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Abstract. Phytoplankton identification and abundance datawell as from individual published or unpublished datasets
are now commonly feeding plankton distribution databasesegarding diatom distribution in the world ocean. The data
worldwide. This study is a first attempt to compile the largestobtained originate from time series studies as well as spatial
possible body of data available fromffdirent databases as studies. This ffort is supported by the Marine Ecosystem
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Model Inter-Comparison Project (MAREMIP), which aims isms, nitrogen fixers, pico-autotrophs, pico-heterotrophs and
at building consistent datasets for the main plankton func-various zooplankton groups. Diatoms are a large component
tional types (PFTs) in order to help validate biogeochemi-of marine biomass and produee25 % of the total C fixed
cal ocean models by using carbon (C) biomass derived fronon Earth (Nelson et al., 1995; Field et al., 1998), produc-
abundance data. In this study we collected over 293 000 ining more organic C than all rainforests combined. Another
dividual geo-referenced data points with diatom abundancestriking image to consider is that they produce one fifth of
from bottle and net sampling. Sampling site distribution wasthe oxygen we breathe. Therefore, they have a major eco-
not homogeneous, with 58 % of data in the Atlantic, 20 % logical significance and impact on the global elemental Si
in the Arctic, 12 % in the Pacific, 8% in the Indian and 1% and C cycles (Teéguer et al., 1995; Ragueneau et al., 2000;
in the Southern Ocean. A total of 136ffdirent genera and Tréguer, 2002; Jin et al., 2006). Diatoms also have a high ex-
607 diferent species were identified after spell checking andpor/production ratio due to elevated sedimentation rates by
name correction. Only a small fraction of these data wereforming aggregates and incorporation into fast sinking zoo-
also documented for biovolumes and an even smaller fracplankton faeces. Diatoms are, along with dinoflagellates, to-
tion was converted to C biomass. As it is virtually impossible day’s most diverse planktonic flora. A current estimate of all
to reconstruct everyone’s method for biovolume calculation,living diatoms ranges from 10000 to 100 000 species, but a
which is usually not indicated in the datasets, we decided tasmaller fraction, from 1400 to 1800 species, is recognized as
undertake theféort to document, for every distinct species, marine planktonic (Sournia et al., 1991). Major progress has
the minimum and maximum cell dimensions, and to con-been made in the last decades on in situ Si dynamics, thereby
vert all the available abundance data into biovolumes and Gmproving models, but the knowledge of biological factors
biomass using a single standardized method. Statistical coisuch as species composition, cell morphology and aggrega-
rection of the database was also adopted to exclude potentidion processes still needs to be improved (Hood et al., 2006).
outliers and suspicious data points. The final database con- Satellite data now allow a closer definition of functional
tains 90648 data points with converted C biomass. Diatongroups from space (Alvain et al., 2005; Uitz et al., 2006),
C biomass calculated from cell sizes spans over eight orderand this &ort has been most fruitful on coccolithophores
of magnitude. The mean diatom biomass for individual lo- (Brown and Yoder, 1994; Iglesias-Rodriguez et al., 2002) but
cations, dates and depths is 141u$aC I"%, while the me-  has also been recently attemptedloichodesmiuniDupouy
dian value is 11.16g C I"t. Regarding biomass distribution, et al., 2008) and diatoms (Sathyendranath et al., 2004). How-
19 % of data are in the range Opd C "1, 29 % in the range  ever, many challenges remain with this approach, a major
1-10ugC %, 31% in the range 10-1Q@)C I, 18% in bias being the impossibility of capturing subsurface blooms
the range 100-10Q@ C %, and only 3 %> 1000ug CI*. but also assessing variable cellular pigment quotas. Hence,
Interestingly, less than 50 species contributed-89% of = Dynamic Green Ocean Models (DGOM) still need validat-
global biomass, among which centric species were domiing with datasets giving C biomass estimates for each PFT.
nant. Thus, placing significanfferts on cell size measure- Improving the parameterization for diatoms in various bio-
ments, process studies and C quota calculations of thesgeochemical models would thus help improve the global C
species should considerably improve biomass estimates ibudget and the subsequent fate of exported particulate matter
the upcoming years. A first-order estimate of the diatomwith respect to depth estimations.
biomass for the global ocean ranges from 444 to 582 TgC, Phytoplankton identification and abundance data are now
which converts to 3 to 4TmolSi and to an average Siregularly added to plankton databases worldwide but need
biomass turnover rate of 0.15 to 0.1 dLink to the dataset: to be regrouped so that they can be useful to the biogeo-
doi:10.1594PANGAEA.777384 chemistry and modeling community. This study is the first
attempt to compile the largest possible body of available
data from these tlierent databases as well as from individ-
1 Introduction ual datasets regarding diatom distribution in the world ocean.
This study is supported by the MAREMIP program, which
Marine ecosystems are characterized by large species diveaims at building consistent datasets for the major PFTs in
sity, yet the succession and distribution of the main taxa areorder to provide validation sets for biogeochemical ocean
still poorly understood. Plankton diversity is often narrowed models. This paper is part of the special issue dedicated to
down to the notion of functional group, which can be defined providing global databases (named Marine Ecosystem Data
as a group of organisms operating the same biogeochemical MAREDAT) on the nine main PFT for their abundance and
process and driving the flux of the main biogenic elementsC biomass.
differently from other groups. Functional groups have been Diatom cell sizes range from a few micrometers up to
further organized into plankton functional types (PFTs) (Le 2 mm and their cellular biovolumes span over nine orders of
Quéré et al., 2005; Hood et al., 2006) in order to help con- magnitude. Subsequent C conversion estimates are therefore
struct biogeochemical models including diversity in a sim- prone to large errors if cell size is not correctly assessed. The
plified way. Main PFTs include diatoms, calcifying organ- challenge posed by compiling a global database on diatom
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abundance, biovolume and biomass is the large intraspecific
variability observed in diverse parts of the world ocean and
in the same area depending on environmental conditions and
life stages.

Plankton identification and counting is sometimes reward-
ing, but is most often considered a tedious task, one that can-
not be completed “without ruin of the body and mind” as
Haeckel (1890) humorously phrased it. Systematic cell size
measurements, biovolume and biomass conversion are even
more challenging. An additional objective of this study is to
provide a tool for taxonomists worldwide to facilitate these
measurements and calculations in a standardized way during
routine cell counts.

The objective of this study is to promote the construction
of an extensive diatom database with standardized methods
for collection, counting, data management and conversion
to biomass used to assess the global importance of diatoms
in marine productivity and provide field data for biogeo-
chemical models including PFTs. An extensive bibliographic
search was undertaken to compile all available diatom di-
mensions for all reported species. This will allow a first esti-
mation of the contribution of diatoms to the global C budgets
based on field data. A quantitative and qualitative description
of the main features of diatom biomass distribution is pre-
sented in the following study. Thidfert has been initiated
in the PANGAEA database, where individual collections are
available, but should be the object of supplementdiyres
to systematically include cell sizes in a standardized way (see
methods section) in future studies.

2 Methods

2.1 Data collection

Data were collected through a first round of mail enquiries
addressed to an extensive list of taxonomists. A second
round of enquiries was sent to the administrators of the

main known databases (PANGAEA, BODC, NODC, NMSF- Figure 1. Flow diagram of the methodology used to derive diatom

Compiled original data in one file
Standardized to cells L

I

’ Name entry correction / spell check ‘

’ Search for corresponding WoRMS code ‘
1

Exclusion of invalid data (unreadable
abundance, invalid units...)
[
’ Exclusion of zero abundance data ‘
I
Attribution of cell shape to each species
(Sun & Liu, 2003)
|
Search for each individual taxa (607)
minimum and maximum dimensions,
with taxonomic references

Calculation of biovolume, area, S/V, and
conversion to C biomass for each
species min and max dimensions (ref
for C conversion)

Total biomass calculation (abundance
(cells L") *min/max biomass (mg Cm)

I
\ Average values calculation ‘
I
Error checks per column for invalid
data, blanks...
I
’ Chauvenet criteria statistical test ‘

I

Exclusion of all «unidentified diatoms»
in the biovolume calculations only
(abundance data are kept)

I
’ Primary key attributed to each line entry ‘
v

’ Final database ‘

Copepod, etc.) for access to their datasets. Finally, recerdiomass estimates from abundance data.

oceanographic cruises or research programs or time series
that were known to include taxonomic data were identified
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and permission for use in the present database was acquirélf.cause of their bias towards collecting larger cells. After

from each owner. The entries for each data point includedfiltering out zero abundance data, net haul data, erroneous

date of collection, sampling depth, latitude, longitude, tax-data and after statistical treatment (see Sect. 2.4), 91 704 data

onomic information, abundance with unit, and if possible, points with associated cell abundance remained, 90648 of

sampling, preservation and counting methods. The latter inwhich were converted to C biomass. A total of 60Fafient

formation was most dicult to obtain for old datasets where taxonomic species and 136figirent genera were identified

the contact person could not be identified or had retired.  after spell checking and taxonomic nomenclatural verifica-
We collected over 293 000 individual geo-referenced dataion. The entire data treatment process is described in the

points with diatom abundances mostly from bottle samplingflow diagram in Fig. 1.

(Niskin, Hansen or other appropriate bottle sampling device).

A very small fraction of the database included net hauls or, 5 5iimass conversion procedure

Continuous Plankton Recorder (CPR) data, which were ex-

cluded from the present database as it is quifiécdit to re- Measured cell sizes are rarely or vaguely indicated in

construct quantitative cellular concentrations from them andphytoplankton databases. Clearly, morfod is needed
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on building accurate taxonomic databases with associatethg WoRMS are indicated in two fierent columns. Up to
species size range for each oceanic and coastal region. 1807 WoRMS species codes were attributed, but 24 entries
order to reconstruct each species cell size, one option is tavere not found in the WoRMS register and were labeled
consider the minimum and maximum dimensions of each*nfl” to “nf24”. Entry lines were also tagged with a “C” for
species and derive minimum, maximum and average biovolcentrics, “P” for pennates and “U” for unidentified diatoms
umes and associated C biomass. Sutbres have for in-  (this last group was not converted to C biomass because of
stance been successfully undertaken in the Baltic Sea by thiéhe large uncertainty on cell size). In most instances, tax-
HELCOM Phytoplankton Expert Group (PEG), and resulted onomic entries were not associated with cell size measure-
in a report compiling a complete list of species with their ments. On other occasions, biovolume measurements were
measured dimensions and biovolumes (Olenina et al., 2006)provided but lacked corresponding cell size data. Hence, it
In this study, the authors put an emphasis on the “hidden diwas virtually impossible to reconstruct each individual cal-
mension” of cells, as some algal dimensions are seldom viseulation method employed for estimating biovolume, when
ible in the microscope during routine cell counts and hencethis was often not indicated in the datasets. Keeping the orig-
are almost never documented. This is typically the case foiinal published biovolumes would almost certainly have intro-
the pervalvar axis of many diatoms, which most often lie onduced a bias betweenftirent datasets. We therefore chose
their valve face after sedimentation on a glass slide. In mosto exclude such data, and have documented instead, for ev-
cases assumptions are made regarding this hidden dimensiany distinct species, the minimum, average and maximum
(an example for an assumption can be pervalvar axig3 known cell dimensions. The dimensions extracted from the
of the apical axis), but this information is mostly absent from literature were then used to convert all the available abun-
taxonomic guides, which give at best one or two of the celldance data into biovolumes and C biomass using a single
dimensions. Hence, further attentiveness is required to docstandardized method. Each species is allocated one of the 19
ument consistent ratios between visible and hidden dimenpossible diatom shapes identified in Sun and Liu (2003) in
sions for the main diatom species. order to derive the biovolumé/j and surface are&s] cal-

In the last decade, a couple of significant studies (Hille-culation formulas. The figures for theffiirent shapes and
brand et al., 1999; Sun and Liu, 2003) have produced deformulas extracted from Sun and Liu (2003) are shown in an-
tailed guides of biovolume calculations for phytoplankton other spreadsheet “diatom shapes” for a quick visual check
species, taking into account the variety and complexity of theof the diatom cell shapes. In the spreadsheet “dimension-
numerous diatom shapes by assimilating them into standardsiovolume-biomass”, the known minimum and maximum di-
ized geometric models (19ftkkrent shapes were used for this mensions for each species are indicated. In the column “other
study), which should help harmonize biovolume calculationsinfo”, the taxonomist’s original observations regarding size
considerably. As it is not possible to measure every cell’'s di-are indicated, but most often refers to a unique value — the
mensions in one sample, it is usually recommended to mealargest dimension or diameter of the cell. When indications
sure all dimensions for 25 cells of each species and use thef cell size are given, minimum and maximum dimension
mean value of the obtained cell volume for all occurrences ofcolumns are amended to fit the observations (indicated by a
the same species, although in most cases the standard errgellow color). The bibliographical references used to find di-
in mean biovolume calculation is 5% after the measure- mensions for each species are indicated for each entry as a
ments of 10 cells (Sun and Liu, 2003). However, Hillebrand number, which refers to the “reference” spreadsheet, where
et al. (1999) emphasized that seasonal, interannual, spatiflill references are given. Dimensions written in black corre-
and life cycle variations render it inaccurate to use averagespond to referenced measurements; dimensions written in red
biovolume data of species throughout the year. Thereforerefer to a value deduced from illustrations or drawings when
strict quality standards imply that biovolume should be cal-a scale bar was present, showing a ratio between titlerdi
culated for each subset of samples, sometimes including difent axes of the cells. Cells labeled in pink indicate that an
ferent sampling depths of the same water body (Hillebrandassumption was made on the ratio between one of the known
etal., 1999). dimensions and the hidden dimension. The assumption made
is always explicitly indicated in another column — for in-
stance, for som€oscinodiscuspecies pervalvar axis 1/3
diameter. Minimum and maximum biovolume, surface area
The data file consists of an excel file containing severalandS/V ratios are calculated for every single entry depend-
spreadsheets. A spreadsheet named “dimension-biovoluméag on the given dimensions. The cellular biovolumes ranged
biomass” lists all the dierent name entries, with their cor- from 3um? (Thalassiosirasp.) to 471x 10° um® (Ethmodis-
rected names, and associated World Register of Marineussp.). The total biovolume obtained was then converted to
Species code (WoRMShttpy/www.marinespecies.oyglIn C biomass, similar to the method used in Cornet-Barthaux et
total, 1364 diferent taxonomic entries were found, but were al. (2007) using the equation of Eppley et al. (1970) corrected
reduced to 727 dlierent taxonomic lines after name correc-
tion. The original entry and its associated correction follow-

2.3 Data file content

Earth Syst. Sci. Data, 4, 149-165, 2012 www.earth-syst-sci-data.net/4/149/2012/
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Figure 2. Data distribution according to main oceanic regions (1) North Atlantic, (2) equatorial Atlantic, (3) South Atlantic, (4) North
Pacific, (5) equatorial Pacific, (6) South Pacific, (7) north Indian, (8) south Indian, (9) Arctic, (10) Antarctic, (11) Baltic Sea, (12) Bering
Sea, (13) Gulf of Mexico and Caribbean Sea, (14) Indonesia, and (15) Mediterranean Sea.

by UNESCO (1974) and Smayda (1978): investigation, they were found to correspond to “unidenti-
fied diatom species” or “diatom spp.” lines. Therefore, we
chose to discard the biovolume calculations for all these en-
The spreadsheet “diatom database” is the actual diatom comyry lines (“U”) because the assumptions made on their bio-
piled database with the complete information regarding dateyolume were too imprecise; nevertheless, the abundance data
location, depth, methods, and taxonomic information. Eachfrom these locations were kept in order to preserve the 1056
line starts with a unique primary key indicator which enablesrelevant data points.

rapid restoration back to the original data file in the event

that database sorting or filter commands are used for fur-3 Results

ther computations. Biovolume, surface area, and cellular C

content are automatically retrieved from the previous spreads 1 spatial distribution of data

sheet based on the recognition of the original name entry.

Abundance data are standardized to one unit (C‘éusand The database contains 91 704 individual lines (90 648 with
multiplied with C content per cell (pg cell) to derive total ~ converted biomass). There are 9930 unique location, time
C biomass (converted {ay C I"%). Minimum, maximum and and depth points (but with multiple species entries) and 2971
average data of size, biovolume and biomass are indicated iHnique location and time points (all depths combined). Re-

the file; however, in this paper, generally averaged data estigarding the spatial distribution of data, the oceanic regions
mates for biomass will be used in discussion. best represented included the North Atlantic, the north In-

dian, equatorial Atlantic, Arctic, Antarctic and North Pacific
areas (Fig. 2). Indonesia, the Gulf of Mexico and Caribbean,
the South Pacific, South Atlantic and south Indian are less
A first run through the database was done to check for allwell covered. This does not mean that samples were not col-
spelling errors and invalid data entries. Suspicious data, fofected and counted, but simply that the data have not been
which the abundance values or units were not clear wergeleased for public use by their owner or have remained the
systematically discarded. A statistical treatment, using Chauproperty of a given government. The largest number of obser-
venet's criterion test, was then applied to the database to filvations was reported in the Northern Hemisphere (NH) be-
ter out potential outliers. Only 151 data were identified astween the Equator and 70° N (Fig. 3a). Table 1 shows that the
outliers using this criterion, and they all corresponded to en-distribution of biomass data, according to latitudinal bands,
try lines with “unidentified diatom species” or “diatom spp.”. is clearly skewed towards the mid-Northern Hemisphere with
This is not surprising, as the biomass conversion used im3.9 % of data between 40° and 60° N.

this case is the average between the minimum and maximum

biomass found for all diatoms, and logically leads to very

spurious biomass values (usually overestimated, probably

because unidentified cells are mostly of small sizes). After

correcting the database by excluding these outliers, a few av-

erage biomass values remained conspicuously elevated. On

log,oC (pg)= 0.76log [cell volume gm?)] — 0.352

2.4 Quality control

www.earth-syst-sci-data.net/4/149/2012/ Earth Syst. Sci. Data, 4, 149-165, 2012
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Figure 3. Frequency of data distribution according to latit{dgand year(b).

Table 1. Latitudinal distribution of biomass data in %.

Latitudinal band  Biomass data in %

90-80 S
80-70S
70-60 S
60-50 S
50-40 S
40-30 S
30-20S
20-10S
10-0S

0-10N

10-20N
20-30N
30-40N
40-50N
50-60 N
60-70 N
70-80 N
80-90 N

0.0
0.8
0.6
53
2.2
13
0.8
2.8
6.9
6.5
2.4
13
55
24.5
194
11.8
5.1
2.9

3.2 Temporal distribution of data

3.3 Global abundance characteristics

Diatom abundances ranged from 1 t®%x 10’ cells 2.

The highest abundances reported in the database, represent-
ing massive blooms>(10 millions cellst!), were found in
Antarctica in the Ross Sea in December 2004 and January
2005, and at the Antarctic Davis station in January 1995.
These occurrences are representedChgetoceros socialis
blooms,Thalassiosiraspp. and unidentified pennates. Abun-
dances of up to several million celflwere also reported

in a coastal area during the Galicia prografh MW Spain
(again identified a€haetoceros socialjsThe smallest abun-
dance values were reported for the Indian Ocean and the
Mediterranean Sea. The average diatom cell abundance for
each time, location and depth was 263 099 cellsind the
median value was 7056 celtg|

3.4 Global biomass characteristics

Diatom C biomass calculated from cell sizes spans over eight
orders of magnitude (Fig. 4). The mean diatom biomass for
the entire database is 1414@C I"*, while the median value

is 11.16ug CIt. The mean diatom biomass for the NH is

Most observations were commenced in the 1970s, but d41.22ug C ™! (median 12.6QgCI?') and 141.27ugC1I?

few datasets date as far back as 1933-1934 and 1954-19%fedian 4.67i)g CI1) for the Southern Hemisphere (SH).
(Fig. 3b). As expected, data frequency diminishes after 2000For the whole database, 19 % of biomass data are in the
as newer data need to be published by the relevant Princirange of 0—lig C I, 29% in the range of 1-1yCI?,

pal Investigators (PlIs) before being submitted to databases31 % in the range of 10-1Q® CI*, 18 % in the range of

a process that usually occurs a few years after the end of 400-100Qug C I"%, and only 3 %> 1000ug C I"%.

research program. Data were mostly obtained during boreal The maximum biomass in the NH (12289 C %) was
spring and autumn (37 % in March, April and November), reported & the coast of NW Spain (43.42° N-8.43°E)
while the boreal winter months were less well covered (11 %at the surface in July 1990. The biomass maximum was
in December, January and February).

Earth Syst. Sci. Data, 4, 149-165, 2012

associated with a bloom obDactyliosolen fragilissimus

and Chaetocerosspp. The maximum biomass in the SH
(11 174ug CI'Y) was observed in the Peruvian upwelling re-
gion in March 1974. Here, the surface water bloom was

www.earth-syst-sci-data.net/4/149/2012/
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Figure 4. Mean log-normalized diatom biomass (legg C I?) for different depth layers.

comprised ofDactyliosolen fragilissimusLeptocylindrus 3.5 Latitudinal and depth distribution of biomass
danicusandGuinardia delicatula estimates

The biomass uncertainty was calculated as a percentag]eh ority of bi . I din th
of the difference between the maximum biomass and mini-. "¢ Vast majorlty_o lomass esgmates were co-ecte In the
mum biomass normalized to the mean biomass (Fig. 5b). Thg—lQOm Iayer'(Flg. 6‘?’1)’ which is well covered in terms of
biomass uncertainty comprised between 100 and 200 % oyert!cal resolution, while deeper estimates are mostly found
the average biomass for 96 % of the data, and between 0 an%I fixed depths below 100m (150, 200m) and are more
100 % for the remaining 4 % of data. Uncertainty is strongly scaLcei bi . d h
sensitive to cell size, and therefore diatom species that spap T 3. arlgk;e st (;ange of ftlomass elst:jmztes corriséeon dsetgotNe
wide size ranges provide the least precise estimates. Only th t_|tu Inal bands most often sampled, between an

accurate determination of cell sizes for each species and fo '9. 6b)t.)|Est|rr|1|ates areds_crf;nt n the ST’ blf[t ag Iatltu?es a:je
each program, location, date and depth will significantly im- reasonably el covered. There IS no clear tendency fowards
prove this bias. lower or higher biomass according to latitude, except poten-

tially in the Arctic where the range of variation seems to be
lower than elsewhere.

www.earth-syst-sci-data.net/4/149/2012/ Earth Syst. Sci. Data, 4, 149-165, 2012
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total estimated biomass. A boxplot of estimated averaged
biomass for all 32 genera is shown in Fig. 8. The median
values for all individual genera roughly range between 0.1
and 1Qug C 1. Taking into account the 5th and 95th per-
centiles, average biomass ranges between @@ and
826ug CI1. The largest range of biomass is found for the
genusThalassiosiraand the narrowest fdParalia. The per-
centage contribution of each genus ranked by decreasing or-
der of importance is reported in Table 2. The dominant genus
in the database iRhizosoleniarepresenting 17.4% of the
total diatom biomass, followed Bghaetocero$14.5 %) and
Thalassiosira(12.6 %). Unidentified pennate and centric di-
atoms were included in the calculation, and if determined
down to genus would inevitably change the relative order
of the dominant genera, as they represent 8.2 and 6.6 % of
the total biomass, respectively. The other important genera
areDactyliosolen(7.6 %) andGuinardia(7.3 %). Centric di-
atoms are by far the largest contributors to total biomass
(86 %), and the cylindrical shape is dominant overall.

A second boxplot figure is presented in Fig. 9 with the
same calculations as in the preceding Fig. 8, but using only
the taxonomic entries that were identified down to the species
level and excluding all other undetermined species (e.g.
Chaeotocerospp.). Out of the 552 identified species (which
may be reduced to a slightly smaller number after elimina-
tion of all synonyms in the database), only 43 species con-
tribute 90 % of the total diatom biomass for identified species
(47.5 % of the total biomass in the database including all un-
Call\Blpssu Dncavesi gy 13l RAnKS 5 O DoiNSm) differentiated taxa). The median value for these dominant

; -1
Figure 5. Mean surface log-normalized diatom biomass spegles ranges roughly from 0.1 tq M@C! . When ex-
(Iogiong CIY) (a), and uncertainty in cell biomass in % of tending to the 5th and 95th percentiles, biomass data range

the mean due to the uncertainty of cell size((nax biomassmin from 0.002 to 43@g CI™*. The largest range of biomass

biomass)mean biomass100) (b). is found for Rhizosolenia imbricatand the narrowest for
Coscinodiscus wailesiilThe percentage contribution of each
species ranked by decreasing order of importance is reported

3.6 Seasonal distribution in Table 3. The predominant species, contributing up to 19 %

) ~__ of total biomass (excluding all unidentified species data),
There are no clear seasonal trends in the monthly distributioyere Dactyliosolen fragilissimug13.6 %),Rhizosolenia im-

of biomass estimates in the NH (Fig. 7a). The largest ranggyricata (10.8 %) andGuinardia striata (8.2 %). TheRhi-

of estimates is observed in June and the lowest in Novembe&osoleniaspecies in this list (@3) alone represent 20.8 %
but wide amplitude of variation is observed almost for ev- of total biomass (identified to the species level). The seven
ery month. Seasonality seems a bit more marked for the SHmajor Chaetocerosspecies combined represent 6.1% of
with the lowest range of variations observed between Jungjiomass. The most domina@haetocerospecies in terms
and September and the highest range between November aggl ayerage total biomass was found to ®eaetoceros so-
March (Fig. 7b). This weak display of seasonality probably jjis (2.6 %) followed byChaetoceros compress(ts 6 %).
originates from the fact that a mix of warm and cold waters Again the dominant species contributing to the average to-
and feutrophic and oligotrophic areas are represented in bot}y| piomass overall were principally represented by centric
hemispheres. diatom species.

(b)

20 40 B0 80 100 120 140 160 180

3.7 Dominant genera and species ) .
4 Discussion

Biomass data for all identical taxonomic entries were

summed for the entire database, for either genera (Fig. 8Yhis study is the firstfort to compile robust global biomass
or for individual species (Fig. 9). Out of the 136 identi- estimates for marine diatoms. A summary boxplot diagram
fied genera in the database, 32 genera represent 99 % of tl{Eig. 10) shows that 78 % of the data (without consideration
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Table 2. Diatom genera in ascending order of contribution to total biomass. 32 genera amount to 99 % of global biomass. Note that uniden-
tified pennate and centric diatoms represent a non-negligible 14.8 % of the total biomass. If they were identified down to genera, the order of
dominance for the most abundant groups might change.

Genera % contribution to total Genera % contribution to total
Rhizosolenia 17.4 Denticulopsis 0.7
Chaetoceros 14.5 Fragilariopsis 0.7
Thalassiosira 12.6 Paralia 0.6
Pennate 8.2 Pseudo-nitzschia 0.6
Dactyliosolen 7.6 Asterionellopsis 0.5
Guinardia 7.3 Pleurosigma 0.5
Centric 6.6 Eucampia 0.4
Detonula 4.2 Bacteriastrum 0.4
Coscinodiscus 3.1 Actinocyclus 0.3
Leptocylindrus 3.0 Thalassionema 0.2
Nitzschia 2.3 Navicula 0.2
Skeletonema 1.8 Amphiprora 0.2
Lauderia 1.3 Corethron 0.2
Cerataulina 11 Thalassiothrix 0.2
Proboscia 1.0 Cyclotella 0.1
Ditylum 0.9 Cylindrotheca 0.1
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Figure 6. Distribution of log-normalized diatom biomass (lggg C I'!) as a function of depttr) and latitudg(b).

of taxa) range between 0.01 and 1@0C I"* for the average
diatom biomass estimates per depth. However, there remain
numerous biases in the present database that require resolu-
tion before an accurate diatom biomass dataset can be fully
realised in the future. We have identified several major biases
from this compilation and acknowledge that resolving them
at this point in time is beyond the scope of this paper. These
biases are as follows:

1. If the temporal distribution seems to be well covered
(Fig. 7), the spatial coverage is still inhomogeneous

(Fig. 2) and vast parts of the ocean (in particular the 3-

SH) remain undersampled gndthe data remain inac-
cessible.

2. Bloomingproductive areas are often better investigated
than oceanic deserts, and when programs do occur in

www.earth-syst-sci-data.net/4/149/2012/

oligotrophic regions, researchers can often refrain from
running accurate cell counts when the abundance of a
group is very low. Figures 8 and 9 show that for indi-
vidual genera or species the distribution of data around
the median values are mostly skewed towards the higher
biomasses. Such a feature indicates cell abundances
have been assessed more thoroughly when cells are
abundant. Similarly, large cells are more easily iden-
tified in light microscopy than smaller cells (typically
<10-20um).

Most cell counts are run on fixed samples, and even
if diatoms are usually not considered to be impacted
by preservatives, there is some evidence that diatoms
do shrink or swell with Lugol’'s solution, sometimes
by up to 30%, depending on its final concentration
in the sample (Montagnes et al., 1994; Menden-Deuer

Earth Syst. Sci. Data, 4, 149-165, 2012
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Figure 7. Seasonal distribution of log-normalized diatom biomass datalagC I-*) for the Northern(a) and Southerifb) Hemispheres.

et al., 2001). However, these studies were carried out
on a small number of diatom species, and more work
is needed to determine the accuraffee of Lugol’s

preservation on cell size and biovolume measurements.

from the literature minimum and maximum dimensions,
but we acknowledge that this is a rough approximation.

7. In most cases, the hidden dimension of diatoms is not

indicated, and cannot be obtained without further ma-
nipulation of the cells on glass slides using needles, a

4. The biovolume used to convartn® |.nto Pg Celt? 1S task that can be daunting to most people. In this study,
calculated frqm the frustule outer dimensions, which do assumptions were made on the hidden dimension using
not necessarily _match that of the cytoplzs_\sm. The latter ratios between, for instance, the diameter and pervalvar
can be, dependm_g on the.spemes, considerably smaller axis for centric diatoms. Clearly, more attention needs
than the frustule itself. Th!s issue can only be resolved to be given to these calculations, and this hidden dimen-
by pu!ture yyork to d,ete”“'”e_ cellular C qoqtent on the sion should be better indicated in taxonomic guides.
main identified species. The impact of this issue means
all C biomass estimates must be considered as overesti- 8. The cellular carbon content is assumed to be constant
mates and a maximum value per genus or species. and a function of cell volume. However, it is known that

depending on growth conditions (irradiance, tempera-

5. Cells change size through their life cycle and with sea-  ture, nutrients), a degree of plasticity in the cellular C
son and depth, and it is therefore inadequate to use ~ content can be achieved (Finenko et al., 2003). Apply-
average values for cell size, and subsequently for bio-  ing the same conversion factor over a wide size range,
volume and carbon biomass calculations. Cell sizes  @s is the case for diatoms, leads to systematic errors
should be measured systematically (for the dominant ~ @nd this formulation should also be improved (Menden-
species) between subsamples and betweerelnt ar- Deuer and Lessard, 2000).
eas. This could not be done in the database, where min- These biases are well established and acknowledged in
imum and maximum ranges for each species were conmodern treatments of biovolume and biomass estimates (e.g.
sidered, and distinction in sizes according to the geo-Cornet-Barthaux et al., 2007), yet nevertheless remain chal-
graphic area could not be taken into account. Accordinglenging. Substantial progress could be achieved by placing
to ViliTic (1985) the use of literature data from other more dforts on the globally dominant species. This database
oceanic regions should be avoided, and measuring celhllows the first estimate of the relative contribution of the
dimensions for each dataset is the only way to estimatemain diatom genera and species to global biomass, and re-
the total cell volume without major error. veals that a small number of them %0) represent between

90 and 99 % of the biomass. Improving size and biovolume

6. Regarding the average cell size, Hillebrand et al. (1999)determinations on these particular species, as well as accord-

Earth Syst. Sci. Data, 4, 149-165, 2012

further stated that the biovolume should be calculateding to geographical area, season and life cycle, should thus
from the median of measured linear dimensions, not asubstantially improve diatom biomass estimates. Guillard
a mean (or median) of a set of individually calculated and Kilham (1978) published an extensive description of the
biovolumes. Here, we were not able to calculate mediandiatom flora for the main biogeographical provinces, which
dimensions for lack of data on cell size measurementssimilarly showed that only a few dozen species were domi-
so we decided to use the average biovolume calculatediant in each province. At a coastal site in the Gulf of Lions
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Table 3. Diatom species (all taxa not identified down to species level were left out of the calculation) in ascending order of contribution to
total biomass. 43 species amount to 90 % of global diatom biomass (identified species only).

Species % contributionto  Species % contribution to
total biomass total biomass

Dactyliosolen fragilissimus 13.6 Proboscia alata 0.9
Rhizosolenia imbricata 10.8 Chaetoceros curvisetus 0.8
Guinardia striata 8.1 Guinardia flaccida 0.8
Detonula pumila 7.7 Pseudo-nitzschia pungens 0.7
Guinardia delicatula 4.5 Fragilariopsis oceanica 0.7
Leptocylindrus danicus 4.2 Nitzschia longissima 0.6
Skeletonema costatum 34 Thalassiosira gravida 0.6
Rhizosolenia chunii 3.0 Eucampia zodiacus 0.5
Chaetoceros socialis 2.6 Proboscia inermis 0.5
Rhizosolenia setigera 25 Rhizosolenia hebetata 0.5
Lauderia annulata 25 Chaetoceros debilis 0.5
Rhizosolenia robusta 2.4 Chaetoceros decipiens 0.5
Cerataulina pelagica 2.1 Chaetoceros didymus 0.4
Ditylum brightwellii 1.8 Guinardia cylindrus 0.4
Chaetoceros compressus 1.6 Coscinodiscus wailesii 0.4
Rhizosolenia styliformis 1.6 Proboscia indica 0.4
Leptocylindrus mediterraneus 1.4 Thalassiosira rotula 0.4
Coscinodiscus oculus-iridis 1.3 Thalassionema nitzschioides 0.4
Thalassiosira nordenskioeldii 1.3 Nitzschia closterium 0.3
Paralia sulcata 1.1 Chaetoceros lorenzianus 0.3
Asterionellopsis glacialis 1.0 Detonula confervacea 0.3
Chaetoceros ginis 0.9

(northwestern Mediterranean Sea), a bimonthly survey ovemost planktonic groups (phytoplankton, bacteria, mesozoo-
11 yr showed that out of the 91 diatom species that were idenplankton and heterotrophic protists) from the literature and
tified, only 16 species represented 97 % of the combined celin various environments, Gasol et al. (1997) showed that
abundances. Incidentally, 10 of these 16 species also appe#ite heterotrophic : autotrophic biomass ratio was higher in
in the top 50 species identified in Fig. 9. We, therefore, advo-open oceafttess productive systems, indicating an inverted
cate the systematic use of regional atlases reporting full debiomass pyramid, while coastatoductive areas were char-
scription of cell sizes and biovolume ranges for the dominantacterized by a smaller contribution of heterotrophs relative to
species present, which are usually much less numerous thaautotrophs. According to the authors, thedBedénces reflect
the full extent of diatom diversity. Focusing on improving consumer-controlled systems in the first case, and resource-
biomass estimates for the most abundant species identifiedontrolled systems in the latter. Thefdrent databases com-
here should be an achievable task within the next few yearspiled in this special issue could be used to run such compar-
and should considerably improve global diatom biomass esisons (see also Buitenhuis et al. (2012), introductory paper
timates. This list of dominant species should of course not beon this special issue).
considered as a static unchanging list, as climate change and Despite the identified biases, the biovolume data com-
environmental modifications are highly susceptible to changepiled in this study are on the same order of magnitude as
the order of species dominance in the ocean. However, somihe literature data. Considering a global integration depth of
species identified here as globally important are seldom thd00 m as a rough estimate for the euphotic zone depth, di-
object of laboratory culture work and little is known of their atom biomass data are mostly comprised between 0.01 and
physiology and biogeochemical characteristics. 10g Cnt?, which is on the same order of magnitude as the
This study, together with the other datasets compiled fortotal autotrophic plankton biomass (diatomgther groups)
the main planktonic functional types, should allow a first by Gasol et al. (1997), which ranged between 0.02 and
comparison of a PFT’s relative importance, as well as an31.8 g C m?2. However, a more extensive comparison with
estimation of the global heterotrophic to autotrophic plank-the literature remains flicult because global estimates de-
tonic biomass ratio. Looking at coastal and open ocearrived from satellite products are most often given in chloro-
data separately should also allow for the validation or oth-phyll a concentrations or as net primary production.
erwise of the trophic chain pyramid models proposed by Finally, we present an attempt at a first-order estimate
Gasol et al. (1997). By compiling simultaneous reports for of the global diatom biomass (Tables 4 and 5). Following
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Table 4. Global ocean budget of diatom biomass for the entire dataset expressed in Tg C, Tmol C and Tmol Si, and Si biomass turnover rate
estimates in o (see discussion section for calculation details).

All data 0-100m All data 0-200 m
Global ocean Geometric  Arithmetic Geometric  Arithmetic
diatom biomass mean mean mean mean
TgC 488 2942 470 3023
TmolC 41 245 39 252
Tmol Si 3.8 22.8 3.6 23.4
Si biomass turnover rate 0.17 0.03 0.18 0.03

Table 5. Global open ocean budget of diatom biomass for the dataset without coastal sites (where bathyi®@m) expressed in Tg C,
Tmol C and Tmol Si, and Si biomass turnover rate estimatestigsgée discussion section for calculation details).

Open ocean data 0-100m  Open ocean data 0-200 m

Global open ocean Geometric  Arithmetic ~ Geometric  Arithmetic
diatom biomass mean mean mean mean
TgC 582 3626 444 3433
TmolC 49 302 37 286

Tmol Si 4.5 28.1 3.4 26.6

Si biomass turnover rate (8 0.15 0.02 0.19 0.02

the method described in Luo et al. (2012), depth-integrated?40 Tmol Siyr! given by Nelson et al. (1995), this converts
biomass values (a minimum of three depths were requiredo a Si biomass turnover rate comprised between 0.15 and
for the calculation) were binned tox33° grid to partially ~ 0.19d* (geometric mean). The arithmetic means yield a Si
smooth out the uneven spatial distribution of data. The totaturnover rate of 0.02—-0.03'4, which seems to be highly un-
area of the five main oceans was multiplied by the geomet-derestimated for diatoms.

ric or arithmetic means of diatom biomass for each ocean. Next, the mean integrated BSi biomass over 0—200 m (in
The geometric mean is considered preferentially for this cal-mmol SinT2) is presented for each basin and compared to lit-
culation as it is the exact representation of the mean for log-erature data for various oceanic provinces (Table 6). Diatom
normal distributed data. The dataset was furthermore sortetliomass is usually available indirectly through particulate Si
out between coastal (defined here as bathymett(0 m) measurements in ocean studies, allowing a comparison be-
and open ocean data, representing 552 and 3826relt  tween our dataset and actual measurements after conversion
sites, respectively. The binning procedure is inadequate tédrom C to Si biomass. Our estimates for open ocean data are
use on coastal data only (too little spatial coverage), henceomprised between 3.3 and 26.9 mmol Sfnwhich is quite

the calculations were run on the entire dataset first (Ta-similar to the estimate given in Adjou et al. (2011) of 2 to
ble 4), then on open ocean data alone (Table 5), the dif26 mmol Sint? for High Nutrient Low Chlorophyll (HNLC)
ference reflecting the weight of coastal data. Consideringand oligotrophic regions. However, the range of variations
either 100 or 200 m as the depth of integration yields di-of integrated BSi data in various hydrological environments
atom biomass values for the global ocean using all data otan be quite large and may locally be one to three orders of
488-470 Tg C (geometric mean) and 2942-3023 Tg C (arithmagnitude higher than our basin averages as evidenced in
metic mean), respectively. These values vary slightly con-Table 5.

sidering open ocean data alone (Table 5) and amount to Unfortunately, we did not find any integrated BSi data
582-444Tg C (geometric mean) and 3636—3433 Tg C, refor the Arctic Ocean to compare with our data. This region
spectively (arithmetic mean). After conversion to Si biomasspresents a 215 % increase of biomass estimates when look-
using a Si:C ratio of 0.093, as the average between Siing at open ocean data alone (9.9 mmol Sf)ncompared to
stressed diatoms (0.056, DeLaRocha et al., 2010) and Skhe entire dataset estimate (4.6 mmol Sfjnwhile the At-
replete diatoms (0.130, Brzezinski et al., 2011a), the globalantic, Pacific and Indian Oceans all show a slight decrease
Si budget for diatom biomass amounts to 3.6-3.8 Tmol Si(—3 to -7 %) when excluding coastal data, which are gener-
for the global ocean (Table 4) and 3.4—4.5 Tmol Si for the ally expected to be skewed towards higher biomasses. This
open ocean with coastal data excluded (Table 5). By conparticular feature of the Arctic could be explained by the
sidering the global gross Si production annual estimate ofpresence of a broad continental shelf and the impact of large
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Table 6. Mean integrated BSi (over 200 m) in mmotfncalculated from the present database are indicated by the geometric mean and
arithmetic means, using a Si: C conversion factor of 0.093 (see discussion section for calculation details). A distinction was made between
all available data and open ocean data alone (considering all data points below the 100 m isobath as coastal data). These results are compar
to other regional data published in various studies, indicated either as minimum and maximum values or by an-&8@rafee areal

surface considered for each ocean were 14.056, 76.762, 155.557, 68.556, 20.3271(if) 1@ the Arctic, Atlantic+ Mediterranean-

Baltic, Pacific, Indian and Southern Oceans, respectively.

Oceanic region Province BSi (mmolA) References
(geom.mean; arith.mean)
. All data 4.6;12.9 this study
Arctic
Open ocean data 9.9;23.1 this study
North Atlantic (POMME) 1.6-60.9 1
North Atlantic (NABE) 17.7-102.2 2
BATS 11.7-50.8 3
Atlantic BATS 4.0+ 6.8 4
Sargasso Sea 1.2-109.1 3,5
ACC 30.2-1231.2 6
Amazon plume waters 2.0-55.9 7
. Western basin 1.0-50.0 8,9,10,11
Mediterranean
Eastern basin 3.9-64 11
Atlantic, Mediterranean and Baltic All data 34277 this study
Open ocean data 3.3;28.3 this study
HOT <10.0 12
ALOHA 3.0 12
Central North Pacific 1.8-18.4 13
Eastern equatorial Pacific 3.8-18.0 14
Pacific Monterey Bay 16.3-175 15
Monterey Bay — upwelling event 56-566 16
Santa Barbara basin 6.6-380 17
SOFEX unfertilized north patch (36) 4.9-13.1 18
All data 8.0;52.4 this study
Open ocean data 7.1,75.4 this study
Pacific sector (60-665) 386+ 203 19
SOFEX unfertilized south patch (66) 19.1-89.8 18
Southern Ocean -
All data 4.0;7.8 this study
Open ocean data 44,84 this study
Kerguelen Plateau (KEOPS 1) 605-2105 20
Polar Front Zone 46.618.7 21
. Subantarcic Zone 31610.1 21
Indian Ocean
Subtropical Zone 19.82.8 21
All data 29.1;186.8 this study
Open ocean data 26.9;178.0 this study

1 Leblanc et al. (2005) Leblanc et al. (2009) Krause et al. (2009}, Nelson et al. (1995}, Brzezinski and Kosman (1996)Queguiner and Brzezinski (2002);
7 Shipe et al. (2006 Peinert and Miquel (19945; Leblanc et al. (2003):° Leblanc et al. (2004):* Crombet et al. (2011):2 Brzezinski et al. (2011b);

13 Brzezinski et al. (1998):* Krause et al. (2011} Brzezinski et al. (2003)t6 Brzezinski et al. (1997)t7 Shipe et al. (2001)t8 Brzezinski et al. (2005);

19 Brzezinski et al. (20017° Mosseri et al. (2008 Leblanc et al. (2002).
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Figure 8. Boxplot of the main diatom genera, contributing to 99 %
of the total biomass (lagug C 1) in the database. Red dots rep- Figure 9. Boxplot of the main diatom species, contributing to 90 %
resent the 5th and 95th percentiles. Genus contribution to totabf the total biomass (lagug C 1) in the database. Red dots rep-
biomass is arranged in decreasing order of abundance from top teesent the 5th and 95th percentiles. Species contribution to total
bottom (see Table 2 for relative importance). biomass is arranged in decreasing order of abundance from top to
bottom (see Table 3 for relative importance). All undetermined gen-
era (exampleChaetocerospp.) were left out of the calculation to

riverine inputs, which could induce largdidirences between focus on identified species.

coastal and open ocean biomass. The Atlantic Ocean aver-

age estimate (combining data from the Baltic and Mediter- °

ranean) is the lowest of all regions (3.3-3.4 mmof)rand 1

compares well with literature data for the Mediterranean Sea, <5 37 X ¢
the Bermuda Time Series (BATS) and the North Atlantic. O 24

Much larger values were found in the Atlantic sector of 2 1 1

the ACC (Antarctic Circumpolar Current), which is at the 3

boundary with the Southern Ocean and reflects a very dif- £ 7] T .
ferent environment. The Pacific Ocean estimate also com- e 17

pares well with open ocean data (HOT, ALOHA, the cen- 3 27 1

tral, equatorial and southern Pacific), but is much lower than & a4

coastal measurements obtained at Monterey Bay or the Santa & , |

Barbara basin, which are highly productive coastal systems. . .

The Southern Ocean is the region where the discrepancy be- N .

tween our estimates and measurements is highest, with much =6 g y g

Min biomass Max biomass Mean biomass

lower values than expected for diatoms, and a global bud-
get close to that of the Arctic and Atlantic Oceans. This mayFigure 10. Boxplot of the minimum, maximim and mean estimates
be due to poor sampling coverage in the dataset, which isf diatom biomass (logug C117%). Red dots represent the 5th and
visible in Fig. 5, where very few sampling sites are actu- 95th percentiles and black circles the outliers.

ally documented. The Indian Ocean shows the highest esti-

mates (26.9-29.1 mmol SiT) in our dataset and is probably
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skewed by data from the Kerguelen Plateau, which displays &ppendix A
massive diatom bloom every year. The only data available for

BSi are found in the Subantarctic region, but unfortunately

no other data for the central and northern Indian Ocean couldhl Data table

be found for comparison. A full table containing all biomagabundance data points

can be downloaded from the data archive PANGAEA,
5 Conclusions doi:10.1594PANGAEA.777384 See description of the file
] ) _ ) in the “Data file content” section (Sect. 2.3). The excel file al-
This study provides the first attempt to compile global abun-|gying for automatic biovolume calculation can be used as a
dance and biomass data for diatoms in a unique databasgiarting tool to create regional diatom databases and is avail-
with uniform data treatment. Quantitative and qualitative 5pe upon demand to the first author. New data additions to

information are provided, but much more information on this gatabase are welcomed and will be implemented when
species distribution, succession and relative importance besygijaple.

tween biogeographical provinces and cogsfsn ocean
systems can be derived from the present database, althou%2 Gridded NetCDF bi q
such coverage is beyond the scope of this paper. Despite ridded Net lomass product

significant identified biases in biovolume calculations andThe biomass data has been gridded onto ax3B80° grid,

C content conversions, these first estimates may be used i@ith a vertical resolution of six depth levels: 0-5m, 5-25m,

global biogeochemical models implementing diatoms as &5-50 m, 50-75m, 75-100 m andl00 m. Data has been

model variable. First estimates for the global ocean producegnverted to NetCDF format for ease of use in model calcu-

a diatom biomass of 37-49 Tmol C and 3—4 Tmol Si, and anjation exercises. The NetCDF file can be downloaded from

average Si biomass turnover rate of 0.15 to 019 &pa- PANGAEA, doi:10.1594PANGAEA.777384

tial coverage, species identification and cell size assessments

may still be improved and taxonomists are encouraged to

submit future data to data repositories such as PANGAEAAcknowledgements. We wish to acknowledge the contribu-

so that they may be used to refine future dataset aggregatioiipn of several other contributors to this dataset: D. Harbour,

projects such as this one. M. Estrada, M. Fiala, M.-J. Cktiennot-Dinet, F. Figueiras,
We emphasize that less than 50 species repres@®o F. Gomez, D. Karentz, J. Ramos, T. Robert, M. Silver, G. Tarran

of the total biomass, and that placing mofeoet on resolv- and the Plymouth Marine Laboratory (PML) as well as many
' other anonymous providers of data obtained through data cen-

ing the listed biases for these dominant species first (Whi(:r}ers such as NODC. BODC. PANGAEA NMSE-Copepod and
are sometimes less well studied) should help to improve the, " - JGOI?BI,?OOF p’rograms (BI,OSOPE PEOpSOPE)
global biomass estimates considerably. Hence, the huge dbepth-integrated data (e.g. P. Ajani) for diatom abundances were

versity of diatom species in the modern ocean may be rex|so available, but have not been included in the present database
duced down, for more complete studies of size, biovolumeand manuscript. We wish to thank Corinne Légufor leading

and cellular C content assessments, to a more manageabigis excellent initiative, as well as Erik Buitenhuis, Vogt Meike,
number of taxa for global modelingfferts. However, we  Scott Doney, Colleen O’'Brien and Yawei Luo for putting together
should keep in mind that climate and environmental changeand kindly helping out with the Matlab scripts, gridded NetCDF
may alter this dominance list at any time, and that contin-files and statistical treatment protocols. Finally, we wish to thank
ued taxonomic identification and countinfjats of the en- _S.téphane Pesapt for his work on integrating tht_a p_resent database
tire plankton flora remains crucial. Another goal was to pro- Into PANGAEA in an open access fqrmat' Sme'SS'.On of new data
vide a usable data file for taxonomists worldwide so that the))S very welcome (please contact karine.leblanc@univ-amufr).

can add furthgr diatom count Qata and compgte _their piOVOI'Edited by: W. Smith

ume and C biomass in a similar way. This file is available

in open access through the PANGAEA database center (see

Appendix A), and will evolve with new data submissions. ~ References
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