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Abstract
We report the formation of gas-vesicle stalked aggregates formed by a mucoid-sediment
layer colonized by pennate diatoms and occasional centric diatoms. The most frequently
occurring diatoms within this layer belonged to Pleurosigma sp., with less abundance in
the stalk. Aggregates stayed attached to the sediment up to ten days until the buoyant
force was suﬃcient to release them from the bottom. The structures were observed
twice, in outdoor tanks (250 L) containing marine sediments in ﬁltered seawater under
natural light cycle and ambient temperature (-1.3 to 0.6 ºC), after 15 days. Whether this
mechanism occurs in the ﬁeld awaits elucidation. However, it stands out as a pathway
for benthic diatom dispersion, resuspension and benthic-pelagic coupling for Antarctic
coastal systems.
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Introduction
Benthic microbial mats are a common feature in Antarctic lake beds and are primarily
comprised of cyanobacteria associated with pennate diatoms [1]. They contribute to the
biostabilization of soft bottoms and can be the most abundant and productive ecosystems in continental Antarctica [2]. Several morphotypes are recognised, including some
ﬂoating types [1] [3] [4]. Fewer references are available for marine systems, such as intertidal sandy ‘sediment rafting’, where diatom extracellular mucopolysaccharides dry
out during low tide, peel oﬀ the substratum and ﬂoat onto the water surface carrying
sand grains together [5]. The importance of ﬂoating diatoms associations is recognized
since they are involved in the dispersion of species or communities, but also in the removal and transport of organic and inorganic matter [6]. In addition, they may play a
major role in the benthic-pelagic coupling, contributing to the energy and matter ﬂow,
and nutrient cycling [4].

Objective
Report of the development and release of gas-ﬁlled-aggregates of benthic diatoms on
Antarctic marine sediments.
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Figure Legend
Figure 1. Gas-vesicle aggregates of benthic diatoms.
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(A) In situ picture of the benthic diatoms aggregates attached to the bottom of the outdoor tank.
(B) Closer view of a recently released aggregate kept in ﬁltered seawater.
(C) Mucoid layer of the aggregates.
(D) Diatoms occurring in the aggregate; note the dominance of Pleurosigma sp.

Results & Discussion
The development and release of gas-ﬁlled, aggregates formed by diatoms immersed in
a marine mucoid-sediment layer were observed. They consisted of a gas-ﬁlled aggregate stalked structure (5.4–5.6 mm in diameter and 1–3 cm height including the stalk)
(Fig. 1A, 1B). The microscopic assessment of collected aggregates, allowed us to identify a mucoid-sediment layer colonized by living diatoms (Fig. 1C) and the occurrence
of bacteria.
The structures were composed mainly of pennate diatoms with occasional centric diatoms. A general lower abundance of diatoms was observed in the stalk compared to
the gas-ﬁlled part (Fig. 1D). The most frequently occurring and by far dominant genus
within the layer belonged to Pleurosigma sp. (Fig. 1C, 1D). Other occurring pennate taxa
were Achnanthes, Amphora, Cocconeis, Fragilaria, Gyrosigma, Licmophora, Nitzschia and
naviculoids.
Aggregates stayed attached to the sediments by their elongated stalks for up to 10 days
until the buoyant force was suﬃcient to release them from the bottom. We were not able
to characterize the gas entrapped in the head of the structure, nor the origin of it. We
assume that buoyancy was caused by the accumulation of photosynthetically produced
gases (probably oxygen) according with [1], [7], [8].
In coincidence with [9] and [6], these structures developed and released in stable bed
sediments, in the absence of currents and under a presumably high light intensity. Our
system was characterized also by the absence of mesograzers. High light intensity after
sea ice melting in early summer or resuspension of bottom sediment have been ascribed
as main drivers of increased abundances of benthic diatoms in Antarctic nearshore waters [10] [11] [12]. We recognized these three as potential drivers of our ﬁnding. Light
intensity seems to be a key factor involved in the occurrence of stalked gas-aggregates
formation [1] [6]. Photosynthetically active radiation (PAR) in Potter Cove during summer can be 734 (+291) µmol m-2 s-1 [13] below the surface (10 cm) which is much higher
than 0.4 to 1.2 µmol m-2 s-1 reported by [1]. While such high radiation may have a potentially detrimental eﬀect, Antarctic marine benthic diatoms are highly resistant to UV
radiation [14]. Sediments were artiﬁcially resuspended in the tanks and were let to settle
in stable bed sediments exposed to high radiation. Resuspension may be relevant before
stabilization of the sediment bed, by making nutrients conﬁned in sediments available
for diatom growth [15]. As the tanks were set outdoor and there were snowfall and
light rain in some days, we assume that some change in salinity may have occurred.
However, we dismiss any potential negative eﬀect on diatoms, since low salinity (even
artiﬁcially extreme values) on marine pennate benthic diatoms has no evident eﬀect on
growth or photosynthetic activity [16].

Conclusions
Floating aggregates of diatoms have been described in the Arctic, occurring underneath
sea ice and in melt ponds, related to high light radiance, low salinity and nutrients
depletion [7] [8]. Recently, a massive growth of benthic diatoms was reported in a close
location that has also experienced glacier retreat (Marian Cove, South Shetland Islands)
[17], however, the development of stalked gas-aggregates was not described.
To our knowledge, the occurrence of benthic microalgal aggregations and their detachment by buoyancy have been only described for freshwater systems. Thus, we are not
aware of a similar process for marine coastal soft bottom benthos in Antarctica and,
therefore, our observation signal the potential of its occurrence in the ﬁeld. If this ﬁnding was conﬁrmed, it would be of great relevance by promoting a vertical ﬂow of energy
and matter and nutrient replenishment in the water column, as proved in freshwater
ecosystems. Besides, this mechanism stands out for a potential relevance for benthic
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diatoms dispersion and its implications as an entry pathway to the water column and
bentho-pelagic coupling.
Finally, although these observations were made under artiﬁcial conditions, we signal
three potential drivers of the development of these structures: 1) the resuspension and
stabilization of sediments, 2) lower salinity and 3) high PAR irradiance.

Limitations
This short note describes the formation and release of stalked gas-ﬁlled, diatom aggregates developed on marine sediments in Antarctica, and presents two main limitations:
1) the aggregates occurred under artiﬁcial conditions (outdoor, 250 L tanks), with absence of mesograzers; 2) the lack of monitoring of salinity, temperature, nutrients and
light. In particular, salinity may have been altered due to evaporation, snowfall and
rain.

Additional Information
Methods and Supplementary Material
Please see https://sciencematters.io/articles/201703000008.
Acknowledgements
We thank the support of Instituto Antártico Argentino-Dirección Nacional del Antártico, Carlini Station and Dallmann Laboratory crews. We are very grateful to Dr.
Cefarelli and Dr. Ferrario for the help in the identiﬁcation, Dr. A. Wulﬀ for helpful suggestions, Dr. M.L. Quartino (IAA-DNA) and two anonymous reviewers that
have substantially improved this work. It was supported by grants from DNA-IAA
(PICTA 7/2008-2011), ANPCyT-DNA (PICTO 0116/2012-2015) INST18H (IAA-DNA),
CONICET (Doctoral Fellowship), Total Foundation (ECLIPSE Project) and IMCONet
Program (Marie Curie Action IRSES Action No. 318718).
Ethics Statement
Not Applicable.

Citations
[1]

[2]

[3]

[4]

Parker Bruce C. et al. “REMOVAL OF ORGANIC AND
INORGANIC MATTER FROM ANTARCTIC LAKES BY AERIAL
ESCAPE OF BLUEGREEN ALGAL MATS”. In: Journal of
Phycology 18.1 (Mar. 1982), pp. 72–78. doi:
10.1111/j.1529-8817.1982.tb03158.x. url:
https://doi.org/10.1111/j.15298817.1982.tb03158.x.
Sabbe Koen et al. “Salinity, depth and the structure and
composition of microbial mats in continental Antarctic lakes”. In:
Freshwater Biology 49.3 (Mar. 2004), pp. 296–319. doi:
10.1111/j.1365-2427.2004.01186.x. url:
https://doi.org/10.1111/j.13652427.2004.01186.x.
Wharton Robert A., Parker Bruce C., and Simmons George M.
“Distribution, species composition and morphology of algal mats
in Antarctic dry valley lakes”. In: Phycologia 22.4 (Dec. 1983),
pp. 355–365. doi: 10.2216/i0031-8884-22-4-355.1.
url: https://doi.org/10.2216/i0031-8884-224-355.1.
Tanabe Yukiko and Kudoh Sakae. “Possible ecological
implications of ﬂoating microbial assemblages lifted from the
lakebed on an Antarctic lake”. In: Ecological Research 27.2 (Jan.
2012), pp. 359–367. doi: 10.1007/s11284-011-0907-3.
url:
https://doi.org/10.1007/s11284-011-0907-3.

[5]

Geoﬀrey R. F. Hicks. “Sediment rafting: a novel mechanism for
the small-scale dispersal of intertidal estuarine meiofauna”. In:
Marine Ecology Progress Series 48 (1988), pp. 69–80. doi:
10.3354/meps048069. url:
https://doi.org/10.3354/meps048069.

[6]

Mendoza-Lera Clara et al. “The algal lift: Buoyancy-mediated
sediment transport”. In: Water Resources Research 52.1 (Jan. 2016),
pp. 108–118. doi: 10.1002/2015wr017315. url:
https://doi.org/10.1002/2015wr017315.

[7]

Fernández-Méndez Mar et al. “Composition, Buoyancy
Regulation and Fate of Ice Algal Aggregates in the Central Arctic
Ocean”. In: PLOS ONE 9.9 (Sept. 2014), e107452. doi:
10.1371/journal.pone.0107452. url: https:
//doi.org/10.1371/journal.pone.0107452.

[8]

Katlein Christian et al. “Distribution of algal aggregates under
summer sea ice in the Central Arctic”. In: Polar Biology 38.5 (Dec.
2014), pp. 719–731. doi: 10.1007/s00300-014-1634-3.
url:
https://doi.org/10.1007/s00300-014-1634-3.

[9]

BIGGS and B. J. F. “Patterns in benthic algae in streams”. In: Algal
Ecology: Freshwater Benthic Ecosystems (1996), pp. 31–56.

[10]

Ahn I.-Y. et al. “Diatom composition and biomass variability in
nearshore waters of Maxwell Bay, Antarctica, during the
1992/1993 austral summer”. In: Polar Biology 17.2 (Jan. 1997),

pp. 123–130. doi: 10.1007/s003000050114. url:
https://doi.org/10.1007/s003000050114.
[11]

[12]

[13]

[14]

[15]

10.3389/fmars.2016.00231. url:
https://doi.org/10.3389/fmars.2016.00231.

Kang JS et al. “Seasonal variation of microalgal assemblages at a
ﬁxed station in King George Island, Antarctica, 1996”. In: Marine
Ecology Progress Series 229 (2002), pp. 19–32. doi:
10.3354/meps229019. url:
https://doi.org/10.3354/meps229019.
Lange Priscila Kienteca et al. “Microphytoplankton assemblages
in shallow waters at Admiralty Bay (King George Island,
Antarctica) during the summer 2002–2003”. In: Polar Biology
30.11 (May 2007), pp. 1483–1492. doi:
10.1007/s00300-007-0309-8. url:
https://doi.org/10.1007/s00300-007-0309-8.
ZACHER KATHARINA et al. “Ultraviolet radiation and consumer
eﬀects on a ﬁeld-grown intertidal macroalgal assemblage in
Antarctica”. In: Global Change Biology 13.6 (June 2007),
pp. 1201–1215. doi:
10.1111/j.1365-2486.2007.01349.x. url:
https://doi.org/10.1111/j.13652486.2007.01349.x.
Angela et al. “UV radiation eﬀects on pigments, photosynthetic
eﬃciency and DNA of an Antarctic marine benthic diatom
community”. In: Aquatic Biology 3.2 (Aug. 2008), pp. 167–177.
doi: 10.3354/ab00076. url:
https://doi.org/10.3354/ab00076.
Uchimiya Mario et al. “Coupled Response of Bacterial Production
to a Wind-Induced Fall Phytoplankton Bloom and Sediment
Resuspension in the Chukchi Sea Shelf, Western Arctic Ocean”.
In: Frontiers in Marine Science 3 (Nov. 2016), p. 231. doi:

5

[16]

Wulﬀ et al. “Eﬀects of increased temperature and decreased
salinity on Antarctic benthic marine diatoms”. In: 6th European
Phycological Congress (2015).

[17]

Ahn In-Young et al. “First record of massive blooming of benthic
diatoms and their association with megabenthic ﬁlter feeders on
the shallow seaﬂoor of an Antarctic Fjord: Does glacier melting
fuel the bloom?” In: Ocean Science Journal 51.2 (June 2016),
pp. 273–279. doi: 10.1007/s12601-016-0023-y. url:
https://doi.org/10.1007/s12601-016-0023-y.

[18]

Sahade R. et al. “Climate change and glacier retreat drive shifts in
an Antarctic benthic ecosystem”. In: Science Advances 1.10 (Nov.
2015), e1500050–e1500050. doi:
10.1126/sciadv.1500050. url:
https://doi.org/10.1126/sciadv.1500050.

[19]

Torre Luciana et al. “Respiratory responses of three Antarctic
ascidians and a sea pen to increased sediment concentrations”. In:
Polar Biology 35.11 (June 2012), pp. 1743–1748. doi:
10.1007/s00300-012-1208-1. url:
https://doi.org/10.1007/s00300-012-1208-1.

[20]

Hasle Grethe R. and Fryxell Greta A. “Diatoms: Cleaning and
Mounting for Light and Electron Microscopy”. In: Transactions of
the American Microscopical Society 89.4 (Oct. 1970), p. 469. doi:
10.2307/3224555. url:
https://doi.org/10.2307/3224555.

[21]

Ferrario et al. “Metodología básica para el estudio del
ﬁtoplancton con especial referencia a las diatomeas”. In: Manual
de métodos ﬁcológicos (1995), pp. 1–23.

