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For further information or queries, please contact any member of the staff through these
telephone numbers and/or e-mails. We will be happy to help you:
CEAB: (+34) 972 336 101
Manuel Maldonado: (+34) 661 334 538 / maldonado@ceab.csic.es
Marta García-Puig: (+34) 605 013 811 / mgarcia@ceab.csic.es
María López-Acosta: (+34) 669 034 833 / lopezacosta@ceab.csic.es
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Towards a new proxy of continental atmospheric humidity: the triple oxygen
isotopic composition of plant biosilica
Anne Alexandre(*), S. Pauchet, A. Landais, C. Piel, S. Devidal, J. Roy, C. Vallet-Coulomb, C.
Sonzogni, M. Couapel, M. Pasturel, P. Cornuault, J. Xin, J.C. Mazur, F. Prié, I. Bentaleb
(*) CNRS, Aix-Marseille Université, IRD, INRA, CEREGE UM34, 13545 Aix en Provence, France
E-mail: alexandre@cerege.fr

There is a serious lack of proxy suitable for reconstructing, in a quantitative way, past
changes of continental atmospheric humidity. This reduces the possibility to make model-data
comparisons necessary for the implementation of climate models. Over the past 10 years,
analytical developments have enabled a few laboratories to reach sufficient precision for
measuring the triple oxygen isotopes, expressed by the

17

O-excess (=ln(17O+1)-

0.528*ln(18O+1)), in water, water vapor, atmospheric oxygen, and minerals. The 17O-excess
represents an alternative to d-excess for investigating relative humidity conditions that prevail
during water evaporation. The 17O-excess of water results from the increase of kinetic isotopic
fractionation at evaporative sites as a function of decreasing relative humidity. This
mechanism occurs at large scales, i.e. during seawater evaporation or during plant canopies
transpiration. Unlike d-excess,

17

O-excess is supposed to be insensitive to temperature and

less sensitive than D and 18O to equilibrium fractionation during transport and precipitation.
Additionally, the

17

O-excess is recorded in biogenic minerals less prone to weathering than

organic compounds. Here, we calibrate the 17O-excess of plant biosilica as a new air humidity
proxy. First, we examined the behavior of the

17

O-excess in soil water, leaf water and

phytoliths in growth chambers in response to changes in relative humidity. Second, we
measured the

17

O-excess of soil phytolith assemblages from inter-tropical savannas and

forests distributed along humidity transects. Both approaches show similar dependency of
phytolith

17

O-excess to relative humidity. The results allow to discuss future calibration

directions aimed at estimating the precision of the obtained relationship and at quantifying the
successive isotopic fractionations in play at the soil-plant-atmosphere interface, to provide a
strong proxy of past atmospheric relative humidity.
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Silicate weathering and dissolution recorded by Si isotopes in Indian shallow
groundwater near the coast
Damien Cardinal(*), K.R. Mangalaa, Arnaud Dapoigny, N.S. Sarma, V.V.S.S. Sarma
(*) Laboratoire d’Océanographie et du Climat: Expérimentations et Approches Numériques (LOCEAN), CP100,
Sorbonne Universités, UPMC, 4 Place Jussieu, 75252 Paris Cedex 05, France.
E-mail: damien.cardinal@upmc.fr

We have collected 12 shallow groundwater samples from boreholes or wells along the NorthEast, South-East and South-West Indian coastline and the freshwater estuarine surface waters
nearby. Nine groundwater samples were collected during high discharge (wet season, summer
monsoon) and three during base flow (dry season). We measured the major elements contents
of the groundwater, their Si isotopic composition and compare with their superficial estuarine
freshwater counterpart to understand the variability of groundwater and riverine Si isotope
signatures supplied to the ocean. Mean groundwater 30Si is 0.8 ± 0.6 ‰ (without significant
seasonal difference) while mean freshwater estuaries 30Si is 1.1 ± 0.6 and 2.3 ± 0.4 ‰ for
wet and dry seasons respectively. All groundwater samples have higher Si contents than
freshwaters estuaries (392 ± 168 vs. 168 ± 84 M respectively) and except two samples,
groundwater are lighter than surface water. This is what is usually observed in groundwater
due to dissolution of primary and/or secondary minerals (both isotopically lighter than soil
waters) during rock-water interaction in aquifers. There is also a significant positive
relationship between 30SiGW and DSiGW contents which is indicative of chemical weathering
(i.e. formation of secondary minerals incorporating preferentially light Si isotopes while
heavy isotopes are released in dissolved form). This is in agreement with saturation indexes
since in all groundwater samples albite and amorphous silica are undersaturated while clays
are generally oversaturated. Noteworthy, the variability of 30Si in these shallow groundwater
is as large as the one observed by Georg et al. (2009) on Ganges-Brahmaputra groundwater
which was then attributed fully to a depth control from 1.3 ‰ for shallow to -0.2 ‰ for
groundwater at 300m below surface. Our results thus challenge such hypothesis. Moreover,
our data suggest that the isotopic shift induced by dissolution is not proportional to the
quantity dissolved. In this presentation, we will discuss the possible weathering and
dissolution processes that could explain the variability of 30SiGW and their implication for Si
supply to the ocean.
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The analysis of biogenic silica for oxygen and silicon isotopes
Damien Cardinal1, Melanie J. Leng2
1

Laboratoire d’Océanographie et du Climat: Expérimentations et Approches Numériques (LOCEAN), Sorbonne

Universités, UPMC, Paris, France
E-mail: damien.cardinal@upmc.fr
2

British Geological Survey, Nottingham, UK and University of Nottingham, Nottingham, UK

E-mail: mjl@nigl.nerc.ac.uk

We will describe the preparation and analysis of biogenic silica for oxygen and silicon isotope
analysis. Biogenic silica contains oxygen and silicon isotopes that are being increasingly used
in palaeoclimate and biogeochemical studies. Biogenic silica comprises an inner tetrahedrally
bonded silica skeleton (Si-O-Si) with an outer, hydrous layer. The hydrous layer is freely
exchangeable and must be removed prior to oxygen isotope measurement using oxidising
reagents and/or high temperatures. Analysis of the oxygen isotope composition of biogenic
silica by IRMS requires samples that are almost pure biogenic silica since extraction
techniques will liberate oxygen from all the components in the sediment which can be
isotopically very different. Even a small proportion of contaminant can have a significant
influence on the oxygen isotope composition. The measurement of silicon isotopes in
biogenic silica (and dissolved silicon) has made significant advancements over the last few
decades due to Multi-Collectors ICP-MS. As for IRMS measurements, MC-ICP-MS requires
pure biogenic silica. The main difference with IRMS is that MC-ICP-MS silicon isotopes
measurements are mostly performed in solution, which adds a chemical leaching, followed by
another purification steps. In the last 15 years, precision and accuracy have been significantly
improved despite using a variety of methods (dry vs. wet plasma; mass bias and matrix effect
corrections) and instruments settings. The existence of a secondary material reference,
diatomite- very close to a biogenic silica matrix, has helped to achieve this however, it cannot
reflect fully the entire complexity of the matrices. Overall, the oxygen and silicon isotope
composition of biogenic silica can be very sensitive to regional environmental change in
different environments where biogenic silica is found (including sediment, soils, aquatic
ecosystems), with the recent technological and mythological advancements we are in a good
place to address key science questions.
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Oxygen isotopes and species composition of diatoms from Lake Petit (2200 m
a.s.l) in the Mediterranean Alps: shedding light on a climatic pulse at 4.2 kyr BP
Rosine Cartier(*), Florence Sylvestre, Christine Paillès, Corinne Sonzogni, Martine Couapel,
Anne Alexandre, Jean-Charles Mazur, Frédéric Guiter, Elodie Brisset, Cécile Miramont
(*) CEREGE, CNRS, Aix-Marseille University, IRD, UM34, 13545 Aix-en-Provence, France
IMBE, CNRS, Aix-Marseille University, IRD, Avignon University, UM7263, 13545 Aix-en-Provence, France.
Present address: Department of Geology, Lund University, Sölvegatan 12, 223 62, Lund, Sweden
E-mail: rosine.cartier@geol.lu.se

Several abrupt climatic events were recorded during the Holocene but their intensity and
spatial distribution, as well as their effects on ecosystems, need to be investigated. The main
difficulty lies in separating climate influences on environments from local forcings such as
changes in land use. In the Mediterranean Alps, the multiproxy study of Lake Petit’s
sediments covering the last 5000 years has revealed two main periods in its environmental
history. The rapid transition between these two states was recorded at 4200 cal. BP by a major
detrital pulse leading to a regime shift in soil erosion and aquatic assemblages (Cartier et al.,
2015). These abrupt and long-lasting changes in the lake-geosystem raised the question of the
role of climate at this key period between the Mid and Late Holocene. To answer this
question, oxygen isotopes contained in diatom fossils were measured to identify the effect of
past hydrological changes in the ecosystem trajectory. Twenty sediment samples were
purified with acid attacks following by heavy liquid separation. After a Gas Flow
Dehydration, δ18O measurements were performed using the IR Laser-Fluorination-Isotope
Ratio Mass Spectrometry (IRMS) technique. From 4300 to 3900 cal. BP, high δ18O values
suggest an increase in lake water evaporation (and/or less freshwater inputs from snowmelt)
probably associated with precipitation preferentially coming from the Mediterranean area.
These results indicate that the tipping point in both terrestrial and aquatic ecosystems
recorded at 4200 cal. BP had been triggered by a climatic event. Combining previous
multiproxy data with these new isotopic data makes it possible to precisely characterize the
4200 cal. BP event in the Mediterranean Alps: a period of averaged dry conditions but during
which intense rainfall also occurred.
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Silicon isotope signatures of different radiolarian species off Peru: the
potential to track changes in the signatures of past water masses
Kristin Doering(*), Patricia Grasse, Martin Frank
(*) GEOMAR Helmholtz Centre for Ocean Research Kiel, Wischhofstr. 1-3, 24148 Kiel Germany
E-mail: kdoering@geomar.de

We present preliminary analysis of silicon isotope compositions of mixed and the first single
species radiolarian samples (i.e. 30Sirad mixed and mono) from surface sediments off Peru.
The values range from +0.5±0.1 to 1.3±0.2 ‰ for mixed radiolarian samples and from
+0.6±0.2 to 1.2±0.2 ‰ for mono-species. In contrast to previous acquired diatom 30Si
values, which can be associated with nutrient utilization and upwelling intensity, the
comparison our 30Sirad values indicate a good correlation with surface (0-50m) 30Si(OH)4
values. However, in the main upwelling area (10-15°S; off Peru) 30Sirad mixed values and
30Sirad mono values slightly diverge. Here, 30Sirad mixed values increase up to 1.3±0.2 ‰,
while 30Sirad mono values seem to be remain at lower values potentially reflecting newly
upwelled subsurface 30Si(OH)4 values. The divergence between the 30Sirad fractions might
be caused by either a shift in the radiolarian assemblage within the mixed samples or due to
an association of the radiolarian 30Si with high diatom 30Si values in this area. In contrast,
the mono species samples, which consist of a surface (0-50m) dwelling species, Cenophaera
cristata, seem to reflect the surface 30Si(OH)4 values more consistently. Furthermore, the
calculation of 30Si (~), assuming a fractionation in equilibrium with the surrounding
seawater, result in values of 30Si = -1.0 ‰ for both 30Sirad mixed and mono but lower values
of 30Si = -0.5 ‰ within the upwelling area. Overall, our preliminary results suggest that
analysis of different radiolarian species 30Si can be used to track the 30Si(OH)4 of surface
waters, but that the analysis of mono species samples seem to be more reliable for
paleoceanographic reconstructions.
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High-resolution reconstructions of N and Si utilization by diatoms in the Indian
Sector of the Southern Ocean across the last deglaciation
Matthew Dumont(*), L. Pichevin, R. Ganeshram
(*) School of Geoscience, University of Edinburgh, Edinburgh, UK
E-mail: M.Dumont@ed.ac.uk.

It is apparent that the world’s largest high-nutrient, low-chlorophyll (HNLC) zone, the
Southern Ocean, has played a major role in climatic change since the last glacial maximum
(LGM). It has been known for some time that stifled upwelling and increased iron input
removed the HNLC status from the Southern Ocean during the LGM, which may have
contributed to lower atmospheric CO2 concentrations and a shift in the distribution of silicic
acid across the world’s oceans. However, we have a limited understanding of the transitional
period between the stratified Southern Ocean at the LGM and the HNLC zone of today. Of
particular interest is how surface ocean processes responded to the proposed large and abrupt
upwelling events that occurred in the Southern Ocean during the deglaciation and have been
linked to rise in atmospheric CO2. Here we present diatom-bound d15N and d30Si as nutrient
utilization proxies collected from three cores distributed across the modern polar front of the
under-sampled Indian Sector of the Southern Ocean. The unusually high resolution of these
records has revealed millennial-scale shifts in nutrient utilization and productivity during
particular stages of the deglacial transition at magnitudes comparable to the overall glacialinterglacial variability. Some of these shifts are coincident with global changes in CO2 and
may be partially explained by abrupt upwelling events. Such events could have provided
additional silicic acid to lower latitudes via incomplete utilization by diatoms and leakage.
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Past changes in nutrient supply and utilization in the Southern Ocean from
combined assemblage-specific Si and N isotopes and trace metals in diatom
opal
Claudia Ehlert (*), Anja Studer, Bernhard Schnetger, Katharina Pahnke
(*) Max Planck Research Group for Marine Isotope Geochemistry, Institute for Chemistry and Biology of the
Marine Environment (ICBM), University of Oldenburg, Germany
E-mail: cehlert@mpi-bremen.de

The main goal of this study is to investigate variations of nutrient supply and consumption by
diatoms in the Indian sector of the Southern Ocean since the last glaciation. Silicon (Si) and
diatom-bound nitrogen (N) stable isotopes (δ30Si, δ15Ndb) are indicators of nutrient utilization
in surface waters. However, reconstructions of past variations in nutrient utilization are often
difficult because of potential changes in diatom assemblages over time that can cause bulk
δ30Si and δ15Ndb changes due to species-specific fractionation effects that are unrelated to
variations in nutrient consumption. To address this problem, we use two separated distinct
diatom assemblages from each sample: a pennate assemblage dominated by Fragilariopsis
kerguelensis, and a centric assemblage dominated by Thalassiosira lentiginosa. Preliminary
results from δ15Ndb indicate strong glacial-interglacial variations in the isotope composition of
both fractions, whereby the pennate fraction is typically isotopically lighter. The offset
between the two fractions (Δ15N = centric δ15Ndb – pennate δ15Ndb) varies over time, with
+1.5‰ during most of the Holocene, up to -1‰ during Heinrich stadial 1 and around +0.25‰
during the LGM. There are several possibilities to explain these features, for example changes
in the seasonal cycle of nutrient supply to the surface waters from the glacial to the Holocene.
To investigate this further, we will analyze the δ30Si of the different diatom assemblage
fractions, which will provide information about seasonal changes in nutrient (Si versus N)
utilization, limitation, and (de)coupling of both. In addition, trace metal nutrients like iron,
cadmium, copper, manganese, and zinc play a fundamental role in diatom ecology and major
nutrient uptake and limitation. Although the majority of these trace metals in diatoms is
associated with the organic material, the metal/Si ratios in the diatom opal can be correlated
with the availability of trace metals in the water. Reconstruction of variable metal/Si ratios
therefore might allow estimating changes in trace metal availability in surface waters.
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Extreme Biosilicification: from psychrophilic to hydrothermal environments
Hermann Ehrlich(*)
(*) TU Bergakademie Freiberg, Freiberg, Germany.
E-mail: Hermann.Ehrlich@physik.tu-freiberg.de

Extreme Biomineralization remains the formation of various minerals by organisms living
under extreme environmental conditions including so called polyextremophyles. Also
biosilicification in diverse biomineralizers occurs under temperatures near 0 °C and below
(psychrophilic conditions) as well as in aquatic locations with temperatures near boiling point
of water (thermophilic conditions). The term “psychrophilic silicification” was first proposed
in 2015. The research objects in this case are psychrophilic silica-producing unicellular
(silicoflagellates,

radiolarians,diatoms)

and

multicellular

organisms

(sponges:

both

Demospongiae and Hexactinellida). Hydrothermal silicification is the formation of various
silicate-based biominerals controlled by organisms present in hydrothermal vents, geothermal
waters, hot springs as well as under selected laboratory conditions. Extreme biosilicification
at high temperatures is also observed in viruses. Silicified phages have been identified in
extreme thermal environments and the silicification has been suggested to be critical for their
preservation and dispersal. Here, we will discuss the possible mechanisms of biosilicification
in diverse naturel extremes as well as the challenges, solutions, and future directions of
extreme biosilicification for bioinspired material chemistry and applied materials science.
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Structure-function relationship in glass sponges spicules
Hermann Ehrlich (*)
(*)TU Bergakademie Freiberg, Freiberg, Germany.
E-mail: hermann.ehrlich@physik.tu-freiberg.de

Spicules, skeletal frameworks and desmas are the main forms of the silica deposition in
sponges. It is established that siliceous sponge spicules of both the Hexactinellida and
Demospongiae consist of hydrated amorphous silica. The major trace elements found in the
spicules and siliceous sponge skeletons (i.e., S, Ca, K, Na, and Cl) are also the most common
in seawater. According to the modern point of view, two different mechanisms of
silicification in sponges are proposed: enzymatic (silicatein-based) and nonenzymatic, or self
assembling (chitin- ,collagen-and glassin-based). Both inorganic and organic compounds play
crucial role in structure-function relationship in glass sponges spicules. For example,the
hierarchically structured glass sponge Caulophacus species uses thefi rst known example of a
silica and calcite biocomposite to join the spicules of its skeleton together. In the stalk and
body skeleton of this poorly known deep-sea glass sponge siliceous spicules are modifi ed by
the addition of conical calcite seeds, which then form the basis for further silica secretion to
form a spinose region.We propose that, while the low concentrations of calcium in deep sea
waters drove the evolution of silica skeletons, the brittleness of silica has led to retention of
the more resilient calcite in very low concentrations at the skeletal joints. The ability to
generate in laboratory conditions a supercontinuum phenomenon similar to that known from
man-made photonic crystal fibers resides in siliceous 20–50 cm long spicules of the glass
sponge Sericolophus hawaiicus. The internal organization of these spicules is distinguished by
a solid silica core with a 1 μm wide axial channel as well as a highly ordered silica–chitin
composite. Such a composition and organization pattern may be of potential interest for the
design of low temperature synthesis of future materials for light guidance.
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Diatoms are the dominant primary producers in surface waters of coastal and shelf regions. In
the Arctic, continental shelves account for approximately half of the total marine area, yet our
knowledge of the marine cycling of silicon for this critically climate-impacted region is
limited. The Arctic Ocean is in rapid transition as climate-induced changes, such as
accelerated loss of sea-ice and increased freshwater runoff, affect light availability and
nutrient supply, the bottom-up controls on phytoplankton productivity. To improve our
understanding of Si cycling in Arctic marine waters, we measured euphotic-zone Si utilization
rates in onboard incubation experiments using
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Si and water-column δ30Si signals from the

Labrador Sea (east), through the Canadian Arctic Archipelago, and into the open waters of the
Canada Basin (west). This study was carried out in the summer of 2015 as part of the
Canadian GEOTRACES program. Concentrations of bSiO2 and rates of Si utilization both
exhibited subsurface maxima, and followed similar spatial patterns, with a general increase
from east to west. Vertical profiles of δ30Si(OH)4 reflected both biological utilization of
Si(OH)4 in surface waters, and water mass composition throughout the entire water column,
in agreement with our previous work on the Beaufort Shelf and the Canada Basin in 2009.
The δ30Si(OH)4 signals measured in the Canada Basin and Baffin Bay also potentially reflect
Si utilization in modified Pacific water as this water mass travels from east to west through
the Canadian Arctic Archipelago. This observation is supported by the eastward decrease in
Si utilization rates and Si(OH)4 concentrations in the same direction. Our simultaneous
measurements of δ30Si(OH)4 and Si utilization rates facilitate an unprecedented comparison
between these methods and provide a powerful tool that can be used to understand marine Si
cycling from short to broad spatial and temporal scales.
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study
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The study of the interaction between living beings and silicon in its various chemical forms is
a challenging field of investigation whose results have relevant outcomes both for basic and
applied research. Here we show a comparative analysis of the biological effects generated by
animal organism interaction with silicon and/or silica, with a specific insight at the molecular
level in some well characterized marine invertebrate models. The discovery of the peculiar
capability of the marine sponge C. reniformis to engulf and etch siliceous grains was the
starting point of this research. In the following years, the physiological meaning of this
process has been revealed. We have demonstrated that the incorporation and selection of
quartz grains is a complex mechanism involving cells expressing aquaporin genes. The
dissolved silica is then released within the sponge and in the surrounding environment
modulating the gene expression of proteins specifically involved in the extracellular matrix
production (fibrillar and non fibrillar collagen, prolyl-4-hydroxylase). Siliceous rocks also
play a role in the colonization process of benthic communities, and we described the different
behavior of sponge cell models in correlation with the typology of mineral substrate. Indeed,
quartz rocks stimulate silicatein gene expression, enhance the expression of HSP70 and
determine a significant difference in primmorph morphology as compared to marble-grown
samples. The biological impact of dissolved silicon in some sponge and coral models has
been investigated as well. Our results show that silicate depletion significantly downregulates
non fibrillar collagen expression in C. reniformis. Furthermore, we established that an optimal
concentration of this element is fundamental for P. ficiformis primmorph growth and finally
evidenced a significant and unexpected enhancement of C. rubrum carbonic anhydrase gene
expression upon silicate stimulation, suggesting an intriguing role of this element also in the
control of calcium carbonate biomineralization process.
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GEOTRACES Inter-calibration of the Stable Silicon Isotope Composition of
Dissolved Silicic Acid in Seawater
Patricia Grasse(*), Mark A. Brzezinski, Damien Cardinal, Gregory F. de Souza, Per
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The first inter-calibration study of the stable silicon isotope composition of dissolved silicic
acid in seawater, δ30Si(OH)4, is presented as a contribution to the international GEOTRACES
program. Eleven laboratories from seven countries analyzed two seawater samples from the
north Pacific subtropical gyre (Station ALOHA) collected at 300 m and at 1000 m water
depth. Sampling depths were chosen to obtain samples with a relatively low (9 μmol L-1, 300
m) and a relatively high (113 μmol L-1, 1000 m) silicic acid concentration as sample
preparation differs for low- and high- concentration samples. Data for the 1000 m water
sample were not normally distributed so the median is used to represent the central tendency
for the two samples. Median δ30Si(OH)4 values of +1.66 ‰ for the low-concentration sample
and +1.25 ‰ for the high-concentration sample were obtained. Agreement among
laboratories is overall considered very good; however, small but statistically significant
differences among the mean isotope values obtained by different laboratories were detected
likely reflecting interlaboratory differences in chemical preparation including preconcentration and purification methods together with different volumes of seawater volume
analyzed, and the use of different mass spectrometers including the Neptune MC-ICP-MS
(Thermo Fisher™, Germany), the Nu Plasma MC-ICP-MS (Nu Instruments™, Wrexham,
UK), and the Finnigan™ (now Thermo Fisher™, Germany) MAT 252 IRMS. Future studies
analyzing δ30Si(OH)4 in seawater should also analyze and report values for these same two
reference waters in order to facilitate comparison of data generated among and within
laboratories over time.

26
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Recently, we have demonstrated that the protein named glassin, the main constituent in the
water-soluble fraction of the demineralized skeletal elements of hexactinellid sponges
Euplectella, accelerates silica particle formation from silicic acid under the condition of
neutral pH, room temperature, and ordinary pressure. The recombinant glassin produced by
the heterologous expression systems of Escherichia coli reproduced the activity of glassin to
promote silica formation. Accordingly, the environmentally benign silica particle formation
by glassin in conjunction with genetic engineering may provide a convenient route to protein
immobilization to silica for biosensors and bioreactors. In this study, we assessed the potential
of glassin to protein immobilization to silica using green fluorescent protein (GFP) as a
model. The gene encoding a fusion protein of glassin with GFP (glassin-GFP) was
constructed in pET vector, and glassin-GFP was expressed in E. coli expression system. By
the addition of silicic acid into glassin-GFP solution, the green fluorescent precipitation
occurred as the fluorescence in glassin-GFP solution reduced. Meanwhile, silica was not
observed in the solution of GFP alone, and green fluorescence remained in the solution of the
mixture of glassin and GFP. Therefore, GFP was immobilized to silica through the activity of
glassin without loss of the function of GFP. As a conclusion, we found that glassin has a
potential for immobilizing proteins to silica.
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In recent years sponges are emerging as relevant Si users. Nevertheless, the rates at which
they produce silica have never been measured directly but inferred from rates of silicic acid
(DSi) consumption during incubations. Such an approach has two limitations. First, DSi
consumption is equated to silica production presuming that there are not losses between both
processes. Second, DSi consumption can only be detected for relatively large, adult sponges,
which are fully grown (or nearly) and expected to use Si at lower rates than those of juvenile
sponges, which still need to grow up their silica skeletons. Here we are using radioactive 32Si
isotope to label newly produced silica, determining for the first time rates of silica production
by early juvenile stages of two demosponges, Crambe crambe from the Mediterranean Sea
and Tethya citrina from the Eastern North Atlantic. Using the radiotracer, we examined silica
production rate for each species at 3 experimental concentrations of silicic acid: natural
availability (i.e., nat= 1.6 µM for the Mediterranean and 4.6 µM for the Atlantic), 20 and 100
µM. We compared the response of the individuals at each experimental concentration after
sponges being previously conditioned for several days to ambient DSi concentrations (nat, 20
or 100 µM). Silica production rates were consistently higher in individuals preconditioned at
natural concentrations, suggesting that chronic Si starvation occurs in field conditions.
Interestingly, silica production did not reach saturation even when sponges were exposed to
100 µM Si, which is a DSi availability between one and two orders of magnitude higher than
those experienced by the sponges in their habitats. At natural concentrations, silica production
rates by the juvenile sponges averaged 12.6 nmol-Si mg-Si-1 h-1, being about 25 times higher
than rates reported previously for adult individuals. Altogether, the study unravels both Si
limitation in field conditions and marked differences in the rate at which silica is produced
over the sponge life cycle, with juvenile rates being far higher than those of adult individuals.
Yet, the inferred specific consumption rates (h-1) are at least 10 times lower than the average
known for diatoms, indicating that sponges are less efficient Si users.
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The major source of dissolved silicon (DSi) to the ocean is river input. The Arctic Ocean
receives ~10% of the global river runoff, which is higher than any other ocean. Despite the
high river input, the Arctic Ocean has persistently low DSi concentrations throughout the
whole water column. It is further marked by low particle fluxes, a strong halocline, extended
shelf areas, a seasonal sea ice cover and diatom production is restricted to a short period of
time each year. All of these factors can have direct influence on the Arctic silicon (Si) cycle,
however, very little is known about it yet. In order to gain a better understanding of the
biogeochemical cycling of Si in the Arctic Ocean, we present the first study on δ30Si in the
Nansen, Amundsen, and Makarov Basins. The samples were taken in summer from August to
October 2015 at 10 stations along a transect from the Barents Sea to the Makarov Basin in the
Central Arctic during GEOTRACES cruise PS94 with RV Polarstern. In general, the
sampling season is marked by low sea ice concentration and high river input. Samples from
the Eurasian Basin show a typical signal of surface DSi consumption by diatoms and
regeneration at depth, with low DSi (~5 µM) and high δ30Si around +2.0‰ at the surface, and
higher DSi (12 µM) and lower δ30Si around +1.4‰ at depth. In contrast, in the Central Arctic
the DSi in surface waters is as high as in deep waters (~12 µM) and shows high δ30Si of
around +2.0‰. Our first results indicate that the Transpolar Drift surface current transports
water with high DSi and potentially also particulate material from the Siberian shelves to the
central Arctic. To further investigate this influence and to identify the process leading to the
high δ30Si in the Central Arctic (i.e., diatom production vs. terrestrial influence), we will
determine δ30Si of biogenic and lithogenic Si in suspended particles from the same stations
and water depths.
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The silicic acid (DSi) is a key marine nutrient modulating ocean primary productivity. Despite
marine siliceous sponges being organisms with potential to impact on the local and regional
biogeochemical balances of DSi, little is known about their DSi consumption kinetics, with
information available for only two sponge genera. That scarcity of experimental data makes
complicate to derive reliable estimates of field DSi demands from sponge communities.
Herein we present DSi consumption kinetics of four demosponges from different families,
Hymeniacidon perlevis, Tethya citrina, Haliclona simulans, and Suberites ficus, obtained in
laboratory condition experiments. A shared trait between the studied species is that silicon
(Si) consumption increases with increasing DSi availability following a Michaelis-Menten
kinetics. Likewise, all studied species attain saturation at DSi concentration one order of
magnitude higher than DSi availability at their natural habitats. Despite these four species
living at the same habitat, important between-species differences have been noticed in the rate
of maximum DSi consumption and the saturating DSi concentration. Within species, there is
also substantial between-individual and seasonal variability in the DSi consumption
dynamics. When DSi consumption obtained in the laboratory are extrapolated to the field
considering both sponge biomass and DSi availability, the sponge communities are estimated
to consume an average of 0.115 (± 0.147) mmol Si m-2 d-1 in the area of study, the Bay of
Brest (France).
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The cycling of silicon (Si) in the ocean interacts with many relevant chemical, biological and
ecological processes, including control of primary production and removal of atmospheric
CO2. It also intertwines with the cycling of other relevant elements, such as carbon (C),
nitrogen, phosphorus, iron, etc. Because of this importance, there is wide interest in
quantifying the "journey of Si" through the world's oceans. The classical biogeochemical
model proposed to this aim rests on two major assumptions: 1) Si circulates in the ocean
under the biological control of planktonic diatoms, which use it to elaborate their skeletons of
biogenic silica (BSi), with other Si-using organisms (sponges, radiolarians, silicoflagellates,
choanoflagellates, etc) making negligible contributions to the global fluxes; and 2) the marine
Si cycle is under steady state, being the Si annually leaving the ocean —by burial of BSi in
sediments— compensated by an equivalent Si flux entering the ocean in the form of dissolved
silica (DSi). However, these two basic assumptions of the cycle have recently been
challenged, with evidence suggesting that the there is no equilibrium between Si inputs and
outputs in the current cycle model and that Si users other than diatoms could be responsible
for such a situation. Our study reveals that the classical view of a Si cycle revolving
exclusively around diatoms and their biological features represents an oversimplification of
the biological circuitry, failing to notice a secondary —but relevant— circuit fueled by
siliceous sponges. We have herein attempted a first global quantification of the fluxes and
stocks in the overlooked sponge circuit. The accommodation of the sponge role into the
global marine Si cycle leads to a more realistic global budget, also to a more complete
understanding on how Si is cycling through the modern global ocean.
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The Pliocene Camp dels Ninots maar volcanic lake (La Selva Basin, NE Spain) was filled
with lacustrine freshwater sediments. A drilling campaign from 2015 permitted to study the
lacustrine succession as well as the associated abundant silica nodules (menilitic opals). The
goals of this work are: (i) to characterize the composition, mineralogy and texture of the silica
nodules and crusts; and (ii) to constrain the potential sources of silica (biogenic vs nonbiogenic). Samples recovered from well cores and exploration trenches were studied using
optical, catodo and electron scanning microscopy, and stable oxygen isotopes of silica.
Sediments are clays (green and black) and dolostones (sometimes cemented) originated in wet
and dry periods, respectively. All sediments are diatom-rich, particularly dolostones and black
clays. Centimetre-sized menilitic opal nodules and crusts are composed of opal-A and opalCT, and mainly replace dolostones. Opal nodules usually contain preserved diatoms and
moulds when replacing diatom-rich beds, and euhedral dolomite crystals and dolomite moulds
when replacing dolostones. The δ18OV-PDB signature of silica in opal-A rich nodules yielded
values between -0.34 and +6.82‰ while opal-CT rich nodules reported values from +1.78 to
+2.65‰. Petrographic data indicate that diatoms skeletons dissolution (i.e., biogenic silica)
notably contributed to the formation and growing of opal nodules and crusts. Other probable
sources of silica are (i) the dissolution of primary opal microspheres that precipitated directly
from the lake water, and (ii) silica-rich hydrothermal fluids. The wide range of δ18OV-PDB in
opal-A nodules likely supports a multiple source. By contrast, the narrower range of δ18OV-PDB
in opal-CT suggests an enrichment in light oxygen isotopes associated with the opal-A to
opal-CT transition. This research has been supported through a grant from Repsol
Exploración to J. Miró and coring was sponsored by projects 2014-100575 and SGR2014-901
(Generalitat de Catalunya).
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Basal spicule of hexactinellid sponge Monorhaphis is the largest single biosilica-based
structure on Earth. The spicule can reach nearly 1 cm in diameter and over 2 meters of length.
It became a model of hexactinellid spicules structure and formation. We have examined new
specimens of this spicule and have discovered that some descriptions and interpretations of
the Monorhaphis spicule structures reported by Müller and his co-workers must be
questioned. According to their observations, the majority of the spicule body is composed of
regular smooth siliceous laminae, but two most external layers differ in morphology and
structure. The most external layer called “banded ribbon layer” was first described as made of
a solid fibrous collagen but later its siliceous composition has been proven. The sculpture of
the layer occurring directly below was described as depressions with elevated rims that
housed sclerocytes. Our studies show that such complex structure characterize only part of the
spicule and have confirmed that the ribbon layer is siliceous, not organic. We found that, in
opposition to a solid glassy structure of all more internal lamellae, banded ribbon layer is
porous and composed of granular silica. On the contrary to earlier reports, we can
demonstrate that the penultimate layer is covered with regularly developed and distributed
elevations, not with depressions. Those regularly developed elevations fit tightly into
depressions in the lower (overhanging) surface of the banded ribbon layer. The structure of
the penultimate layer is exactly the same as all internal lamella, i.e. glassy and without visible
porosity. Our observations show that the elevations in Monorhaphis spicules are developed by
progressive folding of the surface of superimposed thinner layers. It is not clear why and how
such structures developed, but we speculate that the outer banded ribbon layer of silica may
be an adaptation to help sponge to keep on the spicules and not to glide down on a very
smooth silica surface. The elevations of the penultimate layer that fit into depressions of the
lower surface of banded ribbon layer help to stabilize (fix) this layer. Supported by the Polish
NSC Grant 2016/21/B/ST10/02332, to A. Pisera.
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The quantitative role of vegetation in silicon cycling at the Earth surface remains poorly
known. To this endeavor, we investigated the silicon isotopic fractionations during waterplant-rock interactions in a tropical forested experimental watershed of Mule Hole (Southern
India) to assess: (1) the homogeneity of 30Si in litter (tree leaves, grass) and soil amorphous
silica (ASi), (2) the 30Si produced during phytolith dissolution, (3) the isotopic silica budget
at the soil-plant scale and (4) the consistency between water sources and 30Si variations in a
short-lived stream. The 30Si of present-day litter phytoliths and soil ASi varies within a
narrow range, from 1.10 to 1.40‰ for almost all samples, making the 30Si a possible proxy
of litter/phytolith contribution to silica budgets. Litter-ash dissolution exhibits 30Si as low as
-1.41‰ after few minutes of water-ash interaction, but phytolith composition (>1‰) is
recovered after few hours. At the soil-plant scale, the average 30Si of soil infiltrating
solutions confirms phytoliths as the source of soil dissolved Si. The isotopic budget of
dissolved Si within the soil layer implies that up to 4400mol.ha-1.yr-1 of silica could be taken
up by the vegetation, which is twice more than the initial estimation from the solute budget
only. Assuming a Rayleigh model once Si is taken up by plants, the additional silica (likely
stored in woody stems) should have a 30Si close to 0‰, i.e. enriched in light Si isotopes
compared to the litter. Possible Si sources include weathering of Al-poor primary minerals
from the soil, desorption from soil clays or deep root uptake. At the outlet of the watershed,
the stream exhibits low 30Si (0.28 to 0.71‰) during peak flows and high 30Si (1.29 to
1.61‰) during recessions, at the end of the rainy season. While heavy 30Si signatures
correspond to soil seepage contribution, the light 30Si during peak flow is not matching the
overland flow signature. A minor but significant contribution of phytoliths dissolution from
the suspended load may explain the low 30Si. This study highlights the potential of 30Si for
improving silica budgets at both soil-plant and watershed scales.
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Siberian rivers drain vast permanently frozen organic-rich soils, covered by larch taiga,
deciduous and coniferous forest, and deliver significant amount of nutrients including Si to
the Arctic Ocean. In contrast to reliable quantification of element fluxes in the low reaches of
the great Arctic Rivers (works of PARTNERS and ARCTIC-GRO group), the features of
riverine transport and mechanisms in small rivers or tributaries of large rivers remain totally
unknown. Si is one of the main nutrient which is controlled by i) silicate rock weathering and
secondary clay precipitation in soils, ii) plant litter leaching in the upper soil horizon and iii)
uptake by plants, riverine macrophytes and diatoms in the river channel. Based on recently
acquired information on Si concentration and fluxes in small and medium size western
Siberian rivers (Pokrovsky et al., Biogeosciences, 2015), Si isotope fractionation in the
Yenisey River and Central Siberian Plateau (Pokrovsky et al., Chem. Geol. 2013; Mavromatis
et al., Geochim Cosmochim Acta 2014, 2016), here we quantify the change of Si sources in
rivers depending on season, latitude and permafrost extent. In Central Siberia and Yenisey
watershed, we discuss the efficiency of using Si isotopes for tracing Si sources for larch in the
course of summer season and we demonstrate how Si isotopes can be used to characterize the
soil thawing and formation of secondary minerals in deep underground waters that fed the
rivers via unfrozen taliks in winter. In small rivers of the western Siberian lowland, we show
that, while Si concentration was almost unaffected by the latitude over all seasons, the Si flux
systematically increased northward suggesting decreasing role of secondary mineral
formation in soil and the vegetation uptake. Finally, in response to climate warming and
thickening of the active layer, we foresee a decrease of Si export fluxes in the north, and the
shift from organic surface to the deep mineral horizons of soils that provide Si source to
plants. Under climate warming scenario in western Siberia, Si fluxes will either remain
constant or decrease two-fold in the permafrost-bearing zone relative to the permafrost-free
zone.
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Living organisms produce silicon biominerals through physiological activities under mild and
harmless conditions in contrast to silicon-based man-made products, often manufactured
through processes with high energy-consumption and harsh impacts on the environment.
Understanding of the mechanisms on silicon biomineralization is expected to offer the
prospect of developing environmentally benign routes to synthesize silicon-based materials.
The sponges produce silica spicules in a large quantity, making these organisms tractable for
analyses of the proteins occluded in biosilica. We have identified two key proteins in sponge
silicon biominerals, “silicatein” from silica spicules of the demosponge Tethya auratium and
“glassin” from the hexactinellid sponge genus Euplectella. Silicatein is a constituent of the
protein axial filaments in the silica spicules, playing its role as a template for silicification,
and is a member of the papain-like cysteine protease superfamily, catalyzing hydrolysis of
silicon alkoxides and polycondensation of silica. Following studies demonstrate the capability
of silicatein to synthesis of silicon-based materials as well as various metal oxide materials
and organic polymers at the ambient conditions. Glassin is a water-soluble histidine-rich
protein that directs acceleration of silica precipitation from silicic acid at neutral pH and room
temperature. Although glassin has not fully been characterized yet, the environmentally
benign silica particle formation by glassin may provide a convenient route to protein
immobilization to silica for biosensors and bioreactors.
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Most of the biogenic silica (BSi) found in marine sediments has traditionally been assumed to
occur as diatom frustules. Other organisms, as, for instance, sponges also produce BSi to form
their siliceous skeleton, but their contribution to BSi in the marine sediments remains largely
unquantified. We herein quantify the biogenic silica (BSi) in the sediments of a Posidonia
oceanica meadow, comparing the relative contribution of diatom and sponge BSi content over
the length of a 521 cm long core collected from Portlligat Bay (Spain), North West
Mediterranean. We estimated the mass of BSi in the form of sponge skeletons by examining
through light microscopy a total of 107 sediment samples buried between 1 and 521 cm. We
also conducted wet alkaline digestion of sediment samples collected from burial depths at 1,
51, 100, 201, 351, and 501 cm to estimate diatom BSi content. Sponge spicules (or their
fragments) were found at all burial depths. The comparison between sponge and diatom BSi
content revealed that, unlike traditionally assumed, sponge BSi —not diatom BSi— dominate
the sediments of the meadow. The analyses of sponge BSi content with burial depth reflected
not only the capability of the sponge silica for preservation during burial, but also that
deposition rates of sponge BSi may have shifted drastically during the Holocene. The
sediment record suggests that peaks of massive sponge mortality have irregularly occurred,
scattered over the last four millennia.
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“BeautSi” and the Beast: the faunistic Si cycling machine
Eric Struyf (*), Jonas Schoelynck
(*) University of Antwerp, Global Change Ecology Centre, Universiteitsplein 1, B2610 Antwerpen.
E-mail: eric.struyf@uantwerp.be

In the past decades, a multitude of studies have shown that vegetation processes a large part
of the Si that emerges from mineral weathering. Vegetation, the associated ecosystems and
soils form “a filter” on the terrestrial Si budget, which is often determinant for transport of Si
from land to oceans. In contrast, animals have remained below the radar of most Si
biogeochemists. Except for the intriguing work on Si cycling by sponges and the impact of Si
in grasses on small rodent populations, few studies have focused on faunistic Si controls. Yet,
there are hints from other biogeochemical cycles that this is a mistake. Animals play an
important role in the distribution of resources across landscapes, as they ingest and process
large quantities of food. As an example, lateral phosphorous transport in the Amazon basin
dropped by 98 % following late-Pleistocene megafauna extinctions. First, we will present an
overview of some studies that point to the importance of the faunistic Si processing machine
for the biogeochemical Si cycle. Terrestrial and aquatic grazers, from large domestic grazers
to small zooplankton, digest biogenic Si rich material, strongly increasing its dissolution
potential, thus increasing ecosystem cycling rates (and potential Si leakiness). The diurnal
feeding pattern of African hippopotamus makes it a gigantic Si vector, transferring grass BSi
directly into rivers, with crucial importance for riverine Si transport and lake phytoplankton.
Second, we want to stress some potential overlooked but essential components of faunal Si
cycling. Ants e.g. annually process over half of the worldwide grass biomass, and potentially
have a beast of an influence on biogeochemical Si cycling. The same accounts for
earthworms, that process a large part of recently deposited soils in ecosystems worldwide.
And what to think of aquatic shredders, that crush plants and aquatic deposits alike in the
riverine continuum? Animals might well be the forgotten machinery in the global
biogeochemical Si cycle.
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Diatom isotope records from Lake Baikal: an enigma or opportunity?
George E.A. Swann(*), Virginia Panizzo, Melanie J. Leng, Anson W. Mackay, Hilary J.
Sloane, Andrea M. Snelling, Sarah L. Roberts, Elena G. Vologina
(*) School of Geography, University of Nottingham, University Park, Nottingham, NG7 2RD, UK
E-mail: george.swann@nottingham.ac.uk

Lake Baikal, Siberia, is the world’s oldest and deepest lake. With an uninterrupted sediment
record spanning the past c. 20 million years, the site provides an unrivalled opportunity to
examine the climate variability of the region and assess its vulnerability to anthropogenic
activity. Over the past 15 years a number of diatom isotope records have been published from
Lake Baikal, covering the last 500,000 years, in order to provide insights into the wider
environmental conditions around this UNESCO World Heritage Site. Existing diatom δ18O
records have been interpreted to reflect the spatial distribution of precipitation in the region
which can in turn be linked to the prevailing air masses over Central Asia. However, these
records have often been heavily affected by issues of sample contamination and an absence of
data from glacial periods when sediments are “diatom barren” due to reduced productivity,
bacterial action and grazing by zooplankton. Here we present results from a set of cores and
modern samples collected across Lake Baikal that clearly constrains the environmental
signature recorded in diatom oxygen and silicon isotopes. By analysing a new sediment core
from Lake Baikal that contains a fully preserved diatom record through the last glacial, for the
first time we are able to document how the regional climate and water column have evolved
through the last glacial and into the Anthropocene.
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The role of diatoms in the biological carbon pump
Paul Tréguer (*)
(*) Université de Bretagne Occidentale - Institut Universitaire Européen de la Mer, Rue Dumont D’Urville,
29280 Plouzané, France.
E-mail: Paul.Treguer@univ-brest.fr

Diatoms are obligate autotrophic siliceous micro-eukaryotes contributing around one half of
global depth-integrated marine primary production and export production. Beyond the
classical view of diatoms as being abundant in nutrient-rich waters, both observations and
models indicate their dominance in meso/submesoscale structures like fronts. Furthermore,
evidence is emerging that diatoms are not only efficient transporters of organic carbon to the
mesopelagic layer, but can also transport it to the CO2 sequestration layer. High resolution
observations and simulations together with genomic tools are changing our understanding of
processes regulating and regulated by diatom diversity and abundance. Diatoms show wide
variations in morphology, elemental composition, and aggregate formation/composition.
These properties control organic matter composition and sinking speed, which are critical for
carbon export and sequestration. To better understand their contributions to biogeochemical
processes, we propose to change our representation of diatoms as one homogeneous
functional group and rather consider their specific diversity, trait-based physiologies, and
differentiated impacts on the carbon cycle. Most models predict a decline of diatom
abundance in the future ocean, however we believe that such predictions also need to address
the impacts of physical and chemical changes on diatom diversity, their interactions with
other components of marine ecosystems, and their complex life histories.
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Land use change affect biogenic silica pool distribution in a subtropical soil
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Cornelis, Lúcia Barão, Jean Minella, Patrick Meire, Eric Struyf
(*) Ecosystem Management Research Group, Department of Biology, University of Antwerp, Universitetsplein
1C. 2610 Wilrijk, Belgium
E-mail: dacil.unzuebelmonte@uantwerpen.be

The Si cycle is a globally important biogeochemical cycle. Among other fractions in soils
containing Si, the biogenic silica (BSi) is the most soluble form that supply dissolve silicon
(DSi) to plants. We scarcely know the effects of multiple global changes on this BSi pool. In
the present study we focused on the effects of the slope, as a representation of erosion, and
land use change on the terrestrial biogenic Si pool in a subtropical basaltic soil in the south of
Brazil. Soil bulk samples were collected in four sites: a natural forest and a cropland
(deforested 50 years ago), both with two different slopes (a gentle and a steep slope). Soil
collected from 3-4 positions along the slope was sampled and analyzed using a recent
developed continuous alkaline extraction (in NaOH) of silica and aluminum (Barão et al.,
2014). This method allows us to distinguish different high-soluble silica fractions (in NaOH)
according to their origin based on the Si/Al ratios showed: biogenic alkaline extractable Si
(biogenic AlkExSi) fractions (ratios above 5) and non-biogenic AlkExSi fractions (e.g.
secondary clay minerals or oxides, ratios below 5). Using previous methods this distinction
wouldn’t have been possible without using physical separation. Overall, croplands showed a
10 and 53% (gentle and steep slope respectively) reduction in the total amount of biogenic
AlkExSi, compared to the forest. Our study shows how rapidly deforestation may deplete the
biogenic silica pool of subtropical soils in a short-term (50 years). Our results also show a
huge increase of biogenic AlkExSi deposition up to 66% at the bottom of a steep slope,
showing a clear impact of erosion processes. The effects of land use changes and erosion lead
to severe changes on the availability of ready-soluble silica and consequently on the amount
exported from the watershed to the river, which may lead therefore to changes in the global Si
cycle.
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Diatoms are one of the largest contributors to primary productivity in the modern ocean, and
dominate the cycling of silicon (Si) in surface waters due to their strict requirement for Si to
form their silica (SiO2) cell walls. Therefore, SiO2 deposition rates can be used as a proxy for
diatom production in the oceans. The production rate of SiO2 by a diatom assemblage can be
determined with radioactive and stable Si isotopic tracers in enrichment experiments, or
simply by measuring the accumulation of biogenic SiO2 over time during field incubations.
However, while the measurement of total diatom production is critically valuable for
assessing the capacity of a particular marine system to produce diatom-derived organic carbon
and biogenic SiO2, it does not illuminate the role of different diatom taxa to the total
production of an assemblage. To tease this out, we improved a widefield epifluorescence
microscopy technique to image and quantify SiO2 deposition by mixed diatom assemblages
and by individual diatom cells using the fluorescent dye PDMPO as a tracer. The accuracy of
this technique was confirmed using 2-photon laser scanning microscopy. We tested different
widefield microscope configurations and found that, compared to results obtained with 2photon microscopy, PDMPO fluorescence was underestimated by up to 25% in larger, thicker
cells when using high magnification, high numerical aperture objectives.

In contrast,

PDMPO fluorescence was well estimated when lower magnification, lower numerical
aperture objectives were employed. During July 2015, we compared whole-assemblage Si
production rates from shipboard incubation experiments using PDMPO, the radioactive tracer
32

Si and the accumulation of biogenic SiO2 in Arctic waters of the Bering and Chukchi Seas.

We also measured PDMPO fluorescence per cell and identified the diatom taxa. Our results
show poor correlation between the relative abundance of diatom genera and their contribution
to total SiO2 production. We conclude that the abundant genera are not always the ones doing
the heavy lifting, and those less numerically dominant could have a larger contribution to
whole-assemblage SiO2 production.

42
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Asher Wishkerman(*), Itamar Abargel, Ariel Chazan, Shachar Jerushalmi, Yuval Lehman,
Shir Pessach, Shoshana Arad (Malis)
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Diatoms (Bacillariophyceae) are eukaryotic unicellular autotrophic organisms (2-200
micrometers) and the most species-rich group of algae. They appear ubiquitously in aqueous
environments and are the predominant contributors to biosilica formation in the oceans.
Diatoms are characterized by a silicified cell wall called a frustule that consists of two parts
called thecae. The study of nanomaterials has been emerging throughout the last few decades
due to their incredible applications in all aspects of human life. The synthesis of nanoparticles
has been extensively studied due to their specific characteristics such as catalytic activity,
electronic properties and antimicrobial capabilities. Diatom cells with their great diversity of
geometrical shapes and its ideal hierarchy structure are a promising system for green
synthesis of nanomaterials like nanoparticles (NPs), nanostructured polymers and other
nanomaterials bypassing methods like attrition and pyrolysis while also reducing the cost and
the toxic substances often used. Silver nanoparticles (AgNPs) synthesis using natural
organisms has become a major research area in the field of nanotechnology. Therefore,
AgNPs biosynthesis by diatom cultures, which can be done at ambient CO2 concentrations,
temperature and pressure, offers a sustainable green alternative solution. In this work, we
examined the formation of silver NPs (AgNPs) by the diatom P. tricornutum cultivated at
25°C for a period of 8 days using common fluorescent and open-sourced LED light systems.
Using this approach, diatom cultures were grown throughout the duration of the experiment in
an artificial seawater (ASW)-f/2 medium where 1 ppm Ag+ was added on experimental day 4.
As seen in previous results, 1 ppm Ag+ reduces the P. tricornutum growth by up to 50% as
compared with the control. Scanning Electron Microscopy (SEM) in combination with
Energy Dispersive Spectrometry (EDS) revealed the presence of AgNPs nanoparticles with
different sizes which 80% of them were under 100 nm associated with the diatom frustules
and extracellular polysaccharides. These results open several possibilities in the development
of new nanomaterials by diatoms and permit examination of their properties by tuning the
particle size, shape and distribution.
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From diatoms to chert: the exchangeability of oxygen during diagenesis of
silica
Anastasia G. Yanchilina(*), Ruth Yam, Aldo Shemesh
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E-mail: anastasia.yanchilina@weizmann.ac.il

It has been recognized that amorphous biogenic opal has a certain amount of loose oxygen
atoms within the diatom silica structure that exchange with the external water, altering the
original 18O of the silica. These exchangeable oxygens are found in the hydroxyl and water
molecules within the silica tetrahedral groups of the diatom’s silica shell. The amount of the
exchangeable oxygen can be removed after application of isotopic exchange followed by high
temperature recrystallization of the silica. The amount of exchangeable oxygen in opal-CT, a
diagenetic product of amorphous biogenic opal, is not well known and has not been well
studied. Without taking the amount of exchangeable oxygen in opal-CT into account, the
original 18O value of opal-CT cannot be measured and cannot be used for paleoceanographic
interpretations. We present preliminary 18O measurements of the diatom fraction of deep
ocean sediments across opal-A to opal-CT transition to isolate if and what isotopic alteration
potentially has occurred during the evolution and aging of silica. We also present 18O
measurements of opal-CT after subjecting it to a series of isotope exchange experiments
under different conditions of temperature and time to constrain the kinetics of exchangeable
oxygen inherent of opal CT.
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Understanding the formation of modern diatomite in Yellowstone Lake and
Northern Swedish lakes
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The sediments of some lakes in Northern Sweden, as well as the Yellowstone Lake, USA,
contain high concentrations of biogenic silica (60wt% as SiO2) that is accumulated in the
form of diatomite. Many factors play a role in the formation of these modern diatomites: in
the case of Yellowstone Lake it may be the abundant supply of dissolved silica (DSi) from
hydrothermal vents on the lake floor, whereas in the Northern Swedish lakes the factors are
not so easy to identify. Yellowstone Lake is a part of the Yellowstone caldera, which exhibits
volcanic activity in the form of hydrothermal vents, geysers, seismicity and inflation-deflation
of the whole area. The concentration of DSi near hydrothermal vents in Yellowstone Lake
and surrounding areas is extremely high, and silica precipitation forms sinters, which are
deposits of opaline or amorphous silica that occur as incrustations around hot springs. In spite
of extensive research in Yellowstone National Park, the Yellowstone Lake diatomites are
poorly investigated. Therefore, we aim to explore the influences on the formation of diatomite
in diametrically different study sites. We will construct a silicon isotope mass balance of
several lakes to identify the sources of silica and processes of diatomite formation. In the case
of Yellowstone Lake, we expect to detect an influence of inflation-deflation cycles of the
whole volcanic area, as well as test if there is an influence of seismic activity on DSi inputs
and isotope composition. Moreover, differences in silica fractionation occur due to biological
activity, silica precipitation and chemical weathering. Focusing on these differences, we will
be able to distinguish which source of silica dominates the formation of diatomite at each of
the study sites. Lakes are considered a sink or a pool in the global silica cycle, therefore it is
important for us to understand the processes and sources of the stored silica especially in
lakes with modern diatomite formation. By identifying the driving factors of diatomite
formation, we will be able to explain why diatomites are formed in some lakes and why they
are not preserved in other lakes.
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Here we present the first dataset of δ30Si values for dissolved silica (DSi) in the water column
of the Baltic Sea to examine the processes controlling DSi dynamics. DSi concentrations and
δ30Si were measured at 11 sampling locations at different water depths along a gradient from
the Northern Baltic Proper to the North Sea in March 2016. DSi concentrations in the water
column vary from 0.1 to 62.8 μmol/l, whereas the δ30Si values cover a range from 1.24‰ to
2.29‰ (2SD=0.09‰). DSi concentrations are generally low in the surface water and increase
with depth, whereas the pattern reverses in the case of δ30Si in the North Sea and the western
Baltic Sea, similar to those reported in other marine systems. In contrast, the vertical
distribution of DSi and δ30Si is quite different in the Gotland Basin (the eastern Baltic Sea),
where δ30Si values increase with elevated DSi concentrations with depth.
The δ30Si distribution displays a large variation in the upper 100 meters of the water column
with values decreasing from the Kattegat to the Gotland Basin, primarily due to an earlier
start to the spring diatom bloom from west to east, which reflects the dominant role of
biological processes in governing Si biogeochemistry in the surface waters. Lighter δ30Si
values were observed in the Gotland Basin presumably from riverine input. Meanwhile, small
variations of δ30Si values were observed in the deep waters (below 100m), which is possibly
caused by several salty water intrusions from the North Sea carrying different δ30Si values.
We also find higher DSi concentrations, but lighter δ30Si signals, in the bottom waters of two
anoxic stations, which suggests an additional source of DSi from enhanced in situ particle
dissolution in the benthic layer and/or enhanced release from sediments under anoxic
conditions. These results imply changes in oxygen conditions could modify the
biogeochemical cycling of Si and δ30Si values.
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Tracing bioavailable silicon in soils using silicon isotopes and Ge/Si ratios
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Recent studies have shown that intensive cropping may deplete the bioavailable Si in soils.
The extent of this disturbance is not yet quantified and may potentially affect the yields of
crops that are Si accumulators. In order to evaluate the impact of straw exportation on soil Si
stocks, a better understanding of mechanisms controlling the bioavailability of Si in soils is
required. In this respect, long-term pot experiments were conducted to simulate soil Si
depletion due to intensive wheat growth. Wheat (Triticum turgidum L.) was grown eight
times on three contrasted soils: an aric podzol, an andosol and a calcosol. These soils are
contrasted in term of clay size distribution (<2µm; 2.0%; 12.4%; 27.7%, respectively), SiO2
concentrations (93.4%; 32.4%; 45.1%) and organic matter content (20.4; 88.3; 14.4 g Corg/kg)
and are thus presumed to reflect French soils variability in term of Si dynamics. Silicon
isotopic compositions δ30Si and Ge/Si ratios were analyzed in different compartments of the
soil-plant system of the eighth harvest: soil, roots and shoots. First results show differing δ30Si
and Ge/Si values in shoots according to the soils on which plant grew: shoots display δ30Si
signatures about -0.68±0.12‰, -0.33±0.02‰ up to +1.04±0.18‰ for podzol (δ30Si = 0.17±0.14‰), andosol (δ30Si = -0.57±0.13‰) and calcosol (δ30Si = -0.11±0.13‰),
respectively. Similarly, Ge/Si ratios of shoots vary from 0.99±0.26 µmol/mol (podzol;
Ge/Sipodzol= 0.11±0.01 µmol/mol) to 0.21±0.01 µmol/mol (andosol; Ge/Siandosol= 0.39±0.02
µmol/mol) with intermediate value at 0.24±0.01 µmol/mol (calcosol; Ge/Sicalcosol= 0.26±0.03
µmol/mol). It is clear that the observed contrast in the shoot δ30Si and Ge/Si values reflect
some soil-related mineralogical control. With δ30Si and Ge/Si ratios of soil solutions and clay
sized fractions in combination to other data (e.g., major elements, mineralogical data, etc), we
will attempt to better understand Si dynamics in each soil and particularly to identify the
different Si pools contributing to bioavailable Si. This work is supported by the BIOSiSOL
project (ANR-14-CE01-0002.)
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Diatoms constitute the main primary producers in the Southern Ocean, exporting organic
carbon and biogenic opal to the oceans interior. Southern Ocean diatom production is linked
to sea surface temperature, water mass stability, nutrient supply and sea ice. Diatom
productivity and export affects the global carbon cycle via CO2 fixation and carbon
sequestration, giving the Southern Ocean the potential to regulate global climate via changes
in bioproductivity, circulation regimes and sea ice cover. Sediment-derived diatom time series
provide information on glacial/interglacial changes in bioproductivity, sea surface
temperature and sea ice extent. The diatom group Chaetoceros reflects a high-carbon/low
silica export regime, whereas the abundance of Fragilariopsis kerguelensis frustules indicates
low-carbon/high-silica regimes. Changes in relative abundance of these two types of diatoms
in the sedimentary record reflect past changes/shifts in productivity regimes. Sea surface
summer temperatures and winter sea ice extent are quantitatively determined via transfer
functions on diatom census. Stable isotope measurements on biogenic opal (∂30Si, ∂18O)
provide information on nutrient utilization and water mass structures. In this study we present
combined methodologies of diatom abundance analysis, transfer functions and opal isotope
measurements for glacial/interglacial paleoenvironmental reconstructions of the upper water
column demonstrated on two sediment cores from the Atlantic sector of the Southern Ocean.
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Sponges incorporate silicic acid (DSi) from seawater and polymerize it into biogenic silica
(BSi), producing siliceous skeletal pieces known as spicules. About 80% of the 8850 known
sponge species have silica skeletons. Traditionally, the sizes and types of spicules
characterizing a sponge have been considered crucial taxonomic features, used to build the
systematic classification of sponges. Herein we assess the level at which the availability of
DSi can affect spicule production and which taxonomic consequence it would have, if any.
The assayed demosponge was Tethya citrina (Family Tethyidae). The skeleton of this species,
when growing in natural field conditions, is characterized by three types of spicules: 1)
strongyloxea (needle-like spicules with one blunt end), 2) small star-like spicules (micrasters:
10-15 µm Ø), and 3) large star-like spicules (megaster: 30-50 µm Ø). Starting from asexuallyproduced buds, we cultured juveniles individuals of T. citrina for 8 months in laboratory
controlled conditions, under five levels of DSi availability (1, 20, 50, 100 and 200 µM Si).
We examined the production of spicules during that period and tested for differences in size
of the spicule types as a function of DSi availability. Ten individuals for each DSi
concentration were inspected, measuring length and diameter of 100 strongyloxeas and
diameter of 50 asters of each type to support the statistical analyses. Significant difference in
size between DSi concentrations were found in all spicule types (p<0.001). The most
remarkable differences were that 1) under the lowest DSi concentration, the megaster
category is not even produced and 2) that the diameter of both strongyloxeas and asters-like
spicules increased with increasing DSi concentration. Additionally, the abundance and
morphology of megasters changed with DSi availability, becoming massive spicules
(hypersilicified) at high DSi concentrations (100 and 200 µM). These results show that the
production of the silica skeleton in the genus Tethya is not only under genetic control but also
affected by environmental factors (i.e., DSi availability). Such a so-far unnoticed process may
have led to misinterpretations of the "species concept" in Tethya and other demosponge
genera, which are often established on the base of spicule types and sizes.
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Investigations within the last decades demonstrated the importance of the silica (Si) cycle for
the climate system by highlighting the role of diatoms – siliceous phytoplankton – in
transporting carbon and other nutrients to the deep ocean (the ‘biological pump’). Si isotopes
can be used to detect changes in Si fluxes and utilization influenced by climate variations and
human impact. However, the transfer of Si from the continents to the ocean is still not fully
understood and needs more attention. Coastal marine ecosystems are sensitive to changes in
nutrient loads and climate variations and can be seen as the linkage between the terrestrial and
the marine Si cycles. The Chesapeake Bay, an estuary at the East Coast of North America, is a
well-studied environment with a constrained settlement history (European settlement around
250BP). Many different sedimentary proxies reveal the influence of deforestation, land use
and altered nutrient fluxes on the Chesapeake Bay ecosystem. For example, increased nutrient
loads over the last centuries enhanced the production of diatoms (which dominate the primary
production of Chesapeake Bay) and led to a decrease in diatom diversity. The terrestrial Si
pool drained by rivers and ground water flows regulates the availability of dissolved silica
(DSi) in Chesapeake Bay. Changes in the watershed caused by variations in precipitation
pattern or land use changes are likely to have a significant effect on Si fluxes to the estuary.
To investigate past Si fluxes in the Chesapeake Bay we measured biogenic silica (BSi) and
δ30Si in diatom frustules of two sediment cores, covering the Holocene. One site is located in
a proximal position towards the main inflow, the Susquehanna River, while the other is closer
to the Atlantic Ocean. A comparative approach will allow us to disentangle the effect of
changing mixing conditions vs. changing end-member composition (i.e. the signal of climate
and human activity on terrestrial Si cycling). The results of our studies will provide
information about the variation in supply and utilization of Si in the Chesapeake Bay through
time and lead to an improved understanding of the mechanisms driving Si delivery into the
oceans.
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The Equatorial Pacific, one of the largest oceanic sources of carbon dioxide, contributes to up
to 2/3 of the marine CO2 release to the atmosphere today. Biological productivity and the
associated fixation of carbon in the Eastern Equatorial Pacific (EEP) surface do not efficiently
compensate for the physical release of CO2 via upwelling of subsurface waters. This
inefficiency of the biological carbon pump in drawing down CO2 is attributed to the lack of
biologically available iron, an important micronutrient for marine phytoplankton. An
additional consequence is that a significant portion of the upwelled macronutrients (nitrate &
phosphate) remains unutilised by the biota, making it one of the major High Nitrate Low
Chlorophyl (HNLC) regions in the world’s ocean. The decline in atmospheric CO2 during the
last glacial period has been attributed to a more efficient biological pump in the EEP
promoted by enhanced air-borne Fe supply.

However, it is not clear whether the EEP

behaved as a source of CO2 during the deglaciation (18-10 ka BP), a critical time period when
atmospheric CO2 levels were rising and mass balance arguments attribute this increase to an
oceanic source. While direct measurement of CO2 fluxes in the past is not possible, we can
reconstruct and evaluate conditions that would lead to degassing of CO2 using a suite of
diatom-bound geochemical proxies. (1) Fe contents in diatom remains (frustules) can tell us
whether diatoms grew in Fe replete or depleted condition based on modern calibration. (2) Fe
limitation leads to changes in the relative utlisation of other macronutrients (nitrate and
silicate). We can measure past changes in the relative utilisation of these macronutrients using
30Si and 15N in sediment cores from the EEP. Using these tracers, we confirm that
biological productivity increased during the last glacial period compared to the Holocene due
to iron fertilisation. During the deglaciation however, despite decreasing Fe supply, organic
carbon export remained high due to high biological productivity sustained by the injection of
nutrient-rich water, probably from the Southern Ocean, into the equatorial undercurrent.
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