
Introduction

In algal pigment studies, abundant marine phyto-
plankton, i.e. picoplanktonic cyanoprocaryota, dia-
toms, coccolithophorids, and dinoflagellates (Round
1985, Sommer 1998), have attracted the most interest,
so far (e.g. Mantoura & Llewellyn 1983, Wright &
Shearer 1984, Gieskes & Kraay 1986a, b, Klein &
Sournia 1987, Roy 1989, Veldhuis & Kraay 1990, Ko-
hata & Watanabe 1991, Roy et al. 1996, Latasa et al.
1997, Goericke 1998). In contrast to marine communi-
ties, freshwater phytoplankton is often dominated by
chlorophytes, synurophyceae and diatoms, with hyper-
trophic conditions favoring cyanoprokaryotes and, in
case of organic pollution, also euglenophyta (Round
1985).

Aside from a few studies, often dating back several
decades, detailed analyses of pigment patterns are vir-
tually non-existent for the vast majority of the fresh-
water algae. Pigments of stoneworts, for instance, ha-

ve only been sporadically investigated (Seybold et al.
1941, Andrews et al. 1984, Howard-Williams et al.
1995, Schagerl & Pichler 2000). Charophyceae, close-
ly related to higher plants and including the orders zy-
gnematales, coleochaetales, klebsormidales, and cha-
rales, are typical of freshwater environments (Lee
1999), save for Chara canescens DES. et LoISELEUR IN

LIOS.-DESLONGCHAMPS which is characteristic of brac-
kish habitats (Krause 1997). Charales likely show a
pigment pattern similar to that of higher plants, but one
speciality is the occurrence of γ-carotene. Beside cha-
rophyceans, a second major lineage of green algae
exists containing trebouxio-, ulvo- and chlorophy-
ceans. Both these two lineages are thought to have ari-
sen from the polyphyletic prasinophyceans (Graham &
Wilcox 2000). Primary habitat of ulvo- and prasino-
phytes are marine ecosystems, whereas trebouxiophy-
ceans are dispersed chiefly in terrestrial habitats. Chlo-
rophyceae, which are part of this study, are primarily
found in freshwater or terrestrial systems. Despite an
basic agreement between pigment pattern of chloro-
phyceans and higher plants there exist some peculiari-
ties like the occurrence of loroxanthin in some algal
species. Within the volvocales, Schagerl & Angeler
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(1998) and Schagerl et al. (1999) found the photosyn-
thetic pigment loroxanthin to be a potential taxonomi-
cal marker. Their results stress the necessity of analy-
zing more than one strain per taxon, as it turned out,
that in Pandorina morum (MÜLLER) BORY as well as in
Eudorina elegans EHRENB. some strains do posses lo-
roxanthin, whereas others do not. In these studies, se-
quencing of the internal transcribed spacer regions
confirmed the hypothesis that both Pandorina morum
and Eudorina elegans actually consist of several li-
neages and thus are not single biospecies in their own
right.

The euglenoids, typical of freshwater habitats, pro-
bably originate from the ingestion of green algal chlo-
roplasts by kinetoplastids (van den Hoek et al. 1993,
Lee 1999). The majority of euglenoids is heterotro-
phic, only 30 % of the known genera possess chloro-
plasts (Graham & Wilcox 2000). Aside from the poly-
phyletic group of prochlorophytes, pigmented eugle-
nophyta are the only class of algae to contain chloro-
phyll-b (chl-b), but their general pigment pattern more
closely resembles that of the heterokontophyta, due to
the presence of diadinoxanthin and diatoxanthin (Ro-
wan 1989). Quantitative results of euglenoid pigment
contents are published sporadically, but no detailed da-
ta are given (Mackey et al. 1996). 

Major caroteniod among phototropic dinophyta is
peridinin, which is part of the light harvesting complex
II (LHC II ; Häder 1999). In some species, peridinin
amounts to 85 % of the total carotenoid content. Caro-
tenoids produced by dinoflagellates are more complex
than carotenoids of other algae (Young & Britton
1993). In marine species, which represent about 90 %
of all known dinophycean taxa (van den Hoek et al.
1993), also 19’hexanoyloxyfucoxanthin, a fucoxan-
thin-derivative, and fucoxanthin were found (Mandelli
1968, Bjornland & Tangen 1979, Young & Britton
1993).

This study adds to the knowledge of pigment pat-
terns of freshwater algae. For multivariate approaches
on algal quantification by means of pigments like mul-
tiple linear regression (eg. Woitke et al. 1996, Descy et
al. 2000) or factor analysis (Mackey et al. 1996,
Wright et al. 1996, Descy et al. 2000, Ansotegui et al.
2001), basic data sets of carotenoid contents are requi-
red. Some quantitative pigment data are contributed in
the present study. Special attention was given also to
methodological considerations as to the type of detec-
tor used for analysis (diode array detectors versus
spectrophotometer).

Materials and methods

Organisms were taken from the culture collection of
algae at the Institute of Ecology and Conservation Bio-
logy at the University of Vienna (Kusel-Fetzmann &
Schagerl 1992, Table 1). The unialgal, non-axenic bat-
ch-clones were cultured at 20 °C. Growth was establi-
shed using a light:dark regime of 14 h white light 
(30 µmol photons m-2 s-1) and 10 h darkness. Several
clones were grown in parallel cultures. Charales were
harvested from different freshwater habitats in Eastern
Austria and transferred to the laboratory immediately.
Prior to extraction, specimens were carefully rinsed.
To test the variability of carotenoids per unit chl-a, da-
ta sets of chlorophycean continuous cultures with va-
rying nutrient supply (original Chu10 according to Ku-
sel-Fetzmann & Schagerl 1992 and modifications like
0.5 N, 5 N + 0.5 P and 10 N on a weight basis) at dif-
ferent light conditions were added (150 µE m-2 s-1 and
60 µE m-2 s-1, respectively). Details are given in Do-
nabaum (1992).

Extraction took place in dim light to minimize for-
mation of artificial cis-trans-isomeres (compare with
Schagerl & Donabaum 2003, this issue). Chromato-
graphic analyses followed Schagerl & Donabaum
(2003, this issue ; HPLC-system Merck-Hitachi ; co-
lumn Merck Superspher rp-18 250/4 ; precolumn :
Merck Lichrospher rp-18 endcapped). For data acqui-
sition, the Merck-Hitachi L-4250 spectrophotometer
was used. To check the accuracy of diode array detec-
tors (DAD), absorbance spectra of the L-4250 were
compared with those obtained by the DAD’s Merck-
Hitachi L-4500 and Hewlett Packard (Agilent) 1100
Series.

Peaks were detected at 440 nm and identified by co-
chromatography with authentic standards (DHI Bio-
products, Denmark), their specific absorption maxima,
and by comparison with values from the literature
(Foppen 1971 ; Mantoura & Llewellyn 1983, Wright
& Shearer 1984, Wright et al. 1991, Jeffrey et al.
1997). D-6000 HPLC-manager software (Merck) was
employed for analyses, nomenclature of pigments fol-
lowed trivial names. Peak quantification of major pig-
ments with calibration curves (DHI Bioproducts, Den-
mark) : chl`s-a, -b and -c, neo-, viola- and diadinoxan-
thin, peridinin, α- and ß-carotene. For lutein and lo-
roxanthin the calibration curve of α-carotene was
used, for dinoxanthin that of neoxanthin and for anthe-
ra- and zeaxanthin that of ß-carotene, respectively. Li-
near regression analyses and analyses of variance
(ANOVA) were performed by SPSS 9.0.1. (SPSS
inc.).
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Results

Chlorophyceae

Absorption spectra of typical pigments are shown in
Fig. 4. Pigments detected : chls-a and -b, neoxanthin,
loroxanthin, violaxanthin, antheraxanthin, lutein,
zeaxanthin, α-, ß-, γ-, and cis-ß-carotene (Table 3).
Chls-a and -b (27 % of chl-a on a weight basis), lutein
(14 %) and neoxanthin (6 %) were found in high quan-
tities (Table 4). Chl’s -a and -b showed highest relation
despite of varying light and nutrient supply (r2 = 0.98,

n = 73, Table 4). Other carotenoids were found in
traces only, except for Kentrosphaera austriaca which
exhibited an equimolar α/ß-carotene ratio (Fig. 1). Lo-
roxanthin was encountered in 11 of the 18 investigated
strains. Occasionally detected chl-ides, phaeophytins
and phaeophorbides were interpreted as artefacts due
to storage or preparation.

Among the charophyceae, γ-carotene was detected
only in antheridia of 4 of the investigated charales
(Table 3). The only species with γ-carotene in sterile
specimens, too, was Chara tomentosa. As in the chlo-
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Table 1. Cultures used in this study (media receipts according to Kusel-Fetzmann and Schagerl, 1992).



Figs. 1 to 3. Chromatograms of the coccal green alga Kentrosphaera austriaca (1), the euglenophyte
Euglena gracilis (2), and the dinophyte Phytodinium sp. (3). Peak numbers according to table 2.
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Fig. 4. Absorption spectra of chl-b degradation products and major carotenoids.
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rophyceae, chl-b was highest related to chl-a (r2 =
0.98, n = 236, Table 4), being also the main accessory
pigment (around 41 % per chl-a on a weight basis).
Amounts of lutein (13 %) and neoxanthin (4 %) were
comparable to that of chlorophyceae (Table 4). 

Euglenophyta
Pigments detected : chls-a and -b, neoxanthin, diadi-

noxanthin, diatoxanthin, and ß-carotene. In the investi-
gated specimens, the acetylenic epoxycarotenoid dia-
dinoxanthin was the main xanthophyll which contribu-
ted around 75 % to the total carotenoid content. ß-ca-
rotene, neoxanthin, and diatoxanthin (de-epoxidized
diadinoxanthin) were present in minor quantities (Fig.
2, Table 4).

Dinophyta
Pigments detected : chls-a and -c2, carotenoids P 457

and P 468, peridinol, peridinin, pyrrhoxanthinol, unk-

nown dinophyceanpeak I, dinoxanthin, diadinoxan-
thin, pyrrhoxanthin, echinenone, and ß-carotene. Chls-
a and -c2 were highly abundant.The main carotenoid
was peridinin (65 % on weight basis of chl-a, Fig. 3,
Table 4), but also diadinoxanthin (25 %) and dinoxan-
thin (13 % ; neoxanthin with acetylic rest at C3) contri-
buted essentially to the pigment content. The pigments
mentioned above pigments showed close relations wi-
th r2 > 0.98 (n = 23) ; Table 4).Found in minor quanti-
ties was ß-carotene ; diatoxanthin was not encounte-
red. The hydrophile carotenoids P 457 and P 468 (no-
menclature after Johansen et al. 1974) were also detec-
ted (Goodwin and Britton 1988, Jeffrey et al. 1997).
Pyrrhoxanthin and pyrrhoxanthinol were identified wi-
th reservation. A component close to violaxanthin (di-
nophyceanpeak I), exhibited a spectrum reminding of
peridinin (Tab. 2) and is probably an isomere. 

Table 2. Retention times (Rt) and absorption maxima of photosynthetic pigments in the eluent; shoulders
of maxima are in brackets.
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Table 3. Major pigments of strains analyzed in this study.
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Table 4. Major pigments on basis of chl-a (% pig ; weight/weight) obtained from linear regression and ANOVA,
CD... coefficient of determination, SE.. .standard error, df... degrees of freedom, sign... level of significance.



Discussion

Remarks on using diode array detectors for pig-
ment determination

In addition to spectrophotometers (UV-VIS) and
fluorescence detectors, DAD’s are increasingly used in
pigment analysis (Wright et al. 1991, Almela et al.
1992, Epler et al. 1992, Kraay et al. 1992, van Heuke-
lem 1992, Tsavalos et al. 1993, Jeffrey et al. 1997,
Descy et al 2000). Initially DAD’s were developed for
the UV range (Meyer 1999). Lately, new DAD types
became available allowing also analysis within the
VIS-range. For this study, the Merck company kindly
placed a Merck L-4500 DAD with DAD-manager soft-
ware at the author’s disposal. This detector covers a
range from 190 nm to 800 nm, detection is by 512
diods in a non-linear way. Resolution is 0.4 nm at 
250 nm, but decreases to 2nm at 350 nm, and to 8 nm
at 700 nm. In this detector, a deuterium lamp is used as
a light source (low emmission in the VIS range). A se-
cond DAD (Hewlett Packard HP 1100) was called in
this study, equipped with 1024 diods and a combina-
tion of a deuterium and a tungsten lamp to enhance the
emmission at larger wavelengths. For comparisons,
peaks were recorded using all detectors (Fig. 5). As it
showed, peak-identification by the Merck L-4500 is
inferior to identification by common spectrophotome-
ters in the longer wave ranges, due to the rather modest
quality of the spectra. The poor resolving power in the
long wave range is attributable to the non-linear diode
detection method as well as to the deuterium light
source, which emits powerfully only in the UV-range,
thus resulting in pronounced noise in the VIS-range.
The second DAD tested in this study recorded spectra
of a quality similar to that of UV-VIS-detectors. The
Agilent 1100 DAD is a valid alternative to conventio-
nal UV-VIS-detectors, not least because it features a
high-quality automatic peak purity control. Thus, a
combined light source sufficiently emitting in the 
> 400 nm range is a precondition for a successful DAD
employment in VIS-range analysis.

Chlorophyceae
Aside from the main pigments which are also cha-

racteristic of higher plants, within the prasinophyceae
some class-specific pigments such as prasinoxanthin
and Mg-2,4-divinyl-phaeoporphyrin-a5-monomethy-
lester were observed in previous studies (Ricketts
1966, Foss et al. 1984, Wilhelm et al. 1986, Fawley &
Lee 1990, Fawley 1992), or siphonaxanthin in some
orders of the ulvophyceae and prasinophyceae (Klei-
nig 1969, Weber & Czygan 1972, Anderson 1983,

1985, Chu & Anderson 1985, Fawley et al. 1990). In
this study, none of these carotenoids was encountered
in the chlorophyceae, supporting the classification of
major lineages within the green algae on basis of mo-
lecularbiological and ultrastructural data.

Detected in all of the investigated green algae were
chls-a and -b, the allenic carotenenoid neoxanthin, the
pigments viola-, anthera- and zeaxanthin, which are
components of the xanthophyll-cycle (Hager and
Stransky 1970a), lutein, as well as α- ß-carotene. Lu-
tein, the main component of the LHC II (Häder 1999)
was well separated from zeaxanthin, ß-cryptoxanthin
and lutein-5-6-epoxide were not detected. Loroxanthin
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Fig. 5. Overlay of the diode array (HP 1100 and Merck L-4500) and
photometer spectra (Merck L-4250) of neoxanthin (top) and dia-
dinoxanthin (bottom).



being a synonym of pyrenoxanthin, trollein and trihy-
droxy-α-carotene (Aitzetmüller et al. 1969, Nitsche
1974) was encountered in 11 out of 18 chlorophyceae.
Initially, high levels of loroxanthin were suspected of
being typical of marine deep-water algae, probably
substituting for lutein (Yokohama 1982), but further
investigations revealed that loroxanthin is not limited
to algae growing in deep or shady environments (Yo-
kohama 1983). That loroxanthin is confined only to
coccal greens as stated by Goodwin & Britton (1988),
was refuted by a comprehensive study by Fawley
(1991), who proved this pigment in several disjunct al-
gal orders. Schagerl & Angeler (1998) detected lo-
roxanthin in several freshwater volvocales, confirming
the taxonomical importance of this carotenoid at the
family level. As Schagerl et al. (1999) demonstrated,
individual phylogenetic lineages of Pandorina morum
syngenes comprise extremely similar sets of traditio-
nal characters, including the distribution pattern of the
xanthophyll loroxanthin. According to Angeler et al.
(1999), loroxanthin randomly occurs in strains of E.
elegans, too. These results substantiate the currently
held hypothesis, that the unique vegetative morpholo-
gy of these two morphospecies repeatedly has evolved
independently at different times. 

In this study, secondary carotenoids such as the ke-
tocarotenoids echinenone, canthaxanthin, or astaxan-
thin (Kessler & Czygan 1967, Mac Lean 1967, Czygan
1970, Sprey 1970, Deason et al. 1977, Weber & Wet-
tern 1980, Czygan 1982, Goodwin & Britton 1988)
were not encountered. Synthesis of secondary carote-
noids is apparently stimulated by a number of factors,
such as nitrogen depletion, excessive supply of light,
and high salinity, in particular. Whereas the hypothesis
of a relation between secondary carotenoids and lo-
roxanthin (Hager & Stransky 1970a) needs yet to be
veryfied, a definite link exists between secondary ca-
rotenoids and the cellular wall component sporopolle-
nin, a carotenoid- or carotenoidester polymer (Atkin-
son et al. 1972, Burczyk & Czygan 1983, Rau 1988).
Mutants of Chlorella fusca, for instance, which are not
capable of ketocarotene synthesis, do not contain spo-
ropollenin in their cellular walls (Burczyk & Czygan
1983).

Quantitative data obtained in this study fit well into
other published studies. Wilhelm et al. (1991) analysed
around 10 % lutein per chl-a in the freshwater species
Chlorella fusca, in two freshwater species of Scene-
desmus between 13 and 17 % lutein were detected
(Nicklisch & Woitke 1999). For chl-b, a constant ratio
of 26 to 28 % were observed at varying light supply
(Nicklisch & Woitke 1999), which fit excellent in the

range detected in this study (around 27 % on a weight
basis of chl-a). However, for marine species like Du-
naliella tertiolecta, different ratios were found with 
19 % chl-b and 31 % lutein (Goericke & Montoya
1998). In a review table, Mackey et al. (1996) reported
for marine chlorophyceae a range of lutein per chl-a
being about 0 -28 %, chl-b per chl-a ranged from 0 to
57 %. In the study presented here and also in other in-
vestigations quantities of pigments involved in the vio-
laxanthincyclus were below 5 % of chl-a.

Charales

Only minor attention, so far, was paid to the pig-
ments of stoneworts (Seybold et al. 1941, Andrews et
al. 1984, Czeczuga 1986, Howard-Williams et al.
1995, Schagerl & Pichler 2000). With the exception of
Schagerl & Pichler (2000), who studied pigments by
means of HPLC, chl-s and carotenoids have been de-
tected spectrophotometrically in total fraction quality
only. Hager & Stransky (1970a) analyzed pigment ex-
tracts by thin layer chromatography. Stoneworts
contain the same chloroplast pigments as higher plants
with the exception of γ-car, which was found in anthe-
ridia and which is responsible for the red color of ve-
getative Chara tomentosa specimens. Schagerl & Pi-
chler (2000) supposed that γ-car act as a shield against
excessive light supply. They suspected the existence of
two fractions of ß-car, one fraction being highly corre-
lated with γ-car and probably located in separate units,
the other being independent from γ-car and to be found
in thylakoids. In the present study, chl-b (41 %) as well
as lutein (13 %) were highly correlated to chl-a and act
as main light harvesting pigments, whereas other caro-
tenoids showed low quantities only.

Dinophyta

Phytodinium sp. and Peridiniopsis borgei contain
chls-a and -c, most likely chl-c2 as - with the exeption
of Exuviella cassubica - this is the only type of chl-c
encountered so far in all dinophyceae exhibiting the al-
lenic norcarotenoid peridinin (Jeffrey et al. 1975, Jef-
frey 1976). Peridinin is the main carotenoid in all in-
vestigated species and it is also the principal compo-
nent of the LHC II (Haxo et al. 1976, Prezelin 1976,
Prezelin and Haxo 1976, Wilhelm 1990). Apparently
restricted to this class, peridinin differs from most
other carotenoids (tetraterpenes) in exhibiting a C37-
frame, originating from the loss of a C3-group (lactate)
out of a tetraterpene (Britton 1988). For marine dino-
phytes, peridinin content per chl-a ranges from 0 to
106 % (Mackey et al. 1996), Wilhelm et al. (1991)
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found around 38 % in Amphidinium klebsii Kofoid et
Swezy. This dinophyte is not a typical freshwater spe-
cies, but grows in saline and brackish waters. With re-
servation, pyrrhoxanthin and pyrrhoxanthinol were
identified, acetylenic components related to peridinin
and peridinol, respectively.

Additionally, ß-carotene, the allenic xanthophyll di-
noxanthin, and diadinoxanthin were detected, latter
being part of the xanthophyll-cycle (Hager 1980). Dia-
toxanthin, the non-epoxidic derivative of the xantho-
phyll-cycle (Johansen et al. 1974, Hager 1980, Halle-
graeff et al. 1991), was not encountered in this study ;
the presence of this carotenoid is largely depending on
environmental conditions. The hydrophile carotenoids
P 457 und P 468 (Johansen et al. 1974, Goodwin &
Britton 1988) were detected in all studied strains. P
457 has been shown to be a derivative of neoxanthin
containing lactoside in the molecule. Aside from the
cyanoprokaryota, this is the only carotenoid-glycoside
known in algae (Young & Britton 1993). The spectral
characteristics of one component eluting just before
violaxanthin (dinophyceanpeak I) were very similar to
peridinin, however, structural analysis would be nee-
ded to show if this is actually an isomere.

In a few marine dinophyceae, fucoxanthin replaces
peridinin as the main carotenoid component (Mandelli
1968, Thomas & Cox 1973, Jeffrey et al. 1975). The
occurrence of fucoxanthin strictly correlates with the
presence of chl-c1 and chl-c2 (Jeffrey et al. 1975, Jef-
frey 1976). According to ultrastructural results, so far,
all of these Dinophyceae were found to have two cel-
lular nuclei, exhibiting an eukaryon in addition to the
typical dinokaryon (Dodge 1971, Thomas & Cox
1973). Plastides and eukaryon are supposed to origina-
te from the heterokontophyta (Jeffrey et al. 1975, van
den Hoek et al. 1993). In Gyrodinium sp., Bjornland &
Tangen (1979) discovered a previousely unknown
main xanthophyll, which differs from peridinin as well
as from fucoxanthin.

Pigment patterns and ultrastructural results hint at a
multiple origin of the plastides in the dinophyta (van
den Hoek et al. 1993, Graham & Wilcox 2000). The
hypothesis of several independent origins of autotro-
phic dinophyceae is also confimed by the different
types of stigmata (inside and outside of the plastides),
an otherwise very constant systematic-taxonomical
criterion among other classes (Dodge 1969, 1975).

Euglenophyta
Principal xanthophyll among the studied specimens

was diadinoxanthin (Hager & Stransky 1970b, Liaaen-

Jensen 1985), and not diatoxanthin, as Goodwin &
Britton (1988) or Johannes et al. (1971) maintained.
As mentioned above, diadinoxanthin is part of the xan-
thophyll-cycle (Hager & Stransky 1970b, Hager 1980)
and it is also assumed to be a protective pigment of fre-
shly formed LHC IIs (Brandt & Wilhelm 1990). Addi-
tionally, ß-carotene, neo-, anthera-, and zeaxanthin,
and small amounts of diatoxanthin (= de-epoxidized
diadinoxanthin) were analyzed. Heteroxanthin
(Nitsche 1973) and anhydrodiatoxanthin were not en-
countered (Liaaen-Jensen 1985). Also not detected in
this study were the 3,6-epoxide eutreptiellanone,
known from the marine Eutreptiella gymnastica (Fiks-
dahl et al. 1984), and siphonein, so far isolated from
two marine Euglenophyceae (Liaaen-Jensen 1985). 

Quantitative data of euglenoid’s pigments are unfre-
quent. In their overview, Mackey et al. (1996) cited 
1,5 % neoxanthin per chl-a, 23 % diadinoxanthin and
41 % chl-b of marine types, but without detailed infor-
mation. Ansotegui et al. (2001) calculated by means of
a multifactorial approach (CHEMTAX, Mackey et al.
1996) around 1,5 - 3,0 % neo-, 4 to 23 % diadinoxan-
thin and 41 - 124 % chl-b on a weight basis of chl-a.
The same approach was used by Descy et al. (2000),
who estimated 20 % diadinoxanthin and 31 to 39 %
chl-b per unit chl-a, neoxanthin was not detected. Un-
fortunately, the initial pigment ratios which are requi-
red for CHEMTAX (factor analysis and a steepest des-
cent algorithm) were not cited in these studies.

Especially in marine ecosystems, pigment patterns
many a time were used as fingerprints for algal classes.
For these class estimations, an initial information i.e.
pigment to chl-a ratio must be given to run programs
like CHEMTAX. Studies like the one presented here
enhance the accuracy of such calculations, they are the
headstone for pigment-based algal cummunity structu-
re analyses. 
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