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Editorial on the Research Topic
Deep-sea chemosynthetic ecosystems: Living in extreme environments

Occurring in different geological settings, cold seep and hydrothermal vent systems are
energy hotspots on the deep-sea seafloor, supporting the distribution and an abundance of
chemosynthetic microorganisms and megafauna. With the advance in deep-sea exploration
technology, we are now recognizing the greater habitat complexity and biodiversity of
chemosynthetic ecosystems. We also recognize that the contribution of chemosynthetic
production on the global carbon cycle may have been underestimated. Deep-sea
chemosynthetic ecosystems in seeps and vents therefore are ideal system to study the
interactions among the geosphere, hydrosphere and biosphere enabling a continued support
of in chemosynthetic ecosystems. In Research Topic “Deep-sea chemosynthetic ecosystems:
living in the extreme environments”, we have presented updated information on the
chemosynthetic ecosystems from cold seeps of South China Sea, and its role in the global
biosphere with the help of state-of-the-art geochemical and molecular technologies.

Among the unsolved questions on deep-sea chemosynthetic ecosystems, how the systems
have originated, evolved and supported the biota communities is fundamental to further our
knowledge on the physical and chemical principles that sustain deep-sea chemosynthetic
ecosystems and their thriving biological communities. A series of studies have been
conducted on the biogeochemistry of deep-sea chemosynthetic ecosystems to answer these
questions. It is now widely acknowledged that the high concentrations of reduced chemicals
such as methane, sulfur, hydrogen, ammonia and even reduced metals could sustain distinct
chemosynthetic microbiomes such as methanotrophs and thiotrophs. Meanwhile,
heterotrophic communities such as hydrocarbon degraders are also divergent and
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prosperous in some cold seep and hydrothermal vent fields,
demanding high concentrations of dissolved organic carbon (DOC)
as their nutrition. Reports showed that the DOC concentrations in
seep sediments are higher than non-seep deep-sea sediments.
Although methane-derived DOC could play important roles in the
deep ocean carbon cycle, information on the reactivity of these seep
DOC is yet quite limited. Here, with biogeochemical analysis, Hu et al.
confirmed the significant contribution of methane-derived DOC at
the seep cores and characterized the enhanced production of
relatively labile dissolved organic matter (DOM) by anaerobic
oxidation of methane (AOM) process in seep sediments. Their
study suggested the lower degradation degree of these labile DOM,
highlighting the indispensable role of methane derived DOC in
supporting the heterotrophic microbial communities of deep-sea.

Though the deep-sea chemosynthetic ecosystems are featured by
high concentrations of reduced chemicals, local environmental
conditions of these ecosystems are also known to be dynamic in
both time and space. The heterogeneity of deep-sea environments is
recognized as a vital challenge and decisive factor for deep-sea
organisms, shaping their community distribution and driving their
environmental adaptations. Using cultivation dependent and
independent methods, previous studies have investigated the
diversity, adaptation and ecological significance of microorganisms
in deep-sea chemosynthetic ecosystems. Corresponding to the
environmental heterogeneity, Zhai et al. have observed both
horizontal and vertical heterogeneity in microbial community in
the cold seep sediments. Their results indicated that sulfate and
methane were the main factors that structured the microbial
community. While the microbial compositions from different
sampling sites and depths were distinct, the microbial community
cooperated closely to promote the overall community productivity. In
addition, Zhang et al. has cultured a representative of Lentisphaerae
bacteria from cold seep sediments, which is able to utilize
polysaccharides for growth. Interestingly, the Lentisphaerae bacteria
could significantly increase the environmental microbial diversity by
metabolizing polysaccharides or other substances, demonstrating
their unique physiological characterizations and ecological roles in
the deep-sea habitats.

Besides the diverse microbial communities, a variety of
megafauna inhabit in deep-sea chemosynthetic ecosystems. While
continuous efforts are still being made to characterize novel
megafauna species (e.g. the polyplacophoran Thermochiton xui by
Wang et al.,, and the amphipods Cyphocaris lubrica and Cyphocaris
formosa by Wang et al.), focuses on physiological novelty and
diversity of megafauna are also growing. More so as for the case of
mollusks, crustaceans and polychaetes, which are known to form
symbiotic relationships with chemosynthetic bacteria that provide
most of the organic carbon needed for the animal host’s nutrition.

However, knowledge on the molecular basis of chemosynthetic
symbiosis is yet still limited. Moreover, the reproductive strategies
and the dispersal and connectivity of megafauna in deep-sea
ecosystem are also of interest. In this Research Topic, Guan et al.
investigated the lipid inventories of seep-dwelling bivalves and
identified several lipids biomarkers reflecting symbiont types and
local environments of bivalve hosts. The information derived from
lipid biomarkers could also help interpret data from the rock record,
providing valuable tools to investigate the nutrition strategies of
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ancestor chemosymbiotic hosts. Similarly, Wang et al. characterized
the different nitrogen sources that fuel symbiotic mussels at cold
seeps. This multifaceted study has provided important evidence on
the mechanism of nitrogen acquisition in symbiotic mussels and a
broad perspective for carbon and nitrogen transformations in cold
seep systems. Diverged from their ancestors a few hundred million
years ago, the deep-sea mussels have evolved an unique lifestyle that is
distinct from their non-symbiotic relatives. How these deep-sea
mussels reproduce and whether they share the same sex
determination/differentiation mechanisms with non-symbiotic
mussels are less investigated. Here, resorting to transcriptome and
whole-genome DNA methylation analyses, Zhong et al. have
characterized hundreds of genes that may participate in the sex
determination of deep-sea mussel, and concluded that the sex
determination mechanisms are conserved in mussels from different
habitats. These studies have substantially advanced our knowledge on
the chemosymbiotic molluscan hosts.

Although widely recognized as oases of life over the last four
decades, deep-sea chemosynthetic ecosystems are still mysterious,
with many hidden secrets awaiting discovery. Besides studies covered
by our current Research Topic, more efforts are still needed to unravel
the unique biological diversity, structure and ecological processes in
these deep-sea chemosynthetic ecosystems. For instance, there is
limited information about temporal and spatial changes of free-
living chemosynthetic microbial community, let alone the
individual/population changes of deep-sea megafauna in response
to environmental changes and human activities (Wang et al.). Finally,
interdisciplinary efforts and the application of state-of-the-art
methods (such as single-cell sequencing [Li et al.], spatial
transcriptomics, mass spectrometry imaging, in situ experiments
and in situ detection) are also needed to reveal the adaptations of
these deep-sea organisms. We expect to see more exciting discoveries
in the years to come.

Author contributions

Writing—original draft: HC; Writing—review & editing: HC, CL,
J-WQ, RB, DF, YW, HJ, and JS. All authors contributed to the article
and approved the submitted version

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.

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.

frontiersin.org


https://doi.org/10.3389/fmars.2021.797084
https://doi.org/10.3389/fmars.2022.957762
https://doi.org/10.3389/fmars.2022.848136
https://doi.org/10.3389/fmars.2022.889022
https://doi.org/10.3389/fmars.2022.849449
https://doi.org/10.3389/fmars.2022.831286
https://doi.org/10.3389/fmars.2022.869226
https://doi.org/10.3389/fmars.2022.856291
https://doi.org/10.3389/fmars.2022.960338
https://doi.org/10.3389/fmars.2022.906267
https://doi.org/10.3389/fmars.2023.1087465
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Editorial: Deep-sea chemosynthetic ecosystems: Living in extreme environments
	Author contributions



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


