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A chemotaxonomic method to quantify phytoplankton groups in
freshwater lentic mesocosms: an approach including chlorophyll
breakdown products
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Abstract

The use of HPLC methods to determine and quantify phytoplankton population composition, is sometimes less time-
consuming than microscopic identification. However, its general application poses problems since high discrepancies betweer
chlorophylla calculated using chemotaxonomic methods and direct measurements were noticed. For instance, chemotaxonomic
protocols generally employed can lead to a poor estimation of total and relative abundance when high amounts of chlorophyll
a breakdown products are present. Therefore, we propose a new approach to calculate relative abundance of algal groups in
phytoplankton population, based on integration of these degradation products in the chemotaxonomic assessment in lentic an
shallow freshwater ecosystenTa cite thisarticle: L. Deydier-Stephan et al., C. R. Biologies 326 (2003).

O 2003 Académie des sciences/Editions scientifiques et médicales Elsevier SAS. All rights reserved.
Résumé

L'utilisation de la méthode d'analyse par HPLC de la composition taxonomique du phytoplancton s’avere régulierement
moins longue que l'identification classique par microscopie. Cependant, I'application de la chémotaxonomie est limitée par
des problémes de différences entre abondances estimées et observées. Les protocoles employés en chémotaxonomie n’ont
permis d’obtenir une estimation correcte des biomasses phytoplanctoniques dans nos écosystemes. Nous proposons donc L
nouvelle approche pour calculer les abondances relatives et totales des groupes algaux dans des peuplements phytoplanctoniq
naturels. Cette méthode basée sur I'intégration des pigments de dégradation de la chlazaphydl@ permis d’augmenter la
représentativité et la qualité de I'estimation en écosystéme lentique et peu pfédanditer cet article: L. Deydier-Stephan
etal., C. R. Biologies 326 (2003).
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1. Introduction

The chemotaxonomic assessment of phytoplank-

ton populations in natural waters requires good bio-
chemical markers and efficient analytical tools. The
analysis of photopigments by high-performance lig-
uid chromatography (HPLC) has fulfilled the above
requirements, since its application to marine [1] and
shelf waters [2,3]. Analysis of natural phytoplankton
extracts allowed identification of taxon-specific algal
pigment concentrations and profiles [4] (chlorophylls
and xanthophylls). The taxon-specific pigments were
first used as qualitative biomarkers of phytoplankton
composition [5,6]. In a second step, HPLC methods

The various photopigments analysed by HPLC
have been defined as ecological or physiological mark-
ers of phytoplankton populations. Some of these
pigments were not integrated into the chemotaxo-
nomic assessment due to their ubiquity in several al-
gal groups, even though these pigments may present
high concentrations, sometimes greater than mea-
sured chlorophylle. On one hand, xanthophylls or
carotenoids are often considered as marker pigments
for algal groups, whereas they are known to be better
conserved in water and correspond not only to living
cells but also to senescent or dying algae. On the other
hand, for the chemotaxonomic approach, chlorophyll
a breakdown products, which may concur with non-

have been used to quantify phytoplankton seasonal degraded marker pigments, have rarely been consid-

succession and composition in a variety of aquatic
ecosystems, including lakes [7,8], estuaries [9] and
oceanic systems [10].

To estimate the biomass of phytoplankton groups

ered in calculating the individual phytoplankton class
abundances.

In our experiment, we used a HPLC method to
analyse and identify the phytoplankton population

from the pigment concentrations, various approaches composition and succession, under a variety of envi-

have been used: linear regression between the dif-

ferent marker pigments and chlorophyllwith cal-

culation of a ratio considered as constant [11], or
abundance of individual phytoplankton groups deter-
mined from concentrations of the different marker pig-
ments using multiple linear regression equations [12,
13]. These studies were based on chlorophy{thl

a)/marker pigment ratios and provided a chemotaxo-

nomic assessment of phytoplankton population com-

position.
Despite this advance in quantitative estimations,

ronmental conditions.

This method was chosen together with microscopic
counts. The distribution and relative importance of
micro- and nano-plankton measured with this method
highlight their importance in our experimental ecosys-
tems. Accurate assessments of phytoplankton popula-
tions were limited mainly by preservation and identi-
fication problems, as already observed in ecosystems
[23,24]. The pigment profiles obtained showed that the
qguantities of chlorophylk degradation products and
the chemotaxonomic assessment resulted in poor bio-

variation in estimated biomass or abundance led to mass and total abundance predictions for the major al-
predictions of unrealistic concentrations for these gal groups. Because of the specificity of our experi-
classes, or often to large variations around 100% of mental ecosystems (i.e., lentic and shallow mesocosm)
the theoretical total abundance [2,14]. These weak and previous observations of deviations of chemotax-
estimations were essentially explained by variation in omic estimations, we propose an improvement of the
concentrations of carotenoids relative to chlorophyll estimation of the phytoplankton group abundance cal-
a content in cells exposed to light-harvesting or culation with the integration of chlorophydl break-
nutrient depletion or both [15,16]. Other estimations down products, especially with the addition of chloro-
could be biased by catalysis of chlorophyllinto phyllide a, the main degradation product to chloro-
chlorophyllides and phaeopigments when cells are phyll a. We tested this improvement in one mesocosm
senesce [17], exposed to stress [18,19], to nutrient and extended it to the 11 other experimental ecosys-
limitation [20], or grazing [21,22]. tems. This improvement was applied to analyse our
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phytoplankton populations, through an estimation of —70°C until pigment extraction (without exceeding 10

global microalgal biomass including living and senes- months of conservation). Storage in ultracold freezer

cent or degrading cells. was proved to cause minor degradations of phytopig-
ments, for chlorophylls and xanthophylls [25]. Phy-
topigment extractions were completed on the basis of

2. Materialsand methods common methods [26—-29]: (1) extraction was con-
ducted by adding 10 ml of 90% acetone to the thawed
2.1. Mesocosms filters in 20 ml vials, (2) filters were broken into pieces

and stirred gently, (3) vials were sealed with Teflon
A one-year study was conducted in twelve artificial caps and kept overnight in the dark &4 (4) ace-
ecosystems. These mesocosms were designed in ordefonic extracts were centrifuged for 5 min at 8090
to study potential impacts of two xenobiotics on the to remove cellular debris and glass filters (Jouan, MR
dynamics of a lentic and shallow freshwater ecosys- 1822, France) and (5) supernatant was then filtered
tem. These simplified experimental ecosystems were through a 25-mm glass-fibre filter (Whatman GF/C,
located outdoors and exposed to natural climatic con- 1 2-um pore size) to remove fine particles, (6) sam-
ditions, i.e. the temperate oceanic climate of Western ples were stored at°€ until injection into the chro-

Europe in Brittany (France). matograph (within a few hours). All procedures were
The mesocosm dimensions were 6-m long by 4-m conducted under subdued light or in dark in order to
wide and 1.2-m deep, with a 10-cm thick layer of arti- prevent photo-degradation.
ficial sediment (51% of sand, 17.5% of clay and 31.5%
of natural sediment), covered by 18 raf dechlori-
nated water to obtain a water depth of 90 cm. Or-
ganisms such as macrophyt&ifpus lacustrisand ) )
macroinvertebratesLymneae palustrisChironomus The system used for HPLC analysis consisted of
sp, Anisus rotundatysAsellus aquaticusTubificidag a Spectra Physics 8800 ternary pump (TSP, USA), a
were introduced. Other organisnZafiichelliaspand ~ Rheodyne 7125 injector with a 20-pl-injection loop, a
Myriophyllum sp) colonized the mesocosms naturally 3-Hm C18 Chromsep column (1604.6 mm, 28076,
during the one-year period of maturation. Two inocula Chrompack) and a Spectra Focus photodiode array
of plankton from a nearby lake were mixed into each detector (TSP, USA), for screening absorbances from
mesocosm before the beginning of the study (sum- 350 to 700 nm. Data were stored and processed on
mer 1998). The experiment started in April (1999) and & PC compatible computer running on OS/2 platform
lasted for one year. Measurements of biotic and abiotic With PC 1000 software (v3.0.3, TSP, USA).
parameters used as indicators for phytoplankton com- ~ Chromatography of phytoplankton extracts was
munity dynamics were carried out either on a monthly carried out with a gradient system following the pro-
basis or every two weeks depending on the season.tocol developed in [30] and modified in [31]. The pro-
Chlorophylla and photopigment concentrations were cedure consisted in the injection of 20 pl of the extract
measured on bi-monthly basis from April 1999 to No- that ran through a 30-min ternary gradient with a flow
vember 1999, and then monthly until the beginning of rate of 1 mimim®. The HPLC system was calibrated

2.3. HPLC measurements and pigment analysis

March 2000. with the main xanthophyll and chlorophyll pigment
standards, i.e. 19 pigments. Xanthophylls: lutein, peri-
2.2. Plankton sampling and pigment processing didin, neoxanthin, violaxanthin, diadinoxanthin, al-

loxanthin, fucoxanthin, Y%utanoyl-oxyfucoxanthin,
Water samples for pigment analysis were collected B’¢-carotene, prasinoxanthin and zeaxanthin. All stan-
in a Niskin modified sampler, in the water column of dards were provided by the International Agency
each mesocosm. Each sample (0.5 to 4.5 I) was fil- for *C Determination (VKI, Hgrsholm, Denmark).
tered onto a 47-mm-diameter glass fibre filter What- Chloropigments: chlorophylt, came from the Inter-
man, GF/C, for pigment processing. Filters were then national Agency for**C Determination (VKI, Den-
immediately wrapped in aluminium foil and stored at mark), chlorophyll: andb from Sigma (Switzerland).
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The chlorophyll breakdown products (chlorophyl-
lide a, b, phaeophytina and b and phaeophorbide
a) were obtained following the Jeffrey protocols [32]
from pure algae culture.
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2.5. Multiple regression analysis

We applied multiple regression analysis to deter-
mine the ratio of chk/marker pigment (mp) for each

The spectral characteristics of the standards and algal group. The previously selected marker pigments
purified pigments in the HPLC eluent (90% acetone) and chlorophyllz concentrations for the whole sam-
were examined using a spectrophotometer and the op-Pling period were used to estimate the ratios in each
tical density determined at 440 nm. Their absorption mesocosm [10,11,29,36].
spectra was registered ant_j their i_dentification was fur- [Chla] = C + x[Lut] + y[Allox] + z[Perid
ther validated by comparison with spectra obtained
by [33]. Pigments chromatograms were resolved, us- + v[FucoX + w[But-oxyfucox
ing a library of pigment spectra and checked by hand, where [Chi, Lut, Allox, Perid, Fucox] and [But-
obtained by diode array detection on acquisition of oxyfucox] indicate the concentrations of chlorophyll
standard pigments and extracts of pure algae culture.q, lutein, alloxanthin, perididin, fucoxanthin and’419
Pigment concentrations were obtained following the butanoyl-oxyfucoxanthin respectively. Coefficients
method proposed by [34] using the peak area obtained, y, z, v, w correspond to calculated ratios, in the regres-
the given concentration and specific extinction coeffi- sion equation, for each marker pigment to chlorophyll
cient published for each standard pigment [33]. The a andC is the constant term equal to the amount of Chl
conversion factors obtained were used to convert pig- « that is left when the other terms are zero and hence
ment area identified in concentrations in p&lOur is not explained by the species group considered.
chromatographic system did not separate zeaxanthin The multiple regression analysis was applied to
from lutein. The corresponding peak of those two pig- Pigment concentrations with the following protocol:
ments was quantified as if only lutein were present. ~ €ach chosen marker pigment was included in the equa-

Five successive measurements gave standard errofion and also its concentrations for each sampling
below 5%. Each sample was duplicated, peak areastime. The different ratios for each marker pigment

varied between 0.1 and 20% depending onthe pigmentwere calculated with multlple linear regrESSion analy-
guantities in samples. sis, and the mean ratios for the experiment period were

calculated with regression coefficients, signification
level and standard deviation for each ratio (Minitab
v12, W95/NT, Minitab Inc.). This protocol was ap-
plied to each mesocosm. The results gave regression

Chemotaxonomic methods provided quantitative Coefficients from 65 to 95% at < 0.01 for all meso-
estimates of relative abundances between algal divi- €0SMS. _ . o
sions for marine [13,35], coastal [9,36] and fresh- The calculated ratios showed high variability due

water ecosystems [8]. For the 19 pigments used as 0 variations in environmental conditions. Comparison

standards in this study, some were chosen as markerWith previously obtained ratios for pure algal culture

pigments because of their ecological value present stra}ins [7'9'12'40’41]_”6}?'(9 1) was consistent despite

in specific algal groups. Some of these are rela- the_lrrhgreat n?turatl \(’ja”ab'“ty' i I d

tively specific to divisions or families of phytoplank- . e?e €s |mate ck/mp ra |ost at_owe tcont\]/ler-

ton: alloxanthin for Cryptophyceae, lutein for Chloro- sion of pigment marker concentrations 1o chioro-

ohyceae, chlorophylb for Chlorophyceae and Eu- phyll a equivalent quantities, the result was then di-
' A . vided by the measured chlorophydl concentration,

glenophyceae, perididin for Dinophyceae, chlorophyll

¢ and fucoxanthin for Bacillariophyceae, fucoxanthin and converted to relative proportion of each algal
and 18-butanoyl-oxyfucoxanthin for Chrysophyceae class (chlorophyceae, dinophyceae, bacillariophyceae,

[3,28,36-39]. For the last two groups, fucoxanthin chrysophyceae, cryptophyceae) following Wilhelm's

calculations:
was retained for Bacillariophyceae and-b@itanoyl-
oxyfucoxanthin for Chrysophyceae.

2.4. Chemotaxonomic approach

% Chloro= ([Lut] = (Lut/Chla)) x 100/[Chla].
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Table 1

Comparison of estimated mean molar ratios obtained with multi-regression analysis and bibliographic results for the marker pigment ratios
(Chl a: chlorophyll a, Lut: lutein, allox: alloxanthin, perid: perididin, fucox: fucoxanthin and but-fucoxX-di&anoylfucoxanthin pigment
concentrations, in mgtt)

Ratios Chla/lut Chla/allox Chla/perid Chla/fuco Chla/but-fucox
Estimated in this study (meanSD) 3.9 (4.15) 2.1(2.3) 4.1 (6.9) 2.15(1.25) 1.84 (1.56)
Other studies (references) 3.53[13] 2.54 [21] 1.7 [39] 1.8[9] 0.9[12]

Results of measured and calculated chlorophyll  values. These calculations were done for the two treat-
concentrations were analysed with a linear correlation ments: global abundances calculated with and without
coefficient test. When all these results were analysed chlorophylla breakdown products. Results were used
together, the Spearman correlation test was appliedin a non-parametric analysis of variance (i.e. Kruskal—
due to the non-equality of variances (Statgraphics 95, Wallis) test on the two distributions of abundance devi-
USA). To correct deviations to the normal distribution ations with one factor: the seasonal change (Statgraph-
these data were legl transformed. ics 95, USA).

2.6. Assessment procedure with/without chlorophyll
a breakdown products 3. Results

Improvement of the chemotaxonomic assessment 3.1. Importance of chlorophydl breakdown products
including chlorophyllz breakdown products was pro-
posed because of the specificity of our experimental The mesocosms were considered to be oligo- to
ecosystems. The last stage of chemotaxonomic calcu-mesotrophic ecosystems, on the basis of the nutrient
lation (i.e. the calculation of algal group abundance and chlorophylla concentrations, with mean annual
and global abundance) was applied with measured chlorophyll ¢ concentrations which varied between
chlorophyll ¢ concentrations, then with the sum of 5 and 10 pgtl. No detectable concentration of
measured concentrations chlorophyland its break- phaeophorbide was measured in any mesocosm.
down products (chlorophyllide and phaeophytia In terms of relative abundance (Fig. 1), chlorophyll
when present). a concentrations represented the most abundant pig-

In the following text, the measured concentra- ment with an annual range between 3 and 68% of total
tions of chlorophylla in HPLC analyses is noted chl  pigments, followed by chlorophyllide with a range
a, the estimated chlorophylt concentrations with  varying between the detection level and 65%, and the
the chemotaxonomic approach, for the different al- other pigments (chlorophy# andc, lutein, 8-caroten,
gal groups, i.e. the sum of the estimated concentra- alloxanthin, and diatoxanthin) ranged between 1 and
tions is noted calc-chk, and the sum of measured 20%, during summer and even 50% in autumn, corre-
concentrations chlorophydl and its breakdown prod-  sponding to successions in phytoplankton populations.
ucts (chlorophyllidez and phaeophytia) are noted Chlorophyllidea was the first breakdown product
CHL A. of chlorophylla and, the main breakdown product in

Comparisons between the calculated global abun- this experiment: it represented up to 65% of the total
dance and the theoretical global abundance were ap-quantities of pigment during summer (Fig. 1). The
plied for each mesocosm and each sampling time. The chlorophyllidea peaks occurred during the growing
theoretical global abundance corresponds to a total re-period from May to October. Significant correlation
covery of estimated chlorophydl from the different were found between chlorophyllideand chlorophyll
algal groups and so to a ratio of 100%. Deviations a (p < 0.05), but less than 50% of the variability
between theoretical and calculated abundances wereof chlorophyll a accounted for by fluctuations in
estimated following calculation of the difference be- chlorophyllidea concentrations.
tween the global abundance and the theoretical one. Concentration of chlorophyll estimated (calc-chl
Then these differences were transformed in absolute a) was more than twice the measured chlorophyll
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Fig. 1. Relative abundance (expressed in percentage) of the mean molar concentrations of the different phytoplankton pigments detected in on
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mesocosm (diatox: diatoxanthin, allox: alloxanthin, Ehthlorophyll b, lut: lutein, chla: chlorophylla, chidea: chlorophyllidea pigments).

————calc-chl a
Chla
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CHL A
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1412 15/3
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Fig. 2. Temporal changes of measured and estimated chlorophyll
a concentrations (chk and calc-chla) (A) and of estimated
chlorophyll a concentrations with measured chlorophylland its
breakdown products (calc-chland CHL A) concentrations (B).

(chl @, Fig. 2A) and temporal changes of chland
calc-chla were similar for early spring, autumn and
winter, but differed during late spring and summer.
The curves of chd and calc-chk concentrations were

significantly correlategp = 0.827 (p < 0.05), and the
variations of chlorophyllide: concentration followed
similar pattern to that of calc-clal. When chlorophyll

a breakdown products (essentially chlorophyllide
were added to chlorophylk concentrations (CHL
A), differences of concentration were smaller and
the correlation increased up = 0.942 (p < 0.05;
Fig. 2B).

Relative abundances of each algal group were cal-
culated with and without integration of chlorophyl|
breakdown products to chlorophyil Divergent es-
timations of the sum of abundances were observed
(Fig. 3). The abundance of phytoplankton populations
calculated in reference to measured chloropigibn-
centrations, was overestimated, during the summer
and autumn season. When chlorophylbreakdown
products were integrated, the results fit better with the
theoretical abundance of 100%. In both cases, phyto-
plankton total abundance estimated dropped down be-
low 40% towards the end of autumn and close to 10%
in winter.

3.2. Validation of the assessment procedure in all
mesocoms

The modified chemotaxonomic assessment includ-
ing Chla breakdown productsin all the 12 mesocosms
confirmed correlations between estimated chlorophyll
a and total chlorophyl: (CHL A, Fig. 4). The 12 sys-
tems that were originally identical rapidly followed
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Fig. 3. Evolution of the global phytoplankton group abundances calculated with the two assessment procedures, ratio of total calculated
equivalent chlorophylk on measured chlorophydl concentrations (CHlz) and modified assessment with ratio of total calculated equivalent
chlorophylla on measured chlorophyd + breakdown products concentrations (CHpp): CHL a: » (equiiChla]/[Chla]measuredix 100
(Wilhelm's procedure); CHIApp: > (equiiChla]/[Chla + Chidea 4- PhytinaJmeasureyx 100 (modified calculation).

50 ] gave a correlation coefficient gf = 0.7 (p < 0.05).

1 When standard deviation of total abundance to the
theoretical 100% was calculated for the two methods
at each sampling date, the non-parametric ANOVA
(Kruskal-Wallis test) showed a significant difference
between the two distributions (Table2 < 0.05) with
a significantly higher dispersion of the abundances es-
timated with chlorophylk only. The modified method
including chlorophylla breakdown products showed
a higher compliance with the theoretical abundance
(p < 0.001) throughout the experiment.

The same test applied to seasonal changes showed
Fig. 4. Lin_ear regression curve between estimated chIorophyII different results: a slight difference was observed be-
e o o o, ween the two distibutions during Spring & 0.07).
results. and a significant differencey(< 0.001) was observed
during the growing period (from June to October).
During this season, the average ranks of chlorophyll

1,2

L
©

£
=N

W

Concentrations of cale-chl @ (ug 1Y)

=}

0 0,4 0,8 12 1,6
Concentrations of CHL 4 (pg 1)

independent changes and became consistently differ- '
ent, especially with regard to the uneven develop- “ calculated were higher than the chloroplybreak-
ment of submerged plants. Including this variation fac- 40Wn product distributions, implying that the modi-
tor within phytoplankton populations in the 12 meso- fied calculation provided a better estimation of rela-
cosms, the modified chemotaxonomic procedure was tive abundances for algal groups and calculated global
tested and improvement of chemotaxonomic assess-abundance closer to the theoretical abundance.

ment including chlorophyli breakdown products was For fall and winter, there were also significant dif-
confirmed for all 12 mesocosms. In comparison, the ferences between the two distributiornys € 0.001),
assessment without chlorophylbreakdown products  demonstrating that chemotaxonomic calculation in-
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Table 2

Kruskal-Wallis tests results on the spread and fitting of the two types of calculation of phytoplankton groups assessment, during the season:
and the experimental period (CHL distribution of total abundance calculated with ratio of total equivalent chlorophyglh measured
chlorophyll a concentrations; CHLApp: total abundance with the modified calculation, i.e. total equivalent chlorophygh measured
chlorophylla + breakdown products concentrations)

ANOVA Spring Summer Autumma- winter Annual mean
n (n=96) (n =168 (n=1449 (n =408

p p <0.07 p <0.001 p <0.001 p <0.001
Ranks CHLApp <CHL a CHL App <CHL a CHL App<CHLua CHL App <CHL a

cluding chlorophylla breakdown products has the
lowest rank, as for summer and spring (Table 2).

cosms, we observed amounts of chloroplaybireak-
down products and xanthophylls. These pigments con-
centrations could be even greater than those of chloro-
phyll a in some samples. Variations in chlorophyll
a contents to other pigments concentrations have al-
ready been observed with chlorophytoncentrations
The calculation chemotaxonomic assessment refershigher than chlorophyl: in seawaters [36], or xan-

4. Discussion and conclusions

only to chlorophyllz, considering all marker pigments
as issued of living cells. Integration of physiological
and ecological significations of phytopigments, in the

thophylls concentrations equal to chlorophytiuring
phytoplankton bloom in lakes and oceans [41,42].
In our experiment, the occurrence of chlorophyllide

chemotaxonomic assessment, has never been temptedi was high during the growing period. Then, chloro-
In our experimental ecosystems, among the pigmentsphyll « could be altered by as much as 50% into
detected, we observed the importance of chlorophyl- chlorophyllidea, in phytoplankton field samples [17].
lide a and also of various xanthophylls used as marker ~ Another experimental condition was the high
pigment compared to chlorophyil Following the en- irradiance during the growing period, up to
vironmental conditions and specificity of our meso- 3000 pEnT2s™1 during summer with at least dayly
cosms, we would explain the importance and role of exposure above 650 pEThs* of incident PAR. Phy-
chlorophylla breakdown products and xanthophylls toplankton populations were subsequently exposed to
concentrations in the chemotaxonomic assessment fora high transformation rate of chlorophyll into its
living and degrading biomasses in this limnic, shallow breakdown products [43]. This phenomenon of satu-
and freshwater ecosystems. rating light probably increased dramatically the pro-
duction of chlorophyllidea and leads to a lack of
qguantified chlorophylle with HPLC. Consequently,
the chlorophyllz concentration can be underestimated
in comparison with other pigments, due to its transfor-
The various phytopigments showed variations in mation to chlorophyllide: or other degradation prod-
their concentrations following the ecological and phys- ucts.
iological states of the phytoplankton populations. Moreover, the nutrient status of the mesocosms var-
Chemotaxonomy used marker pigments firstly as qual- ied between oligo- to mesotrophic ecosystems and the
itative indicators of phytoplankton populations, then light intensity was high in the water column due to the
for quantitative assessment of phytoplankton groups shallow depth. Consequently, xanthophyll pigments
and succession. In the chemotaxonomic procedure,increased relatively to chlorophydl, as already ob-
chlorophylla and algal specific xanthophylls are con- served [44,45]. This ecological observation together
sidered for calculation of phytoplankton biomass, suc- with the limitations of the method gave poor chemo-
cession and evolution. taxonomic estimates of class algae abundances, dur-
This method of calculation has been applied to var- ing spring and summer. The chemotaxonomic pro-
ious ecosystems and conditions and has been vali-cedure does not include the ecological and physio-
dated in our experimental ecosystems. In our meso- logical significance of the different photopigments,

4.1. Chemotaxonomic processes: application to the
mesocosms
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with chlorophyllides and phaeopigments indicators of

103

45], but the ratios obtained in the calculation were sim-

stress, senescence, grazing or even carotenoids of nu#lar. Integration of chlorophyll a breakdown products

trient depletions and highlighting [19,26,46].

in the chemotaxonomic calculation lessened this de-
viation and included the part of xanthophylls corre-

4.2. Improvement of the chemotaxonomic assessmentsponding to degrading biomasses.

with chlorophylla breakdown products

Our modified approach can certainly be used in
similar freshwater ecosystems where phytoplankton

The chemotaxonomic assessment processes did nofomposition and succession can be easily suited and

take into account the chlorophyll breakdown prod-
ucts (chlorophyllidez and phaeophytia pigments),

identified. This chemotaxonomic method, due to its
scarcity, could be used in different limnic systems,

which are bioindicators of inactive biomass and a part alone or maybe integrated in more complete method of

of the necromass. To improve the chemotaxonomic as-

sessment chlorophyllbreakdown products were inte-
grated in the calculation of the total and relative abun-
dances. This modification of the chemotaxonomic pro-

phytoplankton compaosition estimation. Another prob-
lem encountered in chemotaxonomy is the lack of
identification of some algal groups due to the un-
derestimation of accessory pigments used as specific

cedure gave a statistical improvement of relative and markers pigments [29,46-48]. The chemotaxonomic

global abundance estimations.

Firstly, the use of estimated specific-pigment ratios
gave a significant improvement of the relative abun-
dance estimation when chlorophyllidevas included.
Secondly, this protocol was verified and confirmed for

method used takes into account only one marker pig-
ment per algal group. This limits the evaluation of bio-
mass compared to multi-marker pigment protocols.
Other improvements have been found to overcome
these problems such as using multi-marker pigments

all mesocosms and during whole experiment, despite procedures with matrix calculation tested by [12] or

their differences and divergent evolution during the more recently the CHEMTAX program of [13] used

experiment. These experimental conditions and diver- in various ecosystems [8,9,44].

gences between mesocosms confirmed the robustness In conclusion, this modification of the chemotax-

of our hypothesis. onomic method should be tested on the ratios calcu-
Finally, this protocol looks relevant in such lentic |ation with the multi-linear regression or CHEMTAX

and shallow ecosystems where reduced exchanges angnethod [47], introducing the chlorophyillbreakdown

exportations of organic compounds and low stratifica- products in the equation, integrating the quantifica-

tion of the water column, support good conservations tijon of biomass and a part of necromass otherwise

of xanthophylls and chlorophyll breakdown pigments. very difficult to distinguish in these limnic and shal-

low ecosystems.
4.3. Limitations and perspectives of the
chemotaxonomic assessment protocol
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