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ABSTRACT: Pigment composition and concentration of 2 temperate subtidal sediments, a mud and a
sand from North Brittany, were studied using HPLC and conventional fluorometric methods. Pigment
diversity, found using HPLC, was considerable, particularly in the mud (around 15 identified pigments).
Pigment composition in the sand was dominated by Bacillariophyceae pigments, whereas in the mud
pigments characteristic of Chlorophyceae were also found. Freeze-drying significantly reduces pigment
concentrations.

INTRODUCTION
The quantitative importance of marine benthic microphytes and their role in coastal food webs has long
been underestimated. The microphytobenthos colonizes all intertidal and subtidal substrates (Round
1971). Several authors (e.g. Cadee & Hegeman 1974,
Sournia 1977, Joint 1978, Asmus 1982) have compared
pelagic and benthic primary production, and all point
out the importance of benthic primary producers. The
measurement of chlorophyll a has been widely used to
estimate microphytic biomass.
In sediments, pigments originate from numerous
sources: in situ microphytobenthos (living and detrital),
sedimentation of degraded phytoplankton, and other
allochthonous detrital material (from macrophytes,
marsh, faecal pellets, continental and riverine particles,
etc.).
Conventional methods used to estimate chloropigment concentrations in sediments have been adapted
from methods used in plankton research: the
fluorometric method (Yentsch & Menzel 1963, HolmHansen et al. 1965, Lorenzen 1966) and the spectrophotometric methods (trichromatic: Strickland &
Parsons 1968; acidification method: Lorenzen 1967).
These methods do not take into account the great
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diversity of the plgments present in sediments. Furthermore, in these conventional methods, the so-called
'chlorophyll a' groups chlorophyll a, its allomers and
isomers and chlorophyllide a. Also the presence of
chls b and c interferes with the chl a determination
(Lorenzen & Jeffrey 1980). The term 'phaeopigments',
often called 'phaeophytin a' in the past, also includes
many degradation products (several phaeophytins and
phaeophorbides). Phaeopigments are quantitatively
important in sediments (Plante-Cuny 1974, Riaux
1982). Recently it was shown that phaeopigment concentrations can be overestimated by 30 O/O using the
fluorometnc technique (Conover et al. 1986).
Chromatographic techniques (Thin Layer Chromatography, TLC, and High Performance Liquid
Chromatography, HPLC) have been used extensively
for the estimation of pigment concentrations in plankton (e.g. Abaychi & Riley 1979, Jeffrey 1981, Mantoura
& Llewellyn 1983) whereas these methods have up to
now scarcely been used in sediments (Brown et al.
1981, Daemen 1986). With these methods nearly all
pigments and their degradation products can be separated and accurately quantified. Not only the individual chlorophyll concentration can be determined
but also those of other light-harvesting pigments such
as the carotenoids fucoxanthin and peridinin (Jeffrey
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1980). The pigment composition can also be used for
taxonomic purposes, since several pigments or pigment
combinations are found only in certain algal classes
(van den Hoek 1978). Comparisons of convent~onaland
HPLC techniques have been carried out by several
authors (Brown et al. 1981, Jacobsen 1982, Mantoura &
Llewellyn 1983, Gieskes & Kraay 1984, Hafsaoui 1984,
Sartory 1985, Trees et al. 1985, Daemen 1986), but
results are somewhat contradictory.
T h e aim of the present study is to assess the type and
relative abundances of chlorophylls, their degradation
products, a n d carotenoids in 2 contrasting subtidal sedi m e n t ~from the North Brittany coast of France during
different seasons and also to compare this with the
input from overlying waters. The HPLC method has
been used in order to determine precisely the pigment
compositions - particularly degration products - a n d its
seasonal variations, keeping in mind that it can be a
'finger-print' of the composition a n d evolution of the
microphytic community. The results have been compared with those obtained with the fluorometric
method. The effect of freeze-drying frozen samples is
also discussed.
This study is Part I1 of a more extensive description.
Part I (Riaux-Gobin unpubl.), describes in detail the
seasonal variations of 'chlorophyll a' a n d 'phaeopigments' (conventional methods), a n d its depth distribution in the 2 sediments. Part 111 (Riaux-Gobin et al.,
1987) analyses relations between microphytic biomass
a n d pore-water nutrient concentrations.

o d e d e Brest

Fig. 1. Sampling locations (stars) in the Rade d e Brest (Fret)
and the Baie de Morlaix (Pierre Noire), North Brittany

extracted and those for HPLC analysis tvere immediately extracted or/and freeze-dried for delayed
analysis.

MATERIALS AND METHODS
Sediment cores were taken from 2 North Brittany
locations (Fig. 1) during different seasons:
(1) A subtidal well-sorted sand from Pierre Noire, at
20 m depth in Morlaix Bay, was sampled on 28 Feb, 13
May and 10 J u n 1985. Hydrological and climatic parameters at this station have been described by Boucher
et al. (1984) a n d Dauvin (1984).
(2) A subtidal mud from Frkt, at 10 m depth in Rade
d e Brest, was sampled on i Mar and 14 J u n 1985.
Treguer et al. (1985) have described chemical parameters at this site.
The cores were obtained with a n automatic
Rouvillois corer with plexiglass tubes (4.5 cm diameter). Cores were deep-frozen (-20°C) 1 to 3 h after
sampling. After thawing, the cores were cut into several layers. Only results concerning the top 5 mm layer
and a deeper layer (6 to 8 cm) will be discussed here.
Each layer was manually homogenized a n d subsampled for the different analyses. Subsamples tvere taken
for moisture determination by drying at 60°C for 48 h.
Subsamples for fluorometric analysis were immediately
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Fig. 2. Chromatograrns of cultures of (A) the diatom Nitzschia
closten'um (isolated from sediment), and (B) the green alga
Dunaliella tertiolecta. A: absorbance; F. fluorescence. For
meaning of numbers see Table 1
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Samples for fluorometric analysis ( l g 2 0.0001 g
wet weight) were extracted in l 0 m1 90 % acetone
(MERCK) and kept cool (4°C) and dark for 24 h.
M g C 0 3 was not used. Samples were manually shaken
twice during extraction. Immediately before analysis
the samples were centrifuged for 2 min at 2000 rpm.
The fluorescence of a 6 m1 aliquot was measured on a
Turner 111, equiped with a phototube R 136, before
and after acidification with 80 ,p1 1 N HCl. Chlorophyll
a and phaeopigment concentrations were calculated
according to the equations of Holm-Hansen et al.
(1965) and Lorenzen (1966). All manipulations were
performed under dim light conditions. Reproducibility
of the method is around 5 % (subsamples) whereas the
standard deviation of duplicate samples depends upon
the sediment nature.
The HPLC analyses were carried out as described by
Mantoura & Llewellyn (1983) with slight modifications
and Klein & Sournia (1987). Reproducibility of weighing, extraction and HPLC injection was about 5 % and
that of replicate injection was about 1 % . Chlorophylls
were quantified using chlorophyll a and b standards
(Sigma Chemical Company Ltd). Chlorophyll a was
converted to chlorophyllide a using chlorophyllase
enzyme and by acidification into phaeophorbide a.
Phaeophytin a was produced by acidification of standard chlorophyll a. Identification of carotenoids was by
retention time comparison with standard cultures and
by on-line spectra collection using a photo-diode array
liquid chromatography spectrophotometric detector
(Hewlett Packard 1040 a ) . Chromatograms of diatom
(Nitzschia c l o s t e n u m , isolated from sediment) and
green alga (Dunaliella tertiolecta) cultures are shown
in Fig. 2 (the numbers are explained in Table 1).
All results are given in pg g-' dry weight of sediment
(DV.
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Table 1. Pigments identified in the sediments from Pierre
Noire (Morlaix Bay) and Fret (Rade d e Brest). The numbers
are used in Fig. 2, 3, 5 & 6
Chlorophyllide a
Chlorophyll c
Phaeophorbide a
Fucoxanthin
Phaeophorbide
a-like
Neofucoxanthin
Diadinoxanthin
Alloxanthin

2'

Diatoxanthin
Lutein
Chlorophyll b
Chlorophyll
a-allomer
Chlorophyll a
a-carotene
(3-carotene
Phaeophytin a

4
6
Frozen

8

10

Fig. 3. Correlation between 2 sets of HPLC data from the 2
sampling locations. Abscissa: frozen subsamples; ordinate.
frozen then freeze-dried subsamples (pg g-' DW). (A) High
values; (B) low values For meaning of numbers, see Table 1
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5
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Fig. 4. Linear regression between results obtained by the HPLC (freeze-dried samples) and conventional fluorometric methods
(frozen samples). (A) Chlorophyll a (y = 0 . 7 0 ~+ 0.69: r = 0.95 n = 10); (B) phaeopigments (y = 0 . 6 6 ~+ 2.38; r = 0.90 n = 10)
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RESULTS

Influence of freeze-drying
Some samples were analysed twlce by HPLC: one
subsample was deep-frozen prior to analysis and the
other was also freeze-dried. Freeze-drying reduces the
pigment concentrations in sediments by up to 90 %
(mean about 60 %) (Fig. 3; for the meaning of the
numbers see Table l ) ; some pigments are more
affected by freeze-drylng than others. The increase in
retention time on the HPLC chrornatograms for the
phaeophorbide a-like pigments suggests that these
pigments become less polar after freeze-drying.

Comparison of the two methods
Chlorophyll a concentrations in sediments, obtained
with the fluorometric method a n d HPLC, show a good
correlation (Fig. 4A); the regression line is always lower
than the x=y line, whatever the pretreatment of the
HPLC samples (Fig. 4 A ; freeze-dried HPLC samples,
y = 0 . 7 0 ~+ 0.69; r = 0.95, n = 10). Underestimations
by the fluorometnc method (or overestimation by the
HPLC technique) was also reported by Trees et al.
(1985) and Gieskes & Kraay (1986), whereas several

Flg. 5 . HPLC chromatograms of a sedlment sample from P~erre
Noire (summer 1985) (A) Surface layer (0 to 0.5 c m ) ; (B) 6 to
8 cm layer A: absorbance; F: fluorescence. For meaning of
numbers, see Table 1

authors such as Gieskes & Kraay (1986) and Daemen
(1986) noticed overestimating by the fluorometric
method. Phaeopigment concentrations obtained with
this technique also show a very good correlation with
the sum of the concentrations of the different phaeopigments (mainly phaeophorbides) as obtained by HPLC
(Fig. 4B; r = 0.90, n = 10).
The slopes of the 2 regression lines (Fig. 4 A , B) are
not statistically different (Student test: t = 3.72 x 10-l,
v = 18) but the phaeopigment regression Line is systematically above that of chlorophyll a ; this shift would
be more evident if we had considered, in the abscissa,
the sum of all the chloropigments interfering in the
'chlorophyll a' values obtained by the conventional
method, instead of HPLC chlorophyll a only. The shift
may partly originate from the differences between the
molecular weights of phaeophytins a and phaeophorbides a, for which the equations used in the fluorometric method are not corrected (Conover et al. 1986).

Fig. 6 HPLC chromatograms of a sediment sample from Fret
(summer 1985). (A) Surface layer (0 to 0.5 cm); ( B ) 6 to 8 cm
layer. A: absorbance; F: fluorescence. For meaning of numbers, see Table 1
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Pigment composition, spatial and temporal variations
The quantitatively most important pigments in the
subtidal sand from Pierre Noire are chlorophyll a,
fucoxanthin, chlorophyll b and phaeophorbide a-like
pigments (Fig. 5 ) . Chlorophyll c and fucoxanthin indicate the presence of a dominating Bacillariophyceae
population and chlorophyll b indicates the presence of
Chlorophyceae and/or Euglenophyceae (van den Hoek
1978).
In the subtidal mud from the Rade d e Brest, the
pigment composition is more diverse (Fig. 6). The presence of Bacillariophyceae is indicated by chlorophyll c
and fucoxanthin; alloxanthin and a-carotene are
specific to Cryptophyceae, whereas the high concentrations of chlorophyll b and lutein indicate important
populations of Chlorophyceae. The absence of myxoxanthophyll and zeaxanthin indicates that Cyanobacteria are not important in the microphytobenthic community of the 2 sites.
Pigment concentrations were generally much higher
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in the mud than in the sand (Tables 2, 3 & 4 ; e.g. mean
chl a concentrations are 15 and 4 pg g-' DW respectively). This is not surprising, since the sediment at
Pierre Noire is a well sorted sand and strong currents
prevent microphytes growing well at the sediment surface. In contrast the mud of Fr&t (Rade d e Brest) is a
more stable sediment and can be highly colonized by
microphytes at periods with good light penetration.
The values correspond well with those obtained during
the years 1978-80 at Pierre Noire (seasonal range of
variation 1 to 10 pg chl a
DW) a n d a n intertidal mud
from the Morlaix Bay (range 3 to 40 pg chl a g-' DW;
Riaux 1983).
The most important difference between winter and
spring samples from Fret is the increase of fucoxanthin
and phaeophytin a-like in spring; the latter is the result
of grazing (see below) which is generally more intense
during summer. Chlorophyll b, on the other hand,
seems to decrease at spring, possibly indicating succession between Bacillariophyceae and Chlorophyceae.
At Pierre Noire the phaeophorbide a-like, fucoxanthin

Table 2. HPLC pigment concentrations (pg g-' DW) of sediment samples from Fr6t (Rade de Brest)
1 Mar 1985

Pigment

0-0.5 cm

14 May 1985
0-0.5 cm
6-8 cm

6-8 cm

Unidentified polar a pigment
Chlorophyllide a
Chlorophyll c
Phaeophorbide a
Phaeophorbide a-like
Chlorophyll b
Chlorophyll a-allomer
Chlorophyll a
Phaeophytin a
'Pyrochlorophyll a'
Fucoxanthin
Lutein
<DL: below detection l.imit

Table 3. HPLC pigment concentrations (vg g-' DW) of sediment samples from Pierre Noire (Baie d e Morlaix)
Pigment

Chlorophyll c, + c2
Phaeophorbide a
Phaeophorbide a-like
Phaeophorbide a-like
Chlorophyll b
Chlorophyll a-allomer
Chlorophyll a
Phaeophytin a
Fucoxanthin

28 Feb 1985
6-8 cm
0-0.5 cm

13 May 1985

0-0.5 cm

6-8 cm

10 Jun 1985
0-0.5 cm
6-8 cm
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and chlorophyll a concentrations show obvious seasonal variations (consistent increase during summer:
Fig. 7).
The stratification in the thickness of the 2 sediments

is obvious (Fig. 7 & 8); the differences between the
surface (0 to 0.5 cm) and the deeper layer (6 to 8 cm)
are more significant in the mud. This can also be
explained by the different dynamics of the 2 sediments:
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Fig. 7.Seasonal variations of pigment concentrations (pg g-' DW) at Pierre Noire. Black bars: 0 to 0.5 cm sample; open bars: 6 to
8 cm layer

Table 4. 'Chlorophyll a' and phaeopigment concentrations (1.19g-' DW) determined by the fluorometric method
Sampling
location

Fret
(Rade de Brest)

Nature of
sediment
Subtidal mud
depth: l 0 m

Date
(1985)
l Mar
14 May

Pierre N o ~ r e
(Baie de Morlaix)

Subt~dalsand
depth 20 m

28 Feb
13 May
l 0 Jun

Layer
(cm)

Chl. a

Phaeo.
g-' DW)

'10 dry mattt

in sedimen
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complexity of these benthic communities that are confined to the first few millimeters of sediment.
The most important chlorophyll a degradation product at the 2 stations is a phaeophorbide a-like pigment
(phaeophytin a is only a minor pigment). Such a pigment was also observed by Vernet (1983), Gieskes &
Kraay (1986) and Roy (1986). Hawkins et al. (1986)
concluded that phaeophorbide a-like pigments are the
primary indicators of feeding processes. Meiofauna
(mainly nematodes and harpacticoid copepods) are
abundant in such shallow sediments (Boucher et al.
1984) and are probably able to digest algal pigments. It
should also be noticed that neither intact pigments nor
degraded pigments accumulate in the deeper layers of
the sediments; they are concentrated at the surface.
This demonstrates the fast mineralisation and recycling
of these organic compounds, possibly following Treibs'
reaction scheme (1936). Very few publications deal
with pigment degradation processes in sediments; but,
in freshwater sediments, carotenoids seem not to be
affected by fast degradation (Ziillig 1982). The rela-

the sand is continually reworked by wave action (ripple
marks are always present), and epibenthic macrofauna,
mainly amphipods (Dauvin 1984), cause an active
bioturbation. A more detailed description of the
'chlorophyll a' and phaeopigments distribution in
space and time is given in Part I (Riaux-Gobin unpubl.).

DISCUSSION

The pigment diversity detected in these 2 subtidal
sediments, particularly in the mud, is greater than in
the phytoplankton samples collected the same year in
Morlaix Bay (Klein & Sournia 1987), indicating that
these pigments originate mainly from an autochthonous microphytobenthic population and not only from
sedimented phytoplankton. Furthermore the chlorophyll b content relative to chlorophyll a is much higher
in the sediments. Phaeopigments and carotenoids are
particularly numerous and abundant in these sediments. Such a great pigment diversity indicates the

,
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Fig. 8. Seasonal variations of pigment concentrations (pg g-' DW) at Fret. Black bars: 0 to 0.5 cm samples; open bars: 6 to 8 cm
layer
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tively l a r g e c a r o t e n e p e a k s (a a n d p-carotene) i n b o t h
surface a n d d e e p layers indicate that these pigments
a r e r a t h e r s t a b l e ( e . g . W a t t s & M a x w e l l 1977).
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