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INTRODUCTION
MEL

The Laboratory of Marine Environmental Science (MEL) was 
formally 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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THE DIRECTOR
A MESSAGE FROM

On the 18th anniversary of its promotion to state key lab status, I am 
honored to be appointed the Director of the State Key Laboratory of 

Marine Environmental Science (MEL). It is my pleasure to take the 
torch from my predecessors and work with our committed and 
talented professionals who will, with an eye toward the global 
frontiers of science and technology and the significant needs of 
the country, lead MEL toward innovation driven development. 

We have been inspired by the pioneering work and achievements of 
our colleagues over the past year. Prof. Yonglong Lu was elected a 
foreign member of the Russian Academy of Sciences and also 

appointed a fellow of the International Science Council. Prof. Minhan 
Dai was awarded the 2022 Axford Medal from the Asia Oceania 

Geosciences Society (AOGS). Prof. Zhiyu Liu received the Zeng 
Chengkui Marine Science and Technology Award for Young Scientists. 

Prof. Caihuan Ke received the  Zhang Fusui Shellfisheries Award for 
Outstanding Contributions. Prof. Peng Xu and Prof. Qiang Zheng received the 

NSFC Fund for Distinguished Young Scholars and the NSFC Fund for Excellent 
Young Scientists respectively.

MELers have worked hard in 2022 and reaped the fruits of their research outcomes. 42 government-sponsored 
projects, including 3 National Major Research and Development Programs and 2 NSFC Major Research Plan 
Programs were awarded to MEL, approaching 70 million RMB in funding. On May 23, the NSFC Basic Science 
Center of Ocean Carbon Sink and Biogeochemical Processes, led by Prof. Nianzhi Jiao, was launched, serving as 
the first Chinese NSFC Basic Science Center in the marine science field.

As always, we have broadened our research scope and achieved breakthroughs this year. My own research group 
found out the nutrient regulation of biological nitrogen fixation across the tropical western North Pacific. Prof. 
Shuh-Ji Kao’s research group suggested that epipelagic nitrous oxide production offsets carbon sequestration by 
the biological pump. Prof. Senjie Lin’s research group defined trypsin as a coordinate regulator of N and P in 
marine phytoplankton. Prof. Yonglong Lu’s research group explored the stress put on coastal ecosystems by 
climate and anthropogenic drivers of multiple pollutants. In 2022, 2 technical protocols for air-sea CO2 flux 
monitoring and assessment, and 4 measurement protocols for online determination of trace nutrients in seawater 
developed by our colleagues were approved by the National Marine Standardization Technical Committee and 
released by the Ministry of Natural Resources.



Dalin Shi, Director
December 31, 2022

The advance of MEL’s space-based, sea-based, land-based, and underwater multi-dimensional ocean observation 
system and technical support system equips us to sail further. HiSea-1 and HiSea-2, producing nearly 10 thousand 
images this year, provided emergency monitoring for global events. The research vessel Tan Kah Kee carried out 5 
research cruises, totaling 205 working days at sea and sailing more than 23,000 nauticalmiles. Alongside the 
research, development and testing of the 2nd Generation Coral Ecosystem Cabled Observatory (CECO-II) was 
carried out by the National Observation and Research Station for the Taiwan Strait Marine Ecosystem (T-SMART) 
team in Dongshan. The Center of Major Equipment and Technology (COMET) continued providing efficient 
technical support. 

MEL never stops building a maritime community with a shared future. In 2022, Prof. Nianzhi Jiao initiated Global 
Ocean Negative Carbon Emission (ONCE), endorsed as one of the UN Ocean Decade programs based on the 
global consensus on carbon neutrality. The Surface Ocean—Lower Atmosphere Study (SOLAS) International 
Office (China) was dedicated to providing a platform for collaboration and coordination. Of course, global dialogues 
took place during the international conferences we hosted, including the 8th International Ra-Rn Workshop and the 
4th Open Science Symposium on Western Pacific Ocean Circulation and Climate.

Finally, MEL did and always will keep preparing new blood for the development of the marine cause. In 2022, the 
MEL Marine and Environmental International Joint Training Program received consistent special funds from the 
China Scholarship Council. Joint educational programs with the Faculty of Science of The University of Hong Kong, 
Outstanding Postdoctoral Fellowship, Ph.D. Fellowship, and MEL Summer Undergraduate Research Fellowship 
provided further learning and communication opportunities. Executed by COSEE China and the 70.8 Media Lab, 
various events and outreach products such as Xiamen University’s Ocean Science Day, Junior Blue Pioneer 
Training Program and Marine Lecturers Program were carried out. MEL has moved forwards to advance the marine 
science communication 2.0 era.

2023 will be a year of renewal and openness; it will also be an essential time for MEL’s restructuring. We are ready 
for a new start. Therefore, as we close out another year and welcome a new one, I’d like to extend my greeting to 
our colleagues and friends at home and abroad who have always been concerned with the growth of MEL. Wish 
you all the best!  
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Feburary

2022 HEADLINES

MEL's leadership team was newly appointed, with Dalin Shi as the new 
director and Yao Zhang, Zhiyu Liu, Zhimian Cao, Jian Ma and Mengmei Lin as 
associate directors.

HiSea-1 and HiSea-2 satellites are operating stably in orbit. They have carried 
out a total of over 10,000 imaging missions. In January, the HiSea satellites 
relayed attention to the impact of the Tonga volcanic eruption on the ecological 
environment of the surrounding seas, demonstrating their application 
capabilities in emergency response and disaster prevention and mitigation.

January 

Dalin Shi’s research entitled “Nutrient regulation of biological 
nitrogen fixation across the tropical western North Pacific” was 
published in Science Advances. It suggests that Fe:N supply 
ratio is an important factor regulating biological nitrogen fixation 
in the tropical and subtropical western North Pacific.

Minhan Dai’s group was invited to publish a review 
article entitled “Carbon fluxes in the coastal ocean: 
Synthesis, boundary processes and future trends” in the 
Annual Review of Earth and Planetary Sciences. It 
examines the current understanding of the global 
coastal ocean carbon cycle and provides a new 
quantitative synthesis of air-sea CO2 exchange.

March

Nianzhi Jiao received the Xiamen University Nanqiang Outstanding 
Contribution Award. 
Minhan Dai, Hongyue Dang, Kunshan Gao, Huasheng Hong, Nianzhi Jiao, 
Senjie Lin, Xi Chen, Rongrong Ji, Xiangyang Liu, and Chuanchao Wang were 
listed among the “Highly Cited Chinese Researchers of 2021” by Elsevier. 

April

June

Senjie Lin’s research entitled “Trypsin is a coordinate regulator of N 
and P nutrients in marine phytoplankton” was published in Nature 
Communications. It revealed a new mechanism of coordinated 
nitrogen and phosphorus utilization mediated by marine 
phytoplankton trypsin.

July

Yonglong Lu was elected a foreign academician of the Russian 
Academy of Sciences in June, and was elected a Fellow of the 
International Council for Science in December.
The 8th International Ra-Rn Workshop, hosted by MEL and 
explored the latest advances in the use of radium and radon 
tracers and technologies in oceanography and provided 
insightful perspectives for relevant scientists, managers, and 
policymakers.
Based on the global consensus on carbon neutrality and 
international research frontiers on ocean negative carbon 
emissions, Nianzhi Jiao led the launch of Global ONCE, a UN 
Ocean Decade Program.

MEL hosted the 2022 Annual Meeting of the China Council for 
International Cooperation on Environment and Development, 
“Ocean Governance-Past and Future” , and made several policy 
recommendations related to marine economic development and 
environmental protection.
Minhan Dai received the Axford Medal Award from the Asia 
Oceania Geosciences Society (AOGS).
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Peng Xu received the NSFC Fund for Distinguished Young Scholars; 
Qiang Zheng received the NSFC Fund for Excellent Young Scientists. 

The "Surface Ocean-Lower Atmosphere Study (SOLAS)" International 
Project Office (China) co-organized the 8th SOLAS International Open 
Science Conference.

The MEL team presided over the development of 2 technical protocols for 
air-sea CO2 flux monitoring and assessment, and 4 measurement protocols for 
online determination of trace nutrients in seawater which were approved by the 
National Marine Standardization Technical Committee and released by the 
Ministry of Natural Resources.

August
November

Yonglong Lu was invited by the 15th Conference of the Parties 
(COP15) of the United Nations Convention on Biological Diversity 
(CBD) to jointly publish an editorial article on  “Curtailing the 
Collapse of the Living World” in Science Advances.
Shuh-Ji Kao’s research entitled “Epipelagic nitrous oxide 
production offsets carbon sequestration by the biological pump” 
was published in Nature Geoscience. It suggests that the nitrogen 
regeneration cycle triggered by the mineralization of organic 
matter in the epipelagic ocean will actively release N2O, which can 
offset the greenhouse effect reduced by~10% of carbon 
sequestration and CO2 absorption by the biological pump.
The R/V Tan Kah Kee continues to provide advanced equipment 
and technical support for marine scientific research. It has carried 
out 5 research cruises, totaling 205 working days at sea and 
sailing more than 23,000 nautical miles.

December

MEL locally organized the 4th Open Science Symposium on Western Pacific 
Ocean Circulation and Climate, which attracting 260 experts and scholars from 
home and abroad. 

October

September

Dalin Shi’s research entitled “Phosphate limitation intensifies 
negative effects of ocean acidification on globally important 
nitrogen fixing cyanobacterium” was published in Nature 
Communications. It revealed the inhibitory effect and mechanism 
of phosphorus restriction on nitrogen fixation of Trichomonas 
fasciatus by intensifying ocean acidification.
The 2022 Maritime Silk Road International Conference on the 
Cooperation and Integration of Industry, Education, Research and 
Application Sub-forum on Marine Technology and Engineering 
was held virtually and in person to promote the development of 
emerging marine industries towards low carbon practices. 
The Academic Committee Meeting of the National Observation 
and Research Station for the Taiwan Strait Marine Ecosystem 
(T-SMART) was held in Dongshan.
Caihuan Ke received the Zhang Fusui Shellfisheries Award for 
Outstanding Contributions; Zhiyu Liu was awarded the Zeng 
Chengkui Marine Science and Technology Award for Young 
Scientist.
SOLAS International Project Office (China) co-organized a side 
event at 27th Conference of the Parties to the United Nations 
Framework Convention on Climate Change (COP27) on "Wildfire 
increase, a challenge for Earth system and societies" to discuss 
fire risk from a natural and social science view.

03

04



PROJECTS

Newly
Funded
Projects

1
UN Ocean 

Decade Endorsed 
Program

3
National Key 
Research and 
Development 

Programs

2
NSFC Major

Research Plan
Programs

2
NSFC

Talent Programs

4
NSFC Joint Fund/ 

NSFC Fund for 
International 

Scientists

16
NSFC General 
Programs and 

Young Scientist 
Fund Projects

5
Other National

Programs

9
Other

Programs

NEW MEMBERS

4
Faculty

4
Research
Scientists

5
Outstanding
Postdoctoral

Fellows

21
Research
Assistants

4
Administrative

Staff

EDUCATION

301
Enrolled

Postgraduates

345
Enrolled Doctoral

Students

66
Master's

Graduates

56
Ph.D.

Graduates



EXCHANGES AND
COLLABORATIONS

16
Conferences, 

Meetings, 
Trainings Hosted

19
Newly Appointed

in Journals

61
Invited Talks in 

National / 
International 
Conferences

24+
Outreach Programs

338
Wechat Posts

36%
International 

Joint Publications

31
Newly 

Appointed in
Organizations 

or Associations

24
Visiting
Scholars

450
Papers

Published

3
Chapters

2
Books

3
Journal

Special Issues

29
Patents and

Software Copyrights

6
Marine Industry

Standards

BROADER
IMPACTS

79
Cruises

1130
Days at Sea

525
People

CRUISES

Ranging form the NW Pacific to the 
East China Sea, South China Sea, and 

the sea area near Fujian.
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The joy of scientific research lies in 
discovery, intensive exploration, and 
revealing the mysteries of the ocean.

RESEARCH

SCOPE 1:  Marine Geochemistry: 
Processes and Fluxes 

SCOPE 2:  Marine Ecology: Processes 
and Mechanisms 

SCOPE 3:  Marine Environmental 
Change: Processes and Effects 

SCOPE 4:  Ocean Dynamics and 
Land-Ocean-Atmosphere Interactions 

SCOPE 5:  Marine Ecosystem 
Integration and Sustainable 
Development 

SCOPE 6:  Marine Microbial Carbon 
Pump and Carbon Neutralization



Spatial, long-term, and seasonal variability of sea surface pCO2 in 
(a–c) the Baltic Sea, (d–f ) the Mid-Atlantic Bight, and (g–i) the South 
China Sea.

The shelf surface area (gray bars), CO2 flux density (colored circles), 
and spatially integrated CO2 flux (red and blue bars) estimated for the 
seven shelf classes and global shelves. 

Carbon Fluxes in the Coastal Ocean: 
Synthesis, Boundary Processes and Future Trends

Dai, Minhan*; Su, Jianzhong; Zhao, Yangyang; Hofmann, Eileen E.; Cao, 
Zhimian; Cai, Wei-Jun; Gan, Jianping; Lacroix, Fabrice; Laruelle, Goulven 
G.; Meng, Feifei; Mueller, Jens Daniel; Regnier, Pierre A. G.; Wang, 
Guizhi; Wang, Zhixuan. Carbon fluxes in the coastal ocean: synthesis, 
boundary processes and future trends. ANNUAL REVIEW OF EARTH 
AND PLANETARY SCIENCES. 2022. 50: 593-626.

Reference

The ocean is an important carbon sink, taking up CO2 that is released 
into the atmosphere by anthropogenic activities such as fossil fuel 
burning and land use changes. Besides the crucial role of the “natural” 
ocean sink for anthropogenic CO2, ocean-based CO2 removal 
techniques could contribute to climate change mitigation and help meet 
the Paris Agreement goals of limiting global warming well below 2°C. As 
the coastal ocean is a hotspot for the transformation of carbon pools, it 
is vital to understand the complex processes that take place at the 
land-ocean interface and how these systems respond to future changes 
(such reaching net-zero emissions or employing CO2 removal 
techniques). However, coastal ocean processes are complex and can 
vary seasonally, temporally, and spatially, which makes its inclusion in 
Earth system models, and consequently climate policies, challenging. 
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Our recent work published in the Annual Review of Earth and 
Planetary Sciences attempts to shed a light on the current 
understanding of the coastal ocean carbon cycle, with a 
focus on the air-sea CO2 exchange, at the regional and 
global scales. Based on a data synthesis of CO2 flux 
estimates from 214 sites, we estimate that the coastal ocean 
carbon sink globally takes up 0.25±0.05 Pg C per year. 
Notably, the greatest removal of atmospheric CO2 (>90%) 
was found in polar and subpolar regions. 
By developing a framework that includes both the river-
dominated ocean margin and ocean-dominated margin 
systems, the researchers were able to conceptualise the 
exchanges, boundary transport, and biogeochemical 
reactions that form part of the coastal ocean carbon cycle. 
The study also showcases how surface CO2 concentration 
varies in three distinct coastal regions (namely the Baltic 
Sea, Mid-Atlantic Bight, and South China Sea) are well 
covered with observations. Our results indicate that physical 
and/or biogeochemical processes other than the abiotic 
atmospheric CO2 can be important controls on the evolution 
of air-sea CO2 exchanges in specific coastal regions. Ocean 
carbon models that range from box models to three-
dimensional coupled circulation-biogeochemical models are 
reviewed in terms of the ability to simulate key processes 
and project future changes in different continental shelf 
regions. Common unresolved challenges remain for the 
implementation of these models across RiOMar and OceMar 
systems. Long-term changes in ocean carbon fluxes since 
pre-industrial times were revealed by both observations and 
numerical model simulations, which are expected to continue 
until and even after net-zero emissions are reached, 
although large uncertainties are associated with impacts 
arising from concurrent changes in the land-ocean-
atmosphere coupled system.

Updated sea-air CO2 flux density in the global coastal oceans. 
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Epipelagic Nitrous Oxide Production
Offsets Carbon Sequestration by the 
Biological Pump

References
Wan, Xianhui Sean; Sheng, Hua-Xia; Dai, Minhan; Zhang, Yao; 
Shi, Dalin; Trull, Thomas W.; Zhu, Yifan; Lomas, Michael W.; Kao, 
Shuh-Ji*. Ambient nitrate switches the ammonium consumption 
pathway in the euphotic ocean. NATURE COMMUNICATIONS. 
2018. 9, 915.

Wan, Xianhui S.; Sheng, Hua-Xia; Dai, Minhan; Casciotti, Karen 
L.; Church, Matthew J.; Zou, Wenbin; Liu, Li; Shen, Hui; Zhou, 
Kuanbo; Ward, Bess B.; Kao, Shuh-Ji*. Epipelagic nitrous oxide 
production offsets carbon sequestration by the biological pump. 
NATURE GEOSCIENCE. 2022. 16, 29-36.

The removal of carbon dioxide from the atmosphere by the 
marine biological pump is a key regulator of Earth’s climate; 
however, the ocean also serves as a large source of nitrous 
oxide, a potent greenhouse gas and ozone depleting 
substance. Although biological carbon sequestration and 
nitrous oxide production have been individually studied in the 
ocean, their combined impacts on net greenhouse forcing 
remain uncertain. Here we show that the magnitude of nitrous 
oxide production in the epipelagic zone of the subtropical 
ocean covaries with remineralization processes, and thus acts 
antagonistically to weaken the radiative benefit of carbon 
removal by the marine biological pump. Carbon and nitrogen 
isotope tracer incubation experiments and nitrogen isotope 
natural abundance data indicate enhanced biological activity 
promotes nitrogen recycling, leading to significant nitrous 
oxide production via both oxidative and reductive pathways. 
These shallow water nitrous oxide sources account for nearly 
half of the air-sea flux and counteract 6-27% (median 9%) of 
the greenhouse warming mitigation achieved by carbon export 
via the biological pump.

Schematic of the proposed linkage between surface N2O 
production and CO2 removal by the biological pump. Carbon 
and nitrogen undergo rapid cycling in the epipelagic ocean and 
slow cycling in the ocean’s interior. During the operation of 
biological pump processes, only a small fraction of newly produced 
organic matter (in our study, only around 5% of primary production) 
was exported to depth. This export drives slow recycling of C and 
N, during which N2O and CO2 are produced and accumulate at 
longer timescales (centuries to millennia) before exchanging with 
the atmosphere. In contrast, most of the newly produced organic 
matter is rapidly remineralized (days to weeks) in the epipelagic 
ocean to drive intense recycling of C and N, during which N2O is 
produced through both oxidative and reductive pathways and 
emitted to the atmosphere. This more rapid recycling in the 
epipelagic waters can offset a substantial part (6-27%, median 9%) 
of the decreased radiative forcing due to biological CO2 removal to 
depth in our study.



Biodegradation of Terrigenous Organic Matter in A Stratified Large-Volume Water Column: 
Implications of the Removal of Terrigenous Organic Matter in 
the Coastal Ocean

Xiao, Xilin; Powers, Leanne C.; Liu, Jihua; Gonsior, Michael; Zhang, Rui; Zhang, Lianbao; MacIntyre, Hugh L.; Chen, 
Xiaowei; Hu, Chen; Batt, John; Shi, Qiang; Xu, Dapeng; Zhang, Yao; Jiao, Nianzhi*. Biodegradation of terrigenous 
organic matter (TOM) in a stratified large-volume water column: implication of the removal of TOM in estuarine 
systems. ENVIRONMENTAL SCIENCE & TECHNOLOGY. 2022. 56, 5234-5246.

Reference

Large amounts of terrigenous organic matter (TOM) are delivered to the 
ocean every year. However, the removal processes of TOM in the ocean 
are still poorly constrained. We here report results from a 339-day dark 
incubation experiment with a unique system holding a vertical stratified 
freshwater-seawater column. The quality and quantity of dissolved 
organic matter (DOM), RNA-based size-fraction microbial communities 
and environmental factors were high-frequency monitored. Microbial 
processes impacted TOM composition, including increased DOM 
photobleaching rate with incubation time. The mixed layer had changed 
bacterial community structure, diversity, and higher oxygen consumption 
rate. A two-end member modeling analysis suggested that estimated 
nutrient concentrations and prokaryotic abundance were lower, and total 
dissolved organic carbon was higher than that of the measured values. 
These results imply that DOM biodegradation was stimulated during 
freshwater-seawater mixing. In the bottom layer, fluorescent DOM 
components increased with the incubation time and were significantly 
positively related to highly unsaturated, oxygenated, and presumably 
aromatic molecular formulas. These results suggest that 
surfaced-derived TOM sinking leads to increased DOM transforming and 
likely results in carbon storage in the bottom water. Overall, these results 
suggested that microbial transforming TOM play more important 
biogeochemical roles in estuaries and coastal ocean than what we know 
before.

Diagram of microbial transforming terrigenous organic 
matter in the coastal ocean. Freshwater-seawater mixing 
enhanced DOM mineralization coupled with inorganic 
nutrients regeneration and oxygen consumption, and 
terrigenous materials input stimulated microbial activity and 
accelerated RDOM production and oxygen utilization.
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Trypsin is best known as a digestive enzyme in animals, but remains unexplored in phytoplankton. 
Using CRISPR/Cas9 mediated-knockout and overexpression analyses, we revealed that trypsin 
in Phaeodactylum tricornutum (PtTryp2) functions to repress N acquisition, but its expression 
decreases under N-deficiency to promote N acquisition. However, PtTryp2 promotes PO4

3- 
uptake per se, and its expression increases under P-deficiency to further reinforce P acquisition. 
PtTryp2 knockout also led to amplitude magnification of the NO3- and PO4

3- uptake “seesaw”, 
whereas PtTryp2 overexpression dampened it, linking PtTryp2 to stabilizing N:P stoichiometry. 
This indicates that PtTryp2 is a coordinate regulator of N:P stoichiometric homeostasis and 
opens a window for deciphering how phytoplankton adapt to nutrient-variable marine environments.

Hypothetical model depicting the role of PtTryp2 in balancing N and P uptake and intracellular contents.

Trypsin is A Coordinate 
Regulator of N and P Nutrients 
in Marine Phytoplankton

Reference
You, Yanchun; Sun, Xueqiong; Ma, Minglei; He, Jiamin; Li, Ling; Porto, Felipe Wendt; Lin, Senjie*. Trypsin is a 
coordinate regulator of N and P nutrients in marine phytoplankton. NATURE COMMUNICATIONS. 2022. 13, 4022.

Widespread occurrence and environmental stimuli responsiveness of trypsin in global marine phytoplankton. (a) Wide 
geographic distribution of trypsin in phytoplankton found in Tara Oceans. (b) Wide taxonomic distribution of trypsin in 
algae found in PhyloDB. (c) Environmental nutrient drivers of phytoplankton trypsin abundance. 

a b c



The effect of ocean acidification on natural Trichodesmium populations in the northern South China Sea surface seawater. a, b Relative contribution of 
different diazotrophs (a) and N2 fixation rate (b) under ambient and acidified conditions of the diazotroph community. c, d Relative transcription of the NAD 
kinase gene ppnk of two major Trichodesmium clades T. tenue (c) and T. erythraeum (d) in the diazotroph community under ambient and acidified conditions.

Reference
Zhang, Futing; Wen, Zuozhu; Wang, Shanlin; Tang, Weiyi; Luo, Ya-Wei; Kranz, Sven A.; Hong, Haizheng*; Shi, Dalin*. Phosphate limitation 
intensifies negative effects of ocean acidification on globally important nitrogen fixing cyanobacterium. NATURE COMMUNICATIONS, 2022. 
13: 6730. 

Growth of the prominent nitrogen-fixing cyanobacterium 
Trichodesmium is often limited by phosphorus availability in the ocean. 
How nitrogen fixation by phosphorus-limited Trichodesmium may respond 
to ocean acidification remains poorly understood. Here, we use 
phosphate-limited chemostat experiments to show that acidification enhanced 
phosphorus demands and decreased phosphorus-specific nitrogen fixation rates in 
Trichodesmium. The increased phosphorus requirements were attributed primarily to 
elevated cellular polyphosphate contents, likely for maintaining cytosolic pH homeostasis in response to acidification. Alongside the 
accumulation of polyphosphate, decreased NADP(H):NAD(H) ratios and impaired chlorophyll synthesis and energy production were 
observed under acidified conditions. Consequently, the negative effects of acidification were amplified compared to those 
demonstrated previously under phosphorus sufficiency. Estimating the potential implications of this finding, using outputs from the 
Community Earth System Model, predicts that acidification and dissolved inorganic and organic phosphorus stress could 
synergistically cause an appreciable decrease in global Trichodesmium nitrogen fixation by 2100.

Phosphate Limitation Intensifies  
Negative Effects of Ocean 
Acidification on Globally  Important 
Nitrogen Fixing  Cyanobacterium

Trichodesmium colonies. 
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Interpreting Consequences of 
Inadequate Sampling of Oceanic 
Motions
Inadequate sampling of oceanic motions, which commonly 
occurs for both oceanic measurements and simulations, can 
cause peculiar spectral features and potentially leads to
misinterpretations. Here, we combine an extremely high-frequency 
moored velocity record and a high-resolution numerical simulation 
with the basic signal-processing theory to quantitatively explore 

how varying sampling rates affect the ability to represent oceanic 
motions, especially internal gravity waves (IGWs). The moored 
measurements and simulations demonstrate that hourly sampling 
is sufficient to capture horizontal internal tidal velocities, but 
inadequate to faithfully characterize the vertical velocity for nearly 
all frequencies. The daily-sampled model simulation shows a 
complicated frequency-wavenumber spectral pattern of IGWs. 
Due to contrasting periodicities in time and space, temporal 
subsampling tends to retain the total variance of original IGWs, 
while spatial subsampling directly induces spectral energy loss. 
This study sheds light on data applications of the upcoming 
satellite altimetry missions.

B

A

Quasi-antiphase Diel Patterns of 
Abundance and Cell Size/Biomass 
of Picophytoplankton in the
Oligotrophic Ocean

Reference
Wang, Chuanyin; Liu, Zhiyu*; Lin, Hongyang*. 
Interpreting consequences of inadequate sampling 
of oceanic motions, LIMNOLOGY AND 
OCEANOGRAPHY LETTERS. 2022. 7: 385-391. 

Average half-hourly values of cell numbers, cell sizes, and carbon biomasses 
of three picophytoplankton groups across all 38 cruises. Note that because the 
values have been normalized, they are unitless and fluctuate about 1. Error 
bars denote standard deviations (n ranges from 181 to 218).

Li, Changlin; Chiang, Kuo-Ping; Laws, Edward A.; Liu, Xin; Chen, 
Jixin; Huang, Yibin; Chen, Bingzhang; Tsai, An-Yi; Huang, Bangqin*. 
Quasi-antiphase diel patterns of abundance and cell size/biomass of 
picophytoplankton in the oligotrophic ocean, GEOPHYSICAL 
RESEARCH LETTERS. 2022. 49, e2022GL097753.

Reference

Picophytoplankton are tiny, single-celled photosynthetic organisms 
that contribute to almost all primary production in the vast 
euphotic zones of the oligotrophic ocean. Understanding their 
roles in that environment is critical but challenging, mainly 
because of their minuscule size and the complexity of microbial 
processes and interactions. Time-series observations based on 
flow cytometry, a powerful technique that provides information 
about the numbers and sizes of picophytoplankton cells, have 
elucidated many ecological and biogeochemical processes 
associated with picophytoplankton, but some questions remain. 
A field survey in the northern South China Sea combined with a 
published dataset revealed that picophytoplankton cell numbers and 
cell sizes/biomasses were tightly synchronized to the day-night 
cycle, but they were in a quasi-antiphase relationship to each other. 
This pattern is a confirmation and extension of previous studies. 
Such quasi-antiphase cycles are likely a general feature of 
near-steady-state oligotrophic ecosystems and reflect the cycles of 
carbon fixation, energy storage, and cell growth during the daytime 
and cell division and energy depletion during the night. Mortality 
rates estimated via modified dilution experiments showed that 
Prochlorococcus and Synechococcus were subject to considerable 
grazing pressure throughout the day and night. This work significantly 
improves our understanding of these microorganisms and may have 
implications for the carbon cycle in oligotrophic marine ecosystems.

(A) Schematic showing a given continuous signal (gray 
sinusoidal curve) that is discretely sampled with varying 
frequencies. The box corresponds to sampling at the Nyquist 
frequency (From Cushman-Roisin & Jean-Marie (2011)). 
(B) The frequency-wavenumber spectral density of the 
original SSH and its ratios to the spectral densities of the 
subsampled SSH in the South China Sea.

Photo by HiSea-2



Spatial distribution of the four categories of pollutants in 
the estuary water along China’s coast and analysis of 
the related influencing factors and risk assessment.

Multiple Pollutants Stress the
Coastal Ecosystem with Climate
and Anthropogenic Drivers

Reference
Lu, Yonglong*; Wang, Pei; Wang, Chenchen; Zhang, Meng; 
Cao, Xianghui; Chen, Chunci; Wang, Cong; Xiu, Cuo; Du, Di; Cui, 
Haotian; Li, Xiaoqian; Qin, Wenyou; Zhang, Yi; Wang, Yichao; 
Zhang, Anqi; Yu, Mingzhao; Mao, Ruoyu; Song, Shuai; Johnson, 
Andrew C.; Shao, Xiuqing; Zhou, Xuan; Wang, Ting; Liang, Ruoyu; 
Su, Chao; Zheng, Xiaoqi; Zhang, Sheng; Lu, Xiaotian; Chen, 
Yuqing; Zhang, Yueqing; Li, Qifeng; Ono, Kotaro; Stenseth, Nils C.; 
Visbeck, Martin; Ittekkot, Venugopalan. Multiple pollutants stress 
the coastal ecosystem with climate and anthropogenic drivers. 
JOURNAL OF HAZARDOUS MATERIALS. 2022. 424, 127570.

Coastal ecosystem health is of vital importance to human 
well-being. Field investigations of major pollutants along the whole 
coast of China were carried out to explore associations between 
coastal development activities and pollutant inputs. Measurements 
of target pollutants such as PFAAs and PAHs uncovered notable 
levels in small estuary rivers. The Yangtze River was identified to 
deliver the highest loads of these pollutants to the seas as a divide 
for the spatial distribution of pollutant compositions. Soil 
concentrations of the volatile and semi-volatile pollutants showed a 
cold-trapping effect in pace with increasing latitudinal gradient. The 
coastal ecosystem is facing high ecological risks from metal 
pollution, especially copper (Cu) and zinc (Zn), while priority 
pollutants of high risks vary for different kinds of protected species, 
and the ecological risks were influenced by both climate and 
physicochemical properties of environmental matrices, which 
should be emphasized to protect and restore coastal ecosystem 
functioning.
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Nutrient Regulation of Biological Nitrogen Fixation 
Across the Tropical Western North Pacific

Wen, Zuozhu; Browning, Thomas J.; Cai, Yihua; Dai, Rongbo; Zhang, Ruifeng; Du, Chuanjun; Jiang, Ruotong; Lin, Wenfang; Liu, Xin; Cao, 
Zhimian; Hong, Haizheng; Dai, Minhan; Shi, Dalin*. Nutrient regulation of biological nitrogen fixation across the tropical western North Pacific. 
SCIENCE ADVANCES. 2022. 8, eabl7564.

Nitrogen fixation is critical for the biological productivity of the 
ocean, but clear mechanistic controls on this process remain 
elusive. Here, we investigate the abundance, activity and drivers 
of nitrogen-fixing diazotrophs across the tropical western North 
Pacific. We find a basin-scale coherence of diazotroph 
abundances and N2 fixation rates with the supply ratio of iron: 
nitrogen to the upper ocean. Across a threshold of increasing 
supply ratios, the abundance of nifH genes and N2 fixation rates 

increased, phosphate concentrations decreased and bioassay 
experiments demonstrated evidence for N2 fixation switching 
from iron to phosphate limitation. In the northern South China 
Sea, supply ratios were hypothesized to fall around this critical 
threshold and bioassay experiments suggested colimitation by 
both iron and phosphate. Our results provide evidence for iron: 
nitrogen supply ratios being the most important factor in 
regulating the distribution of N2 fixation across the tropical ocean.

Reference

(1) N2 fixation rates (A) and nifH gene composition of diazotrophs (B). 
(2) Response of N2 fixation to nutrient addition. red, Fe limitation; blue, P limitation; split red/blue, Fe-P colimitation; white, Fe and P replete. 
(3) Regulation of diazotrophs and N2 fixation by Fe:N supply ratios. (A) Basin-scale coherence of calculated Fe:N supply rates, derived from vertical turbulent 
diffusion and model aerosol deposition, with depth-integrated nifH and N2 fixation rates; (B and C) Outcome of a resource competition model under increasing Fe:N 
supply rates (lines), with observations over-plotted (gray points); (D) Changes in steady-state phosphate and nitrate concentrations in the model (lines), with 
observations overplotted. (symbols; concentrations are those averaged over the upper 50-m water column depth). The solid red and blue bars indicate where the 
model diazotrophs are limited by Fe and P, respectively; Filled symbols below indicate the limiting nutrient for N2 fixation found in the bioassay experiments.
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(A) Overview of microbially driven fate of terrigenous POM in 
the river–seawater stratified simulation system. 
(B) Aquatron Facility at Dalhousie University.

Microbially Driven Fate of 
Terrigenous Particulate 
Organic Matter in Oceans

Zhang, Lianbao; Chen, Mingming; Zheng, Yue; Wang, Jianning; Xiao, Xilin; Chen, Xiaowei; Hu, Chen; Shen, Jiaming; Liu, Jihua; Tang, Kai; Xu, 
Dapeng; Shi, Qiang; Ning, Xiaoyan; Thomas, Helmuth; Qin, Wei; Zhao, Meixun; Jiao, Nianzhi*; Zhang, Yao*. Microbially driven fate of 
terrigenous particulate organic matter in oceans. LIMNOLOGY AND OCEANOGRAPHY. 2022. 9999: 1–17.

Reference

A long-standing enigma in oceanography is why terrestrial organic 
matter is “missing” in the global ocean, despite the considerable 
discharge into it every year. Although some explanations, such as 
mineralogical composition, hydrodynamic processes, and priming 
effect, have been proposed, we hypothesize that the essential 
mechanism behind the missing organic matter is microbial 
processing, for which the underlying coupled geochemical, 
molecular, and genetic evidence is unknown. An ultra-large-volume, 
long-term river–seawater stratified simulation system was 
constructed to unravel the microbially driven fate of terrigenous 
particulate organic matter (POM) in oceans. Analysis of combining 
the molecular with POM chemical composition data suggests that 
Bacteroidetes could act as pioneers in the processing of 
terrigenous POM in oceans, degrading high-molecular-weight, 
high-carbon compounds such as polysaccharides. Remaining 
low-molecular-weight nitrogenous organic matter is subsequently 
degraded by Planctomycetes and Proteobacteria. Isotopic signals 
show that this preferential degradation causes a distinct “aging” 
effect of POM, and along with nitrification enhanced by 
remineralization, causes a decrease in the POM C: N ratio. 
Degradation of terrigenous POM and bacterial biomass 
ELRV\QWKHVLV�OHDGV�WR�SRVLWLYH�GHYLDWLRQV�LQ�į151�DQG�į13C. 
Relatively refractory hydrocarbons, aromatic compounds, and 
phenols are accumulated by microbial processes in this system. 
This study provides mechanistic insights into the missing chemical 
and isotopic signals and microbially driven fate of terrigenous POM 
in the ocean, with important implications for how riverine material 
input affects marine carbon and nitrogen cycling.
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Real-Time 
Underway Mapping
of Nutrient
Concentrations of
Surface Seawater
Using an
Autonomous Flow
Analyzer

Reference

Fang, Tengyue; Bo, Guangyong; Zhang, Zijie; Ma, Jian*. Real-time underway 
mapping of nutrient concentrations of surface seawater using an autonomous 
flow analyzer. ANALYTICAL CHEMISTRY. 2022. 94, 11307-11314.

(A) Schematic diagram of the iSEA-II system for nutrient determination. 
(B) Real-time underway mapping of nutrient concentrations in estuarine 
and coastal using iSEA-II system.

High-frequency field nutrient 
analyzers offer a promising 
technology to solve 
time-consuming and 
laborious sampling 
problems in dynamic and 
complex 
river–estuarine–coastal 
ecosystems. However, few 
studies on the simultaneous 
underway analysis of five key 
nutrients (ammonium, nitrite, 
nitrate, phosphate, and silicate) 
in seawaters are available 
because of the limitations of the 
technique. In this study, a state-of-the-art 
autonomous portable analyzer for the shipboard analysis of nutrients in 
the environment of varied salinities and concentration ranges was 
reported. The analyzer consisted of compact hardware that was well 
suited for shipboard deployment with minimal maintenance. Moreover, 
a novel LabVIEW-based software program was developed, containing 
additional functions such as automated calibration curve generation, 
auto-dilution of high-concentration samples, and a user-friendly 
interface for multiparameter analysis using a single instrument. After 
the optimization of chemical reactions and work flow chart, the analyzer 
exhibited low limits of detection, a large linear range with automated 
dilution, and relative standard deviations of less than 2% (n = 11). 
Compared to other flow-based techniques, this analyzer is more 
portable and consumes less reagent with an autonomous data 
processing function and applicability within a broad salinity range 
(0-35). The analyzer was successfully applied for real-time analysis in 
the Jiulong River Estuary–Xiamen Bay with excellent on-site accuracy 
and applicability. The relationship between high spatial resolution 
nutrient concentrations and salinities showed very different patterns in 
estuarine and coastal areas, indicating the benefit of using an 
underway automated analyzer for chemical mapping in a dynamic 
environment.

A

B

C

(C) The iSEA-II system 
for on-site application. 



Genome-centric insight into 
Metabolically Active  Microbial Population  
in Shallow-sea  Hydrothermal Vents

Reference

Chen, Xiaofeng; Tang, Kai*; Zhang, Mu; Liu, Shujing; Chen, Mingming; 
Zhan, Peiwen; Fan, Wei; Chen, Chen-Tung Arthur; Zhang, Yao*. 
Genome-centric insight into metabolically active microbial population in 
shallow-sea hydrothermal vents. MICROBIOME. 2022. 10, 170.

The environmental parameters of sampling sites of the yellow and white vents from 2017 to 2019. 

The discovery of hydrothermal systems has greatly expanded our knowledge and understanding of the habitat range and the origin 
of life. Shallow-sea hydrothermal systems are ecological intermediates of deep-sea systems and terrestrial springs, generally 
occurring along active plate margins, in the flank of volcanic regions, or on top of submarine volcanoes. Little has been known 
about the communities inhabiting the shallow-sea hydrothermal systems. The shallow-sea hydrothermal system offshore of 
Keishantao Island harbors unique and complex ecosystems, supported by photosynthesis and chemosynthesis simultaneously. It 
is an excellent site for studying the origin of life, biogenic elements cycling processes, ecosystem evolution, and microbial resource 
and environmental effects. 
Here, we used genome-resolved metagenomic and metaproteomic approaches to probe into the genetic potential and protein 
expression of microorganisms from the shallow-sea vent fluids off Kueishantao Island, over a 3-year sampling period. The families 
Nautiliaceae and Campylobacteraceae within the Epsilonbacteraeota and the Thiomicrospiraceae within the Gammaproteobacteria 
were prevalent in vent fluids. We successfully reconstructed the in situ metabolic modules of the Nautiliaceae and 
Thiomicrospiraceae populations by mapping the metaproteomic data back to metagenome-assembled genomes. Those active 
bacteria could use the reductive tricarboxylic acid cycle or Calvin-Benson-Bassham cycle for autotrophic carbon fixation, with the 
ability to use reduced sulfur species, hydrogen or formate as electron donors, and oxygen as a terminal electron acceptor via 
cytochrome bd oxidase or cytochrome bb3 oxidase. Comparative metagenomic and genomic analyses revealed dramatic 
differences between the submarine and terrestrial geothermal systems, including microbial functional potentials for carbon fixation 
and energy conversion. Furthermore, shallow-sea hydrothermal systems shared many of the major microbial genera that were first 
isolated from deep-sea and terrestrial geothermal systems, while deep-sea and terrestrial geothermal systems shared few genera. 
The metabolic machinery of the active populations within Epsilonbacteraeota and Gammaproteobacteria at shallow-sea vents can 
mirror those living at deep-sea vents. Concerning specific taxa and metabolic potentials, the microbial realm in the shallow-sea 
hydrothermal system presented ecological linkage to both deep-sea and terrestrial geothermal systems.

In situ metabolic modules of Epsilonbacteraeota (A) and 
Gammaproteobacteria (B). 
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Sudden stratospheric warming (SSW) is an extraordinary event in 
winter polar stratosphere, characterized by a rapid rise of 
temperatures and weakening of the stratospheric polar vortex 
(SPV). SSW is largely induced by vertically propagating planetary 
waves of tropospheric origin and can, in turn, results in negative 
phase of Arctic oscillation in the troposphere and therefore severe 
surface cold surges in mid- and high-latitude regions. The longer 
timescale of stratospheric variability than that in troposphere 
makes SSW a promising predictor for surface weather and climate.

Impacts of Sudden Stratospheric Warming on Extreme Cold Events in 
Early 2021: An Ensemble-Based Sensitivity Analysis

Reference
Zhang, Murong; Yang, Xiao-Yi*; Huang, Yipeng. Impacts of sudden 
stratospheric warming on extreme cold events in early 2021: An 
ensemble-based sensitivity analysis. GEOPHYSICAL RESEARCH 
LETTERS. 2022. 49, e2021GL096840.

Three cold events and evolution of SPV during early 2021. (a–c) surface air 
temperature anomalies (shading) and sea-level pressure anomalies (contour) 
during three cold events, with green box indicating the cold region; (d) daily 
mean 50-hPa geopotential height on respective date, with bold black indicating 
19800-gpm contour.

Correlations between intensity of cold events and SPV based on ensemble 
forecasts. (a) correlations between C1 and 50-hPa Z (shading), with ensemble 
mean 50-hPa Z (black contours) indicating the location of SPV; highly-sensitive 
region is outlined in blue. (b) is the same as (a) but for C2.

Impacts of SSW on three severe cold events (C1–C3) over 
Northern Hemisphere in early 2021 were investigated using 
sub-seasonal-to-seasonal ensemble forecasts. The SSW was 
characterized by successive displacement and split of the 
stratospheric polar vortex (SPV). Ensemble-based sensitivity 
analyses showed that C1 over Siberia and C2 over western 
Canada were more related to SPV variations at a lead time of 
1–2 weeks than C3 over central U.S. Within ensemble forecasts, 
a more elongated SPV with higher geopotential height over 
northern Eurasia were conducive to C1, whereas a SPV with the 
more poleward retreat from displacement contributed to C2. 
The forecast accuracy of stratospheric heights over the 
sensitive region at 2 weeks lead was significantly correlated 
with the forecast skill of the tropospheric circulation pattern 
preceding C1, implying that prediction of specific cold weather 
events may be improved by a better forecast of key features 
in SPV variations.

Microplastics and antibiotics widely coexist in the aquatic 
environment, especially in mariculture regions. However, 
antibiotics adsorbed on microplastics and their role in the 
colonization of microorganisms on micro-plastics are poorly 
understood. Therefore, in situ aging experiments were conducted 
to investigate the impact of antibiotics and microplastics 
co-occurrence on microorganisms and assess their potential 
risks to human health. Results showed that antibiotics were 
adsorbed selectively on microplastics, with 29 investigated 
antibiotics (n = 40) detected in surrounding water but only 6 
investigated antibiotics were adsorbed on microplastics. The 
concentration of antibiotics accumulated on microplastics was 
controlled by microplastic types and environ-mental conditions. 
For example, aged polypropylene (PP) had more developed pore 
structures resulting in higher adsorption of antibiotics than other 

A

Selective Adsorption of 
Antibiotics on Aged 
Microplastics Originating 
from Mariculture Benefits 
the Colonization of 
Opportunistic Pathogenic 
Bacteria

B

(A) Location of sampling sites. (B) Electron microscope observation of microplastics placed in the environment for 50 days.



Estimating the Water-leaving Albedo from Ocean 
Color Remote Sensing

References
Yu, Xiaolong*; Lee, Zhongping. Scheme to estimate water-leaving albedo from remotely sensed chlorophyll-a concentration. OPTICS 
EXPRESS. 2022, 30: 36176-36189.

Yu, Xiaolong*; Lee, Zhongping; Shang, Shaoling; Wang, Menghua; Jiang, Lide. Estimating the water-leaving albedo from ocean color. REMOTE 
SENSING OF ENVIRONMENT. 2021, 269, 112807.

Upper panel: The global distribution of Įw_VIS�HVWLPDWHG�E\�,23V�ĮZ�XVLQJ�9,,56�PRQWKO\�
composite data in 2019. Lower panel: Monthly variation of Įw_VIS in three regions of interest in the 
South Pacific Gyre (SPG), the Tropical Pacific Ocean (TPO), and the Yangtze estuary (YE).

(C) The relationship between antibiotics and opportunistic 
pathogens on microplastics in scallop farm and abalone farm.

Reference

Yu, Xiaoxuan; Du, Huihong; Huang, Yuhong; Yin, Xiaohan; Liu, 
Yawen; Li, Yongyu; Liu, Huatai; Wang, Xinhong*. Selective adsorption 
of antibiotics on aged microplastics originating from mariculture 
benefits the colonization of opportunistic pathogenic bacteria. 
ENVIRONMENTAL POLLUTION. 2022. 313, 120157.

Water-leaving albedo (Įw), defined as the ratio of water-leaving irradiance to downwelling irradiance just above the surface, is a major 
component of ocean surface albedo (Į) but has long been ignored or underrepresented. For example, conventional schemes estimate 
Įw from chlorophyll-a (Chl) concentration (termed Chl-Įw), but we show that Chl-Įw is lack of internal consistency, as there is no 
guarantee of closure between the modeled remote sensing reflectance (Rrs(Ȝ)) from Chl-inferred inherent optical properties (IOPs) and 
the input Rrs(Ȝ) that is used to derive Chl. Thus, we propose a semi-analytical scheme based on IOPs, termed IOPs-Įw, to estimate 
spectral Įw(Ȝ) from ocean color measurements, which ensure the closure of Rrs(Ȝ). Evaluations with numerical simulations of radiative 
transfer show that IOPs-Įw outperforms Chl-Įw. IOPs-Įw is later implemented to monthly composite data of the Visible Infrared Imaging 
Radiometer Suite (VIIRS), where reasonable spatial distributions and seasonal patterns of Įw(Ȝ) are obtained. In particular, broadband Įw in 
the visible domain, termed Įw_VIS, obtained via IOPs-Įw is over 50% higher than the previous estimation by Chl-Įw in most oceanic 
waters. Furthermore, this study concludes that Įw_VIS 
could contribute up to 20% to Į in oceanic waters 
under low solar-zenith angles. Thus, we suggest 
that neither the spatial variability of Įw_VIS nor the 
contribution of Įw_VIS�WR�Į�VKDOO�EH�QHJOHFWHG��DQG�LW�
is necessary to incorporate IOPs-Įw into current 
parameterizations of Į in coupled 
ocean-atmosphere and climate models.
Upper panel: The global distribution of Įw_VIS 
estimated by IOPs-Įw using VIIRS monthly 
composite data in 2019. Lower panel: Monthly 
variation of Įw_VIS in three regions of interest in the 
South Pacific Gyre (SPG), the Tropical Pacific 
Ocean (TPO), and the Yangtze estuary (YE).

microplastic types. High-throughput sequencing showed higher diversity 
and distinct composition of microorganisms attached to the microplastics 
than the surrounding water. Opportunistic pathogenic bacteria such as 
Mycobacterium possessed positive relationships with tetracycline and 
doxycycline on aged microplastics, which showed adsorbed antibiotics on 
aged microplastics could benefit some specific pathogens colonized on 
the microplastics and spread into unaffected ecosystems, marine 
organisms even humans. The health risk quotient (HQ) implied the 
potential human health risk of consuming commercial sea-food polluted 
by antibiotics and microplastic loaded with antibiotics. This study revealed 
the interaction of antibiotics and microorganisms with aged microplastics 
in aquaculture systems, providing a novel insight into their synergistic 
effects on ecological and human health.
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PROJECTS

Weidi Yang



Field investigation, Laboratory simulation, Mesoscale enclosure, Ecological model, 
Integrated ecomics, Artificial intelligence big data, Paleooceanography, Multi-element 

fusion method, Environmental input-output model, etc.

P
R

O
JE

C
TS

M
E

L H
IG

H
LIG

H
TS

Newly Funded Projects
Tipping points, Resilience and Reconstructure of
Plankton Ecosystem in Typical Marine Areas of China

National Key Research and Development Program
Dazhi Wang

This project aims at the core scientific question 
on “Tipping points, resilience and restructures 
of plankton ecosystem in typical marine areas 
under dual stresses of human activities and 
global changes”, The plankton ecosystems in 
the Yangtze River Estuary, the Pearl River 
Estuary and adjacent waters that are 
significantly stressed by human activities and 
global changes, are selected as the research 
objects. We will integrate the existing pattern, 
historical data, sediment records of plankton 
diversity, and the system’s steady-state 
transformation in different stressed 
environments and extreme events, establish the 
theory and method of characterizing and 
quantifying the system’s tipping points, evaluate 
the resilience and restoring ability under multiple 
environmental stresses, built the theory and 
method of system reconstruction, develop the 
prediction model of system evolution trend and 
realize the application demonstration of 
intelligent and situational prediction, and put 
forward management strategies suitable for the 
coordinated development of China’s offshore 
economy, human health and ecological 

environment, strengthen the scientific 
understanding of the tipping points, resilience 
and restoring the ability of plankton ecosystem, 
clarify the evolution history, existing situation 
and driving mechanism of the planktonic 
ecosystem under the dual stress of global 
change and human activities. This project will 
provide theoretical and methodological support 
for formulating biodiversity conservation and 
climate change strategies, and implementing 
national strategies such as land and sea 
integration and carbon neutrality.

Combining ancient and modern Multidisciplinary approach
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Microbial carbon pump
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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

This project builds a multi-disciplinary, complementary team, 
especially with research expertise in marine science, life science, 
and environmental science based on our previous five individual 
projects involved in carbon, nitrogen, and sulfur cycling in the 
sea–land transition zone. We will systematically analyze 
previously obtained results and related historical data, and 
concentrate on the key scientific question “the effects of 
microbially-driven carbon, nitrogen and sulfur cycling processes 
on carbon source and sink as well as their responses to global 
change”. By a combination of macroscale and microscale 
approaches, we will focus on the sea-land transition zone of 
estuaries, coastal wetlands, and near-shores, quantify important 
biochemical processes and elucidate element cycling and 
coupling mechanisms across river-estuary-nearshore, coastal 
wetland-nearshore or water-sediment intersection systems. 
Through long-term and time-series sampling and analysis, we will 
explore the dynamic patterns of microbial communities across 
environmental gradients, time and space scales; with emphasis 
on key microbial carbon cycling processes, we will extend to 
relevant key nitrogen and sulfur cycling processes and 
environmentally regulatory mechanisms; by data integration of 
carbon cycling processes and mechanisms from sea–land 
transition zones, the above studies will advance our 
understanding of carbon source-sink effects, realize 
multi-disciplinary research, promote our current research to a high 
level, and result in the future research and development of 
coordinated land-ocean management strategies and ocean 
carbon sink enhancement. This project aims to provide novel 
insights and breakthroughs for the key research program, and has 
important implications for China to respond to global change.

Integated Project of the
NSFC Major Research Plan Program
Kai Tang

The oceanic biological pump plays an important role in 
modulating the sea-air material exchange and carbon sink 
of the ocean. Based on the scientific outcomes from the 
NSFC Major Research Plan, West-Pacific Earth System 
Multispheric Interactions and datasets and results 
obtained from the literature, this project aims to clarify how 
the biological pump modulates such exchange and its 
climate effect in the western boundary current area of the 
northern West Pacific. 

Spatially, material transport and exchange will be 
investigated and compared between the North Equatorial 
Current, the North Pacific Subtropical Gyre and the 
Kuroshio and its extension. We will reveal the fluxes and 
processes of carbon, nitrogen, and iron and their coupling 
and/or decoupling across ocean-land-air interfaces and 
within the water column.

Temporally, we will trace the biological pump and 
circulation in the present and future. The nature of CO2 
and N2O sources/sinks and their evolution in the northern 
West Pacific and their coupling climate effect will be 
evaluated in the context of global change. Through an 
integrated study, a better understanding of the oceanic 
carbon and nitrogen cycling on multiple spatio-temporal 
scales is anticipated. Moreover, this project will aid the 
prediction the West Pacific’s potential as a carbon sink, 
providing a scientific basis for future marine CO2 removal 
targeting carbon neutrality.

Research contents: material flux, biological 
pump process, and climate effect.

Research Features.

Research Area.

Integrated Study on the 
Multiscale Material Cycling at 
the Sea-air Interface in the 
West Pacific

Integated Project of the
NSFC Major Research Plan Program
Zhimian Cao 



The overarching goal of this project is to develop a robust 
system to identify and quantify primary phytoplankton functional 
types (PFTs) in oceanic and coastal waters from hyperspectral 
satellite ocean color measurements. Phytoplankton play unique 
ecological and biogeochemical roles in aquatic ecosystems. 
Knowledge of their abundance and composition is a key to 
understanding global carbon cycles and the role of the ocean 
ecosystem in climate change.
Global information about PFTs’ (such as prochlorococcus, 
synechococcus, haptophytes, diatoms, dinoflagellates, and 
coccolithophores) spatial distributions and temporal variations 
can only be obtained from satellite ocean color remote sensing. 
Since the launch of the Coastal Zone Color Scanner (CZCS) in the 1970s, there has been a global accounting of chlorophyll-a 
concentrations (CHL) from ocean color measurements; However, CHL provides little or no information regarding PFTs. In particular, 
accurate information on PFTs is difficult, if not impossible, to obtain from multi-band ocean color satellites, such as CZCS and those 
launched around year 2000. 
The planned next generation of ocean color satellites, such as China’s HY-1E (around 2023) and the US’s PACE (around 2024), will 
equip sensors with hyperspectral capabilities, which then provide a great opportunity to extend decades of ocean color remote sensing 
from the estimation of CHL to the estimation of PFTs. In view of both HY-1E and PACE, this is timely and important work that will 
contribute significantly to ocean color remote sensing and ocean biology in the hyperspectral era.

Fish genetics and genetic breeding

NSFC Fund for International Senior Scientists
Zhongping Lee

This project proposes to establish a comprehensive 
high-throughput standardized technical system and device 
for measuring swimming performance traits in large yellow 
croaker, to accurately study the correlation between 
swimming performance traits and robustness traits 
expressed in the important economic traits such as 
integrated resistance, growth performance, and nutritional 
utilization in fish at the population scale, to precisely locate 
the genes and genetic seats related to swimming 
performance traits in the large yellow croaker genome using 
multi-omics analysis, and to resolve the genetic basis of 
these traits. The genetic basis and molecular mechanism of 
the genomic selection and breeding tools for swimming 
performance and robustness of large yellow croaker are 
being explored and established, and innovative research on 
the genetic basis of swimming performance traits and 
breeding applications is being carried out to explore new 
selection strategies and directions for high-quality and 
robustness breeding, and to provide a theoretical basis and 
research foundation.

NSFC Fund for Distinguished Young Scholars
Peng Xu

Identification and Quantification of 
Primary Phytoplankton Functional 
Types in the Global Oceans from 
Hyperspectral Ocean Color Remote 
Sensing

Marine hyperspectral remote sensing reflectance spectra.

Morphology of different phytoplankton functional types 
from Plankton for Health.

Research framework and representative achievements of the project 
leader in the field of Fish genetics and genetic breeding.

SNP panel

Control Test Bench

Transmitter
Real fish

Cameras
Sensors

Reference population
(genotypes & phenotypes)

Candidate population
(genotypes)

Genotypes with high 
breeding values

Selective breeding

Mixed populations
(phenotypes)

Families
(phenotypes)

Individuals with good 
performance

Mass/Family selection

Several 
generations

QTL mapping

Genomic resources/tools

Genetic Evaluation 
of Germplasm Resources

Key 
scientific 
questions

Phenotyping techniques & 
devices

GWAS Genome scan

Genetic breeding & germplasm innovation

Conventional breeding

Linkage mapGenome

Research 
interests

Research 
contents

Representative 
achievements

Genomic resources &
tools development

Dissecting 
Genetic Basis

Genetic breeding & 
germplasm innovation

Genetic mechanism & breeding application of economic fish

Genome dissecting, Ancestry Tracing and 
Evolution of Allotetraploid common carp

Genetic basis of economic traits
in common carp, large yellow croaker, etc

Genomic breeding of large yellow croaker 
against irritating Cryptocaryonia and visceral white spot disease

Nat. Commun. 2019; Nat. Genet. 2014;
Mol. Ecol. Resour. 2021

Mol. Biol. Evol. 2016; Genomics. 2019;
Aquaculture. 2021; Front. Genet. 2019

Aquaculture. 2021; Front. Genet. 2021; 
Mar. Biotechnol. 2019; ZL202011171385.X

Genetic dissecting of economic traits

Ornamental traitsGrowth Resistence

Gene/ Protein 
expression

Epigenetic 
modification

Molecular assisted selection Genomic selection Genome editing
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Blue carbon cycle for seagrass bed.

Marine microbes are part of an interactive ecological network in the ocean, and their 
metabolic activities at the micro-scale play an important role in the global 
biogeochemical cycle. To deepen our understanding of their role in this cycle, the project 
focuses on “the response mechanisms of marine microbes and variations of dissolved 
organic carbon under the global change scenario” using “phytoplankton-organic 
matter-heterotrophic bacteria” as the research objects. Experiments consisting of in situ 
observations, incubation and modeling will be used to elucidate C-N-S coupling 
metabolic processes as mediated by microbial transformation of labile organic matter. 
Material transfer rates between photoautotrophs and heterotrophs under global change 
conditions (temperature rise, hypoxia, eutrophication) will be explored and 
temporal-spatial dynamic relationships among phytoplankton-DOM-heterotrophic 
bacteria in the Indo-Pacific Warm Pool will be analyzed. Through the bacterially 
mediated organic molecular transformation, matter exchange between photo-and 
heterotrophs, and the coupling of marine microbes and biochemical organic molecules 
we hope to reveal those processes within the biogeochemical cycle that are mediated by 
microbes and the response of these microbes and the environment to global change. Research contents.

Marine Microbial-DOM Interactions and
Their Responses to Global Changes

NSFC Fund for Excellent Young Scientists
Qiang Zheng

This BLUE CARE project jointly launched by Xiamen University and 
Tencent Company, aims to clarify the status and mechanisms of 
carbon sequestration in seagrass bed ecosystem, develop a 
methodology for carbon sink assessment in seagrass bed in China, 
provide guidance for China's blue carbon trading, restore seagrass 
bed and evaluate the ecosystem values before performing carbon 
trading under China Certified Emission Reduction, and raise public 
awareness of the conservation and restoration of coastal wetland 
ecosystem through community programs. 

BLUE-CARE: Blue Carbon Ecosystem Assessment, 
Restoration and Accounting Project

Marine Carbon Sink Technology Development Project
Minhan Dai



Fig. 3. Correlations between depth-integrated (0 - 200 m) N2O production 
rates, ammonia oxidation rates and POC inventories. (Wan et al., NATURE 

GEOSCIENCE, 2022).

Fig. 4. Modeled changes in global marine N2 fixation contributed by 
Trichodesmium. (a) Predicted global Trichodesmium N2 fixation (47.4 Tg N yrí�) 
in 2081-2100. (b), (c) Additional changes in predicted Trichodesmium N2 fixation 
due to ocean acidification alone (-11.3 Tg N yrí�) (b) and to ocean acidification 
and P limitation combined (-22.8 Tg N yrí�) (c) in 2081-2100. (Zhang et al., 
NATURE COMMUNICATIONS, 2022).

The oligotrophic ocean occupies about 30% of the ocean surface and 
has been conventionally regarded as ocean deserts. It is characterized 
by nutrient depletion in the surface waters and extremely low net 
biological production and hence, per unit area, contributes little to 
carbon export from surface to deep waters. Emerging evidence, most 
notably based on ocean time-series studies such as those at the 
Hawaiian Ocean Time-series station, has shown a wider than previously 
assumed dynamic range of nutrient inputs and biological responses in 
this vast oceanic system. This project studies sources and fluxes of 
macronutrients (i.e., N, P, Si) and micronutrients (e.g., Fe) and their 
spatiotemporal distributions and how these factors support biological 
pump at the two distinct layers of the euphotic zone in the North Pacific 
Subtropical Gyre (NPSG), one of the world’s largest oligotrophic 
regimes. It aims to frame new understandings on key mechanisms 
controlling the biological pump and efficiency of carbon storage in the 
ocean.

Fig. 1. Highlights of three multidisciplinary cruises conducted
in the subtropical Northwest Pacific Ocean by Carbon-FE.

Fig. 2. Global distribution of VIIRS Kd��Ȝ��FOLPDWRORJ\�GDWD���D��.d (360), (b) Kd (380), 
(c) Kd (400), (d) Kd (486) (Wang et al., OPTICS EXPRESS, 2022).

Carbon Fixation and Export in Oligotrophic Ocean
NSFC Major Program | 2019-2023
Minhan Dai

By integrating in situ and remote sensing observations, and numerical 
simulations, Carbon-FE has been carrying out innovative researches 
during the past four years since the launch of the project. Three 
multidisciplinary cruises were conducted in the subtropical Northwest 
Pacific (Fig. 1), all of which are endorsed by GEOTRACES either as 
section cruise or process-study cruises. The project has achieved a 
series of breakthroughs in optimization and innovation of methods and 
techniques, generation of data products and scientific understanding. 
We highlight some of the major achievements as follows. (1) 
Optimization and innovation of methods and technologies. A full suite of 
clean sampling and measurements of trace elements has been 
established. We developed a new scheme to obtain the remote sensing 
reflectance at near-blue and UV bands from ocean color measurements 
at visible bands and redefined the euphotic zone depth (Fig. 2). A 
coupled physical-biogeochemical numerical model with constraints on 
iron cycle and nitrogen fixation has been developed. (2) Data products. 
Datasets of trace elements and oceanographic parameters, as well as 
remote sensing products in the NPSG have been generated. (3) 
Improvement of scientific understanding. We investigated the 
spatiotemporal distribution of dissolved Fe and nutrients in the NPSG. 
Their sources and fluxes into the euphotic zone have been clarified. The 
patterns of diazotrophs and nitrogen fixation rates have been described. 
Substantial nitrous oxide production in the epipelagic zone of the 
subtropical ocean partially offsets carbon sequestration by the marine 
biological pump, according to observation from the South China Sean 
and the Subtropical North Pacific Gyre (Fig. 3).  We found acidification 
enhanced phosphorus demands and decreased phosphorus-specific 
nitrogen fixation rates in Trichodesmium. And further predicted that 
acidification and phosphorus stress could synergistically cause an 
appreciable decrease in global Trichodesmium nitrogen fixation by the 
end of this century (Fig. 4).  Also, mechanisms of phosphorus limiting in 
the NPSG have been studied. At last, we constrained the POC export 
flux from the euphotic zone and analyzed its spatial variability 
associated with nutricline depths and N2 fixation rates.

Selected On-Going Projects

10 research institutes at home and 
abroad;93 researchers, 148 days, 
21,000 nautical miles; 
Biogeochemistry, incubation, optics, 
Bio-Argo, turbulence, MVP…

Ship-based observation
Remote Sensing
Numerical model

Multidisci
plinary

3-D
observation

Trace metal
 clean

QC/QA

Intercalibration of remote sensing and models
Expanding spatial and temporal coverage
Combined mechanism analysis

Cross-disciplinary cooperation
Comprehensive parameters
High data quality

Trace elements and their isotopes
Trace metal clean incubation
Clean in-situ pump sampling

First trace element study in NPS
GEOTRACES indorsed
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This project aims at key processes and regulation mechanisms of carbon sequestration in China 
Seas of the Program “Major Basic Scientific Problems and Countermeasures of National Carbon 
Neutralization”. Core scientific and technological questions are “How to accurately assess the carbon 
sequestration rate in China Seas?” and “What are the key process and mechanisms of regulating its 
temporal and spatial changes?” . To answer these questions, the project will explore the regulation 
mechanism of key carbon sink processes such as seawater carbonate system, phytoplankton 
primary production, net community production, zooplankton feeding, and community respiration, 
based on the integration and analysis of a large number of field data and satellite remote sensing 
data from Xiamen University and the Second Institute of Oceanography, MNR and based on 
accurate, comprehensive, and high spatial-temporal resolution assessment of carbon sequestration 
capacity in China Seas. The project will also assess the long-term changes in photosynthetic carbon 
fixation rate in the past 20 years in China Seas. Also, the project will reveal the impact of natural and 
human activities, e.g., warming and eutrophication, on the carbon sequestration function of the 
marine ecosystem. The ultimate goal is to clarify the relationship between the typical marine 
ecosystem structure and carbon sink function in China's Seas. The implementation of the project will 
significantly improve the research level of carbon sequestration in China, comprehensively and 
accurately assess the carbon sequestration rate in China Seas, reduce its uncertainty, provide a list 
of marine carbon sinks, and support the optimization of national carbon neutralization scheme and 
the decision-making of management policy. At present, the project is progressing steadily according 
to the expected annual plan, focusing on the collection, collation, and analysis of historical data, 
especially the comparison, verification, and analysis of field data and satellite remote sensing data.

Key Processes and Regulation Mechanisms of 
Carbon Sequestration in China Seas

NSFC Key Program | 2022-2025
Bangqin Huang

Global annual NPP (in grams of C per square meter per year) for the biosphere, calculated 
from the integrated CASA-VGPM model. (Field et al., 1998).

Sample distribution and research ideas.

Carbon Fixation Rate

Key Process & Mechanism

The China Seas
High Spatial-temporal Resolution

Inshore, Shelf, Slope, Basin

Long-term Changes
Typical Regions in
the Past 20 Years

versus SCSECS

Hisea-2



An Investigation of Meso- to Small-scale Processes in the Western 
Pacific Ocean: Scale Interactions and Energy Cascades

Key Project of the NSFC Major Research Plan Program | 2019-2022
Zhiyu Liu

The ocean is a forced-dissipative system being operated at a wide range of spatiotemporal scales. In order to achieve 
quasi-equilibrium, the kinetic energy in the ocean transfers from scales of forcing at the basin scale to viscous dissipation at the 
molecular scale. This energy transfer process, covering nearly ten orders of magnitude, is called energy cascade. Oceanic energy 
cascade is a fundamental issue of physical oceanography and also a classic puzzle due to challenges in observations as well as in 
numerical and theoretical modeling. Processes at all these scales occur in the western Pacific Ocean, for example from the strong 
western boundary currents, vigorous mesoscale eddies and internal waves down to small-scale overturns. Thus, it is an ideal 
experimental area for studies of oceanic energy cascade and multi-scale interactions.

Over the past four years, the research group implemented the project using a combination of in situ and remote sensing measurements, 
coupling numerical simulations, and theoretical analyses of ocean dynamics. Key findings/research outcomes include dynamical 
decomposition of oceanic multi-scale motions, mechanisms of tide-induced near-inertial waves (NIWs) and their interactions with 
wind-induced NIWs, and mechanisms controlling the fission of shoaling internal solitary waves, etc. With such research progress, we 
have gained a much better understanding of the interactions and energy cascades of oceanic multi-scale motions. Specifically,

(3) Proposed a new route for tidal energy cascade, 
i.e., fission of shoaling internal solitary waves via 
generating high-frequency internal waves (Fig. 3) 
and elucidate mechanisms of polarity reversal, 
shoaling and fission of internal solitary waves 
induced by tidal currents via modulating isopycnals 
on shelves.

(2) Proposed a new mechanism of 
tide-induced NIWs, i.e., tidal forcing alone 
can generate a Garrett-Munk internal wave 
spectrum and further elucidated the 
nonlinear interacting mechanisms 
controlling the mutual enhancement of 
wind- and tide-induced NIWs (Fig. 2).

(1) By extending the dynamic theory of (un) balanced modes, we 
proposed a dynamical filter to decompose oceanic balanced and 
unbalanced motions and obtained the decomposed physical 
fields and the corresponding governing equations (Fig. 1) for the 
two types of motions, establishing a new framework for 
quantifying the cross-scale interactions and associated energy 
transfers.

Fig. 3.  Pathway of tidal energy cascade via fission of shoaling 
internal solitary-like waves: Observational evidence and 
process-oriented numerical simulations.

Fig. 2.  Near-inertial energy 
for cases driven by (a) wind 
only, (b) tide only and (c) both 
wind and tide. (d) Near-inertial 
energy from observations and 
numerical simulations.

Fig. 1.  Application of the dynamical decomposition in the South China Sea.
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MEL’s educational and talent training is conducted through the 
College of Ocean and Earth Sciences and the College of the 
Environment and Ecology year-round. In 2022, 5 people were 
awarded the Outstanding Postdoctoral Fellowship, 5 people 
were selected for the Outstanding Doctoral Scholarship and 33 
were awarded the MEL Summer Undergraduate Research 
Fellowship. MEL carries out international joint training 
programs with the University of Delaware, GEOMAR Helmholtz 
Centre for Ocean Research Kiel, Sorbonne University, 
University of Southampton, the University of Hong Kong for 
Ph.D. students and postdocs.  MEL encourages students to 
initiate and organize various academic activities, such as the 
MEL Graduate Forum and the University Consortium on 
Aquatic Sciences Symposium. These activities provide diverse 
platforms for students' growth, leadership training and 
academic exchange.

EDUCATION

D-smart



Aiming to foster innovative research and interdisciplinary 
collaborations, MEL initiated the Outstanding Postdoctoral 
Fellowship Program in 2014. The Fellowship funds original, 
ground-breaking projects that have the potential to advance 
knowledge in marine environmental sciences and other 
interdisciplinary research that fits into MEL’s research scopes. 
5 applicants were funded in 2022. They are Dr. Yan Wang from 
South China University of Technology, Dr. Guangyi Su from the 
University of Basel in Switzerland, Dr. Chao Zhang from Fudan 
University, Dr. Lingqi Ma from Xiamen University and Dr. 
Jingqiang Fu from Xiamen University. 

Murong Zhang participated in a 
scientific training in the Yellow 
River Loop under the project 
named Desert-oasis Convergence 
line and Deep convection 
Experiment (DECODE)

Zhi Wang participated in the 
“XMU at Sea” undergraduate 
training cruise and working on 
the field sampling of benthic 
organisms

The MEL Marine and Environmental International Joint Training 
Program for Innovative Talents was launched in 2020. The 
program supports Ph.D. candidates, postdoctoral fellows and 
faculty members to visit or study at the College of Earth, Ocean 
and Environment of the University of Delaware (UD) and the 
GEOMAR Helmholtz Centre for Ocean Research Kiel (GEOMAR) 
for joint training. The program was renewed in 2022 for another 
3-year term, with the School of Ocean and Earth Science of 
University of Southampton (SOES) and Laboratoire 
d'Océanographie de Villefranche, Sorbonne University – CNRS 
(LOV) joining as new partner institutions. 5 candidates were 
awarded the scholarship in 2022.

Haoran Liu, a Ph.D. student majoring in environmental 
science, arrived at the GEOMAR in January 2022. He is 
co-supervised by Prof. Bangqin Huang at MEL and Dr. 
Thomas Browning and Prof. Eric Achterberg at GEOMAR. 
He, along with his GEOMAR supervisors, worked on a 
study initiated at MEL, on deconvolving nutrient, light and 
community signals in phytoplankton photophysiology across 
the South China Sea based on high-resolution fast 
repetition rate fluorometry observation. The results of this 
study was published in Frontiers in Marine Science in 2022. 
It deconstructs the effects of nutrients, light and 
phytoplankton community structure on the 
photophysiological status of phytoplankton in the South 
China Sea.

Marine and Environmental International
Joint Training Program

Outstanding Postdoctoral
Fellowship

Qing Zhu participated 
in the 2022 NSFC 
Summer Cruise to the 
Taiwan Strait

Haoran Liu (4th from left in the last row) participated in the GEOTRACES GP21 international cooperation cruise in the South Pacific organized by 
GEOMAR. The participants of the cruise also included MEL student Zhongwei Yuan, postdoc Zuozhu Wen and alumni Zhouling Zhang.
Haoran Liu (4th from left in the last row) participated in the GEOTRACES GP21 international cooperation cruise in the South Pacific organized by 
GEOMAR. The participants of the cruise also included MEL student Zhongwei Yuan, postdoc Zuozhu Wen and alumni Zhouling Zhang.

RV Sonne

Yijing Liu

Yinru Dai

Lingqi Ma
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In 2022, the Swire Institute of Marine Science, The University of Hong 
Kong (SWIMS) and MEL launched the Joint Ph.D. and postdoc 
fellowship program to encourage collaborative and multidisciplinary 
research. The program provides support for Ph.D. and postdoctoral 
fellows to receive joint training at the two universities. One Ph.D. 
student from each institute was awarded in 2022.

Joint Ph.D. and Postdoc 
Fellowship Program between  
XMU and HKU 

MEL initiated the MEL Ph.D. Fellowship in 
2016, aiming to cultivate academically 
outstanding Ph.D. students in marine 
environmental sciences and other 
interdisciplinary research fields that fit into 
MEL’s research scopes. Applicants must have 
completed a Bachelor’s or Master’s degree 
before their admission date and should be 
seeking admission as full-time Ph.D. students 
at Xiamen University. 9 awardees joined MEL 
in September 2022.

Ph.D. Fellowship

Yuanjie Li on the NSFC Cruise to the Taiwan Strait.

Mingzhen Zhang won the Excellent Oral Presentation 
Award in the 2022 Environmental Ecological & Future 
Earth National Graduate Forum.

“In the joint training program of MEL and SWIMS, I made friends with peers 
and scientists and experienced different cultures and research 
environments. With the joint help of both sides, I have the opportunity to 
further broaden and improve my research, get new ideas and make a better 
implementation of it.”

Jialu Huang (3rd from right) with groupmates in Peng Chau, Hong Kong

Jialu Huang from Marine Chemistry

Jiayu Yin

Jing Zheng

Jiamian Hu



MEL Graduate Forum

Initiated in 2014, the MEL Summer Undergraduate Research Fellowship 
in Marine Environmental Science (URF) encourages undergraduates to 
pursue science and technology careers by providing research 
experiences at MEL. 33 undergraduate students from 15 universities 
joined the program in 2022 working on mini research projects with 
individual supervisors. They also received training on lab safety and 
facility operations. Several interactive seminars and field studies were 
also organized for participants. 

Summer Undergraduate 
Research Fellowship 

From March 27 to 31, the 14th UCAS (University Consortium on 
Aquatic Sciences) Symposium was held online and in person. Over 
70 graduate students from Xiamen University, Taiwan Ocean 
University, Taiwan Sun Yat-sen University, The University of 
Hong Kong, Zhejiang Ocean University, Shanghai Ocean 
University, the First Institute of Oceanography (MNR), Taipei 
University, Taiwan University, Chung Hsing University, 
Universiti Malaysia Terengganu, University of Malaya, and 
several other institutes participated. Topics covered included 
marine ecology and biodiversity, biogeochemistry, physical 
oceanography, and aquaculture. Keynote presentations, oral 
talks, posters and salons were held.

University Consortium on
Aquatic Sciences Symposium

The 7th MEL Graduate Forum took place at the 
Dongshan Swire Marine Station, from July 18 to 
20, attended by over 40 graduate students. 
With the theme “Touched by the Sea”, the 
forum included topics in physical oceanography, 
marine biogeochemistry, marine biology, marine 
ecology, marine geology and paleoclimate and 
environmental science.

MESSA

Jiachen Li

Yanran Liu
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Research Vessel
Tan Kah Kee

Marine Opreations, Xiamen UniversityMarine Opreations, Xiamen UniversityMarine Opreations, Xiamen UniversityMarine Opreations, Xiamen University



From September to December, the NSFC Open Research Expedition 
in the central SCS (NORC2022-06) was conducted onboard the R/V 
TKK. This expedition was split into two legs - the comprehensive 
biogeochemical one and the geological and geophysical one. Xin Liu 
and Yuan Shen from MEL served as chief scientists for each leg. This 
cruise supported 33 NSFC-funded projects carried by 68 scientists and 
researchers from 12 domestic institutions. On this expedition, 108 
over-the-side operations were implemented on the ship, including 59 
CTD casts, 1 in situ LVPs, 19 gravity cores, 6 box cores, 2 heat flow 
probes, 3 benthic trawls, 1 rock trawl and the operation of a deep-sea 
remotely operated platform.

Research Expedition in
the Central South China Sea Basin

Yuyan Zhang

On July 25, a major expedition studying the processes, mechanisms and evolution 
of the biological pump carbon fixation was conducted (NORC2022-306). Dalin Shi 
and Zhimian Cao from MEL served as chief scientist of the project and chief 
scientist of the cruise, respectively. During the 47-day expedition, multiple 
over-the-side operations were conducted on the ship, including 101 regular CTD 
casts, 13 in situ pumps, 25 multiple plankton sampler deployments and 19 trace 
metal clean (TMC) casts. With the joint efforts of the research team and marine 
technicians, 6 box cores and 8 gravity cores were collected onboard.

Research Expedition in the Northwest Pacific

Ruotong Jiang

Jiajun Huang

Yuye Han

The R/V TKK embarked on the first expedition of the year to the South 
China Sea (SCS) in early April 2022. By early November, five research 
expeditions had been completed, totaling 205 at-sea working days and 
around 23,000 nautical miles.
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T-SMART is committed to the long-term 
monitoring of and experimental research on 

marine ecosystem structure and function, 
providing scientific and technological 
solutions for healthy ecosystems and 

sustainable economic development.
T-SMART quarterly cruises in 2022 included 
observations of the upwelling region in the 

Taiwan Strait, Dongshan Bay, Xiamen Bay and 
Zhangjiang Estuary, as well as improvements 
to its intelligent observation facilities. In total, 

over 35 GB of observational data were 
collected. The first T-SMART Academic 

Committee Meeting and Strategic Planning 
Meeting was held on November 16.

The second generation of the Coral Ecosystem Cabled Observatory (CECO-II) 
passed sea trials and was officially launched. Biodiversity assessments in 
restored mangroves in the Zhangjiang Estuary were also completed.

The National Observation and 
Research Station for the Taiwan 

Strait Marine Ecosystem 
(T-SMART)

T-smart hosted the National Beach Cleaning 
Activity (Dongshan) with NGO "Donghai Guard".
T-smart hosted the National Beach Cleaning 
Activity (Dongshan) with NGO "Donghai Guard".

T-smart hosted the 
National Beach 
Cleaning Activity 
(Dongshan) with NGO 
"Donghai Guard".



A HiSea-2 image collected on January 23, which shows strongly 
varying water quality at the mouth of the Mississippi River.

institutes. HiSea-1 also provided emergency photography during 
events such as the Suez Canal ship blockage, the Henan flood, the 
volcanic eruption in Tonga and the Russia-Ukraine conflict. This 
demonstrates the application capability of SAR satellites in 
emergency response and disaster prevention and mitigation. 

Dongshan Bay. Captured by HiSea-1 
September 22, 2022.

HiSea-1 has performed more than 6,000 imaging missions, 
acquired tens of thousands of high-definition surface radar images, 
established an operational inversion system for sea surface wind 
field and waves, produced the first provincial-level autonomous 
high-quality meter-level SAR map for Fujian Province, developed 
and completed several artificial intelligence learning data sets 
including ships, aircraft, water bodies, and other target and 
environmental elements, and supported several research projects, 
providing data services for more than 50 units in the ocean science, 
earthquake science, meteorology, geology, water conservancy, 
natural resources conservation, emergency response, national 
defense and other related departments, universities, and research 

From its launch on June 11, 2021 to 
December 13, 2022, a total of 3065 
imaging missions have been carried out by 
HiSea-2, 25T of raw data received by the 
ground station and 19,371 images of Level 
1 products processed, covering an area of 
over 400 million square kilometers.

“HiSea” Satellites

The Great Barrier Reef. Captured by 
HiSea-2 June 13, 2022.

M
E

L A
FIE

LD

39

40

 



 

MEL carries out a large number of academic exchanges and 
cooperation. In 2022, MEL organized 16 scientific conferences, a 
Nanqiang academic lecture, 8 luncheon seminars and 3 Ling Feng 
Forums. A total of 24 scholars were approved for the MEL Visiting 
Fellowship Program, 14 scholars visited MEL onsite despite of 
COVID-19. MEL scientists were also actively involved in 
international efforts for a better ocean through the SOLAS IPO 
(China), the Coastal-SOS Project and the Global ONCE Program.

MEL
SYNERGY



SYNERGY



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

 UN Ocean Decade Endorsed Project
Minhan Dai

Led by MEL, the COASTAL-SOS was endorsed as a project of the 
UN Ocean Decade in 2021. COASTAL-SOS partners 
cross-sectoral stakeholders, including leading academic 
institutions, industrial enterprises, non-profit foundations and 
nongovernmental/intergovernmental organizations (NGO/IGOs) 
from East Asian countries to advance scientific understanding of 
critical coastal ocean health issues. Since its endorsement, 
COASTAL-SOS has held its launch meeting during the UN Ocean 
Decade Regional Kickoff Conference for the Western Pacific and 
its Adjacent Areas. The International Project Office has settled at 
MEL. Multiple research funds for COASTAL-SOS have been 
granted through the Xiamen Ocean Development Bureau, 
Chinese Academy of Sciences, China Ocean Development 
Foundation and Tencent. Implementation plans are progressing in 
an orderly manner. In 2022, COASTAL-SOS organized several 
activities targeting different stakeholders, including 2022 
Sustainable Ocean Forum, Virtual Training Program for 
Sustainable Oceans 2022 and 6th China Oceanic Development 
Foundation Beach Cleanup Event. Furthermore, COASTAL-SOS 
cooperated with other UN Ocean Decade actions and actively 
participated in UN Ocean Decade-related events, such as a 
satellite event for the 2022 International Digital Twins of the Ocean 
Summit. An invited review entitled “Persistent eutrophication and 
hypoxia in the coastal ocean” has been accepted by Cambridge 
Prisms: Coastal Futures, aiming to provide a new perspective on 
tackling eutrophication and hypoxia problems.

For more information, go to http://coastal-sos.xmu.edu.cn/

Based on the global consensus on carbon neutrality and 
international research frontiers on ocean negative carbon 
emissions, Nianzhi Jiao led the launch of Global ONCE, a UN 
Ocean Decade Programme, in June 2022.
Its objective is to provide data, knowledge and best practices to 
enable society to develop mitigating and adaptative approaches 
to climate impacts. Global ONCE will establish a network of 
instrumented marine field stations and research facilities to 
evaluate such approaches, develop the protocols for initiation 
and evaluation, undertake and facilitate co-designed 
interdisciplinary research on key ecosystem carbon processes, 
build technical and personnel capacity and enhance knowledge 
exchange between scientists, policy makers, industry, 
managers and communities. The approaches considered span 
nature-based interventions to optimize organic carbon 
sequestration capability alongside biodiversity as well as 
chemical and engineering technologies. Global ONCE will 
promote equitable ocean governance of adaptative and 
mitigative approaches, through enhanced interaction with local, 
regional and global industries, decision makers and legislators.

For more information, go to https://www.global-once.org

International Projects
Ocean Negative Carbon
Emission (ONCE)
UN Ocean Decade Endorsed Program
Nianzhi Jiao

Key objectives of Global ONCE are:
Construction of a network of coastal and ocean 
study sites and experimental infrastructure

Provision of the scientific, technological and 
governing frameworks for assessment, 
implementation and monitoring of adaptative and 
mitigative approaches

Improve ocean-climate mitigative and adaptative 
strategies, policies and governance

Improve technical and personnel capacity and 
ocean literacy
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Surface Ocean - Lower Atmosphere Study, SOLAS
Formally launched in 2004, the Surface Ocean-Lower Atmosphere 
Study (SOLAS) aims to achieve 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. Minhan Dai was the co-chair of the 
SOLAS Scientific Steering Committee for a 3-year term from 
2021 to 2023. The IPO-China is led by Li Li, SOLAS 
Co-Executive Director.

To continue providing the needed multidisciplinary air-sea interaction background for the next 
generation of Earth system scientists, SOLAS offered its 8th Summer School in a virtual format 
in June 2022, which hosted 62 students from 24 countries and involved 31 lecturers.

SOLAS embraced digital and hybrid solutions for its 8th Open Science Conference, which was 
held in September 2022 in Cape Town, South Africa. The conference welcomed nearly 200 
ocean-atmosphere scientists from over 30 countries to share their research work around 5 
core themes and 3 cross-cutting themes in the SOLAS science plan.

A quarterly seminar series was launched to foster discussions on cutting-edge scientific 
questions and provide researchers at all career stages with the opportunity to interact and 
build the SOLAS community across the globe. The first three seminars were held in China, 
France, and Portugal.

In 2022, the IPO coordinated and released the SOLAS 2022–2023 Implementation Strategy, 
and continued providing support to the SOLAS global community, including 31 
National/Regional Networks, 19 Sponsored/Endorsed Projects and 3 Integrated 
Atmosphere-Ocean Time Series Stations.

SOLAS has been dedicated to ensuring effective 
implementation of science in policy and decision-making 
on climate and environmental health by getting engaged in 
the 27th Conference of the Parties to the United Nations 
(UN) Framework Convention on Climate Change (COP27), 
the UN Ocean Conference 2022 and the UN Decade of 
Ocean Science for Sustainable Development (2021-2030). 
Co-design and co-delivery with partners have played an 
important role in the whole process.

What we have done this year：

Douglas Hamilton from SOLAS Early Career Scientist Committee
(2nd from left, COP27).

SOLAS International Project Office

Douglas Hamilton
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The 8th International Ra-Rn Workshop hosted by MEL was held in Xiamen from June 6 to 
10, 2022. Prof. Guizhi Wang was chairman of the organizing committee. 86 experts and 
scholars from 11 countries attended the workshop in person or virtually. The theme of the 
workshop was “Ra/Rn tracer application in the oceanography and its measurement 
technology development”. Prof. Bill Burnett from Florida State University and Prof. Hailong 
Li from Southern University of Science and Technology delivered keynote speeches. The 
scope of presentations included the use of Ra/Rn isotopes in process studies of oceanic, 
groundwater and pore water systems and their effects on the marine carbon cycle, ocean 
acidification, and nearshore eutrophication.The International Ra-Rn Workshop has been 
held 7 iterations since its inception in 2006. The workshop was held in China for the first 
time.  Here, timely insights helps scientists, administrators and policymakers identify the 
latest trend in the application and measurement of Ra and Rn isotopes as environmental 
tracers.

Conferences

The 8th International Ra-Rn Workshop

The 1st Symposium on the Atlantic Meridional Overturning 
Circulation (AMOC) and Climate Variability

The 4th Open Science Symposium on Western Pacific Ocean Circulation and Climate was held 
in Xiamen and online from October 24 to 27, 2022. More than 260 experts, early career 
scientists and students around the world shared their latest research during the conference. A 
total of 88 presentations were given, including 6 keynote talks and 22 invited speeches, 
focusing on the Northwestern Pacific Ocean Circulation and Climate Experiment's (NPOCE) 5 
major scientific topics, furthering academic exchanges on key topics related to ocean 
circulation and climate in the Western Pacific.

The 4th Open Science Symposium on Western
Pacific Ocean Circulation and Climate

The 1st Symposium on the Atlantic Meridional Overturning Circulation (AMOC) and Climate 
Variability, hosted by MEL, was held in Xiamen from January 21-22, 2022 in a hybrid format. 
The symposium focused on cutting-edge research on AMOC and its role in the global climate 
system. The symposium focused on “Observational perspectives”, “Modeling and paleo 
perspectives,” and “Climatic implications”. A total of 18 oral presentations were made on 
topics covering the multiscale temporal and spatial variability of AMOC, its driving 
mechanisms, paleoclimate reconstruction and climate modeling, and Atlantic and Indo-Pacific 
interactions. Nearly 40 experts and early-career scholars from France, England, Germany, 
America attended the symposium.

Shuiping Li

Lei Chen

Feili LiM
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Visiting Fellowship Program
The MEL Visiting Fellowship Program was launched in 2009 and supports visiting 
fellows to conduct collaborative studies with MEL scientists for durations of 1 to 6 
months. It provides research funds, travel and living expenses. 24 fellows were 
sponsored in 2022 and 19 were able to visit MEL. A total of 10 papers were 
published under the project funding.

The MEL Weekly Luncheon Seminar Series was launched in 2014 
to facilitate interactions among faculty, staff, students and visitors. 8 
Luncheon Seminars were held in 2022. Scholars who received the 
“MEL Visiting Fellowship Program” also interacted with the students 
and faculty through a luncheon presentation.

On September 23， Prof. Chunzai Wang from the 
South China Sea Institute of Oceanology, Chinese 
Academy of Sciences was invited to give a Nanqiang 
academic lecture entitled “Causes of Northern 
Hemisphere Summer Super Heat Waves and Their 
Research Prospects”.

Cindy Lee, Distinguished Professor Emeritus of Stony 
Brook University, visited MEL from October to December. 
She was invited to give a talk at Xiamen Binlang Middle 
School to introduce marine chemistry and marine chemists' 
works, sharing experience of being a scientist. 

Luncheon Seminars

MEL's Academic Visits
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MEL IN THE
COMMUNITY
Working with COSEE China and the 70.8 Media Lab, 
MEL not only continues to develop community 
outreach programs but is moving into a new era of 
ocean science communication, striving to become a 
high-quality communicator of ocean science, raise 
the awareness of the ocean. 



MEL IN THE
COMMUNITY



For over a decade, COSEE China has developed ocean science 
educational programs for the greater Xiamen community. During that 
time, its programs have evolved and gained incredible popularity - 
such as the annual Ocean Science Day, which swelled from 700 
visitors at the 2012 inaugural event to around 8000 at its peak 
(pre-COVID). Other programs have remained intentionally small in 
order to provide participants with nearly one-on-one facilitated 
learning opportunities with the university’s ocean science experts. 

Some programs are developed as needed, to meet the needs of the 
community. The Science at Sea program utilizes the R/V Ocean II to 
bring middle school students to the ocean to experience it and 
science in ways that they hadn’t before.  But bringing people to the 
sea is not always possible.  That’s why special collaborations like the 
ones this year with the Grand Balam Theatre and Xiamen Youth and 
Children's Palace are so important.  They allow us to bring some of 
the magic of the ocean and ocean science directly to the people in 
new and imaginative ways.

While it can be hard to effectively gauge the long-term success of an 
outreach program,  there are some early indications of impact. As 
one-time participants in COSEE China events have grown up, some 
have gone on to participate in ocean science competitions, joined 
other marine science camps and programs, or even major in ocean 
science as they enter university.

We don't know what tomorrow will bring.  But we do know that 
together, we CAN save the ocean and make tomorrow a better place.

Encouraging Xiamen to
“Think Blue” for Over a Decade

COSEE China



Marine Science Communication 2.0:
Towards a New Era – 70.8 Media Lab
This year marked the 3rd anniversary of the 70.8 Media Lab. Since 
its establishment in 2020, the lab has produced hundreds of 
original, high quality works.  Each piece is edited and vetted by a 
team of scientific advisors to insure the accuracy of the content.  
However, the media lab is much more than that.  In 2022, we have 
continued to explore ways to best communicate MEL’s marine 
science to the masses and make even broader impacts among the 
greater Xiamen community.

Not content with the current ways of promoting ocean science, we 
have been experimenting with new graphical ways to represent 
science, creating more videos and online content utilizing 
multimedia across multiple platforms to create a new 3D landscape 
of science communication.

As part of International Women’s Day, we highlighted some of 
MEL’s female scientists in our publications, spotlighting their 
contributions to ocean science.  The “Ocean Talk” series gave 
viewers access to the true interdisciplinary nature of marine 
research with broad topics that cross science, arts, and humanities 
while the “Ocean Idealist” series brought the public face to face 
(virtually) with ocean scientists, allowing them to directly engage 
with researchers. 

Yet, while we are innovating for tomorrow, we have never forgotten 
our purpose – to be a “Cradle of Blue.”  To that end we have 
continued to train future generations of science communicators 
with our annual 70.8 Media Lab Training Camp.  We’ve furthered 
this capacity building into high schools this year with the launch of 
the “Junior Blue Pioneer Training Program” which saw 27 high 
school students from all across the country participate in a 
customized training program incorporating theory and practice to 
cultivate China’s future marine research talents.  This has all lead 
us to hosting Xiamen’s first ocean-themed youth science 
communication competition – the “70.8 Youth Speak” – which 
called for more young people to further raise awareness of ocean 
conservation. 

Over the last 3 years, the 70.8 Media Lab has grown and evolved 
and continues to build upon its strengths.  Our establishment was 
marked with an ocean science popularization forum.  So it seemed 
only fitting that our 3rd anniversary saw the return of this forum. We 
continued to grow throughout the year, expanding beyond Xiamen 
University to collaborate with government, industry, schools, 
foundations, television, and other platforms and institutions. As we 
enter 2023, we will not only continue to sail along this current but 
also explore other ways to connect overseas lovers of the ocean 
and bring ocean science out of the lab and into everyone’s 
everyday life.  
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ADVANCING
SCIENCE
THROUGH
INNOVATION

Yue Gao
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In order to improve the operation, 
monitoring and maintenance of field 
equipment deployed by MEL in offshore 
waters, an online platform for field 
observation equipment management was 
developed in 2021. The platform provides 
automatic monitoring and visualization of 
the status of the equipment and records in 
real-time the operational status, error 
warnings, and handling of multiple 
automatic observation systems.

Acquired in June 2019, a large number of users have utilized the 
chemical imaging system for various projects including to analyze 
atmospheric particulate matter, classify diatoms in water samples, 
examine the morphology of geological samples and look at the 
morphology and characteristics of bacteria.  This chemical 
imaging system with temperature and humidity control is based on 
Field Emission Environmental Scanning Electron Microscopy 
(FESEM) and an Energy Dispersive Spectrometer (EDS), coupled 
with a cooling stage and gas input units. It can be used for 
physical and chemical characterization of various samples, as well 
as for in situ observation of dynamic processes.

Equipment Highlight

Center of Major Equipment and 
Technology (COMET)
The COMET was established in 2008 to better maintain MEL’s scientific instruments with higher efficiency and lower operating costs. 
COMET continues to strive for excellence as part of the infrastructure for research and teaching and hopes to inspire innovative 
research discoveries. 

Chemical Imaging System with
Temperature and Humidity Control

Online Platform for Field 
Observation Equipment  Management

Jixin Chen

Chao Li



Center for Collection of Marine Algae (CCMA)

The CCMA conducts the collection, separation, 
identification and preservation of micro 
phytoplankton (algae), which play special and 
important ecological roles in China's offshore and 
adjacent waters. According to the research needs of 
various research groups, the CCMA also provides 
technical support services such as algae culturing, 
algae separation and purification, and microscopic 
analysis of algae diversity in water bodies. 

Center for Collection of Marine Bacteria (CCMB)

CCMBA has all the 
facilities and technology 
needed for the isolation 
of and basic analysis of 
microbes.

The CCMB focuses on the isolation and classification of bacteria collected from Chinese sea areas, open oceans, and polar regions, 
including sediments, surface seawater, the deep sea, and hydrothermal events from Kuishan Island. The CCMB specializes in working 
on colored bacteria strains, such as aerobic anoxygenic photosynthetic bacteria that contain different pigments. To date, 3309 strains 
have been preserved, and results based on 16S rDNA of nearly 2000 strains showed diverse distribution in 461 (sub) species, and 178 
genera of 7 classes. More than 30 taxonomic type strains were published. 

Distribution of samples subjected in our isolation. Preliminary classification of bacterial strains based on 16S rDNA.

Sphingobacteria, 0.29%

Flavobacteria
5.37%

Actinobacteria
9.58%

Alphaproteobacteria, 42.67%

Betaproteobacteria
0.29%

Bacilli, 15.82%
Gammaproteobacteria

25.98%

Shuiping Li
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Marine Bacteria and Algae (CCMBA)

Yue Gao
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Platform Upgrade in
Marine Data Management System
The Ocean Data Center (ODC) upgraded the Ocean Data Management System (ODMS), which includes 
the business platform of the metadata service and data sharing service, to better protect IP rights. This 
provides a flexible solution in terms of connectivity and integration with management systems, 
equipment, and external application resources of research vessels (self-owned or third party).

The portable in situ deep-sea particulate sampling pump can be equipped with multi-stage filter 
membranes with different particle sizes, and reach a working depth of 4km.  Programming and 
configuration of the device can be done wirelessly and it also has a built-in USB storage and a 
removable, independent battery pack. 

Instrumentation

Portable                Deep-Sea 
Particulate Sampling Pump

in situ

Xianwei Bai



Development and Testing of the 2nd

Generation Coral Ecosystem Cabled
Observatory (CECO-II)

A Floating Temperature and
Depth (TD) Chain System
The Marine Operation Center developed a floating 
TD chain system which can provide autonomous 
observations of temperature profiles in the upper 
layer of the ocean and transmit the data in 
real-time via satellite. When compared against 
traditional observation buoys, this system expands 
the observation capabilities below the surface and 
is affordable, easy to deploy, and has wide ranging 
applicability.  

An underwater camera module was developed independently by the D-smart team 
and is a core component of the entire system. In addition to providing underwater 
video, it also provides power and networks the system. The system can also be 
equipped with a variety of observation instruments to achieve three-dimensional 
ocean observation. With real-time transmission, a wide underwater viewing angle, 
stable operation and easy maintenance, this system utilizes machine learning and 
target recognition algorithms to realize data such as coral coverage, growth rate, 
and fish densities and species. 

To conduct multidisciplinary investigation in the upper 
ocean, the underwater automated clean sampling 
system has been developed by the joint research 
team of MEL (XMU) and State Key Laboratory of 
Robotics (CAS).  The sampling system has been 
tested onboard R/V TKK in September 2022 and was 
capable of collecting the in-situ multi-layer particulate 
and dissolved samples automatically and 
simultaneously. The comparison of nutrient, POC and 
genomic measurements between our sampling system 
and traditional CTD sampling show the sampling 
system could be a powerful tool to obtain the reliable 
samples, which is important to capture the fine-scale biogeochemical processes. More effort will be focus on how to 
collect the uncontaminated dissolved and particulate samples for trace elements synchronously, which might 
provide scientists a new platform for the GEOTRACES research frontier.

Underwater Automated Clean 
Sampling System Sea Trial

Weifang Chen

Zhenyu Sun

Jian Ma

Weidi Yang
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New Members

Dr. Xiaolin Bai received his Doctor of Science degree from Xiamen University in 2018. 
From 2018 to 2022, he worked as a postdoctoral researcher at the University of Waterloo 
in Canada and Xiamen University. In 2022, he joined Xiamen University as a faculty 
member. His research interests include nonlinear internal waves and multiscale 
interactions in the ocean as well as the ecological and climatological effects of dynamic 
processes.

Xiaolin Bai
Associate Professor xbai@xmu.edu.cn

Dr. Fei Chai received his Ph.D. in biological oceanography from Duke University in 1995 and 
served as the Director of the School of Marine Sciences at the University of Maine from 2012 to 
2015. He also served as the Director of the State Key Laboratory of Satellite Marine 
Environmental Dynamics (SOED) at the Second Institute of Oceanography from 2016 to 2022. 
In September 2022, he joined Xiamen University as a Tang Shifeng Chair Professor in Marine 
Science. He studies the physical and biological processes contributing to the global carbon 
cycle, ocean acidification, open ocean and coastal hypoxia, and climate variability affecting 
marine ecosystems and fisheries and Ocean-Based Carbon Dioxide Removal (CDR). He is an 
expert in developing and testing physical-biological models and using models along with 
observations from multiple platforms including BGC-Argo and satellite remote sensing to 
address key regional and global questions and issues.

Fei Chai
Tang Shifeng Chair Professor in Marine Sciences

Dr. Kewei Lyu received his Ph.D. in physical oceanography from Xiamen University in 
2015. Before joining Xiamen University in August 2022, he was a postdoctoral researcher 
at the University of California, Irvine (2016-2018), the Australian Commonwealth Scientific 
and Industrial Research Organization (2018-2021), and the University of Tasmania 
(2021-2022). Dr. Lyu’s research focuses on sea level change, decadal climate variability, 
dynamic processes of the Southern Ocean, and ocean/climate modeling.

Kewei Lyu
Professor kewei.lyu@xmu.edu.cn

Dr. Zengkai Zhang obtained his Ph.D. from Xi’an Jiaotong University. Before coming to 
Xiamen University, he worked as a faculty of Tianjin University (2015.8-2022.5). His major 
research interests lie in the field of climate change mitigation and adaptation, global 
production fragmentation, environmental policy simulation and assessment, as well as the 
marine economy.

Zengkai Zhang
Professor

fchai@xmu.edu.cn

zengkaizhang@xmu.edu.cn

Faculty
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Jingqiang Fu
jingqiangfu@xmu.edu.cn

Research Interests
Shellfish biodiversity and genetic 

breeding, an adaptation of 
shellfish to environmental 

changes

Peihong Kang
Assistant Research Scientist
Email: kangph@xmu.edu.cn

Research Interests
Organic geochemistry, 

compound-specific isotope 
analysis

Xinyou Lin
Associate Research Scientist
Email: linxinyou@xmu.edu.cn

Research Interests
Residual flow dynamics in shallow 

seas and ocean numerical 
simulation

Chichi Liu
Research Scientist

Email: liuchichi@xmu.edu.cn
Research Interests

Coral-dinoflagellate symbiosis 
biology, coral reef ecology, coral 

reef conservation, coral reef 
observing technology

Yangyang Zhao
Assistant Research Scientist
Email: yyzhao@xmu.edu.cn

Research Interests
Marine carbon cycle, ocean 

deoxygenation and acidification

LingQi Ma
lqma@xmu.edu.cn

Research Interests
Marine ecology, phytoplankton 

community ecology, marine 
physical-biological coupling

Yan Wang
wangyanlq11@xmu.edu.cn

Research Interests
Marine biotechnology, protein 

heterologous expression

Chao Zhang
chaozhang@xmu.edu.cn

Research interests
 coupled linkage of Tibetan 

Plateau-Arctic sea ice

Guangyi Su
guangyisu@xmu.edu.cn

Research Interests
 Methane biogeochemistry

Outstanding Postdoctoral Fellows

Research Scientists



Rongguang Cao
crg@xmu.edu.cn

Qiurong Chen
chqr@xmu.edu.cn

Xinfeng Chen
2332004080@xmu.edu.cn

Yimin Chen
yiminchen777@xmu.edu.cn

Yu Cong
congyu@xmu.edu.cn

Jiafang He
jiafang@xmu.edu.cn

Rong Huang
huangrong@xmu.edu.cn

Zerong Jiang
571256372@xmu.edu.cn

Huiqiong Li
lihuiqiong@xmu.edu.cn

Jun Li
liuyun28@xmu.edu.cn

Xuejing Li
lixuejing1989@xmu.edu.cn

Yating Li
liyating@xmu.edu.cn

Guizhen Ning
guizhen@xmu.edu.cn

Shuhong Qiu
shuhongqiu@xmu.edu.cn

Xiaoyi Wang
xywang@xmu.edu.cn

Wei Xiang
xiangwei@xmu.edu.cn

Research Assistants
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Cuiqing Xie
xiecuiqing@xmu.edu.cn

Ting Xie
xieting@xmu.edu.cn

Jingru Zeng
zengjingru@xmu.edu.cn

Lufei Zheng
zhenglf@xmu.edu.cn

Shaowei Zheng
mmisobs@xmu.edu.cn

Wencai Zou
wencaizou@xmu.edu.cn

Guanfei Wang
Secretary

gfwang@xmu.edu.cn

Jinhua Xue
Secretary

xuejinhua@xmu.edu.cn

Zhaozhi Yi
Logistics Assistant

yizhaozhi@xmu.edu.cn

Lili Zhang
Secretary

lilizhang@xmu.edu.cn

Administrative Staff



Bangqin Huang, Editorial Board Member, Advances in Marine Science (in Chinese)

Chuanchao Wang, Editorial Board Member, Acta Anthropologica Sinica (in Chinese)

Dalin Shi, Associate Editor, Journal of Marine Sciences (in Chinese) 

Dalin Shi, Editorial Board Member, Geosystems and Geoenvironment

Haipeng Liu, Associate Editor, Frontiers in Immunology

Hongyan Bao, Youth Editor, Carbon Research

Hongmei Chen, Review Editor, Frontiers in Earth Science and Frontiers in Marine Science

Jianyu Hu, Associate Editor, Journal of Tropical Oceanography (in Chinese)

Kejian Wang, Associate Editor, Frontiers in Marine Science and Frontiers in Bioengineering and Biotechnology

Weidong Guo, Editorial Board Member, Marine Environmental Science (in Chinese)

Xing Jian, Editorial Board Member, Journal of Palaeogeography (in Chinese) 

Xin Liu, Editorial Board Member, Journal of Tropical Oceanography (in Chinese)

Xudong Zhu, Associate Editor, Frontiers in Environmental Science, Frontiers in Ecology and Evolution, Frontiers in Earth Science

Newly Appointed in Journals

Bangqin Huang, Associate Director, Marine Ecology Professional Committee of The Ecological Society of China (ESC)

Dalin Shi, Associate Director, Stable Isotope Ecology Professional Committee of The Ecological Society of China (ESC)

Fei Chai, Vice Chair, Scientific Steering Committee for Northwest Pacific Ocean Circulation and Climate Experiment (NPOCE) 

Guizhi Wang, Member, Global Ocean Oxygen Database and ATlas (GO2DAT) Steering Committee

Kewei Lyu, Working Group 2 of Explaining and Predicting Earth System Change (EPESC) Lighthouse Activity, World Climate Research Programme (WCRP)

Minhan Dai, Member, China Council for International Cooperation on Environment and Development (CCICED)

Minhan Dai, Associate Director, Chinese Society for Oceanology and Limnology (CSOL)

Nianzhi Jiao, Counsellor, The People's Government of Fujian Province  

Yao Zhang, Member of Presidium, Youth Committee of Scientific Committee on Oceanic Research-China (SCOR-China)

Yonglong Lu, Fellow, International Science Council (ISC)

Zhiyu Liu, Managing Director, Chinese Society for Oceanology and Limnology (CSOL)

Newly Appointed in
Organizations or Associations
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Minhan Dai. Ocean carbon cycle and ocean-based carbon dioxide 
removal. 19th Annual Meeting of the Asia Oceania Geosciences Society. 
August 1 - 5, 2022. Online. (AOGS Axford Medal Lecture)

Minhan Dai. Coastal-SOS and BRICS cooperation under UN Decade 
framework. The BRICS Workshop on Climate Prediction and Marine 
Disaster Prevention and Mitigation. December 12 - 13, 2022. Qingdao, 
China. Online. (Keynote speech)

Minhan Dai. Ecosystem-based integrated ocean management as an 
instrument for developing sustainable blue economy with special 
references to island countries. China-Island Countries High-level 
Forum on Ocean Cooperation. November 9, 2022. Pingtan, China. 
(Keynote speech)

Nianzhi Jiao. Global Ocean Negative Carbon Emissions 
(Global-ONCE). 7th BRICS Young Scientist Forum. August 29 - 
September 1, 2022. Xiamen China. (Invited talk)

Senjie Lin. ENDS: Beginning of a holistic molecular ecological 
approach to understanding phytoplankton regime shift and algal 
blooms. 2022 International Conference on international Cooperation 
and Integration of Industry, Education, Research and Application for 
Future Ocean. November 27 - 28, 2022. Qingdao, China. Online. 
(Invited talk)

Xin Liu. Progress of key biogeochemical parameters of plankton 
community in the NPSG. The Japan Oceanographic Society fall 
meeting - The 2nd Cooperative Study of the Kuroshio and Adjacent 
Regions (CSK2). September 3 - 7, 2022. Nagoya, Japan. Online. 
(Invited talk)

Dalin Shi. The complex effect of ocean acidification on marine primary 
producers in a multi-stressor environment. 5th International Symposium 
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