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A Commentary on

Planktic foraminifera iodine/calcium ratios from plankton tows

by Winkelbauer HA, Hoogakker BAA, Chance RJ, Davis CV, Anthony CJ, Bischoff J, Carpenter
LJ, Chenery SRN, Hamilton EM, Holdship P, Peck VL, Poulton AJ, Stinchcombe MC and
Wishner KF (2023) Front. Mar. Sci. 10:1095570. doi: 10.3389/fmars.2023.1095570
Introduction

I/Ca in planktic foraminiferal shells is one of the few proxies proposed for

reconstructing past upper ocean oxygenation. Foraminiferal I/Ca values have been

measured in globally distributed core-top samples, with low I/Ca values generally

indicative of low-oxygen water (Lu et al., 2020a; Lu et al., 2020b). Winkelbauer et al.

(2023) observed that “I/Ca values of plankton tow foraminifera from environments with well

oxygenated subsurface waters, however, are an order of magnitude lower compared to core-

tops from similarly well-oxygenated regions,” and concluded that “planktic foraminifera

gain iodine post-mortem, either when sinking through the water column, or during burial.”

These tow-derived low I/Ca values add to the information needed to mechanistically

understand the planktic I/Ca proxy. However, we highlight the fact that tow-specimens do

not represent the same populations as those present in core tops, and we think that further

evidence is needed before reinterpreting the core-top and down-core planktic I/Ca records.
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Plankton tow vs. core-top

We suggest that the use of I/Ca in foraminifera from plankton

tows (Winkelbauer et al., 2023) may not easily provide a direct

comparison with either the populations or the geochemical signal

of foraminifera present in core tops. Core-tops reflect time-

averaged populations over hundreds to thousands of years, thus

averaging seasonal and shorter-scale variability. Such short-term

variability is extensive, because most species of planktic

foraminifera have life spans of 2–4 weeks, and the dominant

fluxes of tests occur after a reproductive event (e.g., Jonkers et al.,

2015). In contrast, plankton tows reflect a snapshot on a much

shorter time scale (a few days) than the life span of common

species and thus may miss reproductive events. Horizontal tows

at the depths of typical habitats where foraminifera live and

calcify generally contain shells without the external crust formed

during gametogenesis by many taxa, but it is difficult to evaluate

exactly what populations are sampled by horizontal tows deeper

than the typical habitats. Therefore, such tows cannot capture the

average population over time and depth in a manner analogous to

the core tops.

Tests without such late stages of calcification appear more often

in plankton tows than in core tops, where larger, generally mature

specimens are selected for analysis. Selecting fully grown dead shells

from the tow materials (when available) introduces the possibility of

measuring shells originating from locations that are not

representative of the towed area. In addition, it is unclear to what

extent the planktic I/Ca signal may be influenced by the chemistry

of low-oxygen micro-environments within organic particles

(Bianchi et al., 2018) rather than the well-oxygenated surrounding

water masses, although it is uncertain how often foraminifera live in

such flocs.

We want to emphasize that data from plankton tows,

sediment traps and lab culturing all provide unique insights

into foraminifera-based proxies and are complementary to

core-top data. However, we need to keep in mind that results

from such investigations do not necessarily agree with core-top

materials because of the complexity of foraminiferal calcification

and caveats in individual proxy development. For instance, tow-

derived shells without the final stage of calcification have been

shown to have higher Mg/Ca values than those in core tops (e.g.,

Martı ́nez-Botı ́ et al., 2011). In addition, the presence of

gametogenic calcite complicates tow-derived foraminiferal d18O
data (Jentzen et al., 2018). Moreover, high productivity may affect

shell Mg/Ca composition in sediment trap samples (Gibson et al.,

2016). The quantitative relationship between the cadmium

partition coefficient and temperature, established in core tops

(Rickaby and Elderfield, 1999), does not appear to translate into

culture observations (Mashiotta et al., 1997). In our opinion,

Winkelbauer et al. (2023) did not fully acknowledge all

complexities that should be considered when comparing core-

top and plankton tow studies.
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Iodate data and analytical protocol

Winkelbauer et al. questioned the extent to which seawater

iodate is incorporated in planktic foraminifera shells in the core

tops, but their iodate data for seawater are spatially and temporally

different from the environments sampled in their plankton tows.

These spatial and temporal offsets are important because

significantly lower iodate concentrations have been reported

during seasonal cycles at high latitudes (Chance et al., 2010).

Tow samples (containing living material) and core-top samples

are usually preserved/treated differently on board ships before shells

are picked. The cleaning method adopted in this study was not

validated on potentially more fragile samples from the towed

materials, with a potentially unknown impact on the I/Ca signal.

We think that the data from Site 1088 are irrelevant to the

discussion. ODP drill cores hardly ever preserve the sediment–

water interface because the lowering of the bottom-hole assembly

strongly disturbs the sediment/water interface and thus the core top

sediments. The analyzed specimens must be considerably older

than recently, and the semi-transparent and “white” specimens

might not have lived at the same time.
Planktic I/Ca signal generated
during burial?

The suggestion that planktic foraminifera might gain iodine post-

mortem ‘via abiogenic incorporation shortly after gametogenesis,’ i.e.,

within the water column during downward transport, is not

supported by evidence. The iodine gained in gametogenic calcite is

a likely reason for the observed discrepancy. Gametogenic calcite is

formed by foraminifera during the late life stages, i.e., at depths

around the pycnocline—deep chlorophyll maximum for all species

analyzed (Schiebel and Hemleben, 2017).

Winkelbauer et al. alluded to the possibility that the planktic I/

Ca signal was mainly generated on the seafloor. This scenario is

unlikely, because

1. There are consistently low planktic I/Ca values in Holocene

sediments deposited in regions with an oxygen minimum zone

above oxygenated bottom waters (Figure 1A, based on the Dd13C
data at the Eastern Equatorial Pacific, Hoogakker et al., 2018; and

Benguela, Lu et al., 2020a).

2. If I/Ca signals in planktic foraminiferal tests were generated

on the seafloor, trends in such data should mimic trends in benthic

I/Ca and/or other BWO proxies (e.g., Dd13C). In contrast, the

temporal trends of planktic I/Ca are independent of bottom water

conditions, as represented by benthic I/Ca and Dd13C (Figures 1A,

B) (Hoogakker et al., 2018; Lu et al., 2020b).

3. It has been observed that the diagenesis of marine carbonate

decreases rather than increases the primary I/Ca signal (Hardisty

et al., 2017). Adding abiotic calcite precipitated from seawater with

an average iodate concentration mathematically cannot explain the
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observed core-top I/Ca, if the primary I/Ca was indeed as low as

reported in the tow samples (Figure 1C). Even when adopting other

endmembers (e.g., higher I/Ca measured in core-top benthic

foraminifera), core-top shells from oxygenated waters would

likely contain >50% secondary calcite, and such heavily crusted

shells would have been easily recognized under the microscope and

excluded from core-top measurements (Lu et al., 2020a).
Summary

Utilizing the chemistry of carbonates as paleoenvironmental

proxies benefits from studying materials obtained using as many

modes of sample collection as possible. Nonetheless, given that the

objective is to understand the sedimentary record, the caveats and

differences of each calibration approach must be fully acknowledged

and integrated so that the opportunities and limitations of promising

proxies, including I/Ca, can be more completely evaluated.
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FIGURE 1

(A) Comparison of planktic I/Ca with Dd13C-based bottom water
oxygen at ODP Site 1242 over the last 40 ka (Hoogakker et al.,
2018). Colored boxes indicate the expected I/Ca signal under low
(gray) vs. high (blue) oxygen conditions. (B) Comparison of down-
core planktic vs. benthic I/Ca at multiple sites (Lu et al., 2020a; Lu
et al., 2020b). (C) Endmember mixing calculations for percentages
of secondary calcite must be contained in core-top planktic
foraminifera if most of their I/Ca signals are gained on the seafloor.
The abiotic calcite endmember assumes a partition coefficient Kd
(Kd = 10, [I/Ca]/[iodate] with units of [µmol/mol]/[µmol/L] and a
normal seawater iodate concentration of 0.45 µmol/L. Benthic
foraminiferal core-top I/Ca values from oxygenated bottom waters
were used for additional endmember mixing scenarios (Lu et al.,
2022).
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Martıńez-Botı,́ M. A., Mortyn, P. G., Schmidt, D. N., Vance, D., and Field, D. B.
(2011). Mg/Ca in foraminifera from plankton tows: evaluation of proxy controls and
comparison with core tops. Earth Planet. Sci. Lett. 307 (1-2), 113–125. doi: 10.1016/
j.epsl.2011.04.019

Mashiotta, T. A., Lea, D. W., and Spero, H. J. (1997). Experimental determination of
cadmium uptake in shells of the planktonic foraminifera orbulina universa and
globigerina bulloides: implications for surface water paleoreconstructions.
Geochimica Cosmochimica Acta 61 (19), 4053–4065. doi: 10.1016/S0016-7037(97)
00206-8

Rickaby, R. E. M., and Elderfield, H. (1999). Planktonic foraminiferal Cd/Ca:
paleonutrients or paleotemperature? Paleoceanography 14 (3), 293–303. doi: 10.1029/
1999PA900007

Schiebel, R., and Hemleben, C. (2017). “Chapter 5 reproduction, & 6 ontogeny and
test architecture,” in Planktic foraminifers in the modern ocean. (Springer)
doi: 10.1007/978-3-662-50297-6

Winkelbauer, R., Hoogakker, B. A. A., Chance, R. J., Davis, C. V., Anthony, C. J.,
Bischoff, J., et al (2023). Planktic foraminifera iodine/calcium ratios from plankton
tows. Front. Mar. Sci. 10, 10:1095570. doi: 10.3389/fmars.2023.1095570
frontiersin.org

https://doi.org/10.1038/s41561-018-0081-0
https://doi.org/10.1016/j.marchem.2009.11.009
https://doi.org/10.1016/j.epsl.2016.07.039
https://doi.org/10.1016/j.epsl.2016.07.039
https://doi.org/10.1016/j.epsl.2017.01.03
https://doi.org/10.1038/s41586-018-0589-x
https://doi.org/10.5194/bg-15-7077-2018
https://doi.org/10.5194/bg-12-3061-2015
https://doi.org/10.1016/j.gca.2019.10.025
https://doi.org/10.1016/j.epsl.2019.116055
https://doi.org/10.1016/j.gca.2022.06.001
https://doi.org/10.1016/j.epsl.2011.04.019
https://doi.org/10.1016/j.epsl.2011.04.019
https://doi.org/10.1016/S0016-7037(97)00206-8
https://doi.org/10.1016/S0016-7037(97)00206-8
https://doi.org/10.1029/1999PA900007
https://doi.org/10.1029/1999PA900007
https://doi.org/10.1007/978-3-662-50297-6
https://doi.org/10.3389/fmars.2023.1095570
https://doi.org/10.3389/fmars.2023.1221835
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Commentary: Planktic foraminifera iodine/calcium ratios from plankton tows
	Introduction
	Plankton tow vs. core-top
	Iodate data and analytical protocol
	Planktic I/Ca signal generated during burial?
	Summary
	Author contributions
	Acknowledgments
	References



<<
  /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


