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Editorial on the Research Topic

Hydrothermal and submarine volcanic activity: impacts on ocean

chemistry and plankton dynamics

Iron (Fe) is a key limiting factor for primary productivity across vast regions of

the global ocean (Tagliabue et al., 2017; Browning and Moore, 2023). Traditionally,

atmospheric dust deposition and continental margin fluxes have been considered the

dominant sources of Fe to surface waters (Moore et al., 2004). However, deep-sea

hydrothermal systems also release substantial amounts of dissolved Fe (dFe) into the

overlying water column via hydrothermal plumes. These plumes can be transported

over long distances across ocean basins, thereby influencing large-scale ocean chemistry

(Nishioka et al., 2013; Saito et al., 2013; Fitzsimmons et al., 2014; Resing et al., 2015).

Furthermore, global biogeochemical models estimate that hydrothermal fluxes from mid-

ocean ridges contribute nearly 23% of the dFe inventory in the oceanic water column

(Tagliabue et al., 2017).

Unlike deep hydrothermal systems associated with mid-ocean ridges (>2,000m),

hydrothermal activity can also occur at much shallower depths, such as in proximity to

island arcs and hotspot volcanoes, thereby delivering substantial fluxes of trace metals to

the upper ocean waters (ca. 500–1,000m; Massoth et al., 2007; Hawkes et al., 2014) and in

some cases directly to the euphotic zone (0–150m; Chemine et al., 1991; Resing et al., 2009;

Santana-Casiano et al., 2016; Guieu et al., 2018; Tilliette et al., 2022). However, unlike deep

hydrothermal plumes, dFe concentrations in these shallow environments decrease rapidly

with distance from the source due to themuch stronger watermass dynamics that prevail at

shallow depths (Tilliette et al., 2022). In deep hydrothermal systems, particulate dFe losses

are mitigated through stabilization with organic Fe-binding ligands (Bennett et al., 2008;

Toner et al., 2009). In contrast, in shallow hydrothermal systems, both the concentration
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and chemical nature of these ligands are poorly characterized,

thereby constraining our ability to assess Fe stabilization, residence

times, and bioavailability in these environments.

This Research Topic includes, among other contributions,

several studies investigating the occurrence, composition, and

functional role of ligands in stabilizing Fe near the shallow

hydrothermal vents of the Tonga-Kermadec arc (Western

subtropical South Pacific). Mahieu et al. identified elevated

conditional concentrations of Fe-binding ligands peaking

near hydrothermal sites, primarily composed of intermediate-

strength L2 types. Despite this, their analysis revealed that

ligand concentrations were largely in excess relative to DFe,

suggesting limited effectiveness in stabilizing hydrothermal Fe

inputs. Consistent with this finding, Portlock et al. reported

unusually high concentrations of reduced sulfur substances

(phytoplankton-derived biomolecules that associate with trace

metals under elevated exposure levels), thereby mitigating toxicity.

Complementing these studies, Dulaquais et al. investigated the

contribution of soluble humic-like substances produced during

phytoplankton degradation to Fe complexation at various sites

impacted differently by hydrothermal fluids. The authors showed

that the humic-ligands were unsaturated likely due to their

inability to access colloidal DFe, Fe(II) and FeOx species. The

humic ligands only complexed 1–5.5% of the total DFe pool

close to the vent, thereby solubilizing only a small fraction of the

hydrothermal Fe released. Beyond Fe, hydrothermal vents release

a variety of trace elements and gases. Zhao et al. investigated the

impact of hydrothermal activity on the barium cycle. They showed

that Ba isotopes in vent waters and sediments are lighter than

those in the water column, indicating the preferential removal of

lighter isotopes during fluid–seawater mixing and highlighting

their value as tracers of hydrothermal influence on sediments.

In a shallow Southern Ocean bay, Belyaev et al. demonstrated

how hydrothermal activity alters seawater biogeochemistry by

linking vent inputs with elevated concentrations of vanadium,

cobalt, nickel and Fe, along with methane and carbon dioxide.

In addition to the continuous hydrothermal inputs, sporadic

volcanic eruptions in many of these systems also deliver material

and chemical elements. Chavagnac et al. showed that strontium

(Sr) and lithium (Li) isotopic signatures can distinguish between

volcanic and hydrothermal sources. Volcanic activity boosts

the total Sr and Li through ash dissolution, while hydrothermal

inputs drive concurrent increases of both elements in the

water column.

These studies suggest that, although shallow hydrothermal

systems provide substantial amounts of Fe and other trace

elements, limited ligand stabilization may restrict their persistence

in surface waters. This, in turn, raises important questions

about the residence time, bioavailability, and ecological impact of

hydrothermal Fe on plankton communities.

How do these shallow hydrothermal environments (<500m

deep) impact phytoplankton dynamics? The proximity of Fe

release to the euphotic layer greatly increases the likelihood

of a direct and immediate biological response. Evidence from

the Tonga–Kermadec arc indicates that Fe-rich fluids entering

surface waters can stimulate intense diazotrophic activity,

thereby fueling enhanced net community production, N2

fixation, and ultimately increased carbon export to the deep

ocean (Bonnet et al., 2023). Strikingly, the carbon sequestration

efficiency observed in these natural, shallow-vent systems

is higher than that of artificial, mesoscale Fe-fertilization

experiments, underscoring the ecological significance of shallow

hydrothermal inputs as natural “fertilization hotspots” for

surface ecosystems.

This Research Topic brings together several complementary

studies that explore the complex biological responses elicited by the

diverse suite of chemical elements supplied through hydrothermal

inputs. Tilliette et al. demonstrated experimentally that increasing

fluid inputs initially exerts toxic effects on planktonic communities,

but subsequently stimulates net community production, N2

fixation, and enhanced export relative to controls. Consistent with

the findings of Portlock et al., this fertilization effect is likely

sustained by planktonic detoxification via thiol-based ligands that

bind toxic trace metals (e.g., Cu, Cd, and Hg). Mériguet et al.

provided in situ evidence that these shallow hydrothermal inputs

structure the entire ecosystem’s trophic dynamics. Using imaging

and acoustic approaches, the authors demonstrated that the

elevated diazotrophic biomass stimulated by hydrothermal fluids

propagates through meso- and macrozooplankton communities,

which in turn may enhance organic matter export via the

production of fast-sinking fecal pellets. Consistent with this,

Ababou et al. showed that zooplankton-derived material (fecal

aggregates, carcasses, and cylindrical fecal pellets) represents

more than 90% of the carbon flux exported below the euphotic

zone in the vicinity of hydrothermal vents. In parallel, nitrogen

isotope budgets analyzed by Forrer et al. revealed that this export

is predominantly fueled by diazotrophy, which requires high

Fe availability.

Together, these findings indicate that, in this system, newly

fixed nitrogen is efficiently transferred up to zooplankton

and repackaged into dense fecal pellets. This highlights an

overlooked but highly effective pathway by which diazotroph

activity indirectly sustains particulate organic carbon export,

strengthening the coupling between nitrogen fixation and the

efficiency of the biological carbon pump in shallow hydrothermal

regions. In the much deeper environments of the Arctic

Ocean, Wegener et al. reported a clear biological response

within hydrothermal plumes, characterized by elevated carbon

fixation rates compared to surrounding waters, suggesting

enhanced chemoautotrophy fueled by hydrogen and sulfide as

energy sources.

Taken together, the studies reported in this Research Topic

reveal that the fate of hydrothermal Fe in shallow systems is

governed by a delicate balance between its limited chemical

stabilization by organic ligands and rapid biological utilization

in the euphotic zone. While the weak role of binding ligands

may constrain the long-term persistence of hydrothermal Fe,

its immediate availability fuels primary productivity, diazotroph

activity and production, trophic transfer, and greater carbon

export. This coupling of trace metal chemistry and biological

responses underscores the role of shallow hydrothermal systems

as natural laboratories where geochemical processes and ecosystem

functioning are tightly interconnected, with potentially significant

implications for the oceanic carbon and nitrogen cycles.

Frontiers inMicrobiology 02 frontiersin.org

https://doi.org/10.3389/fmicb.2025.1703123
https://doi.org/10.3389/fmars.2024.1304118
https://doi.org/10.3389/fmars.2024.1426906
https://doi.org/10.3389/fmars.2023.1219594
https://doi.org/10.3389/fmars.2025.1538835
https://doi.org/10.3389/fmars.2024.1432122
https://doi.org/10.3389/fmars.2024.1304930
https://doi.org/10.3389/fmars.2023.1082077
https://doi.org/10.3389/fmars.2024.1426906
https://doi.org/10.3389/fmars.2023.1232923
https://doi.org/10.3389/fmars.2023.1290625
https://doi.org/10.3389/fmars.2023.1249115
https://doi.org/10.3389/fmicb.2024.1473822
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Bonnet et al. 10.3389/fmicb.2025.1703123

Author contributions

SB: Conceptualization, Data curation, Formal analysis, Funding

acquisition, Investigation, Methodology, Project administration,

Supervision, Validation, Writing – original draft, Writing –

review & editing. CG: Conceptualization, Data curation, Formal

analysis, Funding acquisition, Investigation, Methodology, Project

administration, Supervision, Validation, Writing – review &

editing. IB-F: Writing – review & editing. DC: Writing –

review & editing. JF: Writing – review & editing. JR: Writing –

review & editing.

Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. Several article of this

Research Topic are a contribution of the TONGA project (Shallow

hydroThermal sOurces of trace elemeNts: potential impacts on

biological productivity and the bioloGicAl carbon pump; TONGA

cruise doi: 10.17600/18000884) funded by the Agence Nationale

de la Recherche (grant TONGA ANR-18- CE01-0016 0014), the

LEFE-CyBER program (CNRS-INSU), the A-Midex foundation,

the Institut de Recherche pour le Développement (IRD). Joseph

Resing was funded by NOAA Ocean Exploration and the Pacific

Marine Environmental Laboratory. This publication is CICOES #

2025-1484 and PMEL # 5819.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation

of this manuscript.

Any alternative text (alt text) provided alongside figures

in this article has been generated by Frontiers with the

support of artificial intelligence and reasonable efforts have

been made to ensure accuracy, including review by the

authors wherever possible. If you identify any issues, please

contact us.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

Bennett, S. A., Achterberg, E. P., Connelly, D. P., Statham, P. J., Fones, G.
R., and German, C. R. (2008). The distribution and stabilisation of dissolved
Fe in deep-sea hydrothermal plumes. Earth Planet. Sci. Lett. 270, 157–167.
doi: 10.1016/j.epsl.2008.01.048

Bonnet, S., Guieu, C., Taillandier, V., Boulart, C., Bouruet-Aubertot, P., Gazeau,
F., et al. (2023). Natural iron fertilization by shallow hydrothermal sources fuels
diazotroph blooms in the ocean. Science 380, 812–817. doi: 10.1126/science.abq4654

Browning, T. J., and Moore, C. M. (2023). Global analysis of ocean phytoplankton
nutrient limitation reveals high prevalence of co-limitation. Nat. Commun. 14:5014.
doi: 10.1038/s41467-023-40774-0

Chemine, J.-L., Stoffers, P., Mcmurtry, G., Richnow, H., Puteanus, D., and Sedwick,
P. (1991). Gas-rich submarine exhalations during the 1989 eruption of Macdonald
Seamount. Earth Planet. Sci. Lett. 107, 318–327. doi: 10.1016/0012-821X(91)90079-W

Fitzsimmons, J. N., Boyle, E. A., and Jenkins, W. J. (2014). Distal transport of
dissolved hydrothermal iron in the deep South Pacific Ocean. Proc. Nat. Acad. Sci. U.
S. A. 111, 16654–16661. doi: 10.1073/pnas.1418778111

Guieu, C., Bonnet, S., Petrenko, A., Menkes, C., Chavagnac, V., Desboeufs, K., et al.
(2018). Iron from a submarine source impacts the productive layer of the Western
Tropical South Pacific (WTSP). Sci. Rep. 8:9075. doi: 10.1038/s41598-018-27407-z

Hawkes, J. A., Connelly, D. P., Rijkenberg, M. J. A., and Achterberg, E. P. (2014).
The importance of shallow hydrothermal island arc systems in ocean biogeochemistry.
J. Geophys. Res. 41, 942–947. doi: 10.1002/2013GL058817

Massoth, G., Baker, E., Worthington, T., Lupton, J., De Ronde, C., Arculus, R., et al.
(2007). Multiple hydrothermal sources along the south Tonga arc and Valu Fa Ridge.
Geochem. Geophys. Geosyst, 8, 1–26. doi: 10.1029/2007GC001675

Moore, J. K., Doney, S. C., and Lindsay, K. (2004). Upper ocean ecosystem dynamics
and iron cycling in a global three-dimensional model. Glob. Biogeochem. Cycles 18,
1–21. doi: 10.1029/2004GB002220

Nishioka, J., Obata, H., and Tsumune, D. (2013). Evidence of an extensive spread of
hydrothermal dissolved iron in the Indian Ocean. Earth Planet. Sci. Lett. 361, 26–33.
doi: 10.1016/j.epsl.2012.11.040

Resing, J. A., Baker, E. T., Lupton, J. E., Walker, S. L., Butterfield, D. A., Massoth, G.
J., et al. (2009). Chemistry of hydrothermal plumes above submarine volcanoes of the
Mariana Arc. Geochem. Geophys. Geosyst. 10, 1–23. doi: 10.1029/2008GC002141

Resing, J. A., Sedwick, P. N., German, C. R., Jenkins, W. J., Moffett, J.
W., Sohst, B. M., et al. (2015). Basin-scale transport of hydrothermal dissolved
metals across the South Pacific Ocean. Nature 523, 200–203. doi: 10.1038/nature
14577

Saito, M. A., Noble, A. E., Tagliabue, A., Goepfert, T. J., Lamborg, C. H.,
and Jenkins, W. J. (2013). Slow-spreading submarine ridges in the South Atlantic
as a significant oceanic iron source. Nat. Geosci. 6, 775–779. doi: 10.1038/
ngeo1893

Santana-Casiano, J. M., Fraile-Nuez, E., González-Dávila, M., Baker, E., Resing,
J., and Walker, S. (2016). Significant discharge of CO2 from hydrothermalism
associated with the submarine volcano of El Hierro Island. Sci. Rep. 6:25686.
doi: 10.1038/srep25686

Tagliabue, A., Bowie, A. R., Boyd, P. W., Buck, K. N., Johnson, K. S., and Saito,
M. A. (2017). The integral role of iron in ocean biogeochemistry. Nature 543, 51–59.
doi: 10.1038/nature21058

Tilliette, C., Taillandier, V., Bouruet-Aubertot, P., Grima, N., Maes, C., Montanes,
M., et al. (2022). Dissolved iron patterns impacted by shallow hydrothermal
sources along a transect through the Tonga-Kermadec Arc. Glob. Biogeochem. Cycles
36:e2022GB007363. doi: 10.1029/2022GB007363

Toner, B. M., Fakra, S. C., Manganini, S. J., Santelli, C. M., Marcus, M. A., Moffett,
J. W., et al. (2009). Preservation of iron (II) by carbon-rich matrices in a hydrothermal
plume. Nat. Geosci. 2, 197–201. doi: 10.1038/ngeo433

Frontiers inMicrobiology 03 frontiersin.org

https://doi.org/10.3389/fmicb.2025.1703123
https://doi.org/10.17600/18000884)
https://doi.org/10.1016/j.epsl.2008.01.048
https://doi.org/10.1126/science.abq4654
https://doi.org/10.1038/s41467-023-40774-0
https://doi.org/10.1016/0012-821X(91)90079-W
https://doi.org/10.1073/pnas.1418778111
https://doi.org/10.1038/s41598-018-27407-z
https://doi.org/10.1002/2013GL058817
https://doi.org/10.1029/2007GC001675
https://doi.org/10.1029/2004GB002220
https://doi.org/10.1016/j.epsl.2012.11.040
https://doi.org/10.1029/2008GC002141
https://doi.org/10.1038/nature14577
https://doi.org/10.1038/ngeo1893
https://doi.org/10.1038/srep25686
https://doi.org/10.1038/nature21058
https://doi.org/10.1029/2022GB007363
https://doi.org/10.1038/ngeo433
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

	Editorial: Hydrothermal and submarine volcanic activity: impacts on ocean chemistry and plankton dynamics
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


