considerations for the establishment of protected areas include (1) developing a 
management plan in collaboration with local communities and local and national 
government agencies; (2) clarifying responsibilities among relevant agencies and 
NGOs and (3) demarcating clear boundaries where protected area regulations and 
guidelines apply. The need to conduct socio-economic surveys to assess potential 
impacts and opportunities prior to the establishment of protected areas was also 
stressed.   
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