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ABSTRACT

Growth and some biochemical characteristics were followed in six monocultures from four classes of marine
phytoplankton. The growth and size parameters, as well as pigment compaosition of selected species were examined.
The approach of chemotaxonomic pigment biomarkers was used lo interpret the pigment fingerprinis of natural
phytoplankion from the Guif of Trieste. The presence and concentrations of pigments analysed by HPLC method
were supported by microscopic observations of the same samples.
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INTROQUCTION

Phvtoplankton monocultures have been fargely used
to determine the speciesfgroup characteristics and dy-
namics. Controlled conditions are usually the only pos-
sible way to study the morphology, ecophysiclogy, bio-
chemical composition and therefore the taxonomic po-

sition of algae. For example, a farge number of small or

rare organisms, as well as toxic or potentially toxic spe-
cies have been identified and their characteristics have
become kanown only in monogultures.

The past and current efforts to identify phytoplankton
from natural waters rely fargely on microscopic evalu-
ation. This requires a high level of taxonomic skili, but it
can be also significantly variable among researchers,
and time consuming work. However, by using a light
tricroscope it is not always possible to identify an or-
ganism not anly at the species but also at a higher, class
tevel. This is the case of the non-taxenomic phytoplank-

ton group, commoenly denominated as a group of mi-
croflagellates. Microflagetlates are small {approx. 10
pr) naked flageilates, which belong to different algal
classes. Because of their small size, fragile structure and
use of aggressive fixatives (for example formaldehyde)
for storage and counting procedures, microflageliates
can be often overiooked, wrongly identified and their
number underestimated. '

Besides classical microscopic techniques, either ap-
tical or electronic, new methods using  different
biomarkess as a tool to assess phytoplankton diversity
have emerged lately. Among several biomarkers, photo-
synthetic pigments have proved to be effective for pro-
viding information about the phytoplankton chemotax-
ohomic composition, physiological status, primary pro-
duction and trophic state (Millie et al, 1993}, High-
verformance liguid chromategraphy (HPLCY was suce
cessfully applied to the determination of chlorophylis (a,
b, ¢. d, e). phycobilins of cyanobacteria and the red al-
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PIGMENTS PHYLOGENETIC GROUPS

Chlorophyiis

) At groups {the only chlorophyit in
Cvanophyta and Lustigmatophyta)

b Chlorophyta, Euglenophiyta, Prasine-
phyvta, ProChlorophyta

[ Bacillariophyta, Chrysophyta,
Prymnesiophyta, Raphidephyta, Xan-
thophyta

T Baciliariopbyta, Cryptophyta, Dyno-
phyta, Prymmesiophyta, Raphido-
phyta, Xanthophyta

Oy Bacillariophyta, Chrysophyta, Dyno-

phyta, Fiymnesiophyta

B-desethyl, B-vinyl a ProChlorophyta

8-desethy!, 8-vinvl b ProChlosaphivia

Mg 2,4-divinilpheopor- Prasinophyta
phyrin ag monomethy! es-

ter

Carotenvids

alloxanthia Cryptophyta

19" butanoyioxyfucoxan- | Dynophyta, Prymnesiophyta,
thin Raphidophyta

crekexanthin Cryptophyla

dinoxanthin Dynophyta, Prymmesiophyta

echinensne Cyancphyta, ProChlorophvia

fucexanthin Baciliariophyta, Chrysophyta, Dyno-
phyta, Frymnesiophyta

19 hexanoyloxyfucoxan- | Dynoghyta, Prymnesiophyta

thin

lutein Chlcrepbyta, Prasinephivta

monadoxanthin Cryplophyta

myxoxanthopiyl) Cyanophyta

ascillaxanthin Cyanophyta

peridinin Dynophyta

prasinaxanthin Prasinophyla

pyrihoxanthin Dynophyia

siphonaxanthin Chlorophyta, Euglenophyta, Prasiag-
phvta

vaucherjaxanthin Eustigmatophyta, Xanthophyta

zeaxanthin Cryptophyta, Cyanophyta, Prasino-
phyta, Prochlorophyta

Phycobilins

ailoghycocyanin Cyanophyta

phycocyanin Cyanophyta, Cryptophyta

phycoarythrin Cyanophyta, Cryplophyta, Rhado-

Phyta

Table 1: Photosynthetic pigments present in phylo-
genetic algal groups (after Millie ef al., 1993).

Tabela 1: Zastopanost posameznih fotosintetskih pig-
mentov pri filogenetskib skupinah alg (povzeto po Mil-
lie et al., 1993).

gae, and a wide range of the oxidised carotenoids - the
xanthophylls. To date, more than 400 compounds are
known, and many of them are highly specific only for
one taxonomic group (Table 1).

HPLC determination of biomarker pigments is a high-

ly sensitive and accarate method which sometimes
enahles the identification and detection of groups that
have bheen overlooked by the standard microscopic
method (Gieskes & Kraay, 1983). The greater pait of the
pigment composition studies have been done in the
oceanic waters (Wright & feffrey, 1987; Bidigare et al.,
1990; Buma et al, 1990; Barlow et al, 1993}, while
coastal areas and estuaries have received less attention
{Denant et al., 1991; Malej ef al., 1995; Terzic, 1996),

Besides the taxonomic identfication it is essential,
from the ecological point of view, to characterise the
flow of organic matter through the pelagic ecosystem
(Verity et al., 1992). The basic parameter of living or-
ganic matter is the biomass of organisms in terms of or-
ganic carbon. Estimation of organic or cell carbon {C)
from the chiorophyil a (Chi a) concentration is com-
monly used. However, the C:Cht a ratio can vary greatly
among different phytoplankion groups and seasons
(Booth et af., 1988; Sieracki et al,, 1992), therefore the
estimates of carbon are not very accurate. For example,
the C.Chl a ratio of 50 (Strickland & Parsons, 1972} is
frequently used. A commen but time consuming alterna-
tive is the estimation of cell carbon from the cell volume
using appropriate conversion factors or formulas as
shown in Table 2.

The aim of this work was to determine the growth
and some biochemical characteristics (pigment com-
position, cell carbon) of six manoculiures, The species
were chosen from the most important - dominant groups
of the phytoplankton community in the Gulf of Trieste.
The predominant groups in this shallow bay are diatoms
and microflagellates, the latter being the most abundant
group in the greater part of the year (Fanuko, 1981). The
other important groups are  dinoflagellates, cocco-
lithophores, and silicoflagellates. Phytoplankton suc-
cession is strongly influenced by the riverine and ushan
freshwater inputs and the seasonal stratification of the
waler column (Smetacek, 1991). Diatom peaks occur in
early spring and auturmn, which are characterised by the
freshwater inputs and mixing of the water column, and
occasionally during the summer following episodic
storms and consequently nutrients' input (Male ef al,, in
prep.j.

MATERIALS AND METHODS
Culturing and sampling procedure

The isolated species were: lsochrysis gatbana (class
Prymnesiophyceae =Haptophvceae), Emifiania huxleyi
{class Prymnesiophyceael, Nitzschia closterium (class
Baciltariophyceae), Phacodactylum tricornutum  (class
Bacillariophyceae), Prorocentrum micans {class Dino-
phyceae) and Tetraselmis suecica (class Prasinophyv-
ceae), These species originated from the Culture collec-
tion of Plymouth Marine Laboratory, except for the spe-
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cies N. closterium and E. huxleyi, which were isolated
fror the Guif of Trieste. The cultures were grown in 20~
litre polycarbanate containers at a temperature between
16 and 17°C. Light was provided at a 12 hour light/dark
interval by neon "cool white" bulbs, with the intensity
varying from 20 to 50 pE m-2s°1. Guillard's /2 medium
(Guillard, 1975) was used for most of the cultured spe-
cies, with the addition of silicate anly for the diatoms.
For the species E. huxfevi, which requires tower nitrogen
content, Keller's medium was used (Keller et af., 1987).
AH media were prepared with filter-stertlised naturaf sea
water from the Gulf of Trieste.

Immediately after the inoculation (60-120 mi culture
in the stationary phase was added to 10 | medium}
subsamples far cell counts, pigments' analyses and Chl
a conceniration were taken, Cell number and veolume
were deterrined in neutralised formaldehyde preserved
subsamples (1.5% final concentration). The growth of
monocultures based on the cell counts was folfowed
caily, while the cell volume measurements and bio-
chemical analyses were performed again during expo-
nential and stationary phase.

Natural sea water samples for phytoplankton and
pigment composition were taken monthly from january
till December 1993 at a station in the southern part of
the Gulf of Trieste. A 5-itter Niskin bottle was used for
samipling at five depths: 0, 5, 16, 15 and 21m tbottom).
800 mi phytoplankion samples were preserved with
1.5% neutralised formaldehyde.

Analyses

The cell number was counted on a Fuchs-Rosenthal
haemocylometer using a light microscope at a2 100x and
400x magnification. The growth rate (k in division day1)
was calculated daily from the cell number using the
equation (Guillard, 1973):

ko= In{N1/Ng) / {0.6931 x (13-t}

where Ny and Np are cell numbers at times ty and tg,
respeciively, and t-tg is the time difference in days.

Phytoplankton from natural samples was identified
and counted on an inverted microscope using the tech-
nique of Lrermahl (1958), where 50 or 100 fields of the
bottom chambear were examined at 200x and 400x
magnification.

The cefl volume was determined as an average vol-
ume of 15 cells using cells dimensions and the best fit-
ting geometric formula based on the cell shape (Edler,
1979). The carbon content was calculated from the cell
volume using conversion factor 9.13 pg (pmi3 for P
micans, and 0.1 pg {pm)3 for other species. The car-
bon ta cllorophyit a ratio (C:Chl a) was based on the
cell carbon caleulation and Chi a concentration.

Chlorophyll 2 concentration  was  determined
fluorometricaily on a Turner 112 Fluorimeter {Holm-
Hansen et af., 1965). 15-25 mi subsamples were filtered

167166

conversion group/size class veference
factorfiormula
(pg C {pmyH)
Q.13 armoured Smetacek, 1975
dinoflagellates
(h11 eukaryotic autotrophst  Strathman, 1967
except armaorad
dinofl,
{115 10-100 gonpd Verily el af,, 1992
Q.24 1G0-1000 {pmi? 4
016 1000 G’ !
Q.075 GJageliates Hegmeier, 1961
log C=0.864+0.857 diatoms "
x logV
log C=-0.24 x log\)- general Mulisn et al, 1966
0.29
C=avh general Montagnes e af.,
1994

Table 2: Conversion factors and formulas for cal-
culating the cell carbon (C) based on cell vidumes (V)
for different classes and size groups of phytoplankton.
Tabela 2: Pretvorbai faktorji in enacbe za prera-
Cunavanje celicnega oglitka (C) iz celicnib volumnav
(V) za posamezne skupine in velikostne razrede fito-
planktona, :

onto 0.22 pm Miflipore filters, extracted in 30% acetone
and the fluorescence of extracts measured.

The qualitative and quantitative analyses of pigments
in the monocuitures as well as in the natural samples
were determiined using a reverse-phase HPLC methad
(Mantoura & Llewellyn, 1983; Barlow et al, 1993}
Water samples (3¢ mf to 1 ) were filtered through 47
me Whatman GF/F filters and immediately frozen until
analysed. Frozen samples were extracted in 4 to 10
of 90% acctane using sonication and centrifuged o re-
move celluiar debris. Chlorophytls and carotenoids were
detected by absorbance at 440 nm in the UV/Vis spec-
trophotometric detector. Data collection and processing
utilised Spectra Physics PCI000 software,

The phyteplanktan abundance and cencentration of
pigments from discrete patural samples were depth-inte-
arated over the whole water column.

RESULTS
Monoculbtures

The growth and size parameters of the monocultures
determined (n the exponential and stationary phase are
prasented in Table 3.

At the beginning of the experiment, the highest cell
sumber was counted in f, galbana culture (9.3x104 celis
w1}, which reached also the highest cell density in the
whole experimental period (1.0x107 cells mi1}). Only
2.0x10% cells mi-! were counted in P. micans culture at
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species  {growthf  cell k Chta cell  |C:iChla
phase | vaiume { (divisions | (pg celfy i carbon
{um3 | day T} (pg ceft™)
£, budeyi exp | 137.9 Q.54 0.04 15.7 KRN
stad 183.1 103 202 #4773
!, galbana exp 44.5 0.33 .10 4.9 49
stat 4.3 £.312 5.1 i
N, closteritm}  exp 5009 (.49 0.28 5.6 19
stat ZH.3 G.70 6.4 9
P tricormgbio exg | 118.9 0.4% 0niz £3.1 104
5tat 621 0.13 27.1 32
P, micans exp 122 0.16 015 24860 § 16573
sial 23903 0.22 31070 f 14322
T. suecicil exp i70.2 0,26 .80 18.7 2
stat 155.0 .5 16.8 26

Table 3: The size and growth parameters chlorophyll a
(Chi a) and cell carbon (C) content and the C:Chl a ra-
tio of the monocultures in the exponential (exp) and
stationary (stat) growth phase,

Tabela 3: Parametri velikosii in rasti, vsebnost klorofila
a (Chl a} in celicnega ogljika (C) ter razmerje C:Chi a v
monokulturah v eksponentni (exp) in stacionarni fazi
rasti {stat).
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Fiy, 1: Chlorophyll a content (lagqo pg Chl a) calculated
per (@) cell and (b) volume unit in the lag, exponential
(exp) and stationary (stat) phase of the monocultures.
(Note the different units on y axes.)

Slika 1: Vsebnost Idorofila a (togyy pg Chl a), prera-
cunana na (a) celico in (b) volumsko enoto v lag, eks-
ponentni (exp) in stacionarni {(staf) fazi rasti mono-
kultur. (Upostevaj razlicne enote na oseh y.)

the beginning and 4.1x10% cells mi! at the end of the
experiment. This species had also the longest lag phase
{10 daysy, while diatoms and E. huxleyi passed over a 4
days lag phase. The growth rates differed substantially
hetween the monocultures. The fastest growing species
were diatoms N. closteriurm and P. tricornutum, the lat-
ter reaching the highest growth rate of 1.1 divisions
dav? in the exponemtial phase. Other species had a
growth rate zbout 1 divisien day ! in the exponential
phase, whereas P. micans did not excesd 0.73 division
day-). Except for T. suecica, the cell volumes increased
with ageing of the monocubtures. The largest cell
volume was measured in P. micans (23903 {po)3), while
other species had a cell volume below 200 (um)3,

During the statonary phase, the highest Chl a con-
centration was measured in 1 gaftbana (1678.4 ug 1)
and N. closterium cudture (787.9 yg 1)), while the fow-
est in P micans (8.9 ug M) and £ huxfeyi culture
(35.1ug 1) Chl a biomass was expressed as Chl a con-
centration per cell (pg call-1} and per unit of cell volume
{pg (mi-3; Fig. 1) and in all cubtures the latest concen-
trations were fower than the former, In both exponenttal
and stationary phases the highest Cht a concentration
per cell and per ([ was found for N. closterium and

sof
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Fig. 2: A HPLC chromatogram showing characteristic
pigment pattern of the species £. huxleyi grown in the
menocultore (exponential phasej. Legend of the absor-
bance peaks! (D=chlorophyll c3, (3)=chlorophyll c;+
¢y, (6)=fucoxanthin, (8)=19"-hexanoyloxyfucoxanthin,
(9)=diadinoxanthin, (13)= chlorophyll a,

Slika 2: HPLC kromatogram in znadilni pigmenti vrste
E. huxleyi, gojene v monokulturi v eksponentni fazi.
Legenda absorbcijskih viskov: (U)=klorofil ¢3, (3)=
klorofil cq+cj, (6)=fukeksantin, (8)=1%'-heksanotloksi-
fukoksantin, (9)=diadinoksantin, (13)= klorofil a,
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T. suecica, The largest differences between pg Cht a
cell'? and pg Chl a (pm)-3 were observed in P. micans
culture, due to very low biomass as compared to cell
number and large cell volume. The discrepancy be-
tween high cell number and low biomass was observed
alse for E. huxieyi with the lowest Chl a concentrations
per cell. With the ageing, the Chl 2 concentration de-
cteased in some species, while in others increased,

The highest carbon content, based on the cell vol-
ume, was calculated for the largest species - P. micans.
The cell carbon increased in all species during the ex-
periment, except for T. suecica in the stationary phase,
Here, the carbon content decreased following the
change of cell volume.

The pigment composition was determined by the
HPLC method. Besides Chi a, many accessory pigments
were present in monocultures, Different biomarkers
were selected according to the presence and concentra-
tion of the dominant accessory pigments. A tynical
chromatogram of @ monoculture is shown in Fig. 2. Be-
sides Chl a, the diatom menocultures were characterised

2000 -

by the presence of Chi cy+cy diadinoxanthin, B-caro-
tene, and a characteristic biomarker fucoxanthin. P. mi-
cans was characterised by the presence of Chl cy+ey,
diadinoxanthin, and peridinin as the biomarker for di-
noflagebates. 19%-hexanoyloxyfucoxanthin {19*hex), Chl
¢;+¢s Chl 3 and diadinoxanthin were found in £
huxleyi culture, and 19'-hex was defined as a biemarker
for this species as well as for the group of prymnesio-
phyates. However, the other prymnesiophyte 1. galbana
showed untypical pigment composition which re-
sembled that of the diatoms. The chromatogram of T.
suecica revaled the presence of Chl b, zeaxanthinflttein
and B-carotene, the typical prasinophycean as well as
green algae pigments. In some monocultures, the
concentration of biomarkers incrased in such pro-
pottions in the stationary phase that exceeded Chl 2
content,

Natural samples

Over the whole sampling period {January - Decem-

I &
, Chl b
i
1500 fue
- 19%hex
%b 1000 ‘ 19*-bus
&80 ] -
zeaftut
0 s rl 1 ) ¥ .
> het B Ixg
o ,é,’tﬁ W@
days
I silicoflagell
dinoflagel.
00 caceelithoph,
i
L <o dialems
% z microtiagell,
2 a0 -
3
@ :
2095 -
0 -

Fig. 3: Seasonal variations in (a) phytopiankton pigment composition and (b} phytoplankton groups during 1993 in
the southern part of the Gulf of Trieste (integraled values). Legend: Chl b=chlorophyll b, fuc=fucoxanthin, 19"
hex=19"-hexanoyloxyfucoxanthin, 19'-bui=19"-butanayloxyfucoxanthin, per=peridinin, zea/lut=zea-xanthin/ lutein,
Slika 3: Sezonske spremembe v (a) pigmentni sestavi fitoplanktona in (b) fitoplanktonskih skupin 1993, leta v juz-
nem delu Trzaskega zaliva (integrirane vrednosti). Legenda: Chl b=klovofil b, fuc=fukoksantin, 19'-hex=19"-heksa-
nailoksifukaksantin, 19-but=19"-butanoiloksitukoksantin, per=peridinin, zea/hit=zeaksantin/lutein.
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ber 1993}, six months were chosen in order to show the
distribution of typical biomarkers and the chemotax-
onomic composition of the phytoplankton community
{Fig. 3al. The seasons chosen are: winter {lanuary),
spring  {May, Jjune), summer (uly, September} and
autumn (October). Chl a is not included, since it was
present in all samples. In January there was a strong
prevalence of 19%-hex, Chl b and fucoxanthin, which
showed the presence of prymnesiophytes, green algae
and diatoms or /. galbana-like prymnesiophytes. Perid-
inin and 19'-butanoyloxyfucoxanthin {19 -but) were also
present revealing the presence of dinoffagellates and
siticoflagetlates. The concentration of pigments was
rather low in this period. The pryvmnesiophycean
biomarker 19'-hex dominated the spring period, when
the zeaxanthinftutein was alse detected showing the
presence of green algae and/or cyanobhacteria. Another
characteristic of this period was the lowest concentra-
tion of fucoxanthin which significantly increased in july,
In September, a very complex pigment composition was
found, with 19-hex, fucoxanthin, peridinin, and
zeaxanthindutein being the most abundant. The highest
concentration of fucoxanthin occurred in October.

The results of microscopic examinations of the same
sarnples are presented as integrated valves in Fig. 3h.
Two targest phytoplankten abundance peaks were dis-
tinctive i the june-July period and in October. The
minimum abundance was detected in spring (from Feb-
suary to Aprily. In January, microflagellates prevailed
over coccolithophores and dinoflagellates, while dia-
wms were almost undetectable. After the early-spring
minimum, diatom and micraffagellate abundance in-
creasedt in May. Microflagetlates peaked in june, pre-
vailing over diatorns and dinoflageliates which reached
their annual maximum. A shift towards diatom-domi-
nated community accarred in July, following by a sig-
nificant decrease of diatom and total abundance in Au-
gust. After a slight increase in September, the commu-
nity reached the annual abundance maximum in Qcle-
ber with a large predominance of diatoms (up to 86% of
total abundance).

DISCUSSION

Growth and biochemical characteristics of the
monocullures

Much research work concerning growth rates in na-
ture and/or cultures has been dane. In general, diatoms
proved to be the fastest growing group, dinoflageliates
the slowest, and the others somewhere in belween
(Glover et al., 1987, Furnas, 1990). These differences
can arise from physiclogical, ecological, morphological
and also phylogenetic factors (Banse, 1976; Tang,
1996).

16:

This general outline was observed also in our ex-
periment. The maximal growth rate (1.1 divisions day-1}
was lower from these found in literature that vary from
1.2 to 3.3 divisions day-! for the same species used in
this work (Brand & Guillard, 1981; Glover et al., 1987).
Studies on the effects of different light intensities
(Saunders, 1991) have shown that among 27 species
grown at low and normal light intensities, 11 grew better
at normal tight (£, huxleyi and P. tricornutum among
thern) and 14 at low light conditions {e.g., I galbana).
Two species did net show any preference (eg., T,
suecica). The light conditions in our experiment (20-50
g mrZe Ty resembled more the fow light conditions,
therefore our results are comparable hetter with the
srowth rates from such conditions.

Riomass expressed as the cell carbon was based di-
rectly on the cell volume; the same was for the C:Chl a
ratio. The ratios for 7. suecica, | galbana and both dia-
toms are comparable with those found in literature
{Ceider, 1987, Faganeli et al, 1989; Cloern et af,
1995, However, it should be stressed thal ratios from
fiterature were obtained by direct measurements of or-
ganic carbon (CHN analyser), which remains one of the
most accurate method of the biomass assessment, Our
calculations are only approximations based on the cell
dimensions, geometric formulas and experimentally de-
fined conversion factors, On the other hand, the C:Chi a
ratios of £ huxfeys and especially P micars are ex-
trernely high and in our epinion should not be taken as
representative for these species and applied in natural
conditions. We suspect that these high values originate
frorn low Chl a concentrations in both monocultures,
Although the organic carbon was calculated from the
biovolume, the latter as well as the carbon content {pg C
cell'hy of these species do not differ much from the val-
ues obtained by CHN analyses (Saunders, 1991) In the
stationary phase, the Chl a concentrations of P. micans
did not exceed 10 pg IF1, which is very low value for the
culture conditions. Also in £ huxleyi culture, Chi 2 con-
centrations were low (35 pg 1), compared to other
cultures {200 pg 1) with approximately the same cell
numbers,

Pigment biomarkers in the monocultures and natural
samples

Pigments detected in the monocultures were used as
biomarkers to determine the presence of the respective
phytoptankton groups in natural samples. However, un-
certainties arise because some of the accessory pigments
are present in many groups or, on the contrary, some of
them are not typical of all the species of the specific
group. For example, the diatom biomarker fucoxanthin
is present also in prymmnesiophyte I gafbana and unar-
moured dinoflagelates (jeffrey et al, 1975).

Knowing the ratios between the concentration of Chl
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2 and typical accessory pigment, one can calcuiate the
relative contribution of a specific group to the total Chi a
biomass (Everitt el al., 1990). Peridinin as a selective
biomarker for dinoflageliates (Whittle & Casselton,
1968) is suitable for the estimation of their hiomass in a
natural sample. The Chi a: peridinin ratio obtained from
the monoculture P. rmicans is 1.4 compared to 2.6 found
in titerature (Everitt et al., 1990). The relative abundance
of a phytoplankton group (X in percentage} is calculated
using the formula:

/\’ = i\ X (Cp;gfccgﬂcﬂ

where K is the known ratio between the concentration
of Chi a and accessory pigment of the same spe-
ciesfgroup, Cpip and Ceyya are concentrations of the ac-
cessory pigment and Chi a in natural sample. Using the
formula and Chi a: peridinin ratio of 1.4, relative abun-
dance of dinoflageliates in natural samples were calcu-
lated (Tahle 4} These percentages are compared with
the percentages based on the microscopic counts. Same
discrepancies appear when comparing the results, since
peridinin concentration does not always follow din-
oflagellate cell numbers. In fact, in June the highest cell
number was counted, while the peridinin concentration
was very low. Again, in May dinoflagellate abundance
was low, but peridinin was not even detected. After a
more accurate examination of the sample it showed up
that in late spring a group of dinoflagellates - Gymno-
dintales dominated, which contain fucoxanthin as the
main carotenoid {Jeffrey el al, 1975), and the genus Gy-
rodinfum that contains 12'-hex (Tangen & Bjdrnfand,
1981) was also present. In October, however, a very
high concentration of peridinin was detected and the
amount of the pigment per celf was 22-times higher than
in June (6.35 pg cellt in October and 0.29 pg cell1 in
huned. In thes perod armoured dinoflageltates were more
abundant and the ones containing fucoxanthin or 19'-
hex were almoss missing. The amount of peridinin cal-
cuiated per cell reached a maximum of 0.0614 pg cell-!
in £ micans monoculture, which s in an astonishing
disagreament with the estimate made in field conditions.
Since the concentration of pigment per cell varies sig-
nificantly not only seasonally but also during the fife-
time of a population and in relation ta the ablotic factors
in the environment, the guantitative estimations of the
cell abundance using biomarker pigment concentrations
should be performed with a great care.

Fucoxanthin is present also in other algal classes,
Cansequently, without a support of microscopic obser-

date % dinoflageii. % dinoflagell.

{Chi a btomass) (total cell No.)
jan 21 12 14
May 12 a 4
jun 9 4 6
bhul 14 13 3
Sept 8 10 S
Qct 12 R 1

Table 4: The relative abundances (%) of dinoilagelfates
of the tolal Chl & biomass and total cell numbers in
natural samples, based on peridinin and Chl a con-
centralion and microscopic celf counts respectively.
Tabela 4: Relativid delezi (%) dinoflagelatov pii skupni
klorofilni biomasi in skupnem stevilu celic v naravnil
vzorcih, {zracunani iz koncentracife peridinina in klo-
rofila a ter iz Stevila celic.

vations the HPLC frngerprint can be misunderstood. In
January, in contrast to Qcleber and Jaly, the high con-
centration of fucoxanthin cannot be related to a diatom
bloom, since this group was abmost missing as revealed
from the microscopic ohservations, An  explanation
could be that some unidentified species of prymnesio-
phytes with 2 pigment composition similar to 1. galbana
or other algal classes from the graup of microflagetates
are responsible for the high fucoxanthin level. On the
other hand, it was shown that classic microscopy is
sometimes insuflficient especially in the case of mi-
croftagellates. A lanuvary the 19%-hex peak coincides
with the elevated number of coccolithophores, while in
May, june and Septermber other unidentified pryminesio-
phytes or some dinoflagellates contiibute to the high
concentrations of s pigment. A minor zeaxanthin/
ftein peak is detected in June and it might again repre-
sent unidentified green algae o even cyanobacteria.

In conclusion, the pigment composition roughly fol-
lowed the taxonomic composition determined with mi-
croscope. The greatest discrepancies were present in the
case of fucoxanthin and peridinin, but even with ather
pigments it was impossible ta assess the exact contribu-
tion of a certain group, since many pigments are not
highly specific. HPLC method on the other side con-
tributes largely to the identification of the taxa that are
commonly placed within the microflagelfates, whiclv is
phylogenetically a very heterogenic group. Also, to im-
prave the knowledge of the pigment composition in re-
lation to the physiotogy of the phytoplankton and abi-
otic factors in the enviropment, more experiments on
monocultures have to he done.
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POVZETEK

Avtorice so raziskovale rast in nekatere biokemicne znacilnosti monokultur sestib vrst stirih najpogostefsif razie-
dov morskega fitoplanktona iz Trzaskega zaliva. Predstavljeni so bili rastna hitrost, celicni volumen, vsebnost
celicnega ogljika, preracunana iz celicnega volumpa, koncentiacija kforofila a in pigmentna sestava.

Vrste so se med seboj razlikovale v hitrostih vasti in trajanju zacetne lag faze. Najhitieje rastoce monokulture so
bile diatomeji P, tricornutum in N, closterium ter kokolitoforida E. huxieyi. Njihova lag faza je trajala 4 dni, medtem
ko je bita pri drugih monokulturah 8-10 dni. Najvecje stevilo celic in najvecjo biomaso, izrateno kot koncentracijo
klorofila a, je dosegla |. gatbana v stacionarni fazi. Napvecji celicni volumen je imela vista P. micans, pa tudi tudi
vsebnost celicnega ogljika, preracunana iz volumna ter razmerje C:Chl a, sta bila pri tej vrsti najvecia.

Analiza pigmentne sestave posameznih monokultur je bila narejena s tekocinske kromatogratijo visoke
loclifvasti (HPLC metoda). Diatomejski biomarker fukoksantin je bil najden tudi pri netipicni primnezioficefi 1.
galbana, peridinin pa je bil najden e pri dinotlagelatu P, micans. 19-heksanociloksifukoksantin, znaciten pomoZni
pigment primnezioficej, je bil najden v kulturi E. huxleyi, pri zeleni algi T. suecica pa biomarkerja klorofif b in
zeaksantinflutein. Znacilni pomozni pigmenti - biomarkerji so bili uporabljeni pri razlagi pigmentnih spektroy
naravnih vzorcev iz Trzaskega zaliva. Na osnovi koncentracije biomarkerjev so aviorice dofocile pojavijanje in
zastopanost posameznih raziedov fitoplanktona. Kemotaksonomska sestava je bila polijena z mikroskopskimi
pregledr istih vizorcey, Analiza pigmentnib spekirov se je v vecini primerov ujemala z rezuliati mikroskopskib
pregledov, najvecja neskladja pa so bila pri fukoksantinu in peridininu. Raziskava je pokazafa, da je metoda
biomarkerjev zefo uporabna za dolocevanje taksonomske sestave naravnih vzorcev. Vendar je zaradi nekaterih
pomanjkijivosti, na katere so avtorice naletele pri obeh mefodah, za taksonomsko analizo fitoplanktona

priporociiva uporaba obeh.
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