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Production of carbonate sediments by a unicellular green alga
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ABSTRACT

This study investigates the ability of the unicellular green alga Nannochloris atomus to
precipitate CaCO3, quantifies mineral precipitation rates, estimates sediment production in
a N. atomus bloom, and discusses the implications of microbial calcification for carbonate
sediment deposition. A series of N. atomus cultures, isolated from Lake Reeve, Australia,
were incubated at various pH and calcium concentrations to determine environmental pa-
rameters for calcification. Rates of calcification were calculated from initial and post-
incubation alkalinity, pH, and calcium measurements. Replicate experiments and controls
consisting of non-calcifying cultures, uninoculated media, and dead cell cultures were
performed using environmental culture parameters determined in series cultures. Average
calcification rates from replicate experiments were used to predict daily sediment produc-
tion rates in a small bloom of N. atomus. N. atomus precipitates 0.138 g/L of calcite in
approximately 4 h when incubated at pH 8.5, 14.24 mM calcium concentration, 33 8C,
100 mE/m2/s light intensity, and a cell population density of 107 cells/mL. Assuming con-
tinuous precipitation, this corresponds to a maximum estimated sediment production rate
of 1.6 3 106 kg of CaCO3 per 12 h day in a single bloom of 3.2 3 109 L. Our results
suggest that microbial calcification contributes significantly to the carbonate sediment
budget.

INTRODUCTION

The association of microbes with various types of cal-
cium carbonate precipitation has long been noted in an-
cient and modern sedimentary environments. Microbial
calcification has been suggested by the presence of fossil
organisms resembling cyanobacteria and micro-algae in
deposits ranging in age from Precambrian to Holocene
(Horodyski and Mankiewicz 1990; Awramik 1991; Bar-
attolo 1991; Flugel 1991; Mamet 1991; Riding 1991; Rid-
ing and Guo 1991; Roux 1991; Kazmierczak et al. 1994;
Thompson et al. 1997). Several modern species of cy-
anobacteria and unicellular green algae are capable of
producing calcium carbonate minerals in both natural and
laboratory environments. Recently discovered calcifying
microbes include such genera as the freshwater cyano-
bacteria Synechococcus (Thompson and Ferris 1991) and
Scytonema (Merz 1992), unicellular green algae Chlorel-
la (Stabel 1986) and Chlorococcum (Hartley et al. 1995),
and marine cyanobacteria Synechococcus and Synecho-
cystis (Yates and Robbins 1995). These species are ubiq-
uitous in freshwater and marine ecosystems (Stockner
1988). The presence through geologic time and through-
out the world of microbial species capable of precipitat-
ing calcium carbonate indicates that microbial calcifica-
tion may have a significant impact on carbonate
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sedimentation and the CO2 budget. However, only a few
attempts have been made to quantify this process.

Species of the green alga Nannochloris are found in
various freshwater (Naumann 1921; Sarokin and Carpen-
ter 1982), marine (Butcher 1952; Ryther 1954; Jeffrey
1961; Thomas 1966), and brackish (Droop 1955) envi-
ronments and are capable of rapidly adapting to salinity
fluctuations (Brown 1985). The distribution of this organ-
ism is comparable to that of Chlorella and Chlorococcum
sp. and is, thus, an ideal organism for investigating cal-
cification potential in microalgal species.

This study examines the potential for precipitation of
calcium carbonate by the unicellular green alga, Nan-
nochloris atomus, collected from Lake Reeve in attempt
to gain insight into the potential magnitude of microbial
calcification. Environmental conditions for calcium car-
bonate precipitation in laboratory cell cultures were de-
termined and used to calculate rates of calcification.
These measurements were then used to predict the
amount of CaCO3 sediment that may be produced in a
bloom of N. atomus.

METHODS

Collection and culture of microbes

Unfiltered water samples were collected from Lake
Reeve, Australia and stored in 100 mL Nalgene bottles
for transport back to the laboratory. These samples were
initially examined via polarized light microscopy to de-
termine general cell types associated with calcium car-


