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Abstract Phytoplankton microscopic enumerations and
HPLC analyses of their pigments were performed weekly
for a complete year at a coastal station in the English
Channel. The taxonomic composition of the phytoplank-
ton community was assessed using the HPLC results
combined with the mathematical tool CHEMTAX in two
different ways. Firstly, without using the species level
taxonomic information obtained at the microscopic level
(blind analyses), and secondly by including the informa-
tion from the microscopic taxonomic analysis (directed
analyses). The results indicate that, due to the particular
pigment composition of some species (for example, the
dinoflagellate, Karenia mikimotoi and the haptophyte,
Phaeocystis pouchetii), a blind analysis would result in
very significant errors in the taxonomic determination of
the bloom events at this station. Major blooms of Karenia
mikimotoi and P. pouchetii were mistaken for blooms of
diatoms on the basis of a blind HPLC-CHEMTAX
analysis. Only with the information from the microscopic
observations was it possible to obtain an accurate repre-
sentation of the phytoplankton community.
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Introduction

Since the early development of the HPLC technique,
marker pigments have been employed to estimate or
characterise the taxonomic composition of phytoplankton
assemblages. However, recently the development of a
mathematical program (CHEMTAX) has allowed a rel-
atively accurate determination of the contribution to the
total chlorophyll a (Chl a; or biomass) of each phyto-
plankton taxon (Mackey et al. 1996; Descy et al. 2000).
The combination of HPLC and CHEMTAX has been
proposed as a powerful tool for studying phytoplankton
communities (Riegman and Kraay 2001).

Nevertheless, as with HPLC analysis alone, the use of
the HPLC-CHEMTAX combination still requires some
previous knowledge of the group-specific marker pig-
ments and the marker pigment to Chl a ratio for each
phytoplankton group. Some pigments are generally asso-
ciated with the major phytoplankton groups, for exam-
ple peridinin with dinoflagellates, and fucoxanthin with
diatoms, and such relationships are collated in the initial
marker pigment-Chl a matrix used by CHEMTAX.
Particular attention has been paid to the issue of variations
in the marker pigment-Chl a ratio due to factors such as
nutrient status and light (Mackey et al. 1996; Descy et al.
2000; Higgins and Mackey 2000; Schlueter et al. 2000).
However, it has also been pointed out that specific
differences in the marker pigment composition within the
same phytoplankton group affect the accuracy of the
analysis (Landry et al. 2000).

In this work, we show how a completely blind analysis
using such an approach, without any knowledge of the
phytoplankton population at the species level, can result
in serious errors in the pigment-derived taxonomic
composition of the phytoplankton.

Methods

Subsurface samples (10 m) were collected weekly between July
1997 and June 1998 from coastal station L4 (50�150N, 4�130W)
located about 10 km off Plymouth in the English Channel (http://
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www.pml.ac.uk/L4). Samples were collected for microscopic
enumeration of phytoplankton and for the analysis of phytoplank-
ton pigments using HPLC. Resulting HPLC data were used to run
CHEMTAX in two modes: (1) with a general initial matrix, using
marker pigment-Chl a ratios obtained from the literature (blind
analyses), and (2) using the information from the microscopic
analyses to determine the characteristics of the initial marker
pigment-Chl a matrix for each period (directed analyses).

For microplankton species identification and carbon estimation,
samples were preserved with 1% final concentration Lugol’s iodine
solution, and a separate sample was fixed with neutral formalin for
determination of coccolithophorids (Holligan and Harbour 1977).
Subsamples of 100 ml volume were settled (Uterm�hl) and counted
using an inverted microscope. Phytoplankton carbon biomass was
estimated from cell volume according to Strathmann (1967).

For HPLC analyses,1 l was filtered through Whatman GF/F
filters and frozen at �80�C prior to HPLC analysis. Marker
pigments were analysed by HPLC following Barlow et al. (1997)
and Gibb et al. (2000). The marker pigments were identified
through comparison with the retention and spectral properties of
standards (UKI Denmark, Sigma). The following pigments were
employed to determine taxon-specific contributions to Chl a: Chl
c3, Chl c1+c2, peridinin, 190-butanoyloxyfucoxanthin, fucoxanthin,
190-hexanoyloxyfucoxanthin, diadinoxanthin, alloxanthin, zeaxan-
thin, lutein, Chl b and Chl a.

The contribution of each major phytoplankton taxon to Chl a
was calculated using the CHEMTAX program developed by
Mackey et al. (1996).

CHEMTAX requires the use of input matrices with approximate
marker pigment-Chl a ratios to calculate the final marker pigment-

Chl a ratio and the group-specific Chl a concentration. For the blind
analyses, the initial matrix is presented in Table 1.

In the directed analyses, we used different input matrices for the
periods when species with particular pigments dominated their
taxonomic group (Schlueter et al. 2000, see Tables 2, 3, 4, 5 for
details).

Results and discussion

The weaknesses of Chl a as a biomass predictor have
often been emphasised (see review of C:Chl a ratios by
Peterson and Festa 1984). The first interesting result from
our study is that it supports this view that Chl a is a poor
indicator of biomass. The spring and summer blooms
have approximately the same magnitude in terms of Chl
a, whereas the carbon biomass of the summer dinoflagel-
late bloom is about six times that of the spring hapto-
phytes and diatoms (Fig. 1A, B). This could be due to the
fact that, during the strongly stratified summer period, the
dinoflagellates are exposed to a much higher light
intensity than diatoms and haptophytes are during the
mixed conditions of the spring: therefore the amount of
Chl a required to maintain the same biomass is lower
(Moal et al. 1987; Brown et al. 1993). It is also known

Table 1 CHEMTAX input matrix for the blind analysis. Per Peridinin, but 190-butanoyloxyfucoxanthin, fuco fucoxanthin, hex 190-
hexanoyloxyfucoxanthin, ddx diadinoxanthin, all alloxanthin, zea zeaxanthin, lut lutein

Phytoplankton group Pigments

Chl c1+c2 Chl c3 per but fuco hex ddx allo zea lut Chl b

Dinoflagellates 0.270 0.000 0.500 0.000 0.000 0.000 0.240 0.000 0.000 0.000 0.000
Pelagophytes 0.394 0.250 0.000 0.930 0.560 0.000 0.440 0.000 0.000 0.000 0.000
Diatoms 0.084 0.000 0.000 0.000 0.500 0.000 0.240 0.000 0.000 0.000 0.000
Haptophytes 0.330 0.017 0.000 0.270 0.500 0.600 0.200 0.000 0.000 0.000 0.000
Cryptophytes 0.060 0.000 0.000 0.000 0.000 0.000 0.000 0.300 0.000 0.000 0.000
Chlorophytes 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.118 0.220 0.569
Cyanobacteria 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.500 0.000 0.000

Table 2 Input and output matrices for the CHEMTAX-oriented
analysis from 21 July 1997 to 18 August 1997. A dinoflagellate
bloom was strongly dominated by Karenia mikimotoi (formerly
Gyrodinium aureolum) (>90% of the carbon) and required a special
initial marker pigments-Chl a ratio matrix for this period because
its pigment composition differs from the normal pigment compo-

sition of dinoflagellates (peridinin as a marker carotenoid; Wright
and Jeffrey 1997). K. mikimotoi has 190-hexanoyloxyfucoxanthin
and fucoxanthin instead of peridinin (Johnsen and Sakshaug 1993).
Per Peridinin, but 19’-butanoyloxyfucoxanthin, fuco fucoxanthin,
hex 19’-hexanoyloxyfucoxanthin, ddx diadinoxanthin, all alloxan-
thin, zea zeaxanthin, lut lutein

Phytoplankton group Pigments

Chl c1+c2 Chl c3 fuco hex ddx allo zea lut Chl b

Input matrix
Dinoflagellates 0.210 0.130 0.350 0.130 0.076 0.000 0.000 0.000 0.000
Diatoms 0.084 0.000 0.500 0.000 0.240 0.000 0.000 0.000 0.000
Cryptophytes 0.060 0.000 0.000 0.000 0.000 0.300 0.000 0.000 0.000
Chlorophytes 0.000 0.000 0.000 0.000 0.000 0.000 0.118 0.220 0.569
Cyanobacteria 0.000 0.000 0.000 0.000 0.000 0.000 1.500 0.000 0.000
Output matrix
Dinoflagellates 0.109 0.188 0.199 0.081 0.030 0.000 0.000 0.000 0.000
Diatoms 0.084 0.000 0.500 0.000 0.203 0.000 0.000 0.000 0.000
Cryptophytes 0.060 0.000 0.000 0.000 0.000 0.300 0.000 0.000 0.000
Chlorophytes 0.000 0.000 0.000 0.000 0.000 0.000 0.094 0.163 1.041
Cyanobacteria 0.000 0.000 0.000 0.000 0.000 0.000 1.500 0.000 0.000
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Table 3 Input and output ma-
trices for the CHEMTAX-ori-
ented analysis from 18 August
1997 to 1 September 1997. The
haptophytes were solely repre-
sented by Emiliania huxleyi.
Hence, the pigment-Chl a ratios
of E. huxleyi were used in the
input matrix (see Jeffrey and
Wright 1994). Per Peridinin,
but 19’-butanoyloxyfucoxan-
thin, fuco fucoxanthin, hex 19’-
hexanoyloxyfucoxanthin, ddx
diadinoxanthin, all alloxanthin,
zea zeaxanthin, lut lutein

Phytoplankton
group

Pigments

Chl c1+c2 Chl c3 fuco hex ddx allo zea lut Chl b

Input matrix
Dinoflagellates 0.210 0.130 0.350 0.130 0.076 0.000 0.000 0.000 0.000
Diatoms 0.084 0.000 0.500 0.000 0.240 0.000 0.000 0.000 0.000
Haptophytes 0.288 0.300 0.000 1.706 0.100 0.000 0.000 0.000 0.000
Cryptophytes 0.060 0.000 0.000 0.000 0.000 0.300 0.000 0.000 0.000
Chlorophytes 0.000 0.000 0.000 0.000 0.000 0.000 0.118 0.220 0.569
Cyanobacteria 0.000 0.000 0.000 0.000 0.000 0.000 1.500 0.000 0.000
Output matrix
Dinoflagellates 0.179 0.288 0.247 0.118 0.037 0.000 0.000 0.000 0.000
Diatoms 0.101 0.000 0.487 0.000 0.125 0.000 0.000 0.000 0.000
Haptophytes 0.288 0.300 0.000 1.706 0.100 0.000 0.000 0.000 0.000
Cryptophytes 0.068 0.000 0.000 0.000 0.000 0.104 0.000 0.000 0.000
Chlorophytes 0.000 0.000 0.000 0.000 0.000 0.000 0.071 0.051 0.731
Cyanobacteria 0.000 0.000 0.000 0.000 0.000 0.000 1.500 0.000 0.000

Table 4 Input and output ma-
trices for the CHEMTAX-ori-
ented analysis from 7 May 1998
to 11 May 1998. The hapto-
phyte bloom was dominated by
Phaeocystis pouchetii and re-
quired a special initial marker
pigments-Chl a ratio matrix
because its pigment composi-
tion, with fucoxanthin as a
marker pigment, differs from
the general pigment composi-
tion of haptophytes with 190-
hexanoyloxyfucoxanthin as a
marker carotenoid (Jeffrey and
Wright 1994). Per peridinin;
but 19’-butanoyloxyfucoxan-
thin; fuco fucoxanthin; hex 19’-
hexanoyloxyfucoxanthin; ddx
diadinoxanthin; all alloxanthin;
zea zeaxanthin; lut lutein

Phytoplankton
group

Pigments

Chl c1+c2 per fuco hex ddx allo zea Chl b

Input matrix
Dinoflagellates 0.270 0.130 0.350 0.130 0.076 0.000 0.000 0.000
Diatoms 0.084 0.000 0.500 0.000 0.240 0.000 0.000 0.000
Haptophytes 0.195 0.300 0.000 1.706 0.100 0.000 0.000 0.000
Cryptophytes 0.060 0.000 0.000 0.000 0.000 0.300 0.000 0.000
Chlorophytes 0.000 0.000 0.000 0.000 0.000 0.000 0.118 0.569
Cyanobacteria 0.000 0.000 0.000 0.000 0.000 0.000 1.500 0.000
Output matrix
Dinoflagellates 0.179 0.283 0.247 0.118 0.037 0.000 0.000 0.000
Diatoms 0.101 0.000 0.487 0.000 0.125 0.000 0.000 0.000
Haptophytes 0.288 0.300 0.000 1.706 0.100 0.000 0.000 0.000
Cryptophytes 0.068 0.000 0.000 0.000 0.000 0.104 0.000 0.000
Chlorophytes 0.000 0.000 0.000 0.000 0.000 0.000 0.071 0.593
Cyanobacteria 0.000 0.000 0.000 0.000 0.000 0.000 1.500 0.000

Table 5 Input matrix for the CHEMTAX-oriented analysis focused
on the residual sampling period. The pigment-Chl a ratios used
correspond to the common ratios used for each group according to
Mackey et al. (1996) and are the same as those used in the blind

approach. Per peridinin; but 19’-butanoyloxyfucoxanthin; fuco
fucoxanthin; hex 19’-hexanoyloxyfucoxanthin; ddx diadinoxanthin;
all alloxanthin; zea zeaxanthin; lut lutein

Phytoplankton
group

Pigments

Chl c1+c2 Chl c3 per but fuco hex ddx allo zea lut Chl b

Input matrix
Dinoflagellates 0.270 0.000 0.500 0.000 0.000 0.000 0.240 0.000 0.000 0.000 0.000
Pelagophytes 0.394 0.250 0.000 0.930 0.560 0.000 0.440 0.000 0.000 0.000 0.000
Diatoms 0.084 0.000 0.000 0.000 0.500 0.000 0.240 0.000 0.000 0.000 0.000
Haptophytes 0.330 0.017 0.000 0.270 0.500 0.600 0.200 0.000 0.000 0.000 0.000
Cryptophytes 0.060 0.000 0.000 0.000 0.000 0.000 0.000 0.300 0.000 0.000 0.000
Chlorophytes 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.118 0.220 0.569
Cyanobacteria 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.500 0.000 0.000
Output matrix
Dinoflagellates 0.270 0.000 0.571 0.000 0.000 0.000 0.147 0.000 0.000 0.000 0.000
Pelagophytes 0.391 0.250 0.000 0.930 0.560 0.000 0.318 0.000 0.000 0.000 0.000
Diatoms 0.081 0.000 0.000 0.000 0.446 0.000 0.029 0.000 0.000 0.000 0.000
Haptophytes 0.279 0.217 0.000 0.198 0.558 0.902 0.196 0.000 0.000 0.000 0.000
Cryptophytes 0.060 0.000 0.000 0.000 0.000 0.000 0.000 0.421 0.000 0.000 0.000
Chlorophytes 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.118 0.220 0.570
Cyanobacteria 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.500 0.000 0.000
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that dinoflagellates generally have a higher density than
diatoms (Moal et al. 1987).

The second important result from our analyses is that
the HPLC-CHEMTAX blind analyses produced a distort-
ed picture of the seasonal phytoplankton succession
pattern. Both the summer bloom of dinoflagellates and
the spring bloom of haptophytes are interpreted as being
composed of diatoms due to the high concentration of
fucoxanthin (Fig. 1C, D). In both cases, the presence of
Chl c3 suggests the presence of a different population in
the water, but using the common ratios used for each
group (Table 1) it was not possible to resolve the problem.

It was necessary to go to the species level in the
microscopic analysis to understand the composition of the
phytoplankton population and produce an adequate input
matrix for CHEMTAX (Fig. 1E).

Both the dinoflagellate Karenia mikimotoi (formerly
Gyrodinium aureolum) and the haptophyte Phaeocystis
pouchetii have an unusual marker pigment composition
for their groups, as they both contain fucoxanthin.
However, both are common bloom-forming species in
the North Sea and North Atlantic shelf regions, with
important roles in the dimethylsulphide (DMS) cycle
(P. pouchetii; Turner et al. 1996) or are involved in fish

Fig. 1 A Seasonal variation in
phytoplankton biomass from
microscopic analysis. B Sea-
sonal variation in Chl a con-
centration measured by HPLC.
C Seasonal variation in the
concentration of marker pig-
ments. 19-hexa 190-Hexanoy-
loxyfucoxanthin; 19-but 190-
butanoyloxyfucoxanthin.
D CHEMTAX results from the
blind analysis: Group-specific
contribution to the total Chl a.
E CHEMTAX results from the
directed analysis: Group spe-
cific contribution to the total
Chl a
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mortality and inhibition of zooplankton fecundity (K.
mikimotoi; Gill and Harris 1987; Partensky et al. 1989).
Landry et al. (2000) reported similar difficulties in
estimating the contribution of dinoflagellates when using
CHEMTAX in the equatorial Pacific, and pointed out the
absence of peridinin in some genera as a possible cause.

With the directed analysis, the phytoplankton bloom
composition was correctly represented. However, impor-
tant differences between microscopic counting and HPLC
estimates during the winter period remain (Fig. 2A, B).
This could be due to differences in the volume sampled
(100 ml for microscope and 1 l for HPLC), with large but
scarce cells such as diatoms being perhaps underestimated
by the 100 ml samples. However, this result could also be
a consequence of our lack of information about the
pigment composition of usually unidentified small flag-
ellates.

For community description purposes, algal categories
have been defined by their pigment content (Wright and
Van den Enden 2000). However, because of the func-
tional differences between taxa, this approach cannot be
taken when considering their role in the ecosystem or in
biogeochemical cycles (e.g. toxicity and DMS produc-
tion).

Our results indicate that a blind analysis of the HPLC
data, without taxonomic information from microscopic
counting, would have resulted in a misinterpretation of
the composition of two of the three main annual blooms,
ignoring two species with important consequences in
terms of biogeochemical fluxes and impact on the
planktonic community.

Those problems are not exclusive to the CHEMTAX-
HPLC combination, but are general to any approach using
HPLC pigment data to extrapolate phytoplankton com-
position without adequate previous knowledge of the
population.

The CHEMTAX manual already states that “The
CHEMTAX program assumes that all members of a given
algal class have the same “typical” set of pigment ratios.
Care should therefore be taken to ensure that the pigment
ratios used are from dominant species of the given algal
class or that the species chosen is indeed representative of
the remainder of the algal class for the particular group
of samples under study. In other words, an a priori
knowledge of the community under study is extremely
useful in determining the range of algal classes likely to
be found...”.

Our results indicate that a priori knowledge is not only
extremely useful, but essential, avoid significant mistakes
and misinterpretation with potentially important conse-
quences. This knowledge may even need to be at the
species level (Schlueter et al. 2000).

It is a logical step to discard a laborious procedure in
favour of new, easier techniques, and there is a natural
trend to use HPLC results, either alone (e.g. Casotti et al.
2000; Belviso et al. 2001; Smith and Asper 2001) or in
combination with CHEMTAX (e.g. Wright and Van den
Enden 2000; Gibb et al. 2001; Riegman and Kraay 2001)
without supporting microscopic cell identification. How-
ever, our results indicate that, even with this level of
knowledge about pigment specificity, this can be a risky
approach leading to significant errors: additional micro-
scopic identification is still necessary.

CHEMTAX remains a very useful tool that addresses
the shortcomings of the multiple regression approach
when estimating the contribution of different groups to
the total biomass. Furthermore, with a good knowledge of
the specific pigment composition of certain species,
CHEMTAX can be used to determine the concentration
of individual species (Oernolfsdottir et al. 2003). Never-
theless, CHEMTAX should not be taken as a shortcut,
and the a priori knowledge indicated in the manual is
necessary.

Fig. 2 A Seasonal variation in
the phytoplankton composition
from the microscopic analysis.
B Seasonal variation in the
phytoplankton composition
from the oriented HPLC analy-
sis
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