


The Laboratory of Marine Environmental Science (MEL) was promoted to a state key 
laboratory in March 2005 and specializes in marine environmental science research. 
It was recognized as one of the best state key laboratories in the last two nation-
wide reviews (2010 and 2015) by the Ministry of Science and Technology (MOST). 
To meet the nation’s strategic needs of carbon-neutrality, an ocean powered country 
and ecological civilization, MEL is dedicated to cutting-edge and interdisciplinary 
research related to global and regional environmental changes focused on marine 
biogeochemistry and its ecosystem dynamics. The ultimate goal of MEL is to be an 
internationally recognized institution in advanced marine environmental research 
and a platform for fostering talent and academic cooperation.
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What distinguishes the first ray of sunshine in 2025 from 
that of 2005? The answer lies not in the light itself but in 
our perspective. Standing at the threshold of MEL’s 20th 
anniversary, the outlook of a young lab embarking on its 
journey contrasts sharply with that of an institution now 
bearing the maturity of two decades. Yet, amid the relentless 
passage of time, the spirit remains ever youthful: the 
unwavering hope and pursuit of "tomorrow." Youth and the 
future—concepts immeasurable by years and unbounded 
by time—merge as we reflect on MEL’s past and project its 
limitless possibilities. At this moment, the spring of 20 years 
ago feels inseparable from today, as MEL thrives with vitality 
and strength, marching toward an infinite horizon on the eve 
of its 20th birthday.

“A great mountain is not built from a single stone, nor is 
a soaring pavilion made from a single beam.” The power 
of a team comes together to create something vast, while 
the light of an individual can spark a movement. MEL 
researchers continue to excel, earning prestigious awards 
like the NSFC Distinguished Young Scholars and top national 
youth talent honors. Notable achievements include the 8th 
“ZENG Chengkui Marine Science and Technology Award” 
for Young Scientists, recognition in the “Top 10 Science and 
Technology Advances in Oceanology and Limnology,” and 
the NSFC Innovation Research Group award for “Marine 
metabolism and element cycles.” Senior scholars also lead 
with honors such as the AGU Fellow election, Geosciences 
Ambassador recognition, and inclusion in Elsevier’s 2023 
Most Cited Chinese Researchers. 

“Great achievements require patience, for no masterpiece 
is created overnight.” The path of scientific discovery is 
long, but perseverance leads to success. Our researchers 
have made significant strides, uncovering new pathways 
for anthropogenic CO2 transport and revealing how light 
intensity regulates nitrogen fixation in the ocean’s photic 
zone. They have also challenged established views, assessed 
cadmium as a proxy for ocean productivity, decoded cyclonic 
eddy biology in the Northwest Pacific, and developed a 
systematic framework for ammonia-oxidizing archaea. 
Applied research has advanced, with team-led standards 
on microbial carbon pool surveys. Domestically developed 
ocean monitoring tools, like the iSEA system, have been 
successfully localized. Over the past year, MEL’s faculty 
and students have explored the Taiwan Strait, South China 
Sea, Western Pacific, and Eastern Indian Ocean, driving 
breakthroughs in blue frontier research.

 “One flower doesn’t make a garden, but a flourishing 
field brings spring.” True harmony comes from collective 
growth and collaboration. The 9th Young Scientist Forum of 
Earth Science convened over 6,000 early-career scholars in 
Xiamen to explore innovative paths in Earth sciences. MEL 
also established a new partnership with Plymouth Marine 
Laboratory and renewed its collaboration with the Swire 
Group for marine ecological protection and education 
programs. The Global-ONCE initiative led the first-ever 
international proposal on ocean carbon neutrality standards, 
having secured ISO approval. The Plank Manifesto co-
authored by MEL researchers was presented at the United 

Boundless Youth, 
Infinite Future
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A Message from Director

Prof. SHI Dalin

Director of MEL

December 31st, 2024

Nations General Assembly, weaving global efforts toward 
human-ocean harmony.

“It takes ten years to grow a tree, but a hundred to cultivate 
a person.” The vast ocean nurtures the stars of tomorrow. 
MEL hosted the Training Workshop on Marine Radioactivity 
and 2024 Chief Scientist Training Cruise, fostering leadership 
in marine research. It supported the “XMU @ Sea” 
Undergraduate Training Cruise, convened the 16th University 
Consortium on Aquatic Sciences Symposium, and held 
the 9th MEL Graduate Academic Forum, building a strong 
talent pipeline in marine science. Public engagement saw 
innovation, with upgraded Xiamen University Ocean Sciences 
Days and live-streamed lectures bringing oceanic knowledge 
to diverse audiences. Seeds of marine aspirations were sown 
among the youth, transcending mountains and seas. Just 
before Teachers’ Day, MEL was honored as an “Outstanding 
Groups and Institutions in the Education Sector” by the 
Ministry of Education, affirming its integration of education, 
research, and talent cultivation.

As the sun and moon rise and fall, our passion remains 
steadfast. Two decades of storms and sunshine, we stand 
united in the spirit of “reaching for the peak to greet the 

dawn, and riding the winds to conquer the waves.” Now, at 
the threshold of 20 years, MEL begins a new chapter, poised 
to chart unknown waters. With courage and vision, we will 
push the boundaries of research, fueling the dream of a 
maritime powerhouse, and sail toward a boundless, future 
with no regrets.

As the old and new years intertwine in a single night, we 
pause to honor the journey. To every member of MEL, your 
dedication shines like stars in the night sky; to our friends 
and partners, near and far, we send a heartfelt greeting. May 
the Year of the Snake bring with it a tide of fortune, as we 
turn the page to a new chapter of creation and discovery.
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2024 Headlines
◎ Research on “Stronger increases but greater variability 

in global mangrove productivity compared to that of 
adjacent terrestrial forests” was published in Nature 
Ecology & Evolution

◎ The project on “Precision and rapid analysis of 

nearshore biodiversity based on environmental 
genomics” (supported by Young Scientist Project of 
the National Key Research and Development Program) 
was launched

◎ 11 MEL scholars were listed among “the Most Cited 

Chinese Researchers in 2023” by Elsevier

◎ China’s first Seagrass Bed Carbon Sink Methodology, 

led by MEL scientists, passed its panel review

◎ The MoU between MEL and City University of Hong 

Kong was signed

◎ Research on “Functional vertical connectivity of 
microbial communities in the ocean” was published 
in Science Advances

◎ Research on “Biological carbon pump estimate based 
on multidecadal hydrographic data” won “Top 10 
Science and Technology Advances in Oceanology” of 
China

◎ MEL organized the 9th Young Scientist Forum of Earth 
Science

◎ MEL organized the Scoping Workshop on “Synergy of 
Ocean Observations and Biogeochemical Models”

◎ LI Jianghui and LIU Zhiyu were awarded the 
Distinguished Young Scholars of China Frontiers of 
Engineering

◎ MEL invited Andreas Bjelland Eriksen, Minister of the 
Ministry of Climate and Environment of Norway, to 
join a Nanqiang Lecture to discuss “Blue Economy and 
Marine Sustainable Development”

◎ Two projects supported by the National Key Research 
and Development Program, the “Nutrient regulation 
and evolution of the biological pump in the Western 
North Pacific” and the “Understanding and prediction 
of decadal climate change based on energy processes”, 
were launched

◎ The 5th XMU @ Sea Undergraduate Training Cruise set 
sail, untilizing the South China Sea as the field site for 
research, teaching and training. The RV TKK was open 
to the public during its stops in Singapore, Malaysia and 
Hong Kong

January

June

July

March

April

May
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◎ The Group of Excellence on “Ocean metabolism and 
elemental cycles” was awarded the NSFC Science Fund 
for Innovative Research Groups

◎ Co-organized by MEL, the Training Workshop on Marine 
Radioactivity was held at Xiamen University Malaysia

◎ The 2024 Chief Scientist Training Cruise and Cruise in 
the Central South China Sea supported by NSFC were 
organized aboard the RV TKK 

◎  MEL was awarded the title of Outstanding Groups 
and Institutions in the Education Sector by Ministry of 
Education of China

◎ DAI Minhan was awarded the AGU Fellow and received 
the AGU Ambassador Award for Earth and Space 
Science

◎ CAO Ling and WANG Chuanchao received the NSFC 
Fund for Distinguished Young Scholars

◎ Research on “Pacific Ocean originated anthropogenic 
carbon and its long-term variations in the South China 
Sea” was published in Science Advances

◎ An agreement was signed by MEL team and Xiamen 
Standar Scientific Instruments Co., Ltd., aiming at 
transferring the technology of iSEA

◎ WANG Weilei received the ZENG Chengkui Marine 
Science and Technology Award for Young Scientists. 
His research on “Global biological carbon pump 
estimation” was listed among the 2023 “Top 10 
Science and Technology Advances in Oceanology and 
Limnology” in China

◎ Research on “Light-driven integration of diazotroph-
derived nitrogen in euphotic nitrogen cycle” was 
published in Nature Communications

◎ The 3rd Global-ONCE Open Science Conference was 
held, where the integrated undergraduate-graduate 
course on Habitable Earth was launched

◎ The world’s first international standard proposal on 
ocean carbon neutrality, titled “Ocean Negative Carbon 
Emissions and Carbon Neutrality—General Principles and 
Requirements” was approved, led by Global ONCE

◎ The Swire Group donated to D-SMART’s Marine Ecology 
Conservation and Education Project

◎ The MoU between MEL and Plymouth Marine Laboratory, 
UK, was signed

◎ The MoU between MEL and the Institut de Physique du 
Globe de Paris (France) was signed

◎ Cruise observations of eddies in the Northwest Pacific 
Subtropical Countercurrent zone was conducted aboard 
the RV TKK

◎ The 13th Xiamen University Ocean Sciences Day was held

◎ JI Rongrong was awarded the 2024 Fellow of 
International Association for Pattern Recognition

September

October

November

December

August
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Research Highlights

6



Mixing state and ice nucleation properties of aerosol particles 
over the western Pacific and Southern Ocean

Atmospheric particles can impact cloud formation and play a critical role in regulating cloud properties. However, 
particle characteristics at the single-particle level and their ability to act as ice-nucleating particles (INPs) over the marine 
atmosphere are poorly understood. In this study, we present micro-spectroscopic characterizations and ice nucleation 
properties of particles collected over the western Pacific and Southern Ocean. We found that the mixing state of marine 
aerosols are more internally mixed as the contribution of fresh sea salt particles increases. However, non-uniform aging 
process or new particle sources makes the aerosol more externally mixed. There were significant differences in the ice 
nucleating properties of particles from different sources. Sea salt particles with organic coating exhibit the highest ice 
nucleation properties, whereas particles affected by Australia forest fires showed the lowest ice formation ability. The 
dominant types of atmospheric particles can serve as INPs, with mixtures of aged sea salt and sulfate being enriched in 
INPs. The results suggest that the ice formation ability of aerosols is influenced not only by their composition but also 
their physical and chemical mixing state. We propose parameterizations for heterogeneous nucleation rate coefficients 
and contact angles of marine aerosols from different sources, which can be used in the cloud and climate models for a 
better understanding in aerosol’s climate effects.

The effects of various atmospheric processes in marine aerosols on the mixing state of particle population and ice nucleation

Reference:
Xue, J; Zhang, T; Park, K; Yan, JP; Yoon, YJ; Park, J*; Wang, BB* (2024). Diverse sources and aging change the mixing state and ice 
nucleation properties of aerosol particles over the western Pacific and Southern Ocean. ATMOSPHERIC CHEMISTRY AND PHYSICS, 
24(13): 7731–7754. 

8. 西太平洋和南大洋大气颗粒物的混合状态和冰核性能 

 

大气颗粒物能够影响云的形成和降水，在全球辐射平衡中扮演重要角色。然而，目前对于

海洋大气中颗粒物做为冰核形成冰晶的性能仍知之甚少。 

该研究发现海洋气溶胶的混合状态随新鲜海盐颗粒物的增加趋向于内部混合，但随非均一

老化反应或其他来源颗粒物的增加而趋向于外部混合。不同来源海洋气溶胶的冰核性能存在明

显差异，其中由有机物包裹的新鲜海盐颗粒物冰核性能最优，而受澳大利亚森林大火影响的颗

粒物结冰性能最差。大气中占主导的颗粒物均能成为有效冰核；老化海盐和硫酸盐混合颗粒物

在冰核中有一定的富集。该研究发现海洋气溶胶的凝华冻结冰核性能受颗粒物组分及其物理和

化学混合状态共同影响。本研究提出了不同来源海洋气溶胶的异质结冰速率系数和接触角参数

化方案，有助于云模式或地球系统模式中气溶胶气候效应的准确模拟。 

 

以上工作于 2024年 7月发表于 Atmospheric Chemistry and Physics期刊，2018级博士生薛

姣为第一作者，汪冰冰教授和韩国极地研究所 Jiyeon Park研究员为共同通讯作者。 

 

 

 

 

 

 

 

 

 

海洋上空不同过程对大气颗粒物混合状态和冰核的影响 

The effects of various atmospheric processes in marine aerosols on the mixing state of particle population and ice nucleation 
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Effects of CO2 on the nitrogen isotopic composition of marine 
diazotrophic cyanobacteria

Biological N2 fixation has been crucial for sustaining early life on Earth. Very negative δ15N values detected in Archean 
sediments, which are not observed in present-day environments, have been attributed to the low efficiency of proto-
nitrogenases. Alternatively, variations in early atmospheric CO2 may also play a role. Here we examine the effects of CO2 
concentrations on the biomass δ15N signatures of the diazotrophs Trichodesmium erythraeum and Crocosphaera watsonii, 
which utilize Mo-Fe nitrogenase (the most common form of the enzyme). Our results show that these organisms produce 
biomass with δ15N values up to ~3‰ lower under both decreased and elevated CO2 concentrations compared to modern 
levels (~380 μatm). These deviations from modern CO2 levels reduce nitrogenase enzyme efficiency, leading to increased 
organismal isotopic fractionation during N2 fixation. This study offers an alternative explanation for the observed fluctuations 
in geological δ15N records and provides new insights into the past nitrogen cycle on Earth.

Reference:
Wen, ZZ; Jiang, RT; He, TL; Browning, TJ; Hong, HZ; Kao, SJ; Yang, JYT; Shi, DL* (2024). Effects of CO2 on the nitrogen isotopic composition of 
marine diazotrophic cyanobacteria. GEOPHYSICAL RESEARCH LETTERS, 51(19), e2024GL110599.

Biomass δ15N values of T. erythraeum and C. wastonii produced when grown 

in variable CO2 concentrations 

12. 二氧化碳对海洋固氮蓝藻氮同位素组成的影响 

Effects of CO2 on the nitrogen isotopic composition of marine diazotrophic cyanobacteria 

 

生物固氮作用对支撑海洋生产力具有重要意义，其氮同位素分馏效应是理解古海洋和现代

海洋氮循环过程的关键参数之一。已有研究发现 CO2 浓度升高导致的海洋酸化可显著降低固

氮蓝藻束毛藻的固氮酶效率。固氮酶效率则与氮同位素分馏效应密切相关。由此推测，CO2浓

度的改变可能通过影响固氮酶效率，从而调控固氮作用的氮同位素分馏。 

通过开展不同 CO2分压条件下（180 μatm至 1400 μatm）海洋代表性固氮蓝藻束毛藻和鳄

球藻的受控培养实验，发现相较于现代水平（~380 μatm），CO2浓度降低或升高均显著降低固

氮生物的氮同位素组成（δ15Nbiomass）。进一步分析证实，CO2 浓度变化通过影响固氮酶的效率

和生长速率显著调控固氮蓝藻的 δ15Nbiomass。该成果为沉积记录中观测到的 δ15N波动和地质历

史时期的氮循环过程提供新见解。 

 

以上工作于 2024年 10月发表于 Geophysical Research Letters期刊，温作柱副教授和 2019

级博士生姜若桐为共同第一作者，史大林教授为通讯作者。 

 

 

CO2对代表性固氮蓝藻束毛藻和鳄球藻氮同位素组成（δ15Nbiomass）的影响（A）；固氮生物氮同位素组成与

固氮酶效率的相关性（B） 

Biomass δ15N values of T. erythraeum and C. wastonii produced when grown in variable CO2 concentrations (A); 

Relationships between nitrogenase efficiency and biomass δ15N (B).  

A B 
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以上工作于 2024年 10月发表于 Geophysical Research Letters期刊，温作柱副教授和 2019

级博士生姜若桐为共同第一作者，史大林教授为通讯作者。 
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Biomass δ15N values of T. erythraeum and C. wastonii produced when grown in variable CO2 concentrations (A); 

Relationships between nitrogenase efficiency and biomass δ15N (B).  

A B 

Relationships between nitrogenase efficiency and biomass δ15N 
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Anthropogenic carbon from open to coastal oceans

Coastal oceans, traditionally seen as a conduit for transporting atmospheric carbon dioxide (CO2)-derived anthropogenic 
carbon (CANT) to open oceans, exhibit complex carbon exchanges at their interface. South China Sea (SCS) exemplifies this 
complexity, where interactions with the Pacific, particularly through Kuroshio intrusion, challenge the understanding of CANT 
source and variability in a coastal ocean. Contrary to prevailing paradigm expectations, our high-resolution, long-term data 
reveal that CANT in the SCS primarily originates from Pacific water injection across the Luzon Strait rather than atmospheric 
CO2 invasion. Over the past two decades, the SCS has experienced increasing CANT levels, with notable interannual 
fluctuations driven by El Niño and La Niña events influencing Kuroshio intrusion, generating anomalously high and low CANT 
inventories, respectively. This highlights an overlooked CANT transport pathway from open to coastal oceans, responsible for 
cumulative ocean acidification that has already affected coral reefs enriched in the SCS located west of the Coral Triangle.

Reference:
Wang, ZX; Cao, ZM*; Liu, ZQ; Zhai, WD; Luo, YH; Lin, YX; Roberts, E; Gan, JP; Dai, MH* (2024). Pacific Ocean-originated anthropogenic 
carbon and its long-term variations in the South China Sea. SCIENCE ADVANCES, 10, eadn9171. 

Both latitudinal and longitudinal gradients of CANT correspond well to the circulation fields; in particular, CANT concentrations generally decrease 

westward along the pathway of intruding Kuroshio waters from the Luzon Strait

14. 海洋中人为 CO2输运的独特路径：从开阔大洋到边缘海 

 

边缘海和开阔大洋之间的水体交换往往是三维动态的，存在显著的时间和区域变异性，这

为研究边缘海人为 CO2 的来源、变化和效应带来了严峻挑战。南海是典型的大洋主控型边缘

海，与西北太平洋之间的水体交换具有独特的“三层”环流结构，因此是解析上述问题的典型

区域。 

本研究优化了计算海洋人为 CO2浓度的 TrOCA法（溶解氧+溶解无机碳+总碱度示踪法），

并基于南海近二十年的长期观测数据，构建了迄今为止最全面的南海人为 CO2数据集；证明了

南海人为 CO2的主要来源是黑潮入侵携带的太平洋人为 CO2，而非海-气交换（人为 CO2进入

海洋的常规方式）及陆源输入。揭示这一开阔大洋向边缘海输运人为 CO2的新路径，对厘清边

缘海人为 CO2分布、通量与演变，以及全面理解边缘海碳循环具有重要意义。 

以上工作于 2024年 9月发表于 Science Advances期刊，2024届博士生王志轩为第一作者，

戴民汉教授和曹知勉教授为共同通讯作者。 

 
¿¿ 1 ¡¡¬¬√√∂∂ CO2&&ƒƒééyy55rr≈≈ééyy5500))¡¡¬¬∆∆««RR»»……&&∏∏îî__BB  ÀÀMMÀÀÃÃ55ÕÕ

ŒŒœœ––——éé““””‘‘ 
Figure 1. Both latitudinal and longitudinal gradients of CANT correspond well to the circulation 
fields; in particular, CANT concentrations generally decrease westward along the pathway of 
intruding Kuroshio waters from the Luzon Strait. 
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Decoupled cycling of particulate cadmium and phosphorus in 
the subtropical Northwest Pacific

Particle sampling stations along the GEOTRACES GP09 Northwestern Pacific transect, 

and depth profiles of total particulate cadmium (pCd), phosphorus (pP), and Cd : P 

ratio (pCd : pP)

1. 西北太平洋颗粒态镉与磷的非耦合循环 

金属镉对人类具有高度毒性，但却是海洋中重要的痕量营养盐。现代海洋中溶解态镉与磷

酸盐的浓度分布具有显著的相似性，因此沉积记录中的镉常被用来推算海水的磷酸盐浓度，从

而反演古生产力。然而，现代海洋中镉和磷的循环机理仍不完全明晰。 

本研究通过调查西北太平洋副热带流涡区的颗粒态镉（Cd）和磷（P）浓度剖面，揭示了

二者在生物吸收、有机质再矿化等过程中的非耦合性。真光层中，铁、锌等痕量营养盐的相对

不足导致浮游植物上调对镉的吸收利用。弱光层中，磷相较于镉优先矿化，致使再矿化比率Δ

Cd:ΔP随深度发生变化。 

该研究不仅为评估海洋颗粒物对 Cd与 P循环的影响提供实测数据支持；二者的非耦合性

也提示镉作为古磷酸盐指标来重建古海洋生产力的方法尚存在较大的不确定性。 

 

西北太平洋 GEOTRACES GP09航次颗粒物采样站位及颗粒态镉、磷、镉与磷比值的深度剖面 

Particle sampling stations along the GEOTRACES GP09 Northwestern Pacific transect, and depth profiles of total 

particulate cadmium (pCd), phosphorus (pP), and Cd : P ratio (pCd : pP) 

 

以上工作于 2024年 8月发表于 Limnology and Oceanography期刊，张!"#为第一作

者，戴民汉教授为通讯作者。  

1. 西北太平洋颗粒态镉与磷的非耦合循环 

金属镉对人类具有高度毒性，但却是海洋中重要的痕量营养盐。现代海洋中溶解态镉与磷

酸盐的浓度分布具有显著的相似性，因此沉积记录中的镉常被用来推算海水的磷酸盐浓度，从

而反演古生产力。然而，现代海洋中镉和磷的循环机理仍不完全明晰。 

本研究通过调查西北太平洋副热带流涡区的颗粒态镉（Cd）和磷（P）浓度剖面，揭示了

二者在生物吸收、有机质再矿化等过程中的非耦合性。真光层中，铁、锌等痕量营养盐的相对

不足导致浮游植物上调对镉的吸收利用。弱光层中，磷相较于镉优先矿化，致使再矿化比率Δ

Cd:ΔP随深度发生变化。 

该研究不仅为评估海洋颗粒物对 Cd与 P循环的影响提供实测数据支持；二者的非耦合性

也提示镉作为古磷酸盐指标来重建古海洋生产力的方法尚存在较大的不确定性。 

 

西北太平洋 GEOTRACES GP09航次颗粒物采样站位及颗粒态镉、磷、镉与磷比值的深度剖面 

Particle sampling stations along the GEOTRACES GP09 Northwestern Pacific transect, and depth profiles of total 

particulate cadmium (pCd), phosphorus (pP), and Cd : P ratio (pCd : pP) 

 

以上工作于 2024年 8月发表于 Limnology and Oceanography期刊，张!"#为第一作

者，戴民汉教授为通讯作者。  

Reference:
Zhang, K; Zhou, KB; Cai, YH; Yuan, ZW; Chen, YJ; Xu, FP; Liu, X; 
Cao, ZM; Dai, MH* (2024). Decoupled cycling of particulate 
cadmium and phosphorus in the subtropical Northwest Pacific. 
LIMNOLOGY AND OCEANOGRAPHY, 69: 1941-1954. 

Cadmium (Cd) is a highly toxic element to human health 

but an important micronutrient in the ocean. Early studies 

revealed a strong correlation between dissolved Cd and the 

macronutrient phosphate (PO4), leading to the use of Cd 

records preserved in planktonic and benthic foraminifera to 

reconstruct surface and deep-water phosphate distributions 

in ancient oceans. However, the biogeochemical cycling of 

cadmium and phosphorus in the modern ocean remains 

not fully understood. In this study, we present the first 

depth profiles of size-fractionated (0.8–51 μm; > 51 μm) 

particulate Cd and P concentrations in the western sector 

of the oligotrophic North Pacific Subtropical Gyre from 

the China GEOTRACES Section GP09. Our results reveal a 

decoupled cycling of particulate Cd and P, as evidenced 

by spatial variability in their biological uptake and organic 

remineralization. In the euphotic zone, the depletion of 

biologically important trace metals (e.g., Fe, Zn) in the 

presence of elevated macronutrients leads to increased 

uptake and utilization of cadmium by phytoplankton. 

In the mesopelagic zone, phosphorus is preferentially 

remineralized over cadmium, resulting in a variable 

remineralization ratio (ΔCd:ΔP) with depth. This study 

highlights the complex processes that fractionate Cd 

from P in the oligotrophic ocean, complicating the use of 

Cd as a palaeo-phosphate proxy.
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Functional vertical connectivity of microbial communities
in the ocean

Sinking particles are a critical conduit for the transport of 
surface microbes to the ocean’s interior. Vertical connectivity 
of phylogenetic composition has been shown; however, the 
functional vertical connectivity of microbial communities 
has not yet been explored in detail. We investigated protein 
and taxa profiles of both free-living and particle-attached 
microbial communities from the surface to 3000 m depth 
using a combined metaproteomic and 16S rRNA amplicon 
sequencing approach. A clear compositional and functional 
vertical connectivity of microbial communities was observed 
throughout the water column with Oceanospirillales, 
Alteromonadales, and Rhodobacterales as key taxa. The 
surface-derived particle-associated microbes increased the 
expression of proteins involved in basic metabolism, organic 
matter processing, and environmental stress response in 
deep waters. This study highlights the functional vertical 
connectivity between surface and deep-sea microbial 
communities via sinking particles and reveals that a 
considerable proportion of the deep-sea microbes might 
originate from surface waters and have a major impact on 
the biogeochemical cycles in the deep sea.

Reference:
Chen, S; Xie, ZX; Yan, KQ; Chen, JW; Li, DX; Wu, 
PF; Peng, L; Lin, L; Dong, CM; Zhao, ZH; Fan, 
GY; Liu, SQ; Herndl, GJ*; Wang, DZ* (2024). 
Functional vertical connectivity of microbial 
communities in the ocean. SCIENCE ADVANCES, 
10(2), eadj8184.

Contribution of proteins categorized by depths in PA or FL fraction at 

SEATS and SS1 stations
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Progress in the study of processes and effects of the 
biological pump in marine mesoscale eddy

Reference:
Liu, HR; Browning, TJ; Laws, EA; Huang, YB; Wang, L; Shang, YW; 
Xing, XG; Zhou, KB; Jiang, ZP; Liu, X*; Huang, BQ; Dai, MH (2024), 
Stimulation of small phytoplankton drives enhanced sinking 
particle formation in a subtropical ocean eddy. LIMNOLOGY AND 
OCEANOGRAPHY, 69: 834-847. 

Cyclonic eddies in oligotrophic ocean can drive the 
upwelling of deep nutrient rich water, which has a 
significant impact on maintaining primary production and 
the biological pump. However, due to the lack of direct 
evidence from multidisciplinary collaboration, there is still 
a debate about whether cyclonic eddies can remarkably 
enhance the carbon biomass of plankton and the export of 
particulate organic carbon.

Through multidisciplinary intersection, the plankton 
ecology and biological pump processes of cyclonic eddies 
in the subtropical gyre region of the Northwest Pacific 
Ocean were analyzed. The study found that the uplift of the 
nutricline driven by cyclonic eddies mainly promoted the 
primary production of picophytoplankton and increased 
the subsurface chlorophyll-a concentration. However, due 
to the rapid and close growth-grazing relationship between 
phytoplankton and zooplankton, the existing biomass of 
phytoplankton integrated over the euphotic layer did not 
increase significantly. Nevertheless, the significant increases 
in both the primary production rate of phytoplankton and 
the grazing rate of microzooplankton still led to a significant 
increase in the concentration of mesozooplankton and 
large-sized particulate matter that can observe in the center 

of the eddy. The combined effects of the decrease in water 
temperature, the increase in productivity, and the strong 
wind stress resulted in an obvious sink of atmospheric CO₂ 
observed by BGC - Argo in the center of the eddy. These 
results of field observations through multidisciplinary 
collaboration indicate that in the vast ocean desert regions, 
the bottom-up effect of cyclonic eddies in strengthening 
the supply of nutrients can indeed promote the growth 
of phytoplankton, but the biomass is also controlled by 
the top-down effect of zooplankton grazing. This also 
means that taking either the chlorophyll-a concentration 
or the carbon biomass of phytoplankton as a single 
indicator cannot accurately assess the carbon fixation and 
sequestration capacities of cyclonic eddies. It is necessary to 
comprehensively consider the marine carbon sink function 
within specific spatio-temporal scales at the ecosystem 
level. 

Responses of key parameters in the biological bump responses within a mesocascale cyclonic eddy

2. 海洋中尺度涡生物泵作用过程与效应研究新进展 

 

寡营养海区的气旋涡能驱动富含营养盐的深层海水向上涌升，对维持副热带流涡区初级生

产和生物泵具有重要影响。然而，由于缺乏多学科协同的直接证据，至今关于气旋涡能否显著

提升浮游生物的碳生物量和颗粒有机碳输出仍存在争议。 

本研究基于卫星遥感数据，有针对性地组织高频船基现场过程观测，并结合生物地球化学

浮标（BGC-Argo），通过多学科交叉解析了西北太平洋副热带流涡区气旋涡的浮游生物生态和

生物泵过程。研究发现，西北副热带流涡区的气旋涡驱动的营养盐跃层抬升主要促进了微微型

浮游植物初级生产并提升了次表层叶绿素 a 浓度。不过，因浮游植物和浮游动物之间快速且

紧密的生长 - 摄食关系，致使真光层积分的浮游植物现存生物量并未显著增加。但浮游植物

初级生产与浮游动物摄食速率都显著提升，依然使得涡旋中心中型浮游动物和可沉降的大粒径

颗粒物浓度显著增加。水温下降、生产力增加以及强风应力共同作用，致使 BGC-Argo观测到

涡旋中心明显的大气 CO₂汇。这些多学科协同的现场观测结果表明，在广袤的海洋荒漠区，气

旋涡强化营养盐供应的上行效应确实能促进浮游植物生长，但生物量水平也受动物摄食下行效

应的控制。这也意味着以浮游植物叶绿素 a浓度或者碳生物量为单一指标，无法准确评估气旋

涡的固碳和储碳能力，需要在特定的时空尺度下全面的考虑生态系统的碳汇功能。 

以上工作于 2024年 4月发表于 Limnology and Oceanography期刊，2023届博士生刘浩然

为第一作者，柳欣教授为通讯作者。 

中尺度气旋涡真光层生物碳泵过程关键参数的响应 

Responses of key parameters in the biological bump responses within a mesocascale cyclonic eddy  
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Methods for refining water quality criteria in turbid waters

Turbid waters and clearer standards: Refining water quality 
criteria for coastal environments by encompassing metal 
bioavailability from suspended particles

In coastal turbid waters, metals primarily exist in particulate 
form. However, existing water quality assessments and 
criteria, both domestically and internationally, often focus 
on dissolved metals as the primary indicator of water 
quality, neglecting the potential ecological risks posed by 
particulate metals. For example, China's Marine Monitoring 
Standards stipulate that water samples must be immediately 
filtered through a 0.45 μm membrane to remove particulate 
metals. While this approach is relatively robust, it reduces 
the accuracy of metal risk assessments, making it difficult to 
effectively protect the ecological health of turbid waters.

This study focuses on the bioaccumulation risks of 
particulate metals in turbid waters. Suspended particulate 
matter was collected from 23 coastal stations in China, and a 
novel method was developed to measure the bioavailability 
of particulate metals. The study used the widely distributed 

filter-feeding clam Ruditapes philippinarum as a 
representative species. The results showed that the 
bioavailability of particulate metals was 42% for Zn, 26% 
for Cd, 20% for Cu, 8% for Ni, and 6% for Pb.

Based on the bioavailability of particulate metals and 
their distribution characteristics in turbid waters, 
the study used the Monte Carlo method to calculate 
modifying factors for water quality criteria. These 
modifying factors allow for the calculation of water 
quality criteria for turbid waters, which are determined 
by dividing the water quality criteria based on dissolved 
metal exposure by the modifying factor. This study 
provides foundational guidelines to refine water quality 
criteria in turbid waters and protect coastal ecosystems

Reference:
Qian, J; Hu, TS; Xiong, HY; Cao, X; Liu, FJ; Gosnell, KJ; Xie, MW; Chen, R; Tan, QG* (2024). Turbid waters and clearer standards: Refining 
water quality criteria for coastal environments by encompassing metal bioavailability from suspended particles. ENVIRONMENTAL 
SCIENCE & TECHNOLOGY, 58(12): 5244-5254. 

3. 浑浊水体与更清晰的标准：考虑颗粒态金属的生物有效性完善沿海水质基准 
 

在近海浑浊水体中，重金属主要以颗粒态存在。然而，国内外现行的海水水质评估和基

准仍以溶解态重金属作为评价指标，忽略了颗粒态重金属的潜在生态风险。以我国《海洋监

测规范》为例，规定在水样采集后需立即使用 0.45 μm滤膜进行过滤处理，以去除颗粒态重

金属。此做法虽然相对简单，但也因此降低了重金属风险评估的准确性，难以有效保护浑浊

水体的生态健康。 

本研究聚焦浑浊水体中重金属的生物累积风险，采集我国沿海 23个站位的悬浮颗粒物，

开发一种新方法测定颗粒态重金属的生物有效性。研究选取了广泛分布的滤食性生物菲律宾

蛤仔作为代表物种，结果表明：颗粒态 Zn、Cd、Cu、Ni和 Pb的平均生物可利用率分别为

42%、26%、20%、8%和 6%。基于颗粒态重金属的生物可利用率，结合重金属在浑浊水体中

的分配特征，研究采用蒙特卡罗方法计算了水质基准的校正因子。依据校正因子，可计算浑

浊水体的水质基准，即基于溶解态重金属暴露制定的水质基准除以校正因子，该项研究为完

善浑浊水体的水质基准和保护近海生态系统提供了基本准则。 

 

以上工作于 2024年 3月发表于 Environmental Science & Technology期刊，2021级博士生

钱静为第一作者，谭巧国教授为通讯作者。 

 

浑浊水体中水质基准的完善方法 

Methods for refining water quality criteria in turbid waters 
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The regulated pathways based on the differentially expressed genes (DEGs) between P (PAR alone) and PAB (PAR + UVR) treatment in E. huxleyi with (+V) 

and without (−V) EhV infection

Warming and UV radiation alleviate the effect of virus infection 
on the microalga Emiliania huxleyi

Coccolithorphorids contribute to marine biological CO2 
pump and carbonate counter pump via photosynthesis and 
bio-calcification, playing important roles in regulating air-
sea CO2 fluxes. They form large scale microalgal blooms on 
sea surface, whose declines are usually attributed to cellular 
lyses caused by coccolithoviruses. However, little is known 
about how global change factors like solar UV radiation (UVR) 
and ocean warming affect the host-virus interaction. 

We grew the microalga at 2 temperature levels with or 
without the virus in the presence or absence of UVR 
and investigated the physiological and transcriptional 
responses. We showed that viral infection noticeably 
reduced photosynthesis and growth of the alga but was 
less harmful to its physiology under conditions where UVR 
influenced viral DNA expression. In the virus-infected cells, 
the combination of UVR and warming (+4°C) led to a 13-

Reference:
Fu, QQ; Huang, RP; Li, FT; Beardall, J; Hutchins, DA; Liu, JW; Gao, KS* (2024). Warming and UV radiation alleviate the effect of virus 
infection on the microalga Emiliania huxleyi. PLANT CELL AND ENVIRONMENT, DOI: 10.1111/pce.15262

11. 升温与 UV辐射协同削弱颗石藻病毒的侵染力 

 

颗石藻类，通过光合作用与钙化作用参与海洋生物碳泵与碳酸盐反向泵，与海气界面 CO2

通量变化密切相关，在海表形成大规模藻华的衰退与病毒侵染有关。 

该研究发现，病毒侵染显著降低颗石藻的生长和固碳量，然而，UV会通过损害病毒的 DNA

削弱其侵染力。DNA 转录结果表明，病毒侵染降低了颗石藻能量代谢效率，下调了其脂肪酸

降解和光捕获相关路径。升温与 UV复合影响下，受病毒侵染后的颗石藻固碳量增加了 13倍，

这是因为 UV与升温降低了病毒侵染作用的同时，上调了该藻光反应及卡尔文循环相关基因的

表达。海水动力过程会驱使浮游植物从表层到深层或从较深层到表层，时常经受温度与 UV暴

露水平的变化。本研究结果表明，升温与 UV辐射下，颗石藻病毒对其宿主的侵染能力显著下

降，暗示海洋暖化与上部混合层变浅 (UV暴露量增大) 会延长颗石藻藻华的爆发期。 

 

以上工作于 2024年 11月发表于 Plant Cell and Environment期刊，2023届博士生付倩倩为第

一作者，高坤山教授为通讯作者。 

 

 
 

 

 

 

 

 

 

 

 

 

在 P (可见光)(A) 和 PAB (P+UVA+B) (B) 条件下被病毒（+V）侵染颗石藻不同代谢途径的变化。 

The regulated pathways based on the differentially expressed genes (DEGs) between P (PAR alone) 

and PAB (PAR + UVR) treatment in E. huxleyi with (+V) and without (−V) EhV infection 

fold increase in photosynthetic carbon fixation rate, with 
warming alone contributing a change of about 5–7-fold. This 
was attributed to upregulated expression of genes related 
to carboxylation and light-harvesting proteins under the 
influence of UVR, and to warming-reduced infectivity. In the 
absence of UVR, viral infection downregulated the metabolic 
pathways of photosynthesis and fatty acid degradation. 

Water motions drive phytoplankton cells up and down in 
the upper mixing layers, exposing the microalga to changed 
levels of temperature and UV radiation. The results of this 
study demonstrate that coccolithovirus is less harmful to 
its host under combined influences of UV and warming, 
implying that solar UV exposure in a warming ocean can 
reduce the severity of viral attack on this ecologically 
important microalga, potentially prolonging its blooms. 

14



Asymmetry of Submesoscale Instabilities in Anticyclonic and 
Cyclonic Eddies

Spatial distribution of normalized relative vorticity in the (upper) anticyclonic and (lower) cyclonic eddies at different stages, which shows the 

asymmetric evolution features of submesoscale filaments in different polarities of eddies

The upper-ocean relative vorticity has been found to be cyclonically skewed, but altimetry observations indicate that 
long-lifespan mesoscale eddies tend to be anticyclonic. We are thus interested in whether cyclonic or anticyclonic 
eddies are more unstable under similar circumstances. Here we use submesoscale-resolving simulations of idealized 
mesoscale eddies, incorporating theoretical analyses, to investigate asymmetries of submesoscale instabilities within 
the anticyclones and cyclones. It is found that submesoscale filaments initiate at regions with the largest horizontal 
buoyancy gradients for both anticyclones and cyclones, but these filaments subsequently rotate outward in anticyclones 
while inward in cyclones. Hence submesoscales are more vigorous at anticyclone peripheries and the cyclone 
center. Such differing distributions and evolutions of submesoscale processes are primarily caused by changes in the 
background stratification associated with the decaying of mesoscale eddies. The active submesoscales near the cyclone 
center eventually distort its core structure radically, whereas the anticyclone remains largely unaffected.

Reference:
Shi, WA; Lin, HY*; Deng, Q; Hu, JY (2024). Asymmetry of submesoscale instabilities in anticyclonic and cyclonic eddies. GEOPHYSICAL 
RESEARCH LETTERS, 51(2), e2023GL106853. 

7. 气旋涡与反气旋涡中亚中尺度不稳定的不对称性研究 

Asymmetry of Submesoscale Instabilities in Anticyclonic and Cyclonic Eddies 
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Spatial distribution of normalized relative vorticity in the (upper) anticyclonic and (lower) cyclonic eddies at 
different stages, which shows the asymmetric evolution features of submesoscale filaments in different 
polarities of eddies. 
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Observation-based estimates of water mass transformation and 
formation in the Labrador Sea

The Labrador Sea Water (LSW) is one of the key mid-deep 
water masses in the Atlantic ocean. Its formation and 
subsequent spreading are known to exert critical impacts on 
the deep thermohaline properties and circulation structure. 
Previous estimates using different approaches, including 
those based on numerical models and inverse methods, 
vary significantly and have mostly emphasized on the role 
of surface buoyancy forcing. A robust observation-based 
estimate is still lacking.

In this study, we combine moored measurements, 
hydrographic datasets and atmospheric reanalysis products 
to estimate the mean formation rate of the LSW and to 
assess its quantitative attributions to different forcing 
mechanisms under the water mass transformation 

framework. We find an indispensable role of diapycnal 
mixing, which contributes to the LSW formation rate by 
63%. The remaining is mostly driven by air-sea buoyancy flux 
acting on outcropping isopycnals. Finally, the thermohaline 
anomalies associated with the LSW formation are evaluated 
and their linkage to air-sea heat flux and interior mixing are 
discussed. 

Results from this study underline the critical role of mixing 
in determining the formation and properties of the LSW. 
We believe that results from this work provide important 
observational constraints for modeling deep-water 
evolution, which is key for simulating deep ocean property 
and circulation, as well as predicting their response to a 
warming climate.

Reference:
Zou, SJ*; Petit, T; Li, FL; Lozier, MS (2024). Observation-based estimates of water mass transformation and formation in the Labrador Sea. 
JOURNAL OF PHYSICAL OCEANOGRAPHY, 54(7): 1411–1429. 

6. 基于观测数据的拉布拉多海水团转化与生成速率研究 

 

拉布拉多海水团（LSW）是大西洋深层水团关键组成部分，其生成强度直接影响深海温盐

分布和环流结构。目前对 LSW生成速率的估计多基于数值模式或逆方法，不确定性较大，且

多强调海-气通量的主导作用，尚缺乏基于观测数据的稳健估计和归因。 

该研究利用多源观测数据估计 LSW多年平均生成速率，指出跨等密度面混合起主导作用，

驱动了 63%的 LSW生成速率。此外，研究进一步分析了 LSW温盐变异机制，揭示了海-气热
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一作者兼通讯作者。 
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Schematic of North Atlantic circulation (Chafik et al. 2021). 

The Labrador Sea is located in the red box. 

Water mass transformation and formation rates in the Labrador Sea (Zou et al. 2024).

16



 

2001-2020年全球红树林及其邻近陆地常绿阔叶林生产力指标近红外反射率(NIRv)时空变化 

Changes in NIRv during 2001–2020 for mangroves and EBFs at the global scale 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Stronger increases but greater variability in global mangrove 
productivity compared to that of adjacent terrestrial forests

Mangrove forests are a highly productive ecosystem with important potential to offset anthropogenic greenhouse gas 
emissions. Mangroves are expected to respond differently to climate change compared to terrestrial forests owing to their 
location in the tidal environment and unique ecophysiological characteristics, but the magnitude of difference remains 
uncertain at the global scale. Here we use satellite observations to examine mean trends and interannual variability in the 
productivity of global mangrove forests and nearby terrestrial evergreen broadleaf forests from 2001 to 2020. Although both 
types of ecosystem experienced significant recent increases in productivity, mangroves exhibited a stronger increasing trend 
and greater interannual variability in productivity than evergreen broadleaf forests on three-quarters of their co-occurring 
coasts. The difference in productivity trends is attributed to the stronger CO2 fertilization effect on mangrove photosynthesis, 
while the discrepancy in interannual variability is attributed to the higher sensitivities to variations in precipitation and sea 
level. Our results indicate that mangroves will have a faster increase in productivity than terrestrial forests in a CO2-rich future 
but may suffer more from deficits in water availability, highlighting a key difference between terrestrial and tidal ecosystems 
in their responses to climate change.

Reference:
Zhang, Z; Luo, XZ*; Friess, DA; Wang, SH; Li, Y; Li, YF* (2024). Stronger increases but greater variability in global mangrove productivity 
compared to that of adjacent terrestrial forests. NATURE ECOLOGY & EVOLUTION, 8(2): 239-250. 

Changes in NIRv during 2001–2020 for mangroves and EBFs at the global scale
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The differences in the annual average iron (a) and phosphate (b) concentrations (0~100 m), as well as the annual POC flux at 100 m (c) and 1000 m (d), 

between the modified model (with the ballast effect of TLP, and TLP transporting seaward along bottom of continental shelves and slopes) and the 

default model (without the ballast effect of TLP)

The ballast effect of terrigenous lithogenic particles from rivers 
and its Influence on POC fluxes in the ocean

Lithogenic material such as terrigenous lithogenic particles 
(TLP) can efficiently promote the formation and sinking 
of mineral-associated marine organic matter, acting as 
important ballasts and potentially playing an important 
role on the global carbon cycle. To assess the influence of 
TLP on fluxes of particulate organic carbon (POC) and other 
biogeochemical cycles, we construct TLP forcing fields 
based on global riverine suspended sediment data and 
then apply them to the Community Earth System Model, 
version 2 (CESM2) modified with TLP ballasting effect 
term. Simulations forced by different concentrations of 
TLP transported in the surface ocean or along bottom of 
continental shelves and slopes are conducted. When the 
TLP transports seaward along the bottom, simulated POC 
fluxes at 100 m and 2000 m decrease about 11% and 19%, 

Reference:
Li, SS; Li, HL; Tang, TT; Wang, SL* (2024). The ballast effect of terrigenous lithogenic particles from rivers and its influence on POC fluxes in 
the ocean. GLOBAL BIOGEOCHEMICAL CYCLES, 38(5), e2024GB008155. 

respectively, for the global ocean, and about 9% and 12%, 
respectively, for the oceanic regions of continental margins. 
The initial abiotic ballast processes triggered by TLP inputs 
increase POC fluxes, causing additional removal and burial of 
dissolved iron in continental margins. This further enhances 
the accumulation of macronutrients in the upwelling regions 
and their advection transport to neighboring subtropical 
gyres, thus it alters regional productivity when simulations 
reach quasi-equilibrium. When consider the impacts of TLP 
in simulations, the simulated POC flux exhibits an increase 
in subtropical gyres but a decrease in tropical Pacific and 
mid-high latitude regions. The present work highlights 
the importance of TLP to global biogeochemical cycles, 
suggesting that the amount of carbon sequestration might 
be overestimated without TLP in models.
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DHPS代谢酶 HpsO、HpsP、HpsN的蛋白结构分析 

Protein structural analysis of DHPS dehydrogenase HpsO, HpsP, HpsN 
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DHPS手性构型在海洋光合生物和环境中的分布 

Chiral distribution of DHPS in phytoplankton and seawater 

 

Enantioselective transformation of phytoplankton-derived 
dihydroxypropanesulfonate by marine bacteria

Reference:
Liu, L; Gao, X; Dong, CJ; Wang, HY; Chen, XF; Ma, XY; 
Liu, SJ; Chen, QR; Lin, D; Jiao, NZ; Tang, K* (2024). 
Enantioselective transformation of phytoplankton-derived 
dihydroxypropanesulfonate by marine bacteria. THE ISME 
JOURNAL, 2024. 18(1), wrae084. 

Chirality, a fundamental property of nature, has been 
overlooked in the cycling of marine organic matter. 
Dihydroxypropanesulfonate (DHPS), a ubiquitous and 
abundant organic sulfur compound in nature, serves as a 
"chemical currency" transferring matter and energy from 
marine phytoplankton to heterotrophic bacteria. However, 
the chirality of DHPS in nature, as well as the microbial 
transformation processes and molecular mechanisms of 
DHPS enantiomers, have remained elusive.

This study, based on a newly established chiral 
resolution method for DHPS enantiomers, analyzed 
the chiral distribution of DHPS in phytoplankton and 
marine environments. It was found that diatoms 
and coccolithophores can produce at least one chiral 
configuration of DHPS, and both R-DHPS and S-DHPS were 
present on particulate matter in coastal waters of China 
(Bohai Sea, Yellow Sea, East China Sea, and South China Sea). 
Furthermore, this study investigated the metabolic pathways 
of DHPS by heterotrophic bacteria and the molecular 
mechanisms of chiral selection. Metabolic pathways for 
both R-DHPS and S-DHPS were reconstructed, and protein 
structure analysis revealed the molecular mechanism of 
chiral selection by DHPS metabolic enzymes. The specific 
interactions between the enzyme's active site and the 
chiral center of DHPS are key factors in the enzymatic chiral 
selection of DHPS. Moreover, the study highlighted the role 
of enzyme promiscuity in the evolution of marine bacteria's 
ability to metabolize DHPS enantiomers.

This research provides evidence for the involvement of 
chirality in the metabolic processes between phytoplankton 
and bacteria, emphasizing the importance of metabolite 
chirality and enzyme stereoselectivity in the cycling of 
marine organic matter.

Chiral distribution of DHPS in 

phytoplankton and seawater

Protein structural analysis of DHPS dehydrogenase HpsO, HpsP, HpsN
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The fourth lineage of ammonia-oxidizing archaea (Ca. Nitrosomirales) and their metabolic pathways

Ammonia-oxidizing archaea (AOA) are among the most 
ubiquitous and abundant archaea on Earth, widely 
distributed in marine, terrestrial, and geothermal 
ecosystems. However, the genomic diversity, biogeography, 
and evolutionary process of AOA populations in subsurface 
environments are vastly understudied compared to those in 
marine and soil systems. Here, we report a novel AOA order 
Candidatus (Ca.) Nitrosomirales which forms a sister lineage 
to the thermophilic Ca. Nitrosocaldales. Metagenomic and 
16S rRNA gene-read mapping demonstrates the abundant 
presence of Nitrosomirales AOA in various groundwater 
environments and their widespread distribution across 
a range of geothermal, terrestrial, and marine habitats. 
Terrestrial Nitrosomirales AOA show the genetic capacity 
of using formate as a source of reductant and using nitrate 

Reference:
Zheng, Y; Wang, BZ; Gao, P; Yang, YY; Xu, B; Su, XQ; Ning, DL; Tao, Q; Li, Q; Zhao, F; Wang, DZ; Zhang, Y; Li, M; Winkler, MKH; Ingalls, AE; 
Zhou, JZ; Zhang, CL; Stahl, DA; Jiang, JD*; Martens-Habbena, W*; Qin, W* (2024). Novel order-level lineage of ammonia-oxidizing archaea 
widespread in marine and terrestrial environments, THE ISME JOURNAL, 18(1), wrad002. 

as an alternative electron acceptor. Nitrosomirales 
AOA appear to have acquired key metabolic genes and 
operons from other mesophilic populations via horizontal 
gene transfer, including genes encoding urease, nitrite 
reductase, and V-type ATPase. The additional metabolic 
versatility conferred by acquired functions may have 
facilitated their radiation into a variety of subsurface, 
marine, and soil environments. We also provide evidence 
that each of the four AOA orders spans both marine 
and terrestrial habitats, which suggests a more complex 
evolutionary history for major AOA lineages than 
previously proposed. Together, these findings establish a 
robust phylogenomic framework of AOA and provide new 
insights into the ecology and adaptation of this globally 
abundant functional guild.

5. 海洋氨氧化古菌新类群 

 

氨氧化古菌作为地表系统分布最为广泛的微生物之一，对氮素在地球生态系统中的形态转

换和流动至关重要。研究人员已从全球淡水、海水、土壤、热泉等各类生境中分离出不同种类

的氨氧化古菌。目前广泛认为氨氧化古菌在目水平上分为三大类群：Nitrosopumilales、

Nitrososphaerales、Ca. Nitrosocaldales。然而，深入分析环境宏基因组样品发现，尚有部分遗传

信息无法归类到传统的氨氧化古菌谱系，这对已有氨氧化古菌的分类学提出了新的挑战。 

本研究在传统氨氧化古菌三大类群的分类基础上，发现了第四个单独的类群，并命名为

Candidatus Nitrosomirales。从生境分布上，发现 Ca. Nitrosomirales的分布涵盖了陆地和海洋生

态系统，尤其是在深海海绵共生体等系统。从代谢潜能上，Ca. Nitrosomirales具备使用甲酸作

为电子供体和硝酸盐作为电子受体的相关基因，这拓展了关于氨氧化古菌只能利用氨氮作为电

子供体和氧气作为电子受体这一代谢路径的传统认知。从进化路径上，本研究发现

Ca. Nitrosomirales 跨越了陆地-海洋、高温-常温的生境，表明氨氧化古菌的物种进化路径不止

传统认识的单一生境扩张和进化途径。基于上述发现，本研究构建了一个系统的氨氧化古菌谱

系框架，为氨氧化古菌的生态分布规律和环境适应机制提供了新的见解。 

以上工作于 2024年 1月发表于 The ISME Journal期刊，郑越副教授为第一作者。 

 

 

氨氧化古菌第四大类群（Ca. Nitrosomirales）及其代谢通路 

The fourth lineage of ammonia-oxidizing archaea (Ca. Nitrosomirales) and their metabolic pathways 
  

Novel lineage of marine ammonia-oxidizing archaea
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• NSFC Innovation Research Group 2025-2029 | SHI Dalin, ZHANG Yao, CAO Zhimian, 
LIU Xin,   SHEN Yuan 

The group brings together expertise in marine ecophysiology, microbial oceanography, and marine 
biogeochemistry, united by a shared research interest in marine metabolism and element cycles. 
Through collaboration, group members have made important advancements in understanding 
marine microbial carbon and nitrogen metabolism, phytoplankton carbon, nitrogen, and energy 
metabolism, and the biogeochemical cycling of trace elements in the ocean. Looking ahead, the 
group aims to deepen collaborations to unveil spatiotemporal patterns and regulatory mechanisms 
of marine plankton metabolism, reveal its coupling relationships and mechanisms with element 
cycling, and evaluate and predict its responses and feedbacks to global change. The ultimate goal 
is to achieve breakthroughs and establish international prominence in the field of marine plankton 
metabolism and elemental cycles.

Marine metabolism and element cycles 

 
The research direction of the group: Marine metabolism and element cycles 
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This project aims to develop a new processing scheme for ocean-color satellite data, 
significantly enhancing the consistency of products across different ocean-color 
satellites. The goal is to create a reliable, long-term, and globally comprehensive dataset 
of upper ocean biogeochemical optical properties. This "remote sensing big data" serves 
as a foundation for assessing the current state of marine ecosystems and their climate-
related dynamics. The project introduces an innovative concept of cross-satellite 
atmospheric correction for ocean color data processing, integrating artificial 
intelligence techniques to ensure consistency in remote sensing reflectance among 
different satellites. The project will expand spatial coverage and extend the temporal 
series by merging data from various ocean-color satellites. The resulted dataset will be 
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Newly Funded Projects

This project addresses the longstanding and emerging ecological, 
environmental, and industrial efficiency challenges arising from the 
development and utilization of marine biological resources in China. 
It aims to establish a dynamic, integrative analytical framework that 
captures the coupled feedback mechanisms among coastal fishery 
resources, ecosystems, and socio-economic systems under global 
changing conditions. Employing a multi-tiered research strategy 
encompassing diagnosis, attribution, simulation, and response, the 
project will examine the dynamic evolution, adaptive responses, 
and synergistic processes within these coastal resource–ecology–
society networks. Ultimately, it seeks to quantify and identify 
multidimensional risks and to propose integrated, sustainable 
development and regulatory strategies that balance resource 
conservation, ecological security, carbon reduction and sequestration, and enhanced economic value creation.

Marine biological resource conservation and 
sustainable utilization
• NSFC Fund for Distinguished Young Scholars 2025-2029 |  CAO Ling

• NSFC Key Program 2025-2029 | Zhongping Lee et al.

Research on high consistency multi source ocean color satellite 
data fusion technology

This project aims to develop a new processing scheme for ocean-color satellite data, significantly enhancing the consistency 
of products across different ocean-color satellites. The goal is to create a reliable, long-term, and globally comprehensive 
dataset of upper ocean biogeochemical optical properties. This "remote sensing big data" serves as a foundation for assessing 
the current state of marine ecosystems and their climate-related dynamics. The project introduces an innovative concept of 
cross-satellite atmospheric correction for ocean color data processing, integrating artificial intelligence techniques to ensure 
consistency in remote sensing reflectance among different satellites. The project will expand spatial coverage and extend 
the temporal series by merging data from various ocean-color satellites. The resulted dataset will be crucial for monitoring 
changes in marine ecosystems, studying the role of the ocean in the carbon cycle, and evaluating the impacts of climate 
change. Furthermore, the AI-based cross-satellite 
atmospheric correction framework sets a new standard 
for future ocean color data processing, marking a 
transition into a new era in atmospheric correction: 
moving from traditional radiative-transfer-based 
methods to data-driven artificial intelligence systems.

crucial for monitoring changes in marine ecosystems, studying the role of the ocean in 
the carbon cycle, and evaluating the impacts of climate change. Furthermore, the AI-
based cross-satellite atmospheric correction framework sets a new standard for future 
ocean color data processing, marking a transition into a new era in atmospheric 
correction: moving from traditional radiative-transfer-based methods to data-driven 
artificial intelligence systems. 

 
 

  

遥感反射比基准数据
Remote sensing reflectance base data

高一致性多源水色卫星数据融合技术研究

MODIS-Aqua 二级产品
MODIS-Aqua L2 product

严格质量控制
Strict Quality Control跨卫星大气校正

Cross-Satellite 
Atmospheric Correction

SeaWiFS
VIIRS-NPP
PACE

MERIS
Sentinel- 2 & 3

NASA (USA)

ESA (EU)

China
HY- 1C
HY- 1D
HY- 1E 全球高质量高一致性水色数据

Global high-quality and consistent ocean-color products
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Mechanism and prediction model for summertime extreme 
precipitation events over the Tibetan Plateau

The extreme weather and climate events over the Tibetan Plateau significantly impact the local ecological safety. However, 
there's a considerable gap in understanding the spatiotemporal variations and causes of extreme summer precipitation 
events over the Plateau, making accurate simulation and prediction a substantial challenge. This project plans to utilize multi-
source datasets, integrating climatological dynamics diagnostics and climate system model simulations, to focus on the 
spatiotemporal characteristics of extreme summer precipitation over the Plateau, and to reveal the impact processes, relative 
contributions, and physical mechanisms of key drivers across multiple spheres (ocean, land, ice, atmosphere) on the Plateau's 
extreme summer precipitation from a global perspective of interactions across multiple spheres. Further, evaluate the 

prediction skills and biases for extreme summer 
precipitation based on multi-model prediction 
products, and leverage machine learning to predict 
the extreme summer precipitation events over the 
Plateau. This research is expected to deepen the 
understanding of the spatiotemporal characteristics 
and causes of extreme weather and climate 
events in the Plateau region, with the developed 
prediction model expected to improve prediction 
capabilities for extreme summer precipitation 
over the Plateau, serving disaster prevention and 
mitigation needs and sustainable development 
goals in this crucial ecological barrier zone. 

• NSFC Key Support Program of the Joint Meteorologica Fund 2025-2028 l DUAN Anmin et al.

Newly Funded Projects

This project focuses on the most dominant/key groups of marine primary producers, namely Prochlorococcus in the 
euphotic zone and nitrifiers in the dark ocean. Through a combination of long-term serially propagated experiments in 
the laboratory, field observations, global multi-omics analysis, and Earth system numerical simulations, this project will 
investigate the genome evolution, responses of matter and energy metabolism, and the evolution and ecological strategies 
of typical autotrophic marine microbes, as well as their impacts on the global-scale marine ecosystem and elemental cycling. 
This project will achieve the following three objectives: (1) Clarify the differences in short-term responses and long-term 
adaptation of typical species to ocean warming, unveil their genome evolution characteristics and physiological phenotype 
changes under long-term adaptation, as well as explore the evolution trends of interspecies relationships; (2) Elucidate the 
regulatory mechanisms of temperature on population structure, 
key/functional gene features and expression profiles, as well as 
important biogeochemical cycling processes such as microbial-
mediated carbon sequestration, nitrogen/phosphorus assimilation 
and transformation, and oxygen production and consumption; 
(3) Establish a set of parameters for the growth and metabolic 
processes of typical species, populations, and communities under 
warming effects; and construct and optimize models to predict the 
impact of warming-driven shifts of autotrophic microbes on key 
element cycles in the ocean and their feedback to climate change.

Ecological and evolutionary strategies of marine autotrophic microorganisms 
under global warming and their impacts on biogeochemical cycling
• NSFC Key Program 2025-2029 | ZHANG Yao et al.
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• National Key Research and Development Program 2023-2028 | SHI Dalin et al.

Phosphorus, iron, and nitrogen regulation of the biological pump 
in the western North Pacific

The project focuses on the regulation of nitrogen, phosphorus, and 
iron in the biological pump of the western North Pacific and the 
evolution trends of the region’s carbon sink. Through comparative 
studies at different spatial and temporal scales, it aims to uncover 
the cycling of elements such as nitrogen, phosphorus, and iron, 
and elucidate their regulatory mechanisms on key processes of the 
biological pump. Additionally, the project seeks to reconstruct the 
evolutionary history of the biological pump, interpret the impacts of 
climate change, and ultimately assess the long-term trends of carbon 
sink evolution in the western North Pacific. Over the past year, the 
project has achieved important progress by integrating historical 
records and observational data from the (sub)tropical western North 
Pacific and conducting laboratory experiments. Key advancements 
include: 1) revealing the distribution patterns of rare earth elements in seawater; 2) deciphering the diversity and the 
distribution patterns of planktonic microeukaryotes, and elucidating nutrient regulation mechanisms of nitrogen fixation and 
carbon export; 3) analyzing the sources and age variations of terrestrial organic carbon in sediments since the Last Glacial 
Maximum; 4) identifying the impact of ocean acidification on the nitrogen isotopic composition of diazotrophs.

• NSFC Key Program 2022-2026 | HUANG Bangqin et al.

Controls of planktonic heterotrophic processes on biological pump in the South 
China Sea and the Western Pacific Ocean: in-depth analysis and integration

The project focuses on understanding the coupling 
mechanisms between heterotrophic processes and their 
influence on the biological carbon pump and particulate 
organic carbon export in both the euphotic and twilight 
zones. It addresses the core scientific question of how 
planktonic and microbial heterotrophic processes control the 
biological carbon pump in low-latitude, oligotrophic marginal 
seas. The following advancements were made:

1) Using an interdisciplinary approach, we quantified 
twilight zone remineralization (TZR) in the South China Sea 
and revealed the role of multiple organic carbon sources in 
balancing the carbon budget in this zone. This study provides 

(a) Schematic diagram illustrating the different processes contributing to 
the regional carbon budget, and (b) synthesis of estimated carbon supply 
and demand in the South China Sea basin

understanding of the vertical and seasonal dynamics of mesopelagic protists and 
bacteria, highlighting the significant role of photic zone processes and their time-
lag effects in shaping the seasonal dynamics of mesopelagic microbial communities. 
These findings have important implications for carbon export and long-term storage 
in the ocean. 

 
 

a)ûîZ_w≥bt=> b)Û%%ˇûZ_wá? 
(a) Schematic diagram illustrating the different processes contributing to the 

regional carbon budget, and (b) synthesis of estimated carbon supply and demand in 

the South China Sea basin. 
¯˘%˙Î/e”˛ÕÃFBG:dClEα-y β-¢ÍóDËGç_ÄfŸ|A conceptual framework for community composition, alpha- and beta-
diversity, and underlying drivers influencing the mesopelagic protist-bacteria 
microbiota in the South China Sea.

Selected On-Going Projects

 
Research contents and spatiotemporal scales of the project  

 
 
 
  

insights into the mechanisms of the biological pump and 
carbon cycling in low-latitude marginal seas. 

2) We assessed the impact of Typhoons Bailu and Podul 
on phytoplankton dynamics in the northern South China 
Sea, combining hydrographic measurements, pigment 
analysis, and satellite data to study their response to rapid 
hydrodynamic changes.

3) We proposed a conceptual framework for mesopelagic 
protistan and bacterial communities in oligotrophic marginal 
seas, enhancing understanding of microbial dynamics and their 
role in carbon export and long-term storage in the ocean.
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• Integrated Project of the NSFC Major Research Plan Program 2023-2024 | TANG Kai et al.

• Key Project of the NSFC Major Research Plan Program 2021-2024 | CAI Pinghe et al.

Integrated project on the mechanism of carbon, nitrogen and sulfur cycling by 
microorganisms and carbon source and sink effects in the sea–land transition zone

Flow-Solid interactions and iron transport mechanism at the sediment-water interface

The project focuses on mechanistic understanding of fluid transport and dissolved iron transfer at the sediment-water 
interface in the North Pacific Ocean and adjacent marginal seas. The major findings achieved in the project include: 1) a large 
portion of the organic matter deposited over the seafloor in the East China Sea during summer is decomposed during winter. 
Sediment oxygen consumption rates (FO2) in the mud wedge of the Yangtze River delta can be described using a modified 
form of the Michaelis-Menten kinetics. Our study highlights intense winter mixing as an important mechanism that causes the 
highly efficient decomposition of sedimentary organic matter in coastal seas; 2) Using a 224Ra/228Th disequilibrium approach, 
we demonstrate that regeneration of sedimentary P and Fe in the seasonally hypoxic Yangtze River Estuary were largely 
manipulated by two counteracting processes: the decomposition of sedimentary organic matter and adsorption of DIP onto 
iron (Fe) oxides; 3) We develop the 226Ra/230Th isotope systematics as a novel tool for quantifying nitrate and dissolved silicate 
fluxes across the sediment-water interface of the deep North Pacific Ocean，and the results show that both nitrate and 
silicate fluxes exhibit a clear depth-dependent trend.

This project focuses on the intersection of estuaries, coastal 
wetlands, and the near-shore, aiming to investigate the impact 
of microbe-driven carbon, nitrogen, and sulfur cycling processes 
on marine carbon sinks and their responses to global change, 
with the goal of comprehensively enhancing our understanding 
of the carbon and nitrogen source and sink effects in the land-
sea transition zone. The project conducted joint surveys in 
multiple regions, including the Yangtze River Estuary, Pearl 
River Estuary, Jiulong River Estuary, Zhoushan, Shenzhen, and 
Zhuhai mangrove forests. The study revealed the distribution 

patterns of microbial communities in China's mangrove 
wetlands and discovered novel archaea and their unique 
physiological functions in mangroves. It elucidated the 
spatiotemporal distribution characteristics of nearshore 
microorganisms and their regulation by environmental 
factors, and in-depth analyzed the adaptation strategies 
of microorganisms in the Yangtze River Estuary to hypoxic 
environments, as well as the impact of microorganisms 
at the freshwater-saltwater interface on organic 
carbon transformation. The study also revealed the 
role of particle-attached microorganisms in organic 
matter degradation and found that particle-associated 
denitrification is the primary cause of N₂O production in 
oxygen-rich estuarine waters. The project investigated the 
impact of sediment nitrification-denitrification processes 
on carbon sinks and the interference of antibiotics on 
nitrogen removal, and revealed the link between marine 
euphotic zone sulfolipids and the carbon cycle, as well as 
the implicit chirality in element cycles. By quantifying the 
air-sea CO₂ flux in the Bohai and Yellow Seas, analyzing 
the greenhouse gas budget of the Pearl River Estuary, and 
quantifying carbon and nitrogen cycling processes, this 
study systematically assessed the greenhouse gas effects 
of the land-sea transition zone.

Selected On-Going Projects

study systematically assessed the greenhouse gas effects of the land-sea transition 
zone. 
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©  GAO Youyan

MEL Afield

74

610

1127

Cruises

People-time

Days at Sea

On August 28, the 5th “XMU @ Sea” Undergraduate Training Cruise 
was completed on the RV TKK, which was also a commemorative 
voyage in honor of Mr. Tan Kah Kee’s 150th birthday anniversary. 
ZHOU Kuanbo, ZHANG Run, and BAI Xiaolin from Xiamen 
University served as the chief scientists of leg of the cruise. 
77 undergraduates from 10 universities home and abroad 
participated in and conducted various operations onboard, 
including CTD casts, single- and multiple-net plankton 
trawls, box sediment sampling, gravity cores, 
hydroacoustic communication test, and benthic 
trawls, covering marine chemistry, physical 
oceanography, marine physics, marine biology, 
and geological oceanography.

The research vessel hosted open days in 
Singapore, Malaysia, and Hong Kong during 
the training cruise, showcasing its scientific 
capabilities and promoting cultural exchange. 

2024 “XMU @ Sea” Undergraduate Training Cruise
July 11 - August 28

©  LIN Qianqian
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NSFC Open Research Cruise 2024 - 
Chief Scientist Training Cruise
August 31 - September 6

NSFC Open Research Cruise in the Central SCS (NORC2024-06)
September 8 - October 28

To foster the talents in marine scientific research and enhance the effectiveness of the NSFC’s Open 
Research Cruise Project, the “Chief Scientist Training Cruise” was initiated and conducted onboard the RV TKK in early 
September. This training cruise featured experienced mentors, including Dr. WEI Hao from Tianjin University, Dr. ZHANG Xin 
from the Institute of Oceanology, CAS, and Dr. CAO Zhimian from Xiamen University. 20 young scientists from 17 universities 
and research institutions were selected to participate in this seven-day expedition. Despite the challenges posed by Super 
Typhoon Yagi, these young participants took turns serving as the chief executive scientists and successfully completed 10 
operations at three stations, including CTD casts, single-net plankton trawls, box cores, gravity cores and rock trawls. Pre-
cruise training conferences, onboard training cruise, and pre- and post-cruise workshops equipped the young scientists with 
the necessary skills to plan oceanographic fieldwork aboard a vessel.

© CHEN Weifang © FENG Weipeng

© SHEN Wanqing

From September to October, the NSFC Open Research Cruise in the 
central SCS (NORC2024-06) was accomplished onboard the RV TKK. This 
expedition was divided into two legs—the comprehensive biogeochemical 
leg and the geological+geophysical+biogeochemical leg. Associate Prof. 
XIAO Wupeng and CHEN Hongmei from Xiamen University served as 
the chief scientists for this cruise. The cruise supported 31 NSFC-funded 
projects conducted by 66 scientists and researchers from 15 domestic 
institutions. During this cruise, multiple over-the-side operations were 
carried out at 50 stations, including CTD casts, deployments of multi-
net plankton samplers, trace metals sampling, in situ LVPs, box sediment 
samples, gravity cores, and geographic survey lines.
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Cruise Observations of Eddies 
in the North Pacific Subtropical 
Countercurrent Zone
November 1 - December 6

During the cruise, eddy dynamic structure and 
distributions of nutrients, organic carbon, and biological 
communities were determined, and carbon and nitrogen 
fixation rates were measured. It aims to investigate 
the mesoscale process effect on the phytoplankton 
composition in the upper ocean and export of particulate 
organic carbon, nitrogen, and phosphorus and biogenic 
silicon from the euphotic zone. It also explores the role of 
the spatiotemporal evolution of eddies in regulating the 
carbon sequestration of the biological pump and the CO2 
source/sink nature.

©  YE Chengmiao

©  TANG Chengxuan

©  TANG Chengxuan
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Conferences, meetings, 
trainings hosted

Talks at national / 
international conferences

Newly appointed 
in journals

Newly appointed 
in organizations or 

associations

Visiting scholars

International joint 
publications

36.1%

24

26

9

150

22

MEL Synergy

© WANG Xiaoyi
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International Projects

Global Ocean Negative Carbon Emissions (Global-ONCE) Programme

The 3rd Global-ONCE Open Science Conference
Approval of the “Ocean Negative Carbon Emissions and Carbon 

Neutrality-General Principles and Requirements”

Global-ONCE Programme is in the framework of the United Nations Decade of Ocean Science 
for Sustainable Development (2021-2030). Initiated by Prof. JIAO Nianzhi, Global-ONCE is 
based on his original theoretical framework for the Microbial Carbon Pump (MCP). Through 
multidisciplinary integration, Global-ONCE aims to establish a comprehensive carbon 
storage system combining the Biological Carbon Pump (BCP), Carbonate Counter Pump (CCP), 
MCP, and Solubility Carbon Pump (SCP), collectively forming the BCMS framework. Since 2017, 
Global-ONCE has attracted participation from hundreds of experts and scholars from 79 research institutions in 33 countries.

◎ On March 15, Prof. JIAO Nianzhi published a review article in Nature Reviews Microbiology, unveiling the response of 
the MCP to climate change and proposing the innovative theory that the MCP acts as a bidirectional regulator of climate 
change.

◎ On October 22, the 3rd Global-ONCE Open Science Conference 
was held in Xiamen University. Under the theme “Advance 
integrated development of education, sci-tech and talent,” 
the Conference was attended by notable guests, including 
HUAI Jinpeng, Minister of Education of China; Peter Thomson, 
United Nations Secretary-General’s Special Envoy for the 
Ocean; and Fields Medalist Efim Zelmanov. During the 
Conference, the integrated undergraduate-graduate course on 
Habitable Earth, along with other educational achievements, 
was launched.

Response of the MCP 

to climate change  

© JIAO Nianzhi, et al 

◎ On November 22, the International Organization for 
Standardization (ISO) announced the approval of 
the world’s first international standard proposal on 
ocean carbon neutrality, the “Ocean Negative Carbon 
Emissions and Carbon Neutrality—General Principles 
and Requirements,” with a 100% approval rate.
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COASTAL-SOS is UN Ocean Decade endorsed project led by MEL. It partners cross-sectoral 
stakeholders, including leading academic institutions, industrial enterprises, non-profit 
foundations, and nongovernmental/intergovernmental organizations from East Asian 
countries to advance scientific understanding of critical coastal ocean health issues. 

Coastal Zones Under Intensifying Human Activities and Changing 
Climate: A Regional Programme Integrating Science, Management 
and Society to Support Ocean Sustainability (COASTAL-SOS)

◉ In January, the BLUE-CARE Project, COASTAL-SOS pilot 

project, organized an International Workshop on Blue 
Carbon Ecosystems, attracting scholars at home and abroad 
on oceanography, ecology and carbon finance.

◉ In April, Prof. DAI Minhan, Chief Scientist of COASTAL-SOS, 

presented the latest research on offshore deoxygenation 
and digital twin oceans at the 2024 Ocean Decade 
Conference and 2nd UN Ocean Decade 
Regional Conference, engaging in 
discussions with international 
organization leaders for plan 
future collaborations.

◉ In September, the COASTAL-SOS completed its Xiamen Pre-

study Project, which focuses on Xiamen’s coastal areas with 
the aims of supporting a sustainable development strategy 
for the city.

International Workshop on Blue Carbon Ecosystems
© BLUE-CARE Project

Blue Carbon Science Fair
© CHEN Yimin

Prof. DAI Minhan attended the 2024 Ocean 
Decade Conference

© WANG Guihua

◉ In June, the BLUE-CARE Project 

held a Blue Carbon Science 
Fair, with the participation of 
over 300 elementary school 
students in Xiamen. The Fair 
promoted knowledge of blue 
carbon through different types 
of activities.

Prof DAI Minhan attended the 2nd UN Ocean 
Decade Regional Conference © Khanittha 
Uthaipan
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SOLAS aims to achieve a quantitative understanding of the key biogeochemical-
physical interactions and feedbacks between the ocean and atmosphere, and of 
how this coupled system affects and is affected by climate and global change. 
The SOLAS International Project Office (IPO)-China has been hosted by MEL since 
January 2021. Prof. DAI Minhan, was elected as Co-Chair of the SOLAS Scientific Steering 
Committee for a 3-year term from 2021 to 2023. Dr. LI Li is the Executive Director of SOLAS. In 2024, 
the IPO continued to provide support to the SOLAS global community, including 33 national/regional networks, 17 sponsored/
endorsed projects and 4 integrated atmosphere-ocean time series stations.

Surface Ocean-Lower Atmosphere Study (SOLAS)

International Projects

◉ SOLAS organized a special issue on “Boundary Shift: The Air-Sea Interface in a Changing Climate” 

in Elementa: Science of the Anthropocene to assess the current state of air-sea exchange science, 

highlight critical future research directions, and identify emerging opportunities for new collaborations, 

technologies, and discoveries. 12 invited papers were included in the special issue.

◉ In April, SOLAS and the UN Ocean Decade endorsed 

program, the Observing Air-Sea Interactions Strategy 

(OASIS), co-organized a side event entitled “Unifying 

Strategies to Develop Integrated Global Air-Sea 

Community Networks” at the UN Ocean Decade 

Conference. The event aimed to unify strategies 

for developing integrated global air-sea community 

networks and to scale up ocean action using science-

based solutions, contributing to Ocean Vision 2030.

◉ In November, SOLAS celebrated its 20th anniversary at the 9th Open Science Conference in 2024 in Goa, 

India. The conference welcomed nearly 220 ocean-atmosphere scientists from over 25 countries to 

share their research work around 5 core themes and 3 cross-cutting themes in the SOLAS science plan.

Group photo of the 9th Open Science Conference ©National Institute of Oceanography, Goa, India
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9th Young Scientist Forum of Earth Science
May 17- 20 · Xiamen

Sponsored by the Council of the Youth Geoscience Forum, and co-organized by MEL, the Institute of 
Urban Environment, CAS and the Third Institute of Oceanography, MNR.

Prof. DAI Minhan from Xiamen University, Dr. HE Hong from the Institute of Urban Environment, CAS, Prof. SHEN Yan’an from 
the University of Science and Technology of China, Prof. WANG Yanfen from the University of Chinese Academy of Sciences, 
and Prof. LI Jinhua from the Institute of Geology and Geophysics, CAS were invited to deliver keynote speeches on the forum.

Over 6,600 participants, reaching a new record

20 sessions, 280 topics

4538 oral presentations and nearly 950 posters, reaching a new record

DAI Minhan HE Hong WANG Yanfen LI JinhuaSHEN Yan'an

©  MEL
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Organized by MEL and the Fujian Ocean Innovation Center, the workshop attracted 40 well-
known scholars in marine sciences from 8 countries. The workshop was co-moderated by Prof. 
CHAI Fei from Xiamen University, and Dr. Veronique Garçon, Senior Scientist from French National 
Centre for Scientific Research.
The workshop had 3 goals:

▪ To identify effective strategies for incorporating observational data into models, enhancing their accuracy and reliability, 
and improving forecasting skills; 

▪ To consider novel approaches for data collection and model development, such as autonomous platforms (e.g., BGC Argo, 
gliders, sail drones, wave gliders, etc.) and remote sensing techniques; 

▪ To discuss the integration of BGC observations and predictions, through data assimilation, use of data for deep learning 
into models, emergent constraints, and digital twins of the ocean, etc. 

The workshop focused on 4 topics: 

▪ BGC data for emergent constraints for future climatic scenarios; 

▪ BGC data for model validation, such as the standards, practices, data formats, and evaluation 
metrics in the ocean forecast community; 

▪ Digital twins of the ocean and artificial intelligence for BGC and marine ecosystems, including 
omics data; 

▪ Data assimilation to include BGC and bio/eco data into operational prediction/forecasting systems.

Conferences

Forum on "We Share the Ocean: Accelerating the Blue Transition 
and Carbon Neutrality"
October 10-12, Beijing
Organized by Ocean Governance Policy Research Project 
Working Group, under China Council for International 
Cooperation on Environment ad Development (CCICED) with 
Professor DAI Minhan as the leader of Chinese party, the 
forum carried out in-depth discussions focused on important 
topics such as ocean-based sustainable development 
solutions, ocean value accounting and blue finance, and 
international instruments on plastic pollution and ocean 
plastic reduction.

Organized by Ocean Governance Policy Research Project 
Working Group, the forum focused on important issues such 
as sustainable blue economy development in the Greater 
Bay Area, coordinated development in the Bay Area and 
comprehensive marine governance, and aimed to offer 
suggestions for the high-quality development of sustainable 
Marine economy in the Greater Bay Area.

High-level Forum for Strategically Developing a Sustainable Blue Economy 
in the Guangdong-Hong King- Macao Greater Bay Area under the Vision of 
Carbon Neutrality
October 8-9, Hong Kong

©  CCICED

©  CCICED

The Scoping Workshop on Synergy of Ocean Observations and 
Biogeochemical Models
May 21 - 23 · Xiamen
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The 4th Offshore Carbon Capture, Utilization and Storage Forum
October 12 - 15 · Hangzhou

Co-sponsored by MEL and the Pacific Society of China, and organized by the 
Second Institute of Oceanography, Ministry of Natural Resources, the forum 
themed “Coupling synergy between multi-layer carbon cycle and OCCUS,” 
attracted over 200 representatives from research institutions and industry. 
The event focused on discussing the development path of OCCUS, with 
the goal of explorning ways for emerging low-carbon industries to achieve 
carbon neutrality.

Visiting Fellowship Program
In 2009, MEL launched a “Visiting Fellowship Program” for visiting scholars in marine sciences to conduct collaborative 
research with MEL members. Combined with the MEL Open Science Fund, the program offers visiting scholars financial 
support for 1-6 month stays in Xiamen. 22 scholars have been sponsored in 2024, including 4 Distinguished (Zhongzheng 
Distinguished)Visiting Fellows, 11 Senior Visiting Fellows and 7 Young Scientist Visiting Fellows.

Dr. Nima Pourang from the Iranian Fisheries Science 
Research Institute (Senior Visiting Fellow), presented at 
MEL Luncheon Seminar 

Associate Professor Berchie Asiedu (Senior Visiting 
Fellow) from University of Energy and Natural Resources, 
communicated with students after the MEL Luncheon 
Seminar 

Conferences

Prof. Michael David Krom from University of Haifa, Israel 

Prof. Mark Lovell Wells from the University of Maine, USA

22

4

11

7

 sponsored in 2024

Distinguished  
(Zhongzheng 

Distinguished) Visiting 
Fellows

Senior Visiting 
Fellows

Young Scientist 
Visiting Fellows

© WANG Guanfei

© CHEN Lei
© CHEN Lei

© CHEN Lei
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Letter of intent-China and France research Institutions- Marine Sciences- CNC

"Véronique GARCON" <garcon@ipgp.fr> 2024-4-2 20:34:42

主　题:

发件人:

收件人: marc.daumas@diplomatie.gouv.fr, xavier-lionel.antoine@diplomatie.gouv.fr, helene.berges@diplomatie.gouv.fr

抄　送: boye@ipgp.fr, garcon@ipgp.fr, dewitte@cerfacs.fr, fchai@xmu.edu.cn, mdai@xmu.edu.cn, dshi@xmu.edu.cn,
vera_shiwei@xmu.edu.cn

附　件: Letter of Intent_Chinese_French_collaboration_CNC.docx

Dear Mrs Berges, dear Sirs Daumas and Antoine,

We are delighted to send you this letter of intent (in attached) between two french Institutes, the Institut de Physique du Globe de Paris
(IPGP) and the Centre Européen de Recherche et de Formation Avancée en Calcul Scientifique (CERFACS) with the State Key Laboratory of
Marine Environmental Science (MEL), Xiamen University, China to be part of the efforts of the China-France Carbon Neutrality Center
focusing on Marine Sciences. As we all know, carbon neutrality will be never reached without including the world oceans.

We are currently having the Memorandum of Understanding (MoU) being signed at the Institution level that we should be able to share
with you real soon.
Please do not hesitate to come back to us would you need any further information.
Kind regards,

Dr Véronique Garçon

Emeritus CNRS Senior Scientist

IOCCP (International Ocean Carbon Coordination Project) co-Chair

--
Véronique Garcon
Biogéochimie environnementale
 

 
 
Institut de physique du globe de Paris 75238 Paris cedex 05 
 www.ipgp.fr
1 rue Jussieu  
 

Research Center for Oceanography (National Research and Innovation 
Agency) representatives, led by Director Udhi Eko Hernawan paid a visit 

Andreas Bjelland Eriksen, Minister 
of the Ministry of Climate and 
Environment of Norway gave 
a Nanqiang Lecture and 
participated in the Synergy 
Between Blue Economy and 
Carbon Neutrality Towards Ocean 
Sustainability 

Shenyang Institute of Automation, CAS, led by Director YU Haibin, 
paid a visit

Delegates of Institute of the Marine Sciences, Italian National Research 
Council paid a visit 

Other exchanges

 Visitors initiated cooperations through academic 
presentations, teaching, and research partnerships

MEL Lingfeng Forums

MEL Luncheon Seminars and MEL Seminars

196 

30

7

© CHEN Lei

© CHEN Lei

The MoU between MEL and Plymouth Marine Laboratory, UK, was 

signed in November

The MoU between MEL and the State Key Laboratory of Marine 

Pollution, City University of Hong Kong was renewed in April

© MEL

新增合作伙伴

© MEL

The MoU between MEL and the Institut de Physique du Globe de Paris, France, was signed in November
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International Positions

◉ BAO Hongyan, Early Career Editorial Fellow / Journal of Geophysical Research: Biogeosciences

◉ DAI Minhan, Editorial Board Member / Global Ocean Science Report (GOSR-III)

◉ LI Yangfan, Editorial Board Member / Ocean & Coastal Management

◉ LIU Guokun, Editorial Board Member / Environmental Analytical Chemistry

◉ LIU Xin, Associate Editor / Limnology and Oceanography: Methods

◉ LYU Kewei, Early Career Editorial Fellow / Fundamental Research

◉ TAN Qiaoguo, Editor / Environmental Toxicology and Chemistry

◉ WANG Bingbing, Editor / Aerosol Research

◉ XU Dapeng, Editorial Board Member / Microorganisms

◉ YU Fengling, Special Issue Editor / Geomorphology

◉ ZHANG Yao, Editorial Board Member / Marine Life Science & Technology

◉ ZHU Xudong, Associate Editor / Remote Sensing in Ecology and Conservation

Domestic Positions

◉ CAO Zhimian, LI Feili, LIN Hongyang, LYU Kewei, YU Fengling, Early Career Editorial Fellows / Acta Oceanologica Sinica

◉ LI Yangfan, Editorial Board Member / Ocean Development and Management

◉ LIU Zhiyu, Associate Editor / Marine Forecasts

◉ SHANGGUAN Mingjia, Member of Youth Editorial Board / Journal of Atmospheric and Environmental Optics

◉ TAN Qiaoguo, Editorial Board Member / Asian Journal of Ecotoxicology

Newly Appointed in Journals

Domestic Positions

◉ CHEN Luzhen, Vice Chairman / Ocean Geography Professional Committee of the Geographical Society of China

◉ SHI Dalin, Member / Advisory Committee of Department of Earth Sciences, NSFC

◉ ZHANG Yao, Council member / Geobiology Branch of Palaeontological Society of China 

International Positions

◉ CHAI Fei, Member / Digital Twins of the Ocean (DITTO) Steering Committee

◉ CHAI Fei, Member / Partnership for Observation of the Global Ocean (POGO) Board of Trustees

◉ XIU Peng, Member / Ocean Predict Marine Ecosystem Analysis and Prediction Task Team (MEAP-TT)

◉ XUE Huijie, Member / CoastPredict Steering Committee

Newly Appointed in Organizations or Associations
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◉ CAO Ling. Blue food futures. Marine Socio-Ecological Systems 

Symposium 2024. June 2-8. Yokohama, Japan. (Invited talk)

◉ CAO Ling. Development of marine protected areas in China - 

A policy perspective. Hong Kong Marine Protection Alliance 

2024 Quarterly Members Meeting. Hong Kong, China. 

(Invited talk)

◉ CHEN Luzhen. Introduction of standard development in 

coastal blue carbon WG5. The 43rd plenary meeting of the 

International Standardization for Organization Technical 

Committee 8 “Ships and Marine Technology”. September 21-

29. Panama.  (Invited talk)

◉ CHEN Nengwang. Marine cloud: A digital support system. 

2024 Chinese Engineers Forum and Chinese Engineering 

Pavilion. September 17-22. Kuala Lumpur, Malaysia. (Invited 

talk)

◉ DAI Minhan. Coastal ocean under intensifying human 

activities and changing climate: From science to sustainability 

and needs for a digital twin platform. Joint Conference of 

ISEH ICEPH & ISEG. August 11-18. Galway, Ireland. (Invited 

talk)

◉ DAI Minhan. Predominant biological consumption over 

physical transport on nutrient budget within mesoscale 

eddies in the oligotrophic ocean. The 3rd Hong Kong and 

Macau Ocean and Areas Excellence (AOE) Forum. Hong 

Kong. China. (Invited talk)

◉ JIAO Nianzhi. Microbial carbon pump and climate change: A 

new insight for Ocean Negative Carbon Emissions (ONCE). 

American Geophysical Union Annual Meeting 2024. 

December 9-13. Washington, D.C., United States.(Sessions 

invited talk)

◉ LIU Guokun. AI + SERS analysis of trace targets in complex 

matrices. The 12th Singapore International Chemistry 

Conference. December 9-13. Singapore. (Invited talk)

Selected Invited Talks in International 
/ National Conferences

◉ LIU Zhiyu. Dynamical decomposition of multiscale oceanic 

motions. Workshop on Physics of Wave Turbulence and 

Beyond. September 2-6. Les Houches, France. (Invited talk)

◉ LU Yonglong. Sustainable path of China under global 

environmental change. Sustainable Asia Conference 2024. 

Inchon, South Korea. (Plenary talk) 

◉ MA Jian. New development of an integrated syringe-

pump-based environmental-water analyzer (iSEA). The 23rd 

International Conference on Flow Injection Analysis and 

Related Technigues. December 3-7. Chiang Mai, Thailand. 

(Invited talk)

◉ TAN Qiaoguo. Metal risks in turbid coastal waters. Society 

for Environmental Toxicology and Chemistry 14th Asia-Pacific 

Biennial Meeting. September 21-25. Tianjin, China. (Invited 

talk)

◉ WANG Weilei. A global estimate of the biological carbon 

pump and its application in carbon sequestration. Society 

for Environmental Toxicology and Chemistry 14th Asia-Pacific 

Biennial Meeting. September 20-23. Tianjin, China. (Keynote 

Speech)

©  The colofor vein near Jeju Island by HiSea-2

39



MEL Education

© SHI Wei

259 177

111 40

22

Enrolled 
postgraduates

Master’s 
graduates

PhD graduates

Postdocs

Enrolled doctoral 
students
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MEL Marine and Environmental International Joint Training Program
The MEL Marine and Environmental International Joint Training Program for Innovative Talents was launched in 2020. This 
program supports PhD candidates, postdoctoral fellows, and, faculty members to visit or study at the University of Delaware, 
GEOMAR Helmholtz Centre for Ocean Research Kiel, and Laboratoire d’Océanographie de Villefranche, Sorbonne University–
CNRS. 

6 newly approved 

6 completed their projects

10 on-going projects

4 articles are published in Reviews of 

Geophysics, Environmental Science & 

Technology, Talanta,  IEEE Transactions 

on Geoscience and Remote Sensing

HAN Yuye (2nd from the left in the first row) participated in Cruise M197 in the 
East Mediterranean Sea 

YIN Xiaohan (GEOMAR) did muniton 
extraction 

YUAN Yi (GEOMAR) did sample measurement 

IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING, VOL. 62, 2024 4204913

Remote Sensing Estimations of the Seawater Partial
Pressure of CO2 Using Sea Surface Roughness

Derived From Synthetic Aperture Radar
Yiren Wang , Zelun Wu , Student Member, IEEE, Wenfang Lu , Member, IEEE, Shujie Yu, Shihui Li,

Lingsheng Meng , Xupu Geng , and Xiao-Hai Yan

Abstract— Remote sensing study of the carbon cycle in coastal
marine systems using machine learning methods has received sig-
nificant attention recently. The partial pressure of carbon dioxide
(CO2) in seawater (pCO2w) is a crucial parameter for quantifying
the air–sea carbon dioxide exchange. However, previous studies
did not consider the effect of sea surface roughness (SSR)
on pCO2w caused by wind, waves, and other ocean dynamics.
In this study, for the first time, we used SSR data derived from
synthetic aperture radar (SAR), with sea surface temperature
(SST), chlorophyll-a (Chl-a) concentration, sea surface salinity
(SSS) conventional remote sensing data to predict the pCO2w data
along the North American East Coast from 2015 to 2021 using the
Cubist algorithm. Results show that the semi-analytic algorithm,
Cubist, performs best among 20 statistical and machine learning
models. Moreover, compared with the control experiment without
the SSR data, after adding SSR as an independent variable, the
final Cubist model’s coefficient of determination (R2 ) increased
from 0.88 to 0.95, and the root mean square error (RMSE)
reduced from 21.75 to 14.79 µatm. Our results showed significant
improvement over the previous study (R2 = 0.8), proving the
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applicability of applying SSR data in retrieving high spatial
resolution carbonate system parameters in the future, especially
for coastal regions where wind and wave dynamics are more
variable.

Index Terms— Cubist method, sea surface partial pressure of
carbon dioxide ( pCO2w), sea surface roughness (SSR), synthetic
aperture radar (SAR).

I. INTRODUCTION

THE atmospheric carbon dioxide (CO2) concentration
has increased from approximately 280 parts per million

(ppm) since the Industrial Revolution [1] to 414 ppm in 2021
[2]. The ocean plays a crucial role in mitigating the increase
in atmospheric CO2, accounting for approximately 25% of
anthropogenic carbon emissions [3]. Despite accounting for
only 7%–11% of the global ocean area, the present-day coastal
ocean serves as a net CO2 sink for the atmosphere [4], [5],
[6], [7] and plays a disproportionate role in the global carbon
budget [4], [5], [7], [8]. Hence, the precise quantification of the
air–sea CO2 flux in the coastal region is crucial for assessing
the global carbon budget.

The spatial and temporal fluctuations in air–sea CO2 flux
are primarily governed by the partial pressure of CO2 in
seawater (pCO2w) due to the complex and dynamic nature
of the seawater environment [9], [10], [11], particularly in
coastal regions. In recent decades, the escalating quantity of
ship-based underway pCO2w measurements has facilitated the
quantitative assessment of coastal air–sea CO2 flux on a global
scale. However, observations are still limited in space and
time, leading to substantial uncertainty in flux estimation [12],
[13]. This issue is notably substantial within coastal oceans,
as the variability of pCO2w is higher in these regions than
in open oceans due to the influence of local physical and
biological processes, as well as their heightened susceptibility
to anthropogenic impacts [14], [15], [16], [17], [18], [19].

Given the constrained availability of coastal pCO2w
observations, remote sensing has emerged as a valuable
methodology for forecasting pCO2w in recent years. Remote
sensing offers enhanced temporal and spatial coverage and
attributes of high accuracy, high resolution, and long-term
records. Optical remote sensing data have been extensively
employed in the construction of pCO2w models [20], [21],
[22], [23]. Microwave remote sensing could be an additional
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To foster innovative research and interdisciplinary collaborations, MEL launched the Outstanding Postdoctoral Fellowship Program 

in 2014. In 2024, a total of 5 applicants were awarded funding, including Dr. JIANG Weimin, Dr. CHENG Shuo, Dr. LIU Lingk, Dr. 

CHEN Lin, Dr. CHANG Tianyi. 

Outstanding Postdoctoral Fellowship

◉ 10 articles were published in Limnology and Oceanography, 

Communications Biology, and Environmental Research, etc. 

◉ JIANG Weimin was awarded National Postdoctoral talent program

◉ SUN Bin was awarded the Marie Skłodowska-Curie Actions Postdoctoral 

Fellowship 2023, which is the highest recognition given to personal 
research in European Union

◉ 3 people were awarded under the NSFC Young Scientists Fund

5 people were awarded different kinds of national Postdoctoral 

Fellowships 

2 people were involved in the Marine and Environmental International 

Joint Training Program

Dr. SHEN Yawei (3rd from the right) attended the 2nd Ocean Decade Regional Conference & 11th WESTPAC International Marine Science Conference and was 
awarded the “Best Oral Presentation for Young Scientists” (Photo by SHEN Yawei)

Dr. WANG Zhi is leading a tour to the public during the RV 
TKK's Open Day in Singapore

© YANG Weidi
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LAI Wendian (2023 MEL PhD Felloq) participated 
in the 5th Student Lingfeng Forum and made oral 
presentation

HU Xiaohua

TONG Senwei (2021 MEL PhD) participated in the 
12th Microbiology Academic Symposium (Wuhan) 
hosted by the Chinese Society for Microbiology 

ZHANG Mingzhen (2022 MEL PhD, 3rd from the right) visiting Assistant Professor LUO Xin’s research group at the University of Hong Kong 

(Photo by ZHANG Mingzhen)

MEL PhD Fellowship
MEL initiated the MEL PhD Fellowship in 2016 to cultivate academically outstanding PhD students in marine environmental 
sciences and other interdisciplinary research fields that fit into MEL’s research scopes.

◉ This year, we have 7 newly approved, 8 completed their projects and 30 on-going projects

◉ 16 articles were published in journals including Remote Sensing of Environment, Talanta, Global Biogeochemical Cycles and 

Marine Chemistry, etc.

◉ ZHANG Mingzhen was granted funding under the NSFC Fund for Students' Basic Research Projects (PhD)

LU Juying TANG Jinming
ZOU Shixian

Grade A PhD students 
in 2024 annual assessment
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With the theme of “Deeper Blue, Deeper Thoughts”, the forum aims to awaken the understanding, 
compassion, cooperation and commitment of students and the early career researchers for the 
ocean, promoting marine studies to a further level through deeper thinking. 80 graduate students and 
faculty members from Xiamen University, Peking University, and Shanghai Ocean University were involved. 

With the theme “Ocean: Bridging Science and Humankind, Past and Future,” the symposium not only stresses the role of the ocean 
as a link between humans and science, it also strives to foresee the future of the ocean and human kind through lessons from the 
past. Meanwhile, it is expected to serve as a healthy regional exchange platform for students and early career researchers in the 
field of environmental science to share innovative ideas and achievements. 51 graduate students and faculty members from Xiamen 
University, The University of Hong Kong, Taiwan Ocean University, and Taiwan Sun Yat-sen University were involved.  

MEL Graduate Academic Forum

University Consortium on Aquatic Sciences Symposium

◉ 6 topics, 48 oral presentations, 18 posters

◉ Icebreaker, round-table discussion, and salon

◉ An outreach event themed on the “3D Ocean” for students and teachers from nearby middle schools and primary  

school was organized

◉ 6 keynote speeches, 35 oral presentations and lightning talks, entirely organized by UCAS 

student committees 

◉ R Programming Language Skills Training workshop, academic debate, exploration theater

◉ An open house themed “Blue Planet and Co-existence Between Humans & the Ocean” and 

a field trip in Dongshan county were held

July 18 - 21 · Dongshan Swire Marine Station (D-SMART) 

June 11 - 16 · Dongshan Swire Marine Station (D-SMART)

© FENG Mingjun © LIN Simin © YOU Huimin

© ZHANG Jingwen© TING Zheng Yu© TING Zheng Yu
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From July to September, MEL hosted the 2024 MEL Summer Undergraduate Research Fellowship Program in Marine 
Environmental Science. Fellows were exposed to professional research training which aims to cultivate the ability of 
innovation and academic spirit.

2024 MEL Summer Undergraduate Research Fellowship 
Program in Marine Environmental Science

◉ 26 Students from 18 universities participated, including the University of Pennsylvania (the US), University 

of São Paulo (Brazil), Ocean University of China, and Harbin Institute of Technology (China). 

◉ 6 seminars, 3 talks, 2 outreach activities, 2 field trips

Training Workshop on Marine Radioactivity

From August 19 to 23, the Training Workshop on Marine Radioactivity was 

held at Xiamen University Malaysia, Selangor Darul Ehsan, Malaysia. This 

series of workshops was initiated by Dr. Ken O. Buesseler from the Woods 

Hole Oceanographic Institution (WHOI) and Prof. DAI Minhan from MEL, in 

collaboration with SCOR Working Group 146 (Radioactivity in the Ocean, 5 

Decades Later Rio5). The workshop has been held in Xiamen (China), Paris 

(France), Joondalup (Australia), and San Juan (Puerto Rico) since 2016. It is also 

endorsed as an UN Ocean Decade Activity.

◉ The workshop selected 27 participants from 14 countries, including 

China, Japan, Indonesia, Malaysia, Thailand, Algeria, and Kenya, etc.

© SHI Wei

© WANG Guanfei© WANG Guanfei

© SUN Xiaodi
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MEL in the 
Community

©  70.8 Media Lab
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THANKS for having you in 2024

ZHANG Xin
Speaker of the Ocean Speaking Town Hall

Scientific Advisor to the Junior Blue Pioneers 
Training Program

Research Sciencist of Institute of 
Oceanography, CAS

"The Institute of Oceanography, CAS has always 
been partners. Marine public education, should be 
carried out in cooperation with the common goal 

to promote the development of marine science 
with the needs of the nation and society."

TANG Jinming
Editor of 70.8 Ocean Media Lab

PhD Student of the College of Ocean and 
Earth Sciences, Xiamen University

"Public education is not only about the 

numbers and formulas in the laboratory, or the 

interpretation of research results, but also the 

translation of complex scientific knowledge into 

language that is easy for the general public to 

understand, so that more people can realize the 

impact of the ocean on the future of mankind."

RAO Yuming
Instructor of the Junior Blue Pioneers  

Training Program
PhD Student of the College of Ocean and 

Earth Sciences, Xiamen University

"I cherish the opportunity to participate in the 

program open to high school students. They not 

only successfully completed their courses, but also 

independently formed a teaching manual for peers, 

so that we heard from their voices, which is a 

process of learning and growing together."

HE Shifan
Trainee of the Ocean Media Training Camp

Master student of the College of 
Environment & Ecology, Xiamen University

"I knew 70.8 Marine Media Lab before 

I'm a student here. It further broadens my 

horizons through various activities now. Full 

of challenges as they are, the activities are 

valuable experiences. I hope that more peers 

will devote themselves to public education, 

planting the seeds of science in the hearts of 

more people."

LIN Xin
Vice Principal in Science of Songbai 

Elementary School, Xiamen
Member of the Administrative Committee of 

the 70.8 Ocean Media Lab
Associate Professor of the College of Ocean 

and Earth Sciences, Xiamen University

"Since 2020, I have successively participated in 
the marine public education of Xiamen University, 

and witnessed its whole process of from offline 
to online, and then to a hybrid combination. 

Science public education needs to bring together 
the strength of scientific institutes, primary and 

secondary schools, and all sectors of society. 
We need a broad “social classroom” with the 

integration of all resources."

WANG Zhi
Invited speaker for the 2024 RV TKK

“Teacher at Sea”program
Organizer in chief of the 2024 RV TKK “XMU 
@ Sea” Undergraduate Training Cruise Open Day
Associate Professor of the College of Ocean 

and Earth Sciences, Xiamen University

"I am always keen for marine public 
education, and have gone all out in every 
related activity. In this process, my team 

have gradually improved and upgraded the 
"explanation-show-participation" system 

with multi-disciplinary knowledge, and look 
forward to presenting a magical ocean world 

to more teenagers and the public."
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Exciting EVENTS in 2024

Outreach events during the 9th Young 
Scientist Forum of Earth Science

◉ “Only One Earth for All of Us”Art Exhibition

The National Maritime Museum of China, French Embassy in 
China, French National Center for Scientific Research, French 
Institute of Development, Central Academy of Fine Arts School 
of Experimental Art and Science and Technology and Xiamen 
Huarui Lepton School were invited to contribute, as well as 
the organizers of the Forum and students from several middle 
schools in Xiamen. The exhibition was open to all forum 
participants.

◉ Teenagers’ Exploration Workshop Themed 
on “Sustainable Development”

6 speeches were given by scholars from institutes such as the 
Research Center for Eco-environmental Science, CAS, Lanzhou 
University, Zhejiang University and Xiamen University. In the 
Exploration Workshop, students focused on topics like water 
resources, phytoplankton and ecological balance, and thought 
about solutions to sustainable development problems through 
training, discussion and summary. A series of online outreach 
works were presented. Application and achievements of earth 
science from specific cases were demonstrated in WeChat 
tweets, which narrowed the distance between science and the 
public from diverse perspectives.

Junior Blue Pioneers 
Training Program
Junior Blue Pioneers Training Program has been held 
for three sessions since 2022, training more than 60 
high school students all over the world. Themed on 
"Science for Sustainable Development", the 2024 
Program organized activities such as face-to-face 
salons, sea sampling, experiments, and field visits. 
Participants were inspired to launch a series of ocean-
related activities in the communities and schools 
after trainings, giving full play to the future potential 
of the young Blue students.
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13th Xiamen University Ocean 
Sciences Day
Bright, clear skies illuminated Xiamen University’s 
13th Annual Ocean Sciences Day, as roughly 10,000 
visitors descended on the Xiang’an Campus, home of 

the university’s ocean science program. Seventy 
different booths hosted by various NGOs, 

students, departments, and laboratories 
offered guests a dizzying array of choices 
– all related to ocean science and marine 
stewardship. New to this year’s event 
was the “Sustainable Garden” which 
highlighted sustainable lifestyle choices 

and showcased the fusion of art and 
science. As visitors stopped by each booth 

and interacted with the people manning it, the 
teaching and learning flowed in both directions as 

researchers and NGO staffed learned as much from the 
guests as the guests did from the “experts.” This type of 
two-way exchange is extremely important as it allows all 
of society, researchers and non, to move more effectively 
toward a cleaner, healthier ocean.

40+
15,949,000

236,000

Media involved

viewers

comments

2024 RV TKK “Teacher at Sea” Program
At the 15th anniversary of the NSFC "Open Research Cruise" Project, MEL jointly 
organized the Program with Fujian Media Group, forming a special working 
group on public education including scientists from Xiamen University, Shanghai 
Ocean University, Nanjing University of Information Science and Technology, 
Southern University of Science and Technology, and vice principals of primary 
and middle schools. Taking the RV TKK as a “classroom,” the program offered an 
online class about ocean investigation for students from elementary and middle 
schools.
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激光雷达实验
©  上官明佳

MEL Advancing Science
Through Innovation

© ZHOU Kuanbo
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The COMET ocean observation technology and data center, based on the ocean 3D observation system, serves the major 
strategic needs of scientific research and national defense security. The center has set up a professional technical team, 
opened up the service chain of instruments, observations, data, and applications, provided high-quality standardized data 
products, and started to build a new 3D observation large database and service system. By 2024, the data integration task 
of 20 cruises and 50 fixed stations has been completed, and relevant work has been advanced in an orderly manner.

3D Observation Large Database and Service System

A New 3D Observation Large Database and Service System

MEL formed the Center of Major Equipment and Technology (COMET) in 2008 with a 
total of 5 central platforms and 13 functional laboratories. COMET integrates all large-
scale equipment, fully provides open services to researchers, and has built a good 
instrument operation management system to solve challenges such as the application 
of large-scale instruments in the process of innovative research and high maintenance 
costs and operating costs. Thanks to COMET, instruments in MEL can run smoothly and 
provide better technical services and support for scientific research.

Center of Major Equipment and Technology (COMET)
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The Ocean Instrument Development and Application 
Center (Ocean-IDEA) at MEL advances oceanographic 
instrumentation through core technology research 
and innovation in areas like observation platforms, 
biogeochemical sensors, underwater machine vision and 
fidelity bio-chemical sampling techniques. Collaborating with 
research teams, Ocean-IDEA designs pioneering sensors and 
equipment, bolstering Xiamen University’s oceanography 
and fostering a top domestic innovation hub. Ocean-IDEA 
offers end-to-end services for ocean instrument research, 
development, and deployment, covering design, simulation 
testing (including fluid, mechanical, and pressure analyses), 
circuit development, hardware integration, software 
programming, and information system.

Scope 1: Ocean Observation Platforms
Ocean-IDEA designs, integrates sensors, develops data 
acquisition and communication systems, and establishes 
data management frameworks for a variety of observation 
platforms, including moorings, cabled platforms, seabed 
system, shore-based stations, ships, wells and unmanned 
ships. 

Scope 2: Biogeochemical Sensors and Instruments

The development of wet chemical, optical, 
and electrochemical sensors and 
instruments for the precise measurement 
of biogeochemical parameters, and  bio-
optical-based biosensors and instruments 
for advanced ecological analysis

Scope 3: Biogeochemical Samplers and Experimental 

Instruments
The development of underwater in-situ fidelity sampling 
techniques and trace sample collection equipment, and 
measurement methods and instruments for biogeochemical 
rates, leveraging underwater in-situ continuous cultivation 
techniques and marker tracer technologies.

Ocean Instrument Development and Application Center (Ocean-IDEA)

Continuous cultivation device forgPP based on glider

Underwater clean sampler

pH sensor (Gen. 4) Phytoplankton optical detector(POD)

Scope 4: Underwater Machine Vision
The development of in-situ imaging technology and 
equipment for various marine species, as well as deep 
learning technologies based on underwater biological vision 
data augmentation, biometric recognition, and behavior 
analysis, to face the needs of ocean observation and 
intelligent fishery.

Underwater camera with anti-Biofouling
（R&D lab at D-SMART）

Machine vision for fish diversity monitoring
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Subpackage into ampules in a clean 
bench, tested for DOC concentrations 

with different machines

Deep Sea Water Reference

Collecting samples from Pacific Ocean 
at 4000 m depth, acidified to ph ≤ 2 

with GR grade HCL

Keep in dark for at least 1 
year

After numerous attempts, MEL has successfully developed a 
natural seawater CRM for DOC , which is now being used in 
daily analytical work. Water samples collected from 4000 m 
depth in the Northwest Pacific Ocean were acidified to pH 
≈2, aged at room temperature for two years, subpackaged in 
a Class 100 clean bench and then sealed. 12 deep seawater 
reference materials were randomly selected for homogeneity 
testing, and the average concentration value and relative 
standard deviation (RSD) were 40.0 μmol C/L and 1.3%, 
respectively, indicating that the uniformity met the required 
standards. In a stability test conducted over nearly a year, 

Preparation for Dissolved Organic Carbon Consensus Reference Materials, DOC-CRMs

Subpackage into ampules in a clean 
bench, tested for DOC blank with 

different machines

Test the blankCollecting ultra-pure water from Milli-Q ® 
Advantage A10 System, acidified to ph ≤ 2 

with GR grade HCL

Dissolved Organic Carbon Consensus Reference Materials, DOC-CRMs

the average concentration value and RSD of MEL CRM were 
40.5 μmol C/L and 2.0%, respectively, demonstrating a better 
stability compared with the international reference material 
At present, we invite several domestic scientific research 
institutions to verify this batch of reference materials, and 
look forward to comparison with international researchers.

MEL has now established a standardized procedure for 
the production of DOC-CRM, including sample collection, 
preparation, analysis, and testing. MEL also plans to explore 
the development of CRMs for dissolved organic nitrogen and 
dissolved organic phosphorus.

MEL’s natural sea water reference material Stability test between MEL’s and international CRMs

Low ccarbon Water Reference
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The application of non-traditional stable isotope systems 
such as Li, Mg, Si, S, K, Ca, Ti, V, Cr, Fe, Ni, Cu, Zn, Se, Sr, 
Nb, Cd, Ba, Hg, and Pb in paleoceanography and marine 
biogeochemistry has been spurred by the advancement of 
the Multi-Collector ICP-MS (MC-ICP-MS) over the last two 
decades.

The newly purchased Sapphire is a dual path high resolution 
MC-ICP-MS, incorporating both a “high energy” ion path 
(traditional MC-ICP-MS) and a separate “low energy” ion 
path (collision/reaction cell). The “dual path” design not 
only eliminates the polyatomic interference of the argon 
ion source in a lower resolution mode, but also provides 
an effective solution to mass discrimination problems 
potentially caused by RF multipole devices associated with 
reaction cell. Thus, the instrument is capable of performing 
precise and accurate isotope analysis while meeting the 
higher sensitivity requirement.
           

MC-ICP-MS

Based on the major scientific topic, the mechanism of 
biological pump carbon fixation and carbon storage and the 
evolution trend of carbon sink of the northwest Pacific, MEL 
will utilize Sapphire to improve existing isotopic systems (e. 
g., Si, Sr, Nb, Ba, Th, Pa, U) and develop new trace element 
isotope systems (e. g., Fe, Ni, Cu, Zn, Pb, etc.) analytical 
methods to reveal the isotopic composition of dissolved 
and particulate trace elements and significantly improve 
our understanding of the biogeochemical processes of trace 
elements in this oligotrophic ocean and its relationships to 
the global climate changes.

The Sapphire has installed and commissioned since 2024.

Pic. 1 Sapphire (www.nu-ins.com)

Pic. 2 Dual Path Transfer Optics
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The time series sediment trap facilitates research on 
carbon sequestration in the Western Pacific

Time series sediment trap platforms can be deployed 
in aquatic environments to collect natural settling 
particles over an extended duration, offering exceptional 
performance for biogeochemical studies encompassing 
radionuclide analysis, paleoproxy investigations, and 
carbon cycle analysis. They also prove beneficial for 
environmental monitoring and pollution assessment. 
In collaboration with the COMET project and scientists 
from the “Regulation and Evolution Trends of Nitrogen, 
Phosphorus, and Iron in the Northwest Pacific Biological 
Carbon Pump (PIN-Pump)” project, a time-series 
sediment trap anchor system was successfully deployed 
in the North Pacific Ocean on August 5. This effectively 
captures settling particles at three depths (500 m, 
1000 m, and 5000 m) using a cable that extends up to 
5800 m long. Moreover, it is equipped with advanced 
instruments such as 17 sets of acoustic Doppler current 
profilers, single-point current meters, and temperature-
salinity-depth recorders, enabling continuous long-term 
fixed-point observations of hydrodynamic conditions. By 
conducting comprehensive analyses of both biological 
and chemical composition of sinking particles along with 
an examination of hydrodynamic characteristics, this 
study aims to systematically elucidate spatiotemporal 
variations in carbon export flux while uncovering 
underlying controlling mechanisms that govern carbon 
sequestration efficiency. This research provides a crucial 
scientific foundation for developing oceanic solutions 
towards achieving carbon neutrality. The deployment 
of the first set of deep-sea sediment traps and mooring 
systems by MEL represents a significant advance 
in research on oceanic carbon sequestration and 
biogeochemical studies thereby contributing to scholarly 
understanding in this field.

© CHEN Zhaozhang

© CHEN Zhaozhang
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HiSea Satellites

◉ HiSea-1
In 2024, HiSea-1 (SAR satellites) has paid more attention 
to typical oceanic and atmospheric phenomena. SAR 
satellites are highly sensitive to sea surface roughness, 
with various oceanic and atmospheric phenomena 
significantly affecting it, resulting in distinct bright and 
dark features in SAR images. Based on images from 
the Hisea-1 and Sentinel-1 satellites, we developed 
a SAR semantic segmentation dataset covering 12 
typical oceanic and atmospheric phenomena. These 
phenomena include atmospheric fronts (AF), oceanic 
fronts (OF), rainfall (RF), icebergs (IB), sea ice (SI), pure 
ocean waves (POW), wind streaks (WS), low wind areas 
(LWA), biological slicks (BS), microscale convection cells 
(MCC), internal waves (IWs), and ocean eddies (Eddy). 
Furthermore, we proposed an improved Segformer 
model for the automatic detection and segmentation of 
these typical phenomena in SAR sea surface images.

◉ HiSea-2
In 2024, HiSea-2 monitored aquatic ecosystems in 
nearshore waters, capturing and illustrating many 
detailed features. The patchy distribution of Ulva 
prolifera in the Yellow Sea was captured under high 
spatial resolution (20 m), which helps to calculate 
more accurately the area covered by Ulva prolifera. 
The offshore waters of Mexico showed complex and 
variable water colors that indicate wide variations 
of water quality in this area caused by outflow and 
resuspension of sediments. The rich and varying water 
and bottom properties associated with the Great 
Barrier Reef’s coral reefs were also shot and explored, 
as well as the adjacent nearshore waters. In addition 
to the conventional observation of ocean color, the 
presence of the Carmen vortex at the stern due to 
flow instability suggests that the HiSea-2 can also be 
applied to the detection and study of the vortex and 
fine-scale eddies.

(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)

(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)

Fig. 1 Typical oceanic and atmospheric phenomena in SAR images

(a) Atmospheric front; (b) Ocean front; (c) Rainfall; (d) Iceberg; (e) Sea 

ice; (f) Pure ocean waves; (g) Wind streaks; (h) Low wind speed area; (i) 

Biological slicks; (j) Micro-convective cells; (k) Ocean internal waves; (l) 

Ocean Eddies

Fig. 2 Segmentation results of SAR images

Four HiSea-2 images over China, Mexico, and Australia

(a) Patchy distribution of Ulva prolifera in the Yellow Sea, China. (b) Varying water 

quality of offshore waters near Carmen City, Mexico. (c) Part of the Great Barrier 

Reef’s coral reefs. (d) Carmen vortex with symmetrical shedding of a ship’s trails in 

the Beibu Gulf
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T-SMART has conducted quarterly cruises in the upwelling of 
Taiwan Strait, Dongshan Bay and Zhangjiang Estuary in 2024. 
Quadrat surveys has been carried out for mangroves, salt 
marshs, flora and fauna in Zhangjiang Estuary. Over 36 GB of 
data and 1300 hours of coral video were collected.

T-SMART conducted a series of outreach activities this year. 
3 sessions of the Sufeng Forum is worth noting with their 
focuses on the restoration of coral species, turtle research, 
and estuary-bay ecology.

National Observation and Research 
Station for the Taiwan Strait Marine 
Ecosystem

The 2nd International Advisory Committee (IAC) Meeting of T-SMART was 

held in March, forming a Strategic Development Plan for 2024-2030.

Ecological Environment Data Sharing Platform and officially launched for trail 

Two parties signed the donation agreement © MEL

Cooperation: A new page of marine 
ecology protection and education
The Taikoo (Xiamen) Aircraft Engineering Co., Ltd, on behalf 
of Swire Group, signed a donation agreement with Xiamen 
University, pledging to donate RMB 5.46 million to launch 
the Marine Ecology Conservation and Education Project of 
D-SMART to support long-term monitoring and research in 
Dongshan Bay, and restoration of coral species in the related 
areas. Moreover, the project will strengthen communication 
and cooperation in marine science and promote public 
education in ocean science.

©  CHEN Lei
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◉ MEL was awarded Outstanding Groups and Institutions in the Education Sector by 

     Ministry of Education of China

◉ DAI Minhan was awarded American Geophysical Union (AGU) Fellow and was given Ambassador Award

◉ LU Yonglong received the Jubilee Medal “300 Years of the Russian Academy of Sciences”

◉ JIAO Nianzhi and DAI Minhan was elected as Founding Fellows of the Ecological Society of China. LU Yonglong was elected 
as Fellow of the Ecological Society of China

◉ JIAO Nianzhi was given Outstanding Contribution Award for Innovation and Development of Ecological Environment 
Protection Industry by China Association of Environmental Protection Industry

◉ The Group of Excellence on“Ocean metabolism and elemental cycles” was awarded the NSFC Science Fund for Innovative 
Research Groups

◉ CAO Ling and WANG Chuanchao were granted funding under the NSFC Fund for Distinguished Young Scientists

◉ WAN Xianhui received the National High-level Talents Award

◉ YANG Jinyu and ZHANG Zengkai were awarded under the Fujian “One Hundred Talents” Program

◉ WANG Weilei was given the “ZENG Chengkui Marine Science and Technology Award for Young Scientist” by Chinese Society 
for Oceanography and Limnology 

◉ LI Jianghui and LIU Zhiyu were given the Distinguished Young Scholar of China Frontiers of Engineering by Chinese Academy 
of Engineering

◉ CAO Ling was promoted to Nanqiang Distinguished Professor of Xiamen University

◉ LIU Baomin was promoted to Senior Engineer

◉ Research on “Biological carbon pump estimate based on multidecadal hydrographic data” won “Top 10 Science and 
Technology Advances in Oceanology and Limnology” by Chinese Society for Oceanography and Limnology, and “Top 10 
Science and Technology Advances in Oceanology” of China by Chinese Society for Oceanography

Team Members: WANG Weilei, François Primean, FU Weiwei, TANG Jinming

◉ Research on “Analysis and application of novel antimicrobial peptides” won Fujian Province 1st Class of Science and 
Technology Award, 2022. 

Team Members: WANG Kejian, PENG Hui, CHEN Fangyi, HUANG Zhensheng, GUO Qing

◉ Research on “Driving factors and global changes of marine nitrification processes” won Fujian Province 2nd Class of Science 
and Technology Award, 2022

Team Members: KAO Shu-ji, WAN Xianhui, ZHENG Zhenzhen, XU Min, YANG Jinyu

◉ Co-research on “Detection of low concentration biogenic elements in high base water samples” won Guangxi Province 3rd 

Class of Science and Technology Award, 2023

Team Members: MA Jian, YUAN Dongxing, LIU Baomin, LIANG Ying, ZHANG Min, XU Jin, SU Haitao

◉ Co-research on “Innovative Technology and Demonstration of Coral Reef Ecological Restoration Grounded in Environmental 
Adaptability Theory” won Hainan Province 1st Class of Science and Technology Award, 2023

Team Members: ZHOU Zhi, WU Zhongjie, LI Zhiyong, LIN Senjie, ZHENG Xinqing, WU Chuanliang, TANG Jia, LIU Zhaoqun

Awards and Recognitions
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CHENG Shuo 
Marine ecological protection 
and integrated management

JIANG Weimin  
Decadal to Multidecadal 

Variability

XUE Jiao
Ice nucleation 
properties of 
marine aerosols

YU Dan
Transformation 
process and export 
of nitrogen and 
their controlling 
mechanisms across 
the river-estuary 
continuum

LIU Lingke
Crustacean innate 

immunology

CHEN Lin
Fish genomics, genetic breeding, 

adaptive evolution

CHANG Tainyi
Mobile genetic elements, viral 
diversity and evolution, single 

cell genomics

Dr. WEN Zuozhu
Associate Professor

Dr. WAN Xianhui
Professor

Dr. WEN Zuozhu obtained his PhD from Xiamen 
University in 2019 and conducted postdoctoral research 
at Xiamen University and the Helmholtz Centre for 
Ocean Research in Kiel, Germany (2020-2024). He 
joined MEL in May 2024. His research focuses on 
biological nitrogen fixation in the marine nitrogen cycle, 
investigating the diversity and functions of nitrogen-
fixing organisms, and exploring the critical role of 
biological nitrogen fixation in the marine biological 
carbon pump under global change.

Faculty

MEL Postdoctoral Fellow

Research Scientist

Dr. WAN Xianhui received his PhD from Xiamen 
University in 2017. He then worked as a research 
scientist at Xiamen University, USA from 2018 to 2020 
before starting his postdoctoral research at Princeton 
University from 2020 to 2024. In June 2024, he 
returned to Xiamen University as a faculty member, 
working on exploring the impact of anthropogenic 
forcing and natural variabilities on the marine 
nitrogen cycle. 

New members
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DING Yanyan

LIU Yang

WU Lilin XUE Chengwen ZHANG Jimen ZHAO Mengke YU Xinran

MA Yu QIAO Peiyang WANG Na WANG Yingwen

GAO Peiyuan HUANG Xin LI Chenglong LIAO Nengjian

Research Assistant

Admin Staff

CHEN Wenqian

LI Weifeng SUN Xiaodi

GU kejing

HU Jingyun

New members
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● DAI Minhan (Section lead). 2024. Dissolved Organic Carbon in the South China Sea. In: Biogeochemistry of Marine 
Dissolved Organic Matter (Third Edition). Dennis A. Hansell, Craig A. Carlson (Eds). Academic Press. p: 739-767

      Working group: LI Xiaolin, ZHANG Yao, MENG Feifei, WANG Zhixuan

● DAI Minhan, LIN Xin, WANG Guihua (Members of core editorial board). 2024. The Plank Manifesto. United Nations Global 
Compact. 19 pages

● LIN Xin (Working group expert member). 2024. Ocean Decade Vision 2030 White Papers -  Challenge 9: Skills, Knowledge, 
Technology, and Participatory Decision-Making for All. Intergovernmental Oceanographic Commission of the United 
Nations Educational, Scientific and Cultural Organization. 27 pages

● Office of the 1st Aquaculture Germplasm Resources Census. 2024. List of Aquaculture Germplasm Resources in China. 
China Aquaculture Press. 468 pages

      Editorial Board Members: LIU Tao, etc.

● ZHANG Yu, SONG Zhongchang. 2024. Introduction to Marine Acoustics. Science Press. 222 pages

THE PLANKTON 
MANIFESTO
A call for Plankton-Based Solutions 
to address The Triple Planetary Crisis
(biodiversity, climate & pollution)
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