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Figure 1 Trace Eelement and Isotope Clean Sampling System (TEISS) of Xiamen University. (a) Niskin-X bottles; (b) rossette sampler
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Figure 2 Spatial distribution patterns of (a) nitrate (NO; +NO, ) concentration and (b) dissolved iron (dFe) concentration in the surface water of
Northwest Pacific Ocean. The concentration of nitrate+nitrite in Figure (a) is from World Ocean Atlas 2023 of National Centers for Environmental
Information (NCEI). “x” in Figure (b) denotes the data analyzed by the Center of analysis of marine trace elements and isotopes in the Xiamen

University; “@” denotes the data from Ref. [9]
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Figure 3 Estimation of atmospheric dissolved iron (dFe) deposition flux based on long-lived thorium (Th) isotope concentrations in seawater (The
stations K11, SO202-41 and SO202-5 are shown in the orange circles in Figure 4(a)). (a) Profiles of *°Th and ***Th in seawater; (b) residence time of
Th in seawater; (c) atmospheric deposition flux of »**Th; (d) atmospheric deposition flux of dissolved Fe. Data is from Refs. [19,32]
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Figure 4 Spatial distribution of atmospheric deposition flux of dissolved iron (dFe) in the northwest Pacific Ocean (a), atmospheric dFe deposition
flux derived from Th observation in seawater and sediments (b), a comparison of atmospheric dFe deposition fluxes derived from aerosol observation,
Th observation, and model simulations (c), and a comparison of atmospheric dFe deposition fluxes derived from model simulations and Th observation
(d). In (a), open circle and sold circle denote the stations with atmospheric dFe deposition flux derived from Th observation in seawater and sediments,
respectively; “+” denotes the stations with observation of both seawater and sediments; white line and triangle denotes the aerosol sampling tracks or
stations; black dash lines separate the northwest Pacific Ocean into high latitude, mid-latitude, and low latitude areas; the model-derived atmospheric
dFe deposition flux®” is also shown as background. In (b), atmospheric dFe deposition flux derived from the Th observation in sediments is estimated
by the dust deposition flux and the Fe content (3.5%) and solubility (20%) in the continental crust. In (c), atmospheric dFe deposition flux derived from
the aerosol observation is estimated by multiply the aerosol Fe deposition flux by the aerosol Fe solubility (4%). The Th observation derived
atmospheric dFe deposition flux is from Refs. [19,32] for seawater samples and from Ref. [39] for sediment samples. The aerosol observation data is
from Refs. [28,40-43]
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Table 1 A comparison of the atmospheric deposition flux and dFe flux
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Figure 5 Nutrient limiting factors for (a) phytoplankton growth and (b) nitrogen fixation in the Northwest Pacific Ocean. “+” denotes the stations with
significant response of phytoplankton growth to the aerosol addition experiments. The background in the two figures is the model-derived dust
deposition flux®. The data of nutrient addition experiments and aerosol addition experiments are obtained from Refs. [13,53-56]
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Figure 6 Correlations between atmospheric dFe deposition flux and (a) surface dFe concentration, (b) monthly mean surface chlorophyll a
concentration, (¢) monthly mean net primary productivity, or (d) Fe:N ratio during the sampling period in the Northwest Pacific Ocean. Black, red, and
blue denote the low latitude, mid-latitude, and high latitude stations, respectively. The correlation line in (a) is based on the whole dataset. Part of
atmospheric dFe deposition flux for low, middle, and high latitudes is collected from Refs. [19,32]; part of dFe data in (a) is from Ref. [19]. The
chlorophyll @ concentration in (b) is from https://giovanni.gsfc.nasa.gov/giovanni/; NPP in (c) is from and https://orca.science.oregonstate.edu/index.
php; Fe:N ratio in (d) is from Refs. [19,32]. The chlorophyll a concentration data and NPP data of each sampling station are the monthly average values
during the sampling period
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The distribution and ecological impacts of iron in the surface
Northwest Pacific Ocean driven by atmospheric deposition

Yi-Hua Cai’, Jia-Xu Li, Nan Zhang, Li Ma, Qing Cao, Zhi-Mian Cao, Kuan-Bo Zhou, Da-Lin Shi &
Min Chen

State Key Laboratory of Marine Environmental Science, College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102 China
* Corresponding author, E-mail: yihua cai@xmu.edu.cn

Iron (Fe) is a key micronutrient that controls marine primary productivity and plays a vital role in the biogeochemical
cycling of carbon (C) and nitrogen (N). As a result, its availability in the surface ocean is frequently a limiting factor for
biological processes, particularly in regions such as the Northwest Pacific Ocean. Atmospheric deposition is a major
external source of Fe for the ocean and significantly influences the distribution of dissolved iron (dFe) within, thereby
regulating marine biogeochemical cycling. Despite its importance, the spatial variability and ecological impacts of
atmospheric dFe deposition remain underexplored, particularly in the Northwest Pacific, where large-scale atmospheric
inputs of Fe from desert dust and anthropogenic sources complicate nutrient dynamics. Therefore, this study
comprehensively investigated the atmospheric deposition-driven distribution, fluxes, and ecological effects of dFe in
the surface waters of the Northwest Pacific. Long-lived thorium isotopes (***Th/**>Th) were utilized as tracers to estimate
the atmospheric dFe deposition flux, which ranged from 4.02 to 44.28 mg/(m” a). The spatial distribution of these fluxes
clearly decreased from west to east and north to south. Notably, the **Th/***Th-based estimates were higher than the
predictions obtained using existing atmospheric deposition models, suggesting that current models underestimate the
contribution of atmospheric dFe deposition in this region. Furthermore, strong positive correlations between the
atmospheric dFe deposition flux and surface ocean dFe concentrations, chlorophyll a levels, and net primary productivity
(NPP) were observed, emphasizing the critical role of atmospheric Fe inputs in regulating marine biogeochemical
processes. In the western North Pacific Subtropical Gyre, increased atmospheric dFe deposition alleviated the Fe limitation
on N-fixing organisms, thereby stimulating N fixation and introducing new N sources. This cascade of biogeochemical
responses shifted the nutrient limitation condition from N limitation or Fe—N co-limitation to phosphorus (P) limitation or
N-P co-limitation. By contrast, in the western North Pacific Subarctic Gyre, atmospheric dFe deposition alleviated the Fe
limitation on phytoplankton growth, reflecting its direct influence on phytoplankton dynamics in Fe-limited regions. The
results of this study underscore the complexity of nutrient dynamics in the Northwest Pacific, where atmospheric dFe
inputs drive changes in nutrient stoichiometry and NPP. Our findings emphasize that the spatial variation of atmospheric
dFe deposition not only regulates the availability of Fe but also plays a crucial role in determining the nutrient limitations
on marine ecosystems. Indeed, the shift from N to P limitation in response to increased atmospheric Fe input has critical
implications for various characteristics of marine food webs, including nitrogen fixation, primary productivity, and
biogeochemical cycling. Overall, the results of this study enhance our understanding of the essential role that atmospheric
dFe deposition plays in shaping marine biogeochemical cycles in the Northwest Pacific. However, the ecological and
climate feedback mechanisms triggered by these inputs require further investigation. Future research should integrate
multi-platform observational data with model simulations and field incubation experiments to refine our understanding of
Fe-N-P coupling, ecological responses to atmospheric dFe deposition, and the broader climate feedback mechanisms
associated with Fe inputs to this vital oceanic region.

Northwest Pacific Ocean, dissolved iron, atmospheric deposition, biogeochemistry, ecological impacts

doi: 10.1360/CSB-2025-5824

14


emailto:yihua_cai@xmu.edu.cn
https://doi.org/10.1360/CSB-2025-5824

	大气沉降驱动下的西北太平洋表层海洋铁的分布与生态效应
	1西北太平洋表层海洋铁的分布
	2西北太平洋铁的大气沉降特征
	3西北太平洋固氮作用及初级生产力的限制因子
	4大气铁沉降的生态效应
	5结论与展望

	The distribution and ecological impacts of iron in the surface Northwest Pacific Ocean driven by atmospheric deposition

