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110 J. Peloquin et al.: MAREDAT global HPLC pigment database

Abstract. A global pigment database consisting of 35634 croscopy, flow cytometry, genetic analysis or high perfor-
pigment suites measured by high performance liquid chro-mance liquid chromatography (HPLC). Microscopy and ge-
matography was assembled in support of M&Rine nomics allow for direct identification of algal species and
EcosytemDAT a (MAREDAT) initiative. These data origi- morphology; however, these methods are time-consuming
nate from 136 field surveys within the global ocean, werefor large-scale surveys, and certain types of taxa or features
solicited from investigators and databases, compiled, ande.qg., flagella) may be lost or damaged depending on preser-
then quality controlled. Nearly one quarter of the datavation and handling (Havskum et al., 2004). Flow cytome-
originates from the Laboratoire d’@anographie de Ville- try allows for high sample throughput and information on
franche (LOV), with an additional 17% and 19% stem- size and pigment content, but is limited to the smaller size
ming from the US JGOFS and LTER programs, respec-classes of plankton (Li and Wood, 1988). On the contrary,
tively. The MAREDAT pigment database provides high qual- HPLC allows for a high sample throughput and yields pig-
ity measurements of the major taxonomic pigments includ-ment concentrations covering all size ranges that may be
ing chlorophyllsa andb, 19’-butanoyloxyfucoxanthin, 19'- chemotaxonomically interpreted to quantify marine phyto-
hexanoyloxyfucoxanthin, alloxanthin, divinyl chlorophsgll plankton community composition (Mackey et al., 1996; Van
fucoxanthin, lutein, peridinin, prasinoxanthin, violaxanthin den Meersche et al., 2008; Wright et al., 2010; Hirata et al.,
and zeaxanthin, which may be used in varying combination2011). Furthermore, pigments are relatively frequently sam-
to estimate phytoplankton community composition. Quality pled during various oceanographic field campaigns. HPLC
control measures consisted of flagging samples that had thus yields a data product with large potential, particularly
total chlorophylla concentration of zero, had fewer than given its advantage over satellite methods for resolving depth
four reported accessory pigments, or exceeded two standistribution.
dard deviations of the log-linear regression of total chloro- Several of the major accessory pigments can provide
phyll a with total accessory pigment concentrations. We an-a rough indication of the presence of specific taxonomic
ticipate the MAREDAT pigment database to be of use ingroups and size fractions (Vidussi et al., 2001), although a
the marine ecology, remote sensing and ecological modrecent review has indicated that relatively few of these pig-
eling communities, where it will support model valida- ments are specific to individual phytoplankton taxa (Higgins
tion and advance our global perspective on marine biodi-et al., 2011). For this reason, methods employing the chemo-
versity. The original dataset together with quality control taxonomic identification of pigment ratios specific to algal
flags as well as the gridded MAREDAT pigment data may classes are recommended for interpretation of pigment data.
be downloaded from PANGAEAhttp;/doi.pangaea.d&0. Identification usually involves a method that determines the
1594PANGAEA.793246 overall pigment structure as a linear sum of contributions
from all groups, and then attempts to estimate these con-
tributions through an (inverse) optimization method, such
1 Introduction as is implemented in the widely used CHEMTAX program
(Mackey et al., 1996). Alternative, more direct, but also less
The recognition of the role of phytoplankton functional quantitative methods include the association of PFTs with
groups in controlling the biogeochemical cycles of critical certain pigment ratios that are unique for a particular group
elements has created a need to constrain the global distr{Claustre, 1994; Uitz et al., 2006). In all cases, the pigment
bution and abundance of these groups (Doney et al., 2009jata need to be of high quality and consistent across all con-
Weber and Deutsch, 2010, 2012). Marine ecosystem modsidered pigments.
elers now estimate multiple phytoplankton functional types We have combined 136 independent field datasets total-
(PFTs) within biogeochemical models, but until recently ing 35634 quality-controlled HPLC pigment suites from
there existed very limited data with which to evaluate the the world ocean for th#1AR ine EcosytemDAT a (MARE-
modeled PFTs (Le (@€ et al., 2005; Hood et al.,, 2006; DAT) initiative (Table 1). The largest fraction (22 %) was
Anderson, 2005; Buitenhuis et al., 2012b). Great promisecontributed by the Laboratoire d’@anographie de Ville-
lies with indirect estimates of phytoplankton classes fromfranche (LOV). Additional major contributions were made
satellite retrievals. Fields of chlorophyll afod biomass spe- by the Palmer LTER project (19 %), the US JGOFS program
cific to PFTs (Alvain et al., 2005, 2008; Raitsos et al., 2008; (17 %), the collective US BATS and HOT time series (13 %),
Demarcq et al., 2012) or to ftkerent size classes of phyto- and the AMT cruises (14 %), with the remaining significant
plankton (Ciotti and Bricaud, 2006; Uitz et al., 2006; Hirata fraction coming from individual investigators and cruises
et al., 2008, 2011; Kostadinov et al., 2009; Brewin et al., (see Table 1). The data cover nearly two decades and extend
2010) can be guantified via remote sensing methods. However a wide range of trophic regimes from extremely olig-
ever, at present these methods lacKisient global valida-  otrophic to near-coastal eutrophic. MAREDAT pigment data
tion datasets, and are restricted to the surface ocean. include both HPLC-derived chlorophydland accessory pig-
Depth resolved phytoplankton community structure can bements (e.qg., chlorophyli, 19’-butanoyloxyfucoxanthin, 19'-
determined in field samples through electron or light mi- hexanoyloxyfucoxanthin, alloxanthin, divinyl chlorophwgll
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Table 1. Summary of pigment sample contributions to MAREDAIc represents the number of quality-controlled samples each contribu-
tion submitted to the dataséir, represents the percentage of samples that were removed due to values outlying two standard deviations of
the TCHLA vs. TACC linear relation. DS represents the data source, for which numerical values correspond to definitions below the table.

No. Investigator Program Cruise Noc Frat(%) DS HPLC method Datareference

1 Ras, J. and H. Claustre BIOSOPE Biosope 635 0 1 LOV-D Ras et al. (2008)

2 Claustre, H. and J.-C. Marty FRONTAL ALMOFRONT 1 247 0 16 LOV-A Claustre et al. (1994a, b);
Claustre (1994)

3 Claustre, H. and J.-C. Marty FRONTAL ALMOFRONT2 430 0 16 LOV-B Uitz et al. (2006)

4 Claustre, H. BENCAL BENCAL 47 0 12 LOV-C Morel et al. (2006)

5 Claustre, H. and J.-C. Marty  Eumeli Cruise 3 172 0 12 LOV-A Claustre and Marty
(1995); Claustre (1994)

6 Claustre, H. Eumeli Cruise 4 228 0 14 LOV-A Claustre and Marty
(1995); Claustre (1994)

7 Claustre, H. METEOR 31 722 0.1 12 LOV-B Vidussi et al. (2001);
Uitz et al. (2006)

8 Claustre, H. MINOS MINOS 768 0 12 LOV-B Uitz et al. (2006)

9 Claustre, H. and J.-C. Marty  OLIPAC 508 O 12 LOV-B Uitz et al. (2006)

10 Claustre, H. POMME1 Leg 1 529 2.8 12 LOV-C Claustre et al. (2005);
Uitz et al. (2006)

11 Claustre, H. POMME1 Leg 2 146 O 12 LOV-C Claustre et al. (2005);
Uitz et al. (2006)

12 Claustre, H. POMME2 Leg1 609 44 12 LOV-C Claustre et al. (2005);
Uitz et al. (2006)

13 Claustre, H. POMME2 Leg 2 78 0 12 LOV-C Claustre et al. (2005);
Uitz et al. (2006)

14 Claustre, H. POMME3 Leg 1 526 3.7 12 LOV-C Claustre et al. (2005);
Uitz et al. (2006)

15 Claustre, H. POMME3 Leg 2 88 0 12 LOvV-C Claustre et al. (2005);
Uitz et al. (2006)

16  Claustre, H. and J.-C. Marty PROSOPE PROSOPE 475 0.2 15 LOv-C Uitz et al. (2006)

17 Marty, J.-C. DYFAMED Time Series 1400 0.1 12 LOV-ABCD Marty et al. (2002)

18 Claustre, H. ANTARES Cruise 2 133 0 13 LOV-A Claustre et al. (2005);
Uitz et al. (2006)

19 Claustre, H. CATCH 163 0 12 LOV-B Uitz et al. (2006)

20  DiTullio, G. Peru Upwelling 345 0.9 2 DiTullio et al. (2005)

21 Letelier, R. US GLOBEC NEP 0 41.8 3 Letelier (2007)

22 Letelier, R. US GLOBEC NEP 0 375 3 Letelier (2007)

23  Bidigare, R. US JGOFS AESOPS Ross Sea Process1 0 42.6 4 Bidigare (2010a)

24 Bidigare, R. US JGOFS AESOPS Ross Sea Process 2 136 0.7 4 Bidigare (2010b)

25 Bidigare, R. US JGOFS AESOPS Ross Sea Process 3 64 10.7 4 Bidigare (2010c)

26 Bidigare, R. US JGOFS AESOPS Ross Sea Process 4 167 0 4 Bidigare (2010d)

27 Goericke, R. US JGOFS AESOPS APFZ Survey 1 39 0 4 Goericke (2010a)

28  Goericke, R. US JGOFS AESOPS APFZ Process 1 94 0 4 Goericke (2010b)

29  Goericke, R. US JGOFS AESOPS APFZ Survey 2 48 0 4 Goericke (2010c)

30 Goericke, R. US JGOFS AESOPS APFZ Process 2 88 43 4 Goericke (2010d)

31  Karl, D. HOT Time Series 2008 1.0 5

32 Lomas, M. BATS Time Series 2778 25 6

33  Goericke, R. US JGOFS Arabian Sea Process Cruise 1 681 45 4 Goericke (2010e)

34 Bidigare, R. US JGOFS Arabian Sea Process Cruise 2 432 0.4 4 Bidigare (2010e)

35 Goericke, R. US JGOFS Arabian Sea Process Cruise 4 716 1.3 4 Goericke (2010f)

36  Bidigare, R. US JGOFS Arabian Sea Process Cruise 5 522 0.2 4 Bidigare (2010f)

37 Bidigare, R. US JGOFS Arabian Sea Process Cruise 6 542 1.0 4 Bidigare (2010g)

38 Goericke, R. US JGOFS Arabian Sea Process Cruise 7 519 0.7 4 Goericke (2010g)

39 Bidigare, R. US JGOFS Equatorial Pacfic ~ Spring Survey 588 0 4 Bidigare (2010h)

40 Bidigare, R. US JGOFS Equatorial Pacfic ~ Spring Time Series 341 0 4 Bidigare (2010i)

41  Bidigare, R. US JGOFS Equatorial Pacfic ~ Fall Survey 508 O 4 Bidigare (2010j)

42 Bidigare, R. US JGOFS Equatorial Pacfic ~ Fall Time Series 297 0 4 Bidigare (2010k)

43 Repeta, D. US JGOFS NABE 247 7.2 4 Repeta (2010)

44 Barlow, R. ARABESQUE 610 2.7 7

45 Llewellyn, C. BOFS 50 0 7

46 Barlow, R. BOFS 272 35 7

47 Barlow, R. BOFS 88 11 7

48 Cummings, D. HPLC 247 1.6 7

49  Smythe-Wright, D. HPLC 336 4.6 7

50 Lucas, M. HPLC 50 2.0 7

51 Smythe-Wright, D. HPLC2 369 0.8 7

52 Cummings, D. HPLC2 256 1.5 7

53 Lucas, M. HPLC2 50 2.0 7

54  Vernet, M. Palmer Station LTER 001pal 0 57.7 8 Kozlowski et al. (2011)

55 Prezelin, B. Palmer Station LTER 9394pal 359 14 8

56 Prezelin, B. Palmer Station LTER 9495pal 313 34 8 Kozlowski et al. (2011)

57  Vernet, M. Palmer Station LTER 9596pal 377 1.0 8 Kozlowski et al. (2011)
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No. Investigator Program Cruise Noc Frat (%) DS HPLC method Data reference

58 Vernet, M. Palmer Station LTER  9798pal 126 27.2 8 Kozlowski et al. (2011)

59 Vernet, M. Palmer Station LTER ~ 9900pal 235 7.8 8 Kozlowski et al. (2011)

60  Vernet, M. Palmer Station LTER  9899pal 139 14 8 Kozlowski et al. (2011)

61 Prezelin, B. Palmer Station LTER  hpiecar93 535 71 8

62 Vernet, M. Palmer Station LTER  Img001 235 7.7 8 Kozlowski et al. (2011)

63 Vernet, M. Palmer Station LTER  Img101 0 61.2 8 Kozlowski et al. (2011)

64 Vernet, M. Palmer Station LTER  Img301 406 0 8 Kozlowski et al. (2011)

65  Vernet, M. Palmer Station LTER  Img401 0 85.5 8 Kozlowski et al. (2011)

66 Vernet, M. Palmer Station LTER  Img601 408 1.0 8 Kozlowski et al. (2011)

67 Vernet, M. Palmer Station LTER  Img9801 187 3.1 8 Kozlowski et al. (2011)

68  Vernet, M. Palmer Station LTER  Img9901 355 3.0 8 Kozlowski et al. (2011)

69 Prezelin, B. Palmer Station LTER  pd9401 408 5.4 8 Kozlowski et al. (2011)

70  Vernet, M. Palmer Station LTER  pd9701 588 1.3 8 Kozlowski et al. (2011)

71 Prezelin, B. Palmer Station LTER  pd9109 302 9.2 8

72 Prezelin, B. Palmer Station LTER  pd9301 651 0.9 8

73 Prezelin, B. Palmer Station LTER  pd9307 319 0 8

74 Vernet, M. Palmer Station LTER  pd9501 401 5.8 8 Kozlowski et al. (2011)

75 Vernet, M. Palmer Station LTER  pd9601 528 0.2 8 Kozlowski et al. (2011)

76 Marty, J.-C. ANTARES Cruise 3 43 0 9 Marty (2004),
doi:10.1594PANGAEA.
136858

7 Wasmund, N. BASYS BASYS | (1996) 17 19.2 9 Wasmund (2006),
doi:10.1594PANGAEA.
399756, 399758-61

78 Head, E. BAF 89-3 28 0 9 Head (2002),
doi:10.1594PANGAEA.
808261

79 Barlow, R. NERC BOFS North Atlantic 59 1.6 9 Lowry; BODC (2004),
doi:10.1594PANGAEA.
198134, 198151,
198417, 198419

80 Nelson, N. AMMA amma-rb-06 9 0 10

81 Mannino, A. BIOME BO1 45 0 10

82  Mannino, A. BIOME B02 144 0 10

83 Mannino, A. BIOME B03 77 0 10

84 Mannino, A. BO03 Mission Bay 6 0 10

85 Mannino, A. BIOME B04 126 0 10

86 Muller-Karger, F. CARIACO carl24 8 0 10

87 Muller-Karger, F. CARIACO carl25 8 0 10

88 Muller-Karger, F. CARIACO carl26 5 0 10

89 Muller-Karger, F. CARIACO carl27 4 0 10

90 Muller-Karger, F. CARIACO carl28 8 0 10

91 Muller-Karger, F. CARIACO carl29 8 0 10

92 Muller-Karger, F. CARIACO carl30 8 0 10

93 Mitchell, B. G. cce-p0605 44 0 10

94 Hooker, S. en431 49 0 10

95 Behrenfeld, M. gp1-06-ka 31 3.1 10

96  Subramaniam, A. jun06atl 83 1.2 10

97 Dierssen, H. lisicos0306 91 0 10

98  Harding, L. Imer9304 55 0 10

99 Harding, L. Imer9402 53 0 10

100 Harding, L. Imer9405 9 0 10

101  Mitchell, G. nbp0606 123 0 10

102  Stumpf, R. nc-03-05 9 0 10

103  Stumpf, R. nc-04-05 2 0 10

104  Stumpf, R. nc-06-05 10 0 10

105 Stumpf, R. nc-08-05 18 5.3 10

106 Mannino, A. ODU CBM Transects 39 0 10

107 Dierssen, H. 0gco06 32 0 10

108 Nelson, N. CLIVAR plén 32 0 10

109 Harding, L. ties9502 39 0 10

110 Bidigare, R. and M. Landry SOFeX 112 0 11

111  Suzuki, K. 13 0 2 Hayakawa et al. (2008)

112 Suzuki, K. 102 0 2 Suzuki et al. (2002)

113 Suzuki, K. SEEDS 35 0 2 Suzuki et al. (2005)

114  Suzuki, K. SEEDS I 17 0 2 Suzuki et al. (2009)

115 Wright, S. SAZ-SENSE 2006-07 381 55 2

116  Wright, S. Broke 1109 04 2 Wright et al. (2010)

117  Wright, S. HIPPIES 415 0 2

118 Wright, S. BROKE 1038 5.3 2

119  Smith Jr., W. O. IVARS Year 1 0 85.9 2 Smith et al. (2006)

120  Smith Jr., W. O. IVARS Year 2 50 10.5 2 Smith et al. (2006)
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No. Investigator Program Cruise Noc Frat(%) DS HPLC method Data reference

121 Smith Jr., W. O. IVARS Year 3 0 92.9 2 Smith et al. (2006)
122  Smith Jr., W. O. IVARS Year 4 198 26.0 2 Smith et al. (2006)
123 Westbrook, G. and D. Robins  AMT Program  Cruise 1 104 54 7 Aiken et al. (2009)
124  Gallienne, C. AMT Program Cruise 10 156 5.4 7 Aiken et al. (2009)
125 Fernandez, E. AMT Program Cruise 11 115 O 7 Aiken et al. (2009)
126 Holligan, P. AMT Program Cruise 12 223 3.5 7 Aiken et al. (2009)
127 Holligan, P. AMT Program Cruise 13 159 6.3 7 Aiken et al. (2009)
128 Holligan, P. AMT Program Cruise 14 198 3.9 7 Aiken et al. (2009)
129 Trees, C. and R. Barlow AMT Program  Cruise 2 78 0 7 Aiken et al. (2009)
130 Trees, C. and R. Barlow AMT Program  Cruise 3 216 2.7 7 Aiken et al. (2009)
131 Gibb, S. AMT Program  Cruise 4 268 5.2 7 Gibb et al. (2000)
132 Gibb, S. AMT Program  Cruise 5 230 04 7 Gibb et al. (2000)
133 Barlow, R. AMT Program  Cruise 6 198 04 7 Aiken et al. (2009)
134 Moore, G. AMT Program  Cruise 6B 27 10.2 7 Aiken et al. (2009)
135 Suggett, D. AMT Program  Cruise 7 243 0.3 7 Aiken et al. (2009)
136 Holligan, P. AMT Program  Cruise 8 363 04 7 Aiken et al. (2009)

Data sources: http;/www.obs-Vifr.fyproof/vt/op/egbiosopgbio.htm 2 Personal communicatiof httpy//globec.whoi.ed(jg/dir/globeg¢nepccgprocess
4 httpy/usjgofs.whoi.edfig/dir/jgofs/, ° httpy/hahana.soest.hawaii.¢toy, © httpy/bats.bios.edbatsform_bottle.htm] 7 http;/www.bodc.ac.uk

8 hitpy/pal.lternet.edidatd, ° httpy/www.pangaea.del® httpy/seabass.gsfc.nasa.gesabasscirchiveindex.cgj 1t httpy/ocb.whoi.edysofex.htm)

121 OV, H. Claustre and J. Uitz, personal communication, 26®8ttpy/www.obs-vlfr.fycd_rom.dmtyanmain.htm
14 httpy/www.obs-vifr.frcd_rom.dmtyeumain.htm 3 httpy/www.obs-vifr.fricd_rom.dmty/pr_main.htm 16 http;/www.obs-vifr.f/cd_rom.dmtyfr_main.htm

fucoxanthin, lutein, peridinin, prasinoxanthin, violaxanthin Llewellyn (1983) with gradient elution as in Williams and
and zeaxanthin) in varying proportions within samples, andClaustre (1991). This reversed-phase C18 method only al-
in varying locations, depths, and months among sampleslowed for a partial resolution of divinyl chlorophydl (DV

This suggests the utility of MAREDAT's pigment database Chl a) from chlorophylla (Chl a). Method LOV-B, based

for assessing regional, vertical and seasonal scales of phytmn a reversed phase C8 column, has been described by
Vidussi et al. (1996). It is characterized by complete res-

plankton community structure and succession.

The following sections describe the data distributions andolution between DV Chla and Chla and partial resolu-
quality control procedures pertaining to the MAREDAT pig- tion between zeaxanthin (Zeax) and lutein (Lut). Method
ment database. Overall, we intend for the data to be readilf. OV-C is a modified version of the Vidussi et al. (1996)
exploited by the observational, modeling, and remote sensingnethod and is described by Claustre et al. (2004). It is
communities to deepen understanding of the temporal an@dharacterized by a significant gain in sensitivity. How-
spatial diversity of primary producers in the ocean, and theever, inaccuracies with this method arise due to coelution
of 19'-hexanoyloxyfucoxanthin (19Hex) and prasinoxanthin

consequences for global carbon fixation.

2 Methods

2.1 HPLC analytical methods

Generally, 2.8 L of seawater were filtered onto/EWhat-

(Pras) peaks. Method LOV-D (associated with the BIOSOPE
cruise) is a modified version of the C8 reversed phase Van
Heukelem and Thomas (2001) method. It is described by Ras
et al. (2008) and is characterized by its capacity for quantify-
ing more than 26 pigments, and for its good resolution of the
The majority of the HPLC data in the database were anaZeaxLut and 19HexPras pairs. Before their submission to
lyzed following standard protocols, with details provided in MAREDAT, the data underwent quality control procedures
the original publications (Table 1). The method employedincluding comparison to CTD fluorescence data, detection
by the Laboratoire d’Oeganographie de Villefranche has not and elimination of outliers and visual control of each vertical
been previously described in detail, and is therefore elaboprofile.
rated here.

Since 1999, the LOV analytical procedures have under-
gone regular unbiased evaluations in the framework of in-

man 25 mm filters and frozen until analysis. Prior to 2002, ternational intercomparison exercises (“round-robins”) that
samples were frozen in liquid nitrogen onboard ship, andcomprise NASAs SeaWiFS HPLC Analysis Round-Robin

then at—-20°C prior to analysis. After 2002, samples were Experiment (SeaHARRE) (see Van Heukelem and Hooker,
frozen at-80°C until analysis. All samples were extracted 2011). SeaHARRE-1 was associated with the PROSOPE

in 100 % methanol; however, four fi#rent analytical pro-

project (Hooker et al., 2000), SeaHARRE-2 with the Ben-

tocols (LOV-A, B, C and D) have been applied at the LOV cal cruise (Hooker et al., 2005) and SeaHARRE-3 with the
since 1990. Method LOV-A is described in Mantoura and

www.earth-syst-sci-data.net/5/109/2013/
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Figure 1. Surface locations of MAREDAT pigment samples that 3l logio (TACC) = logio (TCHLA) 0.92 + 0.03
passed quality control (35634 samples). ) *”/i// r=089,p=0,n=38221
-3 -2 -1 0 1 2
BIOSOPE project (Hooker et al., 2009). During the round- logso (TCHLA / (mg m™®))

robins, the participating laboratories analyzed several series

of triplicate samples, resulting in a level of performance as-Figure 2. Linear relation between log-normalized total chloro-
sociated with each laboratory for a given type of sample. Thephyll a (TCHLA; mgm®) and total accessory pigment (TACC;
primary objectives of SeaHARRE were to achieve, with re- M9 nT3) concentrations. Datan= 38 221) are exclusive_of samples
gard to the Sea-viewing Wide Field of View Sensor (Seaw_already flagged for TCHLA_vaIues of zero, or for having Ie_ss t_han
iFS) Project, the pigment accuracy range of 20-25 %, Withfour non-zero accessory pigments. The central dashed line is the

o : . fit (log10(TACC) = logio(TCHLA) (0.92) + 0.03;r2 = 0.89, p=0,
0,
a 15% range for significant algorithm refinement. Most of n=38221). Solid lines represent two standard deviations from

the participants have been within the latter rgnge whether ir'{he regression, beyond which outlying data points (shown in red)
coastal or @ishore waters, and the successive SeaHARREyere flagged (Fryt', n = 2001).

exercises progressively resulted in the improvement of the
different methodologies in order to satisfy a number of qual-
ity criteria, to reduce uncertainties and to reach optimal per+esolvable in the sample. TCHLA encompassed all reported
formance metrics. Hence, on an international basis, since thehl a derivatives, including divinyl chlorophyl, epimers,
LOV-D method was developed for the BIOSOPE cruise, theallomers, and chlorophyllidae. The second QC procedure
analytical performance of the LOV has been ranked “state oflagged samples F7a") for which fewer than four non-zero
the art” (Hooker et al., 2005, 2009, 2010). Further, the LOV accessory pigments were reported=(2306), as prior work
dataset will be regularly updated in the future with the grow- has indicated that most algal types possess at least four ac-
ing amount of data (see Appendix Al). cessory pigments detectable by HPLC (Trees et al., 2000).
The third QC measure was based on the log-linear relation-
ship between TCHLA and total accessory pigment concen-
tration (TACC). TACC included photosynthetic carotenoids
Marine HPLC measurements from samples taken at variou§19'-butanoyloxyfucoxanthin, 19'-hexanoyloxyfucoxanthin,
depths and locations around the globe were collected fronfucoxanthin, peridinin, prasinoxanthin) and photoprotec-
individual investigators and online data repositories for thetive carotenoids (alloxanthin, diadinoxanthin, diatoxanthin,
individual field campaigns summarized in Table 1. Samplinglutein, neoxanthin, violaxanthin, zeaxanthin, and carotenes),
years spanned from 1989 to 2008. The full suite of pigmentschlorophylisb and ¢, and phaeopigments. Log transforma-
available from each contribution was collected in order totion was appropriate for the regression as TCHLA varies by
conduct the quality control (QC) analysis. QC proceduresoVver four orders of magnitude globally (Campbell, 1995; Yo-
followed the protocols of Trees et al. (2000) and Uitz et der etal., 1993). This QC criterion was built on the observa-
al. (2006) for data compilations involving contributions from tion that phytoplankton maintain a relatively close ratio be-
multiple institutes, technicians, and methodologies. A totaltween their ancillary pigment and total Chtoncentrations
number of 40536 discrete samples from 136 field surveysas a consequence of photoacclimation (Trees et al., 2000).
were initially compiled for MAREDAT. The geographic lo- The least-squares log-linear fit between TCHLA and TACC
cations of the data that passed the full QC analysis are illus{logio (TACC) = logio (TCHLA) (0.92)+0.03; r* = 0.89;
trated in Fig. 1. p=0; n=38221) is displayed with the data in Fig. 2. The
The first measure of QC flagged sampleB”) in which slope of the regression remains remarkably consistent with
total Chla concentration (TCHLA; mg 1?) was zero or less ~ that observed by Trees et al. (2000) for a smaller subset of
(n=352), an indication that pigment concentrations were atglobal ocean HPLC measurements.
or below HPLC instrumental detection limits, and thus not

2.2 Quality control for the MAREDAT pigment database
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Figure 3. The percent of observations that were flagged due )

to each quality control measure (exclusive of samples already  swo
flagged ‘F+c” for TCHLA <0) as a function ofa) depth (m) and
(b) TCHLA (mg m3). Fra indicates samples flagged for having less
than four non-zero accessory pigmerfgy, indicates regression 4000 -
outliers of the TACC vs. TCHLA relationship; arfée, indicates
samples for which an entire cruise was flagged due to 35 % or more
of the cruise samples acquirifga flags.
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Samples that fell outside the range of two standard de-
viations of the regression line were flaggedrgs’; n= 500 |
2001). The criterion of two standard deviations was chosento |
evaluate outlying (i.e., potentially erroneous) measurements
without compromising observation of the natural fluctuation
abOUt the mean relatlonShlp (Ultz et al’ 2006) AS a flnal QC 10988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
criterion, if more than 35 % of samples from a given field Year
campaign (e.g., cruise or time series) was flagged during the
third QC step, the entire campaign’s samples were fIagge(E'guri 4. ll\lumber of MAREDAT TCHLA observations as a func-
(“F¢r). This argument was based on the result of applyingtlon of (&) latitude andb) year.

Chauvenet'’s criterion (Buitenhuis et al., 2012b) to the cruise
percentages dfr4 flags, which identified 8 outlying cruises,

thus flagging an additional 589 samples (Table 1). Overall,
4902 samples were flagged in the QC process, representi
12.1 % of the original collection. The resulting MAREDAT
pigment database thus contains 35634 high quality HPLC
pigment measurement suites. The majority of the quality-controlled samples fall within

There is a clear trend of increased frequency of flaggedhe 0—75m depth range, with the upper 20 m of the water
samples with increased sample depth, mostly driven by theolumn accounting for 34 % of the dataset. The number of
increase irFa flags with depth (Fig. 3a). This is consistent Southern Hemisphere data is biased toward the polar region
with pigment concentrations decreasing to detection limitsdue to the collectively large contribution of samples from
well below the base of the euphotic zone. The frequency ofthe Palmer Station LTER (Fig. 4a; Table 1). The data distri-
Fras the flag most closely related to HPLC analytical uncer- pytion for the Southern Hemisphere is also skewed toward
tainty (Trees et al., 2000), occurs roughly in proportion to the month of January for this reason, as Antarctic waters
TCHLA, indicating that analytical fidelity is not specifically were typically accessed for HPLC sample collection during
biased toward low or high chlorophyll levels except within austral summer. Samples are overall evenly distributed be-
the minimum TCHLA bin (Fig. 3b). tween the two decades of collection (Fig. 4b). In terms of

the seasonal distribution and range in TCHLA values, the
MAREDAT pigment database contains good coverage for

3 Results

n?.l Properties of the quality-controlled MAREDAT
pigment database
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Table 2. Summary of key diagnostic phytoplankton HPLC pigments (adapted from Vidussi et al., 2001): pigment name, common abbrevia-
tion, associated taxonomic group and typical size class. For more detailed taxonomic associations and definitions, see Higgins et al. (2011).

Pigment Abbreviation  Taxonomic significance Approximate cell
size rangeym)
Zeaxanthin Zeax Cyanobacteria and prochlorophytes <2
Divinyl chlorophyll a DV Chla Prochlorococcuspp. <2
Chlorophyllb + Divinyl chlorophyllb  TChlb Prochlorococcuspp. and green flagellates <2
19’-hexanoyloxyfucoxanthin 19Hex Chromophytes and nanoflagellates 2-20
19'-butanoyloxyfucoxanthin 19But Chromophytes and nanoflagellates 2-20
Alloxanthin Allox Cryptophytes 2-20
Fucoxanthin Fuco Diatoms and haptophytes 2-20
Peridinin Peri Dinoflagellates (Type 1) >20

both hemispheres. The higher variability in chlorophyll con- namics of phytoplankton biomass in the global ocean rea-
centration in the Northern Hemisphere than Southern Hemisonably well.
sphere during each season as seen from ocean color observa-
tions (Yoder et al., 1993) is also represented by the MARE-
DAT chlorophyll data (Fig. 5a and b). This relatively lower
annual chlorophyll variability in the Southern Hemisphere is The number of samples within the MAREDAT pigment
due to large areas of Southern Ocean iron depletion limit-database that contribute to the distribution of each of the ac-
ing the spring phytoplankton blooms (Behrenfeld and Kol- cessory pigments is not equal (Fig. 7), as we did not dis-
ber, 1999). criminate against contributions without a full suite of acces-
To further assess the quality, range and representation cfory pigments. The concentration of chlorophy/lFig. 7a)
Chl a measurements in the MAREDAT pigment dataset, and the key accessory pigments (Fig. 7b—I) generally exhibit
we compare TCHLA with remotely sensed chlorophyll. We a log-normal distribution about their mean. The DV &hl
extracted climatological mean, 9 km-resolution chlorophyll distribution has the fewest observations (Fig. 7f), potentially
data from NASAs SeaWiFS archive for the years 2000-pecause this pigment is not routinely measured during HPLC
2007 fpttpy/oceandata.sci.gsfc.nasa.gfoeaWiFA3SMI)). analysis on high latitude samples.
The extracted chlorophyll data were re-gridded tall. The Figure 8 displays surface concentrations (as the average
mean TCHLA value for the upper 20 m from the MARE- over the upper 20 m) of the main taxonomic pigments from
DAT archive (1989-2008) was computed and also re-griddedhe entire MAREDAT dataset. Figure 9 displays the zonal
to 1x1°. The log-transformed SeaWiFS and MAREDAT annual mean depth distributions for the upper 250 m, also
TCHLA means show generally good agreemerft=(0.5,  using the entire dataset for averaging. Interpretation of the
p<0.001,n=1325; Fig. 6a—b), given that the predictive ca- pigment data in terms of phytoplankton taxonomy (e.g., us-
pacity of SeaWiFS decreases abovelalitude (Yoder etal., ing an inverse method such as CHEMTAX) is beyond the
1993). Linear regression of the two properties approximatesscope of this ESSD paper. It should also be noted that cau-
a 1:1 relationship (log TCHLAseawirs= —0.29+10g10  tion must be exercised when using a single pigment distribu-
TCHLAwmarepar - 0.97). Higher correlation between MARE-  tion as an unambiguous marker for a given algal taxon (Hig-
DAT and SeaWiFS TCHLA is observed when data from gins et al., 2011). For example, the distribution of 19Hex,
the polafsubpolar latitudes are excluded (i.€?,=0.7 for  once proposed as relatively indicative of autotrophic flagel-
data within 40 S-40 N), which is consistent with previ- |ates from the nanoplankton size class (Vidussi et al., 2001),
ous comparisons of ocean color and field estimates (Sieggk now thought to arise from many phytoplankton sources
et al., 2005). Furthermore, the median value (0.23mYm  (Higgins et al., 2011), and is characterized by a rather ubig-
and range in TCHLA (0.001-92.41 mg# from MARE- uitous global distribution (Liu et al., 2009). This conclusion
DAT compare well with the median (0.20 mg# and range s further supported by the relatively homogenous spatial dis-
(0.01-99.24 mg ) in chlorophyll from the SeaWiFS cli-  tribution of 19Hex from MAREDAT (Figs. 8c and 9c).
matology. It must be noted that the SeaWiFS algorithms were Recognizing the aforementioned precautions, it is never-
likely calibrated with some of the data subsets listed hereintheless interesting to consider the distributions of a few key
Nonetheless, the substantial number of data considered igccessory pigments within MAREDAT that may serve as rel-
this exercise supports the conclusion that there is no signifiative markers for the broader phytoplankton groups given in
cant representation bias of chlorophgivithin MAREDAT.  Table 2 (adapted from Vidussi et al., 2001). For example, DV
The pigment database covers the global spatiotemporal dyehl a, which is indicative of the presence Bfochlorococ-
cusspp. (Vidussi et al., 2001), shows highest concentration in

3.2 Distribution of accessory pigments
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Figure 5. Seasonal distribution of MAREDAT TCHLA values (mg#) for the (a) Northern andb) Southern hemispheres. Data from the
equator are included in the Northern Hemisphere panel.

ters of each basin (Figs. 8l and 9l). Zeax roughly marks the
presence of cyanobacteria, which are recognized dominants
in these lower latitude regions (Claustre and Marty, 1995;
Vidussi et al., 2001; see also global biomass assessment of
Synechococcuand Prochlorococcusspp. in Buitenhuis et

al., 2012a).

a) SeaWiFS mean

80°E__160°E _120'W__40°W_

4 Recommendations for use

log1o (TCHLA / (mg m™))

The quality-controlled MAREDAT pigment database may be
exploited using any number of approaches to estimate phy-
toplankton community structure in the global ocean. Some
of these approaches include the diagnostic pigment method
to determine size fractions (Vidussi et al., 2001; Uitz et al.,
2006), least-squares solutions (Letelier et al., 1993; Ander-
sen et al., 1996), CHEMTAX analysis (Mackey et al., 1996)
and similar approaches (Goericke and Montoya, 1998; van
den Meersche et al., 2008). Regardless of method, care must
always be taken to ensure that the regional or global algo-
rithms applied are appropriate for the temporal or spatial
Figure 6. (a) Climatological mean (2000-2007) chlorophgiton-  Scale in question. Furthermore, results should be validated
centration (mg m¥) from SeaWiFS (scaled to° Iresolution) and ~ With independent measures of assemblage composition (e.g.,
(b) surface TCHLA (mg m?) from MAREDAT (averaged over the flow cell counts, microscopy) when possible. New global
upper 20 m and scaled t6 fiesolution.) MAREDAT compilations of phytoplankton species abun-
dance and biomass data from microscopic and cell counting
methods (see this special issue) will aid in mapping discrete
. . . ) populations sampled by the pigment database forfeate
the tropical regions of the eastern Pacific and Indian oceangq global chemotaxonomic analysis. The presgafzgence
(Figs. 8f and 9f). This findi.ng .is cpnsistent with prior reports species information from MAREDAT, for example, may bet-
on Prochlorococcusspp. distributions based on cell counts o1 jntorm accurate selection of “seed” pigment ratios that are
(Goericke et al., 2000; Buitenhuis et al., 2012a). Similarly, heeded for achieving robust quantitative results from CHEM-
fucoxanthin (Fuco) is widely considered to be diagnostic of toy (Mackey et al., 1996: Wright et al., 2010). In con-
diatoms in regions where diatoms dominate the autotrophic(rast, abundance-based biomass data from MAREDAT may
abundance (e.g., high latitude productive areas; Wright etal.gjiow for quantitative comparison with the CHEMTAX re-
2010), and accordingly the MAREDAT data show a bias for g jt5 (e.g., Llewellyn et al., 2005). Future assessments will
Fuco toward polar regions (Figs. 8g and 99, respectively) penefit greatly from updated summaries on plankton pigment
Finally, the MAREDAT pigment dataset shows that Zeax is tigg (Higgins et al., 2011).
relatively confined to the warm tropical and subtropical wa-

b)HPLC mean
80°E 160°E 120°W_40°W
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Figure 7. Number of MAREDAT pigment observations as a function of concentration (Hg &) chlorophyll a (Chl a), (b) 19'-
butanoyloxyfucoxanthin (19But)c) 19’-hexanoyloxyfucoxanthin (19Hexjd) alloxanthin (Allox), (e) chlorophyllb (Chl b), (f) divinyl
chlorophylla (DV Chl a), (g) fucoxanthin (Fuco)(h) lutein (Lut), (i) peridinin (Peri),(j) prasinoxanthin (Prasfk) violaxanthin (Violax)
and(l) zeaxanthin (Zeax).
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Figure 8. Pigment concentrations (ngl) from MAREDAT averaged over the upper 20rta) chlorophyll a (Chl a), (b) 19-
butanoyloxyfucoxanthin (19But)c) 19'-hexanoyloxyfucoxanthin (19Hexjd) alloxanthin (Allox), (e) chlorophyllb (Chl b), (f) divinyl
chlorophylla (DV Chl a), (g) fucoxanthin (Fuco)(h) lutein (Lut), (i) peridinin (Peri),(j) prasinoxanthin (Prasfk) violaxanthin (Violax)
and(l) zeaxanthin (Zeax). Data from all years were used in the averaging.
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Figure 9. Zonal annual mean depth profiles of MAREDAT pigment concentrations {Hgals a function of latitudea) chlorophylla (Chl a),

(b) 19'-butanoyloxyfucoxanthin (19Butf¢) 19'-hexanoyloxyfucoxanthin (19Hex)d) alloxanthin (Allox),(e) chlorophyllb (Chl b), (f) di-

vinyl chlorophyll a (DV Chl a), (g) fucoxanthin (Fuco)(h) lutein (Lut), (i) peridinin (Peri),(j) prasinoxanthin (Pras)k) violaxanthin

(Violax) and(l) zeaxanthin (Zeax). The gridded data product (see Appendix A2: netCDF product) was used to compute the zonal and the
annual mean (from°Imonthly mean climatologies).

Ideal applications for chemotaxonomic workup results of Appendix A
the MAREDAT data are to (a) better ground-truth satellite
estimates of phytoplankton functional types or size fractions,
(b) determine biological niches in the ocean from phyto- A1 Data table

plankton community structure, and (c) evaluate MAREDAT-

based results against output from ecosystem models th4 full data table containing all pigment suij[es can be down-
translate physiological observations into phytoplankton com-°2ded from the data archive PANGAEAtpy/doi.pangaea.
munity distributions. While climatological mean Chlsig-  d910-1594PANGAEA.793246 The data file contains lon-

nals from both MAREDAT and SeaWiFS are in good agree_gitude, latitude, depth, sampli_ng date and time, _total chlor_o-

ment, chlorophyll and accessory pigment concentrations ifPhY!l @ and total accessory pigment concentrations, the in-

a given region vary widely in time, especially in areas with dividual pigment concentrations, all quallty fl_ags, as vyell as

large seasonality in phytoplankton composition (Yoder et al.,the full Fiata rgferences. As a subset., a dI.StInCt archive ref-

1993). Thus, if results from MAREDAT pigment analysis are erence is dedicated to the dataset originating from the LOV:

to be used for model comparisons, a point-to-point evaluatior1ttP7/doi-pangaea.d0.1594PANGAEA.808535

by month is recommended.

The MAREDAT pigment_ database is viewed as a Iivi_ng A2 Gridded netCDF product

dataset, with the expectation of new HPLC data contribu-

tions and improvements in the future. We anticipate that newHPLC-derived pigment concentrations (chlorophgll19’-

product-specific datasets, such as those forming the MAREbutanoyloxyfucoxanthin, 19’-hexanoyloxyfucoxanthin, al-

DAT initiative, will permit exciting synergies and scientific loxanthin, chlorophylb, divinyl chlorophyll a, fucoxanthin,

gains across several disciplines. lutein, peridinin, prasinoxanthin, violaxanthin, and zeaxan-
thin) have been gridded onto a 36080 grid, with a vertical
resolution of 33 depth levels (equivalent to World Ocean At-
las depths) and a temporal resolution of 12 months (climato-
logical monthly means). Data has been converted to netCDF
format for easy use in model evaluation exercises. The
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netCDF file can also be downloaded Hdtp;/doi.pangaea. httpy/usjgofs.whoi.edfjg/dir/jgofs'southerfnbp973/, last ac-

de/10.1594PANGAEA.793246 cess: July 2010c.
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