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1. Introduction

1.1. Background and rationale

The First International Mangrove Center Workshop on Mangrove Conservation and
Restoration took place from July 25 to August 8, 2024, in Shenzhen and Hainan. As the
inaugural workshop since the official establishment of the IMC, this event served as a
key initiative to thoroughly implement the guiding principles of President Xi Jinping's
important speech at the opening ceremony of the 14th Conference of the Contracting
Parties to the Ramsar Convention and to accelerate international cooperation in mangrove
management.

This workshop represented a breakthrough from zero to one, marking China's enhanced
role in global wetland diplomacy. The event was organized with strong support from
national and local governments, demonstrating the high-level leadership commitment to
mangrove conservation and restoration efforts worldwide. The workshop aimed to
implement the principles outlined by President Xi Jinping at the Ramsar COP14 opening
ceremony and to strengthen China's position as a leader in global environmental
governance.

1.2. Workshop objectives
The objectives of the workshop were to build the capacity of government officials and
experts in mangrove management, to strengthen the international exchange of
experiences, and to promote the creation of an international network dedicated to
mangrove conservation and restoration. The training combined lectures, field visits, and
cultural experiences to ensure participants gained both theoretical knowledge and
practical insights.

1.3. Target audience and participants

A total of twenty-three participants attended, representing twenty countries from Asia,
Africa, Latin America, and Oceania. Special priority was given to the three IMC co-
sponsoring countries, China, Madagascar, and Cambodia, each of which received two
places. The participants were mainly mid- to senior-level government officials
responsible for wetland management, forestry, and natural resources. Preparations
included the recruitment and selection of participants, the choice of expert faculty, the
design of the curriculum, assessments of training sites, and the establishment of logistical
and safety measures.

2. Program and methodology

The training lasted fifteen days and combined theoretical instruction, field visits, and
cultural exchanges. The first phase, held in Shenzhen, emphasized classroom lectures and
case studies. Leading experts from universities, research institutes, international
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organizations, and non-governmental organizations delivered lectures on topics such as
mangrove ecology, restoration practices, climate change, alien species management, blue
carbon, ecological monitoring, and migratory bird conservation. These sessions were
complemented by interactive exchanges in which participants presented case studies from
their own countries and shared lessons learned from national experiences.

The second phase took place in Hainan Province and focused on field instruction.
Participants visited national nature reserves, wetland parks, ecological parks, and the
Hainan International Blue Carbon Research Center. These visits allowed them to observe
restoration techniques, coastal protection measures. They also witnessed the integration
of urban development with ecological conservation in Shenzhen and Hainan, which
served as tangible demonstrations of China’s achievements in this field.

In addition to the technical programme, cultural activities were organized to strengthen
mutual understanding and networking. These included the practice of Chinese tea culture,
visits to museums and urban planning exhibitions, and explorations of tropical forests and
rainforests. Such activities deepened the cultural dimension of the exchange and
reinforced the spirit of cooperation among participants.

Participant profile:

Participants were drawn from a wide range of cultural, professional, and geographical
contexts. They included senior officials from ministries of environment, forestry, and
natural resources. While English was the main working language, interpretation in French
was also provided. The diversity of backgrounds enriched the discussions and fostered
cross-country learning.

Geographic Representation:

e Asia: Bangladesh, Cambodia, China, Laos, Myanmar, Pakistan, Samoa, Thailand

e Africa: Burkina Faso, Comoros, Gabon, Guinea, Liberia, Libya, Madagascar,
Sierra Leone, Zimbabwe

e South America: Venezuela

e Central America: Panama
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3. Opening Ceremony

The opening ceremony for the inaugural session of the 2024 International Mangrove
Center Mangrove Conservation and Restoration Workshop was solemnly held on the
morning of July 26, 2024, at the Shenzhen Hall of the Guohui Hotel. Prior to the event,
the venue was meticulously prepared to foster an atmosphere that was both dignified and
welcoming, featuring a striking blue backdrop with white lettering flanked by the
national flags of the 20 participating countries. The ceremony commenced with
participants taking their pre-assigned seats and was presided over by Professor Bao
Daming, Director General of the Interim Secretariat of the International Mangrove Center.

The event was honored by the presence of senior officials, including Mr. Chan Yaodong,
Deputy Secretary-General of the Shenzhen Municipal Government; Mr. Xia Jun,
Director-General of the Department of International Cooperation and Development at the
National Forestry and Grassland Administration; and Mr. Yuan Jiming, Director-General
of the Department of Wetlands at the National Forestry and Grassland Administration.
Opening remarks were delivered by Mr. Chan Yaodong, Mr. Xia Jun, and Mr. Julien
Noél Rakotoarisoa from Madagascar, who served as a participant representative. The
speakers underscored the workshop's critical importance as a platform for strengthening
international cooperation on mangrove conservation and restoration, expressing a shared
commitment to advancing global efforts in sustainable mangrove management. Following
the addresses, the attendees convened for an official group photograph. The ceremony
was also attended by Mr. Liu Chunyuan, Party Secretary of the National Forestry and
Grassland Administration Management Cadre College, and the representative of the
Shenzhen Municipal Ocean Development Bureau.
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Photo 1 : Prof. BAO Daming, Director General of IMC at IMC workshop Opening
ceremony

4. Summary of thematic sessions

The thematic sessions provided a comprehensive overview of mangrove ecosystems,
covering their ecological functions, restoration techniques, climate resilience, and socio-
economic value. Lectures were delivered by leading Chinese and international experts
from universities, research institutes, and international organizations. Case studies
presented by participants highlighted country-specific challenges and innovative
approaches, ensuring knowledge exchange was both theoretical and practical.
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4.1. China's Mangrove Conservation Framework
Dr. YUAN Jiming, Director General of the Department of Wetland Management at the
National Forestry and Grassland Administration, delivered this foundational session that
provided comprehensive insights into China's national approach to mangrove
conservation. The presentation covered the current status of mangrove ecosystems in
China, major challenges facing conservation efforts, and strategic actions being
undertaken at national and local levels to address these challenges.

Dr. Yuan outlined China's remarkable mangrove conservation achievements, including
the significant expansion of protected areas and notable restoration successes that have
contributed to ecosystem recovery from historical lows. The session explored the
integration of conservation efforts with economic development priorities, demonstrating
how China has successfully balanced environmental protection with continued economic
growth through innovative policy frameworks and strategic planning approaches.

Key discussion points included China's mangrove area recovery from historical minimum
levels, the successful integration of conservation priorities with economic development
needs, comprehensive policy frameworks supporting mangrove protection at multiple
governmental levels, and ongoing challenges in balancing development pressures with

long-term conservation requirements.

Photo 2 : Dr. YUAN Jiming, Director General of the Department of Wetland Management
at the National Forestry and Grassland Administration
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4.2. International Cooperation and Wetlands Convention

Dr. XIA Jun, Director General of the Department of International Cooperation at the
National Forestry and Grassland Administration, emphasized the critical importance of
international cooperation in mangrove conservation efforts while highlighting China's
strong commitment to the Ramsar Convention and multilateral environmental agreements.
The session provided detailed insights into how international cooperation mechanisms
can enhance conservation effectiveness and promote sustainable management practices
across national boundaries.

The presentation explored implementation of Ramsar Convention principles in practical
conservation contexts, bilateral and multilateral cooperation mechanisms that facilitate
knowledge and resource sharing, China's evolving role in global environmental
governance and leadership, and emerging opportunities for enhanced international
collaboration in mangrove conservation and restoration efforts.

Discussion focused on practical approaches to implementing international cooperation
agreements, mechanisms for sharing technical expertise and financial resources across
borders, China's contributions to global environmental governance and policy
development, and specific opportunities for participants to engage in enhanced
international collaboration upon returning to their home countries.

6. Wetland inventory and monitoring

3 national inventories (1995-2003, 2009-2013 2017
Monitoring of wetlands of international importanc

Photo 3 : Dr. XIA Jun, Director General of the Department of International Cooperation at
the National Forestry and Grassland Administration
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4.3. Mangrove Ecosystem Fundamentals and Restoration
Professor WANG Wenqing from Xiamen University provided essential background on
mangrove ecosystem structure, function, and restoration principles, covering the
ecological foundations necessary for effective conservation planning and implementation.
The session addressed fundamental concepts in restoration ecology while providing
practical guidance for designing and implementing successful restoration initiatives.

The presentation covered comprehensive analysis of mangrove ecosystem services and
ecological functions, detailed exploration of restoration ecology principles and best
practices, scientific approaches to site selection criteria for restoration projects, and
development of appropriate success metrics for evaluating restoration initiative
effectiveness over time.

Participants engaged in discussions about practical applications of ecosystem service
valuation, adaptation of restoration principles to diverse geographical and climatic
contexts, criteria for selecting optimal restoration sites given local constraints and
opportunities, and development of measurable indicators for assessing restoration success
and adaptive management needs.

i

Photo 4 : Prof. WANG Wenqing, Xiamen University
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4.4. Science, Technology and Innovation for Sustainable Restoration
Professor FAN Hangqing from the Guangxi Academy of Marine Sciences explored
cutting-edge technologies and innovative approaches in mangrove restoration, drawing
from extensive research conducted at the Guangxi Mangrove Research Center. The
session highlighted how scientific advances and technological innovations can
significantly enhance restoration effectiveness and long-term sustainability.

Key topics included advanced remote sensing applications in mangrove monitoring and
assessment, genetic approaches to enhancing restoration success and ecosystem resilience,
community-based restoration techniques that integrate local knowledge with scientific
methods, and opportunities for technology transfer and capacity building across
international boundaries.

Discussion points encompassed practical applications of remote sensing technology for
monitoring restoration progress, potential for genetic approaches to improve restoration
outcomes in diverse environmental contexts, methods for integrating community
knowledge and participation in restoration planning and implementation, and strategies
for facilitating technology transfer and capacity building among participating countries.

[——

Photo 5 : Prof. FAN Hangqing, Guangxi Academy of Marine Sciences
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4.5. Pollution Control and Bioremediation
Professor Nora Fung-yee TAM from City University of Hong Kong addressed critical
issues of pollution impacts on mangrove ecosystem health while exploring the significant
potential role of mangroves in water treatment and environmental remediation
applications. The session provided comprehensive analysis of pollution threats and
innovative approaches to utilizing mangrove systems for environmental restoration.

The presentation examined various pollutant impacts on mangrove ecosystem health and
functionality, the remarkable potential of mangroves as natural water treatment systems,
practical applications of bioremediation techniques using mangrove systems, and
strategies for integrating pollution control measures with broader conservation and
restoration initiatives.

Participants discussed identification and assessment of pollution sources affecting
mangrove systems, practical implementation of mangrove-based water treatment systems,
evaluation of bioremediation potential in different environmental contexts, and
development of integrated approaches combining pollution control with ecosystem
conservation and restoration strategies.

Photo 6 : Professor Nora Fung-yee TAM, University of Hong Kong

10
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4.6. Ecological Monitoring and Evaluation
Professor LI Ruili from Peking University, Shenzhen Graduate School focused on
systematic approaches to monitoring mangrove ecosystem health and evaluating the
effectiveness of conservation initiatives. The session provided practical guidance for
developing and implementing comprehensive monitoring programs that support adaptive
management and evidence-based decision making.

Key elements included development and implementation of robust monitoring protocols,
identification and utilization of appropriate indicator species and ecosystem health
metrics, evaluation of data collection methodologies and emerging technologies, and
application of monitoring results to support adaptive management strategies and policy
development.

Discussion topics covered practical considerations for designing monitoring protocols
appropriate to local contexts and resource constraints, selection of indicator species and
metrics that provide reliable information about ecosystem health, evaluation of cost-
effective data collection methodologies and technologies, and utilization of monitoring
data to inform adaptive management decisions and policy development processes.
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Photo 7 : Professor LI Ruili, Peking University
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4.7. Alien Species Management
Professor ZHANG Yihui from Xiamen University addressed the growing challenge of
invasive species in mangrove ecosystems, providing comprehensive analysis of
prevention, detection, and control strategies. The session explored how invasive species
threaten mangrove ecosystem integrity and presented proven approaches for managing
these threats effectively.

The presentation covered systematic approaches to identifying invasive species threats
and assessing their potential impacts, development and implementation of prevention and
early detection systems, evaluation of control and eradication techniques appropriate to
different species and contexts, and promotion of regional cooperation in invasive species
management to address transboundary threats.

Participants engaged in discussions about practical methods for identifying and assessing
invasive species risks, implementation of cost-effective prevention and early detection
programs, selection and application of appropriate control techniques for different
invasive species, and development of regional cooperation mechanisms for addressing
invasive species threats that cross national boundaries.

Rt Lt el e

ZHANG Yihui

Photo 8 : Professor ZHANG Yihui, Xiamen University
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4.8. Climate Change and Mangrove Conservation
Professor LIN Guanghui from Tsinghua University explored the complex relationships
between climate change impacts and mangrove ecosystem responses, including
comprehensive analysis of adaptation strategies for maintaining ecosystem resilience
under changing environmental conditions. The session addressed one of the most critical
long-term challenges facing mangrove conservation efforts globally.

Key topics included analysis of sea level rise impacts and mangrove migration patterns,
assessment of temperature and precipitation changes affecting mangrove distribution and
health, evaluation of extreme weather event impacts on mangrove ecosystem stability,
and development of climate adaptation planning strategies for mangrove conservation
initiatives.

Discussion focused on practical approaches to assessing climate change vulnerability in
mangrove systems, strategies for facilitating mangrove migration and adaptation to
changing environmental conditions, methods for building ecosystem resilience to extreme
weather events, and integration of climate adaptation considerations into conservation

planning and management decisions.
- l‘ ‘m
l

Photo 9 : Professor LIN Guanghui, Tsinghua University
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4.9. Regional Conservation Strategies (South-East Asia)
Professor A. Aldrie Amir from Kebangsaan University Malaysia provided valuable
regional perspectives on mangrove conservation, focusing specifically on
Communication, Education, Participation and Awareness (CEPA) strategies that have
proven effective in Southeast Asian contexts. The session highlighted how regional
cooperation and community engagement can enhance conservation outcomes.

The presentation examined successful regional conservation initiatives and their key
success factors, approaches to cross-border conservation cooperation and coordination,
effective community engagement and participation strategies that respect local cultures
and needs, and methods for integrating traditional knowledge with contemporary
conservation approaches.

Participants discussed adaptation of successful regional conservation models to different
geographical and cultural contexts, development of effective cross-border cooperation
mechanisms, strategies for meaningful community engagement in conservation planning
and implementation, and approaches to integrating traditional ecological knowledge with
scientific conservation methods.

Photo 10 : Prof. Aldrie Amir, Kebangsaan University Malaysia
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4.10. Wildlife Conservation and Migratory Birds
Professor ZHOU Haichao from Shenzhen University highlighted the critical role of
mangroves in supporting wildlife populations, with particular emphasis on migratory
birds that utilize the East Asian-Australasian Flyway. The session explored the
intersection between mangrove conservation and international wildlife conservation
efforts.

Key elements included analysis of migratory bird habitat requirements in mangrove
systems, development and implementation of monitoring and protection strategies for
wildlife populations, promotion of international flyway conservation cooperation, and
approaches to balancing tourism development with wildlife protection priorities.

Discussion topics encompassed practical methods for assessing and enhancing habitat
quality for migratory species, implementation of effective monitoring programs for
wildlife populations, development of international cooperation mechanisms for flyway
conservation, and strategies for managing tourism impacts while maintaining wildlife
protection goals.

Wind farm

Aquaculture
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Photo 11 : Professor ZHOU Haichao, Shenzhen University
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4.11. Practical Conservation Applications - Mai Po Case Study
Dr. WEN Xianji, Director of Mai Po Nature Reserve and Flyway Program at WWF-Hong
Kong, presented practical conservation management experiences from Mai Po Nature
Reserve, recognized as one of Asia's most important wetland sites. The session provided
concrete examples of successful conservation implementation and management strategies.

The presentation examined integrated management approaches that balance multiple
conservation objectives, effective stakeholder engagement strategies that build broad-
based support for conservation, methods for integrating scientific research with practical
management decisions, and development of sustainable funding mechanisms for long-
term conservation programs.

Participants discussed practical implementation of integrated management approaches in
diverse contexts, strategies for building effective stakeholder engagement and support,
methods for incorporating scientific research into management decision-making
processes, and development of diversified funding strategies for conservation programs.

i " .
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Photo 12 : Dr. WEN Xianji, Director of Mai Po Nature Reserve and Flyway Program,
WWF-Hong Kong
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4.12. Ecological Character Maintenance
Professor LYU Cai from Beijing Forestry University addressed the critical challenge of
maintaining ecological integrity in mangrove systems while managing the pressures of
development and human activities. The session explored approaches to preserving
essential ecosystem characteristics while accommodating necessary human uses and
development.

Key topics included development and application of ecological character assessment
methodologies, strategies for maintaining ecosystem integrity during development
planning and implementation, approaches to restoration of degraded ecological character
in impacted systems, and implementation of long-term monitoring programs to track
ecological changes over time.

Discussion focused on practical methods for assessing and defining ecological character
in diverse mangrove systems, strategies for maintaining ecological integrity while
accommodating development pressures, techniques for restoring ecological character in
degraded or impacted areas, and development of effective monitoring systems for
tracking long-term ecological changes.

ers Maintenance

Mangrove Ecological Charach
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Photo 13 : Prof. LYU Cai, Beijing Forestry University
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4.13. Blue Carbon and Ecosystem Services

Professor LYU Shuguo from the Hainan International Blue Carbon Research Center
explored the critical role of mangroves in carbon sequestration and climate change
mitigation through blue carbon mechanisms. The presentation covered comprehensive
approaches to blue carbon quantification and measurement techniques, evaluation of
carbon credit mechanisms and financing opportunities, strategies for integrating blue
carbon considerations into national climate strategies and policies, and promotion of
international cooperation on blue carbon initiatives and research.

Participants engaged in practical discussions about implementation of blue carbon
measurement and monitoring programs, development of carbon credit projects and

financing mechanisms, integration of blue carbon strategies into national climate policies
and international commitments, and promotion of international collaboration in blue
carbon research and implementation efforts.
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Photo 14 : Professor LYU Shuguo, Hainan International Blue Carbon Research Center
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5. Countries presentation
» China

China's Shenzhen region demonstrates remarkable progress in mangrove restoration, with
coverage expanding from 169.70 hectares in 2005 to 296.18 hectares in 2021, representing
a 74% increase over sixteen years. The city maintains a conservation rate of 62% and has
implemented a comprehensive action plan for 2020-2025.

The initiative operates under direct guidance from President Xi Jinping's conservation
directives and aligns with multiple national and provincial frameworks, including the
National Mangrove Protection and Restoration Action Plan (2020-2025) and the
Guangdong Province Mangrove Protection Implementation Plan. The establishment of the
"International Mangrove Center" in Shenzhen, announced at the Wetland Convention
opening, positions the city as a global hub for mangrove research and conservation.

The conservation strategy follows four fundamental principles: prioritizing legal
compliance and conservation, bridging policy frameworks with local adaptation, clarifying
departmental responsibilities, and establishing long-term management mechanisms. This
systematic approach emphasizes nature-based solutions while ensuring sustainable
restoration across different districts.

» Madagascar

Madagascar encompasses 390,853 hectares of mangroves, representing 1.53% of the
national territory. However, the country faces significant deforestation challenges, losing
between 3,000 and 7,000 hectares annually from 1995 to 2018, totaling approximately
74,050 hectares during this period.

The governance structure reveals a mixed management approach where 25% of
mangroves fall within protected areas, 32% are managed by local communities through
management transfers, and the remainder operates under state management. This
distributed responsibility model emphasizes community engagement as central to
conservation success.

Madagascar has pioneered the Community-Based Environmental Mangrove Restoration
(CBEMR) approach, which focuses on improving household livelihoods and reducing
dependence on mangrove resources. The country has also incorporated innovative
technologies, including drone applications for restoration activities, demonstrating a
commitment to modernizing conservation techniques.

Key challenges include inadequate infrastructure for boundary demarcation, insufficient
communication tools for awareness campaigns, problematic law enforcement despite
existing legislation, and equipment limitations affecting surveillance capabilities.

19
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» Cambodia

Cambodia's mangroves cover approximately 51,603 hectares as of 2023, distributed across
four coastal provinces: Koh Kong (75%), Preah Sihanouk (16%), Kompot (6%), and Kep
(3%). The ecosystem is dominated by Rhizophora apiculata and Rhizophora mucronate
species.

The country faces multiple threats including logging for construction and fuel,
deforestation for aquaculture, agricultural land encroachment, and pollution. In response,
Cambodia has developed a comprehensive restoration strategy following established
guidelines for mangrove restoration, emphasizing multi-species replantation and expanded
coastal nurseries.

The "Green Sprout" campaign represents a significant public engagement initiative,
mobilizing community participation and awareness. The restoration effort involves
extensive collaboration between NGOs (including CEPA, Wetlands International, [TUCN,
and Mangrove for the Future), government agencies, and private sector partners such as
British Chevening Alumni Association and major corporations like Panasonic and
Heineken Cambodia.

Community involvement extends beyond planting activities to include patrol services,
livelihood diversification, community-based ecotourism development, and knowledge-
sharing workshops that combine practical experience with scientific understanding.

> Laos

Although landlocked, Laos contributes to regional wetland conservation with
approximately 1,082,600 hectares of wetlands, representing 5% of the country's total area.
The wetland types include seasonally inundated grasslands, marshes, swamps, lakes,
ponds, rivers, streams, reservoirs, and rice fields.

The primary threats mirror those faced by coastal nations: encroachment, hunting and
over-harvesting, invasive species, habitat degradation, hydrological modification, climate
change, and pollution. Laos has responded with a forward-looking strategy that includes
publishing wetland protection decrees, conducting awareness and capacity-building
programs, continuing wetland inventory and demarcation efforts, formulating and
enforcing regulations, improving livelihoods, and managing Ramsar sites through
integrated approaches.

The country plans to propose additional Ramsar sites, including Nongkhamsen and
Beungsanan, while emphasizing national cooperation in wetland conservation efforts.

20
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» Myanmar

Myanmar ranks among the world's seven largest mangrove regions, with 448,000 hectares
distributed across six coastal regions and supporting 34 true mangrove species. The
ecosystem sustains over 5.8 million coastal inhabitants and plays a crucial role in national
development.

Despite facing significant challenges from land use changes, human settlement, rice field
encroachment, shrimp farming, charcoal production, and fuelwood cutting, Myanmar has
achieved substantial restoration progress. Between 2017 and 2023, the country established
12,000 hectares of mangrove plantations by planting 36.3 million seedlings.

The restoration program encompasses community participation across 60 coastal
townships, public awareness campaigns including International Mangrove Day
celebrations, and the development of a National Integrated Coastal Management Program
ready for adoption. This comprehensive approach demonstrates Myanmar's commitment
to balancing economic development with environmental conservation.

» Bangladesh

Bangladesh hosts the world's largest mangrove forest in the Sundarbans, covering 47,201
square kilometers across parts of India and Bangladesh. This UNESCO World Heritage
site supports 24 true mangrove species from 9 different angiosperm families and
represents one of the most biodiverse ecosystems globally.

The Sundarbans harbor exceptional biodiversity including 250 fish species, 300 bird
species, and marine mammals such as dolphins. However, the region faces substantial
threats from natural calamities, high tide damage affecting major species survival,
declining blue carbon supply, and continued fuelwood cutting.

Conservation efforts focus on the forest's multiple ecosystem services: unique biodiversity
conservation, soil erosion prevention, livelihood provision, and carbon capture. The region
serves as a critical research center for species studies and demonstrates the importance of
large-scale mangrove preservation for both local communities and global climate
regulation.

> Thailand

Thailand manages 277,923 hectares of mangroves with a documented trend analysis
spanning from 1961 to 2020, providing valuable long-term data for conservation planning.
The country has established comprehensive conservation and protection legislation while
maintaining detailed records of wildlife populations within mangrove ecosystems.

21
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Thailand has developed practical restoration tools, including mangrove planting
handbooks that standardize restoration techniques and ensure best practices across
different regions. The emphasis on people's participation in conservation and restoration
activities reflects a community-centered approach that recognizes local stakeholders as
essential partners in ecosystem management.

> Pakistan

Pakistan's Indus Delta mangroves, located across Thatta, Sujawal, Badin, and Karachi
Districts, represent a conservation success story despite significant challenges. Originally
covering 344,000 hectares when declared "Protected Forest" in 1958, the area was reduced
to 260,000 hectares by 2010, with only 160,000 hectares maintaining dense and medium
forest coverage.

Historical records document eight mangrove species, though only four currently survive:
Avicennia marina, Rhizophora mucronata, Aegiceras corniculatum, and Ceriops tagal. By
the 1990s, over-exploitation, heavy grazing, and water diversion had reduced coverage to
just 86,000 hectares.

The Sindh Forest Department's rehabilitation efforts since 1986 have yielded extraordinary
results, earning three Guinness World Records (2009, 2013, and 2018) for restoration
achievements. The economic value of these efforts is substantial, with well-stocked
mangrove forests valued at US$58,000 per hectare, making the overall current asset value
approximately US$12.2 billion.

The mangroves provide crucial ecosystem services including fish biomass, livestock
provisioning, carbon sequestration, soil erosion control, coastal protection, nursery
habitats, waste remediation, and recreation services. However, threats persist from
freshwater shortages, enhanced salinity, coastal erosion, industrial pollution, and
continued harvesting pressure.

» Mozambique

Mozambique's 302,735 hectares of mangroves represent Africa's second-largest coverage
after Nigeria, with over 50% located in the Zambezi Delta Ramsar site. The mangroves
extend 200 kilometers along the coastline, reaching up to 50 kilometers inland.

The country faces anthropogenic pressures concentrated in urban areas where construction
materials and fuelwood demand drive degradation. Additional challenges include
conversion for salt production and aquaculture, while natural factors such as sedimentation,
erosion, cyclones, and flooding create ongoing threats.

The National Strategy and Action Plan for Mangrove Management (2020-2024)
emphasizes community involvement through local knowledge valorization, effective
partnerships, climate change adaptation, strong monitoring systems, local capacity

22
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strengthening, environmental education programs, and family income improvement
initiatives. This comprehensive approach recognizes that sustainable conservation requires
addressing both environmental and socioeconomic factors.

> Liberia

Liberia's 37,142 hectares of mangroves support six species, with Avicennia germinans and
Rhizophora racemosa being most common. The country operates under the Environmental
Protection & Management Law (2003) and Wetland Policy 2014, providing legal
frameworks for conservation.

Major degradation drivers include fuelwood harvesting, unsustainable fishing practices,
wildlife hunting, wetland reclamation for construction, waste dumping, charcoal burning,
and industrial effluent discharge. Despite these challenges, Liberia has significant
opportunities through ongoing gazettement of internationally important wetlands,
government-partner collaborations including Conservation International, the Blue Ocean
project funded by Sweden, and the establishment of international marine protected areas
with Sierra Leone.

» Libya

Libya maintains over 250 wetlands including natural coastal lagoons, gulfs, sabkhas,
salinas, wadis, springs, oases, islands, and tidal areas, alongside artificial wetlands such as
dams, reservoirs, sewage farms, and aquaculture facilities. The country has designated two
Ramsar sites: Ain Elshakika (33 hectares) and Ain Elzarga (50 hectares).

Libya's 2,000-kilometer coastline supports varied topography and habitats, making it one
of the Mediterranean's most biologically diverse countries. The marine environment serves
as feeding and resting grounds for migratory birds, contains crucial nesting areas for
loggerhead turtles, and potentially provides refuge for Mediterranecan bluefin tuna
juveniles. The region between Tunisia's Gulf of Gabes and Libya's Gulf of Sirte contains
over 1,500 square kilometers of seagrass meadows, the Mediterranean's largest.

> Comoros

The Comoros archipelago consists of four islands: Ngazidja (Grande Comore), Mwali
(Mohéli), Ndzwani (Anjouan), and Mahoré¢ (Mayotte). With a total land area of 2,236 km?
and a population of approximately 867,605, the islands have been recognized for their
ecological significance since June 9, 1995, when three sites were designated as Ramsar
sites covering a total area of 16,030 hectares. Mangroves in Comoros cover an area of 108
hectares and host nine species. Conservation and restoration activities include restoration
actions on Ndzwani Island in Oini, the establishment of a nursery on Ngazidja Island, and
cleaning initiatives for Moroni’s mangrove areas.
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Photo 1: Comoros presentation

> Panama

Panama's mangrove ecosystems span approximately 183,774 hectares. However, these
vital areas face threats such as pollution, land filling, sedimentation, and deforestation. To
address these challenges, a reforestation project is underway on Galeta Island,
incorporating standard ecological restoration procedures and applying mangrove
reforestation techniques. The project also aims to tackle biodiversity challenges, ensuring
the sustainability of these ecosystems.

> Guinea

Guinea's mangrove ecosystems are home to diverse wildlife, including numerous bird
species such as the Ibis ibis, Ciconia episcopus, and Ardea goliath, as well as amphibious
hippos and crocodiles. Of the eight marine turtle species found globally, five inhabit
Guinea. The mangrove vegetation comprises various species, including Rhizophora,
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Laguncularia racemosa, and Conocarpus erectus. However, these ecosystems face threats
from uncontrolled industrialization, population growth, and climate change. Conservation
efforts involve deploying teams for safeguarding and monitoring, revising wildlife
regulations, and promoting sustainable salt extraction projects.

> Samoa

Samoa contains five mangrove species, including two recently identified through surveys.
The largest mangrove area is located in Vaiusu Bay, covering a total of 217.85 hectares
across Upolu and Savaii. Mangroves play a crucial ecological role by protecting shorelines
and lagoons, filtering water, and stabilizing coastal areas against erosion. They also
provide significant community benefits, such as supporting eco-tourism, supplying
firewood, and serving as a source of medicinal resources. However, human activities,
cyclones, and flooding threaten these ecosystems. Conservation initiatives include
establishing protected mangrove reserves, rehabilitation programs, and public awareness
campaigns.

> Zimbabwe

As an inland state, Zimbabwe lacks mangrove ecosystems; however, it has extensive
wetlands, constituting 34% of the country’s total area (13,659,580 hectares). Wetlands are
vital for the rural population, with varying quality statuses. Zimbabwe is a signatory to the
Ramsar Convention and has registered seven Ramsar sites. The country has applied for
accreditation of Victoria Falls as a wetland city, recognized for its exceptional geological
features. Threats to wetlands include settlement and agricultural encroachment, invasive
species, and deforestation. Challenges in wetland restoration involve dealing with legacy
encroachments and budgetary constraints for rehabilitation projects.

> Venezuela

Venezuela boasts five Ramsar sites, two wildlife reserves, and three national parks,
covering a total area of 313,139 hectares. The country has implemented five management
plans that include guidelines for the care of mangroves and associated vital spaces.
Conservation efforts focus on preserving functional and ecosystem services as well as
cultural spaces.
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Photo 15 : Venezuela presentation

6. Group work and panel discussions

Interactive group work and panel discussions formed integral components of the workshop
design, creating opportunities for participants to engage deeply with the material while
sharing experiences and developing collaborative solutions to common challenges. These
sessions were designed to explore the specific priorities and challenges of mangrove
conservation in participants' respective countries while encouraging peer-to-peer exchange,
practical problem-solving, and collaborative development of pilot project proposals.

The group work sessions facilitated extensive knowledge sharing that went beyond formal
presentations, creating space for informal discussion of implementation challenges,
resource constraints, and innovative solutions that participants had developed or
encountered in their professional experiences. The diversity of experiences shared among
participants created a rich learning environment and provided a strong platform for
building lasting partnerships that would extend beyond the workshop period.

Two major panel discussions anchored the group work component of the program. The
first panel focused on identifying priorities and challenges in mangrove conservation and
restoration, providing a forum for participants to present their most pressing concerns and
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to explore collaborative approaches to addressing common problems. This discussion
revealed both the universal nature of many conservation challenges and the diverse
approaches that different countries and regions have developed to address similar issues.

The second panel concentrated on needs for mangrove restoration research and pilot
project development, emphasizing opportunities for international cooperation and
knowledge sharing. This discussion generated concrete ideas for collaborative research
initiatives and pilot projects that could be developed through ongoing partnerships among
participating countries and institutions.
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Photo 16 : Group Work presentation

The panel discussions were structured to encourage maximum participation while ensuring
that all voices were heard and that diverse perspectives were incorporated into the
conclusions and recommendations. Facilitators guided discussions to identify common
themes and opportunities for collaboration while respecting the unique circumstances and
priorities of each participating country.

During the panel discussion course on August 7, moderated by Professor Lei, the first
cohort of trainees summarized their recommendations for IMC’s future development
strategy, structured into four main areas:
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Knowledge Sharing and Collaborative Research

e [Establish a comprehensive knowledge management platform on mangroves and related
biodiversity. This should include not only an online database but also a physical
regional knowledge-sharing center.

e Provide necessary equipment and set up expert advisory teams to promote cross-border
exchange and the sharing of practical experiences.

e Prioritize the establishment of conservation and restoration demonstration projects in
participating countries, with a particular focus on the management of internationally
significant wetlands.

e Organize preparatory workshops on blue carbon projects to ensure mechanisms are
practical and adaptable.

Global Blue Carbon and Pilot Projects

e Compile and standardize methodologies from different countries on blue carbon, while
ensuring the provision of necessary equipment and investment in priority local projects.

e Develop a standardized manual for blue carbon projects, including measurement
methods and conversion formulas, while emphasizing the importance of baseline data.

e Set up pilot education centers on blue carbon to raise awareness of this emerging topic
and highlight its benefits for both national economies and ecological improvement.

e Submit a proposal on blue carbon projects at the 15th Conference of the Parties
(COP15) to the Ramsar Convention.

e Strengthen awareness and understanding of blue carbon among relevant authorities.

Wetland Education and Public Awareness

e Enhance awareness among policymakers at all levels about the importance of wetland
conservation, particularly in African countries, to promote strong top-down policy
support.

e Establish wetland education centers and provide support for designating internationally
important wetlands.
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Assist and guide local communities and governments in improving wetland education,
developing suitable teaching materials and curricula, and promoting policy guidelines.

Introduce mangrove conservation and restoration courses in local schools.

Capacity Building and International Wetland Networks

Provide technical support to carry out comprehensive ecosystem-wide monitoring of
wildlife, and improve data management systems, including collection, analysis,
sharing, and long-term monitoring.

Create online wetland platforms for different ecological regions, particularly in Asia
and the Indian Ocean, while stressing the importance of developing management plans
for protected area networks to ensure coordinated efforts.

Strengthen professional training for practitioners so they can effectively operate and
manage various technical equipment.

Appoint IMC national focal points responsible for data recording and coordination
across different aspects.

General observations

African trainees placed greater emphasis on the economic benefits of mangroves, such
as eco-tourism and timber supply.

Almost all trainees recommended the creation of a comprehensive knowledge
management platform, supported by professional equipment and expert teams.

Many highlighted the critical role of decision-makers and suggested further efforts to
raise awareness of both conservation and sustainable use.

Key Recommendations

Integrated Mangrove Data Platform: Collect and consolidate national data on
mangrove extent, biodiversity, and wetlands, with updates every 2-3 years. Develop a
comprehensive knowledge platform combining online databases and regional sharing
centers, supported by expert teams and cross-border exchanges.
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e Capacity Building and Professional Training: Expand hands-on training programs in
mangrove conservation and restoration monitoring, and promote international and
regional technical exchanges to enhance professional skills.

e Technical Support and Coordination: Establish regional branches of the center and
rotate technical staff assignments to provide on-the-ground support. Ensure diversity in
the Secretariat to bring in innovative perspectives.

e Financial Support and Funding: Strengthen implementation of the center’s founding
agreement, explore sustainable development strategies for mangrove ecosystems,
diversify funding sources, and create an international mangrove conservation fund to
support long-term research and protection projects.

e Blue Carbon Market Development: Compile standardized methods, prepare
measurement and assessment manuals, and initiate specialized blue carbon trading
markets while exploring innovative financing mechanisms.

e Integrating Ecological and Economic Value: Encourage broad participation by
enterprises and society, with government policy support to mobilize public
engagement through eco-tourism, specialty product development, and carbon markets.

e Raising Public Awareness and Education: Promote mangrove conservation courses at
all school levels, increase public understanding, disseminate scientific knowledge, and
encourage active community and public involvement.

The outcomes of these group work sessions provided valuable input for the workshop's
final recommendations and created a foundation for ongoing collaboration among
participants. Many participants expressed appreciation for the opportunity to engage in
substantive discussions with peers facing similar challenges and indicated their intention
to maintain contact and explore collaborative opportunities upon returning to their home
countries.
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Photo 17 : Group discussion, future priorities for International Mangrove Center

7. Cultural Experiences and Field Visits

As part of the IMC Workshop, participants not only engaged in intensive learning and
technical sessions on mangrove conservation and restoration, but also had the opportunity
to immerse themselves in rich cultural experiences and field visits. These activities offered
a unique perspective on the connection between environmental protection, cultural
heritage, and modern development in China.

Field trips were central to the workshop, providing participants with valuable
opportunities to connect theoretical learning with practical experience. Visits were
organized to representative sites in Shenzhen and Hainan, including the Futian and
Dongzhaigang National Nature Reserves, Shenzhen Bay Park, and the Hainan
International Blue Carbon Research Center. These excursions highlighted the diversity of
approaches applied in mangrove conservation and restoration, from urban mangrove
management in Shenzhen to large-scale restoration and research initiatives in Hainan.

Participants were able to observe first-hand how ecological protection can be effectively
integrated with urban planning, socioeconomic development, ecotourism, and public
awareness campaigns. Complementary visits to institutions such as the Shenzhen Urban
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Planning Museum and the Hainan Provincial Planning Exhibition Hall provided a broader
perspective on how environmental objectives are embedded within regional development
strategies. Through these immersive experiences, participants deepened their
understanding of the ecological, economic, and cultural significance of mangroves and
recognized the value of combining conservation efforts with scientific research,
community participation, and innovative policy measures. Many participants expressed the
wish that future workshops extend the duration of field visits to allow for more detailed
study and exchange.

Chinese Tea Culture Class

Participants attended a class on Chinese tea culture, an important element of China’s
intangible heritage. The session highlighted the philosophy of harmony, balance, and
respect for nature embedded in traditional tea practices. Beyond tasting a variety of teas,
the class illustrated how cultural traditions can nurture mindfulness and a deeper
appreciation of natural resources.

Shenzhen — A Window of Modern Development for Harmony Between Man and
Nature

A visit to Shenzhen showcased the city as a model of modern development that integrates
economic growth with ecological balance. Participants observed how urban planning in
Shenzhen emphasizes green spaces, sustainable infrastructure, and the coexistence of
urban life with natural ecosystems, positioning the city as a global example of harmonious
development.
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Photo 2: Visit Shenzhen Museum of Contemporary Art and Urban Planning, China

Riverine Wetland Restoration and Scientific and Technological Development

The group explored ongoing efforts in riverine wetland restoration, where advanced
science and technology are applied to rehabilitate degraded ecosystems. This visit
underlined the role of research, innovation, and integrated management in restoring
wetlands, as well as their importance in biodiversity conservation, water purification, and
climate resilience.

Hainan Province Planning Exhibition Hall

In Hainan, participants visited the Planning Exhibition Hall, which presented the
province’s ambitious strategies for sustainable development. The exhibition offered
insights into Hainan’s ecological zoning, conservation policies, and forward-looking
vision to balance economic opportunities with the protection of its unique natural
environment.
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Figure 3: Visit Hainan Province Planning Exhibition Hall, China

Yanoda Tropical Rainforest Park

The final cultural experience took place at Yanoda Tropical Rainforest Park, where
participants discovered the beauty and ecological richness of China’s tropical rainforests.
The visit provided a deeper understanding of rainforest ecosystems, their biodiversity, and
the importance of protecting these habitats in the face of global environmental challenges.
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Field Visits

Guangdong Shenzhen Futian National Nature Mangrove Reserve (Ramsar Site of
Futian)

The first field visit was to the Futian Mangrove Ramsar Site in Shenzhen, a flagship
location for international wetland conservation. Participants observed the protection
measures in place for one of the world’s most urban mangrove sites, as well as its role in
supporting migratory bird species along the East Asian—Australasian Flyway.

Baguang Exhibition Hall & Baguang Heritiera Wetland Park

The second visit took participants to the Baguang Exhibition Hall and the Baguang
Heritiera Wetland Park. The exhibition showcased the history, ecological importance, and
restoration efforts of the area, while the wetland park demonstrated practical management
approaches, including community involvement and habitat restoration techniques.

Futian Mangrove Eco-Park

At the Futian Mangrove Eco-Park, participants explored innovative educational initiatives
designed to raise public awareness of mangrove ecosystems. The park combines
ecological conservation with recreational functions, offering a model of how
environmental education and eco-tourism can reinforce conservation goals.
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Photo 18 : Visit Futian Mangrove Eco-Park Park

On-Site Teaching
Xinying Mangrove Eco-Restoration Blue Carbon Project Site

The first on-site teaching session introduced participants to the Blue Carbon Project at
Xinying, where restoration efforts not only rehabilitate mangrove habitats but also
contribute to climate change mitigation through carbon sequestration. The visit
emphasized the dual benefits of mangroves for biodiversity and climate action.
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Photo 4: Visit Xinying Mangrove Eco-Restoration Blue Carbon Project Site

Dongzhaigang National Nature Reserve

At Dongzhaigang, China’s first national mangrove nature reserve, participants learned
about large-scale conservation strategies, species monitoring, and habitat protection. The
reserve serves as a cornerstone of mangrove conservation in Hainan Province, offering
lessons on long-term ecological management.

Hainan Qinglan Harbor Mangrove Provincial Nature Reserve

The Qinglan Harbor site highlighted provincial-level conservation efforts. Participants
studied restoration techniques and management practices that balance local livelihoods
with ecosystem protection, demonstrating the importance of policy and governance at the
regional scale.

Hainan Lingshui Mangrove National Wetland Park

The session at Lingshui showcased how wetland parks can serve as hubs for eco-tourism,
education, and scientific research. Participants observed how the park integrates
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community participation while safeguarding biodiversity and providing ecosystem
services.

Urban Development and Mangrove Conservation — Sanya Coral Reef National Nature
Reserve & Sanya River National Wetland Park

The final on-site teaching experience focused on the challenges and opportunities of
balancing urban expansion with conservation. In Sanya, participants examined the
interplay between coral reef and mangrove ecosystems, and how urban wetland parks can
mitigate ecological pressures while enriching urban resilience.

The field visits and on-site teaching sessions of the IMC Workshop provided participants
with a comprehensive understanding of mangrove conservation in practice. From Ramsar-
listed wetlands to national and provincial reserves, and from blue carbon projects to urban
wetland parks, the experiences illustrated the multifaceted approaches China employs to
safeguard its mangroves. The integration of science, education, governance, and
community participation stood out as key lessons for global mangrove conservation efforts.

Photo 19 : Visit Sanya Coral Reef National Nature Reserve, China

Through these cultural and field experiences, the IMC Workshop provided participants
with a holistic understanding of conservation. Beyond technical discussions on mangrove
restoration, the visits demonstrated how China combines cultural traditions, scientific
innovation, and modern development to foster harmony between people and nature. These
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experiences enriched the workshop by linking theory with practice and culture with
conservation.

8. Evaluation and feedback

The workshop was met with very positive evaluations from participants, who praised the
thoughtful balance of lectures, field activities, cultural exchanges, and peer learning. The
organizational arrangements, particularly the quality of accommodation, meals, and
transportation, were commended for their attention to detail and efficiency. Participants
emphasized that the combination of expert-led lectures with opportunities to share case
studies from their own countries created an atmosphere of genuine international exchange
and collaboration. They also appreciated the cultural and creative products provided,
including IMC-branded materials and USB drives containing lecture content, which served
both practical purposes and lasting reminders of their experience in China.

At the same time, several constructive suggestions were offered to further enhance the
effectiveness of future programs. Participants highlighted the importance of allowing more
rest time upon arrival, especially given the long international journeys and time zone
differences. They also suggested improving language support, noting the value of bilingual
or multilingual interpretation during field visits to ensure inclusivity for non-English
speakers. Another recurring recommendation was to extend the time available for
interactive discussions and question-and-answer sessions, thereby enabling deeper
reflection and knowledge sharing.

9. Conclusions

On the morning of August 7, 2024, the closing ceremony for the first session of the 2024
International Mangrove Center Workshop on Mangrove Conservation and Restoration was
held at the Sanya Phoenix Kailai Hotel. Attendees included Chen Jingjin, Executive Vice
Mayor of Sanya; Representative of the Shenzhen Municipal Bureau of Ocean
Development; Chen Kang, Deputy Director of the Hainan Provincial Forestry Bureau; and
Bao Daming, Director General of IMC Secretariat. During the ceremony, attendees
collectively viewed a documentary short film of the workshop, revisiting the highlights of
the two-week learning experience. Subsequently, Mr. Virak SON, a representative of the
Cambodian participants, Mayor Chen Jingjin, and Director Bao Daming delivered
speeches. They expressed sincere affirmation and congratulations on the successful
completion of all tasks and achievements of this session, and expressed hope to strengthen
exchanges and cooperation with various countries to jointly promote greater effectiveness
in mangrove conservation and restoration efforts. The two-week seminar concluded
successfully as all 23 participants received their certificates of completion, uniformly
printed by the Center, and took commemorative group photos.
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The workshop successfully achieved its objectives of strengthening international
collaboration, advancing technical knowledge, and showcasing China’s achievements in
mangrove conservation and restoration. It demonstrated the shared responsibility of all
nations to protect and restore mangrove ecosystems, while highlighting the possibility of
integrating conservation with scientific research, urban development, cultural heritage, and
community engagement.

Participants concluded that the workshop provided not only an opportunity to enhance
their professional skills but also a platform to build meaningful networks and partnerships.
They left with a renewed commitment to applying the lessons learned in their home
countries and to promoting international cooperation in this field.

Looking ahead, it is recommended that future workshops seek to refine the balance
between classroom lectures, field instruction, and cultural activities in order to maximize
learning outcomes. Efforts should also be made to ensure the consistent availability of
bilingual or multilingual materials and guides at all sites, thereby improving accessibility
for all participants. Greater attention to contingency planning is also advised, particularly
to respond effectively to weather events or other unexpected challenges. Finally,
participants strongly encouraged the International Mangrove Center to hold similar
workshops on a regular basis and to consider expanding the program to other member
countries, which would allow for broader exposure to diverse conservation practices and
foster stronger global cooperation.
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Photo 20 : IMC Certificate Awarding Ceremony
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Annex 1 : List of participants with contact details

No. | Name Nation fende Position / Organization
Julien Noél Ministry of  Environment and
1 RAKOTOA | Madagascar | Male Sustainable Development, NFP of
RISOA Mangrove Management
Andoniaina Minist of  Environment and
2 NARISOA Madagascar | Female Sustairl;Zble Development,NFP
Department of Fresh Water Wetlands
3 Virak SON | Cambodia | Male Conservation , General Directorate of
Natural Protected Area Deputy Officer
Department of Coastal Zone and Marine
Sokmean ) . .
4 MENG Cambodia | Male Conservation , General Directorate of
Natural Protected Area Officer
Director, APFNet Coordination Center,
5 Peng Peng | China Male National  Forestry and  Grassland
Administration
6 Wu Tong China Male Guangdong Neilingd.in.g FuFian National
Nature Reserve Administration Bureau
Faya Nestor . Chef de Division Faune et Protection de
7 KONDIAN | Guinea Male
0 la Nature, NFP
Levi Z| . . Environmental Protection Agency of
8 | plAH Liberia Male 1| iperia, NFP =
Milton : Environmental Management Agency,
? MUUSHA Zimbabwe | Male Provincial Environmen%al Managerg ’
Jean
Fortune Ministry of Water and Forest General
10 NTOUNA | Gabon Male Management of Aquatics Ecosystems,
KAMBAN Deputy General Manager
GOYE
Samu.el Sierra Conservation Trust Fund, Resource
i Ibrahim Leone Male Mobilization Manager
KOBBA
Ministry of Natural Resources and
Wai Nyein Environmental Conservation, Forest
12 Myanmar Female
Aye Department, Watershed Management
Division,Staff Officer
13 Sidonia Mozambiqu | Female | Ministry of Environment, Head of
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No. | Name Nation fende Position / Organization
Muamina e Natural Resources Management
Bacar Division/Ramsar National Focal Point,
Cardoso Ministry of Land and Environment
MUHORR
O GUEZE
Veronica
Argelis
14 GONZALE Panama Female Min‘istry of Environment, Forestry
Z Engineer
QUINTER
O
SUCHART Department of Marine and Coastal
15 YAMPRAS | Thailand Male Resources, Forestry Technical,
Al Professional level
16 gglglgnsla:l\l/l Commoros Male Mitsar.niouli-Nflroud National Park,
A Technique Assistant
17 ls)ilgl];[r}%v[ S | Laos Male Depar‘Fment .Of Water  Resources,
Technical official
AY
AKM
Showlkat Ministry of Environment, Forest and
18 Alam Bangladesh | Male Climate Change, Deputy Secretary
MOZUMD ’
ER
Maria
Rebeca Ministry for the People’s Power for
19 PACHECO | Venezuela | Female | Ecosocialism, Coordinator of Territorial
DE Planning and Coastal Zones
RAMOS
Foalalo Ministry of Natural Resources and
20 Mapuilesua- | Samoa Female | Environment/Forestry =~ Division
Fiu forestry officer
Kashif . Forest and Wildlife Department of
21 Khan Pakistan Male . .. .
DURRANI Sindh, Ministry of Climate Change,
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d
No. | Name Nation fen ¢ Position / Organization
Pakistan, Divisional Forest Officer
Ali  Ahmed .. )
2 F ! M meF Libya Male i/hrilst:yd :f l;nvt{ronment, Head of
BERBASH rotected Area Section
Secratariat Permanet du  Conseil
The National pour le
3 Arzoumbila Burkina Male Developpement Durable, Charge de
PEDABGA Faso Programme Communication,

enforcement des capacites, education,
sensibilisation et participation
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Annex 2 : Agenda

Lecturer/Moderator/Institute

Date Day Time Activities Location
henzh hui
July 25" | Thu Whole day | Arrival &Registration Shenzhen Guohui
Hotel
Shenzhen Hall,
Mr. BAO Daming, Shenzhen Guohui
09:00- . . .. .
09:20 Opening Ceremony Director ~ General,  Provisional  Secretariat, | Hotel
' International Mangrove Center *Dress code: Business
Casual or Traditional
09:20 Mr. JIANG Yi, Program Officer, Shenzhen Hall,
N . 0 9: 30 Group Photo National Academy of Forestry and Grassland | Shenzhen Guohui
July 26 Fri ' Administration (NAFGA), China Hotel
Dr. YUAN Jimi
Lecture 1: The Status, r UAN Jiming, Shenzhen Hall,
09:30- ) Director General, Department of Wetland .
Challenges and Actions . Shenzhen Guohui
10:30 of Maneroves in China Management, National Forestry and Grassland Hotel
£ Administration (NFGA), China
10:30 Shenzhen Hall,
) Tea Break Shenzhen Guohui
11:00
Hotel
Lecture .2: The Dr. XIA Jun, Shenzhen Hall,
11:00- Implementation of the | _. . .
: Director General, Department of International | Shenzhen Guohui
12:00 Convention on ) .
Cooperation, NFGA, China Hotel
Wetlands and
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International
Cooperation on
July 26" | Fri Mangrove Conservation
12:00- Mr. JIANG Yi, I‘S(;lngh;a Hall Guohu
13:00 wieome Dafldhe Program Officer, NAFGA, China enzien Honut
Hotel
L | i ianhai Hall
400 | i (e | M LU Chumyan Shenghen . Guohui
15:30 ) Director General, NAFGA, China Hon
Chinese Culture Hotel
15:30. Qianhai Hall, ‘
Tea Break Shenzhen Guohui
15:50
Hotel
1550 | i T Catre | M5 WANL Shenghen . Guohii
17:30 National Senior Tea Master, China
Class Hotel
Team Building: Notice . .
' hai Hall
17:30- Ice  breaking  and | Mr. JIANG Yi, Sﬁiﬁzin o Guohui
18:00 Guidelines for Living in | Program Officer, NAFGA, China
) Hotel
China
19:00- . .
22:00 Discover Mangroves Shenzhen City
Lecture 4: Introduction ) Qianhai Hall
Prof. WANG W ’
July 271 | Sat 9:00-10:30 | to Mangrove Ecosystem r‘o G énqmg,‘ Shenzhen Guohui
. . Xiamen University, China
and Restoration Practice Hotel
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Lecture 5: Science,
10:30 Technology and | Prof. FAN Hangqing, Qianhai Hall,
1 30 Innovation for | Guangxi Academy of Marine Sciences Shenzhen Guohui
' Sustainable Mangrove | (Guangxi Mangrove Research Center), China Hotel
Restoration
Discussion 1: Case and
11:30 Experience Sharing on | Prof. FAN Hangqing, Qianhai Hall,
) 2: 00 Mangrove Conservation | Guangxi Academy of Marine Sciences Shenzhen Guohui
' (Trainees from three | (Guangxi Mangrove Research Center), China Hotel
countries)
Cultural Exper.ience > Commentator from Shenzhen Shenzhen Finance
Shenzhen-A Window of | _. . Center & Shenzhen
14:00- Modern  Development Finance Center, China Museum of
17:00 P Ms Yuan Qiufeng, Director of Shenzhen Museum
for Harmony Between of Contemporary Art and Urban Planning, China Contemporary Art and
Man and Nature poraty & Urban Planning
19:00- Enjoy the Civic Center ..
20:10 Light Show Civie Center
Lecture 6: Pollution, Qianhai Hall,
9:00-10:30 | Wastewater Treatment Ig(i)tf' Ezfjelilslirtlg_gfeglgﬁl\ion China Shenzhen Guohui
and Bioremediation 4 4 & & Hotel
10:30 Lecture 7: Ecological | Prof. LI Ruili, Qianhai Hall,
Tulv 28" | Sun ) 1: 30 Monitoring and | Peking University Shenzhen Graduate School, | Shenzhen Guohui
Y ' Evaluation of Mangrove | China Hotel
130 EISCG‘EZL"; 2S:h§f;e azg Prof. LI Ruili, Qianhai Hall,
:30- X ) . )
12:00 an rove Conservition Peking University Shenzhen Graduate School, | Shenzhen Guohui
' Erov China Hotel

(Trainees from three
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countries)

Field Visit 1:

Neilingding  Futian

14:00- Guangdong  Shenzhen | Dr. YANG Qiong, Dr. XU Hualin )
. . . . . National Nature
17:00 Futian Mangrove | Scientist of Futian Mangrove Site, China
. Reserve
Ramsar Site
Lecture 8: Mangrove o Qianhai Hall,
Prof. ZHANG Yih
9:00-10:30 | Conservation and Alien r.o .G 1 o . Shenzhen Guohui
: Xiamen University, China
Species Hotel
Lect 9: M ianhai Hall
10:30- comre AMEOVE | prof. LIN Guanghui, Qianhai Hall, .
11:30 Conservation and Tsinehua University. China Shenzhen Guohui
' Climate Change & % Hotel
July 29% | Mon E;SC;:ZZI; 3S:h§:iile aﬂi Qianhai Hall
11:30- P & M prof. LIN Guanghui, ’ .
12:00 Mangrove Conservation Tsinehua Universitv. China Shenzhen Guohui
' (Trainees from three £ Y Hotel
countries)
Field Visit 2: Baguang
henzhen B
14:00- | Exhibition Hall & | Ms. OU Wei, ;aenz . ail;?tgiei
. . u
17:00 Baguang Heritiera | Moderator, China Wilanflg Park
Wetland Park
. . . Qianhai Hall,
Lect 10: CEPA Prof. A. Aldrie A
July 30t Tue 9:00-10:30 ceture ¢ R e A, Shenzhen Guohui

South-East Asia

Universiti Kebangsaan Malaysia, Malaysia

Hotel
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Dr. WEN Xianji ianhai Hall
10:30- Lecture 11: Mangrove rW fant, Qianhai Hall, :
. i Director of Mai Po Nature Reserve and Flyway | Shenzhen Guohui
11:30 Conservation in Mai Po .
Program, WWF-Hong Kong, China Hotel
Discussion 4: Case and
11:30 Experience Sharing on | Dr. WEN Xianji, Qianhai Hall,
) 2: 00 Mangrove Conservation | Director of Mai Po Nature Reserve and Flyway | Shenzhen Guohui
’ (Trainees from three | Program, WWF-Hong Kong, China Hotel
countries)
Cultural Experience 3:
Riverine Wetland Shenzhen Bay Park &
14:00- Restoration and | Ms. JIN Jingwan, Shenzhen Talent Park
17:00 Scientific and | Official of the Park, China & Dasha River
Technological Ecological Corridor
Development
Lecture 12: Monitoring . .
. . hai Hall,
and  Protection  of | Prof. ZHOU Haichao, Qianhai Ha .
9:00-10:30 . . . . . Shenzhen Guohui
Migratory  Birds  in | Shenzhen University, China
Hotel
Mangrove Wetlands
July 31% Wed Discussion 5: Case and
10:30- Experience Sharing ‘on Prof. ZHOU Haichao, Qianhai Hall, .
Mangrove Conservation . . Shenzhen Guohui
12:00 . ) Shenzhen University, China
(Trainees from nine Hotel

countries)
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Field Visit 3: Futian | o> S0n Hilk
14:00- Manerove ]éco Park Founder and Deputy Board Chairwoman, | Futian Mangrove
17:00 Parkg Mangrove Conservation Foundation, Director of | Eco-Park Park
Futian Mangrove Eco-Park, China
Lecture 13: Mangrove . Qianhai Hall,
i Prof. LYU Cai, .
9:00-10:30 | Ecological ~ Character Bre(;'in Foresil Universitv. China Shenzhen Guohui
Maintenance Ve Y v Hotel
Panel Discussion 1:
1030- Priorities ‘ and Prof. LYU Cai, Qianhai Hall, ‘
Aug 1% Thu Challenges in Mangrove . . Shenzhen Guohui
12:00 ) Beijing Forestry University, China
Conservation and Hotel
Restoration
14:00- Mr. JIANG Yi
P 1A ’ henzh i
17:00 ersonal Arrangement | p o ram Officer, NAFGA, China Shenzhen City
From  Shenzhen to | Mr. JIANG Yi
9:00-12:00 ’ Haik it
Haikou Program Officer, NAFGA, China atkou City
nd :
Aug 2 Fri 14400 Mr. CHEN Kang,
) 4: 30 Welcome Reception Deputy Director General, Forestry Department of | Haikou City

Hainan Province, China
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Cultural Experience 4:

14:30- | Hainan Province | Ms. WANG Feifei, Hainan = _Province
. o . . ) o . Planning  Exhibition
17:00 Planning Exhibition | Hainan Province Planning Exhibition Hall, China Hall
Hall
F Haik t .
8:00-10:00 | . O ateon 10 Danzhou City
Danzhou
-Si Teachi 1:
O? S.1te cacing Prof. LYU Shuguo, )
10:00- Xinying Mangrove Eco- ) . Blue Carbon Project
. Hainan International Blue Carbon Research | _.
12:00 Restoration Blue . Site
) . Center, China
Carbon Project Site
Aug 31 Sat From  Danzhou to Dongzhaigang
13:30- ) ) .
Dongzhaigang National National Nature
15:30
Nature Reserve Reserve
15:30- On-Site ‘ Teaching‘ 2: Mr. FENG Erhui, Doggzhaigang
Dongzhaigang National . ) . National Nature
17:30 Dongzhaigang National Nature Reserve, China
Nature Reserve Reserve
F Haik t .
8:30-10:00 | . O atou © Wenchang City
Wenchang
On-Site  Teachi 3: .
n. e . caching Mr. FU Yonggang, Qinglan Harbor
10:00- Hainan Qinglan Harbor . : . .
Aug 4" Sun o Hainan Qinglan Harbor Mangrove Provincial | Mangrove Provincial
12:00 Mangrove  Provincial .
Nature Reserve, China Nature Reserve
Nature Reserve
14:00- From Wenchang to . .
Lingsh t
17:00 Lingshui ingshui County
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On-Site Teaching 4:

Hainan Lineshui Ms. FAN Ruofei, Lingshui  Mangrove
9:00-12:00 g Hainan Lingshui Mangrove National Wetland Park, | National Wetland
th M Mangrove National China Park
Aug 5 on Wetland Park
14:00-
From Lingshui to Sanya Sanya City
17:00
On-Site Teaching 5:
1 Reef
Urban Development and | Mr. LI Changqing, Mr. ZHANG Xin, San}/a Cora c
) National Nature
Mangrove Conservation | Sanya Coral Reef Reserve
9:00-12:00 | - Sanya Coral Reef National Nature Reserve, China & Sanva  River
Aug 6" T National Nature | Mr. ZENG Dehua, National Y Wetland
e ue Reserve & Sanya River | Sanya River National Wetland Park, China Park
National Wetland Park
Itural E i : )
14:00- SC(Zntz(rli xp erl;ilseiczl Ms. HUANG Rong, Yanoda Tropical
17:00 . P Yanoda Tropical Rainforest Park, China Rainforest Park
Rainforest Park
Panel Discussion 2: Phoenix A Hall,
Needs of Mangrove | Prof. LEI Guangchun, Phoenix =~ Waterside
9:00-11:30 ) ) ) ) :
Restoration  Research | Beijing Forestry University, China Gloria Resort Sanya
and Pilot Project Hotel
Phoenix A Hall
Aug 7" Wed ’
e © Phoenix Waterside
11:30- Closine Ceremon Mr. JIANG Yi, Gloria Resort Sanya
12:00 £ Y Program Officer, NAFGA, China Hotel

*Dress code: Business
Casual or Traditional
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14:00-

Mr. JIANG Yi,

P I A t it
17:00 ersonat Arrangemen Program Officer, NAFGA, China Sanya City
Phoeni Watersid
18:30- Farewell Dinner Mr. JIANG i, Gl(())firalllXResorta ;S; Z
20:00 Program Officer, NAFGA, China Y
Hotel
Aug 8t Thu All Day Departure Sanya City
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Annex 3 : Biography of speakers

1. Dr. YUAN Jiming
Director General, Department of Wetland Management, National
Forestry and Grassland Administration (NFGA), China [

Dr. YUAN Jiming holds a pivotal leadership role in China's national
wetland conservation efforts. As the Director General of the Department
of Wetland Management within the NFGA—the national authority *
responsible for implementing the Ramsar Convention in China—he is at
the forefront of policy development, national wetland park planning, and the execution of
major conservation initiatives. His work is critical for achieving China's ambitious

ecological civilization goals, including the recent designation of significant new Ramsar
sites. Dr. YUAN oversees the management of China's wetland resources, balancing
ecological protection with sustainable development, and plays a key role in guiding the
country's contributions to global wetland conservation targets.

2. Dr. XIA Jun

Director General, Department of International Cooperation, NFGA;
Chairperson, Standing Committee of the Ramsar Convention on
Wetlands

Dr. XIA Jun is a prominent figure in international environmental
governance. As the Director General of International Cooperation for the
NFGA, he manages China's multilateral environmental engagements. His

significance was elevated globally when he was elected as

the Chairperson of the Standing Committee of the Ramsar Convention on Wetlands,
a position of considerable influence that guides the convention's strategic direction
between COP meetings. In this role, Dr. XIA is instrumental in fostering global
consensus on wetland issues, overseeing the convention's budget, and implementing
decisions made by the Conference of the Parties. His leadership underscores China's
growing commitment and influence in global environmental diplomacy.
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3. Mr. LIU Chunyan

President, Chinese Academy of Forestry (CAF), NFGA

Mr. LIU Chunyan leads one of China's most prestigious research institutions
the Chinese Academy of Forestry (CAF). The CAF is a comprehensive
research organization under the NFGA, dedicated to forestry and grassland
scientific innovation, policy support, and technological development. As
President, he guides a vast network of scientists and researchers working on
critical issues, including wetland ecology, desertification control, and biodiversity
conservation. His leadership is essential for bridging scientific research with national

policy, ensuring that China's conservation strategies are informed by cutting-edge science.
The CAF's work provides the technical foundation for many of China's large-scale
ecological restoration projects.

4. Ms. WAN Li
National Senior Tea Master of China

Ms. WAN Li is a distinguished custodian of Chinese intangible cultural
heritage. The title "National Senior Tea Master" is a recognition of the
highest skill and deep cultural knowledge in the art of Chinese tea ceremony

(Gongfu Cha). She is not only an expert in the brewing and appreciation of
tea but also a cultural ambassador who understands the profound philosophy,
history, and etiquette embedded within the practice. Her class will offer a immersive
experience into a tradition that embodies harmony, respect, and refinement—core values
that resonate with the principles of environmental conservation and living in balance with
nature.

5. Professor WANG Wengqing
Professor and Doctoral Advisor, College of the Environment and Ecology,
Xiamen University

A leading authority on mangrove ecosystems in China, Prof. WANG Wengqing's
research is highly applied, focusing on the practical challenges of coastal
wetland restoration. His work on mangrove wetland ecology and the screening
of salt-tolerant plant species is directly relevant to combating coastal erosion and
rehabilitating degraded shorelines. Based at Xiamen University, located near

significant mangrove habitats, his team has been instrumental in developing effective
techniques for mangrove afforestation and restoration, contributing valuable data and
methodologies that are applied along China's southern coastline.
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6. Professor FAN Hangqing

Director, Guangxi Mangrove Research Center, Academy of Marine
Sciences; Director, Guangxi Key Lab of Mangrove Conservation and
Utilization

Prof. FAN Hangqing is a cornerstone of mangrove research and conservation
in the Beibu Gulf region, a global hotspot for mangrove diversity. As the
director of the premier mangrove research institution in Guangxi, he oversees
both fundamental research and its practical application. Prof. Fan's leadership is crucial
for the "Mangrove Blue Carbon" initiatives in China, quantifying the carbon
sequestration potential of these ecosystems and advocating for their protection as a

nature-based solution to climate change.

7. Professor TAM Nora Fung Yee
Emeritus Professor, Department of Chemistry, City University of Hong
Kong; Member, State Key Laboratory of Marine Pollution

——
—————

With a career spanning over 25 years, Prof. TAM is an internationally
recognized pioneer in bioremediation and mangrove microbial ecology. Her

unique expertise lies at the intersection of environmental chemistry,
microbiology, and ecology. She has conducted groundbreaking research on using
microorganisms to degrade pollutants (bioremediation) in mangrove sediments and on the
impacts of wastewater on mangrove health. Her work provides a critical scientific basis
for managing polluted coastal environments and understanding the complex biochemical
processes that sustain mangrove ecosystems.

8. Professor LI Ruili

Researcher, Shenzhen Graduate School; Executive Director, Mangrove
Engineering Technology Research Center of Guangdong Province

Prof. LI Ruili bridges high-level academic research with technological
innovation. Her role as Executive Director of the Mangrove Engineering B
Technology Research Center highlights her focus on developing practical
engineering solutions for mangrove conservation. Her work on "smart water ecology" in
the Greater Bay Area involves using advanced sensors, remote sensing, and data analytics
to monitor mangrove health, water quality, and biodiversity in real-time. This high-tech
approach is essential for the adaptive management of vulnerable coastal ecosystems in
one of the world's most urbanized regions.
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9. Professor ZHANG Yihui

Distinguished Professor, College of the Environment and Ecology,
Xiamen University

Prof. ZHANG Yihui is an expert in community ecology, particularly
the dynamic interactions at ecological boundaries, such as those
between mangroves and the invasive cordgrass Spartina alterniflora.

This invasive species is a major threat to mangrove ecosystems in

China. As an experimental ecologist, he employs sophisticated field manipulations to
understand how climate change and human activities alter these coastal communities. His
research provides critical insights for managing invasive species and predicting how
mangrove ecosystems will respond to future environmental changes.

10. Professor LIN Guanghui
Professor, Department of Earth System Science, Tsinghua
University

Prof. LIN Guanghui brings a macro-scale, earth system perspective to
mangrove research. His work integrates ecology with biogeochemistry,
examining the role of mangroves and other wetlands in global carbon,

y ).

nitrogen, and water cycles. This approach is vital for quantifying the ecosystem services
provided by mangroves, such as their significant "blue carbon" storage capacity. By
studying these processes, his research at Tsinghua University helps to model the feedback
between wetland ecosystems and climate change, informing both national and
international climate policy.

11. Dr. A. Aldrie Amir

Senior Lecturer and Research Fellow, Institute for Environment
and Development (LESTARI), Universiti Kebangsaan Malaysia;
Commissioner, IUCN SSC Mangrove Specialist Group

Dr. Aldrie Amir is a key thought leader in mangrove conservation in ¥
Southeast Asia. His work at LESTARI focuses on the crucial link "L“ e
between science, policy, and community engagement (CEPA - ‘
Communication, Capacity Building, Education, Participation, and Awareness). As a
commissioner for the IUCN's Mangrove Specialist Group, he contributes to global
assessments of mangrove species' extinction risk. His role as coordinator of the
Malaysian Mangrove Research Alliance and Network (MyMangrove) demonstrates his
commitment to fostering collaborative research and conservation action across the region.
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12. Dr. WEN Xianji r
Head of Wetland Management, WWF-Hong Kong :
|

Dr. WEN Xianji is the chief guardian of the iconic Mai Po Marshes, a
Ramsar site of international importance in the heart of the Pearl River
Delta. With over two decades of experience, he manages one of the most k
challenging conservation sites in Asia, balancing the habitat needs of migratory
waterbirds (including the endangered Black-faced Spoonbill) with the immense pressures
of urban development. His work includes innovative habitat management, a highly
respected Wetland Management Training Programme that builds capacity across Asia,
and scientific research that informs the wise use of wetlands.

13. Professor ZHOU Haichao
Professor, College of Life Sciences and Oceanography, Shenzhen
University

Prof. ZHOU Haichao's research delves into the intricate biogeochemical
processes within mangrove wetlands. He has a specific focus on the
cycling of nutrients and pollutants, and the ecological role of mangrove.
His work is fundamental to understanding how mangroves act as natural

water filters, improving water quality in coastal areas. This research is
directly applicable to the conservation of migratory birds, as the health of the mangrove
food web—supported by these chemical processes—directly impacts the bird populations
that depend on these habitats.

14. Professor LYU Cai
Professor, School of Ecology and Nature Conservation, Beijing
Forestry University

Prof. LYU Cai is an expert in aquatic and conservation ecology. His
lecture on "Mangrove Ecological Character Maintenance" will address a
core concept of the Ramsar Convention: the maintenance of a wetland's
essential ecological features. This involves defining the key biological,
physical, and chemical components of a mangrove system and developing

management strategies to ensure its health and long-term viability. His

perspective is essential for moving beyond simple restoration to the sustainable, long-
term management required to ensure mangrove ecosystems continue to function and
provide services for future generations.
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Annex 4 :Keynote lecture slides

e Lecture 1: Conservation of mangrove in China

T —

Conservation of Mangroves
in China

YUAN Jiming
Department of Wetland Management
National Forestry and Grassland Administration, P. R. China
26 July, 2024

3/23
60

CONTENTS

1 Overview of Mangroves in China
2 Conservation and Restoration Actions

3 International Mangrove Center

The Chinese government attaches greal importance mangrove conservation

President Xi Jinping has visited the mangroves several times. He emphasized that

Mangrove is a National Treasure and should be carefully nrotected as one's eves,
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2

National Land Inventory

In the mumnland of China (excluding Hong Kong. Maceu, and Tanwan), mangroves are distribnted carried out from 2018 to 2021. It recorded 27,100 hectares of mangroves distributed in

across 5 provinees and regions: Hainan provinee, Guangdong provinee, Fujian provinee, the mainland of China, with 97% located in Guangdong, Guangxi, and Hainan,

Zhejiang provinee, and Guangyi autonomous region.

e
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Trend and driving factors of mangroves area change in China

10,000 ha od with 2002 o frge e 2 - ~
Compared with 2002, the area increased 7,200 68% of mangroves are distributed in 96 protected areas such as nature reserve. wetland park, and marine

I | heciares. China has besdme pne of the-Tow oountries in park (10 nature reserves at national level. and 7 are Ramsar Sites)
1936 1934

the world with a net increase in mangrove areh over

the past 20 years

Hing miy 24023

Loss drivers | Measures facilitating increase of mangroves:
*  Aquaculture . Protected arcas

*  Urbanization »  Coastal shelterbelt project

*  Timber harvesting * Blue Bay Remediation Action

« Nutural degradabion »  Mangrove Conservalion and Restoralion Action Plan, ele
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2

National level: Local Level:

*  Wetland Conservauon Law + Mungroves Conservation Regulation (Hainan)

*  Marme Environment Conseryation Law *  Mungroves Conservation Regulation (Guangxi)

+  Welland Conservauon Regulation (Guangdong)
. . + Wetland Conservation Regulation (Fujian)
* Marine Arca Uulizaton Management Regulation
NS e i
BTt (Zheiang)
LI (S TN
RIS 3 R R
csan -

M

Part 2. Conservation and Restoration Actions

62

2

Summary of Part 1

+ Natonal Prienty

*  Distribution and change of arca over the past 70 years
*  Protected arcas

*  Legslation

M

Q Mangrove Conservation and Restoration Action Plan (2020-2025)

Long-term Goals

® Stnetly protect existing mangroves and conduct ecological restoration

BRI sy
113 R ﬂ[ L k) f: ® [ixpand the area of mangrove forests and improve biodiversity,

® Overall improvement of mangrove ecosvstem quality and

comprehensive enhance the supply capacity of ecological products,
AMTEER LW DRISER L TR

(EWRRTNY YRGS Speciﬁc Objectives

[ETRRIE T 7 3]
f;'f..'f:;,,.” s S By 2023, to replant 9 050 hectares of mangroves and to restore 9750
B e £l St g i hectaros of existing mangrove forests
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2

Action 3: Strengthen planning for mangrove restoration

Action 1: Overall conservation of mangroves

® Ovesall plan for mangrove conseryation and restoration,

® Prontely proteet mangrove ¢eosystems; @ Put conservation and restoration fasks in place:

@ Stiretly control land use conversion.

Tasks for provinces by 2025
lant v Restaration 5
Action 2: Management of protected areas Provinee z:: ( han? (%) Provinee e b)) (%)
® Optimize the boundary of existing, snd estsblish new protected areas, Zhejinng 200 221 L"‘-“‘I‘B 0 060
Fujian 350 387 JFupan 350 5.64
®  Stop aguaculture activities in profected arcas, Guangdang 5500 6077 Guangd 2500 5564
® Improve capaeity buildimg of protected arcas, Guangxi 1000 1105 Guangw 3500 35.90
Hmnan 2000 2210 Hainan 3200 282
Total 9050 100.00  Total 9750 100.0

Aétion 4: Ecologieal reatorution of mangroves Action 5: Improvement of scientific supports for mangroves

* Carry ont scientific and technological breakthrough projects;

* Replant mangroves wilh seientific methods,

« Improve resgarch facilities and professional standards

*  Restore degraded mangroves.

+ Protect rare and endangered mangrove species,

+ Iinhance post-planting management,

+  Control harmful arganiyms (Strive Lo achieve o
8 alterniflora removal rate of over 90% by
2025)

*  Lnsure supply of mangrove seedlings
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2 2

Action 7: Improvement of legislation

Action 6: Monitoring and assessment

islation & ; ; £ 14 bk ik R
+ Promote legislation for mangrove protection und restotation. s ) v
LR ST ]

+ Improve monitoring capabilities,

* Traek and agsess the whole mangrove restoration + Improve local regimes for mangrove protection and restoration

process
L SwmA o
8 sreinnm u -
e o e
e - Seo0
Hemnad o
R A RN
P LI R B )
o U MAYESRERGARLR
4 P it T ERURGABRNR
ey 2024545

Replantation
Mid-term Assessment “

Zheang 200 14768 73840
Strengthen organizational leadership By 2023, 52% of replantation and 49% of Fujimi 350 007,52 259,20%
restoration have been completed (Gumngdiung 3500 d92ido %115
Guangxi 1000 43781 45.78%
Financial and policy supports B % W W om o A F Seinng 2000 132207 66.10%
Ex&dmEERBHD i Total Y050 465624 SLAS%

4 tne rm-«: o F Restoration
Encourage social capital into conservation and restoration _-__
N - e BTN A N ST TR M A 28 5 Zhicjiang —! 4428 —
ST TR CET R R 4 M ol Fuian 550 92077 167.41%
2 - - : (2020—2025 )i MR 1L T 0 Guangdong 2500 183447 3R
Enhance CEPA and international cooperation o Gt 3500 145595 AL60%
Poy St rag . rsisonl . sayhiftdn=re —_) 7 : y
JRANRE=PXEN."JSURA VT A Hﬁnm m 49.6*642 ‘552%
AL P ANSORR. KENFHR LD ECEERS Total 9750 4782112 AR T4Y

MM
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'Ramsar Regional Initiative

+ President X Jinping proposed fo build [ | Mangrove Center in Shenzhen at COF14 in 2022

+ The COP14 Resolution XIV.19 welcomes the focus of the International Mangrove Center as the conservation,
resloration. and wise use of mangroves and coasts| blue carbon ecosystens,

* Decision SC62-22 The Standing C forged the b | Mangrove Cenler as i new Ramsar Regional

L]

Imtigtive within the framewark of the Convention

President Xi Jinping on COP14 Sketeh of the Chinese Mangrove Museum (Center)
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e Lecture2: Ramsar Convention and China

Outline

Ramsar Convention & China "
Il

Dr. XI1A Jun

Dept. International Cooperation
NFGA (NPA)

- . N ’ - =
R
I YNESE ~ “ I

ML

pe= Ca e L P
———l e

The Ramsar Convention
Ramsar implementation in
China

International Cooperation on
Mangrove & the iMC

I. The Ramsar Convention

I, The Ramsar Convention

I, The vrigin and evolution

G.V.T . Matthews (1923~
2013)
Director of NWRE

Eskander Firouz

Lu¢ Hoffmann (1923-2016)
Vice Preshlent, WWF (1961-1988)
Vice President, TUCN (1960-1969)

(1926-2020)
Director of Iran's Game and
Fish Department

Those who shall be remembered forever

66

1. The origin and evolution
Ruoad to the Convention
The Marshes Conferénce, Camargue,
France, 1962
St Andrews, UK, 1963
+  Noordwijk, Nethorlandy, 1966
Morges, Swisy, 1967
Vienna, Austrin, 1969
Moscosy, USSR, 1969
Espoo, Finland, 1976

Ramsar, Iran, Feb, 1972
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I. The Ramsar Convention
2. The Convention
Ramsan
CERGYRNINA O WETTANTY

CONVESORIEIN AL LS 26 HUMIORS
VTR ST FOF TN,
O, I, W11

Convention on Wetlands of International Importance
especially as Waterfow! Habitat
Mission

The conservation and wise use of all wetlands through local and

national actions and international cooperation, as a contribution
towards achieving sustainable development throughout the world

1. The Ramsar Convention

|

5. The Bodies Cop
Ihe Contarvnue of Cuntractms Fatics
The Stunding Commities

0,
STRY CHEPA
he uversighl panet on Commumigation,

Educating and Publiv Awsruness

f T 1 :
Meniagernant Fitunainl Sii o Other Sal
Steatsgy Subgroup . Sabgrougd
Sulbygroup Bubrgroup 2 =

The Secretarist

The selence. mod todkinical) myiew pamsl

Secrvtary Goneral

67

I The Ramsar Convention

3. Actions taken by contracting parties
Three Pillars of sction

+ Wike use of nll wetlunds

+  International Cooperation

+ Wetlandy of Int'l Impuortance, designation and
manngement
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1L Ramsar implementation in China

O OA R R IE 5B

e T

2. Accession and institutional setup

1B RO FlsmA e January 3 1992, China’™s instrument of accession to
(R TAEBUE{EL AN SR UNESCO, depmitory of the Copvention
(ELTE S SN SRS PRl 2
-~ & July 31 1992, China’s enfry into force (the 67 contracting
AEXRE. MATAILIANLY SAmbnn p““.‘)
-m.tt@?av.llhhehn.t RNy
THITEARARASL. ahANRANN. VA, & * 2005, Ramsur Management Authority evtabilished In Chins

A P L B .ll."..Ql'.
e 2007, National Ramasr Committee formed o coordinnie
tmplementation efforts

e 2018, Department of Wetland Management set up @
MNational Forestry & Grusslund Administration

(TR YT

R ML AR R R e ek e

L. Ramsar implementation in China |

4. Legal framework

!'I“.'_l‘!"'l
o The Wetlands Protection Law introduced 1 June 2022 ]
Chinag “udopts the principle of protection in pripeity, strict
munagement, sy slematic control, seienvedased restoration and
wiie une in wetlund protection, so as to plsy multiple ecolegical e
funciions of wetlusd ccosywtem in commerving witer, regulating
climale, improving envirenment and conserving blodiversity™ .

e AL R
L a4 R
» 28 of the 31 provinces on mainland China have released d T $2022-200e8)
provincial regulations on wetlands -
=== E3
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Ill. Ramsar implementation in China I ll]. Ramsar implementation in China I

5. National programs and linancial input 5. National programs and financial input
o National Programs launched, including wetlund conservition & restorntion sxntd mungrove

consorvation ) ) ) Natlonal Wetland Conservation Plin (2022:2030)
¢ Centrul investment lor infrastructure construction and restorution at RMB 600 /v : % {25 y
¢ identified 6 Key tasky

& Central Investment at RMB 2b/y for
L. subsidles for wetland conservation & restoration
L PES
3. subsidies for converting formiand to wetlund

—— e -
o= Uit ST S
- e -

IL Ramsar implementation in China IL. Ramsar implementation in China

6. Wetland mventory and monitoring 7. CEPA | participation of larget
3 {

3 national inventories (19952003, 20092013, 2017-Z021)

" . Coasarvatinng netwark in Wisehd Wetland Natil echicatlun, Faduealianal models
Muonitoring of wetlands of international importance ECOLOGICAL CONDITION “ 3 otlurioe popillasral i

Yanutns River, Yellow Dey lor primary peple
OF CHINA'S WETLANDS OF Raver and snastal ireae
INTERNATIONAL IMPORTANCE
(RAMSAR SITES)

flamanr Ceveniion un Wethinds Menageimes
Offen ot Pecsin's Regadiic af < hina

Becomber 2014
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[1. Ramsar implementation in China HL International Cooperation on Mangrove & the IMC

COP 14 1. Global mangrove ecosystems

Nov, Se13, 2022, hivbriid mode in Wahnn & Getevn

8, International Cooperation

o Chinese Preadent Xi delivers the opening :
. A & Matgrove ecusyslems nre excaplionul it thelr nhility to provide essentiil ccovvilem servives (o peuple, Inelnding conytal

o Wetlamds Actions for Peaple atid Nature disaster risk reduction, curbon seyuestrution and long=teom storage, and ccoloimal support for fisherkes nod

® 142 epntracting pavties, interpations! bindiversiry
arguaiativan, Y50 plus purticipunty «  Storealmout L1 billion fons of carbon, which 1s almoat three hmes the amourt of carbon stored by topical foresti of the
Ry Pans2025 Styutegle Plan S stk

» Froieel 354 million people and USD 63 billion worth of property per year from cogatal duasiens: in 2050, this sould rize

Walinn Declurution A
to |18 S mullianeand USD 118 Mibon begauee of pogilation growth and nse m moperts values

Extablishing Internptions]l Mangrove Centre
(IMC) tn Shenzhen, Ching

.

Support 126 milion Tnhing days per vear, providing a key douxce of tood Lo imun pontibations living near couitis and

bevond, slong with valmalde employnient provided by soillions of Dbienssseluted johs

CoMae L 202
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111, International Cooperation on Mangrove & the IMC 111 International Cooperation on Mangrove & the IMC

[

3. Global efforts in mangrave conservation

. Mangroves ure at risk

The Regional nitinrive for the lotegrs]l Munagement and Wise Use of Matigroves
and Coral Ree ls/Ramsue Convention (2009)

lnitinted by Runeay jo develop 2 Reslonal Stoateny nid Actiog Mu 1o the

aridl wise use o mungroves and cotal reofy, memibots

o Tradifional threats to mangrove include degtudation foom
wiod exploilat ultr
formmng; dam construotion giterig fieshwater & sedimerd
hces

. delatestation for o & sl

Consorvabion, manssen

coutifiics Include Bindil Couta Rike, Mexico, Veneanelic cte

e Todisy's challenges elide scadleved rise & ingieased
frequenyy & soventy of eyolos larma due W global Giobal Mangrove Alllance (2018)

UMA 1a cotrdinated by CLL TUCN, TNC, WI & WWE [ targiet in to merease the

glohul wrea of nuengrove hulwtat 20% over curren extent by the vesr 2030

warming

v { - |
For the pemod batween 2000 1o 2020, there wa aet deoline

he glob T on of 2848 DU he
in the global mangrive ares of 1 ha Mangrove Afitance for Climaty (20223

An nitighive by the UAE in parmcrship with Indamvam at the UNFCCC COP 27 The
memibers commit ta phimt. rehatahitile, pmd reptore matgroves within their countsy | o
unitl are at fak o collapie —— e o well as supsportimg ollery oo he dume

& Stwly ahows (hat fifty pervent of Mungrove Fcosvstems

Cilatsad dyvviers of mangrese s

HL International Cooperation on Mangrove & the IMC

4, Mungrove in mainland China 4. Mangrove conservation & restoration in China

hs ,:.;l‘:. < ' Nutitbar of masgsive spaced (|| saeh pravinse - - .'. i R
v\ Ao " Special Action Plan for Mangrove Conauryation mil
- -7 | - Restorution (2020-2025) . )

Rogulations on Mangrove Conservation by Gunngsi
and Hiinin provinces

.
' ®
ol -
[
|

TERRA AN
Citmgal

- o N
e e Maniitave Beologtenl Restoration Guidelines PRI
wne - | BT
ata ==l

M ; {9,200 1 T t b | 10 patioml mangrove nature resmryes and 7
® ! RIDVES LUV ot ax of 35,300 ' amisad C Iy d ™ Cri \ angxl, i Trear { i and

ViBTgn \L. & o Wl aren v fi i1 amiEng und, MAtnly Givirinded i Crurnpcong. Asuangx, Flonan mi mV“RA aslles dcngna!tal p— |

Fupran, and Zhejiang AneEs
¢ fhuepeZ groves (ineduding 2 mtrodused apecios) il 12 mangrove assoaates inmamiood Ching
o Uhlng s one of the (ow gountrics in dhe woellf where manproves lave incteused; since 2002 5 net Mcreaye by 7,200 bn \

b
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llll. International Cooperation on Mangrove & the IMC I III[. International Cooperation on Mangrove & the IMC I

5. International Mangrove Center (1IMC)

4. Mungrove conservation & restoration in Ching

A RRE approved ut SC 62, Sept 2023, an imbepuendent, num=profit, inter~
governmentul nternstionsl vrgunization
Misslon: promote miernational coaperation and jainf actinns in mangrove

[he Action Plan sels turgets ot 9,050 ha rettored and 9,750 he
e Action Flan st tutgets ol 2,020 ha rextated qnd 9,750 ba comservislion, restoration, and wWise and sustanable use

5 through cylablishing
mungrove protected sroas aod restorghon of esologen)
Tunctiony

enhoneet] in ecological sery oo 2t =
ed i Principles Open, Inclusive, Trausparent, Autiom-farcd

Objectives: Enowleitge snanaz and joint research, feckmnlogy tranafer and
tzining, public sdpuation and awateness, capacity building aml pilol projests

Membets Partics and Nots,

Locution Shenshwn, Chaw
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e Lecture 3: Introduction to China and its culture

Main contents

Introduction to China and its Culture
Part One Profile of China

Liu Chunyan
National Academy of Forestry and Grassland Administration

July 26th

Part Two Population and Culture

Part One Profile of China

I, Geography

II.  History

III. Political system
IV. Economy

V. Diplomacy
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II. China’s history (2) Historical periods

China is one of the ancient civilizations in the world. and the only country among the

2 PRETS 3 : : 2 s . Ancient Chiny Modern China Contemporary Cling
four ancient civilizations (ancient Egypt. ancient India. and ancient Babylon) with AR AR s
uninterrupted civilization. According to the latest achievements of the "Exploration of Inillbayanies  phiite o feudal 180 1919

Civilization" project. the recorded history of China is over 5800 years. In the long society sociely soctety

process of historical evolution. the Chinese people have created brilliant historical

and cultural heritage. o o i . o )
There are three historical periods in China’s history: ancient times. modern times, and
contemporary times.

3. Land and water resources

(1) Land types There are different land types in China including cultivated land. forest land.
grassland. deserts. wetland and so on. Cultivated land is principally in east China. grassland in
north and west China and forest land in northeastern and southwestern China. wetland in

different areas.

(2) Terrain Mountains accounts for 33% of China’s territory. plateaus for 26%. basins for

19%. hills for 10% . and plains for 12% . China also has abundant island resources.
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Historic sites
Ancient China

China’s ancient history and dynasties oriented from 1.7 million years ago. ended in 1840AD. There are 26 dynasties in China’s ancient history.
before the First Opium War.

The ancient history includes: Primitive society. Slavery society. Feudal society. China's long history has left many cultural relics. such as the Terra Cotta Warriors. the

Great Wall. the Forbidden City. and Mogao Grottoes.

Contemporary China
Modern China . ) L . ) )
From 1949 (he founding of PRC) till now, the socialist revolution and construction period

From 1840 (he First Opium War) - 1949 (he founding of PRC). the history of the semi-
colonial and semi-feudal society.

y PR Founding of People’s Republic of China 1949
The first Opium War 1840
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IV. China’s political system

"N The strong leadership of the
Communist Party of China(CPC) is
the key to China’s great achievements

The CPC has in the people its roots,
its lifeblood and its source of strength.
It puts people first and is committed to
delivering a better life for the people

3
: 5

the “Two Establishments” and “Two Upholds” are the most significant political achievements of

the Party in the new era drawing upon historical experience and that they are the fundamental

guarantee for achieving the goals and tasks of the new journey to fully build a modern socialist
China.

76

Adhering to “Two Establishments” and “Two Upholds”

* The establishment of both Xi Jinping’s core position on the Party Central Committee
and in the Party as a whole and the guiding role of Xi Jinping Thought on Socialism
with Chinese Characteristics for a New Era (“Two Establishments™).

+ Boost our consciousness of the need to maintain political integrity. think in big-
picture terms. follow the leadership core. and keep in alignment with the central Party
leadership (“Four Consciousnesses™). stay confident in the path. the theory. the system.
and the culture of socialism with Chinese characteristics (“Four Confidents™). and
firmly uphold Xi Jinping’s core position on the Party Central Committee and in the
Party as a whole and uphold the Central Committee’s authority and its centralized.
unified leadership (“Two Upholds™).

China's achievements

e the Communist Party of China has led the country to create
miracles.

¢ China has become a mainstay of global economic growth.

e Foreign trade develops steadily and rapidly.

* Chinese people's per capita disposable income increased more than a
hundredfold.

* China is among the countries with a relatively complete academic
system.

* China has realized the transformation from a country of population to a
country of human resources.

« “Poverty Alleviation: China’ s Experience and
Contribution.
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IV. China’s political system

« The basic political structure: under the leadership of the Communist Party of China.
the systems of People’s Congress. Multi-party Cooperation and Political
Consultation. and Regional Autonomy for Ethnic Minorities are adopted.

of The Communist Party.of China

CPC was established in 1921 and led the Chinese people win the war of resistance
against Japanese agression and establish socialism system.

1. The Communist Party of China(CPC)

+ Just like many other parties. the CPC has gone through some ups and downs
throughout its journey. But it had to live through many unusual challenges.
mncluding isolation. a huge population. and several unjust wars with the successive

SUPEIPOWETS.

The CPC hias secil histaric . . ~ v .
':f,';':!‘!c'"'::;';"m.’rz—'?};‘f ' + The basic political structure: under the leadership of the Communist Party of China.
; the systems of People’s Congress. Multi-party Cooperation and Political
Consultation. and Regional Autonomy for Ethnic Minorities are adopted.
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(2)The number of CPC members

+ At the inifial period of founding. the number of CPC member was 58.

+ By the end of 2022. the total number exceeded 98m. has now become the largest
political party in the world.

+ The total number is estimated to exceed 100 billion by the end of July. 2024.

2. People’s congress system

+ The people's congress is an important part of the system of socialism with Chinese
characteristics and the fundamental political system.

78

Number of CPC members grows steadily

Unit: Millien

by the end of 2023, the CPC member was 99.185 million

Chinese Political System
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The working system of People’s Congress

+ According to the Constitution of the People’s Republic of China, all State power
belongs to the people. The National People’s Congress (NPC) and the local people’s
congresses at various levels are the bodies through which the people exercise State
power.

(1) The National People’s Congress and the local people’s congresses are
created through democratic election and are responsible to the people
and subject to their oversight.

(2) All administrative, supervisory. adjudicatory, and procuratorial organs
of the state are created by the people's congresses and shall be
responsible to them and subject to their oversight.

3. Multi-party Cooperation and Political Consultation

+ The CPC is the only ruling party in China and the rest 8 democratic parties. led by
the CPC, participate in the state affairs.

VAR

,,,,.,
R
£
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(3) The people’s congresses at all levels are constituted through democratic elections.
and are responsible to the people and subject to their supervision.

(4) Deputies to the people’s congresses at all levels shall maintain close contact with
the electors of their original constituencies or their original electoral units and with the
people. listen to and reflect their views and demands. endeavor to serve the people and
be subject to supervision by the people.

Two sessions

+ The "two sessions" is not a specific institutional name. The term "two sessions"
refers to the yearly plenary meetings of the National People's Congress (NPC) -
China's top legislative body and the National Committee of the Chinese People's
Political Consultative Conference (CPPCC) - the top political advisory body.

+ They are held every year. beginning in 1978. Since the sessions basically coincide
and are very important to the operation of the country. they are called "two sessions”
for short.
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The organs of Self-Government of National
Autonomous Areas

+ The organs of self-government of national autonomous areas are the people's
congresses and people's governments of aufonomous regions. autonomous
prefectures and autonomous counties.

» In the people's congress of an autonomous region. autonomous prefecture or
autonomious county. in addition fo the deputies of the nationality exercising
regional autonomy in the administrative area. the other nationalities inhabiting
the area are also entitled to appropriate representation.

* The chairman of an autonomous region. the prefect of an autonomous prefecture
or the head of an autonomous county shall be a citizen of the nationality
exercising regional autonomy in the area concerned.

‘ ik Ethnic regional autonomy
Attributes :
l tevel Autonomy Ethnic character l
Nocessary | Ethnic origin
condons | | Political | g | CORONES | o | ofan ' Autonomy retains
level autonomy = : 2 = | autonomous ethnic ground
l L ) T 1
Empirical | The presence in 77"& = 1) Legal recognition of of the spectal
indicators the regions its FopresahRselon 1) An awanamous statny of @ certain ethnic group
fevel | W o the T region was found as a OR
s awn I the pettinal resudt of o struggle of an 2) Special stanwes of a certain laignage
powers and HEET ethnic group for self- as an official kasuage of o reglon
Jurisdiction ! determination. OR
' OR 3) Special preferences for a “titular
2) An autonomaous group” in dixeribution of high
region wes. asa goverpmontal positions
resudt of the state ethno- OR
national policy ¥) The presence of ethnic identity in
l@rlaf attribuse of a unit

da
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5. China’s administrative system
(1) Classification

China's adnunistrative units are currently based on a three-tier system, dividing

the nation into provinces, counties and townships:

*  The country is divided into provinces. autonomous regions and municipalities
directly under the Central Government:

* A province or an autonomous region is subdivided mto autonomous
prefectures, counties. autonomous counties and cities:

* A counfy or an autonomous county is subdivided into townships. ethnic
townships and towns.
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» Municipalities directly under the Central Government and large cities are
subdivided into districts and counties:

+ Autonomous prefectures are subdivided into counties. autonomous counties
and cities.

» Autonomous regions. autonomous prefectures and autonomous counties are
all ethnic autonomous areas.

» The Constitution specifically empowers the state to establish special
administrative regions when necessary.

* A special administrative region is a local administrative area directly under
the Central Government.

V. China’s economy

1.Reform and openning up

The CPC has steered China to such massive growth and development
by imntroducing its major economic reforms, known as the reform and
opening-up policy. in 1978.

During the past 40 years. China has experienced tremendous
development m all major sectors including manufactuning. mtemational
trade, transport infrastructure and smart city solutions. These changes
have pivotal importance that has not only impacted the lives of Chinese
citizens but also proved beneficial for foreigners.

Deng Xiacping
(1904-1997)
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Shenzhen before and after the policy
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China’s poverty alleviation

+ China has since lifted more than 700 million people out of poverty. which is over
70 percent of the total global poverty reduction during the time. Thus it shook
off abject poverty one decade before the deadline set by the UN by 2030.

.China outof
poverty globally

49

2. Major country diplomacy with Chinese characteristics

A Community with Shared Future for Humanity
+ To build a community with a shared future for humanity calls for concrete actions.
China has advocated that the international community promote a common approach

to partnership. the security landscape. economic development. cultural exchanges
and eco-environmental conservation.

82

VI. China’s diplomacy

1. Basic tenets

+ Maintaining world peace and promoting common development are the
purposes of China's foreign policy

« The five principles of peaceful coexistence are the basic norms of China's
foreign relations.

+ Independence is the basic position of China's foreign policy.

« Strengthening solidarity and cooperation with third world countries is the
basic foothold of China's foreign policy.

30



International Mangrove Center Workshop on Mangrove Conservation and Restoration (2024 I*' Term)

Part Two Population and Culture

I.  Population & Ethnic Groups
II. Chinese Culture

2. Ethnic Groups

Y

%

)

d

1

T
-

LEAheg

o !
15

b R
ot b 1

b -
WA

CrT
30 g
FELER

ﬁ@ ﬁﬁﬁ

Ethnic groups China is a unified country with 56 ethnic groups with the han people

accounting for 91.11% of the total population

I. China’s population and Ethnic group

Chinese culture is inclusive and develops in a long history. In the process of historical
development. not only have numerous local schools of thought emerged. but also
foreign cultures have been constantly introduced. Different schools of thought and
cultures have absorbed and integrated into each other in contradictions and conflicts.
gradually establishing a basic pattern of Confucianism as the main body. with
Confucianism. Buddhism. and Taoism each holding its own unique banner. while also

working together to complement each other and apply it to society.
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President Xi Jinping attends the Meeting on Cultural
Inheritance and Development, June 2, 2023

II. Chinese Culture

Given the profound foundations of our
time-honored 5.000-year-old civilization.
the only path for pioneering and
developing Chinese socialism is to
integrate the basic tenets of Marxism with
China’s specific realities and the best of its
traditional culture (two integrations)

Xi Jinping Thought on Socialism with
Chinese Characteristics for a New Era was
established on the basis of upholding the
“two integrations” and serves as a shining
example for this concept.

It proposes a people-centered development philosophy. In addition, it
adheres to Marxist principles regarding the rslationship betwsen

human and natwre and draws on Chinese wisdom concerning the

environment, including the ideas of humanity being an integral part

of nature and all things living side by side.

It espouses the concept of harmenv between humanity and nature, thus

giving shape to Xi Jinping' s thought on ecological conservation
Furthermore, it adheres to Marxist ideas on world history and

carries forward the broad-minded vision advocated in traditional ¢s
Chinese culture, which includes seeking prosperitv for all and

84

Xi Jinping Thought on Culture

Xi Jinping Thought on Culture was put forward for the first timein
2023, marking a pivotal ideological development after the 20th
National Congress of the Communist Party of China (CPC).

The Thought bears immense importance in the pursuit of a stronger
China and the realization of national rejuvenation.

Over the past decade. guided by the concept of building a community with a
shared future for mankind. China has promoted dialogue and exchange among
different civilizations. jointly creating a garden of diverse and harmonious world

civilizations.

HAZHMANTRARTOL
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The 9th Silk Road International Arts Festival The International Tourism Alliance of

Silk Road Cities
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Chinese culture is inclusive and develops in a long history. In the process of historical
development. not only have numerous local schools of thought emerged. but also
foreign cultures have been constantly introduced. Different schools of thought and
cultures have absorbed and integrated into each other in contradictions and conflicts.
gradually establishing a basic pattern of Confucianism as the main body. with
Confucianism. Buddhism. and Taoism each holding its own unique banner. while also
working together to complement each other and apply if to society.

& Confucius Laotzu Buddha
=
benevolence. righteousness, non-intervention. - 68
gh ; compassion. karma
courtesy and trustworthiness follow the nafure

2.Specific forms of Chinese Culture

2.1 Opera and Quyi arts

Confucianism emphasizes benevolence and filial piety. requiring humans to hold awe for

all things in nature and to maintain the harmonious order of the universe. Taoism focuses T o e——

the world (including Chinese opera. Greek

tragicomedy. and Indian Sanskrit opera). with over

on pursuing the realm of natural non-action. integrating with nature. seeking harmony

and unity between nature and human. and advocating that human should conform to the
300 genres including Peking Opera. Kunqu Opera.
Yue Opera. and Yu Opera. Peking Opera is the most
influential. Peking Opera. also known as Peking
Opera or National Opera. is divided into four types of

way of nature, abandon impatience and utilitarianism. and pursue inner tranquility and

self-transcendence. Buddhism emphasizes letting go of desires. pursuing inner peace and

transcendence. advocating compassion. paying attention to the suffering of all beings.

3 3 5 3 3 g characters: male roles. female roles. painted roles and
and promoting coexistence with nature to achieve harmonious coexistence between S O )
clowns--on stage. It has four skills: singing. speaking.

human and nature. acting and acrobatic fighting.
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#+# The Red Cliffs Quy1 arts

Quyi is a general term for various "talking and singing arts”. Ttis a
unique art form that has evolved over a long period of development
from folk oral literature and singing arts. According to incomplete
statistics. there are about 400 different types of quyi performed by
various ethnic groups in China.

Quyi. as a performing art. uses "oral talking and singing" to narrate
stories. portray characters. express thoughts and emotions. and

reflect social life. Just as the essential characteristic of opera art is

"performing stories through singing and dancing.” the fundamental
feature of quyi art can be described as "narrating stories through

oral talking and singing."

2.2 Music and dance
)M F3& Suzhou Pingdan

(r BT s Ty Chinese music specifically refers fto Chinese
P HENORAES mnstrumental music and Chinese vocal music, with a
history that can be traced back to the Yellow Emperor

era. From Confucius' transmission of the Six Arts to

=t B
B

¥ modern Western music. Chinese music has continued
§ . . ~ .
bjn to enrich and develop in the process of absorbing
m’ foreign musical elements, China is known as the
B2 "land of rites and musie." and ancient music played a
% significant role and held an important position in
personality cultivation. cultural life. and national . i e
. HENBERZHH
1 . Zeng Houyi Chime
. Bells
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Music

ZF#F Moon Reflected m Second Spring

720

(C@c«.‘m

Guzheng Pipa Erhu

Dance s _ .
(E ¥ II7#E) The Dance of Rainbow Skirt and Feathered Robe

It can be said that China has had a history of dance for as many years as it has had

. S / smom biL
A a5 iz 5 =0 ; z " D) o "R y e
civilization. Chinese traditional dance 1s rich in variety and form. containing abundant -
cultural connotations and ethnic characteristics, Classical dance is one of the main forms of
Chinese dance. which has formed a unique artistic style through thousands of years of
—y

development and inheritance. It mainly includes Han and Tang dances. court dances. and
more. Ethnic and folk dances refer to the dances of various ethnic groups in China in
aspects such as production labor. living customs. religious beliefs. ete.. fully demonstrating

the unique customs and cultural traditions of various ethnic groups in China.
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Chinese calligraphy
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Calligraphy is a unmique traditional art in China, mainly composed of writing Chinese characters with a brush: as
well as pen calligraphy and finger writing. There are five main styles of Chinese calligraphy: seal seript. clerical
seript. regular seript. running script. and cursive seript.

Poetry and rhymes, as well as classics, histories, philosophical
works, and collected works,

Poetry and rhymes are the treasures of ancient Chinese literature, With refined
language. profound artistic conception. and rich emotions. they express the
unique percepiions of ancient literatt on themes such as life. nature. love.
friendship. home. and country. Poetry. songs. and rhymes emphasize rhythm.
parallelism, and the creation of artistic conception. embodying the essence of
ancient Chinese literary art."

From the simplicity and freshness of the "Book of Songs" to the prosperity
and splendor of Tang poetry. and further to the graceful delicacy of Song
Iyrics, poetry and songs have carried the development process of ancient
Chinese literature and reflected the social styles and humanistic spirts of
different historical periods.

Li Bai, 701—
762
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Calligraphy Practice

The collection of classics. histories. philosophical works. and collected works
constitutes the core of ancient Chinese academic culture. The classies section
includes Confucian classics such as the "Book of Songs!. "Book of History".
"Book of Rites". "I Ching". and "Spring and Autumn Annals". which are
important carriers of mainstream thought and moral norms in ancient Chinese
society, The histories section includes various historical works such as
"Records of the Grand Historian". "History of the Han Dynasty”. and "History
of the Later Han Dynasty". which record the social development. changes. and
historical events of ancient China. serving as mmportant matenals for studying
ancient Chinese history, The philosophical works section covers the writings of
various schools of thought such as "The Analects of Confucius”. "Mencius".
"Laozi". "Zhuangzi", etc.. representing different ideological schools and
academic viewpoints in ancient China,

Sima Qian, 145B.C.—-?
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7= MK (Calming Wind and Waves)
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Cafming wind and waves

2.6 Crafts

* In the long process of social development. Chma's bronze vessels.
ceramucs. silk. embroidery. lacquerware, jade articles. enamel. gold
and silver products. and vanous sculptures and handicrafts have
successtvely achieved remarkable achievements. The hstorically
famous "Silk Road" and "Manfime Ceramic Road" fully reflect the
high development of Chinese arts and crafts and their impact on

Chmese culture and even world culture. Among them. ceramic

products are the most repr ve. Their technological and artistic
achievements have spread to various countries around the world and

profoundly infl d the devel of therr ¢ and culture.

eaming China the reputation as the "Land of Ceramics".

# B

Su Shi
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2.5Architecture

*  The total number of world heritage sites amounts to 1.122_ distnibuted in 167 couatries around the world. with 39
dual world cultural and natural hentage sites, 213 world natural henitage sites and 869 world cultural heritage
sites. China has 57 world culural and natural heritage sites on the World Heritage List. including 39 world

cultural heritage sites. 4 dual world cultural and natural heritage sites and 14 world natural hentage sites.

There are numerous categories of Chinese arts and crafts.
divided into more than ten major categories. hundreds of
subcategories. and tens of thousands of varieties. with
countless colors and designs. The main categories include
ceramic handicrafts. sculpture handicrafts. jade. brocade.
embroidery. printing and dyeing handicrafis. lace.

weaving handicrafts, weaving handicrafts. carpets and

tapestries. lacquerware. metal handicrafts, craft painfings.

jewelry. etc.

20
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Among ethnic minority handicrafts, famous practical items
mclude: Mongolian saddle. waist knife. and mlaid products:
Brocade weaving of different styles i various counties. including
Dai. Zhuang. Tujia. Miao, Dong. Li. ete: Carpets of Uyghur and
Tibstan cthnic groups: Uyghur hats and musical instruments:
Cross stitch and silver jewelry of the Miao and Dong ethnic

groups: Wax dyeing of the Miao and Buyi ethnic groups: The

III. Chinese martial arts

Chinese martial arts 1s a rich and full cultural carrier.
reflecting Chinese wisdom in every move, embodying
Chinese spirit in every fist and every movement. and
concealing Chinese civilization in every skill and theory.

Chinese martial arts emphasizes the balance of strength

patchwork of the Kazakh people: Yi ethnic lacquerware. ete. and softness. with both internal and external cultivation. It

has a robust and beautiful appearance. as well as an

clegant and profound connotation.

Shaolin Sect: It is a martial arts sect with the widest
range and the most varieties of boxing in Chinese
martial arts, with over 700 martial arts routines. It is
named after Songshan Shaolin Temple in Henan
Province. China. where it originated. It is also known as
"martial arts Zen" because if incorporates Zen into
martial arts and emphasizes both martial arts training
and Zen meditation.

Wudang Sect: In Chinese martial arts circles, there
is a saying that goes "Shaolin is the external
school. Wudang is the internal school." The
Wudang Sect is named after Wudang Mountain.
which is located in Jun County. Hubei Province.
where it originated.
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Video: Three Section Cudgel

Emei Sect: Together with the Shaolin Sect and the Wudang Sect.
it is known as one of the three major schools of Chinese martial
arts. and it is also a very extensive sect. It originated from Emei
Mountain in Sichuan Province. China. and was formed in the
Ming Dynasty. Its techniques are between the masculine style of
Shaolin and the feminine style of Wudang. combining both
softness and hardness. emphasizing both internal and external
training. and utilizing both long and short techniques. It
integrates the strengths of various martial arts schools such as
Southern Fist. Shaolin. and Wudang.

SRR s TR STV Al

IV Festivals and customs

4.1 Etiquettes China is a country that has inherited etiquette for thousands of years.
During the Yin and Zhou dynasties more than 3000 years ago. the Zhou
Duke established a system of ritual and music. and proposed the program
of ritual governance. To understand traditional Chinese culture. it is
necessary to understand Chinese etiquette culture. It should be said that
when the history of the Chinese nation opened its first page. etiquette
traditional culture. from family to society. from religion to politics. accompanied human activities and primitive religions. The etiquette
ommipresent. They are not only seen as a code of conduct bur also system was formulated to handle the three major relationships between
carry moral values. social order. and the maintenance of people and gods. people and ghosts. and people and people.

interpersonal relationships. Through the study and inheritance of

ceremonies and etiquette. we can gain a deep understanding of the

essence of Chinese traditional culture and experience the respect

and care between people.

Chinese traditional culture is renowned for its long history.
profound connotations. and diverse artistic forms. One of its core
characteristics is the high emphasis on ceremonies and etiquette.
Ceremonies and etiquette permeate every aspect of Chinese
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In the excellent traditional Chinese culture. rituals and etiquette play an Traditional Chinese culture. with rituals and etiquette as
important role. Rifual is a sacred activity that expresses respect for significant its core, 1s a unique set of social behavioral norms and
events and traditional customs through standardized procedures and unique normative systems. It originated in ancient China and has
symbols. Etiquette emphasizes the norms and respect of personal behavior. undergone thousands of years of inheritance and
reflecting the unique expression of culture. development. Ritual holds a very important position and
profound significance in traditional Chinese culture. From
In traditional Chinese culture. etiquette is regarded as a necessary social way major turning points in personal life such as weddings,
and behavioral norm. It involves interpersonal communication. social funerals. and celebrations to major national events such as
interaction. and rituals in various fields. Etiquette occupies an important politics and military. rituals occupy a crucial position.
position in traditional Chinese culture and runs through all aspects of people's Ritual is not only a carrier of conveying appearance and
lives. emotions. but also an important means of conveying

values. moral norms. and social order.

29 100

Ancient etiquette includes a wide range of contents and Tiananmen Square Flag Raising Ceremony
forms. such as political system, court code. worship of
heaven and earth. praying for floods and droughts. school
imperial examinations. military campaigns. administrative
division. building and tomb construction. as well as
clothing. food. housing, transportation. weddings.
funerals, weddings. and speech. all of which are related to
etiquette. It is almost a vast concept that includes all
national political. economic. military. and cultural laws
and regulations. as well as personal ethical and moral
cultivation and behavioral norms. Until modern times. the
scope of etiquette gradually narrowed down. and generally
only had the meaning of etiquette and ritual.

101 102
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The origin and inheritance development of ancient traditional festivals is a cultural process
that gradually forms and improves human society. and is a product of the evolution and
development of human civilization. According to the research results of modern
anthropology and archaeology. the two most primitive beliefs of humans are: the beliefin
heaven and earth. and the belief in ancestors.

4.2 Important festivals

Chinese traditional festivals are an important
part of the long history and culture of the
Chinese nation. with diverse forms and rich
content. The formation of traditional festivals is
a process of long-term accumulation and
cohesion of the historical and cultural heritage
of a nation or country.

The ancient traditional festivals of the Chinese nation cover humanistic and natural
cultural content such as primitive beliefs. sacrificial culture. astronomy and calendar. and
the principles of change and numerology. containing profound and rich cultural
connotations. The traditional Chinese festivals that have developed from the ancient
ancestors not only clearly record the rich and colorful social and cultural content of the
Chinese nation's ancestors. but also accumulate profound historical and cultural

connotations.

103 104
The emergence of traditional festivals reflects the Chinese nation's understanding and
respect for nature. contains profound historical and humanistic sentiments, and has Spring Festival )
rich cultural connotations and spiritual cores. Through various forms. the Chinese also known as the Lunar New Year or the Chinese
nation expresses its values and thoughts. morality and ethics. behavior and norms. New Year. The Spring Festival has a long history
aesthetics and tastes during festivals. and also embodies people’s positive aspirations and evolved from the ancient era of praying for the
and persistent pursuit of a happy life for thousands of years. beginning of the year and offering sacrifices. In

traditional agricultural societies, the beginning of

China is a country of etiquette. and rituals express the Chinese people's recognition the Spring Festival is of great significance. Starting

of the importance and value of things. Festivals without a sense of ceremony are with a hundred festivals. the Spring F estival is the

difficult for people to psychologically identify and comply with the festival. and most solemn traditional festival of the Chinese

rituals themselves are an important way for people to participate. A series of nation. It not only embodies the ideological beliefs.

sequentially unfolding programs represent the layered display of festival cultural ideal wishes. life entertainment. and cultural

connotations. and also involve the soul in the process of aesthetic appreciation. psychology of the Chinese nation. but also serves as
a display of blessings. food. and entertainment
activities.
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Yuanxiao Festival Loong Head Up
also known as the Lantern Festivalalls on the 15th day of the
first lunar month every year and is one of the traditional
festivals in China. The first month is the first month of the
lunar calendar. The 15th day of the first month is the first
full moon night of the year. so the 15th day of the first
month is called "Yuanxiao (Filled round balls made of
glutinous rice-flour for Lantern Festival) Festival”. Since

also known as Spring Farming Festival. Agricultural
Festival.etc.. is a traditional Chinese folk festival. Loong
refers fo the seven constellations of the Eastern Canglong
in the rwenty-eight constellations. At the beginning of the
Mao month in mid spring (Douzhi due east). the "Loong
Horn Star" rises from the eastern horizon. hence the name

ancient times. the custom of Yuanxiaoas been dominated by "Loong Head".
the warm and festive custom of watching lanterns.
1( 108
Loong Boat Festival
Qingming Festival The ancients have always advocated the path of

righteousness and righteousness. The Dragon Boat
Festival. also known as Zhongzheng. refers to the
noon hour on this day. which is the highest point in
the middle. The Loong Boat Festival originated from
the worship of celestial phenomena and evolved from
dragon worship in ancient times. The Dragon Boat
customs of ancient times. and has both natural and Festival is an auspicious day of "flying dragons in the
cultural connotations. It is not only a natural solar sky". People hold_some celepratlon activities at the
term. but also a traditional festival. Dragon Boat Festival. especially the activity elements
corresponding to the dragon. such as offering
sacrifices to the dragon and ancestors. picking up the
Loong Boat. etc.. or do some activities to pray for
good fortune and ward off evil spirits on this
100 auspicious day. 110

also known as Qingqing Festival. Xingqing
Festival. March Festival. Ancestral Worship
Festival. etc.. is celebrated at the turn of mid spring
and late spring. The Qingming Festival originated
from the ancestral beliefs and spring festival
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Qixi Festival

Also known as the Double Seventh Festival. if is named Zhongysm Pestival
"Qixi" because worship activities are held in the
evening of July 7th. Through historical development.
Qixi has been endowed with the beautiful love legend
of "Niulang and Zhinv" (Cowherd and Weaver Gitl).
Because it has been endowed with connotations related
to love. it has become a festival symbolizing love and is
thus considered the most romantic traditional festival in
China. In modern times. it has even acquired the
cultural meaning of "Chinese Valentine's Day".

also known as the "Ghost Festival". has main
customs such as ancestor worship. floating river
lanterns. honoring deceased spirits, burning paper
money. and sacrificing to the earth god. Its origin
can be traced back to ancient times' ancestor worship
and related seasonal sacrifices.
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Mid-Autumn Festival

Lower Yuan Festival
also known as the Reunion Festival. originates from the
worship of celestial phenomena and evolved from the
ancient autumn moon sacrifice. Since ancient times. the
Mid-Autumn Festival has been associated with customs
such as moon worship. moon gazing. eating mooncakes.
playing with lanterns. admiring osmanthus flowers. and
drinking osmanthus wine, which have persisted and will offer sacrifices and sweep tombs on this day to
spread for a long time. Eating mooncakes has become an commemorate their deceased loved ones. which is called
essential custom for celebrating the Mid-Aumumn Festival "sending cold clothes".
across China. On this day. people eat mooncakes to =
symbolize "reunion",

In northern China. the Cold Clothes Festival. along with
the Qingming Festival in spring and the Zhongyuan
Festival on July 15th. are collectively known as the three
major "Ghost Festivals" in China. The Cold Clothes
Festival is popular in northern China. where many people
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Winter Solstice Festival New Year's Eve
embodies both natural and cultural significance. It is
not only an important solar term in the twenty-four
solar terms but also a traditional ancestral worship
festival in Chinese folk culture. The Winter Solstice is
one of the four seasons and eight solar terms and is
regarded as a major festival in winter. In ancient times.
there was a saying among the people that "the Winter
Solstice is as significant as the New Year." Customs
during the Winter Solstice vary in content or details
depending on the region.

marks the final night of the year. signifying the end
of the old year and the beginning of a new one. It
is a day for removing the old and welcoming the
new. for family reunion. and for sacrificing to
ancestors. Together with the Qingming Festival.
the Zhongyuan Festival (July 15th). and the
Double Ninth Festival. New Year's Eve is one of
the major traditional Chinese festivals for ancestral
worship.

Spring Festival Gala Spring Festival Gala

Spring Festival Gals. A fu d stion captlv illlions wor
The Spring Festival Gala is a comprehensive
cultural show organized by China Central
Television (CCTV) on the night of Chinese New
Year's Eve fo celebrate the Lunar New Year. The
first CCTV Spring Festival Gala was officially
launched in 1983. and as of 2024. it has been
held 42 times. The gala features a variety of
performances. including songs. dances. crosstalk
(comic dialogue). skits. operas. martial arts.
magic. acrobatics. musicals. and micro-films.

Dubai, UA
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V. Food culture
5.1 Chinese fod

Chinese cusine 1s famous worldwide and is one
of China's business cards. Color. aroma. taste.
and shape are the four major standards of Chinese
cuisine. Traditional Chinese cuisine wuses
chopsticks as a tool for eating. For thousands of
years. people have continuously summarized and
formed the eight major cuisines of Chinese
cusine. namely the Shandong. Sichuan.
Guangdong. Fujian, Jiangsu, Zhejiang. Hunan,

and Anhui schools,

Tea has medicinal effects in promoting health and treating illnesses. and it also
offers aesthetic pleasure that can cultivate one's sentiments. Enjoying tea and
entertaining guests are elegant forms of entertainment and social activities for
Chinese people. Visiting teahouses and attending tea parties are social group
activities related to tea arf for Chinese people.

China's tea varieties are also diverse. classified into green tea, black tea. oolong
tea. white tea, yellow tea. dark tea. and so on.

97

5.2 Chinese tea

5.3 Alcoholic beverage culture

China is the homeland of tea and the birthplace of
tea culture. Chinese tea culture has a long and
profound history. with a discovery and utilization
spanning over 4.700 years. It has remained vibrant
and widespread globally. Chinese tea culture
encompasses not only the material cultural aspect
but also a profound spiritual dimension. The "Tea
Classic" by Lu Yu, the Tea Sage of the Tang
Dynasty. sounded the clarion call of Chinese tea
culture in history. Since then, the spirit of tea has
permeated the imperial court and society. deeply
mfluencing Chinese poetry. pamnting, calligraphy.
religion. and medicine. Over thousands of years.
China has accumulated not only a substantial
material culture related to tea planting and
production but also a rich spiritual culture associated
with tea, which is the unique tea culture of China.

120

It has a long and rich history in China. with many literati and

scholars writing works to evaluate and appreciate fine wines.
leaving behind numerous legends and anecdotes related to
drinking. poetry. painting. health preservation. banquets.
farewell gatherings, and the divine spirit of wine. The works
and deeds of historical figures such as Li Bai and Wang Xizhi

are closely related to alcohol. As a special cultural carrier.
alcohol holds a unique position in human interactions.
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According to ancient records, the invention of
alcohol was quite accidental. Once. Du Kang
placed leftover rice in an empty mulberry tree
stump. After a long time. the rice naturally
fermented. emitting a fragrant aroma and
producing a liquid. Du Kang tasted it and found it
sweet and delicious. Inspired by this. Du Kang
invented alcohol.

&
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VI. Technological innovations

Ancient Chinese four inventions

compass paper making gunpowder  printing

In addition to historical relics. ancient China also had countless technological inventions. There
were the Four Great Inventions in ancient China, namely paper. Movable type. gunpowder and
compass. which greatly promoted the development of politics, economy and culture in ancient
China. They spread to the West through various channels. and exerted great influence on the

development of world civilization.
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Drinking at banquets is not only a social etiquette but also a way for friends to express
their feelings. The drinking etiquette in China reflects respect for the drinkers. There are
fixed seating arrangements for the host and guests. as well as a specific order for
offering toasts.

The fun of drinking is abundant in drinking games. which are purely cultural elements
integrated into alcohol. representing the cultural essence of alcohol culture. As early as
the Spring and Autumn Period and the Warring States Period more than two thousand
years ago. drinking games emerged at banquets in the Yellow River basin. Drinking
games can be divided into vulgar games and elegant games. Guessing fingers is a
representative of vulgar games. while elegant games. also known as literary games. are
typically popular among people with richer cultural knowledge. They mainly include
word games. riddle games. and dice games.

.= Paper was invented by Cai Lun in 105 AD (during
=~ the Eastern Han Dynasty). It was made from bark.

A

1
;j hemp. rags. and old fishing nets. which is
convenient for people to write and promoted cultural

dissemination.
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Movable type printing

Compass

Printing in ancient China can be traced back to the 6th
century AD. Engraving printing was invented in the
Tang Dynasty. Bi Sheng invented movable type
printing. marking the birth of movable type printing. He
was the world’s first inventor. about 400 years ahead of

Western lead movable type printing.

The invention and use of gunpowder can be traced
back to 2000 years ago. In the Spring and Autumn
period. China had already used gunpowder for
civilian and people’s livelihood applications.
China's gunpowder has advanced the process of
world history. Gunpowder shook the feudal rule

of Western Europe and was one of the important

197

The invention of the compass can be traced back
to the Warring States period (2500 years ago).
greatly promoting the development of navigation
and writing a glorious page in the history of world

navigation.
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Gunpowder impefus to the European Renaissance and

Religious Reform.

Traditional Chinese Medicine

Traditional Chinese Medicine (TCM). TCM emphasizes "observation. listening.
inquiry, and palpation." viewing the human body as a unity of qi (vital energy).
form. and spirit. It is also a great invention in Chinese tradition and has made
significant contributions to humanity throughout history. In addition to TCM. there
are also ethnic medical systems in China such as Tibetan medicine. Zhuang
medicine. Miao medicine, Mongolian medicine. Uyghur medicine, Korean
medicine. and Dai medicine.
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TCM is a discipline that studies human physiology. pathology.
pharmacology. and their relationship with the natural environment from a
dynamic and holistic perspective. gnided by the theories of yin-yang and the
five elements. With yin-yang and the five elements as its theoretical
foundation. TCM views the human body as a unity of qi (vital energy). form.
and spirit. Through the methods of observation. listening, inquiry. and
palpation. combined with the four diagnostic methods, TCM explores the
cause. nature. and location of diseases. analyzes the pathogenesis and
changes in the internal organs. meridians and collaterals. g1, bloed. and body
fluids. judges the growth and decline of pathogenic and healthy factors. and
then determines the disease name and summarizes the syndrome type. Based
on the principle of syndrome differentiation and treatment. TCM formulates
treatment methods such as "inducing sweating. inducing vomiting.
purgation. harmonization, warming. clearing. tonifying. and eliminating."
and uses various therapeutic means such as Chinese herbal medicine,
moxibustion. acupuncture. massage. cupping. qigong (breathing exercises).
and dietary therapy to restore the body's yin-yang balance and promote
recovery.

TCM has a complete theoretical system, with 1ts uniqueness lying in the holistic view of "the unity of heaven and man"
and "the correspondence between heaven and man." as well as synd: differentiation and tr Its man
charactenistics nclude: (1) It believes that human beings are an mtegral part of nature. composed of rwo major categortes
of substances: yin and yang. The yin and yang qi are both opposite and interdependent. and are ¢ 1y in motion and
change. In a normal physiclogical state. they are in a dynamic balance. Once this dvnamic balance 1s disrupted. 1t
manifests as a pathological state. When treating diseases and correcting the imbalance of vin and yang. TCM does not

d perspective. known as the

adopt an 1solated and static approach to viewing problems. Instead. 1t h a dy

!

"constant motion view."

(2) It believes that human beings and nature are a unified whole. embodying

the concepts of "the mnry'?fheavcn and man” and "the correspondence (3) It believes that all tissues and organs in the human body coexist within a
b;tween heaven and man." The laws of human life activities. the occurrence of unified whole. and they are interconnected and mutually influence each other.
diseases, and other APeC s closel_y‘ related to various c'hanges T both physiologically and pathologically. Therefore. it never views a

(such as seasonal climate. regional differences. day and night. etc.). Different physiological or pathological phenomenon in isolation. such as treating only the
natural environments and varying degrees of human adaptation to these head for a headache or only the foot for a foot pain. Instead. it approaches the

cnvn’omnentislresw i ch-sunc(rﬁphysm.al characteristics and patterns of disease treatment and prevention of diseases from a holistic perspective. with a strong
occurrence. Therefore. when diagnosing and treating the same disease. emphasis on the "holistic view."

emphasis is placed on considering the time. location. and individual
differences, rather than applying a uniform approach.
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On November 16. 2010. the application for
Chinese acupuncture to be included in the
World Intangible Cultural Heritage

succeeded.
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1.Huangdi Neijing (the Yellow Emperor's Inner Canon)

Huangdi Neijing is the earliest and most
influential medical book in China. revered
by later generations as the "Ancestor of
Medicine.". It emphasizes the principle of
prevention. advocating for treating
diseases before they occur rather than
after they have manifested.

136

2. Bian Que

Bian Que (407 BCE - 310 BCE).
originally named Qin Yueren. was a
renowned physician during the Warring
States period. He is credited as the
founder of pulse diagnosis in TCM. In his
practice. Bian Que applied the four
diagnostic methods: Looking (at their
tongues and their outside appearances),
Listening (to their voice and breathing
patterns). Inquiring (about their
symptoms), and Taking (their pulse)
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Hua Tuo was a renowned physician at the end
of the Han dynasty. He was proficient in
internal medicine. surgery. gynecology.
pediatrics. and acupuncture. Hua Tuo was the
first to use general anesthesia in surgical
procedures. earning him the titles of "Saint of
Surgery" and "Father of Surgery" from later
generations. Hua Tuo also developed a set of
therapeutic exercises. which mimics the
movements of the monkey. deer. bear. tiger.
and bird. designed to promote health and
vitality in the elderly and infirm.

138
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4. Zhang Zhongjing

Zhang Zhongjing was a great clinical
physician at the end of the Han Dynasty. He
authored the medical masterpiece "Treatise on
Cold Damage and Miscellaneous Diseases”
(Shang Han Za Bing Lun). Zhang Zhongjing
classified diseases into six categories. known
as the "Six Channels" (Liu Jing). Based on
factors such as the body's resistance fo disease
and the progression and severity of the illness.
lie summarized the characteristics of symptoms
and the locations of pathological changes.
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Thank you for your attention!
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e Lecture 4: Mangrove Ecosystem and Restoration

s » Background
Mangrove Ecosystem and Restoration > Backy
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n Special action for mangrove protection and restoration (2020-2025)

Special action for mangrove protection and restoration (2020-
2025)

(Promulgated in August, 2020) Before 2020  Since 2020

Afforestation:

@ Mangrove forest area (as appropriate)
J Increase - # Biodiversity
mangrove area @ Quality of the ecosystem

@ Capacity to supply ecological products

2 Rethinking mangrove biodiversity 6’ bt

» Background I®. Mangroves are low biodiversity

Mangrove species distribution

Agenda » Rethinking mangrove
— biodivel'sitgy a [m ‘Mangrove species diversity in ’

75% of tropical coastal line is occupied by m
mangrove species.

» Mangrove protection and
restoration in China
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2 Rethinking mangrove biodiversity e' ernreaties

Rethinking mangrove biodiversity 9’ by

ot Tabmen St Wie Seavyeem.

I, Mangroves are low biodiversity I®, Mangroves are low biodiversity
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Bemphts.acidula L v L Acrostichum speciosum v ¥ EN
Sonneratia caseolaris v NT e J P

& gulngar v N = :

e — - = Avicennia marina ¥ ¥ v ¥ v + v e
S ova v R Aegiceras comiculanim v ¥ ¥ v v ¥ v Lc
Sonneratia alba v Lc Excoecaria agallocha Ex v v v ') o LC
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2 Rethinking mangrove biodiversity g' Erasetea Rethinking mangrove biodiversity 6 ke

E Mangroves are low biodiversity ) E Mangroves are high biodiversity

-

Mangrove biodiversity: lower plant

Relationship between
population genetic biodiversity

and death rate of mangrove biodiversity supports higher animal
species suffered a abnormal bio dive rSi ty.

flooding in Yalong Bay, Sanya,
Hainan, China (Guo et al.,
2017) Neckton 249 Total 2901

Species number of each organismal group recorded in mangrove wetland in China (He et

forest R water

B o e A NN

2 Rethinking mangrove biodiversity

r Maintenance of mangrove biodiversity

‘What is mangrove?
. -: i mtertidal mudtlats of tropical areas
. -: trees, algae, fish/crab/shrimp/mollusks,
microorganisms, habitats
$ -: different biotics (mangrove forest, mudflat, creek.
shallow water area)
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B

= Spnng tide

g

Nursery ground for fish...

>

Species O TiksE
a
S

G

180

Abansaice
g3

20 = 1
g £
1800
1690 [ C
_véan
2 1200
L TS
g m : =
<00 - gy — 2
= mm e
o

Vagaiatod 3 Crenk Wuctfiat

(Zhang et al. 2019; Zhang et al. 2021)

. : - - Mangrove wetlands provide important roosting, foraging and breedin
2 Rethinking mangrove biodiversity 6’ Do | bt frhirde. ¥ B RS .

35 1 20000
Maintenance of mangrove biodiversi . = 17561
% 9 ty, 30 Number of speceis Number of individuals
16000
16 120 25
2 ® Species 2
H * Number 100 3 20 12000
g 124 3 16
£ 101 s B 8000
E g L b
El 60 Z 10
5 6 iy 2 4000
o ’ = 5
; 4 M 3
2 20 0 0
04 ] l . l l ) Fishpond Mangrove Mudflat Fishpond Mangrove Mudflat

Mudfiat Pristine mangrove  Natural CPM Artificial CPM
forest Wader distribution in the different habitats of Leizhou Peninsula, Guangdong, China (Winter, 2014) (Liu et al., 2014)
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. = O : _ =eemmemsesse | Diverse habitats for biodiversity
2 REthlnklng ehgiove blodlverS|ty 8 ’ Both vegetation & mudflat important

175 p : 0
150 Species zonation 3
s . . - 5
. Maintenance of mangrove biodiversity = 0 803
= 754 - <
8 ::, o = = 8
120 Fish z 40 bd . indi 2y 400 . » s 25 e w geg
ish species : Crab density (indiv./m?) Mollusck biomass (g/m?) AP H
- ; o D 25 . 2
Ll Sl P 100 200 300 400 500 600 Sos
80 4 2 s ¢ 2
25 2 g
S ¢ 3
20 200 5 s & ¢ EDE
15 7o R % 10
40 i3 25 3
10 100 100 S
o . ab b ah b o038
= 7 ) T I ab 1 '§
0 0 0 - si ab «‘Ir é a'h i ﬁ g
Mudfiat Creek Mangrove Mudflat Avicennia forest  Kandelia forest Mudflat Edge Avicennia Ceriops . a ab Q a ' gm
forest forest 397 é B T~ = 4 g8
I 1 S
4 Q . 2 5 Habitat
Dongzhaigang, Hainan Zhangjiang Estuary, Fujian Dongzhaigang, Hainan -6 3

I3 Fave Im bp Lar Ty Co Cn | Ls Faw b Ip Lar Ts Co Cn

(Ma et al. 2020. Ecology and Evolution) species Vo) (7hang, unpublished) i

BRN

p Rethinking mangrove biodiversity 8 mroTmr

= Take home message > Background
* Lower plant diversity supports higher animal diversity; Ag en da > Rethinking mangrove
« Different parts (forest area, creek, mudflat, shallow water area ) 1 biodiversity

support different biotics;
* Mangrove wetland = mangrove forest+creek+mudflat+shallow » Mangrove protection and

water area. . . e
restoration in China
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3 Mangrove restoration in China [ <ttty

- Mangrove afforestation plan in China

Actual

Promylgation Department Time Goal (hm?)

time performance
State Forestry ; AAkitans

2001 Administration 2001-2010 60000 13% (2023)

2016 Statis Getahic 2016-2020 2500 ?
Administration
State Forestry

2017 Rditinictaon 2016-2025 48650 ?

Mudflat afforestation project at Lingshui, Hainan
P19 _3\7 > ~
-
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Mudflat afforestation project at Lingshui, Hainan

Mudflat afforestation was the main
! way of mangrove forestation in China
before 2020.

~_ - —

Few mangrove species used and exotic

species used widely (Kandelia,
Bruguiera, Rhizophora,
B m

=

| ® Increased the species

diversity of local mangrove ~ Restoration through planting mangrove seedlings on mudflats has been the
and change d the latitude priority for mangrove protection in the past two decades
pattern of alpha diversity. a0 | 371 Disadvantages:
. & Higher cost
® Resulted in the ~ 30 6.6 ) . .
y—_— S — # Higher technical difficulty
homogenization of mangrove o .
. g 29 € Fewer species
plant community. =
= @ Lower survival rate
: - =
® Reduced the complexity and o 10 D ¢ Lower carbon storage rate
ege . = . L
stability of the biogeographic o # Encroachment of waterbird
network of mangrove 2002-2007 2008-2015 2016-2023 habitat
communities (Chen et al.. @ Limited ecological benefits
- L Changes of the survival rate of mangrove seedlings i Guangxi.
. 2022) China (Fan & Mo. 2018)
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3 Mangrove restoration in China f<32 3 Mangrove restoration in China f <3

. Special action for mangrove protection and restoration (2020-2025)
S * More mangrove species used (rare or endangered

species).

Before 2020 @ Since 2020

* Higher survival rate of mangrove seedlings.

@ Mangrove forest area (as appropriate)
Increase - # Biodiversity
mangrove area @ Quality of the ecosystem

# Capacity to supply ecological products

* Ecosystem functions: biodiversity, blue carbon,

disaster prevention and mitigation, stability,

sustainable development, ---.

3 | Mangrove restoration in China f£;

= Site elevation

Intertidal distribution model of mangrove species  Intertidal distribution of mangrove species
and mollusks at Huangzhujiang, Guangxi (Ma
etal., 2020)
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BREATEREESRS

3  Mangrove restoration in China 6 LSS

et o e M tesnpm:

r Site elevation

® Reason for the low survival
rate: insufficient site elevation.

® The lower the site elevation
and the higher the water
salinity, the more serious the
barnacle damage.

® The determination of the
critical elevation of mangrove
forest is the key to the success
of mangrove forestation.

3  Mangrove restoration in China [ttt 3 Mangrove restoration in China [t

Site ertion -

r Site elevation
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WEAFRRELESRSR
mEw e n R w Y
Mottt Ot avd e vesrh St
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3 Mangrove restoration in China [<jiskcs

r Site elevation

Insufficient elevation

-
o i
o
2

«
=

ARGTHREF LSRG
NEAEMNTYRIAR .
b bvroatas st Beirch St
L ———
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=

» Aquaculfure expansion is the key driver of mangrove lose
(Alongi 2002, 2019);
» Numeral disadvantages of mudflat afforestation. L

250

200

150

=2014 =2019

- ° o = BROREERTESRA
Abandoned fish ponds in southern China in 2014 (Fan et al., 2017) 3 Mangrove restoration in China 6 “ i

" Mangrove restoration in abandoned acquaculture ponds

Province Total area of fish |Total area of fish - S s iemangrars
Ehvan pond in use (ha pond (ha yEate (76) Dizadvantagad:
= . € High t
Zhejiang 32025 45750 30 R o
# Higher administrative costs 2
Fujian 29949 46 075 35 @ Higher ecological benefits SR
Guangdong 72 641 85 460 15 ¢ No standard
: = Advantages:
Guangxi 20 307 46 152 56 X . .
€ Higher technical difficulty
Hainan 12 665 16 887 25 ® Higher survival rate
Total 167 587 240324 30.3 #® More species
Higher rate
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I!Qﬂlliﬁit&u

3 Mangrove restoration in China 6 aeatiihinid

i

@ Standard system for mangrove restoration

* Occupation and local standards: 16 items

* Seeding raising, site selection, water, soil, planting, pest control,
invasive plant control, check and accept

* National standard: in preparing

Mangrove restoration in China S Mangrove restoration in China [<jas

r Biodiversity conservation-based mangrove restoration r Take home message

‘ 2
Mangrove forest # mangrove wetland « Lower plant biodiversity supports higher animal biodiversity
* Mangrove wetland =mangrove forest + mudflat+ creek + shallow water area + Mangrove biodiversity maintenance: mangrove forest + mudflat + creek+ shallow

* Mangrove forest management ™=} Mangrove ecosystem management water area
. i X 409
+ Mudflat afforestation ™= Mangrove restoration in abandoned acquaculture Leave more than 40% of the mudflats blank
ponds .

“Mangrove+"’: mangrove afforestation + ecotourismn + ecological breeding + blue
+ Leave more than 40% of the mudflats blank carbon

+ More mangrove species (rare or endangered species)
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Thanks!

116



International Mangrove Center Workshop on Mangrove Conservation and Restoration (2024 I*' Term)

| -SRRifA

i

Lecture S: Conversion of the aged Shrimp ponds to mangrove eco-farm (factory) in China

Technological innovation to promote sustainable restoration of mangroves:
Conversion of the aged shrimp ponds to mangrove

eco-farm (factory) in China

Hangqing Fan

Guangxi Key Lab of Mangrove Conservation and Ultilization
Guangxi Academy of Marine Sciences (Guangxi Mangrove Research Center)
Beihai, Guangxi, China.

2. Scientific mechanism and design

Definition of "Aged Shrimp Pond Mangrove Blue Carbon Eco-farm(factory)”

Optimizing the existing pond embankment and sluice gate, creating tidal ditch and varied
habitats, to realize the coordination of mangrove restoration, breeding, aquatic enrichment,
pollution reduction and entertainment.

Scientific objectives

B To balance the contradiction between the need for relatively stable water for swimming
animals and the need of periodic change in water level for mangroves.

W To establish multi-species breeding models based on varied ecological niches.

B To raise carbon sink and reduce breeding pollution.

General method
B Excavating shelter ditch for cultivation, and using the substrate to create mangrove habitat.

B Controlling essential water level through sluice gate to ensure the safety of aquaculture.
B The intensive breeding suspended particles should be filtered and used as fertilizer to
nurse mangrove seedlings and bio-baits for carnivores.

117

1. Background

There are about 240, 000ha coastal shrimp ponds along the southeast coast of China,
approximately 10% (24, 000 ha) of them were derived from mangroves in the history.

In order to protect the coastal environment, China is gradually eliminating the traditional
shrimp pond and encouraging conversion of the aged shrimp ponds to mangroves.

Aiming to provide livelihood and promote community development during mangrove
restoration, the eco-farm(factory) was researched and demonstrated.

The mangroves occupied by shrimp ponds in Guangxi province, China

Design of Pattern1: Mangroves + Ditch for aquatic enrichment+ Shrimp pond

Propogaticn i s
1 fhidies cxabs
& ek

Fammng =ual i esces of ecenrme beocdts Amay w
" i heer
W nisngsove werray

At st gy e el

Mivable siode st clots™ | g

Prrsfcation fostisiz hed

'l—ﬁ’_

e

Dike Tareuve g pond ares - jaenie- | Amfcual megmre el wethnd wea 5 v, Dike
e

Figure 6-11  Basie Structure and Process Diagram of a Shrimp Pond Conversed
Mangrove Ecological Farm
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3. Construction of the eco-farm

Design of Pattern 2: Mangrove + Ditch for aquatic enrichment+ Racetrack cultivation

Location: Beihai, Guangxi. China

Coast: Open sea, not estuarine

Use of land: Salt industry, later shrimp pond
Substrate: Sand

Salinity: >25
Area: 4.80 ha, of which 2.33 ha for mangrove wetland experiment

» v
Oxygen-enrichment machine
mainly driven by solar and wind
power

Pattern2: Racetrack
cultivation

RacetraEk

Eco-farm under construction

Changes of the eco-farm landscape
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4. Result

4.1 Restoration of vegetable in shrimp pond
30.02% wetland area was successfully
restored to true mangroves in four years, and the
embankment was covered by associate
mangroves and coastal plants in 1~2 year.

Plant species used in restoration

No_ - plant Wetland plant
1 Heritiera linovalis Kandslia obovara
2 Hibisews riliaceus Rhizophora stvfosa
3 The ir Bruguisra i
4 Pongamia prmata _Avicermia marina
5 Corbaramanghm Aigioerms caizdats
& Syzygium hanesi
1 Pandanus rectorius
8 Dodonasa viscosa
9 Scaevola zericsa
10 Pluchea indica
11 Volkameria inarmiz
£ 12 Canavalia vosea:
Bird view of the eco-farm in 2023 15 | Tt opie
14 Sesuvium portulacastrum
15 Afyoporum bontioids:

4.2 Cultivation and enrichment
Twelve economically valuable species of artificial

Economic species

1
; -
seedling were cultivated, and nine species of wild fish . Avrtificial
were enriched in the ditches. B seedlings by
= — nursery factory
Epimephet fncogunam? -Epmepiehc | e
7 fanceolanis:* for large-scale
= promotion
5 |Teerapon jarbua
e :
10 |Sigonus canalioulatus
11 |Boshychms smensiz
12 |Oreochromis mloncus

sthama
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: : 4.4 Effect and benefit
4.3 Pollution reduction

Compared with the 17 traditional shrimp ponds in Guangxi province , the eco-farm 1) Success rate of shrimp farming

reduced emission of total N by 53.09%, and total P by 24.89%. During the period of 2019 to 2021, mean success rate of Penaeus vannamei breeding

was 58.33% for the eco-farm, and 27.03% for the 315 traditional shrimp ponds adjacent to

Eva.luation of Qollution rgducti.on by eco-farm compared with the traditional SEOARE SN S il O L IO Ien. B
shrimp ponds in Guangxi province Red fiﬁa;ﬁi;eqigated
Season Content of TN (mg/L) Content of TP (mg/L) agitional shimp ponds
86 k

‘Eco-farm in Spring 7.99 36
547 033
227 036
109 037
23 040
477 037
1017 040
Reduction by eco-farm (%) 53.00 24.89

2) Benefit 3) Social influence

The annual economic benefit of eco-farm is 12000.0USD /ha, slightly more than that of
the traditional shrimp pond. According to the government criteria. the annual value of
mangrove trees is 256,758.6 USD/ha, while the traditional shrimp pond is zero. Therefore,
the comprehensive benefit of eco-farm is 268,758 USD/ha, which is 25.98 times that of the
traditional shrimp pond.

A part of public education activities at eco-farm site

Comparison of the benefit between eco-farm and traditional shrimp pond((USD/ha.a™)

Type of farming Economic output | Ecological value | Total
Eco-farm(A) 12,000.0 256,758.6 268,758.6
Tradinational shrimp pond(B) 10.344.8 0 10,344.8
A/B 25.98

Note: 1 USD=7.25 CNY;

The Value Calculation Criteria of Guangxi Mangrove Trees (2021 edition) issued by the Forestry
Bureau of Guangxi Zhuang Autonomous Region
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5. Lessons learnt
5.1 Shrimp ponds that suitable to create mangrove eco-farm

The shrimp pond bottom should not be lower than the elevation of the adjacent mud fiat, and
should not be higher than the “Mean high tidal level -0.5m".

Mean high tidal level -0 5m

Mud flat elevation

A part of government advanced workshop activities relative to mangrove biue carbon eco-farm

5.3 Water system
5.2 Breeding model W One-way flow, high-throughput. pulse and controllable tidal stream system like heart is
critical to the success of large-scale eco-farms.
In order to gain high quality products and reduce the costs, "breeding basin " will take B Excepting tour sites, the ditch should be straightened to smooth the streams, to facilitate
the place of prior pond and racetrack breeding model. The depth of ditch should range capture and to reduce labor cost.

Embankment

from 1.5m to 2.0 m.

2 Two ways
W — Water diffuse
exchange with low
environ. capacity.

One way

Water thorough
exchange with higher
environ. capacity.

Ditch Sluice gate Breeding basin

Water gate out Water gate in Water gate out
during ebb tide during fiood tide during ebb tide
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5.4 Area ratio of aquaculture to mangrove wetland excluding ditches

W Area of partial shrimp ponds / Aera of mangrove wetland should be < 1:5.

B Area of racetrack breeding / Area of mangrove wetland should be <3%.

B The breeding seedling density of eco-farm should be less than traditional pond by at least
40%.

Schematic of breeding basin of mangrove eco-farm

5.6 Sustainability

B Increasing the ecological premium of products is the key to maintain the eco-farm operation.

W |n order to balance the income and expenditure, It deserves a great concern that company
should be involved in eco-farm management.

B Community participation benefits the building and running of eco-farm.

In cooperation with the capitals, we established Shenzhen Zhonghe Mangrove Science
and Technology Co., Ltd., striving to open up a new track of mangrove serving community
economy.

RNPROAWRPERAMITERSE

Z 4NN

W

Technical cooperation signing ceremony between Guangxi Academy of Sciences and
Shenzhen Zhonghe Mangrove Technology Co., LTD. in July 2023
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5.5 Encourage use of solar energy

Use solar energy to supplement the energy consumption of production, living and
tourism facilities, and reduce the running costs and carbon emissions.

W=k

Hlh

The business of the company will cover mangrove restoration, blue carbon trade,
ecological breeding, leisure tourism, heaith and care products. training and public
education , as well as international cooperation.

ERESEDERTE National coattal
scological economic project
IRREEEER (vestmenl and TRIESER Blue corbon tralls
fipancing fured
[EEAEERE SR Manns health

and care

RO RA RAD of

marine medicinal products

AAEH, HEWR

Talent uaining &

EFFIEAIRE S5 LT Fits Network of
benchmarking mangrove eco-factory network

The business blueprint of Zhonghe Co_, Ltd
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The two initiatives of the company in Guangxi province have been approved and are being under
planning and construction. A project at Putian in Fujian province is waiting for confirmation.

Fangchenggang

Beihai

123

Welcome to visit our eco-farms

THANKS
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e Lecture 6: Mangrove pollution, Wastewater Treatment and Bioremediation

Mangroves: Pollution, Wastewater
Treatment and Bioremediation

Nora F. Y. Tam
Chair Professor
City University of Hong Kong / Hong Kong
Metropolitan University
28 July 2024, Shenzhen
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Significant ecological values

Mangroves offer diverse habitats, breeding sites and
feeding grounds for a large variety of coastal and marine
species, such as juvenile fish, crabs, shrimps and
mollusks, and provide prime nesting and migratory sites
for hundreds of bird species and wildlife.
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Benefits of sewage discharge

+ Domestic sewage, discharge from agriculture
and aquaculture

* Rich in nutrients, including nitrogen and
phosphorus

+ Essential for plant growth in nutrient-limited
mangrove environments, enhance primary
productivity and microbial activities
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Sewage of different
strengths
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Height of K. obovata received municipal sewage

10

% increases in population sizes of
N-bacteria due to sewage addition

100

= Control
%0 —NW

—e— 25 NW r
80 ~=—5 75NW

Bacterial groups NW to microcosm
with Kandelia

70

Height (cm)

60

50

s Ammonium oxidizers 20.5
$ % % % $ 5 5 & & 3
s 5 < 5 & 8§ < 3 8 3 Nitrite oxidizers 22.6
1st period of Recovery period 2nd period of s s
wastewater (without wastewater wastewater irrigation Denitrifiers 24.4
irrigation irrigation) {control, NW, 75NW,
(control, NW, 25NW)
5NW, 25NW)
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Beneficial effects of
municipal wastewater

¢ Increases in biomass and density of
dominant species: beneficial effects

« No change in plant community structure,
litter production and decomposition

« Stimulate more production of bacteria,

algae and benthic diatoms although
community structure may be similar
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. Average effluent conc (mg/L) and removal % in
Mangrove plants well established 10-year treatment in Futian

with sewage discharge

Species cobD BOD, TN NH,-N TP SP
Influent 119.03 53.02 16.17 13.53 1.61 1.26
S. caseolaris 43.35 13.38 8.56 6.87 0.65 0.45

64.9% 75.5% 53.6% 52.6% 65.0% 69.2%

A. corniculatum  37.75 13.61 7.98 6.00 0.45 0.32
67.8% 74.1% 55.1% 58.4% 74.5% 76.9%

K. candel 41.98 13.75 8.25 7.27 0.64 0.47
62.8% 73.8% 50.0% 45.2% 62.2% 64.8%

Close-up showing vigorous
growth of Aegiceras

corniculatum and unplanted
control 10 years after
construction

+ Treatment performance satisfactory
+ >70% of samples meeting the discharge standard for COD (60 mg/L),
BOD (20 mg/L), TN and NH; (15 mg/L), >40% for TP (<0.5 mg/L)
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How about industrial discharge?

leads to soil and sediment
contamination with heavy metals,
polycyclic aromatic hydrocarbons
(PAHs), etc.

HI Heritiera littoralis

0 HK Mangrove
= Ko/Lr/Ai/Ea Ko Bz Ai Ac Ko plants and
WA Ay M-’f‘(" Ai zonation from

2 d land to sea

3
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Tolerance of mangrove plants to heavy metals
(No. survival / total No. of plants)

A. ilicifolius A. marina A.corniculatum B. gymnorrhiza
Control 1212 12112 12112 12/12
T 6/12 12/12 12112 12/12
T2 312 9/12 912 12/12
T3 0/12 9/12 6/12 9/12
T4 0/12 6/12 312 6/12

T1: 50, 50 and 100 mg/kg Cu, Pb and Zn, respectively;
T2: 2 times of T1; T3: 4 times of T1; T4: 6 times of T1
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Effects of electroplating effluent
on mangrove K. obovata

Plant biomass (g dry wt.)

35 9

30 1

25 4

20 A

H eaf
B stem
. Oroot
Cc W 51w 10 IW
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Inhibition of alkaline phosphatase Nitrification activity
activity by strong electroplating effluent (ng NO,-N g~ dry weight day-')
10
2& 607 9
=0 g
§ & 504 , 3 | e
@ a £ BWw
22 4] R m10 W
© 8 5 5 N
S35 7 b 2, oMWN
838 b 2 @10 WN
£ g 20 T 3
g % 10 4 I No 1
T activity 14
X O
= 0 ; .
c W 5 W 10 IW Bulk Soil Rhizosphere Root
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Mangroves are efficient in removing
heavy metals from industrial wastewater

| Fe3+, Zn?*, Pb2*, Cré* io——— >

More than 99% were
removed from strong
industrial wastewater and
concentrations in effluent all
met discharge standard in
HK

Cu?, Cd2* ]um::>

100% were removed by the
three mangrove species

133

Fate of contaminants

+ Heavy metals: >90% heavy metals in wastewater are
retained in sediment/soil, and their concentrations
are proportional to contaminant levels in wastewater

+ Plant uptake is relatively low (most are <6%, max
10%)

Heavy metals cone. Background c w sSIw 101w

(e g™ dw)

Totl Cu 304 =242 42 + 149 2268+ 0.09 11846 = 37.20 172402 + 634
Total Zn 1606 =1.20 17.19 £ 283 5193+ 350 8275 0 380,09 + 43,64
Towl Cd ND 1.30 £ 055 7 v 192 = 1281+ 172
Total Cr 994 =281 6.2% +£ 063 4218 = T4Y5+ 343
Towl Ni ND ND HA38 =848 21127+ 2350

ND: Not detected o the cencentration is below the detedtion Limit of AAS.
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Plant uptake of heavy metals (%)

Heavy Industrial 10 x IW
metals | wastewater (IW)
Ko Bg Ko Bg

Cu 0.93 1.12 0.46 1.69
Zn 0.51 2.93 0.74 2.69
Cd 0 2.95 0.41 3.01
Cr 1.18 5.45 1.58 499
Ni 0.38 3.31 0.70 3.01

Total uptake of heavy metals: <6%
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Effects of industrial wastewater
rich in heavy metals

Heavy metals are effectively remove by
mangroves with little discharge to
surrounding water

Mainly accumulated in roots and little
translocation

Reduces plant growth and biomass, bacterial
and enzyme activity

Change community structure of animals and
algae, with tolerant species become dominant
How about POPs in wastewater (PAHs and
PBDEs)??
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PAHs: persistent organic
pollutants (POPs), toxic
and carcinogenic

135

PAHs (Polycyclic Aromatic Hydrocarbons)
16 USEPA priority pollutants, with different number of
rings and molecular weights

0 &S OO oY O ﬁ}‘

Naphthalene Acenaphthene Acenaphthylene Fluorene Anthracene Phenanthrene
Vi ~\ 7
) \>> W }=\) & ﬁ/] L
7 \ P, N N N /,
/_\~<_\_ ', *ﬁ* . L,
Fluoranthene Benz{a]amhracene Chrysene Benzo[k]ﬂuoranthene

e o O
59 Bo O, kjﬁ@ X

Dibenz[a,hlanthracene Benzo[ajpyrene Benzo[alfluoranthene Indeno[1,23-cd]pyrene Benzo[ghiperylene
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PAHs Concentrations in
Mangrove Sediment

r:;g:::; Total PAHs (ng g-' dw)

Ma Wan 1058.37£363.38

Mai Po 556.941224.49 (hot spot: 4680)
Sai Keng 429.15+117.95 (hot spot: 1811)
Sheung Pak Lai 334.161264.69

Yio 311.10+94.74

Ho Chung 258.85+70.26 (hot spot: 11098)
Kei Ling Ha 169.41+51.92

Puerto Rico 1820 (hot spot: 6000)
Caribbean Island 502 (hot spot: 1657)

Mangrove sediments are seriously
contaminated by PAHs, even Mai Po
RAMSAR, important world wetland

Marine sediment:

~Hong Kong (553 ng g-)

-Pear| River Estuary (2196 ng g')
-South China Sea (146 ng g)
»Xiamen Harbor (367 ng g)

® e lim
® Maifo
i Ling 1.

o "Wk King

Sui Kong

i f i
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Another POPs: PBDEs (Polybrominated
Diphenyl Ethers)

(0]
Bl ---Br,,

209 congeners: numerous combinations of number and position of
bromine atoms on the two phenyl rings, e.g. BDE-47 (4 Br), BDE-99,
BDE-153, BDE-209 (10 Br)

Highly hydrophobic and strongly adsorbed onto sediment

Penta- and octa-BDE have been banned in Europe since 2004 and in the State
of California, USA since 2008,

The production of deca-BDE has only been ceased in 2013

Still serious problem because of their long-term usage and new productions
with recycled PBDE-containing materials and disposal of e-waste
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7 : : T Commonly used
E-waste illegally dumped and piled up in villages e de et

(heavy metals, Po_chycIic_aromatic hydrocarbons retardants (BFR),
(PAHSs), polybrominated diphenyl ethers (PBDEsSs), widely found in:
polychlorinated biphenyls (PCBs), etc.) p—
’ 125 + foams
» furniture
» rubber
» electronic
components
+ construction
materials
« automobiles
» airplanes

Release to environment during
' manufacture, use, and disposal
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BDE-209 in surface mangrove sediments in HK:
spatial variations, extremely high level in Mai Po

! Hong Kong

ngg

=
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Mangroves are sink of pollutants

Microplastic pollution in mangroves

Table ¢
At L e © e 1 M ey wegt N ok pewadod, NA. ree kerod)
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Ml 3 Mamgriee linterin | 0o 1103 16 P (W97 4 SID) FIT (105 €M) K
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Cnage Camnke de Sata Macta ne Water Deawy wpeatan = ATRIEN 20 P MA NA CarbrOokifes & &

ey tann)
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(Pharmaceuticals and
Personal Care Products).
LCM (Liquid Crystal
Monomers. efc.

Duan et al. 2021 STE Vol 767
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0

Acanthus ilicifolius

Aegiceras corniculatum

Response of mangrove
plants to POPs?

'PAHs and PBDEs

Heritiera littoralis

HK Mangrove
plants and
zonation from
land to sea
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. . BDE-47 (0, 0.1, 1, 5 and 10 mg L") on biomass in hydroponic culture
B. gymnorrhizawas very resistant to Kandelia obovata Avicennia marina
PAHs :

25 NS =
s o —
g 3 s
I Conrol . . 3 we
25 a [ Treatment 1 259 g i ? .
- 3 a W Treatment 2 2058 5 NS ns
= aTa L, == Treatment 3 ey 0.4 54
g 201 b | B Treatment 4 82 g3t
4 | [ 8 = Reot stem Leaf Total
%m— E,g 10 304 Wesk !
ﬁ § 2
§ 10 § 104 ;a s g"
EM‘ 3Dc r:ius Sf‘:: ?
| I ab o 8o z
og | ‘ . = 03 os
K. cbovata B. gymnohiza A madna P austrafis Raot stam Lear Total
118 = Week 4 -
Leaf biomass Root biomass =
Control no PAH; T1: 1 mg/g for each of Fi (fluorene), Phe (phenanthrene), Ant g 1] ? i
(anthracene), Fla (fluoranthene), Pyr (pyrene), Chr (chrysene), BaP (benzo[a]pyrene) R E 5 . s s
and BkF (benzo[k]fluoranthrene); T2: 2xT1; T3: 12xT1; T4: 24xT1 L )
8.3 o4

Also to PBDEs, e.g., BDE-47 and -209

Aoot Siem Leat Total

Week B

Tolerance to BDE-47: Am > Ko
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Mangrove tolerance to toxic POPs

Most mangrove plant species are more tolerant to
PAHSs than other wetland plants, e.qg. Phragmites
australis (common reeds)

Within mangrove group, tolerance varies among
species, most tolerant species is Bruguiera
gymnorrhiza, followed by Kandelia obovata, and
Avicennia marina is most sensitive

But A. marina is more tolerant to PBDEs
Species-specific

142

Why mangrove plants can tolerate
toxic POPs?

Inter-tidal location and adapt to stressed
environment

» Fluctuating salinity (0 to 35 ppt)

~ Various oxygen levels (aerobic, anoxic, anaerobic)

-~ Wet and dry condition

Extensive root system and large root biomass
Specialized root systems

High concentrations of tannins and polyphenols
e Activities of antioxidant enzymes
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Biomass ratio of aboveground to belowground Specialized root systents (1)

: : P Biomass L. N

Genus and species Tidal position in Hong Kong ratio - Pneumatophores and knee joint for aeration
Aegiceras corniculatum  Mostly outer (seaward) mangrove 1.47 ) SRRT R < o

fringe
Acanthus ilicifolius Littoral region, upper and middle 0.91

reaches of estuarine rivers
Avicennia marina Foreshore and seaward region, 0.91
pioneer species
Bruguiera gymnorrhiza Middle but also extends into the 0.45
transitional landward

Excoecaria agallocha Back mangrove, near terrestrial 1.67

fringe
Heritiera littoralis Back mangrove, forest edge 1.62
Kandelia obovata All areas 0.22
Lumnitzera racemosa Back mangrove, more landward 3.04

143



International Mangrove Center Workshop on Mangrove Conservation and Restoration (2024 I*' Term)

Specialized root systems (2)

- Extensive aerenchyma: spongy tissue with large
air spaces or cavities, mainly exist in root cortex

« Able to transfer oxygen from aerial parts to root
tips and rhizosphere, maintain aerobic pockets in
anoxic sediment by releasing excess oxygen from
roots (radial oxygen loss) for oxidation and
detoxification

« Form iron plaque

Schizogenous Lysigenous
aerenchyma aerenchyma
B A P AU AP A AR
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Root anatomy of Bruguiera gymnorrhiza

/
{ Cross-section /

N Less ROL

Cross-section

ESEM

Proportional cross-sectional areas of asrenchyma: 26.52%

ESEM

More ROL

cross-sectional areas of y 6.81%
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Root of Acanthus ilicifolius

145

What is Fe plaque

- e
e -
wo- (¢ "
o
o L . 3
|
" 1o s "

ROL induces a partial precipitation
of Fe under oxidized forms on root
surfaces, creating Fe-rich root
coatings, generally called Fe plague
Fe plaque is a mixture of crystalline
and amorphous ferric hydroxides
goethite and lepidocrocite

More ROL around the rhizosphere

may induce more Fe plaque formed
on root surface to immobilize
pollutants

?

|

Fe plaque
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g —B—FW
3 i I
- — A
ER 5 / 44 10SW
W AR
20
s 4
&3 t—i 6 A 6
) 4
5 1 —" 2 l—l———./. 2 .Aé./. % e
& ol v v v y 0 T T v [¢] T v T
& 0 15 30 45 60 75 0 15 30 45 60 75 0 15 30 45 60 75
Period (d) Period (d) Period (d)
B. gymnorrhiza E. agallocha A. ilicifolius

Fe plague formed on root surface could be induced by pollutants but
varied among mangrove species

Without Fe plaque With Fe plaque on FW: Fresh Water, 55W: Medium Synthetic Wastewater, 10SW: Strong
on root surface root surface Synthetic Wastewater
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Zn
0.144 ® FV
£ o1 o
10 W E agallocha 10 10 % 10MW

2 ® I oo ™ 2 < 0.10
R £ os -l 2 os - ‘E 0.08] o Mn
z B . Z . =
; “ I- .; g e .. -'.- l. g o L4 -'.. ) ; 0991 Y=D0I02X+0.042
g 04 R ..c =§ 04 = —? 04 L é 0041 P u R2=0.797"" ., 0.16]
E ® e ‘- ié 02 ‘ S 0.024 2 o014
E B & o 0.00 T y v i T = ]

o 1 2 3 % 35 & o 1 32 3 & 5 & T R TR R 2 4 6 8 10 50'12

Formanon of Fe plaque Formstion of Fe plague Farmation of Fe plague Conc. of Fe plaque ¢ 0.10
Phenanthirene Pyrene Benzo(a) pyrene § z:‘;:
; 0.04] Y=0016*X~+0.008
S 002 R¥=0.862""

Relationship between the formation of Fe plaque on root surface 000 R R

and immobilization of PAHs in Fe plaque Conc. of Fe plaque

Positive relationships also found between Fe plaque and Relationship between concentration of Fe plaque (mg/g dw) on

immobilization of PBDEs, e.g. BDE-47, -99, -100, -153, -154, -209 root surface of B. gymnorrhiza and Zn and Mn immobilized in

Fe plaque

Same for Cr, Ni, Pb, Cu and Cd, also for other mangrove plants
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Specialized root systems (3)
Specialized root system, such as

ROL leading to formation of Fe

* Root exudates: Low molecular weight
organic acids, e.g., lactic, benzoic,

plaque to: succinic, maleic, oxalic, malic and citric
Immobilize toxic contaminants acids, are released by mangrove plants,
provide carbon sources for
Reduce their uptake in mangrove plants, microorganisms
especially the sensitive plant parts such + Root surface: support diverse groups of
as leaves: total plant uptake is small POP-resistant and POP-degrading
e.g., Uptake of PBDEs: <1% (exclude microbes

immobilized on Fe plaque)
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Correlation coefficients between organic acids and Oxidative stress and anti-oxidative

BDE-47,99,209 concentrations in rhizosphere sediment defense
PROR | Hincie | neaie: ] atsicy | Wialels || ipootsmic] || MsReT] S Gante » Toxic contaminants such as PAHs and
PBDEs often produce reactive oxygen
BDE-47 -0.135 0.135 -0.135 -0.287 -0.413% -0.207 -0.435% =
species (ROS)

» Free radicals: Superoxide radical (O,), hydroxyl
radical (OH-) and peroxyl radical (RO,’)
~ Non free radicals: Hydrogen peroxide (H,0,)
* Pose oxidative stress

* Plants develop anti-oxidative defense system

BDE-99 0.138 0.442* -0.215 -0.406* -0.630** -0.233 -0.603**

BDE-209 -.346 -.208 .065 -212 .014 274 -271

**_Correlation is significant at the 0.01 level
*_Correlation is significant at the 0.05 level
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Anti-oxidative defense g
Three common antioxidative enzymes

%’upéro‘xidé:dis’mdﬁsé' (sunlg
, —— SOD
 Peroxidase (POD) superoxide radical (0,~) == 0,+ H,0,

Enzymatic | | Catalase (CAT) . -
‘ Glutathione reductase (6R) hydrogen peroxide (H,0;) —— 0,+H,0
. Gtathions peoiae 6% | cAT
[Hscorbate peroxidase (APx) < v 7 {
‘ Glutathione (65H)

Non-enzymatic L scorbate I

Tannins and related
\ polyphenols
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Superoxide radical scavenging activity

=—Bl
|-e—Ve
—a—Ac
—v—Ai
|—e—Am
I-»—Bg
—o—Ea
(—e—HI
I—e—Ko
+—Lr

100

50

60

BEE

Kei Ling Ha Hoi

40

(KLHH, Thre hvoms Covey

2
8
I

0, scavenging activity%)

T T T T T T T T T T T 1
00 02 04 0B 08 10 12 14 18 18 20 22

Concentration{mg/mL) of tannin in roots of different lands of mangroves

BHT |Vc Ac Ai Am Bg Ea HI Ko Lr
EC;; |0.629|0.510|0.447 [ 1.771 | 1.360 | 0.488 | 0.343 | 0.802 | 0.414 | 0.404

Ea>Lr>XKo >Ac >Bg > V¢ (ascorbic acid) > BHT
(butylated hydroxytoluene) > Hl > Am > Ai
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Anti-oxidative enzymes activity could be induced by

"
b
&

Hydroxyl radical scavenging activity poliutants: BDE-47 on SOD in hydroponic culture
o Kandelia obovata Avicennia marina
110+ IXS = £00-
—v— Al 3 Sl =
e g 5
. me i
i —e—H| g 300 E
= —s— Ko =~ 2
__; #—Lr %‘zau- %
;’: é 100 §

&
g

T T T T T T
00 s 1.0 1.5 20 25 30

@
a

Concentration(mg/mL) of tannin in roots of different kinds of mangroves

[ [BHT [ve JAc [ai [Am [Bg [Ea [HI Ko [ur |
[EC., [o0.289 |0.998 [0.205 | 1.588 | 2.495 [ 0.495 | 0.436 [0.536 [0.799 | 0.150 |

Lr>Ac>BHT >Ea>Bg>Hl>Ko> Ve >Ai>Am

o
&

SOD actvity (U mg" protein)

SOD activity (U mg'1 protein)
2

o

Week 4
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Plant-microbe-toxicant interaction

//—\\
/ Plant detects"
Toxicant: Release oxygen
Can mangroves remove and adsorb, absorb, and formation
PR : F e accumulate,

of iron plaque
for
mmobilization

detOXify POPs? _metabolize

— -

Change in
root exudation
Enhanced
mineralization
of toxicant

Exudates stimulate
microbial community
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Mangroves: effective in removing PAHs from

wastewater as well as contaminated sediment PBDEs (Polybrominated Diphenyl Ethers)
MDL:0.278ppb  spensnhrens

Phenanthrene

g% BDE47 BOES7
> Influent 2 Influent
o Concentration: Concentration:
1 mg L (ppm) 12.96 yg L

All effluent of Phe
were in <1 ppb

aneanrasen of SOELT (4L

Concenvaton of shenantwens (1) L
Carcarermon af shenacthrene g L)
Caroariraonof BOEAT (my L")

Seghmbs  Movseosr  amay
loplerber  November  Jorwary

Month. SegtemOar  Novamber sanuary
[¥andera coovats) P . Monin mm‘?’fmm.
Benzo(a) pyrene (MDL: 0.218ppb) was not [Erosmemmes® BDE-209 was not detected In
detected in effluent from all treatments effiuent from all treatments
MDL:0.340ppb. 5. . s0E30
g = 0, % & Influent b4
2 100% iy 3 B Concentration: =
; e £ H 17.56 ug Lt i
£ Concentration: 3 By e g
: 0.16mg L' (ppm) £ § All effluent had H
g All effluent of Pyr ‘E §. BDE-47 and-99in ¢
5 were in <1 ppb 3 3 <10 ng L E
Zegtermder  Movember Saunry ; Tegtomder  November Sarmnry Saplemdec  Movemder Samusey
Mony Mantn Mon Noatn.
{kansellz otovas) (Excossara agatosna) (Excoseans ag3tocna) (Kandeta ooovata)
Concentrations of Polycyclic Aromatic Hydrocarbons Concentrations of Polybromi d Diphenyl Ethers (BDE-47 and BDE-99 and BDE-209)
in the effluent from Ko (left hand side) and Ea (right hand side) with different tidal flushing regimes in the effluent from Ea (left hand side) and Ke (right hand side) with different tidal regimes
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Percentage distribution of Phenanthrene,
Pyrene, Benzo(a) pyrene in mangrove system

Ko

Aetpasmant
5
PO chemden o e

o i

Mg i

e T T ww o oW o s mn omm o

Most Phe and PYﬁF&m wastewater could not be recovg;ed, may be lost by biodegradaﬂ:r:.-while BAP
accumulated in upper and bulk soil, less in soil and more loss with low frequent tidal flushing
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Percentage distribution of BDE-47, BDE-99,
BDE-209

e E] O E]

[
"

ety dbtashas o 60E i)

1]
s
;
i
]
i

B

Loss may be due to:
Plant uptake
Photo-degradation
Microbial degradation
Volatilization

[nepemwe——
e ————]

Similar to PAH;.-;osl of BDE-47, BDE-99 and BEE:ZDS from wastewater could n:;t-;; recovered in the

system, i.e. loss by biodegradation or debr and those retained were in upper soil. Opposite
to PAHs, less retained in soil but higher loss under frequent tidal flushing (e.g. daily tidal flushing)
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PAHs arg P ?E:Est";‘f"aszfelwatfr . How PAHSs / PBDEs lost from the
canno e getecied In erriuen mangrove system (>80°/o)

Plant uptake is minimal - Volatilization (little for highly

Some retain in sediment / soil brominated BDE congeners and also
PAHs with large molecular size)

But - Photo-degradation (not much in
Most are lost from the system sediment)
(>80%) esp PAH with less rings » Microbial degradation (bioremediation):
’ L

more important

(Phe) and PBDEs with less bromine
atoms (BDE-47)
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* Mangroves: aerobic and anaerobic
processes for microorganisms to break
down organic pollutants

* Intrinsic degradation or natural attenuation

* Both reduced and oxidized environments
strongly influence soil chemistry

* Intrinsic relationship between redox
potential (Eh) and metabolic activities of
microbes in sediment and root surface
(rhizosphere)

157

Root for microbes

Root surface: support diverse groups of POP-
resistant and POP-degrading microbes

Root exudates: Low molecular weight organic acids,
e.g., lactic, benzoic, succinic, maleic, oxalic, malic
and citric acids, are released by mangrove plants,
provide carbon sources for microorganisms

Microorganisms in mangrove root and sediment
have intrinsic degrading potential
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Pyrene (4-ring PAH) degradation by indigenous

Biodegradation of pyrene (%)
a

Total PAHs ranged from 169-1058 ng/g while pyrene varied from 15-208 ng/g
SW: seawater; MSM: Mineral salt medium. Minerals enhanced degradation71
(Bio-stimulation)

PAH-degrading aerobic bacteria in sediments
Bacterial colony grown on Phe-coated MSM agar (Arrow
showing the clear zone)
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Diversity of PAH-degrading isolates from Hong
Kong and Shenzhen mangrove sediment Degradation of Phe, Fla and Pyr by

n

bacterial isolates: Bacteria and PAH
compound- specific

+ More than 30 isolates
from 6 mangrove
sediments of Ho Chung —

(HC), Mai Po (MP), Ma UL i Snsiarssszing PAH-dezrading bacteria U:
Wan (MW), Chek Keng =
(CK) , Sheung Pak Nai L iy

(SPN) and Fu Tian (FT)

16 G+: Mycobacterium
(11), Terrabacter (4),
Rhodococcus (1),

HCCs- SPNT - MWFG —
. Rhodococus sp. Paracoccus sp. Sphingomomas sp.

PAH-degrading bacteria

- 16 G-: Sphingomonas
(14), Sphingopyxis (1),
Sphingobium (1)

"
it o KT (AT 6721 /
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SPME: Solid-phase microextraction

SPME-GC-MS for analysis of metabolites of PAHs
produced at different time during biodegradation

Derivatization:
5 min

Automated SPME
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Proposed degradation pathway of Phe and Pyr
by Isolates (ring opening)

R 7 g
l pyrene monohysrerypyrene
H / 1 \
u; ; 3-nyronpheranhiene = H
n
2 i 22

3.4-ginyaroxypnenanthrene

HOOC~ i HOOC
H
=
Sizt-(1-nydronyrapn-2-yi- 2-0mbut-3-enolc acla 7,5-veazocoumant foherashion A
l wos N
o
oo
dihydroxyphenanthrene 4-phenanthmol

1-hySroxXy-2-n3phmeis acid
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Degrading microorganisms

* Mangrove sediment/soil: diverse groups of
indigenous degrading microorganisms

* Will bacterial community shift and induce
more degraders in contaminated
environments?

161

PAH-degrading bacterial strains isolated from
control (T0) and contaminated slurries (T4-T6)

Strain Sources” Ba_ct(_eria_l ne‘l’me

7 T 5 3 (similarity %)
SKDOP DO DO Do Do Pseudomonas abikonensis (98)
SAFY -n D15 D15 D15 Sphingobium yanoikuyae (97)
SKET -n -n -n D15 Sphingomonas adhaesiva (97)
SCFL N -n -n D15 Sphingobium yanoikuyae (98)
SASS -n D30 D30 D30 Sphingopyxis composta (97)
SBSW -n -n D30 D30 Mycobacterium chlorophenolicum (100)
SKEW NN -n D30 Mycobacterium farcinogenes (99)
SCSH -n D30 D30 D30 Mycobacterium parafortuftum (98)
SKEY -n -n D30 D30 Mycobacterium austroafricanum (99)
scso -n N -n D30 Sphingomonas cloacae (97)

*D0: at the beginning of the experimentai period; D15: after 15-day exposure time
_ D30: after 30-day exposure time; -n: no bacterial strain was isolated
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Induction of degrading
microorganisms

» Bacterial community structure could be
shifted to induce more degraders in
contaminated environments, e.g.

» Dominant bacteria changed with exposure of
PAHs, from Pseudomonas sp. —
Sphingomonads — Mycobacterium sp.

~ More diverse Mycobacterium are found in
slurries with more PAH contamination

162

PAHs biodegradation was easier under
aerobic conditions because of
hydroxylation by dioxygenase genes
But
Relatively slow under anaerobic
environments: enhanced by
biostimulation with electron acceptors

How about another POP, PBDEs?
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Under aerobic condition

—&— With indigenous microorganisms
40% 4 --O-- Sterilized

0% T T T T u
0 30 80 80 120 150

' Days A

Concentration of BDE-47 did
not show significant changes
in 5 months

_~No new peak with smaller.

q molecular weight (no )

“~_debromination product)
FeROIMIHEROR PIOGL

~

¥ )i
P W N
1
e,,"l\\/' 1‘\7’”-3,

With indigenous living microorganisms

BDE-47
= PCB-209
&

LON 6,00 m00 1000 1L o0 14 on 16 o0 B

Sterilized

BDE-47 {

e PCB-209
| Z 2

100 8,00 .00 1000 12000 14 00 18 00

Aerobic degradation of PBDEs in mangrove sediment was difficult
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Under anaerobic condition, PBDE degradation
of PBDEs is faster: Reductive debromination

40 S0 6 0 80 9
Day

Changes of relative concentrations (C. scaled as a

percentage of initial concentration) of BDE-47 in

anaerobic Mai Po mangrove sediment slurries

during the experiment G w

Ao

&"I\) ll\//\ B

BDE-47 with 4 Br atoms

Day 90

Relative concentrations of BDE-
47 in anaerobic mangrove
sediment slurries at Day 90 (S:
sterilized sediment without
microbes)
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BDE-47 in mangrove sediment could be debrominated . .
anaerobically - —— —— PBDE-related microbial groups

BDE-4/7 BDE-§ BDE-15 BDE-17 BDE-28 BDE-47

+ Based on 16S rDNA gene copies from qPCR,
" . PBDE-related groups for anaerobic
;IU | debromination were detected:
ool \ » Dehalobacter (Dhb)
" L » Dehalococcoides (Dhc)
» Dehalogenimonas (Dhg)

) o UTOme . * Debrominated product from BDE-47 such as
T0 — et mET N ‘,;‘J.i\‘,,c,‘l,‘ﬂ\._‘ BDE-15 might be further degraded under
o )< . )< g B R aerobic conditions:
7Y 1 NBDES B BDE47 . ?
0 g o vt U, ~ Dioxygenases genes (Bph) for aerobic
WES TN i degradation of PBDEs were also detected

| BDEas
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Shift in microbial community structure
(Same as in PAH bioremediation)

* Temporal shift in microbial community
* e.g., transformation of BDE-153 in mangrove
sediment:
~ Initial rapid debromination of BDE-153 to penta-
and tetra-BDEs by Delta-proteobacteria and
Chloroflexi (e.g., Dehalococcoides)
» Further debrominated into di and tri-BDEs by a-
proteobacteria
~ Leading to nearly complete debromination of BDE-
153
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Mangrove wetlands: inter-tidal with
regular tidal flushing

saltmgrsh & o,

mangroves

Alternating aerobic-
anaerobic favor
degradation of both

", High tide, anaerobic Low tide, aerobic
M .

9

N PAHs and PBDEs

W‘"""ﬁ |
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Greenhouse experiment: fate of mixed PBDEs discharged
from wastewater under different tidal regimes

High tide Low tide

¢ Kandlia obovata (Ko) and Excoecaria
agailocha (Ea: landward)

¢ Tidal regimes:
~ Everyday flooding (Te)
~ Every two days flooding (To)

- Every two weeks flooding (the
first and 15 of each month) (Tt)

~ No Tidal flooding (Tn)

¢ Concentrations of dominant PBDE
congeners in artificial wastewater:

~ BDE-47: 10.94 ppb
- BDE-99: 16.86 ppb
~ BDE-100: 3.34 ppb
~ BDE-153: 1.56 ppb
- BDE-154: 1.21 ppb
~ BDE-209: 18.77 ppb
¢ This experiment lasted 8 months
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Redox potential (mV)

Changes in redox potential

300
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-

-100
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=300

MEQUX POwIUE (INV )
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100

-100
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il

July Aug Sep Oct Nov Dec Jan Feb
Kandlia obovata

-300

July Aug Sep Oct Nov Dec Jan Feb
Excoecaria agallocha

In sediment (0-3cm) during 8-month wastewater discharge

Te: Everyday tidal flooding

To: One-day with / One-day without tidal flooding

Tt: Every two week tidal flooding
Tn: No tidal flooding
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PBDEs in mangrove sediments (Ko)

Tidal regime effect

. BDE-47
= SBEZ?&, Upper (0-3em)  Upper sediment accumulated )
W BDE-153 more PBDEs than bulk (10 times + Wastewater-borne PBDEs accumulate in
gl = more), and least accumulation sediments: highest in upper surface, followed by
5 g‘,f’fhimsPhe’e sedti_fgel"ts ) bulk and least in rhizosphere sediment
Ifference among tiaal regimes - =
followed the sami trend iﬂ all + At mont_h 8, more accumulation of total P.BDEs in
three sediment types Tn (no tidal) and Tt (every 2 weeks) than in Te
I ——. . (every day) and To (every 2 days)
e e i - BDE-209: Te < To < Tt = Tn (more accumulation in
=" lontl 3 it} - . -
1§ = | less frequent tidal flooding, more aerobic, not
hoiains . I2 250 P | favor anaerobic debromination)
To: Every two days; :m o /1 I
Tt: Every two weeks; L . i « Tidal flushing regime significantly affect
Tn: Notidal flooding . | accumulation and transformation (debromination)
50 : of PBDEs
i
1
>
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PBDESs in mangrove sediments (Ko)

. BDE-47
. BDE-99
S BDE-100
Em BDE-153
mmm BDE-154

BDE-209

Te: Everyday;

To: Every two days;
Tt: Every two weeks;
Tn: No tidal flooding

Upper (0~3cm)

Bulk

Upper sediment accumulated
more PBDEs than bulk (10 times
more), and least accumulation
in rhizosphere sediments
Difference among tidal regimes
followed the same trend in all
three sediment types

Upper Sediment
4 Month g 8 Month

Te To Tt TnfTe To Tt Tn
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Tidal regime effect

Wastewater-borne PBDEs accumulate in
sediments: highest in upper surface, followed by
bulk and least in rhizosphere sediment

At month 8, more accumulation of total PBDEs in
Tn (no tidal) and Tt (every 2 weeks) than in Te
(every day) and To (every 2 days)

BDE-209: Te < To < Tt = Tn (more accumulation in
less frequent tidal flooding, more aerobic, not
favor anaerobic debromination)

Tidal flushing regime significantly affect
accumulation and transformation (debromination)
of PBDEs
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Changes of redox potential (Eh, mV) in

More on tidal regime: single PBDE sediment:during 28 days

and higher contamination
400+
+ 3 tidal regimes
— 1:1d: 1-day high tide and 1-day low tide
— 1:1w: 1-week high tide and 1-week low tide
— 2:2w: 2-week high tide and 2-week low tide

W

o

o
1

N

o

o
N

Iy

o

o
1

o
I

* Single BDE (BDE-47) at 1 pg/g spiking level
(simulated severe contamination in

sediments in South China) y " -

oQ,

Redox Potential (mV)
=

o
~
=Y
S
N
=
N
@
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Degradation of BDE-47 in different tidal regimes

40% —e—S-1:1d
—a—S-1:1w
20% ——5-2:2w

0 4 B 12 16 20 24 28 32 36 40

weeks A

Abiotic loss of BDE-47 in the
sterilized controls was around
20%.

a

—e—1:1d
—a— 11w
——2:2w

0 4 8 12 16 20 24 28 32 36 40

weeks
1:1d regime (75.2%)
V
1:1w regime (58.8%)

\Y
2:2w regime (51.4%)

B
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PBDE congeners

Tetra-BDE E Tri-BDE
Br Br i Br H
i o "o H O, H
B H H o 5 Br I Br
W 5 i i i
BDE-47 g BDE-28
e Br Br
! H 0. H
E B H oW o
! H H
i BDE-17
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Week 8 Week 16 -
PBDE congeners .. | Hydroxylation products (OH-PBDEs)
80% E E
Dominant , OH-BDE47 5 OH-BDE28 i OH-BDE17
debromination B KB B0E 47 { i
product: BDE-17 - ey P moon i i
[ BDES N SN Mo | ! O %
- E0E-7 ” 1 ! AAD A ! e S
20% w S ) /“ /,[ L i /'“ \/] “,\7,.1\
inati 3-OH-BDE47 | * i P K o
Debromination product: % I I ,
A B B i 2-OH-BDE28 ! 4-OH-BDE17
1:1d regime E i B B
: i L oa )
1:1w regime ! | O
i : i B.—"E// f¥/]
2:2w regime ' : Oh
5 i 6-OH-BDE17

6-OH-BDE47
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Hydroxylation products (OH-PBDEsS)

Week 8

2:2w regime
\%

1:1w regime
V

1:1d regime

1d 1w

Week 28

2% 6.0 BOEAT
272 5-OH-BDE4T
_13-O4-BDE47
S52-0H-BDE28
(1] 6-OH-BDE1T
. 40H-80F 17

Week 16

1w

Week 40
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Percentages of BDE-47, debromination products (de-
PBDEs) and hydroxylation products (OH-PBDES) in
sediments of different treatments at Week 40

Sterilized control Non-sterilized

1:1d 11w 2:2w 1:1d 111w 2:2w
BDE-47 80.73 80.26 79.26 26.76 4448 525
De-PBDEs ND ND ND 2428 1649 16.25
OH-PBDEs 0.29 0.24 0.19 0.99 2.38 211
% not 18.37 18.87 19.87 47.36  36.03  28.50

recovered

<0.5% of BDE-47 in tidal water

In sterilized control without any microbes, 80% BDE-47 remained

In sediment with indigenous microbes, more than half BDE-47 transformed,
mostly in debrominated PBDEs, while only 1-2% hydroxylated (very difficult
process: molecular size and hydrophobicity and ortho-position of Br atom)

Tidal regime significantly affected BDE-47 degradation and removal
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Relative abundances of Dehalococcoides spp. (A) and Bph gene: encoding biphenyl dioxygenase

Dehalogenimonas spp. (B) 16S rRNA genes in sediments enzyme responsible for ring-cleavage of less
under different tidal regimes during 40-week experiment brominated PBDEs
Nava
Dehalococcoides spp. Dehalogenimonas spp. o—1:1d —/ =/
5; c S Bphc —a— 11w
& —e—2:2W
§ 12 124
5 ©10- b 104 )
o ‘;’ 2
I < 84 8
2= \:
T 3 a 64 @
o & a =
© E 44 —e—11d ° 44 5
kol 24 a a —a—1:1w 24 c
=X a ——2:2w 5 a
0 4 8 121620 24 28 32 36 40 0 4 8 12162024 28 32 36 40 3]
Weeks A Weeks B 8 0 Ll A Ll T 3. s L) Ll L L) Ll i
Dehalococcoides spp. > Dehalogenimonas spp. 8 0 4 8 12162024 28 32 36 40 !
weeks v yeom
1:1d regime:> 1:1w regime = 2:2w regime ‘ 2:2w regime = 1:1w regime > 1:1d regime
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Effect of tidal regime with alternating
aerobic-anaerobic condition

1:1d fidal flushing regime OH-BDE-28
. BDE28 . BDE-8
BDE-47
| BDE-17 < -
S 3
OH-BDE-47 OH-BDE-17 BDE7

2:2w tidal flushing regime
OH-BDE-28

. BDE28 , BDE8
BDE-47 i - Debromination by anasrobic
\ =2 bacteria and fung|
) BDE-17 -
¢ s
\ > Hydroxylation by serobic
BDE-7 . :
OH-BDE-47 OH-BDE-17 bacteria and bphC gene

Removal and degradation pathways of BDE-47 under alternating anaerobic-aerobic conditions
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Take Home Messages

Mangroves: sinks of pollutants

Mangrove plants have tolerance: Specialized root
systems: radial oxygen loss (ROL), iron (Fe) plaque
formation, anti-oxidative defense system

Toxic pollutants such as heavy metals, polycyclic
aromatic hydrocarbons (PAHs) and polybrominated
diphenyl ethers (PBDEs) are immobilized in
sediment, with relatively minimal plant uptake and
translocation

Mangrove sediments harbor diverse microbial
(bacterial) communities

High potential to degrade or remove POPs, such as
PAHs and PBDEs

Contamination induces relevant degraders and shift
bacterial community structure
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Take home messages

Tidal flushing in mangrove wetlands creates
alternating anaerobic-aerobic conditions

Anaerobic: negative redox potential favors reductive
debromination, produce less brominated congeners
(de-PBDEs)

Aerobic: oxidation and hydroxylation with ring
opening for PAHs and PBDEs

Cost-effective and environmental friendly
constructed wetland technology for wastewater
treatment and bioremediation of contaminated
environments

Tolerance and purification abilities of
mangroves are not unlimited, just like
our kidney
We all protect our kidney!

Any failure: kidney transplant
BUT
No transplant of mangrove ecosystem!!

Hope we all protect our green kidney: the
mangroves!!!

Mangrove: Green kidney

Nature’s kidney in coastal environments: perform
kidney-like functions

Store and assimilate nutrients and useful chemicals
Transform contaminants or toxic pollutants to less
harmful materials

Remove harmful materials from water, dilute and
filter pollutants from industrial and agricultural
discharges, contaminated soil/sediment

Retain water on land, prevents flooding in wet years
and drought in dry years

Thank you

E-mail: bhntam@cityu.edu.hk
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Lecture 7: Ecological monitoring and assessment of mangrove

SR LAY AR 2R AE

WELCOME TO SHENZHEN MANGROVE

(Shenzhen, 2024)

RalliLt s ey e
e TS 1 1Y BT I T
Shenzhen Graduate School, Peking University Vs " &

G Gl mangrove Engineering Technology Research Center

liruili@pkusz.edu.cn

2024.07.28
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Mangroves are a beautiful ecological card of the Field study in Shenzhen mangrove
Guangdong-Hong Kong-Macao Greater Bay Area

Il (EEF)
LTRELTHIR
(1350E7)

SR PR | BElp s S S PR A A R LR A S S| 1445 R
BE. SEHTUH v | =

&P I6I5FRRE
AL #4355

GDP: 20H04737
ABIGDP: 46824

IBELiE-FHEER
(=23 ] -
| BETRRORNEE N O )
B 1EFRE L BRONMASLR s |wazwinasn
GDP: 1 T AL 7525 s ATEAEEONSREREN | 1 |0 sxmremsiR “
RGP 238508 GDP: 12171927 = [ smamkass |

LTI T

© nnos i

v ENANE
rrvery

ABGDP: 16124687

BEFE: A=AETEE. &, | i N . W H2022%; EHA, BEUFH21F; TS H20205F

Traditional monitoring : difficult, inefficient

LAARRIEEAAE: REK, EES. ARK BT
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Field monitoring in mangrove of China Field monitoring in mangrove of China

[

LEETERRE (MWE+TAN)

Intelligent flight ecological monitoring robot

Intelligent flight ecological monitoring robot T EERAONAEE GEID

RERINRR (B, F)
IRHERTINRE ORE. )
IR (2%, F)
ARFYiRENRRRS (AW, 7))

'

TERETRIFERIRIE TR

jtjcmu%

W R

Ee A i 202 RHAMKESAEHEX IR G
s e AR WA AR
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@

01. Introduction

Case study

« Mangrove at sites with low tidal range and low sediment input may be inundated as early as 2070
(Lovelock et al., 2015).
+ Mangrove with limited land space can still expand in the face of sea level rise as sediment supply and

deposition rates increase due to anthropogenic activities (Feng et al., 2020).

Mangroves in high siltation estuaries of China

a ] b

The seaward expansion pattern of
mangroves in high siltation estuaries
of China in the 21st century

TG

Miginess | ot

sl
o v i \ ’l;
(unpublished) i "R.;m'g}i
[T Sngayey hangens) P S
T R | — o

Sognin i
Sea-level rise rates and sediment surface elevation gain rates among
mangroves in the Indo-Pacific and South China

01. Introduction 02. Methods

Siratal Sstebution of ienyrove sad ages. ‘

Large inputs of sediment

from land-based sources Ratelal sorficy

elevation rise

Seaward expansion of
mangroves

Spatial distribution of
mangrove stand ages

\ 4

level rise

|
Rate of sea |
|

Patterns in the seaward expansion of mangr(

Patterns of mangrove Species classification and . Seaward eéxpansion
expansion in the individual canopy segmentation pattern of mangroves
context of surface
elevation rise Whether mangroves are single-optimized spe

How do mangrove stand patterns change dur

179

\ 4

Trends in stand spatial structure

of mangrove communities -
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02. Methods 03. Results and Discussion

Tritage Preprucessing Spatial distribution of mangrove stand ages I over 17 yoars
i = a B 1217 years
E tmaspheric 4 1
Fusion i Registration < . 712 yesrs
1-7 years
Landsat-7 2004-12-12 GeoEyve-1 2009-10-16 [’ o8 a a Iit
Maximum Likelihood ] =
Classification
. (a) Mangrove distribution in South China; (b) Locarion of the srudy area: (c) The stand age distribution of mangrove naturally
/ Accuracy Assessment ? e " ; ; i .

‘ ;: expanding seaward, with colors representing mangrove plants of different scand ages: (d) Sparial variation of the centroid of

QuickBird 2014-10-18 WorldView-2 2020-10-07 mangrove from 2004 to 2020; (¢) Changes of the centroid longirude and latitude position of mangrove from 2004 ro 2020,

. . . .
03. Results and Discussion 03. Results and Discussion
= Truth fypes = ai Accuracy evaluation of individual canepy
Predicted types Avicennia | Aegiceras Sonneratia ‘ Trer's TrE0e | seomentation. Mean + SD, Different capital letters
‘marina corniculatum ¢ accuracy (%) indicate significant differences among different zones
viceniia marina a7 19 2 89.04 fortie saméaceurny ldse (R<0.00).
Avgiceras corniculatum ‘ 15 ‘ 263 0 ‘ 9427
~ The obtained Precision values are all

Sonneratia apetala 30 10 97 70.80 above 70%, indicating that the

‘ individual canopy segmentation
Producer’s accuracy (%) ‘ §7.32 | 9007 8291 ‘ — achieved good accuracy

Dfferent zones

~ User’s and producer’s accuracies for the three main ;
. i . H Fitting curve between
species were above 70%, resulting in an overall accuracy s predicted and true
g values of mangrove
0 Z,
(OA) of 87.69% . z £ plant counts (a) and
— . £ |+ = |IF * | erown size (b).
T e ey Individunl canopy zesmentation remlts. (a,, ) Labeled 2. - - : - - S ®)
SIpeues identification results. (a, ¢, e_) L.ibeI{d images 3 image: in LabelMe zoftware: (b, d, ) Individual anopy T S ey b N s
in LabeDMe (b, d. f) Species by sesmentntion rezultr sutput by Mazk R-CNN network. =,
results output by Mask R-CNN networle
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03. Results and Discussion

03. Results and Discussion

g

@ Mangrove communities aged 7-17 years still exhibited a

z

dominance of Avicennia marina, but the overall proportion of

L]

Aegiceras corniculatum increased.

@ As the stand age decreased ta 1-7 years, the dominance of
Avicennia marina decreased, while the dominance of degiceras

¥

Frzpornun of et es meces )
1

cornicularim significantly increased.

4 @ Furthermore, in mangrove communities aged 1 to 7 years, the

dominance of degiceras corniculatum started to increase, while

= the dominance of Avicennia marina decreased. The dominance

s sa=t

of different species within the community changes as the
mangroves expand seaward, with degiceras corniculatum

2 S oz
becoming mncr v pr

in younger stands.

Ey— i

Proportion of the number of each mangrove species

Hogy compoliium nder
~
£y
’
.
-
”

? i TR sagcsacurminas T S wone

Mean Hegyi competition index of
mangrove for different stand ages.

Hegy covpetton noes
Frequency of Hegvi comperition index of mangrove for different stand ages. The

solid red lines are Gauss fitted curves. (a) Over 17 years of stand age; (b) 7 ~17
vears of stand age: (¢) 1 ~ 7 years of stand age: (d) Within 1 year of stand age.

for different stand ages

. . 03. Results and Discussion ?’ v
030 ReSUIts and DISCUSSIO“ widu Avicennia marina Aegiceras corniculanim

@ ®)
Ill
[ = =
3 eSS = SRNES Z“ & \
£ " ;m =
: \ i
i N Za| &w
5 Al
: \ I ll l ) l
12 A |
) J : HAE_ . Ll
R F R I o e s T CpE T T MR T
; © g = ] Aggregaten roes
Over 17 yawrs T- 1w 17 yans Wb € g |

Stan ags

woR

¥

Povssme o)

s
T 3% Ty 12 T4 0 13:33 33 34 3k 38
Aregn

30 a4 % 13 18 33 34 3E 32 44
Agegsn oz

Erequency of index of clumping of mangrove for different stand
ages. The solid red lines are Gauss fitted curves. (a) Over 17 years of
stand age: (b) 7 ~ 17 years of stand age: (c) 1 ~ 7 years of stand age;
(d) Within 1 year of srand age.

? dodnitovs L . —

Mean clumping index of mangrove for
different forest ages. Mean + SD.

The seaward expansion pattern of mangroves ‘
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Case study

The probabilistic site-specific
species pool and dark diversity
in the terrestrialized urban
mangroves in Shenzhen

@

182

Mangrove distribution in South China

Graphical abstract I
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£

Fig.1 Evaluation of mangrove forest
capacity to cope with sea-level rise
and terrestrialization trend of
mangrove wetlands in South China.

Companson of sez-level nse rates (SLRR. mmyr') and sediment
surface elevation gam rates (SEGR. mm-yvr') amons manzvoves m I
the Indo-Pacific 3) and North Indo-Pacific, South Chma b). The
SLRR threshold of mangrove survival was 6.1 mm-yr' (Samnilan et
al, 2020) The data on suface elevation gam i Indo-Pacific
manzroves were collected from a previows smdy (Lovelock et al
3015). The data for mangroves m South China was measured wimg
the surfice elevation table-maker honzon methodology. ©)
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Fig 2 Plant diversity and
distribution probability in a
typical terrestrialized urban
mangrove forest,

a) Observed diversity.

b) distribution probability
of 6 typical species

¢) dark diversity

, Zhangjian,
(ZJK), Shenshen Bay (S2B), Dongshsigan (DZP), Yinghuo Bay
(YLB) and Pearl Bay (PB). c =

The color lines in c) consist of the color sectors i
b), indicating the locations of the urban mangroves.
d) Shows the mangrove landscape and habitat in
Shenzhen Bay, which had the highest
terrestrialization index.
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Fig. 3. Probabilistic site-specific species
pool in the terrestiialized urban mangrove.

Light to dark green colors indicate the survival
probability for observed species from low to
high. Light to dark orange colors indicate their
potential distribution ability in new areas. The
species photos were collected from “Flomd
Reipublicae Popularis Sinicae™
(http://www.iplant.en/frps),
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Table | Potential distribution area portion changes for the six mangrove species.
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caseolaris. The values m bold indicate the high potential of decrement in in-sif sites or extension to ex-situ sifes.

Distribution area portion for
Ac Ar Am Ko Sa Sc
Area decrement in in-sitp sites with
probability=0 0 2417 1647 202 173 13
0 < probability <=0.1 398 035 175 1011 0.69 13
probability=0.1 0.1 0.12 022 8348 435 1151
Area extension to ex-sifu sites with
‘ probability=1 049 536 67.19 016 94 229
probability from 0.9 to 1 8248 [ 3.2 0.08 357 185
probability <0.9 1295 0 1046 124 8026 8175
Ac, A < Ar Acanthus ilicifolius; Am, Aviessnia maring; Ko, Kandelia obovata; Sa. Sonnerafia apetala; Sc. Sonneratia

N

2N )

B ]



International Mangrove Center Workshop on Mangrove Conservation and Restoration (2024 I*' Term)

Fig. 3. Probabilistic site-specific species Table 1 Potential distribution area portion changes for the six mangrove species.
pool in the ferrestrialized urban mangrove.
Distribution area portion for
Light to dark green colors indicate the survival
probability for observed species from low to Ay a 4% Ko % S
high. Light to dark orange colors indicate their A Aot i st s vt
potential distribution ability i new areas. The
species photos were collected from '@ probability=0 0 9417 1647 202 173 13
REanaiden Eijpdiaris s 0 < probability <= 0.1 3.98 035 175 1011 069 13
(http://www.iplant.cn/frps). : A : ' : g
probability=0.1 01 012 022 8548 435 1151
Area extension to ex-situ sites with
probability =1 049 536 67.19 0.16 94 229
ook CIF R RS A S W S A B a, Bk - =
() 5 A5 R4S S 0RSS 4%, E1F LN 5115 AT pobebitiy G010 a8 e A 088 =y 185
MO0 probability <0.9 1205 [ 1046 124 8026 8175
f;ﬁ?;ﬁ J;E{lﬁ%ﬁ%?&ﬁﬁi@ﬁﬁ. el Ac. Aeg cormi At dcanthus ilicifolius; Aoy Avie ia marina; Ko. Kandelic obovata: Sa. Sonmeratia apetala: Sc. Sonneratia
sl N caseolaris. The values m bold mdicate the high potential of decrement 1 1n-sifu sites or extension 10 eX-8i1u sites.
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Fig. 4. Changes in community structure in the terrestrialized urban mangrove
forest. a) Shows the current community types. b) Shows the community’s
potential changes. The different colors represent the different communities.
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01. Introduction

it {guy.
it v

g
3
3
3

R0 2030 2040 2050 060 070 2080 200 2100

Al sumlation scenarios estunate the leve! of global wanmme (IPCC, ARS).

02. Materials
Environmental climare data

( 1850-1000  se— 2100
sspl26 _Z 1scascC
ssp245 _” 24°C~2.9°C

| 5sp370 ¥ 28Ca9°C

A ssp585 _” 3.7°C~5.0 °C

* It is currently widely accepted that low temperatures
are the main factor imiting the high-latitude
distribution of mangrove plants (Michael, 2017).

* Global warming has created opportunities for the
northward mu; ton of groves (Ca h
2013).

* Cold spells and thesr synergistic effects with other
factors may also limit the expansion of mangroves to
higher latitudes (Ward. 2016).

02. Methods
MaxEnt Model

Table 1 Model brochmatic mdicators. (a) The set of eavironmental
indicators used in the final mode! for K obovara. (b) The environmental
1ndscators used in the final model for4 mayma and 4 corniculanm.

Vanubic Dosargiion, T
o EEL e —e——— <
BIO2 Mo Sairml eurige fmens of ioniily (s ten < s ferl) €
Bios- Lsatbermaldy (BICRZIOT) (+)00) il
BIo Temprerature senmcerslity (ardatd Geviaton « 1001 iten
s Mosamsn sanpesarune of the warmes toanty ©
i Musmun lemperre of the ecldest mn

8107 Teapentare =ual rungs (BIOS-BIOG) T
BIO% e termpersi of wetles! Gt ¥
Bicw Mo téempermisy of it (raster i
o Mesn remperssm of warmes: Quarr ©
B0 Moan tecspermuss of coldest Guatisr €
BO1 Anrmad precipitudion ™
IO Frvcipatathin vf the wettest soeth e
Bt Frcipsiutiin of 0w dsice mnte e
s Preciprtanan semcaality (sosthoen: of yastaea) e
Bl Preciputarion of the wetiest guer P
B8O Frocipiutine of e ines qarter e
o Frecipiition of the warmos quarter o
BIOI Fecipuaiie of e coldeat st e
Bioz0 Acswlael svpemiue (55, T > 10°C) T
Bicz|> The wverxge sl namiber 0 ys bedow (0 Day
e Conling ot  winter_(AT/AE) Dy

Current Climate Environmental Data (2000-2020)

7 National Centre for Atmospheric Science (NCAS).
UK

» Earth System Science Data Federation (ESSDF)

Future Climate Data (2021-2100)

# WorldClim Global Climate Database

# Includes four scenarios: SSP126.
SSP370, SSP585

SSP245.

Collinearity Analysis
7 Select climate indicators with a correlation lower
than 0.8 to form different model ensembles.
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Model Construction and Training Fitting Model Selection and Validation

Constraints

| Known species' multidimensional
environmental conditions J

MaxEnt
The most entropic among countless probability
distributions that meet the constraints

/

- . « v - V\
Construct an algorithm aimed at maximizing
‘ entropy to project known multidimensional
environmental constraints onto different times

3\ and spaces. achieving pofential distribution

Climate Environmental Indicator Set, 17 Regularization
Multipliers, 5§ Types of Environmental Variables

Multiple Model Combinations

AUC Statistical Significance
(Partial ROC < 0.05)
Omission Rate < 5%
delta_AICc value <2

4

The Optimal Final Model

2

Final Validation with
Additional Points
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02. Methods 03. Results and Discussion

Technical Route 3.1 Main factors influencing mangrove distribution

e

{ 1. Model Performance

+ High accuracy confirmed with AUC
I values above 0.85 for K. obovata. A.
j marina, and A, comiculatum,

Climate
Environments|

L e LT TN ) s o010 g sos b 7 [

Cument Potentisl 3
Fig. 2. Response curves of the average annual aumber of days below 10 °C (BIO21) in the species mdlcatmg robust predxctlve capablhry

Distribution Prediction
Results

Final Model

Validation distanuling oibde]. of the models.Key Climatic Factors.
Table 2 The top three factors were affecting the ion mode] of subtrop 2. Climatic Impact
Fitoe Tiall o Pecent  « The average annual number of days
s Tt Do )cmnhmw below 10°C (BIO21) emerged as the
2% Tandelia cbovata  BIOZI  The average uumial mumber of days below 100 513 primary  limiting factor for the
BIOS  ffexinocars eemperafus of tes e moeliy: 243 distribution of subtropical mangroves.
Overall Mangroves: Kandeli obovara, BIO2 Mean diurnal range 92 ) : , =
[ﬁmmrmrim mdAexicmcam'culmm] Avicennia marina BION  Theaverage aummal mumber of days below 107 854 particularly for A marina and A
BIOS  Maxmwm temperanwe of the wammestmonth. 49 corniculatum.  demonstrating  the
BIO2  Mean diumal range 49 significant impact of low temperatures

Aegiceras corniculanim BIO21 The average ammal number of days below 10'C 88

on these species.
BIOS ‘Maxmum temperature of the warmest month 43

BIO?  Mean diumal range 3
03. Results and Discussion 04. Conclusions
3.3 Future changes in the northern boundary of subltropical native mangrove
Climatic Factors:

+ K. obovata: Expands northward. surpassing 30°N by
2100 under high-emission scenarios. with notable
expansion from 2060 to 2100 under SSP585,

A. marina: Less cold tolerant. remains below 30°N
but shows significant northward shifts under high Under SSP126/SSP245: Minor northward shifts for 4. marina and A. corniculatum.

issi i ing its northernmost boundary by Under SSP370/SSP585: K. obovata moves to the Yangtze estuary (31.9°N): A. marina and A.
about 1.68°N from the 2040s to the 2100s. comiculatum reach Ningde (26.8°N).

A. corniculatum: Similar to A. marina in cold

Annual cold days (10°C) are key to subtropical mangroves' distribution.
Precipitation has a lesser impact.

Habitat Shifts:

EEoEE -

I ) 3. Restoration & Afforestation:
tolerance and shifts. with a 1.84°N increase under i / T, <
high emissions from the 20405 to 2100s. B K obovata: Suitable restoration areas in Yueqing Bay. Ningbo Bay. Zhoushan Islands.
+ General Trends: Minimal changes under low B 4. marina and 4. corniculatum: Afforestation recommended in Fuzhou and Ningde coasts: northern
emissions. with significant and consistent northward Fujian unsuitable.
movements under high emissions from 2060 onwards. 4. Conservation Guidance:
Fig. 6. Future changes of B The shifts offer crucial insights for coastal o and conservation planning,
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e Lecture 8: Mangrove conservation and alien species

Outline

Mangrove conservation and alien species
1. Overview

Yihui Zhang 2. Research
zyh@xmu.edu.cn
3. Management

Key Laboratory of the Ministry of Education for Coastal and Wetland Ecosystems,
College of the Environment and Ecology. Xiamen University

2024/07/29. Shenzhen

Main direct drivers of change in biodiversity and ecosystems

Bomst
Forwst Turmgurite

el

Tomparaa grasiand

Meddiermnean
Drytand

"

Beearnt
Irstand wate:

[ Contta e e o Diod vy | Driver's current rencs
Manice. Loa Decreasng fwpact IE
Loyl WMccaeale Cortinny inpacs
Mountn High |! ingieasng impact z
o veyrr [ ™ s

(Millennium Ecosystem Assessment. 2005)
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Wetlands:
Ecosystem

Services,

Restoration and
Wise Use

Part I Wetland Mechanisms, Threats, Conservation
and Management
5 Invasive Plants in Coastal Wetlands: Patterns and Mechanisms
Luzhen Chen
[ 5.1 mtroduction
= ] 5.2 vulnerable Coastal Wetlands and Invasive Plants
[¥] 5.2.1 Challenges for Coastal Wetiands
[¥] 5.2.2 Traits of Invasive Plants in Coastal Wetlands
[¥] 5.3 Patterns of Plant Invasion in Coastal Wetlands
=& 5.4 Mechanisms Driving Plant Invasion: Case Studies for Spartina Invasions
[¥] 5.4.1 Global Status of Spartina Invasions
] 5.4.2 Mect of
[E] 5.4.3 Spartina aiterniflora Invasion in China
=] 5.5 Pradicting Woody Plant Invasions: Case for Invasive Mangroves
[¥] 5.5.1 Invasive Mangrove Species
[5 5.5.2 Mangrove Species with Invasive Potential

Table 51 Invasive vascular plans in cosstal arcas

Growing
Life form/name Native range Introduced muge habitats Source
e
Annona glabra Tropresl Amenca Austrakia Mangrove 2
and salt
marsh
Hruguicen Indo-Pacific USA Mangroves | b
gymnorth
Aamniizva Indo-Pacific USA Mangroves |b
x e = ‘Duke £206)
Melnieuca Austraba Flotiia in the USA Brackish Viichardson sod
qu{nqugnervla Hemanck (201)
Rhsssphiort inahgle. | Tropical Ame Pacific Islands Mmgroves | b :gm aal. (1998)
O s ansiaded = RIS (Global Register
i aparals. China Mangroves |d it foced it
Terminatic catappa | Asiat Latin Amecica/Carib- | Beackish b Tovasive Species,
Africa/Austzhia bean Isknds i ]
20
Thespesia popiined | Ava Norh AmericaiCacb- | Mamgrove |6 g s WD
bean Tslands agsociate Chamben etal (1999)
Trindica sehifera Easrern Asia Southern andl Eastern | Brackish e "\Woo and Zedler (20002
USA Zanet al, (00

Chen. (2019) Invasive Plants in Coastal Wetlands: Patterns and Mechanisms

(An & Verhoeven. 2019) [E] References
Growing
Life f¢ Natve range Intwoduced range ‘habitats Source
Shrub 6 shrubs
Ny frauicans Tnilo-Pacific Pacific Ishncs/Carb- | Mangroves |
bean Isdands /Vest
Aftica
Pliechen Tarin America/West | Pacific Islands Mangrove:  |b
carolinzsrnsts Indies Flonds of associate
USA
Fluchen midiza AsigfAustriha Pacific Islands Mangrove v
uss0ciate
Resa rugosa Asig Northern Furope/USA | Dunes coast | b
Seaevola taccada | AsiaMidde Bast/ | Center America Brackish I
Pagific Islands
Famurix ¢ hinensis Ching. North America /South | Salt marsh | b
- America/Soutlh Afocs
Vine
Mikania micrantha_ | Center Americal Tropical Asia lemh l i
South America

Growing
Life form/mnme Narive range TIntoduced mnge Fahitnts Source
Herh | 14 grasses
Anunophila Eucope Canada/ Dunes copst | &
arenaria Chile/South Africa
Aster squamatus Central and South Meditermnean Selmoash | &
Ametic
Cyeioloma o= Albasia Sakmask: |4
Seagrass a
Seagmss i
Brsckish f
Saltmash | g
Rhaponticun Europe Chinas/Westers USA | Brackish a
repens
“Spartina Adante coast of East Asi/Western Soltmash |4
IV rrifions usa USAUK
MNew Zealand
Europe Treland/Avstralia/ Salt marsh | d
o French
Spaztina densifiora | South America Salt marsh d
Western Europe treland Salt mersh |4
Spartina . townsendss
Spartina pectinatt | USA Ireland Salt manth a
Typha » glauca Asis North Ametica Salt marsh | B
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Global invasion of Spartina

Table 5.5 Invasive mangrove species in the world (according to the datubase of Richegdson und ¢ [ = o 7 F = 7
Rejmémek 2011, 2nd Globel Register of Introcuced mnd Invasive Species, hitp/fwww.gris,oeg} ..," < ;.:' SNME J
Nt [Tavasive regiousfime [Pugpose il 4 £
Mangroves - |
Bruguiera Hawaii (1902) ead Florids (1940, USA Stabilization/ .
z iz Native Ranges I
Lummnitzzm Florida, TTSA (1960s—19703) Stahilization/erosion |
racemosa cantool . Invasives
Nypa fruticans West Africa/Pacific Islandy/Caribbesn Islands | Omaments] l‘
(the 19905) :
Rtophara Pacific Iskands Stabilzann/erosian ® Hybrid Invaders
mangle. . cono)_ a. Temperate Pacific,
n;zz;emm China (1985) Affocestation lcss mtertldal . T
Migrove s emergent vegetation;
Pluckea Pacific Iakands Omamenal ronc to Spartina
carolinensis invasions. i
Pluchea indica Pucific Isknds O .
Thespesia North America/Caribbean Ilands Omamenl b. Most Spartina |
papulnea introductions are |
“The smvastveness of this species is stll being tested, as discussed 1 the following passgraphs ?nlth li(.)pnclh m'lg, both
mntentional an |
Chen. (2019) Invasive Plants in Coastal Wetlands: Patierns and Mechanisms otherwise. ‘ N
3 s ATl
(From Don Strong, 2011) 577 5

¢ mudflat)

—# (One seedling) —M (One cluster) —& (Onc circle)

® Two modes of reproduction, with high r
® Up to 700 seeds produced per ramet

S8 (Mulliple cirele) 25 (Multiple patches) 245 (All occupied)
( This slide is from Prof. Ruiting Ju, Fudan Universtiy) ( This slide is from Prof. Ruiting Ju, Fudan Universtiy)
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RIERITEREH 3KEET

® Asingle Sparting
ramet can
horizontally
spread by 1.6m
through clonal
growthin4
months at
Jiuduansha in the

Yangtze estuary

( This slide is from Prof. Ruiting Ju, Fudan Universtiy)

Queensland, Australia New Zealand

(Saintilan ef al. 2009)

Louisiana, USA (Saintilan e7 al. 2009)
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Fast expansion of Spartina in mangroves Ouitline

1. Overview

2. Research

3. Management

Question 1 Question 2
What are the current growth and genetic patterns of What are the distribution and growth patterns of
Spartina alterniflora? mangrove-Spartina ecotone in southeast China?
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(1) Pattern of mangrove-Spartina ecotone
across intertidal elevation gradient

(2) Interaction between mangrove seedling and Spartina
across estuarine salinity gradient

M=>S M=S M<S
Mangroves Spartina Bare mudflat
| o S
(] HHTL
5
g, __MHTL
8
E e MTL
22
e
1 —-MLTL
0 LLTL
0 10 20 30 40 100
Distance from the landward seawall (m)
Spartina E—
Mangroves e ——

Seawall Mid-elevation Low-elevation

(2) Interaction between mangrove seedling and Spartina
across intertidal elevation gradient

1 Kanielia obavati ®Neighbors
TN Neighbars

Hiomas ()

£l " S0 w0 ase 200
Elovation (cm)

1 VI
e

a0 - igh-
Low lllgl}
Flevation (e elevation elevation

Oceanogr.

40 Kandelia obovaia
a mNeighbors A

30 i ONoneighbors
b
| ® ‘
] f de |
| ' e
10 . p
00 - f o\

Oligohaline Meschaline Polyhaline = Eualine:
a

Blomass (g)
B
2

10 B

E 00 e + + £ E .
b / &
o B H i- 1
c c
.mOligohaline‘_T_‘ Euhaline g H _

Mesohaline Frosh  Brackish Salt (Medium) Salt (High)

Zhang er al. (2012) Ecology

(2) Interaction between mangrove seedling and Spartina
across latitudinal gradient

Kandelia obovata wNeighbors
= N Neighbors
C]
g s -
0 =
3
g s
g & / —]
.
High- Mid- Law-
latitude Iatitude latitude
0o
E e Spartina alterniflora o2
= 2000
§ 04
s 1500 e=b =
3 06
g 1o .
é " . -
e 10
ighlatitude  Midfatiude  Lowlatitude

Zhang et al. (unpublished data)
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Answer to Question 2

Stress Gradient Hypothesis salinify Temperutre Nicheat
o e che

Facilitation : / Spartina
| /A | Niehe of

'
/
i\
fl //{"muuru\ﬂ
i(P |
f Ecotone
/

=== e ,/"l

Competition

Envirmmental gradients ) o
s (inundation/safinity temperature) e Wn,-,m‘nﬁr—- ,‘7’ e “‘l:::«u
N s teve!
Changes of interaction Global climate change and
intensity and direction along Spartina invasion together
environmental gradients Squeezing mangroves

Interaction between adult mangrove and Spartina
—Spartina can not invading into intact mangrove forests

Yunxiao (23°55°N)

WMungmvc forest ‘orest g w‘ifomsl ed{:e  Mudflat

Question 3

How does invasion of Spartina alterniflora affect the

mangrove ecosystems in China?

(1) Plant-plant interaction:

®Understory
BForest edge
DUnvegetated muditat

A

2 4 6 10
Time (woek)

Survival ()
- 8 8 3 8

Small  Medium =6
=3m) (3-6m) )
Gap size

Zhang et al. (2012) Ecology
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(2) Plant-animal interaction: crab

A

e Ficld survey

Grabe (g, mwaalaafrap )

Grabs ino, Inomcuslerd *rap |

Megos  Eoun  Swme  Matu
Haaa)

Spikelets {number/m?)

e Seed bank

(2) Plant-animal interaction: crab
@ Seed predation

Feb 2012

Wangrove  Ecolono | Spumm‘ Muctial

] B

Seed cenaumplion (%)
2

(2) Plant-animal interaction: crab

e Herbivory on seedling

Mudfalt

B R T R )

SEL i
 Cagecontol @ Uncagea (€ caeno

R v e e
% DIm
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(3) Plant-animal interaction: rodent

e Rodent activities

e Ramet grazing
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Rodent graze (%)

k¢

o

50

25

(3) Plant-animal interaction: rodent

o Field exclusion experiment

= Open control
CiRodent exclusion

B
0 N N/A A
Understory  Forest adge

Mudflat

(4) Multiple exotic species

M Exotic mlngraj
[ Native mangro J

TsectheTtvory

w0

Mangrove Spartina Mudfiat

(%)

o o=
50
25
0

Mangrove Spartina Mudflat

Peng er al. (2022) Forests

- Mangroves canopy

=== Sparting

§ 8 8

Plant height (cm)
g

Mangrove Spartina Mudfiat
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(4) Multiple exotic species

=
o e ¢
%ommmn’

Nafive
mangroves

Spartinia

@ Sonneratia apetala

® Spartina alternifiora

Avrea of Spartina T
Avea of Sonneratia T

Avea of native mangroves 4

2010

2016

Answer to Question 3

Stresy Gradient Hypothesis

Facilitation
e
\—  Blotic
TN\ restnee
..... \ B SRS
= =g
Tnvasion
L melidawny
Competitios

Envirnmental gradients

(inundationsalinity: (emperature
sm—ﬁm

Novel ecosystem

Multiple trophic level of
interaction shift the direction
of interspecific interactions

Multiple exotic species
together squeezing native
mangroves
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Summary Outline
Spartina performance:

e Genetic and environment shaped the growth and

adaptation 1. Overview

« Niche overlap with mangroves in southeast China

o Powerfully suppressed native mangrove seedlings 2. Research
Mangroves resistance: 3. Management

« Plant competition

o Crab herbivory

« Rodent grazing

PEEPERREAEREESTE: 24km?

(Spartina control, Chongming Island. Shanghat)

( This slide is from Prof. Don Strong, UC Davis) ( This slide is from Prof. Ruiting Ju, Fudan Universtiy)
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ENVIMONNENT

Marmmoth® plan to control a coastal invader would benefit migratory birds

[o— P T ST —

i oy e Vot st | o 5 e i, oot e

ot oo i s | S s e Epse | e St i

Am. e e b v | B e oAt O | i e el it
S e ot B | S B ke T 8. |1 .

ot g 16 | e, Aee Sy
WAL 0 s S0 iR, e | GOL 15 fuind Dabie Sur S ot il | Ofar utisuen Dot Umtitoe. Fod.
birge 4ed puigicey s, T ey

gerion o 198 e Moty earvs: G sl
o, s st ssed | U wved, exghianes DIl % sl Al | oy Wik cam A2 wuris s At
g pham e Sem Corfun sy | o e st 1) o the g | s At ive b I Ruocias i, o
‘et ek Witk o the sl By 3 My 2604, the souiees Bl et 408, | pest . suthnd pestuctin 08 rostises
30 % mammorh abraking” G Hevws | of the St in M0 ke, st e | o heteg Noral o

e,

b, o e terioe:
T ey aad i ]
iy Honate I\ actons” Tt b es

=5
China battles alien weed at unprecedented scale

Nrwa o ‘.)

e

Stokstad (2023) Science

Dilemma: eliminate Sparfina vs protect mangroves

Key challenges:

e prevent regrowth

e variety habitats

e combined methods

Take home messages

management of biological invasion

(a) No G t (b) Manage S tia only  (c) Manage Sonneratia
and Spartina

@ Native mangroves <f-Mangrove seedling f Spartina alternilora . Soneratia apetala
Dig up and bury Plantation mangrove seedlings Peng et al.(2018) Limnol. &
Oceanogr.
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Conclusions and prospections

Research:
o Long-term observation and field manipulate experiment
 Traits of native mangrove species and adaptation
e Theory on coastal biological invasions
Practice:
o Combined methods of alien species control
« Afforestation of native mangrove species
« Ecosystem service and function
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Lecture 9: Mangrove Conservation and Climate Change

IMC Mangrove Training Workshop (29 July, 2024; Shenzhen) My career Wlth

Mangrove Conservation and Climate Change
Guanghui Lin12
1Tsinghua University, Beijing, China
2Hainan International Blue Carbon Research

Center, Haikou, China
Eamil: lingh@tsinghua.edu.cn, Mobile 86-13911768246

2007-2011 Xiamen U (Professor)

2010-present Tsinghuau Prfessor)

Outline Climate Change: One of Greatest Challenges in 215t Century

Climate change as one of biggest threats to
h umanklnds ic CO; at Mauna Loa Observatory Global Land—Ocean Temperature Index
e ey | 4 s
Ewa E&;m&’?a | g 4 —.’Fy:ur Ru‘;ndrfilng Meun
> Blue carbon as key ecosystem service of T g,
mangrove wetlands R ey i
2 e — X n&lmﬁ:)l»dum g .
o g 1] B
) < e RAPD warming E_2
» Case studies of mangrove blue carbon I S é &
) T 4
1960 1970 1980 1890 2000 020 1880 1900 1920 1940 1960 1980 2000
Year
» Blue carbon trading and methodologies

Human induced increase of atmospheric CO2 caused
global warming and extreme climate events
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Serious consequences of global change

global warming

sea level rise

heat wave, heavy rains,
drought, ete.

L X 24

KATGHALL [SLAND, NICOBARS, INDIA
- AFTER - 28 DEC 2004

o

..a»’% ¢

vemnanaftohangrove
Sh.g o

#

The 2004 tsunami broken a long boat jetty in to pieces, while
mangroves intact without damage in Parangipettai, south
east India

coast not protected by mangrove

i Finend s ale ns o)
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Public Interest Natural barriers

Source: The Star newspaper,

= Malaysia

| Focus 2}
Save mangroves to fight tsunamis

imsngde s e e

against tsunamis

ESmRL G s f \

Global CO, Budget (2010-2019)
KA
Atmospheric CO, @2 50
concentration

46%, 5.1 Pg C-a’! 8w @ Q
TR g ¥
Fossil fael combustion § % : g =
PN )
and oxidation B 228 Mangroves can
8696, 9.4 Pg C-a'l ¢ '“g reduce up to 66%
g 00 W0 of wave height -

B reclucing erosion and flood risk &

i Rt o 0
+ — Terrestrial CO:sink 1750 1800 1850 100 1950 2000 :
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ecreational fishing around mangroves
contributes $1billion
per year
Sorwenrks Floricle/s ec8tomy

WILDLIFE -
HABITAT

FISHERIES

Mangroves are

fish factories for the

210 million people
who live and depend on
them for food
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Global Carbon Cycle Key definitions

® Carbon sink: a natural or artificial reservoir that
accumulates and stores some carbon-containing

S s ee}s;}i’“ chemical compound for an indefinite period.

124

met Err;iilz‘:::’
by from I
et Uptake T Waters
cnas';; Ne 247"
1

® Carbon sequestration: the process by which carbon
sinks remove carbon dioxide (CO,) from the
atmosphere

® Carbon source: the process, activity and mechanism
for the release of CO2 into the atmosphere.

14

Key definitions

ST ) i ® Carbon Pool — Carbon pools refer to carbon reservoirs such as soil,
ions: Carbon is lost back to the atmosphere )
through respiration or through oxidation as aresult of vegetation, water, and the atmosphere that absorb and release carbon.
land-use change (e.g.. conversion to fish ponds)

together carbon pools make up a carbon stock.

Sequestration: Carbon dioxide in the
atmosphere and oceans is taken in by

® Carbon Stock — A carbon stock is the total amount of organic carbon stored
pants during photosynthesis.

in a blue carbon ecosystem of a known size. A carbon stock is the sum of
one or more carbon pools.

o \ C  Allochthonous Garbon:

c © Cartion car aiso enter the
system from far away,

® Soil Organic Carbon — the term soil organic carbon refers to the carbon

ustialy via unoff up strean component of the soil organic matter. the amount of soil organic carbon
S0 A Eon ) depends on soil texture, climate, vegetation and historical and current land

use/management.

® Emission Factors — A term used to describe changes in the carbon content

Autochthonous Carbon: Most of tha sequestered carbon is i of a pre-deffned area due to change in land coverage and use (i.e.,
stored in the soil, which s frequently, If not always, covered by v 3 war ok
tidal waters. This oxygen-poor environment causes plant mingrals conversion from mangroves to shrimp ponds) or changes within a land use

to break down very slowly, resultng in significant carbon storage.

- type (i.e., nutrient enrichment of seigrass).
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Conserve and restore coastal wetlands for blue C as carbon neutrality techniques | O utl | ne

= » Climate change as one of biggest threats to
humankinds

Technologies and perspectives
for achieving carbon neutrality

Fang Was Jean Damascens Harindintwal, - Zhizhang Vuan =* Faming Wang, """ Sheng Li,"*** Zhigang Yin,

Lel Huang, uhao Fu,'* Lel Li,**" Scott X. Chang,* Linjuan Zh: J&gmmdehe mugmn'ﬂmmzmmunaxhu > B'ue Carbon as key ecosystem SerVice Of
' mangrove wetlands

The Innovation

» Case studies of mangrove blue carbon

» Blue carbon trading and methodologies

ammussion, New

Blue Carbon: organic carbon that is captured and stored by
the oceans and coastal ecosystems, particularly by
seagrass meadows, tidal marshes, mangroves & kelps

COP26 WEBINAR SERIES
Role of Nature-based Sotutions (NbS) in Carbon Sequestration:
An Opportunity to be Explored

T December 2020 Thursdays 1 550 (1ST) 10:00 s (GMT)

5 i s
UCN
= SUMMIT 2021

The Management of Natural
Coastal Carbon Sinks

Ablucprint for blue cashon: towan an
iamproved undentanding of the role of

BLUE CARBON e
- oN 3 S i sorpeted w-lrvk _

T A Emily
Pidgeon

20095 XS EINRE. ﬁmﬂﬂﬁiﬁ&“’mn?ﬂﬁ%‘
HEARS (Ewx) . (REEAWCEE) FRE
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2nd International Symposium: Effects of Climate Change on the Worlds Oceans

Monday, May 14 - W3

Blue carbon draws more and more attention in research

Workshop 3 (W3)
Coastal Blue Carbon: Mitigation opportunities and vulnerability fo change

One Earth

Variable Impacts of Climate
Change on Blue Carbon

ittt Lt

Co-Convenors:
Ik Kvo Cinmg (PNU, Korea)
Gabriel Grimsditch (UNEP)
Jerker Tamelander (UNEP)

Science

ThEane

Coastal BLueCarbug . " =28 e~ Co-benerits Let more big fish sink: Fisheries prevent blue carbon

o sequestration—half in unprofitable areas

nature reviews earit & envionment

Global blue carbon accumulation in tidal wetlands increases with.
limate chai

Comparison of carbon burial rates

Mangrove forest is one of the best blue carbon ecosystems
among three coastal blue carbon ecosystems

e carboe sink buria rates I S| Gort gt i wiationetimatms
= tane of arban pee hextare por yeo1 of bk carbon sinks per nectare
= Fite 1 At oot ocampiems
5 I v aiveady amnng the roer vahiabie on
nawmre | mwy Mangroves among the most carbon-rich forests in the tropics I e . - -
geoscience DG Donate: 4B Kauttman. D Murdyarso... - Naturo ..., 2011 - nature.com = | bovu
Mangrove forests oocur slong ocean coastiines throughout the tropics, and support numerous. [«
- 3 ecosystam services, including fisheries production and nuirant cycling, However, the
Mangroves among the most carbon-rich forests in  # sawe 9 cio Ciodby 3160 Ralatos ancies A8 26 varsons
the tropics I
Daniel C. Donato'®, J. .
and Markiy Kanninen® 1,200
[—
1400 = % Above ground |
£ 1,000 - W Below ground
= 1200 2 Soil
2 £
= 1000 = ek I
F E ==
& 800 ®
2 £
O 600 600 .
: g
2 100 3
3 [ 400 |-
& 200 = |
)
U e 5 |
Boresl  Temperats  Tropical  Mangrave % ool - )
pard I 5 | |
z I
o
Subtropical Tropical Mangrove  Tropicalhumid  Tropical peat
tidal marsh seaqgrass bed forest evergreen swamp forest
forest
Ecosystem 27

206



International Mangrove Center Workshop on Mangrove Conservation and Restoration (2024 I*' Term)

Indus Delta Blue Carbon: Net CO, Removals Outline
g > Climate change as one of biggest threats to
. humankinds
§ L > Blue carbon as key ecosystem service of
g mangrove wetlands
T T N T » Case studies of mangrove blue carbon

50-

e e e R » Blue carbon trading and methodologies

Flgure 26. Summary of net GHG emissions in t COze since the project start date in 2015, ARR: Net GHG
removals as a result of mangrove reforestation; LOSS: Carbon joss in biomass and soil as a result of
erosion due to sea level rise; GAIN: Net as aresuitof Innew
manarove habitats due to sea levei rise.

34

4 Restoration of 224,997 ha of mangroves
75,000 ha already planted
4 50 year long project: 2015 - 2075
 Approximately 1 EILLION mangroves planted over 12 years
@ Estimated 140 million t CO,e removals over 80 years
# Applied Landsat, SRTM, field survey and calibration.

) silvestrum
CLIMATE ASSQOCIATES

|\m-; DIET TA
G blue veniuies
Beyn

il
ond conservation:
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CO, exchanges of coastal wetlands are open and complex

Mangrove forests as the most important coastal wetlands of SE China

M Coastal wetlands in China

e
N 'The total area of BCEs in China is about 5,000 km?, i nidal 3 e T e s,
+ and seagrass beds They are habitats for rare and endangered species, maintaining
exiremely high biodiversity and a wide range of ecosystem services . .

*
L

Esn,a” = Carbon Export
¢ s to open ocean
‘3
= Coastal ocean
i
B O Land ator Surtaco depositon Aquatic doposition &
: L CO, exchange of organic carbon burtal of organic carbon
S Lateral transport of DIC, DOC, POC =
: 2 ostua Biogeochermcal cycsng
Chen etal, 2021 and Importiexport between subdomeing) in the coastat zono

Barr, Lin et al. 2014
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Key techniques for measuring blue carbon

® Stock Difference Method — this method estimates the
difference in carbon stocks measured at two points in
time and results in tier 3 estimates.

® Gain-loss Method — this method estimates the difference
in carbon stocks based on emissions factors for speciffc :
activities (e.g., plantings, drainage, rewetting, COASTAL BLUE CA
deforestation) derived from the scientiffc literature and methods for assessing carbon stocks and emisslons :
country activity data and results in tier 1 and 2 estimates. At FE A T oh ™ ol

® Flux Method — this method estimates the effux between
the soil and vegetation and the atmosphere/water column
through direct measurements or by modeling and results
in tier 2 and 3 estimates.
¥ v Q) wn DO

How to select sites and measure carbon stocks ?

Strata 2 Strata 3

Rhizophora Scnub Aboveground
dominated forest living biomass

Strata 1 Strata 4 Freshwater marsh

Seaward fringe Tidal Salt Terrestrial vegetation
marsh

Aboveground
dead biomass

Belowground
living biomass
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How to select sites and measure carbon stocks ?

0-15cm =<— Sub-sample A
15-30 em =<— Sub-sample B
0-50 o _-4— Sub-sample C

50-100 cm | M Sub-sample D

100-300 e _| S Sub-sample £

Figure 4.1 Classification of mangroves. (A) Oceanic fringing mangroves (® Enrico Marone, CI), (B) Riverine or
estuarine mangroves (© Ginny Farmer, Cl), (C) Basin mangroves (© Colin Foster, Cl), and (D) Dwarf or scrub
manaroves (@ Catherine Lovelock. UQ )

Figure 4.2 Heigh

%: 1eight
(© C.I. Feller, SEI

Mangrove trees

Shrubs

S8IZE OF ITEM BEING SAMPLED

Figure 4.4 Estimating diameter at breast height for irregular mangrove trees (modified from Pearson, et al. 2005)

- . Downed wood
%é. Leaf litter

44
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=, M BN 2 o

Figure 4.10 Pneumatophores. (A) Measuring pneumatophora height, (B) Pneumatophores can be measured
n or next to microplots. These microplots can be the same plots used to sample litter (described below).

Examples

How much carbon is stored in the biomass and top 1 m of sail in 564 hectares of mangrove
forests on your project site?

» And how does that relate to CO, emissions if all the organic carbon in the upper 1 m of
sediment is oxidized to carbon dioxide?

Total Carbon (MgC/ha) * Area (ha) = Tier 1 total carbon stock for the project site (Mg)
» Where Total Carbon = the mean carbon stock for a given ecosystem (from Table 1.2)

= Area = the area of the ecosystem being investigated

Total potential CO, emissions per hectare (Mg CO,/ha) = Conversion factor for the CO, that
can be produced from the carbon present in the system * carbon in the system

« Caonversion factor = 3.67, the ratio of the molecular weights of CO, (44) and carbon (12)

= Carbon in the system = the mean carbon stock for a given ecosystem

© Boane Kauffman, OSU)

Answer to the second question

« 217,704 Mg of Blue Carbon * 3.67 = 798,974 Mg CO, in the study area

Classification of mangrove vegetation distribution
and estimation of biomass C by remote sensing

High resolution RS I

AGEER
Fhis

p A-\
08
(%
4 15 CliksTiaig Biomass C (kg C m2)
. B 550
AW 6075
7590
LiDAR on drone -: . oo

)

%
\ L ) j
) ‘ ‘4:1 :}:
R W
@164 plots (2009-2016) S5 i
52 soil profiles Wi 4
9>300 literatures

) L300

———{Tetal 2015 AGU poster
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Key techniques for measuring blue carbon

® Stock Difference Method — this method estimates the
difference in carbon stocks measured at two points in
time and results in tier 3 estimates.

Gain-loss Method — this method estimates the difference
in carbon stocks based on emissions factors for speciffc
activities (e.g., plantings, drainage, rewetting,
deforestation) derived from the scientiffc literature and
country activity data and results in tier 1 and 2 estimates.

Flux Method — this method estimates the effux between
the soil and vegetation and the atmosphere/water column
through direct measurements or by modeling and results
in tier 2 and 3 estimates.

EXAMPLE

* Rod neght 3t T1 = 100.46 m
* Rod heght af T2 = 100.98 om
& Bevation change = 100.98 cm - 100,46 cm = 0.52 om =
for descritng elevation changes in sof and sea kove)

5.2 mem feommon unt uses

+ Depth of the rrarer horon & 11 =0

o The merker horizan (s estabished during the st assessmarndt
+ Deapth of he rmarer horon @ T2 = B8 mm

& Vertical accration = 8.6 mm - 0 mim = 86 mm

+ Shallow sutsicnca = Virical acomtion - lavition changs
2 BOmMM-52mm=234mm

1n the caso of soil accration., fhe top suts-sample & Lsed 16 daterming the change in the soil
carbion tue 10 changs i Ihe sol volume (Lovelock ef &l 2014),

53

FOR EXAMPLE

Meaeasurements takan from a 1,000 ha salt margh site in 2002 (T1) astimated the total
carbon stock to be 34,667 Mg C.

I 2007 : 200 ha were drained resufting in an emissions rate = 7.9 Mg C/halyr (IPCC 2013,
Table 4.13. p. 31)

In 2010: 50 ha were rewelled resulling in an amissions rate = -0.91 Mg C/hadyr (IPCC
2013, Table 4.12, p. 29)

Sacond assassment conducted in 2012 (T2)

Assuming all slsa remained the same carbon stock change can ba aestimated as follows:
o (200 ha * 7.9 Mg C/hasyr) " (2010-2007) = 4,740 Mg C

o (150 ha * 7.9 Mg C/hatyr) * (2012-2010) = 2370 Mg C

o (50 ha * -0.91 Mg C/hadyr) " (2012-2010) = -81 Mg C

Total carbon difference = 4,740 Mg C + 2370 Mg C + -81 Mg C = 7.019 Mg C lost

Associated CO, emissions = 7,018 Mg C * 3.67 (comnwversion factor) = 25,739 Mg CO,

Key techniques for measuring blue carbon

® Stock Difference Method — this method estimates the

difference in carbon stocks measured at two points in
time and results in tier 3 estimates.

Gain-loss Method — this method estimates the difference

in carbon stocks based on emissions factors for speciffc
activities (e.g., plantings, drainage, rewetting,

deforestation) derived from the scientiffc literature and
country activity data and results in tier 1 and 2 estimates.

Flux Method — this method estimates the effux between

the soil and vegetation and the atmosphere/water column
through direct measurements or by modeling and results
in tier 2 and 3 estimates.
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Traditional flux chamber methods Eddy covariance technology and tower

e e

$un re ,
S p—-

0 ey trer e T stw e e

Figase 8.5 Ctiornber vokares rust be adissted 1o ercioss phuts of (St st
SERC €, e Huston, SERO)

REGESMLE (FLUXNET)

FLUXNET is an international
“network of networks,” tying tast ietated Fetrvary. 2017)

together regional networks of pTRERe . P A S

earth system scientists.

FLUXNET scientists use the eddy

covariance technique to measure

H

¥ 8§81
ik
i

the cycling of carbon, water, and :: 2 o Forest sites
energy between the biosphere = - i"l. Hing I i Leizhou
and atmosphere. 3 e C—— Mangrove
g » o] L] I plantation
¥ = S roviand i, 2014-
5 Saanasies » il :
- ° A e 3 e 3
m{ ) Wettand Sites o2 3 N
E L (VIS TS S ” ulin ’ .
ar,saummns-m 0 Shutand sies o \ \
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o0 o
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. "
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Leizhou fish ponds (2015-)
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Length of Operation/Data Avallability (year)
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2 Agricultural and Forest Meteorology 2019

journal homapage: wiww alsevier comiocatalagriomat

Impact of insect outbreaks on mangrove ecosystem C exchange is short-term!
Insect outbreaks have transient effects on carbon fluxes and vegetative
growth but longer-term impacts on reproductive growth in a mangrove
forest

Weizhi Lu™"“" Jingfeng Xino®, Xiaowei Cui™™*, Fanghong Xu', Guangxuan Lin', Guanghui Lin®"

Accumulated long-term observation data on mangrove ecosystem CO, fluxes

1EFH T R ad sl L E 2L, NEP (623-833 g C m?
vear!), RECO (1198-1349 g C m? year!),

GPP(1841-2060 g C m™ year?l),

LIN et al. 2023 AFM

FAF oAb AR (2010-2019) 45 T 4%

FRBZCR, MBARRHGT
") o

Gou,

62

Locations of two new towers in Hainan’s mangroves

Mangrove CO, fluxes are very sensitive to both natural and human disturbances!
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Launch of a new consortium: CBCC Comparison of mangrove carbon density between China and Indonesia

Subtropical Mangrove Forest Tropical Mangrove Forest
400 400 =
Yunxiao Gaoqiac Indo-Pacific Micronesia g
200 200 2
=
Wﬁsﬂ‘@ o £
2
Mission of CBCC:
("soil only 60 cm) (*scll only 80 cm)
v Work together for BC g b [-400
-
2
¥ Standardize the methods S
= 800 L 800
v Share the data - AGB
=1 Roots
—
ishi i - 1200 1200
v Publish influential papers S (T ) 2 ok 32 ak ek T
" S ("soll 300-600 cm)
V- Tt e seientists KO: Kandelia obovata AME: Avicennia marina
AC: Aegiceras corniculanim Gaizaidar
BG: Brugu aperala] Restored mangrove
v’ Serve the needs of whole . R R ) )
country and local communities Mangrove forests in subtropical region have much less C reservoir than those in

tropics. The C pool size is comparable with tropical upland ecosystems!

Donato et al. 2011 Nature Geoscience; Gao et al. 2019 Global Ecology and
65 Conservation; Meng et al. 2022 Global Ecology and Biogeography

stimation of blue C stocks and burial rates mangroves of Chin Carbon stocks and burial rate of tidal flats in China

Table 4 The distiibution, sverage C atock, © stomge, and © burial of tidal flats in China

Table 1. The distribution, average € stock, € storage. and © burial of mangroves in China Total SOC storage Soil C burtal ameunt
= = ~ - Ases (ha) (g c) (69 € yeu—)
Soil C stock Soil C storage Biomass C stock Biomass C Total C storage € burial ~ —e——e Cstock —_—— © bunal mte —
Province Acea (ha) (g C ha~') (690) (Mg C ha~") =torage (Gg €) (6g ) Ggca) Lbiiacond Lo% Hah_ $8 & hec) oot Ao WO oo yeac) L thes
7 2
Y 106 10386 T 12 021 Lisoning os: 13300 639 o0 .30 10745 000 143
2 Thanjin and Hebei 8306 73200 636 045 392 14602 12 o7
Fiifas a7 Uit 85 99 -6 Shandong 24208 1038 152098 86 289
Guangdong 8208 14233 1308 Gl 1920 1786 i 8377 ra Aoh s 16 T
Guangxi 11251 255.59 2876 3940 2183 Shanghai 10981 279 9151 10 3s
Hainan 2630 15910 578 - 733 104 Zhejiang 21,740 402 15384 31 204
s
Fuiji 285 26 130 38 39 170
Hang Kora 104 14213 15 2 0z S = G S
Guangdong 34807 \ 816 7a85 26 81
Semrgong .
Kzcan I R Z "'“ 2 a Guangxi 69732 A i 11 1238 7455 =2 ds
Taiwan 36 10386 6 = 132 143 Hainan 5031 \ \ ! 2.8 13663 7 27
Total 25872 4951 e X 6918 5017 Taiwan 18075 R = 13938 25 =
The area data sourced from Mao et al.,”” the biomass and soil C stock sourced from Fu et al " € burial data sourced from Wang st al.™ 1 Tg = 10° Gg = 10° Mg = 107 Hangkong 2 I : - - 7455 a -
kg=10"g taceo 7 o - 7ass ] -
Total 237 460 1,102,400 271 a48 280 1,499
The area data sourced from Mao et al  and the global tidal fiat map.” ~ the soil C stock sourced from Chen et 2l C bunial data sourced from Chenetal” 1 Tg= 107
Gg=10°Mg=10"kg =107 g.
SHtFTEEMRR (. Xit) EESESMEMRIEESR
= ¢ N ) =5 \ !
69 70
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Effect of future climate change on coastal blue carbon dynamics:
Shifts in temperature and precipitation patterns affect decomposition and production of blue carbon ecosystems

Driving factors for mangrove blue carbon potentials

Plant species
Decomposition rate k is dependent on temperature and precipitation traits
b]
- (ﬁ) e _ ‘:’ o . Animal / MPB SOC spatial variability
8 : g 3 5 | Mo " modulation \ - (vertical/horizontal)
5 s g 1 ¢ .
81 i°] 3
g % al History of sediment ‘ e 3 "y o
8 | y % = § T #,, Climate Change; Hydrologic connectivity
E ! s :f. 3 s - | accumulbation 3 » Time
- 6 5 w 3 omon
semgeres (4C)
= = (@ ~m e

3 S g3 T S o 3 IR G hology/

g mesh sise > tmm: . st e > o Variability uf/ y““:u‘,(“ ! comorphology

z g § 3 . conversion Hydrology

g ] factors

5 3 3 -

o g - )

o |omts : DIC “pumps”

i = '8 8 § 2 |° pampG

40 60 00 100 120 140 - o » “0 © -

Praciptaton (mm) Pracistasion (mm)

Ouyang et al. 2023 Global Change Biology

74

Outline International standards and methodology for BC

> Climate change as one of biggest threats to Pt iy ooty g S g
humankinds

r chieving Carbon Offsets through
> Blue carbon as key ecosystem service of v o Dther Wtk »
mangrove wetlands

Meeting Report

» Case studies of mangrove blue carbon , i
- 3 AR WyER
» Blue carbon trading and methodologies Gunghet Lin s the nly c-suthor from China g -
TNFCCT  (CDM AMI0I4) VS ves VMO0 ves
75

[ 8 W
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Methodology development for coastal blue carbon

Progresses of Coastal Blue Carbon Trades in China

FREE . SihE, Mot (=i, 2019)

Zhanjiang BC Proj
1=BC proj & i China
CDM (AM-AR0014)

1% MANGROVE BC
METHODLOGY in

Fujian (FFCER)
afforestation project CCER MANGROVE
in Haikou, Hainan AFFORESTATION
DM (AM-AR0014) METHODOLOGY

From Prof. Luzhen Chen at Xiamen University
Translated by Lin’s group

Restored mangrove forests in Sanjiang, Haikou becomes 13t Blue C trade
* 1**BC project in China : Project in Hainan Prg = =
ion project in | M0 e
on project in e e
i SN R SRUEEONS

EAN annem

IAEBILARARERTME” BEEEENH

WMARICNE. ATEd KR
3 BB G KA

“

FRELRR 8 A5 R TR B 1 3 RO AR RERY = = 4
"Guangdong Zhanjiang Mangrove Afforestation Project" is the first ' S— E B AE S =5 §7] el - = 2|
mangrove blue carbon project in China that meets the Verified Carbon | ;i and more trades I S g Jj]&y@
Standard (VCS) and the Climate Community Biodiversity Standard (CCB). | on mangrove Blue C! e Bt " S 5 I
This project was organized and completed in collaboration with the .
Guangdong Zhanjiang Mangrove National Nature Reserve Sesansnne
Administration by the Third Institute of Oceanography, Ministry of - L
i
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China Certified Emission Reductions (CCER)—

Trading Mangrove Blue Carbon using Chinese methodology .
Mangrove Afforestation Methodology

Methodology developed on CCER

*= Mangrove restoration project in Fujian
& Pk - framework: Mangroves (October, 2023)

+ 15t BC METHODLOGY in CHINA
(Developed by Prof. Luzhen Chen et al.)

EXNHEENMEESRY HaE
| CCER—~14—002—V01)

* Traded on 12 Sept, 2021

SFUR LAWAAREITIFTES WL (CCER14-
001-vO1) 3 WamAAR ST

2021459 120 , R A TP AR A ST E 2000708 F R AN
RGP REFRICXE T EMA KK, ZRBERE TEH
BILXG. ERXHEATUMARL G £ FHERPH
WEHK. AARRPEEAAHEEARRDFARREEAE T

T amndiERn

On Sept.12. 2021, the 20.000-tCO, of the mangrove restoration project in Fujian
Provinece was successfully traded on Xiamen Property Rights Exchange Center. This is

the first blue carbon trade in Fujian Province. The transaction achieved the two major el sty
: : : ‘o1 : o . e b o e s s s AR Sas
goals of synergistic effects of mangrove carbon sink function and biodiversity . FURATTSH AL A0 108 A B STEAMR SRR DR LS 7 E &
protection, and the ecological construction of mangrove protection and livelihood of

stiTEniNe SorTHRTHGEs: The only one of blue carbon ecosystems is officially qualified for CCER!

Principles and challenges for high quality BC

Carbon Removal Using Coastal Blue 1

Carbon Ecosystems Is Uncertain and - Carbon accounting is too

Unreliable, With Questionable complex, too much uncertainty
Climatic Cost-Effectiveness 2. High variability in carbon burial
Phillip Wiliiamson ™ and Jean-Pisrs Gattuso ™ rates

3. Indirect estimates of carbon burial

= R 4. Not accounting for lateral carbon
S - fluxes
MOBILTE Y -
ma-izaaTy (I 2 PRINCIPLES S mn - CH4 and NIO — the GHG issue
r 0;{*&"&:&2" 6. Carbonates
7. Vulnerability to climate change
areRare S Promon 8. Poor management/restoration

COMTEXTUALY S Cuonon accoining - e

orites 9. Cost-effectiveness and scalability

Many of these are even more challenging in candidate blue carbon
ecosystems compared to mangroves
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Green house gas issues: Green house gas issues:

Atmosphere O
() NET ECOSYSTEM CARBON SUSTAINED GLOBAL WARMING
Salt Mangrove Seagrass Macroalgal o o BALANCE o POTENTIAL For many ernsysiems
Marsh Forest Bed Bed their NECB is negative
co,
o H
Land &‘rlvenne (& co, PP Chiy # But their Sustained

ux R T Global Warming

Potential
(radiative effect of
an ecosystem) is
positive

co, €0y

i
Wk o T

< For mangroves,
both NECB and
SGWP are negative

@ Are candidate blue
carbon ecosystems
positive or
negative?

Major blue carbon pathways in coastal marine ecosystems:
capture and release COZ! re'sase CH4 (greenhouse gases) Taillardat et al. 2020. Journal of the Royal Society Interface Focus

Co-benefits of mangrove conservation and restoration as NbS More research and cooperation urgently needed

N . e c = YiaT5rackGh
«  Blue carbon and biodiversity conservation Bl Sergnal P al brackish &

[Terrestrial freshwater marshes co2
- ~T Mangrove forests &

salt marshes COz

+  Coustal restoration and community sustainability

High-Quality Blue Carbon|

Carbon Export

to open ocoan

Coastal ocean

O Land water 5pi ‘ Surtace dopostion Aquatic dopositon &
€O, exchange

of organic carbon - burial of organic carbon
Lateral transport of DIC, DOC, POC

‘ I, (includes estuary-acoystam exchange. @ Biogeochormcal cycling
)

and in the coastal zone

Barr, Lin et al. 2014

219



International Mangrove Center Workshop on Mangrove Conservation and Restoration (2024 I*' Term)

Take home messages

@ Blue carbon in mangrove and other coastal wetlands have
significant potentials for mitigate change as NbS approach;

@ Mangrove wetlands of China are strong carbon sinks for
atmospheric CO,, which can be used as NbS for CC mitigation in
addition to other ecosystem services;

@ Reforestation on abandoned fish ponds or degraded habitats of

mangroves provide greater blue carbon benefits than afforestation eL's wor k Eg E er t,o r—o tect

on tidal mud flat, so it is better NOT converting mud flat into blue
carbon ecosystems;

TSR - 2 s e Sl
e global¥hangrove wetlands!

A

s el RS
R E L e
23 .

P

@ More studies and international collaboration are urgently needed
to monitoring carbon flows between mangroves and other coastal
ecosystems.

L
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e Lecture 10: Be the Voice of Mangroves, Write, share, communicate, CEPA for Mangrove

Be the Voice of Issues & Challenges

Mangroves, Be the .
Voice of Our - Planetary Health;

Generation! - Climate Change;

Dr. A. Aldrie Amir - Biodiversity Loss;
Institute for

Environment and - Food SECUFity;
Development (LESTARI) _ Sustainability;

Univ. Kebangsaan Malaysia ar
aldrie@ukm edu.my -and many others!

X |
b

=.
B
4 |
E_,
v.

Condl ln-hwmu
Are Urying 'Fool*
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Write ‘about’
versus
write ‘for’
mangroves

To write good articles, you must:
- read a lot of good articles;
- gain as much knowledge;

- learn from credible sources;
- good, reliable data is key;
- mingle, get to know and argue;
- champion the topic(s).

The Planet’s ‘
C a r b o n Dcn:rg ﬁnm%:nlg Rﬂ"é"ﬁfh::;;?:“; ‘(Z‘ I,:x::} ..
Powerhouse | '

-
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] NEWS e

Wiy it= coocsl to protect 2avionmentally seasdive areas

a W

PROTECT, PRESERVE ALL WETLANDS

e il of iV
———ns posies

W NEWS i

Sy

([T S boslioont ol

o e By Boon T iviy R | i |
Fmmway qewayiies vik O AU LR
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What to Write?
Why Write?
When to Write?
Where to Publish?
Who to Target?
How Impactful?

won | Mining ses Devsis coult wpo our
MmN by 3080
|

First: The Foundation
1. The topic, the subject, the angle;
2. The audience, the reader, the target group;
3. The platform, the medium, the publisher;
4. Research, read, observe, interview, ask,
discuss, argue, brainstorm.

fores3s 10

convarted intv ponds: Mirsister
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PUNNE PETTRTTY 2 WA
Fomuts NMatier fat Thait
Carsursntion

Bee) Mt MaizEroe

Second: The Output

1. Ideas, information, points, data, stats,
figures, tables, photographs, footagc;
2. Structure, skeleton, flow, sequence,
connectivity, the story;
3. Write, read, edit, pause, revisit, improve;
4. Title, feedback, polish, submit!

PROTECTING OUR MANGROVES
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Third: The Outcome

1. Let it go, don’t just wait, kick-off next article;
2. Share it far and wide, listen and record
feedbacks and responses;

: Climate m
asa. s Sclenticts
= &=
Getloglsts

Tour

o

te
Tharomie sty Duzm;a Town & Cowntry
T Plavmer s
Prec

Architests &

E{uwnlsu

: - ’ Sait Artists
Archseologists Scientists

. WwviLfagebook. c«:»m/§l ow My mangrove
. rd

3. Analytics: #views, #citations, #quotes,
#shares, #retweets + policy change, structural
change, mind-set change, physical change?
4. Post-Mortem, Review, Update.

Tchy;lm Mimgrove Reseurc k {MyMafiizrove)

uc\;‘:LuKN:M ‘ ‘ALS Start Communicating!

£ TEOOALLTD TRANUNTEM OUIE WORLD
....... T [ 1. List down your ideas;
2. Do not hesitate;
L 3. Do not procrastinate;

SKLOH WO M
TLEMR TR

sm ‘u S

4. Self-discipline;
5. Start writing / publishing |
producing now,

13 _ _
SUSTANABLE otherwise your ideas
GOALS will get nowhere!

Mangrove:
A Valure s

Jove Sloy

@ 27 Mei 2021
®
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e Lecture 11: Wetland Conservation in Mai Po Nature Reserve

LI TR O s

TIUe mEngIvE species
Kanoshs coovatz
Allcennis mane
= Aspiceas comizisium
ACIoIITNUM SuBUT
Lxcoecwis 30aloans
Hemersz S0Es
ErUgUSrs QYTVIeeES
.
~ “
* o
-
i e rroam_wel_m w—q
Mai Po and Inner Deep Bay - Location ar

227

Distribution of Mangrove in Hong Kong 3(_';
€0 stands
s o About 624 h
Des By ° ®
Lantag isizng
Conservation of Mangrove in Hong Kong &

-y

« Protect mangrove siands in Resincied Area; Marnine Park or Marine Reserve -
<.a. Mangroves in Hoi Ha Wan Marine Park.

« Designation of important mangrove stands as Sites of Speciai Scienfific Interest
-2.g. Ting Kok mangroves.

Minimize the impact of urbanization through ianduse pianning and
environmental assessment process.
* An ecological t will be: ded if a proposed development will
affect estabiished mangrove stands of any size

Fromote public awareness on the conservation of mangroves.

Mangrove planting.
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Mangrove forest Q Mudflats ﬁg

Gei wai (intertidal Shrimp Ponds) g Traditional gei wai
Outlet | .

= —
Sluice gate [* Mangroves |

Stocking of ° - >

shrimp larvae n 8 ":\’ '\ fs @g

‘,SSummer Spring,

SR :
S R . ..

eeeeressrere
S Ao

= Harvesting %
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Management of water level in gei wai Wi kil 2
Every winter, draining ge/ wai one by one to provide food for
waterbirds -
£
B g
g
= 3
} o :
E
I
s
<0
° ] 1 1 - 9 0 r
Trominn Day

i

Water-lovel (cm)
&

& & (&

2

&

Gel wai @
wer

Wator-levei (om}

o 1 2 32 4 s(8)7 '
Draining Day J -
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Fishponds &

Ecological Importance of Mai Po and Deep Bay & Ecological Importance of Mai Po and Deep Bay &
T3xa Number of sp=cies Nitrer of Jansary 1 stied Whiter dgerepaie and sprevies
| plant 322
Birds 456
it 25
repties 3 -
\phidi H
| fishes 70
odonates 53
butterfies 107 p -
“moths 316
anis over 15
bees and wasps 156
Spiders over 100
Shﬂ'l"ps ,2 - . v ——— - - ———
crabs 40 ~
Mai Po conservation in 1980's !‘,? What's happening in Mai Po Nature Reserve? &
1587
. WWeF&Ha?)‘g;glgg W3s Tounded and 020ioed 1o Uncarnaks 3 vaq =
::zq o iy MDHabotal :
. T sunmined 1 - nagement
T (s Kong SAR ouT i Lk gver managbm ) S5 oy
of Mal Po 3t o cost
126283
+ Thetnen HK Gavt of

in pAncipte. the
e Mal Po Marsnes Nature Reserve

+ ACgulsiton and m. it Of the first g2/ wal with funds rom
lheRoyalHKJoueygno =

+ New land lcenses (for Conganvalion 3nd ecucalon) were given

1D WWF-Hang Kong
1383
« B for seltng up of 3 M3l Po Nature Resarve ant
tion Centr2
Ci 2 Vissor Cemrs and 3 1.2 ¥ concrete

" s
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Mai Po Inner Deep Bay Ramsar Site
(since 1995)

Mai Po and Inner Deep Bay Ramsar Site

LEGEND I

2 S

L

i
{

)

Objectives

i€

Sy -esss dnes]

Vision and Goals

1. To maintain or increase populations of priority species by

managing the required habitat diversity in 2 manner that infegrates
climate-adaptation strategies.

2 Toraise public awareness and educate citizens about the
importance of wetlands and their conservation, including the provision

of universal access to MPNR by visitors.

3. To share experience and knowledge with other wetlands along the
EAAF to enhance the conservation of migratory waterbirds.

4. To develop MPNR as a regional centre of excellence for wetland
research and monitoring

Vision: The Mai Po Nature Reserve is an impeortant siaging area and wintering
ground for migratory waterbirds in the EAAF. A care area sustains threatened wetiand
fiora and fauna and, with support from all stakeholders, the reserve functions as a
regional hub for environmental education and wetiand management fraining.

Goals:

a8) To manage the Mai Po Nature Reserve as a climate-resilient and adaptive
staging and wintering ground for migratory wetiand-dependent birds afong
the EAAF as well as a habitat for threatened indigenous biodiversity;

b) To susiain the traditional practice of gei wal operation as an example of wise
use of wetlands;

cj To serve as a regional centre for knowledge, awareness and training on
wetiand conservation.

i€

Biodiversity Management Zone (BM2)

R Ty Wy TR ) Dot wimering
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o e Al pperbfop e sl ot bt . Habitats for black-faced spoonbill W

11 Toprowtde SUSDE ID0StNg 3nc Seding h3titats for wintering Black-Taced spoonbill;
12 To provide high e roosting st=s for anorsbind assambtags

13 To provide SURSDie 1006tng 300 2eding h3tials 101 1he duck ssssmbiage

1.4 7o prodde suiabis rmostng and S24ing Natitasts T ardelds

15 Tomanage the resaban napitat 3338MDIsge.

15 7o prodde a r=-roosting rze Kanitat for Collarag crow.

17 o provide 3 peroning tres hatitat for Ezstern impsriat Sagie anc Greatsr Spottsd Eaglé ‘:" ;‘:‘;:; 4"’(" *‘*&’l
) L T vt

13 To Kentfy ang marage Nattate for Eurasian otters.

1.3 To Wentify and maintain 13bials for other focal key speciss 3nd species Jroups. such 3 Mal Po box jellyfish.
110 To deveiop 300 mansgs dverss freshwatsr habitals

11 To manizn the traditional opsration anu langscaps of tha gef wai iabitals.

112 To marags e intertidal muafiat

113 To condudt additional managemant [ slnpor achisyng he ancve cojscives.

114 To minimiss threats towards consenation Grosts 3nd 3ssockaten naoiats.

H

Habitats for black-faced spoonbill @ Habitats for black-faced spoonbill

Weeks before the arrival of black-faced spoonbill:
Grass-cutting on the bund

W Habitats for black-faced spoonbill W

L R R b Vﬂ'
vERR VW 1 F AL wa
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Habitats for black-faced spoonbill W
Restoration of open-water area Provide suitable habitats by controlling the water level
| 38 B
A ||| | [T R
R | [ Tl T A
Key:

1 - Kesp 2 low watsr leve! to provide shallow water for spoonbds to roost.
2 - Raise the water leval to control the spread of grasses inko the coen-water armas of the o2 i

3 - Lower or raise the water level to coincide with ik of

High-tide roosts for shorebirds

i€

LoD
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Shorebird assemblage 1 Shorebird assemblage
et
1. Shallow water 3, Creation of bird islands in different size
2. Large open water area and shape

Gel Wal 216

CEWa =T

High tide roost: vegetation control

Gel Wal #17

i€

High tide roost: vegetation control

| Ag—30a
Maityinad tgnsater leve {+S00)

ioe

234
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High tide roost: vegetation control

P ————

TYi iAoty

B Sihis fiushad mio the gei wai dunng water exchange which is carrisd out twice 3 month

= Geiwal Raveto be ged avery 10-15 years to maintain the deeper water areas for
shrimp and fish

= The dredged mud is piaced on the gei wai bunds

Tree Management & Avian predators

-~
ymmm
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- ‘ @ Tree Management 5.‘.!

Scaitered rees and shrdbs will be maintained

PR

Tree Management

i

Clearance of mangrove seedlings on 45ha mudflat @

+ To mamtain the area of open
mudfat suitable for
waterbirds;

« To ensure an unobstructed
view from the floating bird
hudes:
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Exotic Mangrove Management

2o

i€

coast of Desp

* Early 18805, exotic ] pecies wers introduced to the
BayiShenzhen Bay on 3 tnal basis.

* The i was 10 sn thasa Lo groen’ (he ceastline as ey cian grow up (o 1 m par yaat,.
* Un these
the local mangrove species

'3 Spp. have now successfully established and are out-competing

Restoration of abandoned community ponds Q

237

Overgrown vegetation cleared and pond floor
re-profiled

&

&
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i€

Mangrove nursery establishment Mangrove Nursery - Mimicking Tidal Flow &

Gl wail #1817

)} e e

e M i i -

A

Survival rate of Aegiceras corniculatum

Growth of Aegiceras corniculatum seedlings ﬁ,i' seedlings W
L 4:4
w© Vo —‘ﬂaﬂb‘ﬂ
W 2500
e
gx.n ww
[ 359

§ E §
Sur sl ruts (%)
| S
B 8B B

M i
22,90 200 i eoun
Ny 23 frat T
PP porey M
ma
5 (e fai Wtaa 188
e
: I
we 200
Son O Mow

uwmm-anwu—muu o-.u-F-n-mlhu UNWNMF*—WWM““WN“N.'"-W"“

m
Your aw
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Pest found in the nursery of Aegiceras

1 ﬁfgg Pond floor re-profiled and mangrove planted Q
corniculatum Aagicerss comiculztum
(s2edings Fam nurEsry)
Kandelis abovate
{droppers:

Bruguiers gymnorrhizs
(aropperss

_

Mangrove planting by volunteers g

Aegiceras comiculatum
(seediings from nursery)
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EC

Assess wave attenuation ability of mangrove in
GBA

Partner: Hong Kong Polytechnic
University & RED Censtruction
Engmeering Limited

&

« Deploy wave sensors to collect water level
data of mangroves in Mai Po Nature
Reserve

= 2wave sensors deployad

+ Data analysis and numerical simulation

+ Esti wave attenuati pacity of
mangroves in Inner Deep Bay

Assess carbon sequestration potential in Greater G
Bay Area (GBA) e

Partner: The Chinese University of Hong
Kong

-« D carbon q _.'.n-mr of
na rast gel wal (P g our Wetl
projact)

Cngarg 523 ion on
S0l SaMpiing, 3rd Freennowse g6 Sxdhanpe
+ Datarmine carb trat or

mangrovas In Mai Po1uaxun me;m MPNR}
and other mangrove forest in GBA
12 sampiing pols were aeveTpad

Ongoing 933 T ON DIOAMEsS
S0l E3MRpAng, 3nd JrESrmouse gas Sxchanoe
« Deavelop a carbon seq g
protocol for the wetisnds In GBA

Annual water level management regime for high- W
tide roosting sites

|
mn V\r‘rﬁr‘_
n r“'- '

L . B
T e R e ] P

=R

- ™ ] |
Ve OW T DWEIETT TR EX G 8D
© Cra Eomm E R mE mremme S007% W te ST HET AL AIET ST TEERI SRR EITY & awme el s EES S
Tt SRS TETERTET Sat S ETRAATRT T W v Wad? Se DOt § ARt reTies Wi o 1R e ke
Marrar Talie wees (el 1t et 6F 01 sfee wae ] W oeet g S il M ey lteee wee weel fntne wid afe feey e
ST
AOw Ve wule ectmgal Se s Cow whT Soe Dew el e of A
MAraT Sy wete’ jevel o Srnd $re et of sagmimtur: S 30¢ b eher of O

Low mesury hph yater feveis, Wi perockc axter exchongs depending on Deec Say tdy Croies, O sverage tatoe 3 montiL
Foodng wan Dres waler leves casacty of spechic et anl

O oown '© 2nd open watsr ey

Alow fee wimer sythangs wih Selayed irserdalsl cyce.

ER-R =
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Management of water level @
e T = —
| Celwaino | 43 T | Mo A My um u | Ag S| oot Mow  Dec
lse7 = —] T | .
= T\ e i e
i |
Why do we conduct monitoring? &

For habitat management \\

« evaluate effectiveness
+  sugges! improvement

\-

Timely data as indicator and alert
+ avoid serious impact

Research

i€

H S

Research and Monitoring

Objective 4 To develop MPNR as = regiopal centre of il far wetiand h and

monitoring.

Key Actviies

1. Mantas the long-term £ targets. . and sefected
ndlwtasofeeosysmohmqemMPNRmnﬁpBay

‘2. Conduct research that will help io habiat I and speci ion and
mcouefymMPNRandDeegBay

3. Produce and monitoning reports and peer-ravewed publizations.

4 Prmndeadvsotymon-saesuppoﬂmemm

Monitoring

&

Mai Po Conservation Targets
\

Solally ¢ Jrvrnea

Education and Awarness

&

ObmlTnmmwmawmamm abaut the img of wetlands and

thei canservation, inchiding the provision of | to MPNR by visitors

Key Actvities:

1. Reguiar review of approach and nt of activities to pl recent developments = the
Secior

2 Provice vmhquaky ng SXper I by hers ana motivale stucents to
t3ke cor 3ction.

3 Omum&yuﬂmeﬂaenewaducalmslmﬂrhesmdermeMPNR--ﬂ— tn pgrade project 1o
support the continuous: Jop of aton activites.

4, Mummdmwwmmwanzmzamﬁowma@

5. Use MPNR 3s one of the raiming hubs for teach prent orogr

B.Omanmeregdamdseasm-specsﬁcﬂahteﬁeboots

7 develop fun-fifled education activities in dfferent formats 1o engage the public ana sp=cfic

ofthe ity
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Major infrastructure

Reducing disturbance

« 17 Birdwatching Hides
“ BarriersiScreens

- Tall grass
- Shrub bamier
- Earth barrier
- Approach to hides
+ All tours are lead by
trained guides
(~25 pax [ tour)

.P'TI":H
Sairvhim Hark

Student visit programme — secondary

1.Who wanis to be 3 Wetdand Reserve Oficer?
2 Wetland Encolnter

3, Wetland Ecologist

4 Sustainable Development & Desp B3y

3. Mangrova Ecology @ Deep Bay

8.Urban Planner @@ Desp Bay

Tour Route & - -

Pancpes:

Complementing

Sramcing ctive and seslainet
isarmng

Student visit programme = secondary

Mangrove Ecology

4-hour activity, including study the features and ecology of mangrove
species and the threats they face

W e A -
prieond i e i i .-
T TVHIRRAWIT R PR R Y

-d.'_ R L i L T T TR
e e S I T R TR Y]

Wht v iy W Wow bt
..'mwhum.'-—m,a.. phreay A

———— -y M=N
< T T RO S 4 1311 §) #4E0RY (19AFTIN S

T revhn v wluibee oud T -

' Tomal walking distance: Sk
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Student visit programme = secondary

i€

Student visit programme = primary i

Mangrove Ecology

Senior form students (9 to 12 years oid)
1. Story of Birds
2. Ml Po insect Watch
3. Mai Po Datactive

:; =
A

Public guided tours

« All year round

Gef wai Harvesting mangrove forest and its role in global
climate change challenge
Duration: 4 hours

+ Distance; Around 6 km

Age: 8 or sbeve

+ Exploring Mai P
. uanyn:\g,e :o;.?aum + Standard route + Floating Boardwalk
+ The Magic of Migration » Get 1o know about the imporiance of

Regional Training and Outreach r Wetland Management Training e
Proaramme
Obgscowe 3 To share =xpenence ana knowledge wih other 3long the EAAF to enhancs &
the conservation of migratory waterbirds. + Statedn 1950
« -Offering 10 Training Courses (8-day)
Key Activities + Offering 5 study tours {1-5 days)
. Conduct 13 training courses anc skudy tours for wetland managers and officials annually, for + About 150 particpants each year
around 200 participants n total
2. On-site wetiand raining and 3ovisory work at four 1o s important wetland sites afong the
EAAF for continued engagement, outreaah, networking, and negional capaciy buildmg.
2 Develop an onine network of wetland managers for communicaton Participants
4 Work with the Edveation Team ta int=grale Education on Sustainable Development in the
wetiand management Fainiog cowrsas. +  Naturs Reserva! Wetlang Park Staff
+  Gov'tOfficiale anafor Decsion Maksrs
« Educators

+ Raseamch Instiutes
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Application after training W

Survey an Apptesimof Wetlana Mansgemess Tratning Cootse (201 2 X055)

173 Cvrmmmental Ldocuhon S —————————
R 0 W WAttt Pty
T N Winttaods Riminniaf|Col -
SITCR L2 Mariconing auif Sessaith  AE—_——
LA R Pty e aed Py S
AN Lssttoatin S

WLETISS T Eanadimliter Analyvid A
LT HADEIT SNApTIYet S
‘ JHLZ Sard byt S
PETTFAY Actien Plapiiy i
1) fungaary  SEEEE=
o~ . L - -

China Wetiands Project

&

1. To protect biodiversity through capacity building,
management planning and habitat restoration

2. To use wetlands wisely through the development and
introduction of best practices

3. To raise the conservation awareness through education for
sustainable development (ESD)

i€

Thank yoy
wwi.org.hk

Xianjl Wen {xjwen@wet.org hk|
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e Lecture 12: Monitoring and Protection of Migratory Birds in Mangrove Wetlands

"~ on D! and 5 ar Canter {IMC), 25/7-8/8, 2024
s, g,
@ FmMAT
:\!:;/ F O HIESANES O RBRITY

Menitering and Protection of Migratory Birds in

Mangrove Wetlands

Dr. ZHOU Haichao (Joe)

#) Marine Ressarch Centre, College of Life Sciences and Qceancgrapby, Sherhen Usiversty
b} Geester Bay Area Mangrove Wettard Resesrch & Development Centrs

Bt 2hcuholdan et o Thauhc0 13 @gmaELeom
31 July 2024

Why is it called mangrove?
The 1

What are tannins/polyphen

« Taonins is B in Chineas waord firstly, 2nd the word “§3%
means fed.

« Up to 40% of the dry weighl of mangrove plant tissuses (feaves,
bark, seeds, woed) is comprised of polyphenols, or tannins.

« High level of tannins is oane of the reasons that mangrove called
“Red grovelforest® in Chinese (K133 ).

B®
Content
1 | Mangrove Background

2 | Restoration for Birds

3 | Bird Banding

Tannins in food and their astringency

(8 TR B R EL I R AERDRR)

* 1-2 g of tannins per day i our daily diet

Published works on tannins

T R T
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What are tannins/polyphenols, and Why?

LANNIN POHS LANNIN PHWOUESRES ENVITRINMEN 1AL
Soprtation Dkl Cocnad Ecclegical roles:
Fidage Lgn
Wowel Trrperwry
"y Aesmpliats OX) Chemical defense
LoL ey
e ey Litter decompesition
un = ! Nl.nrient eyeliu?
rampeittes ey
- m:num :::- ”L“»:-::w Microbial activity
(-mﬁm C ety Humification
" o
Mgl Koo = rin Metal-complexes
T TR v
T in pools, and envir i facters Inf ing thelr pe

fate and potential rolas in foreat scosystems (Kraus ot al,, 2003)

Experiment set-ups

* Dongzhal Marbor natianal natare raserve, 22 mangrowe species)

milar growih conditions were chosen and labulsd, Thrne

te right) Young
of leavas), Mature (the Ihird pair of lnaves) Bansscant (turning
yallow leuvea)y

'@ OH

+ The column chroma %nphy, colorimetric assays senvetsed-pbase HFI.C-ESI-

MS and MALDI-TOF techniques were used te identify chemistry of
pelyphenols;

* The Nand P tent of leaf sampi was delennmed by the micreKjeldahl
methed and ascorbic acid-antimeny g ph colorimetric method,
respectively.
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Antioxidant Acﬂvrty of Mangrove Plant Polyphenols

Sefl —— * What about tannins in the
¥ § Yok Widigy I R iy u oths:r mungrove plants?
" P e——
ey e * Ars 1ho fate 3ad rolee of

wa ummnul gAY wmmg n CHa
L L Bt T tanning differant amony

[ such other?

ot

* What avout ths sffocts af
' - 'd tannins on nuiriunt oycling?
| | 1 ,,; .
= —t q 5
f"ll —_ = =

« Firstly, It nuad ta fgure
wur what type of tauuine
in gifferont moogrove
plants.

’-’A._._! —\

Plant polyphenols, N and P of leaves from 22 mangrove plant species
' 11 species (mainly

Rhizephoracsas),
8 species(mainly S tiaceaej
and 3 species|{Avi d. ri
E> ¥ flocha, Xylocarp
granatum)
are cendensed tannin (CT),
hydrelysable tannin {HT)
and low melecular weight
polyphenol (LMWP)

" as the main type of plant

B L . o

) nn 0 sy WA e
Svor o or tyglivn ) LA " Ly 15 e
M emama 4 . Ly MI) . N

i

Mangrove Wetlands as Important Wintering Habitats for
Grear Cormorants and Chincse Egrets: A Prchmmary
Study Based on Satellite Tracking '
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Rescue & Group of Great Cormorants Trapped by High Buildings

Shemhen River extuary restorntion area: bordered fo the north by the Guanzdong Neilingdins Fotian
National Nature Reserve, to the east by the Fatian Masgrove Ecological Park, and separated from

Honz Kong's Mai Po Nature Reserve by 2 waterway to the soath.

b Elms (Vie, Sssmertie spaiisg eery = S oy Fo= piish ofFmweation. 33 WL Voss siees fol soeed
== vt ]y 00 N i bt Suevdives Rlvws

> Tis arimmive meesd of the seullv & s o b g ailiee iy and Jaesl Formai fon, - sndating the riaers
watay (low pmssssity und st belly effet e =iy o Tk corind it deninmn

o x/
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Coogle £

Spread of Sonneratia in the Shenzhen Estuary Invading
Migratory Bird Habitats (MCF)

Noz-antive Sounsratia manzrove plants
gradually hecominz the dominant species

e Mesx i Manber 5t 808y Facordes | 3ligls Mathly
Suryeys in the Shencfien Estusvy Sstlard froe 2008w 2028
Dute Sewee: Sheches Bird Wetching Socisty)

Dratrilnsttin sap of Samnsrase govisie o Slesthes Bor
Comerre: Pontunsir Tass: Fiang Yoe, Che Ltssarnity of 1ssgy g, Dovp My Wothannd Cumasr sblie Setsmme. 2170
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Utifize high-resolution saleidle iragety lo analze
changes in mangrove vegelahon ses in
Shenzhen By

et

LR 4 LA SO0 2 O VST 0 0 TR0 il 5

(Ren et al 2017)

1rreed he Abton dhaogyrmes
VI I remt pertene
Paneh s dinrlby il oe
wageees

(Faztiogin et al_ 2620)
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» The growth rate of the son-nasye Scmmerntia specsln
surpaczes dur of ustive pecies, indicarms 5 pocentinl
trend of ecalogical mvesion

#» Ower the pau T year, Soonerass tpeaes = the
Shemben River smury have grown Sroen nothing o
cover an incredsing wres each year
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Timeline for
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yegetafion

the Restoration and Monitoring of Sonneratia

EFruliminary esasrch and (Dfxpert review and
Stagal itlal phan formulation approval of the pan Stage4;
Experimental removal  Conduct commutity $0btain admiristrative Compiete 878 ha
of | hy outroach and sducation approval s
2NIT-2ME 202078 20210 W21-2022
21we 202005 00m 2022025
Stage 2: 2 Ran cotngapan Stage 3; Seovgical Restoraon and
« Pubdc opinion regornt Comglote 43 ha > ity Mocitsrirg

Removal ef32ha - | Conduct bizseline nrvey

Nuod N ER g

L

R
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Ir: Cotooer 2020, e VaIlrE
Protecton Degarment
organizad an expert reies
mestng andthe P’ was

oproved. ThE prued was
3o In TE s3me month.
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Adaptive vegetation
restaration methods

® NZcanory Ossite IS520W 4

® M3 Remove aimas <53

s Finished-on 4/7. use

on-site camera
mmnioring and drone
swveillance to track
Rirg distribution

LI T L o]

« Mandoring an 187,
20T 3Ad 21T
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Establish long=term
monitoring stations

Fleas and nematodes etc.
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A total of 31 flsh specive from 19 familise and 8 ordern wers » ally

speciss. Ameng thew, optfish and Mils tilspis are non-sative {nvacive species
P VBN e o1 | e e ddete —
u= .- Iy C—-— s
s
car e “ et
S| e 0GR ——
- e .. R —— g
SR o e
| e —— -
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e e e ——p—
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47 species of warer burds with 6606 mdividualz. and 66 species of other Birds with 1330 by el

The g 3 srgrtme of warrierk mx o dofuee: dats ol guies ) wesse, 1097 msividesa 1 45, waitrs met ploenoe (22 g, T
vy £3 925 il (5 w423 nfrabiste & ML Smrem s, svemdiiia (|| aptnsss, 143 hafiebdibl, 3 310 Gemmmrnet (5 qmems, |3
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Black-faced Spoonbill

> L In kst 3033, the srimm mmber in the Delts smver
€9: 10 years % Juveniiss om still be detacted during the breeding
asagun;
3 200 the sosber realned stsble with tio small
l popalations, such grostar thes 00 individusle, with the -
4 Ia 2084 Tirst heeding of the Black-faoed Spocchill AR

20121714 HK firstly banding 2014/1025 HX firstly bandmnz

S5ams 1s8a nome maEsssgER; )

* M2nQroye raEtorsnon requires
not only Expanding e ar2s
oul 3ie0 fozusing on
hlodlyzraity |

« Attorestalion /& mangrove
rastoralical BUT getarsstation
16 2169 Mangrove restoration

» SUrEnginen crcee-regionsl and
crass-deparimeanta
cogperation ang |tnovalcn It
me2hanisms
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What is Bird Banding and its role?

Bird Banding is Me process wumgamn. uniquely numberea fing ta the i8g of 2 tam to track s movements,

behavior, 2nd ifespan . (D card!)
TRl meNo0 provdes sssentlal a3 msmnyun;m = patems. and
siengin Tefotte.

Nuose nng  Satellile rucker

Neckring  Wing ok

|A brief history of the development of bird banding

. luly B-gnxi-g: (L 191.\ Cumy) Buﬂ hadhg starsed iz the [ata LE00: with Hans Christiaa
3 Damis wie bexan Maching alumizum rizgy te birds to sredy thair

moTemesti.

«E ton and ixation (Sacly I0th Caznuy): The practics sproad to Norts Amsrics ad Europa
with crgazizations liks the Americsa Bird Banding Association {1209) 2od ths British Trust for Omithalogy
{1233) establishing 1txndarydizod matkods and larze-scals banding programs

* Moders Technigues and Techzology (Lats 10th Camnory to Prasent): Advances in feckealogy, snck a3 GPE
23d radic selemstry, havs exbanced 1hs precitica asd scops of bird banding, allowing for more detailed
tracking and date cellecton on bird augrtion and hshavior

” ” 3 B 3 B 3 {a « The Natonsl Bird Bandiag Center of Clurus (ia 1982) was sstabiinbed by tha former Minsury of Foreatry

v 2t t3a Ckingss Academy of Fazsstry. It bs 2 natiosnl-leal R & T nd MERSShEBat Cunigr; maialy
— EAAFP respaxibls for dhe natiomal kird bandiag i i i
— (with tas jenal M v Bird Pr ioa Ag
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Research Methods in Ecaolagy: Marked-recapture

* Dsiipitivz’ Capeuss 3 portios of idividealy ln e anvipustent of the
o7 =dar =i theye idividmle end ralesee tam ——— =
wack o thy siginal suvitonmest reapmre them 2fte 3 pnied of ims U ‘
and sitimsts 185 populsnox diza based oo vhs propecnan of marked . : ' |
iodividunis in the recaprzzs to:te 1ol zumber of tmditiduals cxprrad - |

* We sit = waimbar of mmkad o gambet 32 tucaptazed mdimidualy o = B
suwmbes of merked {ndividinel: 1meng rusaptured imdividualy. N toial . A

sumbas o survey dites

Mun
Yot mmmp V=22
Thee =aze’s t2a forzmis o= »

¢ Questian: I= 3 nozey en 38 aumder of Commas Cormoranty i
Soansdan Bey, 100 WaTe Tzp £ foz 1By 13t time axd
saiezaad with morkiag rags o thaw lapy, = fow days Iavar, L0€
firmavaues wera fapinred apain, efwhick ealy 1 4ad @ cericzy ning.
Ex Sow mapy Cammag 3% we in Shemsiiss Bay"

© yunsuies  CMistnstingmemod®

Fiedd selection and catching Gme
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Why bird banding?
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© smnauien _

Patrol the net

~ Frequency ouce every 30 mimufes
.7 Adjust according fo climatic factors: cold and bot
summer, windy and rainy.

© snusve B © ymamesee A

TUntie the bird and temporary preservation of birds

General procedures foy untie the bird: tronk head, wing: and toes.

Tool to bold the birds: bird baz

The principle of Leeping bird bazs: ensure the safety and health of bird:.

* Diry. clean. dark and ventlated,

> A'bazofindiiduals 6f the same species or atieast the same species;

» Preienvation: ne 3 slipknet and put 1t = 2 safe place 10 avoid matwal epepn=s;
» Release 23 s000 25 possible;

¥ (Check the bid bz affes the end of bird bandin-

> (lean the holding tools regularly

©mgauien
Bird rines and Dats Collection
® Check the bird's 3oz ® determine whether thers (s 3 fing.

® Suicies et
® Choos= and waar the appropaats g
® Measurenzent and photography

At the 13me time, someone must record it at the same time; Pay special
attention fo accurately record the ring mumber.
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L0/

0 mnuies ! <

What Data need to collect”

+ Body measwrewrant
o Motting consdition

« Ape and gendet

N Pty e

V Othar
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Releass Mndslﬁtys[lml:i:ﬂuprmofmg—narhg
7 Youibould pur the bud on the palm of yeer kand or the ground aod ket By

1%y by inedf (a0 throwizg! ) + The monaliry rate of most passenpe misTatory dards in surmm 5 35 izh as 70-
» Avexd dangsrous piacet (inclzdizg osts) and relsaie Sem I nitabls B5%(Newton 2008),
abmtt.

> ‘hﬁhwi&m&ﬁn}ywn‘mn&m
mhm;tuhuhmanhm

Young¥ird: salsaied 20 the caphuss tita.

After duk mmwumwum-&xm

* Rinz-marking operation will brmg pressure and sfress reaction to birds. dut 88%,
of rinz-marking Hinds arz not siguficantly affecied m the subsequent mizration.

+ The causes of durds' death i he procass of riznz-markinz inciude technical
Teasons (tools and methods of catching birds, methods of solvme birds, methods .
of holding thaor. ett.) and nan-technical reazons {imdividnaic caught tu nets arz
preved by namiral spemes, et ), so the teck y should b2 improved to aveid

the Geath caused by l&hntdmmsnm:humt’oh.

+  Although there arz a few deaths i the process of environmenal records. more
burds’ lives can be saved by promotinz protecton through anvironmental records:

Bmdmmubmmwns the normal pzemality rate in the process of

. mshmmaxm;mmmmkmm

* Dhysical dmmags of birds 1o anvirotmanta] voluntssrs:
aptars, Sk eaters and Zvain exters. —

+ Birds cany a vanety of vinwes and Sactem.
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® Bzdadms acnvims:s shuld be candiscied ot desizmntad tord

® Formuy admumsanave authermes shoald submer 2 Jzofsad

Management of bird banding in China
The forsanry sdonmsiransye authonty 1z yesponsble fornatonwides bud banding mansgemest

The forastry admmetrative anthority at or above the counfy Jeve! are respannhle for the
mimagement of oird rnging within thewr jansdiction:

In 1981, m order to impiement the A wesment-on the Protection of Mizratory Bards and theu
Habitaiz sipned between China and fapan | the National Bed Rinmns Office was establiched m
the former Mimsnry of Forestry:

In 1982 the Nattonal Bud Ringinz Canirs was estahliched iy the (lunese A cademy of Foresity,

ﬂ.ﬁéﬁmﬂ;m}u. aAEa

The way to carTy out the work:

bandinz stations or isftutions condnmed by 2 bocal hird
bmding smunon or fore:oy admintiuatve mithonty, Othes
organtzatans and individuals are not alowed 1o conduct bird

iy ¥rmpiong ragitag 0t o reg s
tending safions or mstitunoss conductng bird bandms
acnvites wihm their iridicnion to the State Conncif’s forestry
aimimiserstive aumbaority smumslly, This dstwill be'compiisd and
publizhed by the Ratiual Bird Sanding Cepisr

Bird Banding Station duiies

Formmists rules md ramulatons ot bird npes 1o emure Gatil s eperntad i syt accordances with s techmeal
reznlanom and t prevent the oss of bird resonrces du= fo bird nnging

Soberit sumee! plas for bird neigins i the Jocation oo tim=_ oo apyly for admimststive Heencs: in 2 Gmely
e I arcerdance with (e frw o it twplves stagrery Tis Sremrss

Setup saiis Jocnton: Sor FrdTmEm:

Bumemumlmmmmm;muxrwmmmﬂn;mmm i récovErY infonmation to the
Nanonsi Bird Rmains Cenres m 2 timely munner

Crary eut publicity. sduchmion and technical traiminy on bird provection: #10p (Gegairingng or mdcnmmate
tunting wnd ether Sefaviaus that damess fursd resvoees and haSwats and report tha oo the Gooperen wildlls
suthorie: &  tmely mames

Responsibilities of the National Bird Banding Center

Thsgnte, fisiizn (hezee bmymg

Natianal Bird Banding
Manngement Regulations

Th= establishomaet of 2 bird bandinz saton requirss
he s S GrZamization to Tuhisit an spplicates
10 tha L ﬁtuu\' sdmiistrative ¥ - Iromst
be mnﬁzmd bnnd:ng center ﬂumhe STAQUE

hixs at Jeast twey a fixed
hcmnkr gn..mnu. 2 yource of

Before conducunz manding actvis, u&ac}:&csf\

10.0! SIAIVS DEmIIN
nﬁmfm:mm and B ’adg

lwcpnm.mdmgq\ukﬂmnu

Oboam bird Dandme wolt md bands from the
bandoix canter i u3e roals and banids tecozpized
oythe E canfer!

Cemply wuh relevant laws. szsulanons and
ssgﬁ'mlamm =5

+ Prepare izn banding slans and m:hnmzl
mocedures, qrEanies the

guide and coordmats tizs bandins
achvines;

Supsrvize and distridbuts banding fool: and
markers and coosdnate the color warking
of bands azrows the couniry,

Collest and mansge nnz mformation;
Carry out 1nass nns trainns,

Cany ouf intermanonal coopsration and
information etchansze

ERRLESTHE (ASSAWRNE 1257 )6 (a2
RS2SR (ify) » rEs
1hrmnumwhm-1nn-m

Vg Lol ﬂuh{hﬂllm

Requirements for bird banding persounel

® Staffand v

2 in boel banding

activities should reserve

(echmczlnnmn, Emm the Chma Sud Bmd.mz Canter; Bud Bandins Smmn or

car it

only aftey pasuns the =l

znst can par

= in przanrred bandine sety

® Forsizn parsomnel to camry out bod bandins work m Cluna nzéd to bavs
efective bod banding gualificatons and comply with relevant w=znd

reguiations m Cluna
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Access to adminisivative licenses in
accordance with the law and regulation

Tz Natiomal Hird Rivems Cenne Bind Pingne Station or ot institations
erznzme bird rnging schvies stali pe forwan 4 binfnnzmz plman an
annunl basis e which the birds rhat ae= plannad 0 d2 capnrd:

1} If the wildiifs 12 protacred ar the manomal lsvel i ahall be reparesd to the
oresry stumnumanye depamnent for approval m accordance with the L o vadoshs Wk s peyyry iy
3) For wildi& undsr the second leuel of natian profecnon. 1t slall De ympomtad.  aasaradh Ao sansrsarssnnss
o the previncial forzsrv administative Sspampant for approval; . . o
3) For non-Nanomal ka5 p:mcxd wd:Lk& actording to the celevant
prtma die location hﬁ-N’-:i rmdﬁ;tdhﬂmg’hm

RRMRINNpLey)  Semee e T

SRR HRRARN B8 LN paesen

B RRRREAN R AR A

srersanets) CRLRLLL
T e T YL D e | o T b b S 4

Some Important Things
Currently, bird nnsing 1+ samaged 35 wildide lumting
The principle of “whoovar applies s responsthle” is ofmeryved
The nnzmins of buds m restneted arez: znd dunng restnotad penods requires 3 License:

Anyons who captures binds forringinz withont approtval or m vislanon of the movitions of
these Measures, or who kaeps birds for other purposes: shall be daalt with by the compstent
admnusnanye deparmment of wildlife in secordance with dlsgal huntne sod oepping of
wildhife

If the mmation 15 senous and consnmtes = crmme, crumnal responsibiliny shali be myestizated
=cording to law

Establisnment of Shanzhan Unlversity Birg 8anding Monitering Station 2023/6/15

QHEEER I ETS

REROHHBMHEDO

Tunatas [ing At W e Vo bt AT o
FEERERNE
|| Shermwr Uy S Saecng Mostamg Tista

LI . sust @ © o=
SESEFER O LEAEFER D
RS R E ML IR RS S

IMFERFREFIINA T EARTEAR PSS URIFER IR
1 =
neranes ¢ AThen 3w 5 Surtmmi-mm’m

a
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ITeatment of ringed birds

® It spproved to catek buds m gany out smEne scnwines, the capired bords should be
releated on the spot after loading markers or signal tranomtnns deviees 1o 3 maly manney,
and should not be ludden orretzined for other purposas.

@ In the mrocess of bird Tmems, 1f unauthansed birds are caprared by muatake. thone mutable for
rnginz should be properly nused and those unsuitsble for muems chould be relaased onths
=pot; 2nd el resous mezmmes shonld be taken for injurad or sick mdraduales

@ In oqder to czmry put the nugns actniiges the buds relsased for mnificial bresdms
confiseation by law enforcement, sheltenns snd jescuing should be camsed out m thew natural
divotbunon sreas, snd must be qualified for quarsntne

at g at Fullan l
Park, Shsnzhen, on March 25, 2023

On Jime 15, 2023, the “National Bird Banding Center Shenzhen
University 8(ni Sanding Monitoring Station™ was officially established
at Shenzhen University

""‘T +...
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On June 15 nn mw w . ‘, mnm U“Nmﬂy Bird W AU RART TR A XinTAEme : :“ -~
Banding Moaitoring MM sl Alrport Bird Banding Sy et i
Monitoring $tation) was afficially established at Shenzhen Intemational Airport e B

=1 ' “ - ()
* K3 : X - - iy
- a i / \ " - -

3

There are four main aspects of the bird banding: Tracking of released rescued birds
Based on the rescus work camed out by the Shenzhen Natwe Reserve Manzzement Centre, 3 totzl
(@) Tracking monitoring based on the support of wildlife rescue of 13 birds releazed were fitted with fracking devices, of which 7 out of 10 Common Commorant=
work of Shenzhen Nature Reserve Management Centre; d successfully to their breeding srounds, 4 kept their data back and misvated southwards to
Chm of which 2 retwrned to Guangdonz. and 1 has already retumned to it winterms ate m
Shenzhen Bay m 2022,

(2) Mangrove wetland combined with black-headed tern ringing
monitoring and protection planmng:

ko

[T
[

erd—smke prevention and ringing protection at Shenzhen
ao'an International Airport:

(@) Waterbird nnging monitoring in Futian Mangrove Reserve.

Ringing of juvenile black-headed terns on their hreeding grounds

(D Whan the team condocted 2 menzrove wetland survey o May 2023, 2 discovered o black-mapped tem
‘breedinzs sround in the surounding coastal habuars,

(2 Problems faced” Due 10 the s=a rush activanes o the swrounding arsx. human acivines are Feguant and therz
are amificial behaviess such as stealinz and movinz burd ezzs.

(3} Responss msthods: Camy out video rarveiliance on the bresding island. fnz the vouns baxds and accumuline
mcubation sz, vourz bird survival rate and other data, and plan to promotz e breeding isiand protection plan.
4) Thers were 2 mnal of 27 rings this year including 3 adult birds and 24 younz binds Ore young ourd thar died
due 10 2 typboon was recovared.

vy hme praeeve
et el pppidatoon o s s sy sl e
Erontrag baliiad of Mcheplivw s2s saoczdiod Sir d firs e 5
Sescha, with m s of | X hosme The ovgring semtin
o Nlrwin Hoond Ut mnnah N b ot b eieial

TN T,

e
hed e Uhe et
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The protection of black-napped tern brezsding grounds has been
included in the mangrove restoration and protection plan

Bird banding monitoring for bird strike prevention at
Shenzhen International Airport

The team cooparzted with Shenchen Bao znAuponmmednbnd.m&ebudnetm
the zuport and nng the buds before releasme them back

WV

Since September. 64 individuals have been nnged, and bunds at nisk of bird smke have
been worn with tackers. Among them. 4 spacies of nutledoves have been wom with frackers.

-
Shertien Mongrove Pratocien
wnd Rutzation Action Pfan

BT
"

Postcards and other small gifts for science
pepularization activities relared to bird
banding and monitoring

(FELETTAE S

Ehhoahey

MBS GUAET A LM [ — MM&MM‘

e pak eran LA 108 eI e Wiz wn N

. M qnq\..“:‘mmw e
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Potentizl Application Areas of Bird Ecology

Generalized ecology of avian-origin influenza

A viruses showing common directionality of
cross-species transmission events

Wikl Arreitrs Hiatn

| - ghmes =
@@ = ot
A s 'J" i —: STprYe—— ._ : -
1@, 8 o

-
e
Slhmm— reTTeens vei e w—

H\‘\.
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Plan for conducting bird banding monitoring A
in higher education institutions f

Bird e

Banding '

monitoring

Teaching & [N Protection —_—
research : work

Map af Migsatory Sra Pyways in Cnina (N33cnal Acsanj
BT LRRF SIS TR (2024-2030)

. - Ticaty tv Ge tewm Sor theis (everewt el metiesliemi
‘What do we plan to do in the future? = | RUCWRRTRI AN, AR A 1D SKS. §
) - o . k WR. SR REF. BN B Seade. Lahe BES. AEE. BN

@ Based on g%ect to carry out man‘%gveweﬂmdxmgmmy bird
Strengthien the cooperation with Shenzhen Awport on bird b. and
c®onserva'hon + bu'fl early ngnng. etc; = anding
Carry out zoology mtemship for bird ninging and monstoning based on
t(x?mddjgradmte teac practice;
Bird nnging education llision survey. efc.) based
Qdcrgraduates ecompctmg‘s!d ancr?publ © welfgrye pro}ects, =

@Hepetoga;gw{Coppon\nlnhtytoestablmbmmtunaumalmmorkfm TE T Please Stay In Toush!
t b Sl monopc gt mstsyel nd ohec e . Dr. ZHOU Halcheo (Joe) -
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e Lecture 13: mangrove Ecological Characters Maintenance

Outline .
——

1 Wetland Definition and Categories |l
2. Ecosystem Services \ L |' L '
3. Status, Trends and Drivers CONVENTION ON WETLANDS
4 Concept of Ecological Characters SVENTION SUH LSS ZONES 1TUMT
5. Ecological Character Description VENCION SOIBGE LOS HILMEDAL
5 M 3 ;"3 and mair Raaraur, founy 15710

YU Coi lucoi wettand@foxmail com
Beijing Forestry University 7. Group discussion based on ECD

26 Jully — 7 Avgust Z024

1. Wetland Definition and Categories

= é

. PR A R R
What are wetlands? ...C’_‘:*'- i

Wetland: Conservation Law
af the People”s Republic of China
2022

Couvention on Wetlands
1971

——
Convention Definition of Wetlands m

Article 1 Defimition

1 For the purposa of this Convention wetlands ars
areas of marsh, fen, Eeaﬂmd or water,
whether natural or al, permanent or
temporary. with water thatis static or fiowing,
marine water the depth ofwhich atlow ude

does not excead six metres.

The wetiands include surrounding areas of the
> & T S (o ttpe /sarthebasrsatzry.nsio.osy masas T 11 30 deamanic
| F e R, | HAZA Slgsue Stavans Soodingmconarsaides
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Dmoniew 221

D01, 10,3520/ 16760611
B2
Categories of Wetlands ey Moy v P
12073, £08%
v
Ramsar China
3 doss=s 42 1yp=s 5 doses 42 1ypes GB/T 24708-200%9 (:f( 2 J“ .
* marine weslonds * coasal wetlends “C' P -04; /7
L 7 #: £ A

* riverine wetlands

Ry W

* morsh/swamp wetlonds
* arfificiol wetlonds Arzas (%) of word naniral nland webans ¢f3ssas

Svatics by Ramsor Categocy &
differant by China's Category

* anifical wetlonds

» mland wetlonds

Thess groups can be dassfied further
occording 1o the type of warar such
as the fresh, alkoline, saline, and
brockish warer.

Areas %) o7 wellano diasses in China

2. Ecosystem Services

Watar
- Wellandd evosysteen services far excted those of terresirial F?Od R
« critical food supplies induding rice and fresdowater ani cosstal ik, and fresh Water regulation
water, fihee and fuel. Cl'umte
. fating servaces il 4 and liydrological und reduce 3
boti pollition and disaster risk, regpl_aua}n )
- mutural festbures of wetbande often hine culturs] and spiritual g Salinization of
+ Wetlandy oéfer recrentional possibilities and tourism : soils
+ Btarmge and sequestration of carbon by wetland role hati iy .
e ey b" iy e ¥ Bodiversry Sussinatie Culturs heritage
+ Pentlands and vegetated coastul wetkands are birge zarban sinks. Salf felopeent Racraation and
asarahes sequester miflloan of botme= of curhon stmually. tourism

+ Desyiile perupying valy 3% of te Lind surface, peatlondy don: twice a5 much
curbor an the wordd's fizrssts
+ Mangroves sture 3.4 mure times of Carbon thun Rainforest
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3. Status ,Trends & Drivers

CWO 20183 2021

Area of global inland and coastal wetands
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Carbon eycle in/throuvgh Wetlands

Loss of Wetlands

SWGo 2013

Up to 855 of the glotal wethind resonree by been

Abveat 4a% tn hoth marine/coantal and inlind natoral
Miat aince 1700 CF in places where duti et

wetland arsas studisd between 1970 and 2015
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Type of Drivers swoume

iDrect o 9|

Drainage and conversion, introduction of pollution and invasive species,
extraction activities, and other actions affecting the water quantity and
frequency of flooding and drying

Supply of energy, food, fibre, infrastructure, tourism and recreation

_C]nnm_cha.nge;_ahnormal precipitation and evaporation, extreme weathers,
phenology shift. warmer temperature

Global megatrends: demography, globalization, consumption and urbanization,
with climate change creating uncertainty

Governance: awareness; inventorv, monitoring, research. management

Hot lssues and Priorities of the Ramsar Convention

+ Clivmbe & Carbony-impact: end responses Blue Carson mitigation
+ Agriodtare-Muirisnng =nd estorng the 'cosog:a charsciur in agricultarel wetlands

MN Elakal Bicdiverzuy Framowors, GECMa. Working cossis| hebitats
SOE:

* Application of crjer= for ce=grating RS

* Took for wotinnd eocsememt, mupping =i mankating: Carbaih 3nd Swesl| Wetlshds

'Joh.lmrn
* Flirandal oozt of wxtisnz jom ans dcgmdation ane mvestment requrnd for rexteoston
~ Peliy =0d lugad framework for zomicrvation md wis =

vy oo Tcuets (.
rnsing i 4y Coohines

T
aa bl Wb

rm"‘: DETBRAIEE that the parpoze of the Mundmns
Record tztn nk-nﬁ—pmm— zites for pasithve
Wamhborn 14 The Bacead of Massrer s e cAongs 10 mm‘u\ un-uhd ation =
ramset b pocarsed, wre u-—ma 1ot e ey 141 e i ine Prcadum
md log\dde 1 of re: [able uade:
finenctal mechanizmex:

e I

S5 TSe Moatreux Sacond 12 tre principal ool of Lhe
Conenttom for kighhehting thoe sites where oo
RS 8 WOTETS O OTTASOTTOSG 0f EConamicaL oo v, sdivesse ahange mscolingies] chazaceer haz oeirred
et W SN SN T8 PS5 comamtng a b My to oseur, e wlvck me

AN TEEL L 210 therefaw In 2eed 0f priurty sonservatiss stcentan, 3
skall te maintetred 93 pam of the emzse DplsZese
xnd shll be submot to conrimumuys review

AdicresiionPhyvienl yogime clumge
© Bem rammra mnmtey et rrme=ay)

4. Concept of Ecological Characters

Article 1.2 Feological Charncer
Fnrh(mmrtm; Pa nhaa:mr 1o e isformed ut the ndu'L nassitile time if the
dnz;mn uny mmu;uﬁﬁlnm ﬁnriudn!m 0
dlmtil‘ot Yikely tn change s the res
imetforomes, wm'mlnch:hn:u-hﬂlbepmed'mﬁmutdda) lnlhr
{5 gy buresy dutiey speeifiod et
,
S0 Gty e g M et TE% of the 2,433 SHiee that had deen
e sesignatad oy 33 Jins 2022, smertne
Rsthot bt Prre ok Ramsar information Shests (RISs) of
mMan nn llm‘.lﬂllll‘_lnl = m»w mbeen mﬁ
saRia L 0P or reizvant RiSs of maps had nof been
UpOatEd 10r 0ver o yes, 50 iat
Wossbatinn Y 14 racent informatian o0 ihe status of insse
T sratus of Qtes 70 Lot of Wo fsaeh mﬂ“mﬂvw@

Rl T

When we look at people, there arc...  then we describe...

Wierdo,..
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then wr describe...

When we look at wetlands, there are..

The Concept of Ecolegical Character
=Ecologica! companent
+Ecolagical process
+Ecosystem service

269

Ecological Characters:
Why a Wetland is THE WETLAND

thamege: Werls Srgee mepove: anz fer
Components N\ Ecosystem
e setvices
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= Processes = ﬁ:"w:':
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wetlands are tomplex systems
wud er:phatizes the links

Concepiual Model far EC

[Lee Lzng & Wetkinz 2084)

1405 Zarth Qosbs = Dengzbaiaana, Haimae

Identifying Critical Choraders

Principle of identifying critical charucter

—gre key d of o sitos’ ¢ and/er degree of imporionce

and o vnique status;

==t they changs beyood their natyrad range. are likely 1o cawse significont
Gty - 30 the ecosystem(s) of thiz site.

—have important scolsgical limks & space ot time 12 offser ecoxytems of

popolatinns

Thes, o emtical ¥ mast meet |, 03 weti g Zand/or 3
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5. Ecological Character Description

« Describas e ecasystem services of a watland, and the oriticol
scologicat components and acological pracessas that underpin thoss

services - af a given pointin fime

¢ VioECD
# provides o benchmork descripfion ot the time of lisfing, naturol
variability and limils of acceptable changes (LAC) of the scosystam
¥ better dynamic monitoring on bisdiversity
¥ provides support for management plans, dadsions and octions
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Undarstanding the relationship between the ECD,
Management ond Monitoring

Mo taring
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6. Ecological character monitoring
and maintenance
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Step 1 Estabishing Monitoring Committee of Stakeholders

SenremmmmaTies of reE Ut Sreer et dEpTURSED

Bapreceesstres af WO DIMmMUREY TESSeNtT

N (|ppresentatives of InveTIEeT Or e institatans

e —,

The
Cumimittes

Developing

Monitering Plan

Mespenniners
e

Step 1 Estsblishinig M a C: itee of Stakehok

In order to ensure that

+ integrates well with the development plans of all stakeholders,
+ secures more supporting resources,

+ facilitates implementation,

a committee of stakeholders in monitenng should be
established at the outset

Step 2 ifying Momitoring Obj

# Answerthe queshons rased m the management process
# linvestgate the sialus and trends of changs of it

| Memracng e eane ond mdaryrans = vascovee

|t s il ”"‘V":—:“““_’; prasrme <33 2umasemast ¢ > Investgate the threals that may infl gical <h
| sessgiont Suons = r i of X =
the sccayslem 3rx Sazos B » Momitor mg: prog! ang the of ¢
. { ‘ ' * Promote public participation and oal the i of ali parties:

Step 3 Step 4 Step 5
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Step 3 \dantify Monitoring N=eds and Indzators for Ecological Charactar

Step 4 ldentiy Manitaring Needs and Indicstors for Threats m
\

STy

E203lNg O POIENYIE MTE3IE 10 VIS SCOI0QI03| CSTAMET of PAE

| Forentisi impact{z|
m: ‘;"V Impacted to ecosypstem
? ) L Timiag of theeet
threatening s 2
Sk cheracies procsszes anajor

Zervices

Lanr

A ligt of mreats gevelped by he Intemational Unlon for the
Conservation of Nature (IUCN) zad the Conservation Measures

Partnership (CMP}

D/ ANSW. 1T S b WOrRIETOgTa e sispeciaTed EstTesaurcasizs
naical documents'new Ci3seTcation schemes!

Thees c¥egones may be 3 w24 stariing point for identtying threats
L) gl ofa Area. )
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Step 3 Identdy Wetland Moniarng Neess and inds for Ecclogical Ch
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Wetland restoration

e

Step 8 Develop Action Plan for Monitoring Indicators
Maonitor Change of wetiand landscape by remote sefsing technology

In this section, we should select montoning methods, indentify
monitoring frequency, and poority of moniforing activities as showing
in the fofowing table:

indicetars Methons

ke

Monitaang frequency |- Sotrceof funding | - @rionty

S s wmps oe?
P
RS can provide bindiversity information oot
of muitiple spatial scale and time scale °
P
. A na
o a =
e i -
Arpanw plittnrm Lo
p e .
o e
'L_l Da— .
7 e -
{global-region-landscape-sample area) o\ % *
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Acoustic recorder

Step 7 Implamantotion of Mesitoring Actien Plan

Mamitosng mcfiee plon thovld be imploniontod with sacb=oing parsac the tusk
3 should be dod by beesou

Monitering sctivit porting frexy Comtace

Step 8 Cofaction and Submistion of Masitoring Data

Tha ssscutary of mesiaring osfivitins shosld ssbeimion date += t0a Suroew.
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Step 8 Analysis, Reports and Applications of Monitoring Data Step 9 Analyss. Reports and Applcations of Mondoring Data

Step 10 Update of monitoring plan

( ! DO tget or s ininteyme et Mot
; [ Ymere=topse

\ V. s A S e
e i

Whathes fes sancgeram stuaciives wed ache stnid be afwed solag |
S 1210
St st ) W e (e
B ]
Bockgrzuns sseres i» droft Rascltion, = cms =F
Iscrmaaing | sar guin of momgreves s Thina

TIO0 k= v o pas 20 poars - Dats by MFGA
3000 =z in #a paw 10 yearn—Dote =y MRE

Whecz me te mimion 2000 27

Guangdang Shenzhen Futian Mangrove Wetlands Ramsar Site
CTotal wiwa 20768 ha

it Pakes il

_ B
\

© Fanotps fapemins
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277

Wk

NP

7. Group practice on EC based priorities

Select a shared region site you are refatively familior and have adequate dato Smin
Background studies + fis? all major Components, Processes and ESs 20min

Drow a map of conceptval model = optional box conceptual mode! 20min

Idemify }-3.( rncal 205 20min

Desaribe regulor changss and Limits of Acceptable Changes or ©-47 of 1 EC 10min
Pracrice on pessible [Frivers, Theeaw analysis, set Priormeas 20min

Develop a draft g= plan/solufion 10 mainrain Critical ECs 10min

3-4 Group reports-5 min eoch.
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Annex 5 : Participant presentation slides

1- China

.
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MANGROVE CONSERVATION AND RESTORATION ACTION PLAN 2020-2025 BASIC PRINCIPLESACTION PLAN DEVELOPMENT

2 ﬁgﬁm NERER S NR R AN 1. Follow the laws and regulations, conservation is

EFREP SATREDIA Q02026159 3 the first priority
(ESANETEEFFRGERTINEEE O0II0FE) 0

(ZERNLTETETAUSRARE (S0E @ e 2. Bridge Policies(restoration plan of Nature Reserve,
—— e T Wetland. Marine Ecology) and adjust Measures to
. BRSNS HR N T RN ERER: Local Conditions (insist natural based solutions is
o ounse fhemmnappmach)
ICRACERGATART (20120252 )
UgEs Pt e=2 h b

EREFLTERL) 3. Clarifv the responsibilities of each department and
sector

= B LG, Ee i 4. Establish long-term management and protection
g Pty
BTSSR EE (018N
S ET oS T S L e S S O

(T RAAREFHTD

AR O REPLANTATION AND RESTORATION
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REPLANTATION AREA FOR EACH DISTRICT

713 559

+: wmm&mmzxm%
2025 R RHOERN T fE o

REPLANTATION PROJECT

"y

e v AR e

|
Ta=
|
}
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RESTORATION AREA FOR EACH DISTRICT

NN AL T ke

RESTORATION PROJECT

H

1236

| FWEHE (L)

LW(&SB)
T ERAE G

SEESSRINEY,
ETHXEE RN
VS

BAERRIMEY, SRRANE

e
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RESTORATION PROJECT ON-GOING: FUTIAN, BAOAN, NANSHAN, DAPB.\IG:J‘ FUTURE REPLANTATION AND RESTORATION PLAN FOR EACH DISTRICT
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2- Madagascar

Content of the presentation

D 7 —

Lessons to be learned

Challenges to be overcome

Mangrove global situation in Madagascar

Total area of mangroves: 390,853 ha, 1.53% of the national territory.

Mang defe ion: overall loss b 3,000 Ha and 7,000 Ha per
year from 1995 to 2018, totalling about 74,050 Ha during this period

Sh d rl n g experl ence As an indication, in terms of governance : Madagascar mangrove species :

Avicennia marina

MADAGASCAR CASE R Sonneratia alba

Rhizophora mucronata

Mangrove acosystem restoration and conservation - 32% are outside protected areas and
IMC, Shenzhen, China —29/07/2024 managed by local communities through Ceriops tagal
management transfers BRIt gy
- the remainder is managed by the state Lumnitzera racemosa

Heritiera littoralis

Xylocarpus granatum

Pemphis acidulo
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Good practices

To illustrate the commitment of local communities

Mangrove Seedling Nursery (CI)

focus group with local communities in
Kivalo, Manambolo Tsiribihina
Seascape, WWF 2023

Mass mobilization

. WO |

W and children are
in nursery wark for more
education on the need for
mangrove restoration.

Group discussions are organized
to analyze the causes of
mangorve degradation and the
challenges (social, i 1,
risks in relation to climate change
and projections on land use).

Community engagement in mangrove management

¢ P

Before each restoration
campaign, training on techniques,
restoration methods and
appropriate mangrove species is
provided to tocal communities.
Together, local communities and
technicians identify degraded
mangrove areas suitable for
restoration, using the passive or
active restoration method

Control and monitoring
Community monitoring is carried
out by volunteer patrollers, with
the collaboration of regional
technical services for monitoring
mangroves.

Y

1t of natural resources

Community Mobilization

Local associations are involved in
every conservation activity, and
primary school children
participate in mangrove
restoration activities.

Sensitization

The theme of "‘mangrove
conservation®, with a focus on
restoration, is integrated into each
awareness campaign.

The identification of restoration
actions is based on the results of
analysis, the willingness and
capacity of local communities to
restore the site,

Accompanying measures

Direct job creation and diversification of the development of the mangrove ecosystem

reduce their d

Improve household livelihoods and resifience to

£ on mangrove

alone and the prassure on mangrovas and to
strengthen their motivation to implement and comply

with conservation measures

aremabil

Local

for the digging of canals through the
HIMO approach to generate additional
income for the local community
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Improving mangrove restoration techniques Ecological restoration of the mangrove ecosystem

Ecological restoration

For more effective and successful restoration activities, the Community Based on

Environmental Mangrove Restoration (CBEMR) approach is very often used. Setting up a drainage
system

Reconstitution of mangrove-
good soil

Ecological restoration by improving the hydrological
conditions of the site (creation or digging of canals) to
be restored to promote the rapid growth of the
planted propagules and will also facilitate the specific

natural recolonization/regeneration of mangrove
deposiion plane

forests is practiced.
-
| Infand water flow

Every year, to ensure the proper functioning of the o ecten Vambe
canals, interviews are carried out with members of
the local community (Removal of sand slides in the
canals during tidal swings)

Improving mangrove restoration techniques

Use of a seeding drone for mangrove restoration:
Drone Seed Dropping for Mangrove Planting

Species: Avicennia marina

Use of new tachnologies

Benefits on reforestation by using drone :

- Large-scale intervention

Seed dropping: 1 ha in 10 minutes
- Access to difficult areas
Load capacity : 15 to 20 kg seeds/vol
- Moderat: st triction of ts to b bilized W
g ratenst {festidion otagentz ke mabled) Type of seeding drone: GAIA 90, hexacopter

Success rate: 60 to 70%

Using drones to:

- Area mapping: for g ion Accompanying measure:

- Dropping mangrove seeds by drone Sensitization of the local community for the

_ Refor : HonE: plaGHng ares, SGcaese rate protection of the restored area from cattle
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Lesson to be learned

A 4

Challenges to be overcome

LESSONS TO BE LEARNED

286

Lack of infrastructure: Boundary signs, prohibition signs, and
signage are essential to delineate mangrove areas and inform

visitors about the rules of protection:

Lack of communication tools: Visual aids are important to raise
awareness of the importance of mangrove conservation

«l inlaw laws exist, but

enforcement is often problematic

Limitations of equipment: we have very few patrol boats and GPS,
although these equipment are necessary for effective surveillance

of the mangroves.
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Just a few photo ...
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3- Cambodia

Area

Population

Coastline

Coastal Province
Coastal population
Total Protected Area
Coastal protected Area
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Cambodia’s Background

. Overview of mangrove in Cambodia

. Conservation efforts

The total area of mangrove forest covers approximately 51,603 ha as of
2023, buted along the land and Island coastlines, and the baﬂks-ef
estuarfes

Manywe was found distributed in four-coastal provinces of meﬁuqia

(75%),
vst dominated species, namely Rhizophora apiculata and Rhizophara
mummate

Threats to Mangrove:
c nggfngfnrtﬁmmon ﬁrewoed fuel

e

wes
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1. Conservation efforts 11l Conservation efforts (Cont)

Objectives;
Maintain the forest cover of ot least 60% of land
area and to promote the preservation of ecusystem,
the protection of bindiversity and the conservation
of natural protected areas.

To intensify tree planting movement

Improving protected srea mapagsment
Enhancing local communities’ livelihood

To protect, consefve and manage bath scologis|
antl socio-economie system To ensure the long-term
sustainabllity of cosstal ecosystems of mangroves as
a flagship species and ofher cosstal resources and
bensfits of the coastal resources-dependent
dwellers in Cambodia

N

Hi. Conservation efforts (Cont) ill. Canservation efforts {Cont)
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1Il. Conservation efforts {Cont)
L3 Monitening and Assessment

~n
AR
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4- Bangladesh

Mangrove Conservation and
Restoration in the context of
Bangladesh

Workshop an
Chvirsa, 25 July o B August 2024

Depury Sewrmary
6= of the Peogles Fopahis of Ranghduth

Rayel Bengal Tigers and Biodiversity of Sundarbans

Country profile

« Bangiadesh ls boarded by the west, narth
-and east by the indis, south-gast with
Myanmar apd spatherm part apens into
the Bay of Bengal

= Total land area 1 1.47,569 sa. kms.

= Coastal line’ 654 km

* | Populativr: 17119 million

=59.53 % of Rurs] Area:

+ Mast of the Mangrove forests are
located sfong the <ea coast

« Maost of them are damaged by natural
calamities

= Major species cannot survive due to
high tides.

= As a result, the supply of blue carbon
Is decreasing day by day

= Fire wood cutting is the another cause
of threats of Mangroves

291

Status of Mangroves in Bangladesh

= Sundarbans s 3 mangrove area in the.
delta formed spread across parts of ndia
and Bunglatizth, Is the largest Mangrmve:
forest in the warld. .

= Toisl Mangroves aea s 47,201 o ke

* Thereare 24 true  Mangrove speries
belonging to 9 different familles of
aSngiosparms.

= One of the Forest recgarch center where
research 5 conducted on speties

Conservation efforts

* On the basis of OF 26 dectaration foresy cover
st least 40% of land ar=5 and (o promo: ths
preservation of eco-systam , the provection of
hindiyersity and the conssryation of naturally
protection ares
* Improye 2nd expand mangrove plantation in
coaztai area
*Sanctusries have been created to protect the
foresrs.
* Forests ares sigo protected by deciaring Eco-
paris
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* Separate Forest Courts have been
established to Forest criminals.
+ Saw mills license regulations are
place to prevent illegal cutting of
large trees.
* Enforcement law has been applied
for illegal forest activities.

Mangroves Benefits for Bangladesh

* Ecosystem functions - biodiversity, blue
carbon, disaster prevention and
mitigation; stability.
* Sundarbans protect fauns from
cyclones despite autionary signal
warning 10
* Mangrove forest Sundarbans protect
higher the water salinity and ensure
the pura drinking water.

Mangrove forest Management in
Bangladesh

Progress of Mangrove Restoration

* Acknowiedge the benefit of mangrove
scosystem for their daily life of the
focal peoples
* Encotraging mass planting of tree
saplings through Socil forestry
frograms.
* Pianting of trees along river banksto
prevent river erosion.
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5- Comoros

By: HOUSSAMA ATHOUMANI

Technical Assistant COMOROS Nationaux Parks
in Environment Ministry

00:07

RANTHALA: 13000 ha , Ngacidfa
Inscription: 12-11-2006

Site N : 1649

Since : 17 year(s)

Le Mont Ntrinzun 3'000 ha, N

Inscription: 12-11-2006
Site N: 1650
Since: 17 year(s)

LAKE DZIANI BOUNDOUNI: 30 ha, Mwaii

Inscription: 02-02-1995
Site N: 717
Since: 29 year(s)

T e

L. COUNTRY PROFILE

»COUNTRY PROFILE
v' RAMSAR SITES

> IDENTIFICATION OF MANGROVE SITES

»>HEALTH MANGROVES

»CONSERVATION AND RESTORATION
ACTIVITIES

2 00:01

IL. IDENTIFICATION OF MANGROVE SITES
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# Comoros are 4 islands :
Ngazidja (Grande Comore),
Mwali (Mohéli), Ndzwani
(Anjouan), and Mahoré
(Mayotte). ~ -

> Total land area 2 236km?;

> Populations 867 605hab ;

> RAMSAR : 9 juin 1995;

> 3 RAMSAR sites, total area o
16.030ha; =

> Mangroves cover a total
area of 108ha ;

7 9 species.

P e Com
\_Q—‘
-

o—

(Mhonko Trangs)

lenel!ea:lﬂlbzgnm
(Anvllyst 2015; Acte 84 colngye

Dujda 65 2016) Presnt n the Comoros archipsagn

(Mhonko Mudu)
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Andilyatstsl 2018

7 00:02

. 1mmm\mm Suite 1

Sites whose degradation is
caused by sand extraction
require direct human
|intervention to restore

Poth's formul{1964): TR (%e) = Nr/ Ns x 100
E et 2

Bruguiera gvmnorkiza TR

Wit {ZaitoL. 202)
Sonnerntic wiba TH=86IW =

i, 1. DEGRADED HAREROVES (CATSES ARD CORSEQUERCES) Suite2
| > HUMAN-INDUCED DEGRADATION Ndzwani isiond 1

Solid fandfill in front of the - =

Saiid-extyoction with beach rock Mangrove

-

2‘ 5”&47.

294

"L mmmm:snn))

» Leaisia
Detres of D5 August 1932, artice 10, ordered the sxploitatian of stunniferois trees subject to

the ssus of o cutting permit by the colgnal admnitration (Constor More than 75 ha of
mangrove hove baen lest in N fin on the Mo baini site, 50 m fram o eolaninl zompany
thot hos nor bee: ooeration since 1327, o decres passad in 1388 bonned the mossve feling of
mrees for commermial pyrposes] and g sive of almest 100 he around Ndzouam aurpers). In 1355,
snyiranmentol framework low N 55-007/4 5, articie 18, prohitited and reguiated
octivities likely to threcten the integrity ond 3 wos followed iy cecrze
~'.'2I-GJ.<’/PH pm , on tne Pratechon of Notignal

2, article 4 of which specifies the gr :trman of notursl it
3 thot fove exceptions! unlverse! vaive from the point W oF
heir consetvation The Moheli Notional Park hos oi aliof
the island's mongrove ecosystems as Controlied Lise Zones {ZUC)

» Financiai Support

The players involved vary from islond to island. The few restorations that hove been
carricd out to dote can be summed up os refo tion campaigns and the collection of
solid household waste. Far example: the Europeen Union has financed the restoration
of the Domoiboini mangroves and the mangrove house, the economic operator
Cimentis has cleaned up the Moroni mangrove for the first time with a view to its
restorotion, the operator TELMA 54, the Small Gront programme (SGP/EE, UNDP) and
WILDOcean have carried out reforestation work.
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Cleaning Maroni's Mangrove

295

Specimens
by
Abderemane

Ymadoudine

Avicenia marinag inzting in Mwali and ing in
Ngazidjz by Oumou

15 00:05
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6- Guinea

WORSHOF ON MANROVES CONSERVATION AND RESTAURATION

EXPERIENCE DE LA GUINEE

PLAN

|.PRESENTATICN DE LA GUINEE

ILLES PRESSIONS ET MENACES SUR LAMANGROVE
IILLES ACTIONS MENEES

V. CONCLUSIONS ET RECOMMANDATONS

Fayo Nestor KONDIANG
REPUBLIGUE DE GUINEE

« PRESENTATION DE LA GUINEE

PRESENTATION DE LA GUINEE

La République de Guinée, sifués an Afque de ' Cuest est imi

|'Ceéan Atlanfique, ef pariages2s fronfieres avec six (6) pay:

ou Nord -Ouett, | 5enégal ou Nord, ie Mal a:

Libésia =t la Sierra-&one qu Sud et couvre une superiicie de 245 857km2 cysc une
population. de 13,86 Milions d"Habdonts,

=5

C'est un pays de Zones Humides ayec: plus de 300 km de focodes Mariime ef 16
sites Ramsar d'une supesficie de 90 654.46ho

Elle a tofifier fa convention de Rarmsar ie18 Demtre 1992
A |'adhesion, la guinée ajinscrit 05 sites Ratnsar dont 04 sont marins

- PRESENTATION DE LA GUINEE

LES ESPECES DE MANGROVES

Pour la foune sauvage on ¥ froyve de nombreux oiseaux comme Ibi
episcopis, Ardea goleath, Scopus Umbreta, Holiotus voiifer, Pondion

Nous avons égaisment Hippopstamus onphibiens. Cracodyius Nos

g : 8 especes de Toriues monnes irouyess dans le monds on = frouve 5 en
es

Chenia midos:

Eremedochilys Umbrncofa;
aneta comela,

Cinic ECORIS

Ardea coleathScopus

Quant aux vegeétay, I sont composes de paletuvies dont: Rhizotora .teaguncula
racemoza ef Conocampus: srocius jusqua 10m de hauteur parmi les” plus grandss
Rhizafora et Avicenia.

297

PRESENTATION DE LA GUINEE

LES PRESSIONS ET MENACES SUR LA MANGROVE

» La mangrove est sous fa menosse de pluseurs ordres & savoe:
o -L" industrialisation & I'urbanisation inconlrdisss
O -lo cuiture sur brulis;
0 -la poussée demographigue;
-{'exploitafion orfisanale du sel:

1a coupe de boisde perche

changements climafiques avec la mo

O

NOIES
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LES PRESSIONS ET MENACES SUR LA MANGROVE

» Lo déicrestation des mangroves guinéennes estimputée a la production de
d'analyse des conngissances et des-modes o ‘exploita
4 celles des shences bigfechnigues pen
&25 regues et de proposer des aciions &
locales.

LES ACTIONS MENEES

principoux Sies; reconnus comme des sites imparfants polria
conservation dea biodj ont & fihes pour servir de rone
du Delfo de Kopaicher ! du Delta de Konkours. Plusieurs sous at
cadre avec !'appu finapcisr de lo fondafiop Dob Ecologie. de la Fondafic:

LES ACTIONS MENEES

Pour ko pérennisation des mangroves, une Equipe de conservate
déployée sur le terrain pour la sécursafion; la surveillance, I'éduction
enyironnementale des communautés &t des &léves au frovers les Directions
techniques qui relevent du Ministére de 'Environnement et du
Développement Durable,
La revision du Code de la Faune sauvoge ef Réglemeantotion de la Chosse
Lo mulfiplication des projels modemes pour I'exiraction du sel
el le respect siicte de la réglemeniation environnemeniales ef - foresfigres sont
de riguere.

Biotope-Guinés, Ouest Africa Blue qul sont enfrain de réalizer les
acfions de reboizement, dz |a sensbiisofion des communautés e fi
du marché de crédit carbone.

LES ACTIONS MENEES

298

LES ACTIONS MENEES

Zone d'infervention
de I'ONG Guinge
Ecologle

Conclusion ef recommandations

La conservafion et la restourafion des mangrove dans le monde
interpelle fousles pays & une prise de conscience car c'est le seul
moyen pour parvenira ko mainfenance de I'équilibre cologique
de celles-ci.

» Ainsi nous recommandons & L'IMC ce qui suit:

-' assistance technique aux pays membres ;

-La pourstite du renforcement des copacilés;

-l25 appuis financiers

-'osssfance fechnique pour ['élaborafion des projets.
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MERCI POUR VOTRE AIMABLE ATTENTION

: ,.r_———_..- PPN S R Republique de Guinée
g et du Deveicppement Durabie

Dwaction Nofiono= des Forets
X et e etde lo Foune

Division Faune et Frotection
d='a Naoture
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7- Lao

Wetland Management in.Lao PDR

Pinthong Saleumsay
River Basin Management Planning and Development Division

Department of Water Resources, Ministry of Natural Resources and Environment, Lao PDR

Overview of Wetland Management in
Lao PDR

* A total area of the wetlands in Laos has been
estimated 1,082,600 ha ( 5 % of total area of Laos)

* Major wetland types:
+ Seasonally inundated grassland
* Marshes, swamps, lakes, ponds
* Rivers/Streams/Reservoirs
* Rice fields

[, e B
|

2 i,
S ok ity b

Outlines

¢ Overview of Wetlands in Lao PDR
* Legal and Policy Framework

* Institutional Framework

* Ramsar Governance

* Threats and Challenges

* Way Forwards

Legal and Policy framework

There are Laws and legal directly related to wetland
management.

* Water and Water Resources Law, (Amended 2017, 2020)

* National Water and Water Resources Management Strategy
2030 approved by national assembly, 18 July 2023 date

* Land law (Amended 2021), National Land Allocation Master
Plan (2018)

* River Basin Management Plans (2021-2025) approved by
Prime minister, August 2023

* Ramsar management plans (2023)
* Wetland regulations for some specific sites

* Decree on Wetland approved by Prime minister, date 13
November 2023

Related laws:
* Environment Protection Law (2012)
* Forestry law (2019), Agricultural law (1998)

300

= Article 34. Wetland Definition
= Article 35. Use, Protection and Development
of Wetlands

Programme 3. Target 2. Weiland and
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Institutional Framework Ramsar Governance
o The convention entered into force in Lao
* Department of Water Resources, MoNRE has the overall PDR on September 2010 (2 sites)
yesponsibility for management of .the_wetlands in the country | » National Ramsar Committee (2011)
including peatland and Ramsar sites; ‘ o Chaired by the Vice Prime Minister
*Ifa wetland is in any type of land, that sector will be the key o Involvement of Minister of MONRE and'
- responsible agency, but need to coordinate with MONRE . - _MAFand5other ministries. =

o« Secretariat L DWR, MONRE
~ Eg. Wetland in forest land, the forest sectorwﬂl be the PN Se‘::r? ana,,undef PU SR
i respoh_ bie agency.

Threats and Management issue

Encroachment

Hunting and over harvesting
Invasive species

Habitat degradation
Hydrological modification
Climate change

Pollution

O © 0 0 0o o o
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Some activities:

— Way forwards
LY .

* Published/Imprement the Decree on Wetland

¢ Awareness raising and capacity building;

* Continue wetland inventory and demarcation;

* Regulation formulation and enforcement;

¢ Livelihood improvement;

» Integrated management of Ramsar sites and other wetlands;

* Propose additional Ramsar sites: Nongkhémsen, Beungsanan...

* National cooperation
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8- Liberia

EE"A Environmental Protection Agency
. LIBERIA e potedEnd ing Bodiersily

b~

< Liberia at glance

The status of wetlands & lentalat
conservation and restoration in wgislahion
Libatia <+ Drivers of mangrove degradation in Liberia
Levi Z. Piah < Marshall Wetlands Mangrove Pictorials

National Focal Point. Ramsar
Convention, Liberia Blue Ocean
Programme

< Opportunities
< Challenges

< Recommendation

26" July - 8™ August.
2024. Shenzhen. China

Exsunmng Ensuring

P,
»Mangrove forests in Liberia covers about 37,142 > Liberia is regarded as the third LUNGS of the world according to

ha of the total land surface report from the 2022 COP in Cairo, Egypt
» Liberia has 43% of the Upper Guinea Forest according to the tropical

» Liberia"s mangroves have six species: forest inventory conducted by the Forestry Development Authority in
3 c 3 2 2020
» Avicennia germinans, Rhizophora racemosa R em——
(Most common) ' ' ¢
: ; oy » The Congo Basin in Central and Southern Africa is the Second Lungs
» Rhtzophora harrisonii, Rhlzophora mang’e > Liberia still possess primary mangrove forest void of human induced
Conocarpus erectus activities

> The country has a potential of creating more Ramsar Sites but
seriously challenge with capacity issue

> The current Ramsar Sites have not been updated since 2012

»and Laguncularia racemose
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! ; 2014 D

= Section 74 - Management of Rivers, Lakes and
Wetlands (EPML)

“»The Agency may by published notice prescribe general
or specific guidelines or standards for the management
of nvers, lakes, and wetlands which shall include but not
limited to the following:

** Measures for prevention or control of soil erosion

++»The conservation of any vegetaton growing in and
around a river, lake or wetlands

+#*The contingency plan for the prevention and control of
any deliberate or accidental discharge which is likely to
pollute the nver, wetland or lake

Ennurag Savminabie Emvinomneenca! Manogemest

tpr

1' \

O There are several mangrove forests in Liberia along the coastline

(some are largely untouched)
Q 3of5R:
3 These are

* Mesurade Wetlands

* Marshall Wetlands

« Lake Piso Wetlands

—— . _ —~—— - -~ - nps
** The control measures to be taken in harvesting aquatic and non-
hving resources to ensure optimum sustainable vields; and

«* Promotion of environmental friendly rousism

** Halt and reverse current mangrove degradation in Liberia such
that the wetland ecosystems of the country ate managed for the
maintenance of wetland biological diversity

** Raise public awareness and promote understanding of the
essential finkages between socio-economic development and
mangrove conservation/protection and to ensure that wetand
Enowledge becomes an integral part of the educational system of
Liberia.

Enrwmg Sum:

i Emveroamente! Mesagemmt

O Mangrove harvesting for fuel wood

D) Unsustainable/uncegulated fwasteful

U Hunting of birds and other wildif
monkeys, use

species feg Sea turtles,
of chemicals and explosiv

0 Reclzimng of wetlands for construction purpose.
0 Dumping of wastes (plastics, garbage; & other solid wastes
O Inrense charcoal burming and fuel wood collection

0O Effiuent discharge from ind
and paint factories, cement facto!

mto the weilands (ol refinery
, etc.)
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Summingdle Emyoronmesl Wowagesany

| Eps
Source 3 4
Eoosysiem Edeel Aottt Avea i) e W1 My ¥R .1 Wl
Ecosystem Sence Accourty  Tota carbon (M) 20 fn5  we B B2 1}

Area of mangroves fkm'] Carbon steck of mangre

o |

- 3 00 0% 10 2
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< Ongoing Gazzettment of wellands of international
imporiance by Government and Pariners. Eg
Conservation Intemational

< Ongoing mangrove inventory 2024 by the Government
and pariners (Eg Conservation International)

«* Biue Ocean project funded by Government of Sweden
and Conservation International

< Establishment of international marine protected area
between Libenia and Sierra Leone (funded by European
Union)

< Evolution of projects aimed at protecting and wise use of
wetland ecosystems

Emmrong

21

«»Enhance livelihood activities around wetland
ecosystems

*»Increase public awareness

“Improve law enforcement through interagency
collaboration

+» Set aside more wetland ecosystems as protected
areas or sustainable multiple use area
+»Climate smart agricuiture (low land farming)

+ That the IMC establish research hub for
mangrove conservation and restoration in Liberia.
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% e L, e
tuna {Thunnus thymme) juveniles in the Maditsranezn ﬂﬁ‘ (T
and the Gulf of Sim= (Libvs) lies mors then 1500 lonl of sesgrass meadowsz, the larzest m the
Mediterrancan.
et Y, —
X - e
2 ” X
o = T —
3

more than 250 wetland

Natural wetland
Coastal lazoons. zolfs; sabkhas. Salinas, wadi, sprines. oases, islands. tidal areas,
Artificial (man-made) wetland

Dams, water reservoir, sawags farm. zquaculture.

2 Ramsar site

Ain Flshakika 1= made of byt e coastal Sebakha with 1 rock &

from the south dun=: and mud flats with extensivas shrubs from the wast to the sast, 323 ha
(Ramsar Site]

Ain Elzarga with a hypersaline coastal Iszoon with mudfiats and saltmarshes; 30ka
(Ramsar Site
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10- Mozambique

STRURURE OF COUNTRY PROFILE
PRESENTATION e
Country profile whmhm%;mmtm.
Republk: of Mozambique Mangrove Species Coastalfine: aprox. 2 700 im

Bundaries: North - Tarwana,  Northwest - Afaiswi 2nd
Zambia West- Zimbehwe South A and Swariand
South - South Alnzs East - indan Cosan called fe
Vozambique Channe!

Status of mangrove
Trends and major uses
Mangrove management

Exemplos of Mangrove Restoration
projects

Ministry of Land and Environment

WORKSHOR, ON MANGROVE CONSERVATION AND
RESTORATION

Mangrove Ares: 302 735ha wilth sproimately > dz 50%,
s in Zambezi Detz Ramsar ste. Z00km continuots @ the
cozstal fine Up o 50km 10 the in side of the country.

Shunshen, 26th July to'08th August of 2024

I Africa occupied the second big =res of mangrove cover
afar Nige#s (Falzyinba = Simard, 2013)

TRENDS AND MAJOR USES MANGROVE MANAGEMENT
The antropogenic: faclors for  mangrove
degradation is concentraie in the big citys where
the people need more areas and malenal for
constructions and fice woodichacoal

T Ttedia
wafé’z'ﬁﬂ'é’ngm loelSﬂlof

Vision: by 2030 have mangrove ecosys
heaithy wilh - ecological - and _environment
&mnﬁons wign soual and economncu;iebaﬁﬁts f?r
f society con o
suslimle uevelopmenl A

Compromissse fo piant 5 mil

Other viize more areas was used for salinas, and
‘aquaculfure.

The natural factors are que the sadimentation,
erosion, ciclongs and  fioodede areas, Ex. . na
foz do Rio. Limpopo river about 500 ha of
mangroe losted, after the flood of the as 2000,
wherethemangrove fiorest
underbpermanentbwater  duria 40 deys
(Bandeira & Balidy, 2016).

nmmjmveu 3
Pilar 1: Management, protection and Wise use
of‘ge mangioge eoowg{em i

Stategic Obgecuve- Ensure the managemenl
and su&tzmable of ‘mangroves in

Dwgn parhcipatorynmangrove
gemen ocused on lhevpmtec‘h
ané'gnslamabe use J o

310



International Mangrove Center Workshop on Mangrove Conservation and Restoration (2024 I*' Term)

ADVANTAGES OF PARTICIPATORY EX. OF MANGROVE EX. OF MANGROVE R

MANAGEMENT
(1) Comunities Envaiviment. ﬁ DRR Nature-based solutions for natural disaster COMMUNITY PROJECTBOF
0 Gl aion MANGROVE RESTORATIONI
Objectlve:  The mangrve ecosystem, 1= @2amed Objective: Mangrove restoration
bj Creata the effectiveve parinership: suszalnably mranaged more reslliet and provides ratuse % | i
i E el based salutions Toe naturat disaster sl reducton L': mvolvmg the communities members
(cj Climaty Change 3daotafion, ZaniEen Ueits
{d)Strong ing and !
Setent Expected resils Expecied results
Reduce to mangrove area degraded
(e} Srenngihening ocal capacitty: Caldace fiom diffrent st on the B2asiblliy of cesteg by anthropegenic and natural actions
cmim comenation asaz In the Uitz and the
{0 Envirenments Eduestion pragrams. tenafits fl compiunities
(g} Cspacisgdc e conscentizacdo sobre 2
Imporidneiz da conservag3o = gestic do mangal;
(h} inisiativas pars melhorar @ Renda familias.
8 9
EX. OF MANGROVE R
MANGROVE RESTORATION AND LIVELIHOOD
SUPPORT THROUGH COMMUNITY
PARTICIPATION IN MOZAMEIQUE
Objective: To improve a in
through i i
rment  and  generaling  baseline
informafion to support decision making
Expected results

1. Mangrove mapping and change deleclion
between 2003 and 20129 (update of last
mapping). Healthy, degraded and restored areas
will be idenfified

2 Mangrove sluctural assessment in healthy,
degraded and restored areas

3 Mangrove fauna assessment in healthy,
dearaded and resfored areas
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11- Myanmar

Ministry of Natural Resources and Environmental Conservation

Forest Department Content of Presentation

. Forest Resources and Mangroves in Myanmar
2. Major issues and Threats to Mangroves

. Current Measures and Efforts

. Collaboration Opportunities

Workshop on Mangrove Conservation and Restoration

even Largest Mangrove Extent of the World
+ 448 000 ha of Mangroves 1 Six Ceastal Regions
((FRA.2020)

x Myanmar’s Forest Cover =42.19 %
)f@ of the country area (FRA 2020)

Catépery  Awa(Q00hg) _/-ortotd +| 34 true Mangrove Species
it > country areg Y . "
Closed Forest 1sie 1746 +| 148 true plus associate Mangrove Species
Open Forest 1628351 2407 l
Manstores 440 4304 0.66
Total forest. 2854380 219
Ottier Wooded = =
T 18756.03 IR
Others 18386:8 2718
Water 197114 201
Total 5763788 100

“ |

EN -t [
Btimary Marfrove Forestof Thnmﬂ!iy}d‘egwn
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Country Profile

Myanmar, country. located in the
westemn portion of mainland
Southeast Asia.

land Area- 676,578 sq km

=\ Population: 57.33 mullions (2024 est.)

5 MYANMAR

| cAmacors

Soniceconomic of Over 5.8 Millions of Coastal Inhat and National Development
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1. Status of Mangroves in Myanmar
pocivecanomic of Over 3.8 Millions of Coastal Inhabitants and National Developiment

1. Trends of Mangroves in Myanmar

Myanmar coast: 2832 km
iy 1 ]
Regulatory Services Caltural Services 'g ?ch | ] gggmzazn

3 600
f: g
8 40
-
© 100 -
)

Ayevarmady  Rekhine vi
fiabi-3] (Wastarn el
Comsll  Archpsiamos)

Mangrove Regions

3. Mangrove Management Strategies in Myanmar

(L Marine Protected Area development

® Forest Nanszenant Usit is a Dismicy Iavel
® 50 foreat districes i ha country 2. Constitution of Permanent Forest Estates (Reserves and

Protected Public Forests)

- year
miid-tem revied (and revizion)

= Irmciudss SEVEN wirkns ciclss,
= Production Workinz Circle

3. Restoring the mangrove ecosystems (Plantations,

A T 3 Major Focus of Forest Mstiagement Community Forestry, Private Forestry, etc,)
= \angrove Working Circle 4 Protection and extension of exsting Reserved Forestz and B ° -
R P P s REFOES.

4 Dasiensting the Protzcted Areas (PAs) and astablishing PA
= Lacal Suply Werking Cincle sain P;g iR (PR E

= Droscuon Workng Circle
& on-nmber Fores Products Woranz Cucle
N

L2 Rmmﬁmdhmﬂwwm
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2. Major Issues and Threats to Mangroves

* Land use changes due to
Human Setilement, Rice
Field Encroachment, and
Shrimp Farming

= Charcoal Praduction

= Fuel wood cutting

30 T 3024
Protecta Areas
Fovest Reserves and Protocted Publio Forest -2 |

Frotectad Pobic Farest it New Alcreted
Larudt f Yongen Region (2022

2022 PPF m Tanmthay: Rezion Q023)
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3. Establishment of PA and RF/PPF in Myanmar
Green Belt Project in the Mottama Gulf of Yangon Region
' 10 pootechon ronabout e Bistory s e past
+ o e et
sinee 2015
Ehucios il o
received
* 16,176 ha of Protected Public Mangrove Forests in progrese

13

Cammunify Forestry in Mangroves
* FD grants CF for 30 years
Tatal Mangrove CF (6,247) ka over
the Myammar Coasts
Total Mangrove CF in Tanintharyi
Coast (3,386) ha
Reserved/Protected Public Mangrove

Forests are granted to CF

Kanyin Choung CF in Tanintharyi Regios
Karen Ethnic Communities

Locally conserved since 1952
Transition to CF since 2001

Officially granted certification in 2019
for their own management

3. Establishment of PA and RF/PPF in Myanmar

Mangrove Protection Measures in Myeik/Mergui Archipelagos

257,097 tis of mangroves in Tanintharyi

15 Reserved/Protected Poblic Mangrove Foresty
(RE/PPF) with 92,568 ha conserved and
managed

23 RE/PPF with 76,040 ha

66 % under protection pro

Lampi Marine National P:

of mangroves including UNESCO Mangrove
AR

#* Need technical and finaneial support
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3. Progress of Mangrove restoration in Myanmar

Myanmar Reforestation and Rehabilitation Programme (2017-2027)

# 12,000 hectares of Mangrove Plantations has been established by planting 36.3
millions of Mangrove Seedlings from 2017 to 2023.

3. Integrated Coastal Management in Myanmar

Integrated Coastal Management Program 1s developed and ready for
Adoption.
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4. Collaborative Opportunities for Mangrove
Management

= Protected Area Management (Primary Mangroves + Biodiversity Conservation)

= \angrove Restoration (Degraded Mangrove Areas and Newly accreted lands)
= Research Collaboration

= Capacity Building

= Ct{u’nmuuin Forestry and Rural Development

ublic Awareness and Community Extension
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Thank you for Your Kind
Attention

Local people’s Livelihood in harmeony with Natural Alsngroves

/s /i 7 "" ’f"
P, e
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12- Pakistan

Workshop On Mangrove Conservationand /'{é\“

__INTRODUCTION OF INDU! A MAN

Indus deltz 1= Jocared in Thatra, Sujawzl, Badin & Karachi Districes.

~ 344,000 hectzres of Indus Pelta was declared as “Protected Forest “ in 1538 while

260,000 ha m 2010; Cut of thiz abour 160,000 hectares were under dense and medium
mangrove forests and zbout 100,000 hectares blank/sporadic mees.

Early records show existence of eight species of mangroves
Presently, only four are found 1.e. Avicennic marina, Rhizoph Aegi

g

corniculetum & Ceriops wagal

+ Due to diversion water and silt, over exploitation and heavy grazing mangrove

forests reduced to 86,000 hectares only in 19go’s (TUCN, 19a5).

* Sindh Forest Department (SFD) started rehabilitation of mangroves from

1986 and omwards along-with other stakeholders

* SUPARCO in zcoB analyzed about o107 million ha & prepared satellite map

ECONOMIC IMPORTANCE OF MANG

Provide Fish biomass

Grazed biomassand livestock provisioning services

'Wild biomass provisioning services {in the provision of mangrove
seeds and propagule for restocking and livestock fodder)
Global climate regulation {carbon sequestration and retention)
Soil (and sediment) erosion control

Coastal protection

Nursery and habitat pravision (in support of fisheries)

Solid waste remediation

Soil erosion control

Recreation & Education related services

Economic value of one hectare of well stocked mangrove
forest area is USs 58,000 (WB, 2022)

Overall current asset value of mangroves of Indus deltais
approximately USs 12200 Million

316

'@;;ges of required fresh water & silt depositions from River
Indus

« Enhanced salinity levels in the delta.

+ Increased rate of coastal bank erosion & sea-intrusion in fertile
areas.

+ Industrial & municipal pollution (Average 500-600 MG]E)‘)
result in death of young seedlings & associated marine life.

« Cutting of mangroves for fuel & fodder and grazing

+ Environmentalists advocate a minimum 10 MAF fresh water
discharge into the delta for sustainable management (150 MAF
(19305 to < 0.5 MAF nowadays mostly except flood years.
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Role of mangroves in addressing

Role of mangroves in addressi thjfgc‘t;g/

-

Maﬁgroves on-Sea#ron:t =

Mangroves provide a variety of ecosystem services to adjacent coastal
populations, such as the provision of food and coastal defense services
by reducing risk from coastal hazards.

Mangroves reduce waves damage! mangroves significantly attenuate
waves, Studies suggest wave height can be reduced by 13 to 66 percent
over a 100-meter-wide mangrove belt, while wave height can be
reduced by 50 to 100 percent over a 500-meter-wide mangrove belt.

Reduce Storm surges | Where mangroves are extensive they are able to
reduce storm surge water depths as the surge flows inland. While storm
surge depths may only be reduced by 5-50 cm per kilometer width of
mangroves, nevertheless a small reduction in water level can already
greatly reduce the extent of flooding in low lying areas behind the
mangroves. Debris movement can also be reduced by mangroves: the
complex network of roots and branches can serve to trap even large
moving objects,

Google Farth

forest canopies also reduce wind speeds locally. This
prevents further development of wind and swell waves
in and immediately behind the mangroves, potentially
reducing damage to nearby infrastructure.

Rediice Tsunami damage: Mangroves reduced tsunami
impacts by reducing the destructive energy of water
flowing inland. Mangrove belts several hundred
meters wide have been shown to reduce tsunami
height by between 5 and 30%. Wider mangrove forests
are more effective at reducing tsunami height, as well
as speed of the water and the area flooded by the
tsunami. Dense forest vegetation also helps to reduce
tsunami depth and area of flooding.

e i i Cor et
__REHABILITATION OF INDUS DELTA BY SFD AND STAKEHOLDERS

© Rhizophora mucronata was re-introduced in the Indus
Delta in 1686
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__ Prevents High \dnm.?:‘f‘ﬁedmsemn\‘ﬁge‘/

* Reduce ergsion- —

‘/Nﬁ’ﬁgrm-es generally reduce erosion and enhance sedimentation.

* The mangrove vegetation reduces wave energy and slows the
flow of water over the soi , reducing the water's capacity
to dislodge sediments and carry them out of the ma.ngrove area.

+ At the same time the slower water flows can allow alrea

suspended sediments to settle out from the water, resu.lbng in

increased deposition of sechment

Competing Sea Level Rize

M /es contribute to an increase in soil volume by capturing

riverine or coastal sediments that pass through, aswell as adding

own organic matter in the form of roots. leaves and woody

mat

The Ene mangrove roots also help to trap and bind the particles.
Due to a lack of oxygen in the waterlogged soil, organic matter is
not broken down by soil organisms.

This allows the o ic matter to build up over time, producing
the deep peaty soils that underlie mangroves in some areas.
Mangrove root growth also pushes the soil upward, resultingina
higher soil levefr

.

e s_ﬁk“ﬂ-mmmsf =

* A Joint (SFD & IUCN) Rehabilitation Project in Phitti
Creek system in 1993-1994 over 350 hectares
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e -_4/ _ ——— S T/ B N e
. NATURAL REGENERATION IN RE-INTRODUCED AREA . Rehabilitation of Indus Delta by SFD in Keti Bundar | STAKEHOLDERS o
ZNS s o Py

13 14 15
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~ PROCESS Tl
* Recruitment & Training of local labour force
* Propagule/Seed Collection from Delta & Its Storage
* Transportation of Propagules to the nursery &
Planting sites
© Nursery raising near planting sites
* Field Planting in various soil types
* Watch & Ward - restocking & protection of planting
sites from grazing & browsing

* Community engagement & incentivization
* Outcome of planting efforts

19 21
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+ Due to continuous rehabilitation efforts since 2008 in the
Restoration process of Indus Delta Mangroves following
Achievements have been made:

Guinness Waorld Records were set in 2009, 2013 and 2018 and

Pakistan is currently GWR holder in planfing maximum number of
saplings in one day through 300 volunteers.

+ Current estimates of mangroves ranges around
+ 240,000 ha an increase of about 133,000 ha in 13 years
« Plantation and Protection of about 2.43 billion plants

« With this Increase & achievements, Pakistan is currently
occupying 10% position globally & 5% in Asia.

+ The key finding is that over the past 25 years, the area of
mangroves in Pakistan has increased from 92,110 ha in 1993 to
211,790 ha in 2018, a rise of 230% (WB, 2022).
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7o — e — -
.

_ Changein ﬁaﬁgmveeovem—zﬂﬁf‘

Change in Mangrove Cover
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13- Panama
= Ve as s | WINETERO B¢ veieefei e | wmmmose s afficher Vimage.
Seniived wevinngs | WUMSTARO IR L OOM PASO FIME | ATy » COM PASD FIRME «
» CON PASO FITHE - | AMimTE
POINTS:
4 Panamanian mangroves
Panama Mangrove
% < Species =
Restauratl on + 1 Pelliciero benthamii
- 5 % Usesand oroducts
pe & Treats Malin environmentai driver is the topography,
“» Reforestation Galeta Isiand Affects: Freguency, Intensity and, duration of
z % ini 4
% Reforestation Rio Chirigui Visje ﬂOCf'dm.g’. Aor bype; Sulinitys and nittnent
avaiiability.
< Restoration manual
%  Zcological Indicators in mangroves
#  Stzndard procedurss for ecological
Veronico Argelis Gonzdlez Quintero restarstion
Forestry Officer
Forestry Di Ministry of
vgonzalez@miambiente.gob.pa

1 2 3

v e & afficher limage. e aeenss | wesmmone S 3fficher I'image. v n ey avss | WONSTENO IR
+ CON PASO FINME - | AMiewie » CON PASO FitrHE « | AMunmTe » CON PASO FItHE « | AMumTe

MANGROVES OF PANAMA MANGROVES OF PANAMA MANGROVES OF PANAMA

Treats:

Main uses and groducts
. ry,

> Pollution

> Land filiinz

» Sadimentstion
> Deforestarion

CLIMATE RELATED
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vnemeaeans, | mmsmmaoe 15 3fficher image,
* CON PASO FIRME « | MM

venenamennnnn | wemnmose  3fficher Fimage,
+ CON PRS0 MK + =

Reforestation Project Galeta Island | Reforestation Project Galeta Island

venienaennna | wemnmo s s 3fficher Fimage,
+ CON RS0 TTIME + e

Atan Aanste

Treats SAN JUAN RIVER MANGROV

-lij=gai iogging AES 5 4 hz reforasted.

Methodology: First hidrological restorstion then reforsstation
{coral fillings)
Species:
Rhizophars mongle (r2d mangrove),
Lagunculario racemoso (white mansrove)
Conocorous erectus (Little buttom Mangrove)

Land fillzd for oid military Dase

CENEGON DEL MANGLE
-Forest fire

7 8 9

s | wwareooe 15 afficher Fimage, vees i en, | wwanmooe 15 3fficher image, e | wwanmooe 15 3fficher Fimage,
+ CON PASO FIRME = | AMaNTs + COMPASO FRME | AW + COMPASO FIRME - | AW

River Chiriqui Viejo reforestation: River Chiriqui Viejo reforestation

First report of Riley technigus (bambu stakess)
¥ . o
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venirned essivne | ANETERI O oty | MO OO eovat sy | ARETONG OO
» CON PRS0 FIRNE » | AtMBINTE L » CON PASO FIRME » | At
Mangrove ecological indicators S Mangrove ecological indicators Standard procedures for ecological restoration

Characterization-and environmental monitoring TR 1. Biological characteristics > Cleaning of wave ditches
2. Hidrological characteristicz
3. Biochemica! characteristics " Cunal secundicio
3.1 Physical and chemical characteristics
3.2 Sail characteristics

heatural

4 R

whhine YT WNIETERIT 06
RSO FIRME « | MmNy .

S FiAME . | ANy

Standard procedures for ecological restoration Standard procedures for ecological restoration Standard procedures for ecological restoration

Nucleation centers or points #» Mangrove reforestation techniques applied in Panama. » Mang: ref ion techniq lied in Panama
S, "); Szeds plantation
v ,
AL Vou b [ sdanag= | Cisdanees | — Terr—
Firat growing dus Iy competition  Mewry to drssoart Limts buttos mangrove
Suitshie for ow nuttient sl Reguites mare s Many seeds per H3 Only wsed in harves: season
) for seeds of biach, White 2nd
Mazty plorts amd species Mard to indatl Littiz button manzrove
spedies
Facilitsses estatillyhment of L s
dther plooner speciss Wﬁw increases with good
uming of harvest of s=eds and
izl waves
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e on | s oc e ons | manmo oe e i | wwsarimo oe
 COM FASO FIRME» | AWt ~CON FASO FRME > | AWt COM FASO FRME e
Standard procedures for ecological restoration Biodiversity challenges

> g £ i h applied in Panama.
Plantation of seedlings in bambu

stakes

Advantagss

Disatvantages
Envirenmentally friendly ‘Sambuy stakes incrzsse coss
Ezsy to instail

Protects seedlings fram Tranrsportation

predators

Vamtain humidity in the ry,

‘semsan

vgonzalez@miambiente.gob.pa
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14- Samoa

Mangroves of Samoa

Status, Importance, Threats & Conservation

Prepared by:

Marine Conservation Section

Division of Environment & Conservation (DEC)

, Ministry of Natural Resources & Environment (MNRE)

-
Contents

¢ Background
® What are Mangroves?
¢ Adaptations
® Mangroves of Samoa
(>
® Distribution of mangroves species
® Characteristics of mangrove species
® Mangrove zonation
® -
Importance of mangroves
® Threats and Impacts
® (Conservation Initiatives
® (Case study: Vaiusu Bay Mangroves

s Case study: Saanapu«Sataoa Conservation

P
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N R
Background: What are Mangroves?

® MNRE is primarily responsible for the sustainable development and
management of Samoa’s natural resources and environment. The work
is mandated under various legislations, regulations, policies and
; ; = = *Mangrove ecosystems are commonly found along the sheltered
multilateral environmental agreements. ; ; . :
coastlines where sediments are deposited, such as estuaries.

® Mangroves are trees or shrubs, growing more than 0.5meters in
height that live between the land and sea.

® The overall objective of the Marine Conservation Section (MCS) is

o

Sustainable dere]opmem and mandgement ofmariue biological resources and * They have the ability to adapt to the environmental conditions such
it GavitaiimenE i as high salinity, low oxygen, poor nutrient availability and substrate
® 5 Main Components of the MCS: mOblht'

® Ecosystem conservation & management eg. mangroves & coral reefs

@ Species conservation & management eg. turtles, whales, sharks, dolphins
¢ Establishment of Marine protected areas/sanctuary eg Palolo deep

¢ Implementation of Conventions eg. CBD, C ITES, RAMSAR

® Awareness and Information Programs
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KAdaptations:

Mangroves are able to adapt to the different environmental stresses

through:

° Preventing water loss: leaves have a thick-walled epidermis
covered by a waxy cuticle which acts like a waterproof skin. Leaves
have a fleshy structure containing layers of water storing cells called

spongy cells.

b wulded s Falls ool

/
Adaptations:

® Ability to excrete and exclude salt:

1. Exclusion: roots take up only water but exclude the bulk of the salt.

I

Extrusion: excess salt is excreted through special glands on their
leaves which gets washed away when it rains.

I

Accumulation: excess salt is accumulated in older leaves and bark
which fall off getting rid of the salt.

¢ Different species remove salt using the above mechanisms.

.
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(
Adaptations:

® Specialized root structures: lack of oxygen and the constant
changing of tide means that mangroves to have to adapt to these
situation.
¢ Breathing roots called “pneumatophores”™ which help with the air
exchange when roots are exposed above the water and mud.
® Intertwining masses of the roots help anchor the tree from being eroded
by the changing tides and waves eg. Rhizophora sp.

\uiﬂl 100ts

Frop a0

Enee rocts

/Adaptations:

® Specialized reproduction: embryo germinates while still
attached to the parent tree into a seedling, afterwards the seedling

either drops and takes root or floats until it takes root in a favorable

muddy shore. This reproduction method is called viviparity.
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s N

Mangroves of Samoa

® Over 80 mangrove species are found worldwide, only 3 are found in
Samoa. However, recent surveys conducted by DEC under the
Mangrove Ecosystems for Climate Change Adaptat‘lon and Livelihood
( MESCAL) confirmed 2 additional SPecms Total mangroves species

found in Samoa is now 5.

® The largest mangrove area in Samoa is the Vaiusu Bay mangrove area,
extending from the Mulinu'u Peninsula to Fugalei, Vaitoloa, Vaiusu
and part of Vaitele .

Rhizophora samoensis Red/Female mangrove Common
Bruguiera gymnorhiza Oriental/Male mangrove Common
Xylocarpus granatum White mangrove/ Puzzle-nut Rare
Acrostichum speciosum (new) Swamp fern Common
KPempl':.is acidula (newj Reef mangrove Rare

Map of Vaiusu Mangrove Bay
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/

¢ Total area of mangroves = 2 17.85 hectares & found on Upolu &

Distribution of Mangroves:

Savaii. However, there are more mangrove sites that are vet to be

included.

00 Tett oo

Mangrove stands mapped in 2012

—
%
4
Rl VY
b

(yserer

Characteristics of mangrove species

of Samoa
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1.Rhizophora samoensis (Red mangrove)
®  Stilt roots which allows the mangroves to survive from the
changing tides.
®  Flowers are whitish yellow in colour

® Tips of leaves are blunt

® Seedlings are usually longer & thinner

Stilt roots

2. Bruguiera gymnnorrhiza (Oriental/ Male
mangrove)

® Thick vertical buttress roots growing around the trunk
and knee-like roots that grow up above the mud surface.

® Flowers are reddish, pale yellow, white or green in colour
® Tips of the leaves are pointed

) Knee-lik t:
® Seedlings are shorter and fatter oeseroes
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3. Xylocapus spp (White mangrove)

* Rare mangrove with biggest stand found in Salailua,
Savaii

® Leaves are oval shaped

® Flowers are creamy white in colour

® Seeds are round

L. Rhizophora Zone

2. Bruguiera Zone

3. Fern Zone

4. Beach Hibiscus & Coastal Forest Zone
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e

Importance of Mangroves:

Ecological Values:

® Mangroves are one of the starting points of the food chain of marine

& seashore life.

-
Importance of Mangroves:

Ecological Values:

® Provides shelter & nursery grotmds for a vast range of marine &
terrestrial wildlife.
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/
Importance of Mangroves:

Ecological Values:

¢ Shoreline & lagoon protection — filter water & trap debris
(sediments/nutrients/rubbish) before reaching the coral reef and

seagrass beds.

® Stabilizes coastal areas from erosion especially during storms,

hurricanes and tsunami.

Example of shoreline protection: Malaela Mangroves Before

& After Tsunami in 2009
¥ s .
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Post tsunami assessment of Malaela

Survived house

Wave direction

Ocean

Damaged house

Land use

| 1 Pond, River

Forest
Mangroves

Inundation depth

Shooting angle of Phote {(¢) ' 1.8 m

/
Importance of Mangroves:

CommunityValues:

® Provide food source for sm‘rounding communities.

® Opysters, prawns, mud crabs and various species of fish are caught or

ay subsistence.
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/
Importance of Mangroves:

Community Values:

® Marine resources associated with mangroves also have commercial
value.

® Crabs, prawns, clams and fish are caught/ collected and sold at the
local fish market or along the side of the roads.

® In developed countries, commercial fishing industries place a high

value on mangrove resources SllCll as prawus.
S

/
Importance of Mangroves:

Community Values:

® Support eco-tourism providing income for local communities
¢ Firewood as fuel for cooking
£

® Timber for building houses and canoes

Medicines for various illnesses eg. sores
g

Colouring dyes
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\

7 4
Threats & Impacts: Threats & Impacts:

Human Activities: s
Human Activities:
® Rubbish disposal in and around mangrove areas especially by ;
- 1 ¥ ¢ e angr it e ® Large areas of mangrove swamps and forests have been reclaimed to
industries and companies = . 2 "
b pe create more land for the increasing population and developments.

® Pollution of area leads to poisoned ecosystems and the spread of

diseases
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f
Threats & Impacts:

Human Activities:

¢ Excessive clearing and cutting of mangroves for various uses eg.
& £ £ g

Firewood and construction materials.

-
Threats & Impacts:

Natural Phenomenon:

® Cyclones and strong storms can generate strong winds and wave
b £
action that can topple and uproot mangrove trees.
&
® Heavy rainfall can lead to high discharge of rivers and streams leading
< L= < <

to ﬂooding.

® Tsunami can also uproot and destroy large areas of mangroves.
Y SaLg £
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3 S
Threats & Impacts: Conservation Initiatives:

° Mangrove Ecosystems for Climate Change Adaptation and
Livelihoods (MESCAL)

® 4 years project which also involves Fiji, Tonga, Solomon Island and

Natural Phenomenon:

® Pigs can also cause damage to mangrove areas especially when they

dig up the seed]jngs that are starting to establish into mangrove

plants. Vanuatu

e Aim: increase the resilience to climate change for the people of the
Pacific Island Countries.

® Research
* Mapping of mangroves
* Development of a specific law for the

protection and sustainable management of

mangroves in Samoa.
&
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-
Conservation Initiatives:

Establish mangrove reserves or protected areas:

® As reserves or protected areas mangroves would be fully protected by
£ ) )

law

® Allows for €asy governance and nmlmgement of mangrove resources
4 & & (S

[Conservation Initiatives:

Re-habilitation Programs:

® Promote the re-planting of mangrove seed]ings or juvenilles in areas
2 £

that have been degraded.
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Conservation Initiatives:

Public Awareness:

Conservation Initiatives (cont)

StOP habitat destruction: ® It is important to inform and educate the public on the important
*  Stop the disposal of rubbish into mangrove areas values of mangroves and the harmful impacts of our actions.
* Stop the reclamation of mangrove areas

* Stop the excessive cutting and clearing of mangroves
Establish legislations:

* Develop specific laws regarding the use and management of
mangrove resources

Enforce legislations for the effective management of

mangroves
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HANK YOU
Any Questions?
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15- Thailand

Case and Exbéfiépce Sliaring .

Mangrove are of e i
Mangr Trends in mangrove areas

, s, Thailand in 2020 5
on Mangrove Conservation —_— e Je8l (o 2900

- »n "

in Thailand %

277,923.20 ha.
| e e tee

Suchart Yamprasai

Afangrove Resonrces Research and Development Insiitute,

Departmesnt of Marine and Coastal Resgnrees,
Minizfry of Natural Revources and Environment, Thuilsnd

=

Mangrove species [l
in Thailand f—

« InThailand, there are 102 species of
mangroves (trees and shrubs)

41 species of true mangroves

6! species of mangrove aszociated.
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Report intrusion point
at any time on the website.

¢ Conservation and Protection
Laws in Thailand

. Wildlife in Mangrove

| Species (Update

Category 2025

Promotion ActS
Comizunin F

People's participation

2d with 604 local commmnities t consarve and festre mInzOvE

Phang nga Bay, Ramsar site
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16- Venezuela

NUEVO MAFA OF LA SEPURLICA ROLIVANIANA QF VENEZUELA
WERNLTANG BEL ARCEANN ONANLTINO BEL 4) DR NIRIEMERE B8 ¥ATE

o
WNEZUELA

DATOS CLAVE:
~ Venezuela se ubica al
Norte de América del Sur
| SUPERFICIE TOTAL:
Abiguail 0. Castillo Carmona — 1.575.945 km* (100%)
= ' o Superficie Terrestre:

1.075.945 km* =
916.445 km* (58%), mas
; - 159.500 km? (10%) de la
Profesor de la Escuela de Geografia { . | Guayana Esequiba
! ; —— Superficie Maritima:
>500.000 km* (32%)

CLASIFICACION DE LA COSTA

Longitud de la Linea de Costa de
Venezuela

Congiud (KM ] | Longnud (Rm.) ACUmUIada

Punia Costiletes - Punta Pefias en Paria

18in includr la costa dei Lago de Maracaiba) oo i o

Punia Pefias en Pana - Punia de Playl 1417 3888 234

Nugva Esparta y D i 1413 5,298 1.2 |
L8go de Maracaibe 770 5.063 127

Tou Fa - [
——

Fuente EMDOO0I0n peopw con Bane 0.0 Hagas 1100000 0w IGVSE
+~ 228 km de la linea de costa de la Guayana Esequiba

=6.296 km \Y

3 X Conferencia Ambiental 2024

T 8
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Tipos de Humedales
empleados en Venezuela

e terrestre o 7 Monndeagm marina prolnndldodA
dondehﬂermmmheﬂ:porm enmarea bajano exeednlnsseis(ﬂmtms"
poco profundas
Gmpo de Humedales de Venezuela (2011):

ist que se tran entre los sistemas acuaticos y terrestres, naturales o
construidos, que soportan una biota adapfada a condiciones de suelos satundos o

4. Ribereiios (h

inundados por aguas superficiales o subsup de forma per
stacional, strate los beneficios social de d
:on dg:uesone egicos por los cios les que se derivan de su 5 Ppal s (es decit; “pantan
* Son sistemas que de manera permanente o temporal estan cubiertos ‘ wetitnta, pautance ydenzps)

de agua, de alli que los suelos se saturan y en consecuencia { i

presentan déficits de oxigeno. lo que les da caracteristicas unicas, - 6. =+ Artificiales (como estanques de cria de pecesy

distintos a un ambiente terrestre o acuatico. camarones, embalses, canales de riego, entre otros
A X Conferencia Ambiental 2024 & X Conferencia Ambiental 2024
5 € 2 6 *

5 Sitios Ramsar: Humedales de
Importancia Internacional

157 Humedales de
Venezuela Inventanados

<

5 Sitios Ramsar

2 Reservas de Fauna.

Sitvestre (RS}

3 Parques Nacionales (PN)
Superficie Total 313139
hectireas
5 Planes de Ordenamiento
¥ Reglaments de Uso
{PORU) Vigentes que
incluyen lineamientos u
para atencian de los

Viesarr Sartrigiee. § (1999} Crmtetvarinf de . 3 e
Humicsles n Vemizuels; trvenaria, manglares y sus espacios
diaguiiation ambuntal ¥ esrazg, fomie vitales asociades
Vonersdaan 8¢ 1 Unian Mendal p.arxh
Ramralers Larasa, Vi ! "
A ¥ Conferencia Ambiental 2024 2 X Conferencia Ambiental 2024
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=

‘\*L vr |—(n‘7 =

¢Los Sitios Ramsar son los tinicos
Espacios Protegidos que incluyen |
Manglares en Venezuela?

12024 10

Mangla I" (Normas parala Proteccion de los
Manglares y sus Espacios Vitales Asociados)

mar, ocupando planicl&s costeras bordes insulares y estuanos,
. Se encuentra abierto al movimiento y al flujo de la marea asi
0, también a la escorrentia de aguas desde tierra firme
continental o insular, permitiendo una continua remocion de
suelo, nutrientes y la exportacion de materia organica al
medio.

Articulo 2, del Decreto N° 1.843 de fecha 19 de septiembre de
1991, publicade en la Gaceta Oficial de Ia Repiiblica de
Venezuela N° 34,819 de fecha 14 de octubre de 1991

=7

X Conferencia Ambiental 2024

9 X Conferencia Ambi,
= anala d a Region d a
? g arib
o, A
Wl g
T_g., "y
<'\\ P . -3 h
) e
© ' )'\
f
o
MANGROVE i
Mundo: 14.735.899 ha {(100%) ] = T g
12 AméricayEl Caribe: 3.942.094 ba 27%) ™" X conferencia Ambiental 2024
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E— —

Manglares y Espacios
Protegidos en el Mundo |
y en Venezuela

“América y El Caribe: 2

i 13 Venezuela: 284.675 ha MMymm X Conferencia Ambi 12024 it X Conferencia Ambi 12024

ABRAE: Areis del territorio que se encuentran. sometléas aun; tég;menespwia! ‘de manejo
. les [Articulo.. POT, 1983)

349



International Mangrove Center Workshop on Mangrove Conservation and Restoration (2024 I*' Term)

[ ] &=
1| A Ui e o e

iaths Aspectos Relevantes de la Politica de
= Ordenacion del Territorio paru las ABRAE y
su Vinculacion con los Humedales

==
o

Av = Pt y S Astierid] .

’, : T [ N s——
4 irat Mgt 65 Apats nilissilas 3
= Conservacion de los servicios + Conservaribndsbosgnes D §
funcionales y ecosistémicos pioductores de maderas <
= Representatividad ecoldgica + | Conzervacisnde brana §
= Uso del criterio de corredores = Resguardo de g —re————
biolégicos instalaciones estratégicas S e At e
= Proteccion de cuencas de la Nacion g e
hidrograficas = Participacién del Poder =
= Conservacion de tierras Popular ‘g
agricolas Y ,h El Futuro;
'G 408 ABRAE + £
10 Propuesta Guayana Esequiba
- . ! 418 ABRAE Total + 4 Marinaz =422
17 X Conferencia Ambiental 2024 K X Conferencia Ambiental 2024
17 * 18 *

1| Aetas memias ais festexier B

' 5 ﬁ}: Inventario de ABRAE en las
iz Ranunl B Zenas Costeras |

Al Lt s Wb atald O Dt

At i Praasine e (s P "

e e ey
Adssmid

A $d e Dt 1 o

8 | Comtas Mratonion shs agpans Wil stdne. 1
B Wil abee v
3 | i Maciite =
T

Nacional
10,3 Sup. Total ABRAE

)
]

P T
S R T )
1
¥
B
=

o

El Futuro [ T —————
408 ABRAE+ | e on Agrmonhatreee dgriede
1 | Jsmes (hmsliigs
10 Propuesta = m_.[,,.'.‘.l:..mNl,.‘..‘.h,,.‘.‘...
netas s Exter
Guayana =
=

Esequiba= 418

51 ABRAE con
ecosistemas marino -
costeros

129% Total AB
Nacional :

4% Espacio Acudtico

o ze 2
=TTy =

X Conferencia Ambiental 2024 2 —— X Conferencia Ambiental 2024
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Venezuela: 284.675,00 ha (100,00%)

Venezuela: 284.675,00 ha (100,00%) — ABRAE: 170.610,88 ha (59,93%)
ABRAE: 170.610,88 ha (59,93%) X Conferencia Ambiental 2024 ' ;2 AP +ZP: 79.824,90 ha (28,04%)
21 22

Venezuela: 284.675,00 ha (100,009%)
ABRAE: 170.610,88 ha (59,93%)

Venezuela: 284.675,00 ha (100,009) AP + ZP: 79.824,90 hia (26,049%) r |

ABRAE: 170.610,88 ha (59,93%) AP:  77.629,60ha(2727%)
n X Conferencia Ambiental 2024 124

AP + ZP: 79.824,90 ha (28,04%%)
AP:  77.629,60 ha (27,27%)
X Conferencia Ambiental 2024
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L. Fropress de Flan de Oreeszciin ‘ PO
il o > Instrumentos —

de Gestion y INE Ramsar pilee

e Contrslado (ARG ) para la
- pIT: e i - - X Conferencia Ambiental 2024
o arvacn (G000 s rvac
1:::::“ (Egﬂ uc%h:;) MAEIC: Agnsotius sonun | ‘; COI]SGI vacion Aprovechumisnts sustzmtable
4, Factuus Atbinics (2200000 58 taley cotmo gollutes, de las Zonas de lg diversidad biolgica en e
ihferas, deltng, planliiey - stosistermnn manglor™
cenaguass y otras Costerasy
simitares que por s . 4
rlyuezny maritimey » “Marinas

Iarustres o Nuviales, sean Mangla res y

4 Mg espevial Mterss purs lo

s <1 - S - Espacios
’ Protegidos de
Venezuela

Gracias...
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17- Zimbabwe

Background
. wumwmmm"om

« However, wetlands are the most productive
hmemmm.n the majority of our rural
Popultion depending  them,
* Wetlands constitute a total area of 13 659 580 Ha, which
is 34" of total country area.

= Quality status of wotlands 17,63% Stable; 55,65%
modecatoly degraded and 26,72 severnly dograded

+ Zimbahwe is signatory to the Ramsar conveation, and
has registered 7 Ramsar sites

« Zimbabwe has applied to the Convention for
accreditation of one of our cities, Victoria falls as 2
wotland city

« Wictoria Falls is 3 World Heritage site because of ita

exceptional goological features and natural beauty s
well a5 having of the and mast spectacul
uﬁu’i‘aﬂshﬂrmﬂ.h Tunya ol

Migratory Birds

Driefontein Grasslands is home to

about 85% of the total national Crane Birds
population of the gicbally

vulnerable wattled crane Bugeranus
corunculatus and the endangered grey
crowned crane Balearica regulorum.

Grey crowned cranes (Balearica
regulorum) and wattled cranes
Bugeranus carunculatus) are both
specially protected’ species under
Zimbabwe's Parks and Wildlife Act

The Driefontein Grasslands area among
the key remaining habitats for the
cranes.
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; B :.—‘%‘_r’

ZIMBABWE'S NATIONAL DEVELOPMENT o i S
STRATEGY 1( 2021-2025) - MO Tand Welands

REDUCE AREA OF DEGRADED + Demarcate and map all wetland areas
WEHN?ESBYBO% uima in the country(National Wetlands
—= Masterplan) (2021)

= » Gazette wetlands as reserved areas
E\«R—Lﬂ—"_ 051__6_2935 ey {)AH wetland areas in 11 Major towns
Sk ; e v 2025 )
RIS e * Develop National Wetland

S

Management Guidefines and
National Wetland Rehabilitation
Guidelines for the country (2021)

« Development of Local authorities
Masterplans(2024- To leave out all
Ecologically sensitive areas) and
Integrated Landuse Plans for all River
Catchment areas
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Water Harvesting for Irrigation
Wetland restoration ‘downstream g

10

Community Fishing Bee keeping

Catchment Management

ee keeping inath
ZEN
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