Estuarine, Coastal and Shelf Science 162 (2015) 130e142

Contents lists available at ScienceDirect

Estuarine, Coastal and Shelf Science
journal homepage: www.elsevier.com/locate/ecss

Cell volumes of marine phytoplankton from globally distributed
coastal data sets
Paul J. Harrison a, *, Adriana Zingone b, Michael J. Mickelson c, Sirpa Lehtinen d,
Nagappa Ramaiah e, Alexandra C. Kraberg f, Jun Sun g, Abigail McQuatters-Gollop h,
Hans Henrik Jakobsen i
a

Dept. Earth & Ocean Sciences, University of British Columbia, Vancouver, BC V6T 1Z4, Canada
Integrative Marine Ecology Dept., Stazione Zoologia Anton Dohrn, Villa Comunale, Italy
Massachusetts Water Resources Authority, Charlestown, MA 02129, USA
d
Marine Research Center, Finnish Environmental Institute (SYKE), 00251 Helsinki, Finland
e
CSIR-National Institute of Oceanography, Goa, 403 004 India
f
Biologische Anstalt Heloland, Alfred Wegener Institute Helmhotz Centre for Polar and Marine Research, 27498 Helgoland, Germany
g
College of Marine Science & Engineering, University of Science & Technology, Tianjin, 300457, PR China
h
Sir Alister Hardy Foundation for Ocean Science, Plymouth, PL1 2PB, UK
i
Bioscience, Roskilde 4000, Aarhus University, Denmark
b
c

a r t i c l e i n f o

a b s t r a c t

Article history:
Accepted 4 May 2015
Available online 14 May 2015

Globally there are numerous long-term time series measuring phytoplanton abundance. With appropriate conversion factors, numerical species abundance can be expressed as biovolume and then converted to phytoplankton carbon. To-date there has been no attempt to analyze globally distributed
phytoplankton data sets to determine the most appropriate species-speciﬁc mean cell volume. We have
determined phytoplankton cell volumes for 214 of the most common species found in globally distributed coastal time series. The cell volume, carbon/cell and cell density of large diatoms is 200,000, 20,000
and 0.1 times respectively, compared to small diatoms. The cell volume, carbon/cell and cell density of
large dinoﬂagellates is 1500, 1000 and 0.7 times respectively, compared to small dinoﬂagellates. The
range in diatom biovolumes is 100 times greater than across dinoﬂagellates (i.e. >200,000 vs. 1500 times)
and within any diatom species, the range in biovolume is up to 10-fold. Variation in diatom cell volumes
are the single largest source of uncertainty in community phytoplankton carbon estimates and greatly
exceeds the uncertainty associated with the different volume to carbon estimates. Small diatoms have 10
times more carbon density than large diatoms and small dinoﬂagellates have 1.5 times more carbon
density than large cells. However, carbon density varies relatively little compared to biovolume. We
recommend that monthly biovolumes should be determined on ﬁeld samples, at least for the most
important species in each study area, since these measurements will incorporate the effects of variations
in light, temperature, nutrients and life cycles. Since biovolumes of diatoms are particularly variable, the
use of size classes will help to capture the percentage of large and small cells for each species at certain
times of the year. This summary of global datasets of phytoplankton biovolumes is useful in order to
evaluate where locally determined biovolumes lie within the global spectrum of spatial and temporal
variations and may be used as a species cell volume reference where no locally determined volume
estimates are available. There is a need to adopt standard protocols for measuring biovolumes and
documenting the accompanying metadata which would improve inter-comparability among time series
data sets.
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There is considerable concern about the long-term changes that
are occurring in coastal ecosystems, leading to the development of

