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[bookmark: _thi9ap9unxm7]Project Summary 
In Cambodia, understudied and threatened marine mammal species face intense threats from fisheries bycatch. The current project (i) used fisher questionnaires to investigate species- and fishery-specific bycatch rates throughout Cambodia, and (ii) launched a nationwide bycatch and stranding network to further understand and monitor bycatch over time. Knowledge gained will be used to support the development of fishery policy and inform future conservation action to safeguard the species. 
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[bookmark: _gd1f9xi85drj][bookmark: _9re17klbfnos]1. Phase I: Using fisher questionnaires to investigate species- and fishery-specific bycatch rates throughout Cambodia. 
[bookmark: _b0j6j1lsofjz]1.1. Introduction
Bycatch is recognised as the greatest threat to marine mammals globally (e.g. Avila et al., 2018; Read et al., 2006). Coastal marine mammals face intense bycatch threats due to the overlap of their habitat with humans. Lack of knowledge on the extent of bycatch threats in developing countries often hinders the tailoring of bycatch mitigation strategies. Cambodia’s coastal waters support populations of three threatened cetacean species and one sirenian species: the Irrawaddy dolphin (Orcaella brevirostris; EN), the Indo-Pacific humpback dolphin (Sousa chinensis; VU), the Indo-Pacific finless porpoise (Neophocaena phocaenoides; VU) and the dugong (Dugong dugon; VU) (Jefferson et al., 2017; Minton et al., 2017; Wang and Reeves, 2017;  Tubbs et al., 2019; Tubbs et al., 2020).  The current project seeks to use fisher questionnaires to investigate species and fishery-specific bycatch rates throughout Cambodia. 
[bookmark: _rgxjim35q6yz]1.2. Methods
To estimate country-wide annual bycatch rates for the focal species, questionnaires were designed following bycatch questionnaire design methods suggested by Tubbs and Berggren (2024). A total of 449 interviews were conducted with fishers from 39 communities across Cambodia’s coastline between September – November 2023. Photographs of fieldwork can be found in Appendix A. Communities were selected using cluster sampling. Fishers within communities were selected using opportunity sampling as no fisher lists were available. All interviewed fishers used gillnets, traps, lines (long line or hook and line), trawls or seine nets. Interviews lasted around 10 minutes. To reduce knowledge bias and increase confidence in fishers’ responses regards species-specific bycatch, each interviewee was presented with images of the focal dolphin species and asked to identify which species they were familiar with. Only if an interviewee was familiar with a species, were they asked bycatch specific questions regards the species. However, it is possible knowledge bias was still present. In the future, such knowledge bias could be further reduced by providing fishers with species identification training, such as was conducted in phase II of this project. The question used to ask fishers about bycatch was ‘How many individuals of [insert species name] were caught in your fishing gear in the one-year period between September 2022 – August 2023?’. Fishery effort data was attained from the Cambodian 2018 Fishing Vessel Census.  Ratio- and model-based approaches were used to estimate Irrawaddy dolphin bycatch. Model-based approaches involved fitting hurdle models to bycatch presence-absence and count data as a function of socio-demographic, location and fishing characteristic covariates. Predictions were made from fitted models. After evaluation of model- and ratio-based methods, model-based methods were selected to produce final Irrawaddy dolphin bycatch estimates.  Ratio-based methods alone were used to estimate bycatch for the remaining species. 
[bookmark: _ns7uudenfrev]1.3. Results
Annual country-wide bycatch of 755 Irrawaddy dolphins (95% CI 732-777), 60 humpback dolphins (95% CI 4-144), 101 finless porpoises (95% CI 6-201) and 7 dugongs (95% CI  0-21) were estimated. The Koh Kong gillnet fishery was found to contribute most to Irrawaddy dolphin bycatch (253 animals/year, 95% CI 246-261), whereas the Sihanoukville trawl fishery was found to contribute most to humpback dolphin and finless porpoise bycatch (29 dolphins/year 95% CI 1-87 and 87 finless porpoise/year 95% CI 3-173, respectively). All reported dugong bycatch occurred in the Kep and Kampot trawl fishery. 
[bookmark: _v0x4637tk4ed]1.4. Conclusion 
This study produced the first bycatch estimates for Irrawaddy dolphins, humpback dolphins, finless porpoises and dugongs for Cambodia’s maritime waters, and some of the first for the species, worldwide. The study identified that Irrawaddy dolphins had the highest annual bycatch of the study species, closely followed by the Indo-Pacific finless porpoise. Given the conservation concerns and statuses of the study species, the bycatch rates observed in this study are likely unsustainable. The identified fisheries should be the focus of bycatch mitigation efforts that work to reduce species bycatch and support species conservation. Cooperation is needed between researchers, decision-makers and fishers to ensure the success of any implemented mitigation measures.
[bookmark: _yackuar2ez7z]1.5. Next steps
The work from phase I was presented at the Society of Marine Mammalogy’s 2024 Conference in Perth (Appendix B). The work of this phase is currently being prepared for submission to a high-ranking peer-reviewed journal. We therefore request that this document is not shared externally. 

















[bookmark: _kgc59vbc75v0]2. Phase II: launching a nationwide bycatch and stranding network, to further understand and monitor bycatch over time

[bookmark: _2exm0mh9aqs7]2.1. Introduction 
Stranding and bycatch networks can be utilised to gather long-term, low-cost bycatch data sets that can be used to track bycatch over time and validate interview results (Saxena et al., 2022). Network data can be used to monitor and understand the abundance, distribution, health and other threats confronting marine mammals in Cambodia. Further, networks work as a method to mobilise community members and fishers, strengthening relationships between them and marine mammals. For these reasons, The Cambodian Marine Mammal Bycatch and Stranding Network (CMMBSN) was launched. The CMMBSN is the only project of its kind in Cambodia. Collected data will be crucial for developing future research-led conservation plans and marine mammal bycatch mitigation strategies. Building stronger connections between community members and marine mammals will also help foster support for bycatch mitigation measures. 
[bookmark: _8nqz6cj9fjlq]
[bookmark: _dz0uida5nyw0]2.2. Methods 
Technical training on marine mammal bycatch and strandings was provided to 35 fishing communities, which include 61 villages. Covering all four coastal provinces (Kep, Kampot, Sihanoukville and Koh Kong), 24 training sessions were conducted, training a total of 285 community members and 28 FiA officers. The community committee members were specifically chosen for this technical training as they are elected representatives of their community and, along with the chief, they already play an active role in their community and are well-known among villagers and fishers. Two Lead Community Responders (LCRs) from each community, 70 in total, were chosen to be ambassadors of the CMMBSN (Appendix B). These LCRs would be the primary point of contact between KOL and the community. Each community was provided with one backpack, which had all equipment needed to respond to bycatch and stranding events. The LCRs were responsible for this equipment. Including fisheries officers in the training was essential as, despite knowledge gaps, the FiA works closely with fishing communities and responding to bycatch or stranding events is part of their delegated responsibilities. Their presence helped solidify the CMMBSN and lends to a more sustainable network for the future. 
The training included an introduction to marine mammals, their threats, bycatch and stranding definitions, why the network is important, species ID, sex determination, key measurements needed, how to identify evidence of bycatch, and how to take scientific photographs. The training booklet can be found in (Appendix B). To help spread awareness, the LCRs were given posters with information and their contact details on, stickers to spread around their community, a Facebook page was launched (បណ្តាញសង្គ្រោះថនិកសត្វសមុទ្រកម្ពុជា), and all community members and FiA officers were invited to a Telegram group. When LCRs report a bycatch or stranding event, they are paid 5$ for each report they make and a 1$ phone top-up. 
2.3. Results
Since the launch of the CMMBSN, there have been a total of two marine mammal bycatch reports and seven strandings reports. Bycatch reports include an Indo-Pacific finless porpoise, reported by an LCR from Trapaeng Ropov Fishing Community on 9th June 2024 (Appendix B). Stranding reports include a dugong reported by an LCR from Kampong Tralach Fishing Community in Kep on 13th July 2024 (Appendix B). The dugong carcass was decomposed limiting data collection. However, LCRs were able to take two teeth samples for further study. During an Irrawaddy dolphin stranding on 13th August 2024 at Prey Nob Two Fishing Community, LCRs identified the individual as a female measuring 2.2m in length and weighing 70kg, with some evidence of bycatch around the head (Appendix B). 
The CMMBSN Facebook page has 773 followers and 618 likes and the Telegram group has 161 active members. 
In November 2024, team members from Khmer Ocean Life presented project results at the Society of Marine Mammalogy Conference in Perth (Appendix B). 

[bookmark: _d996w8hkmls0]2.4. Conclusion 
The Cambodian Marine Mammal Bycatch and Stranding Network (CMMBSN) has made significant strides since launching and the LCRs have been successfully reporting data on marine mammal bycatch and stranding events. All reports contribute valuable information to our understanding of marine mammals in Cambodia. This data helps confirm the presence of these species in Cambodian waters and provides a basis for future conservation plans and research. Overall, the early success of the CMMBSN highlights the importance of community involvement and effective technical training. 

[bookmark: _94e69gtvvoue]2.5. Next steps
The next steps should be focused on spreading awareness and further training. Outreach events in coastal villages would help increase fisher knowledge and bycatch and stranding reports for their LCRs. LCRs and fisheries officers would benefit from further training to solidify their technical skills, ensure the data's reliability, and continue their engagement with the network. Further community training on necropsies and live strandings would also benefit the network, leading to more data on threats and saving more marine mammals’ lives.

[bookmark: _2gcgu08597x2]

[bookmark: _542k1jfwyk5i]3. Conclusion
The funded two-part project (“Conserving Cambodia's marine mammals: a nationwide bycatch assessment and initiation of a marine mammal bycatch and stranding network”) has collected valuable data on the bycatch of Cambodia’s threatened marine mammal species. Bycatch estimates were produced and problem fisheries were identified. The current project has also worked to strengthen partnerships between Khmer Ocean Life, government groups and communities. The intel provided by the project will help inform the next steps for marine mammal bycatch mitigation in Cambodia. Specifically, the project has identified fisheries and communities to work with to run bycatch mitigation trials. In 2025, Khmer Ocean Life will lead another two-part project that will (i) work with local and international stakeholders to design a Bycatch Mitigation Action Plan for marine mammals in Cambodia, and (ii) trial pingers as a bycatch mitigation strategy. The relationships strengthened during the current project will prove invaluable moving forward with effective marine mammal research and conservation initiatives in Cambodia.   
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Appendix A[image: ]
The bycatch interview team, from left to right: Lokkaman El, Rith Khang, Nathan Nop, Sarah Tubbs, Hanafy Res[image: ]
A bycatch interview being conducted with a fisher in Kampot Province, Cambodia
An Irrawaddy dolphin that was caught in a fisher’s net in Kampot province, Cambodia[image: A person touching a dolphin
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A bycatch interview being conducted with a fisher, Koh Kong Province, Cambodia
Appendix B[image: ]
The CMMBSN team and Lead Community Responders at Kep Thmei Fishing Community, Kampot
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Handing out the backpack kits to the community in Sihanoukville province
A fisheries officer and community committee member doing marine mammal identification, Angkaol Fishing Community in Kep province [image: ]
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CMMBSN training at Ka Pea Prei Lech Terk Samrong Jong Ou Fishing Community in Sihanoukville 
 Bycatch of an Indo-pacific finless porpoise (Neophocaena phocaenoides), Kampot, Cambodia[image: ]
A stranded Dugong (Dugong Dugon), Kep, Cambodia[image: ]
Stranded Irrawaddy dolphin (Orcaella brevirostris) at Prey Nob 2 Fishing Community, Sihanoukville[image: ]
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The KOL team at The Society of Marine Mammalogy Conference 2024 presenting the CMMBSN poster (left to right: Rose Ellis Arnett, Lokkaman El, Sarah Tubbs, Chhayhy Heng)
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