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Abstract. The planktonic haptophytehaeocystifias been suggested to play a fundamental role in the global
biogeochemical cycling of carbon and sulphur, but little is known about its global biomass distribution. We
have collected global microscopy data of the geRbseocystiand converted abundance data to carbon
biomass using species-specific carbon conversion factors. Microscopic counts of single-celled and colonial
Phaeocystisvere obtained both through the mining of online databases and by accepting direct submissions
(both published and unpublished) froRhaeocystispecialists. We recorded abundance data from a total

of 1595 depth-resolved stations sampled between 1955-2009. The quality-controlled dataset includes 5057
counts of individualPhaeocystigells resolved to species level and information regarding life-stages from
3526 samples. 83% of stations were located in the Northern Hemisphere while 17 % were located in the
Southern Hemisphere. Most data were located in the latitude range of‘99-While the seasonal distribu-

tion of Northern Hemisphere data was well-balanced, Southern Hemisphere data was biased towards summer
months. Mean species- and form-specific cell diameters were determined from previously published studies.
Cell diameters were used to calculate the cellular biovolumhafeocystisells, assuming spherical geom-

etry. Cell biomass was calculated using a carbon conversion factor for prymnesiophytes. For colonies, the
number of cells per colony was derived from the colony volume. Cell numbers were then converted to carbon
concentrations. An estimation of colonial mucus carbon was included a posteriori, assuming a mean colony
size for each species. Carbon content per cell ranged from 9 pg€ (figle-celledPhaeocystis antarctigz

to 29 pg C celt! (colonialPhaeocystis globogaNon-zeroPhaeocystisell biomasses (without mucus carbon)
range from 2x 107° to 54x 103 ug CI%, with a mean of 45.4g CI"! and a median of 3,0y CI™t. The

highest biomasses occur in the Southern Ocean bel6\8 70p to 783.91g CI™1) and in the North Atlantic

around 50N (up to 54 x 10°ug CI1). The original and gridded data can be downloaded from PANGAEA,
doi:10.1594PANGAEA.779101

Published by Copernicus Publications.
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1 Introduction ciated with marked increases in seawater viscosignkin-
son and Biddanddl995 Seuront et a).2007). In their re-

Plankton functional types (PFTke Qlére et al, 2005 and  view, Schoemann et a(2005 conclude that it should be
marine ecosystem composition are important for the biogeopossible to derive a single unique parameterisatidphateo-
chemical cycling of many abundant elements on Earth, sucltystisgrowth for global modelling. Henc&haeocystihas
as carbon, nitrogen, and sulphur (eWleber and Deuts¢h recently been included in a number of regional and global
2010. In recent decades, changes have been observed in mBGOMs (e.gWang and Moorg2011).
rine plankton communitiesQhavez et a).2003 Reid et al, Here, we present biomass data that were estimated from
2007 Hatun et al. 2009 Beaugrand and Rei®003, and  direct cell counts of colonial and single-cellBthaeocystis
these changes are likely téfect local and global biodiver- We show the spatial and temporal distributionRfaeocys-
sity, fisheries and biogeochemical cycling. Marine ecosys-tis biomass, with a particular emphasis on the seasonal and
tem models based on PFTs (Dynamic Green Ocean Models;ertical patterns. We discuss in detail our method for con-
DGOMSs) have been developed in order to study the lowerverting abundance to carbon biomass and note the uncertain-
trophic levels of marine ecosystems and the potential impacties in the carbon conversions. Our biomass estimates are tai-
of changes in their structure and distributidre (Queré et lored to suit the needs of the modelling community for ma-
al., 2005. DGOMs have been applied to a wide range of bi- rine ecosystem model validation and model development, but
ological and biogeochemical questiodsufmont and Bopp  they are also intended to aid biological oceanographers in the
2006 Hashioka and Yamanak2007 Moore and Doney  exploration of the relative abundances offelient PFTs in
2007 Vogt et al, 201Q Weber and Deuts¢i2010. How- the modern ocean and their respective biogeochemical roles,
ever, the validation of these models has provefidlilt due  for the study of ecological niches in marine ecosystems and
to the scarcity of observational abundance and biomass datine assessment of marine biodiversity.
for individual PFTs.

The MARine Ecosystem DATa (MAREDAT) initiative
is a community #&ort to provide marine ecosystem mod-
ellers with global biomass distributions for the major PFTs 5 1 origin of data

currently represented in marine ecosystem modgistén- _
huis et al, 2012 silicifiers, calcifiers, nitrogen fixers, DMS- Our data consists of abundance measurements from several

producers, picophytoplankton, bacteria, microzooplanktondatabases (BODC, OBIS, OCB DMO, Pangaea, WODO9,

mesozooplankton and macrozooplankton). MAREDAT is US JGOF$), and published and unpublished data from sev-
part of the MARIine Ecosystem Model |ntercomparison eral contributing authors (E Breton, M. Estrada, J. GibSOﬂ,
Project (MAREMIP). All MAREDAT biomass fields are D. Karentz, M. A. Van Leeuwe, J. Peloquin, L. Peperzak,
publicly available for use in model evaluation and develop- V. Schoemann, J. Stefels, C. Widdicombe). Often, the on-
ment, and for other app”cations in bi0|ogica| Oceanography."ne databases did not denote the method used for the quan-
The haptophyt@haeocystigqas been Suggested to p|ay titative analysis oPhaeocystisbundances. However, most
a fundamental role in the global biogeochemical cycling of known counts have been made using the common inverted
carbon and sulphurLé Queré et al, 20059. Phaeocystids microscopy and epifluorescence metho#sr{son et al,
a globally distributed genus of marine phytoplankton with a 2010. Both methods require the sampling Bhaeocystis
po|ymorphic life cycle, a|ternating between f|age||ated, free- colonies in Niskin bottles and the Subsequent preservation of
living cells of 3-9%um in diameter and colonial stages which cells in LUgO"S solution or another preservative. After stor-
form colonies reaching several mm—cmousseau et al. age of the sample prior to analysis, many scientists concen-
199Q Peperzak et al200Q Peperzak and &bler-Schwarz ~ trate the sample through settling in counting chambers or fil-
2012 Chen et al.2002 Schoemann et al2005. Three of  tration onto a polycarbonate filter.
the six recognisedPhaeocystisspecies are known to form Most conventional preservation agents cause the disinte-
massive blooms of gelatinous colonidsgdlin and Zingone  gration of the colonial matrix, such that colonial and sin-
2007, which may contribute significantly to carbon export dle cells can no longer be distinguished. One preservation
(Riebesell et a).1995 DiTullio et al., 2000, although re- method based on a mixture of Lugol’s, glutaraldehyde and io-
cent observations suggest that the contributioRltdeocys- ~ dine Guiselin et al. 2009 Sherr and Sherd993 Rousseau
tis spp. to vertical flux of organic matter is smaRdigstad €t al, 1990 is able to maintain colony structure (ekgarentz
and Wassmanr2007). In addition,Phaeocystisells are im- ~ and Sperp1995 Riebesell et a).1995 Brown et al, 2008

porltan'F producer_s of dimethylsulphoniopropionatfa (DMSP), 1BODC: British Oceanographic Data Centre; OBIS: The Ocean
Wh'Ch is the marine precursor of the trace gas dlrr?ethylsuI'Biogeographic Information System, OCB DMO: Ocean Carbon and
phide (DMS). DMS has been suggested to play an Importangjogeochemistry Coordination and Data Managemefhice, Pan-
role in cloud formation, and DMS production is the main re- gaea: Data Publisher for Earth and Environmental Science, WOD:
cycling pathway of sulphur from the ocean to the land. Fur-world Ocean DatabasBoyer et al.(2009, US JGOFS: US Joint
thermore,Phaeocystishas been well documented as asso- Global Ocean Flux Study.

Data
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Wassmann et 12005, but this is not widely used. Due to the colonial stage. Hence, our cell biomass estimates repre-
these dfificulties, only a few measurements resoRigaeo-  sent a lower limit, and our total biomass estimates including
cystislife stages or morphotypes. colonial mucus represent an upper limit for gloBalaeocys-
Table 1 summarizes the origin of all our data, sorted by tis biomass.
database, principal investigator and the project during which Biomass was determined from cell abundance using
measurements were taken. At present, the database cospecies- and form-specific conversion factors (E)g Simi-
tains 5057 individual data points from 3526 samples of 1595lar conversion schemes have been previously described (e.g.
depth-resolved stations. Schoemann et al2005 and references therein). Total cell
abundances were divided into single cells, colonial cells and
undefined cell types. For each species, the mid-point of the
range of reported cell diameters from the literature was used
Given the low numbers of data points and the fact thatfor single and colonial cells (Tabl® P. globosa Rousseau
Phaeocystiss a blooming species with a wide range of et al, 2007 Schoemann et al2005 P. antarctica Mathot
biomass concentrations, the identification and rejection ofet al, 200Q Rousseau et al2007 Schoemann et al2005
outliers in our dataset is challenging. We use Chauvenet's®. pouchetii Wassmann et gl2005 Rousseau et al2007).
criterion to identify statistical outliers in the log-normalized = Where the species was not specified, Southern Ocean cell
biomass dataGlover et al, 2011, Buitenhuis et al.2012. counts were assumed to Bdaeocystis antarcticaor cell
Based on the analysis, none of the stations was identifieg¢ounts in other regions, the mid-point of the range of cell di-
to yield biomasses with a probability of deviation from the ameters folP. pouchetiiandP. globosawas taken (Table;
mean greater than/2n, with n= 2547 being the number flagellates: 5.am, colonial cells: 6.um). From cell diame-
of non-zero data summed up for all stations (two-sided z-ter we computed biovolume, assuming spherical geometry
score:|zd = 3.72). In addition to the statistical testing of the of all cell types. We then converted biovolume to carbon
biomass distribution, we also quality controlled the range ofbiomass using an empirical volume—carbon conversion for-
our cell abundances. We found that our maximum reportednula for prymnesiophytes developed kenden-Deuer and
abundance of 1910 cells is within the range of previ- Lessard200Q Table2).
ously reported abundanceSchoemann et a{2005 report Most colonial cells were reported in the form of cell abun-
maximum cell abundances of the order of ca’ délis* dances. However, one dataskt ¢lobosa number of data
in areas of colony occurrencét{p;y/www.nioz.nfprojectg points: n=30) provided colony counts only, but addition-
ironage$. The largest bloom oP. antarcticawas observed ally reported the corresponding colony diameters. We used
in Prydz Bay [Ottpy/www.nioz.nfprojectgironage$, with the reported colony diameter to calculate colony volume (as-
cell abundances measured up te B0’ cellsL. Eilertsen  suming spherical colonies), and from this estimated the num-
et al. (1989 reported a maximum of 1210 cells I* of P. ber of cells per colony using published conversion factors
pouchetiiin the Konsfjord. FoIP. globosaa maximal abun-  (Table 2; P. globosa Rousseau et al199Q P. antarctica
dance of 20« 10 cells I'* has been observed, corresponding Mathot et al, 200Q no colony-only cell counts reported fBr
to a total biomass of ca. 10 mg ¢ lincluding mucusCacte  poucheti). Total cell counts per colony were then converted
and Hegeman1986 Schoemann et al2005. The latter  to carbon biomass using the method described above.
biomass value is 20 times larger than the maximal biomass We show biomass estimates based on cell carbon ex-
we report (54x 10° ug CI'Y). Thus, based on statistical and cluding colonial mucus as our lower limit fd?haeocystis
observational evidence, none of the data were flagged. biomass. The range of uncertainty for the lower limit biomass
estimates is given by the uncertainty in cell diameters. Addi-
tional uncertainty is introduced where cell life form is not
specified. The uncertainty introduced by this assumption is
We distinguish between single, colonial and unspecifiedaddressed by calculating a minimum cell biomass estimate
Phaeocysticells. While Phaeocystiss generally observed treating all undefined cell types as single cells.
and counted under bloom conditions, a significant frac- Estimates for colonial mucus are included to provide an
tion of cells is non-colonial even during bloom conditions upper limit for Phaeocystibiomass. Estimating mucus car-
(V. Schoemann, auxillary data). Hence, in order to calculatebon from cell counts alone is problematic, as the ratio of
the lower limit biomass, we have assumed unspecified cellsnucus carbon to cell humber increases with colony size.
to be single cells. To first order, this choice does nMé&c  Colony size therefore needs to be known in order to calcu-
the order of magnitude of our cell biomass estimates, sincdate accurate estimates of mucus carbon. Only one of the
cell carbon is of the same order of magnitude for both colo-datasetsri{= 30) included information on colony size. Con-
nial and single cells (see below). We define téthheocystis  sequentially, we have used a standard colony diameter of
biomass to consist of cell biomass and biomass contained i200um for all three species, based on a review of previ-
the mucus surroundinghaeocystig€olonies. For our calcu- ously reported colony size¥erity et al. (2007 find most
lation of total biomass, we chose unidentified cells to be inP. poucheticolonies in their study range between 20450

2.2 Quality control

2.3 Biomass conversion

www.earth-syst-sci-data.net/4/107/2012/ Earth Syst. Sci. Data, 4, 107-120, 2012
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Table 1. List of data contributors, in temporal order; Databases: BODC: British Oceanographic Data Centre, OBIS: Ocean Biogeographic
Information System, US JGOFS: US Joint Global Ocean Flux Study, OCB: Ocean Carbon and Biogeochemistry, WOD09: World Ocean
Database 2009; Institutes: AWI: Alfred-Wegener-Institute, Bremerhaven, Germany, IMARPE: Institut del Mar del Peru, Paita, Peru, 10S:
Institute of Ocean Sciences, Sidney, Canada, MMBI: Murmansk Marine Biological Institute, Murmansk, Russia.

Entry Database Investigatbmstitute  Project Year(s) Region No. of data Reference(s)
No. points
1 BODC D. Harbour BOFS 1989-1991  North Atlantic 13 -
2 BODC D. Harbour JGOFS 1994 Arabian Sea 25 -
3 BODC 1. Joint OMEX 1994-1995 North Atlantic 7 -
4 BODC P. Tett North Sea 1988-1989 North Sea 18 -
Project
5 BODC R. Uncles LOIS 1994-1995 North Sea 19 -
6 BODC P. Wassmann OMEX 1994 North Atlantic 186 -
7 - L. Peperzak 1992 Dutch coastal zone 64 Peperzak et a(1998
8 OBIS P. Wassmann & T. ArcOD 1993-2003  Arctic 1815 -
Ratkova
9 OCB DMO M. Silver VERTIGO 2004 Hawaii 1
10 Pangaea P. Assmy EIFEX 2004 Southern Ocean 28 Assmy(2007)
11 Schoemann et al. (2005) G. Gad Marsdiep 1976-1985 Dutch coastal zone 2 Cacke and Hegemaf1986
12 Schoemann et al. (2005) G. Gad Marsdiep 1989-1992 Dutch coastal zone 3 Cacke(199))
13 Schoemann et al. (2005) G. Gad Marsdiep 1990 Dutch coastal zone 2 Cacke(199))
14 Schoemann et al. (2005)  G. DiTullio 1996 Ross Sea, Antarctica 1 DiTullio et al. (2000
15 Schoemann et al. (2005) H. Fransz & Marsdiep 1991 Dutch coastal zone 2 Fransz et al(1992
G. Cacke
Cacke and Hegemaf1993
16 Schoemann et al. (2005) B. Hansen 1988-1989 Barents Sea 6 Hansen et al1990
17 Schoemann et al. (2005) |. Jenkinson 1988 German Bight 12 Jenkinson and Biddand&995
18 Schoemann et al. (2005)  S. Kang 1986 Weddell Sea, 3 Kang and Fryxel(1993
Antarctica
19 Schoemann et al. (2005) B. Karlson 1993 Skagerrak Strait, 5 Karlson et al(1996
North Sea
20 Schoemann et al. (2005) K. Kennington 1996 Irish Sea 1 Kennington et al(1999
21 Schoemann et al. (2005)  A. Luchetta 1991 Barents Sea 1 Luchetta et al(2000
22 Schoemann et al. (2005) S. Mathot 1994-1995 Ross Sea, Antarctica 35  Mathot et al(2000
23 Schoemann et al. (2005) Palmisano 1984 McMurdo Sound, 10 Palmisano et a(1986
Antarctica
24 Schoemann et al. (2005) H. Pieters Marsdiep 1978 Dutch coastal zone 1 Pieters et al(1980
25 Schoemann et al. (2005) R. Riegman Marsdiep 1991 Dutch coastal zone 4 Riegman et al(1993
26 Schoemann et al. (2005) C. Robinson 1993 East Antarctica 1 Robinson et al(1999
27 Schoemann et al. (2005) F. Scott 1992 East Antarctica 1 Scott et al(2000
28 Schoemann et al. (2005) P&guer 1988 Scotia Sea, Antarctica 1 Treguer et al(1991)
29 Schoemann et al. (2005)  F. Van Duyl Marsdiep 1995 Dutch coastal zone 2 Van Duyl et al.(1998
30 Schoemann et al. (2005) E. Venrick - 1994 REGION 1 Venrick (1997
31 Schoemann et al. (2005)  S. Weaver - 1994 REGION 1 Weaver(1979
32 Schoemann et al. (2005) T. Weisse 1975-1976 German Bight, 2 Weisse et al(1986
North Sea
33 Schoemann et al. (2005) G. Wolfe 1997 Labrador Sea 2 Wolfe et al.(2000
34 WODO09 MMBI - 1955-1997 Kola Bay 395 -
(Barents Sea)
35 WOD09 IMARPE - 1966-1977 Peruvian coastal zone 8 -
36 WODO09 10S - 1980 US coast (Oregon) 4 -
37 WODO09 University of OCSEAP 1975-1977  Prince William Sound20 -
Alaska (Gulf of Alaska)
38 WODO09 AWI IAPP 1991 Arctic 6
39 - C. Widdicombe Western Chan-1992-2008 English Channel 1248 Widdicombe et al(2010
nel Observatory
40 US JGOFS Data System ~ W. Smith, AESOPS 1996-1997 Southern Ocean 184 -
D. Caron &
D. Lonsdale
41 - D. Karentz Icecolors 1986 Southern Ocean 74 Karentz and Sper(1995);
Smith et al.(1992
42 - D. Karentz GRINCHES 2004-2005 Ross Sea, Antarctica 14
43 - E. Breton SOMLIT- 2006-2009 English Channel 216 E. Breton (unpublished data)
MONITO
44 - J. Gibson 1993-1995 East Antarctica 136 J. Gibson (unpublished data)
45 - J. Peloquin Ross Sea 2001-2005 Ross Sea, Antarctica 84 J. Peloquin (unpublished data)
46 - M. Van Leeuwe & Ant 163 1999 Southern Ocean 33 Koeman(1999
J. Stefels R/V Polarstern
47 - M. Estrada Antarctic 85 1985 Weddell Sea, 126 Estrada and Delgadd 990
Antarctica
48 - M. Estrada Fronts 1985 Mediterranean Sea 156 Estrada1991)
49 - V. Schoemann BGC dPhaeo- 1994 Dutch coastal zone 80 Schoemann et al. (1998)
cystiscolonies,
EC-FP4

Earth Syst. Sci. Data, 4, 107-120, 2012

www.earth-syst-sci-data.net/4/107/2012/



M. Vogt et al.: PFT biomass: Phaeocystis 111

Original Abundance Data QIGODW 80" W 0 80°E 160 E
(standardisedto cells/L or % T . R P 7_

Colony diameters colonies/L)
reported with data

1

Colonyvolume ‘ Single Cells ‘ ‘ Colonial Cells ‘ ‘ Unknown Cells ‘

calculated assuming
spherical geometry

Assumed to be single

Species- and form- )
P cells for cell biomass,

Cells per colon specific cell diameters )
P Y P " colonial cells for total
calculated from from literature .
biomass
colonyvolume l,

Biovolume calculated assuming
spherical geometry

Figure 2. Global distribution of stations whefhaeocystisbun-
‘ Cell biovolume: carbon conversion— from Menden-Deuer and Lessard (2000) ‘ dance counts were made available for this study. Most stations are
located at temperate latitudes and in coastal areas.

‘ Addition of mucus carbon estimates for colonialand unknown cell types ‘

Figure 1. Flow diagram of methodology used to derive mean ihe expected mucus biomass per cell (Tab)leUnspecified
Phaeocystibiomass estimates from abundance data for single cells ell types were assumed to be colonial cells when calculating
colonial cells and unidentified cells. Abundance data was converte hese upper estimates Bhaeocystibiomass

tg bioyolume, a_nd a biovolume to carbon ratio was applied to de- For P. pouchetij no direct mucus carbon conversion fac-

rive biomass. Finally, an estimate of mucus carbon was added for : ’ ; :

colonial cell types. tor has been developed, buerity et al. (2007 provides a
conversion factor for colony volume to total colony biomass
(Table 2; cells and mucus). Following the same procedure
as for the other two species, we used this to calculate total

in diameter;Reigstad and Wassmarf2007) observe most biomass per cell. We then subtracted our cell biomass esti-

of their P. pouchetiicolonies in a size range between 65— mate for colonial cells to obtain an estimate of mucus carbon

115um; Mathot et al.(2000 observeP. antarcticacolonies  per cell for comparison witR. globosaandP. antarcticaes-

to range from 9.3-56@m; andRousseau et a{1990 report  timates.

colony sizes oP. globosao range from 1gm-2mm. In all Unspecified species outside of the Southern Ocean were

references, larger colonies occured, but were rarer than thgiven a total biomass per cell of 224 pg, which corresponds

smaller colonies. In our dat®, globosacolonies range from to the mean total biomass estimate farglobosaand P.

11-594um in diameter, with a mean diameter of 187. pouchetii(Table?2).

Given that the samples &ferity et al. (2007, Mathot et al.

(2000 andRousseau et a{1990 cover a similar range of 3 Resuylts

sizes for all three species, and that the dataset that reports

colony sizes confirms a mean colony size of ca. 200these 3.1 Global distribution of abundance data

findings suggest that the chosen standard diameter is a real- ) ) ) )
istic value for a typicaPhaeocystibloom. Maximum sizes ~ Of the 1595 stations contained in the database @&ig3 %

are reported ifSchoemann et a{2005 andBaumann etal. &€ located in the Northern Hemisphere (NH) and only 17 %

(1994, and range between 9 mm—3cm ferglobosa be- in the Southern Hemisphere (SH; F§). Out of the 3526
tween 1.5-2 mm foP. pouchetij and around 1.4-9 mm for samples, 2547 were reported as non-zero biomass, with 2054

P. antarctica Given the lack of data on colony sizes, we are NON-Z€ro abundances out of 2862 samples for the NH, and

unable to quantify the impact of large colonies on average493 non-zero abundances out of 664 samples for the SH (Ta-

carbon biomass. However, huge colony sizes are likely to b€ 3). Most measurements (53 %) were taken in the latitudi-
geographically restricted to specific regions. We assess th8a band of 50-70N (Fig. 3). When only data points with

uncertainty of our estimates by calculating mucus carbon fo’0N-2€ro abundances are taken into account, we f(i)n(_j that
the minimum and maximum colony sizes reported for eachMOSt non-zero data were collected between 6088(®4 %;

species $choemann et al2005 Baumann et a).1994). Es- Table 3), with relatively few non-zero abyndances recorded
timates of minimal and maximal total carbon are included in P&tween 50-60N (11 9%). Several latitudinal bands are un-

our data base, but only mean total carbon including mucugl€rsampled. We could not collect data for the 40-200—
will be discussed below. 10° N and 30—40N latitudinal bands. All in all, we have lit-

Conversion factors have previously been published for eslle non-zero data in tropical _and_ sub-tropical latitudes from
timating mucus biomass and number of cells from colony4%" S to 40N, where sampling is targeted at other phyto-

volume forP. antarctica(Mathot et al, 2000 andP. globosa  Plankton groups.
(Rousseau et al1990. Using these estimates we calculated

www.earth-syst-sci-data.net/4/107/2012/ Earth Syst. Sci. Data, 4, 107-120, 2012
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Table 2. Literature values for conversion factors from abundance to biomass. Cell diameters, biovolumes, carbon content and colony nhumber
conversions foP. globosaP. pouchetij andP. antarctica Reported means with ranges given in parentheses.

P. globosa P. pouchetii P. antarctica
Flagellate Colonial Flagellate Colonial Flagellate Colonial
Diameter (im) 5.5 7.5 5.0° 5.5 4.8 6.6°
(3-8) (4.5-10.4) (2-8) (3-8) (2-7.5) (3.2-10)
Biovolumé® (um?®) 87 217 65 87 56 151
(14-268) (48-589) (4-268) (14-268) (4-221) (17-524)
Carbon per cell (pg) 13 29 107 132 9’ 2110
(3-35) (7-71) (1-35) (3-35) (1-29) (3-63)
Colony diameterym) 200 200 200
(10-30000) (20-2000) (25-9000)
Colony volume —
cell number conversiéi® logN, = 0.51 logV + 3.67 log\; = 0.537 log/ + 3.409 N; = (35)°°
(V: [mm~3])
Colony volume —
mucus carbon conversion 335ng mind 213 ng mm? ©
Colony volume — lo@ = 0.924- V + 3.947°
total carbon conversion C: [ug]; V: [mm™3]
Total carbon per cell 34 415 24
including mucus (pg) (29-7768) (29-6008) (21-362)
Percent of total carbon associated 14.6 96.9 14.6
with mucus contribution (pg) (0.2-99.6) (1.4-94.3) (55.8-99.8)

References for the cell diametetsRousseau et af2007); Schoemann et a{2009; 2 Rousseau et af2007); 3 Wassmann et a{2009; Rousseau et a{2007); * Schoemann et al.
(2009; Mathot et al(2000; Rousseau et aj2007); > Mathot et al(2000; Rousseau et a{2007). References for biovolume conversion, assuming spherical geometry of cells:
5 Hillebrand et al(1999. Reference for the biovolume—carbon conversioltenden-Deuer and Lessaf2000. References for colony volume—cell number conversion and for
colony volume—mucus biomass conversibiRousseau et a{1990); ° Verity et al.(2007) (colony volume—total biomass conversioH)Mathot et al.(2000.

While 60% of measurements were taken in the upper3.3 Phaeocystis cell biomass distribution
10 m of the water column, the mean sampling depth of our (mucus excluded)

dataset is 27 m, and the median sampling depth is 10 m. Rel5h tibi timates based I b |
ported cell abundances were maximal at depths between 0-. aeocystisoiomass estimates based on cell carbon only,
ithout mucus carbon included, constitute a lower boundary

80 m. Observations and laboratory experiments suggest th i . . .
Phaeocystiss well-adapted to low light conditionsA(rigo or carbon biomass of this PFT in the global ocean. Since mu-

etal, 1999 Moore et al, 2007 Shields and Smitt2009. In cus carbon biomass isfiicult to quantify based oRhaeo-

our database, the deepest occurrencBlaeocystisvas at C?/S(;ISCE” count::‘, r_nar:y mafrlne ecosyséem fmot?]glsdeoTn_?Lln-
292 m at 65N, 35 W (Barents Sea; OBIS dataset). clude a parameterisation of mucus carbon for this . Thus,

in the following section, our estimates of cell biomass rep-
resent a lower limit of carbon biomass for model validation.
Phaeocystibiomasses span a wide range of concentrations,

The data were collected from 1955-2009, with 79 % of mea-Which is why we show log transformed biomass concentra-
surements taken during the period of 1990—2009 @ig %  tions in all subsequent figures. However, we report only non
(8 %) of (non-zero) measurements were taken in the 1950409-transformed biomass concentrations in this manuscript
<1% (< 1%) in the 1960s< 1% (1%) in the 1970s, 14% for better comparability with the original data submission.
(10%) in the 1980s, 55% (60 %) in the 1990s, and 23 %
(20 %) between 2000-2009. 3.3.1 Global surface cell biomass characteristics

Dividing the data into the four seasons for both hemi- - . .
spheres gives a first indication of the level of temporal biasPh‘?‘_eocys.t'Sb'.0 mass estimated from cell carbon alone is
(Table 4). In the Northern Hemisphere, 56 % (64 %) of all depicted in F|g.5a fqr the surface layer of the ocean (0-
(non-zero) data were taken in spring, 29% (31 %) in sum-5 m). The maximal biomass calculated from the reported cell

; -1
mer, 9% (5 %) in autumn and 6 %1 %) in winter. For the abundances is 54498 C I, located at 53N at a depth of

Southern Hemisphere, 27 % (32 %) of data were collected in0 m during the spring bloom (month of May). The maximal

. ; . / 1
spring, 58 % (52 %) in summer, 13 % (16 %) in autumn andce" b(ljorga}sstrl]n tge So;ther.n S'em'Sphe;%;’gE?g; E,
only 2% (< 1 %) in winter. Hence, NH data s biased towards (rjeecp(iL iml)n ThZ mZZi ofe :IIIrr]ep?)?tlé?j%én zéro ce.II bio,mass
spring values, and SH data towards summer values. o CoT

pring values is 45..igC %, and the median is 3y CIt. Of

3.2 Temporal distribution of data

Earth Syst. Sci. Data, 4, 107-120, 2012 www.earth-syst-sci-data.net/4/107/2012/



M. Vogt et al.: PFT biomass: Phaeocystis

1200

1000 [

800

113

Table 3. Latitudinal distribution of abundance data in ten degree
latitudinal bands£90 to 90). Number of data points for each lat-
itudinal band. All: all measurements, non-zero: data with non-zero
carbon biomass.

Latitudinal band  Alldata Non-zero data

600 -

No. of observations

200

-80 -60 -40 -20 0 20 40 60 80
Latitude

Figure 3. Number ofPhaeocysti®bservations as a function of lat-
itude for the period of 1950-2009. Most observations are located in
the temperate and high latitudes of the Northern Hemisphere.

all calculated cell biomasses, 40.1 % are in the range of 0—

-90—-80 0 0
-80—-70° 334 284
-70—-60° 283 162
-60—-50 1 1
-50—-40 37 37
-40--30° 0 0
-30—-20 0 0
-20—-10 6 6
-10-0 1 1
0-10 0 0
10-20 17 17
20-30 10 10
30-40 0 0
40-50 152 30
50-60 852 284
60-70 1010 1010
70-80 727 609
80-90 94 94

0.1ug CI1, 55.6 % in the range of O+ig C I, and 67.5%
between 0 and f5g C I1. 94.8 % of all cell biomasses lie be-
low 100ug C I2.

Figure5b shows the range of uncertainty for cell biomass
in % resulting from the uncertainty in cell diameters reported Figure7 shows calculated cell biomass estimatesfthaeo-
for each species and life stage. Biomasses calculated Ugystisin six different depth ranges (0=5 m, 5-25m, 25-50 m,
ing the higher estimates of cell diameter are 246 to 355 %50—75m, 75-100m and depthsl00m). All depth bands
higher than estimates calculated using mean cell dimension$,5e not been sampled at each station, and many datasets
Biomasses calculated using the lower cell diameter estimategyntain only surface measurements. Where depth profiles
are between 4 and 26 % of the mean values. Uncertainties argre ayajlable, cell biomass concentrations are generally high-
highest when species or life form is not reported. Biomassggt i the surface layer and decrease with depth to 100m
estimates are highly sensitive to changes in cell size, and r&Fig. 6h). Cell biomasses are low between 100-300 m (mean
duced uncertainty is only possible if cell measurements arg,,n_zero biomass concentrations of ZgiC 1), however,
available in addition to abundance data. high Phaeocystisbundances are reported even at depths of
close to 300 m in the Northern Hemisphere. The highest cell
biomass reported below 100m is 31a@®C ! in the Arc-
tic (66.42 N, 34.36 E) in late May, at a depth of 270 m.
In the Southern Ocea®haeocystisells are reported to a
maximum depth of 200 m in the Weddell Sea during Febru-
ary and March, but biomass values below 100 m never ex-

3.3.3 Depth distribution of cell biomass

3.3.2 Latitudinal cell biomass distribution

Calculated cell biomasses do not follow a distinct latitudi-
nal pattern (Fig.6a). Highest cell biomasses occur at lat-
itudes around 50N and 80 S, lowest cell biomasses are

calculated for latitudes around 28 (Peruvian upwelling). ceed 0.011g C 1. Given the limited number of data points

Cell biomasses decrease front BOtowards the pole in the . I
reported for this depth range, it is unclear how representa-

Northern Hemisphere, but Southern Hemisphere concentra- ; . :
. . : . ive our data are of deephaeocystisell biomasses in other
tions increase polewards towards the Antarctic continent.

Given that many of our data stem from coastal regions, Wesampllng locations. This suggests tRélaeocystishould be

note that our latitudinal distributions are biased towards highzalmIOIeOI more regularly at depths between 100-300m and
coastal concentrations in some areas, as open ocean areas greoW-

still undersampled. However, cell biomass distributions con-

firm previous findings thaPhaeocystiblooms occur inthe 334 Seasonal distribution of cell biomass

temperate and high latitudes of both hemispheres, and that

Phaeocystiss fairly ubiquitous, occurring in all major ocean Cell biomass distributions for the Northern and Southern
basins. Hemispheres show that the calculaRitheocystibiomasses

reflect those of a typical blooming species (RBg.and b). In

www.earth-syst-sci-data.net/4/107/2012/ Earth Syst. Sci. Data, 4, 107-120, 2012
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350 . . . ; ; Table 4. Seasonal distribution of abundance data for the North-
ern and Southern Hemispheres. Number of data points for each
300} month. All: all data, non-zero: data with non-zero carbon biomass.
27 observations did not include the month when measurements were
250l taken.
g
S Month Globe  Globe NH NH SH SH
g 200 all non-zero all non-zero all non-zero
]
§ January 164 82 59 4 105 78
5 1901 February 213 56 59 4 154 52
g March 379 187 347 157 32 30
100k April 687 641 638 593 49 48
May 618 561 612 560 6 1
June 384 318 380 318 4 0
50 July 263 185 258 183 5 2
August 202 131 198 131 4 0
September 119 56 114 56 5 0
1960 1970 1980 1990 2000 October 169 94 90 27 79 67
Year November 164 94 67 15 97 91
December 164 130 40 6 124 124
Figure 4. Number of observations féthaeocystispecies per year, -
for the years 1950-2009. Most counts were made after 1990. Spring - - 1597 1310 181 158
Summer - - 836 632 383 254
Autumn - — 271 98 87 79
Winter - - 158 14 13 2
the NH, Phaeocystidlooms during the spring months, with il 3526 2547 2862 2054 664 493

the spread of the biomass distribution being a combination

of the temporal development of a bloom, anfifefient bloom
starting times at diierent latitudes. In the SH, cell biomasses

are highest in December and January. The temporal develoghan the corresponding_ldata. point with the maximal cell
ment mostly reflects Southern Ocean dynamics, as few saniomass of 5449.8gCI~. This data point is associated

ples were taken at latitudes below4®(compare Figéb).

with high cell numbers during a bloom & pouchetiioft

the coast of the Netherlands in the Wadden Sea. In con-
trast, the maximal total biomass in the Southern Hemi-

3.4 Total Phaeocystis biomass distribution
(mucus included)

Biomass estimates including colonial mucus are given as a
upper limit for our biomass estimates (FBp). Given that
the ratio of mucus carbon to cell carbon is highly depen-

dent on colony size, the addition of mucus carbon estimate%

introduces a high level of uncertainty to total biomass esti-

ported colony sizes for each specigslioemann et aR005
gives a huge range of values: percent colony carbon as m
cus ranges from 0.2—-99.6 % fBrglobosa1.4-94.3 % folP.
antarcticaand 55.8—99.8 % fdP. pouchetii Using a standard
colony diameter of 20@m increases biomass estimates by a
factor of 1.2 for coloniaP. globosaandP. antarcticacells,

but by 32.8 forP. poucheticompared to estimates consider-

sphere is only 918g C I, and thus one order of magni-
tude lower than maximal total biomasses in the Northern
IJ]—|emisphere (Fig9). The global mean of all reported non-
zero total biomass values is 183@C ™1, and the median

is 11.3ug CI"t. While our publicly available dataset also

ontains an estimate of maximal and minimal total carbon

iomass based on maximal and minimal reported colony
mates where colony size data is unavailable. Calculating mu>'2€S (and thus maximal and minimal mucus), we do not vi-

cus carbon biomass based on the minimum and maximum reEuallze these results here. Uncertainties in the mucus contri-

ution to total biomass due to these uncertainties in colony

4 Discussion

ugize range from hundreds to thousands of percent, and total
carbon biomass estimates are far from certain at this point in
time.

ing cell biomass alone. The contribution of (standard) mucusWe have estimated the carbon biomass of the haptophyte

to total carbon per cell is 96.9 % f&: globosaand 14.6 %
for P. pouchetiiandP. antarctica(Table 2) for this standard

colony size. The dference between the three species leaddies.
to a larger contribution by the Northern Hemisphere species First, since the data included in this database are sparse,

to total Phaeocystibiomass (Fig9a and b).

Phaeocystigsrom microscopic determinations of cell abun-
dances. This approach is associated with several uncertain-

we may have biases that we cannot account for. Whether the

Total Phaeocystidiomass estimates including (standard) biomass estimates truly represent global averages is unclear.

mucus range from 2.910°ug Cl1to 19823,gC 1. The
maximal total biomass (19 82@ C 1) is 3.6 times higher

Earth Syst. Sci. Data, 4, 107-120, 2012

Free-living cells ofPhaeocystigare often ignored in exper-
imental studies, while colonies are counted, despite the fact
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(@ celled life stages oPhaeocystidack a clear morphological
distinction, this gap in our current knowledge is unlikely to
be resolved using microscopic methods, but will require ge-
netic identification methods.

Second, there are methodological issues with the deter-
mination of abundance data that will influence our biomass
calculations. Several data contributors do not report the life
stage cells were in at the time of sampling, most likely due to
the disruption of colony structure during cell fixation. This
fact results in dficulties in distinguishing single and colo-
nial cells. Hence, in order to obtain a lower limit &maeo-
cystiscell biomass, we chose to assume undefined cells to
be in the form of flagellates, which will bias the resulting
biomass calculations. The ratio of free-living to colonial cells
is highly variable, but a significant background concentration
of free-living cells is present even during bloom conditions.
Our assumption that all unspecified cells are flagellates is
therefore likely to lead to an underestimationRifaeocys-
tis cell biomass.

Furthermore, non-blooming species suctPasordata P.
jahnii or P. scrobiculataare not recorded explicitly in our
abundance data, but may constitute a non-negligible fraction
of total globalPhaeocystibiomass in some oceanic regions.

: , Third, there are large uncertainties associated with the
240 260 280 300 320 340 conversion of cell abundances to biomass. Cell measure-
Cell biomass uncertainty (range as % mean) ments were only provided for very few datasets; for the
_ _ ) majority of the database, biovolumes were calculated using
E;glrfr:ZSSS'CO%aC)eI’?t:j;?;?S miiri‘t;%?':;’éﬁ'éﬁ;‘ii%iﬁﬁ;ﬁ; mean published cell dimensions. Cell size is highly variable
for all Phaeocystispecies $choemann et al2005 and us-

of uncertainty in cell biomass in % of the mean, due to uncertainty. tant bi | timate f h - il
in cell size. Black dots represent zero biomass values. Data has bedfld @ constant biovoiume estimate for each species will un-

log-transformed for a better visualization of the wide range of con- dérestimate the spatial and temporal variability that occurs
centrations. in Phaeocystihiomass. Due to the fierences in the re-

ported size range, our estimates of cell carbon content are dif-

ferent from some previously reported figures. For example,
that there is always a background concentratiofflodeo-  our estimates of cell carbon content farglobosa(Table2;
cystiscells when this genus is present in colonial form. Fur- flagellates: 13 pg C ceft; colonial cells: 29 pg C cett) are
thermore, even thougPRPhaeocystisis ubiquitous §choe-  higher than estimates by Rousseau et al. (1990; flagellates:
mann et al. 2009, our data show a poor spatial resolution 11 pg C celt!; colonial cells: 14 pgC cell), and our esti-
and data coverage outside the high-latitude coastal regionsnates forP. antarctica(Table 2; flagellates: 9 pg C celt;
Our biomass estimates for the coastal seas may not be repolonial cells: 21 pg C cell) are higher than those reported
resentative of open ocean concentrations. Some areas subly Mathot (2000; flagellates: 3 pg C céij colonial cells:
as the Pacific Ocean are clearly under-represented and w4 pg C celt!) due to these dierences in the reported mean
were not able to acquire afhaeocystisneasurements from cell diameters that were used to calculate the carbon esti-
the Northwest and West Pacific. Furthermore, there is a gapnates. Furthermore, literature values for the carbon conver-
in our observations in the Arctic waters north of Siberia, sion factor are only given for prymnesiophytes in general, but
and north of North America and in Greenland waters, de-we lack information on the individual species Paeocys-
spite published reports of high biomag@reenland$mith  tis, which may have a species-dependent, spatially and tem-
Jr, 1993. Our data is also seasonally biased in the South-porally varying cell carbon content.
ern Hemisphere, with 58 % of the data acquired during the Last, there is a large uncertainty associated with the ad-
summer months. In addition, we note tHalhaeocystiss dition of mucus carbon biomass due to the lack of data on
only accurately counted at times when it is expected to formcell forms, colony size and the amount of mucus per colo-
large blooms, when there is a strong likelihood that its abun-nial cell. Greater use of preservation methods that maintain
dance is high and when scientists are specifically looking forcolony structure, along with routine colony size measure-
this group. Hence, low background concentrations of single-ments, would allow for more reliable estimates of colonial
celledPhaeocystisvill often be overlooked. Since the single- mucus carbon. Further data &maeocysti€olony sizes are

90’

Log, , (cell biomass / (ug C L)
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Figure 6. Distribution of non-zero log-normalize@haeocystiell biomass{g C 1) (a) as a function of latitude an(b) as a function of
depth.

clearly needed if mucus carbon is to be included in global
biomass estimates and model validation. Moreover, theres ™
are uncertainties related to the structure of the mucilagi- =
nous carbon surrounding colonies. For example, an alterna
tive method for estimating the total carbon biomasB.aflo- ’
bosahas been suggested bfn Rijssel et al(1997) based ~ ' o0
on the observed hollow structure of the colondan Rijssel -« -

et al.(1997 compute total biomass per cell based on a linear ©
relationship between colony surface area and carbon conten o 6050
A comparison of the estimated mean total carbonfelo- -
bosacell leads to significant éfierences. For our standard
colonies of 20Qum diameter, we find totalP. globosacar-

bon per cell to be 33.6 pg C cellfollowing Rousseau et al.
(199Q Table2); we compute an amount of 202.5 pg C céll
usingVan Rijssel et al(1997). The Rousseau relationship re-
sults in 9.6 ng C colony, whereas the Van Rijssel relation-
ship would lead to 58 ng C colonyfor this species. Prior to
the publication ol/erity et al.(2007), the contribution of mu-
cus carbon to total carbon per cell fiérpouchetiwas done ,
using the Rousseau et al. (1990) and Mathot et al. (2000
or the Van Rijssel et al. (1997) formulationBdigstad and
Wassmann2007). Using these relationship&eigstad and
Wassmanr{2007) find a much lower contribution of mucus
(10 %) to total carbon per cell than what we find usifegity b ; - -
et al. (2007, 96.9 %). Earlier estimates & pouchetiimu- Log,  (cell biomass / (ug C L)

cus carbon may thus not be compatible with our estimations.

Clearly, future studies are needed to address this uncertaintyigure 7. Log-normalizedPhaeocystigell biomass in units of car-
in colony structure and mucus distribution, and the corre-bon (g C ™) at different depthga) surface measurements (0-5m)

sponding volume to biomass conversion factors. (b) measurements between 5-2%a)125-50 m(d) 50-75 m(e) 75—
100 m andf) >100 m depth. Black dots represent zero biomass val-

ues.

-30°

5 Conclusions

This is the first attempt at creating a globRhaeocystis modelling community, but these will only be meaningful if
biomass database. At present, however, we are still far fronfurther microscopic data can be added to the database. Tar-
being able to give a global estimate Paeocystibiomass  geted explorations of marine ecosystems with the aim to de-
concentration. Data are limited by lack of spatial and tempo-termine phytoplankton biomass would be desirable, but such
ral resolution, and at most sampling sites we lack a seasonandeavours tend to be expensive and laborious. A marine
cycle that would be necessary to determine reasonable estéensus of species biomass would shed light on the relative
mates for annual mean biomass concentration. Annual an@mportance of key marine plankton groups and their respec-
monthly mean biomasses are of particular interest for thetive importance for global biogeochemical cycling.
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Figure 8. Seasonal distribution of log-normalized non-z@fwaeocystisell biomass data fofa) the Northern andb) the Southern Hemi-
spheres.

Appendix A

(a)

Al Data table

A full data table containing all biomass data points
can be downloaded from the data archive PANGAEA,
doi:10.1594PANGAEA.779101 The data file contains lon-
gitude, latitude, depth, sampling time, abundance counts and
biomass concentrations, as well as the full data references.

A2 Gridded netCDF biomass product

Monthly mean biomass data has been gridded onto a&x360
180 grid, with a vertical resolution of 33 depth levels (equiv-
alent to World Ocean Atlas depths) and a temporal resolu-
tion of 12 months (climatological monthly means). Data has
been converted to netCDF format for easy use in model eval-
uation exercises. The netCDF file can be downloaded from
PANGAEA, doi:10.1594PANGAEA.779101 This file con-
tains total and non-zero abundances, cell biomasses and to-
tal biomass estimates. For all fields, the means, medians and
standard deviations resulting from multiple observations in
each of the 1 pixels are given. The ranges in cell and total
biomasses due to uncertainties in cell size and life form are
notincluded as variables in the netCDF product, but are given
as ranges (minimum cell biomass, maximum cell biomass;
minimum total biomass, maximum total biomass) in the data
table.

-4 -3 -2 -1 0 1 2 3 >4

10 20 30 40 50 60 70 80 90
Mucus carbon (% total)
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