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Abstract: Marine bacterial growth on extracellular organic carbon (EOC) of Chlorella minutissima, Dunaliella tertiolecta
and Chaetoceros gracilis was studied. EOC was retrieved after filtration of optimum growing algal cultures at the middle
of the exponential growth phase and the stationary phase. The filtrates were inoculated with natural marine bacterial assem-
blages. The batch cultures were monitored for dissolved organic carbon (DOC) concentrations, bacterial yield, biomass and
oxygen respiration over a period 3.5-10 days. The overall bacterial response was statistically different between the algal
species origin of EOC and between the two growth phases for each species. These differences were also found for DOC
normalised values suggesting that they were due to qualitative differences of the EOC. The highest bacterial yield was indu-
ced by the EOC originating from D. tertiolecta and the lowest by the C. minutissima EOC. Oxygen respiration followed
the same pattern with significantly higher values in the cultures with D. tertiolecta and C. gracilis stationary phase EOC.
DOC degradation rate, utilisable DOC, bacterial growth rate and bacterial growth efficiency was different between the EOC
from the exponential and stationary phase of algal growth, only in the case of C. gracilis. Of all the algal species studied
here, it seems that the exponential C. gracilis EOC is more labile for marine bacteria.

Résumé : Croissance de bactéries marines à partir du carbone organique extracellulaire de cultures phytoplanctoniques. La
croissance de bactéries marines à partir du carbone organique extracellulaire (EOC) de Chlorella minutissima, Dunaliella ter-
tiolecta et Chaetoceros gracilis a été étudiée. L’EOC a été obtenu après filtration d’algues cultivées en conditions optimales,
pendant la phase exponentielle de croissance et pendant la phase stationnaire. Les filtrats ont été inoculés avec des assembla-
ges naturels de bactéries marines. Dans les cultures ont été mesurées les concentrations du carbone organique dissous (COD),
la croissance bactérienne, la biomasse et la respiration (oxygène) sur une période 3,5-10 jours. La réponse bactérienne globa-
le à l’EOC diffère significativement selon les espèces d’algues et les phases de croissance. Des différences significatives ont
été également trouvées pour les valeurs normalisées de COD, ce qui suggère qu’elles pourraient être dues aux différences qua-
litatives de l’EOC. De plus fortes abondances bactériennes ont été induites par l’EOC de D. tertiolecta et les plus faibles par
l’EOC de C. minutissima. La respiration suit le même schéma avec des valeurs sensiblement plus élevées avec l’EOC des cul-
tures en phase stationnaire de D. tertiolecta et de C. gracilis. Le taux de dégradation de COD, le COD utilisable, le taux de
croissance bactérienne et l’efficacité bactérienne de croissance sont différents entre l’EOC de la phase exponentielle et de la
phase stationnaire de croissance des algues, seulement pour C. gracilis. De toutes les espèces étudiées ici, il semble que l’EOC
de la phase exponentielle de C.gracilis soit la plus labile pour les bactéries marines.
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Introduction

It is now known that the answer to Sharp’s (1977) question
if healthy phytoplankton cells release exudates is yes
(Bjørnsen, 1988; Williams, 2000 and references therein).
The release of extracellular organic carbon (EOC) by phy-
toplankton is a part of algal physiology that takes place in
maximum rates and under stress growth conditions as well
(Sharp, 1977; Bjørnsen, 1988). Under sufficient light and
low nutrient concentration, as is the case in for the greatest
part of the oceans, carbon fixation may exceed incorpora-
tion into cell material, resulting in extracellular release
(overflow) of photosynthate (Nagata, 2000; Dubinsky &
Berman-Frank, 2001). Typical EOC include, but are not
limited to, carbohydrates, nitrogenous substances, organic
acids, lipids, phosphates and other enzymes (Myklsestad,
2000; Nagata, 2000). The amount and nature of exuded
products depends on several factors. The taxon of the alga
dictates the composition of compounds released (e.g.
Hellebust, 1974). Environmental conditions and algal age
also may significantly affect exudate release (Watanabe &
Oishi, 1985).

The importance of phytoplankton EOC in the aquatic
environment is multiple. These substances can be metal
chelating agents (Rhee & Thompson, 1992); they can inhi-
bit or attract some types of bacteria (Casamatta &
Wickstrom, 2000); under certain conditions, they can form
microscopic and macroscopic aggregates of various sizes
(Kaltenböck & Herndl, 1992, Corzo Amorillo &
Rodriguez, 2000) or can inhibit copepod grazing activity
(Malej & Harris, 1993), thus having an impact on the struc-
ture of the dominant food web type. Perhaps, the most
important role of EOC in the aquatic environment is that of
a carbon/energy source for bacteria (Nagata, 2000).
Bacterial degradation is believed to be the most important
process controlling dissolved organic carbon (DOC) remo-
val, possibly aided by photochemical transformations
(Williams, 2000). Although many other sources of DOC
exist for bacterial utilization, the primary labile DOC sour-
ce for bacteria is considered to be recently produced photo-
synthetic products of phytoplankton (Cole et al., 1988 and
references therein).

Bacteria are the primary assimilators of dissolved
organic carbon in aquatic ecosystems (Azam et al., 1993).
The bacterioplankton may respond to different types of car-
bon compounds products by altering their metabolic
pathways and rates of growth and activity (Wehr et al
1999), or the bacteria may be unable to use or withstand the
compounds, resulting in their decline and eventual loss
from the community.

It is generally accepted that 50% of primary production
passes through dissolved organic matter (DOM) (Anderson
& Ducklow, 2001), with higher values in oligotrophic envi-

ronments than in more nutrient-rich areas (Teira et al.,
2001). However, careful contemporary studies suggest
values as low as 2% and as high as 130%. In part this varia-
bility reflects the insufficient database on heterotrophic
processes in the global ocean. A similar large variation
applies for the available data on the amount of primary pro-
duction that is channelled via EOC to bacterial uptake in
aquatic environments. In spite of the numerous studies and
array of environments studied, values vary from 3% up to
90% (e.g. Lignell, 1990; Witek et al., 1997).

Existing data regarding the percent extracellular release
of DOC relative to total primary production for many algal
species (see Fig. 1 in Nagata, 2000) is disproportionate to
this on how much of this DOC is taken up and how it is uti-
lized (biomass and respiration) by bacteria.

In this paper, the growth and respiration of marine bac-
teria on EOC from three marine phytoplanktic algae were
investigated. The aim of the study was to examine if the dif-
ferent cell size, taxonomic group and stage of growth phase
have an effect on the utilisation of EOC by marine bacteria.

Materials and methods

Phytoplankton cultures 

Non-axenic cultures of the marine phytoplanktic species
Chlorella minutissima Fott & Nováková (Chlorophyceae)
(1.0-3.5 µm diameter), Chaetoceros gracilis Schütt
(Baccilariophyceae) (6-10 µm length), Dunaliella tertiolec-
ta Butcher (Chlorophyceae) (9-11 µm length) were grown
in sterile 4 L flasks in Walne (1966) medium under a
light:dark cycle of 14:10 h under illumination of “cool
white” light with a photosynthetic active radiation (PAR) of
180 µmol.m-2.s-1, at 23 ± 1ºC, and constant sterile (0.2 µm
filtered) air bubbling. The species inocula were obtained
from The Culture Collection of Algae at the University of
Texas at Austin, USA.

Bacterial cultures 

About 4 L of phytoplankton culture was filtered twice
through precombusted (500ºC, 4 h) Whatman GF/F filters
(0.7 µm nominal pore size) under low vacuum (< 100 mm
Hg) at the middle of the exponential growth (ca. 10 days)
and at the  stationary phase (ca. 20 days). To insure that
organic matter did not leach from cells trapped on the fil-
ters, filters were not allowed to dry and were changed fre-
quently, before clogging. DOC in filtrate, before and after
filtration was not significantly different (data not shown).
This filtrate contained 0.9-1.4 x 103 bacterial cells.ml-1. The
filtrate was mixed with fresh sea water filtrate (Whatman
GF/F) at a ratio of approximately 9:1, which was collected
from the open Saronikos Gulf at 5 m a few days before the
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initiation of the experiments and kept in the dark at 4ºC
until inoculation. This dilution ensured that the natural bac-
terial populations in sea water were also present in the
experimental samples. No protists were found in the cultu-
res during the course of the incubations. Triplicate 500 ml
conical flasks containing filtrate from the phytoplankton
cultures were run in parallel with each treatment.

Laboratory measurements 

Oxygen consumption was determined by measuring the
decrease of dissolved oxygen in Winkler bottles over time.
Approximately two litres of the culture media of the above
described batch cultures medium was bubbled with sterile
(0.2 µm filtered) air to increase dissolved oxygen concen-
tration but for less than one hour to avoid flocculation.
Then, triplicate 60 ml Winkler bottles were filled to the
point of overflowing, capped with no head space and kept
in a water bath under the same conditions as the batch cul-
tures. In each time point, triplicate Winkler bottles were
withdrawn and the concentration of dissolved oxygen was
determined according to Carpenter (1965). Variation of tri-
plicate samples never exceeded 3.2%.

Samples for dissolved organic carbon (DOC) measure-
ments were collected directly in pre-combusted glass vials,
two drops of 37% HCl were added and the samples were
stored in the dark at 4ºC until analysis (< 1 week). DOC
was measured by high-temperature catalytic combustion
(Sugimura & Suzuki, 1988) in a Dohrmann DC-190 analy-
ser. The stored samples were filtered through 25 mm acid-
washed and well-rinsed with Milli-Q water PTFE filters of
0.2 µm pore size (Millipore). From the filtrate, three to five
replicates (injections of 100 µl) for each sample were ana-
lysed. Standard error for replicate injections varied from
1.2 to 8,8%. Blank samples (Milli-Q water) ranged from
0.063 to 0.092 mM DOC. Calculation of carbon concentra-
tions was made using sucrose as a standard.

In this paper, utilisable DOC (UDOC) is defined as the
amount of DOC removed by bacteria from the beginning of
the exponential growth until the end of the exponential
growth phase. It is expressed as % of total DOC. DOC
degradation rate was calculated from the DOC concentra-
tion difference during exponential growth phase divided by
the respective time difference.

Bacterial counts were measured using epifluorescence
microscopy as described in Turley (1993). Biovolume (BV)
of bacterial cells were measured at the beginning and the
end of the exponential growth phase and were determined
as described by Massana et al. (1997). Cells were classified
either as cocci (spheres) or rods. The biovolume (µm3) of
the rods was calculated according to the formula by
Bratbak (1985):

BV = π4.W2.(L – W/3) (1)

where L is the length (µm) in and W is the width (µm) of
the cells.

A total of 200-700 cells was measured per triplicate sam-
ple. The carbon content (C) of the cells was calculated from
BV using the formula (Thiel-Nielsen & Søndergaard,
1998):

C = 243.BV0.56 (2)

Bacterial specific growth rate (µ) was calculated as the
slope of the Ln transformed bacterial numbers versus time
during the exponential growth phase. The lag portion of the
curves was omitted and the end of the logarithmic growth
was defined by the highest value before the curve reached
the plateau phase. Bacterial productivity (BP) was calcula-
ted from the difference in biomass during the exponential
growth phase.The bacterial growth efficiency (BGE) was
calculated by the formula (Coffin et al., 1993):

BGE = ∆B/ (∆B+R).100 (3)

where ∆B is the change in bacterial biomass during the
exponential growth phase and R is the CO2 production rate
calculated from the oxygen consumption during the same
time period. A respiratory quotient of 1 is assumed for these
calculations.

One-way Analysis of Variance (ANOVA) was used to
detect significant statistical differences between treatments
(Zar, 1984). All statistical analyses were performed with the
STATISTICA software package.

Results

Bacterial yield (Fig. 1) in the batch cultures with filtrate
from the stationary phase of the microalgal species as
growth medium (Stationary Batch Cultures, SBC) was
higher than in batch cultures with filtrate from the exponen-
tial phase of the microalgal species (Exponential Batch
Cultures, EBC). The difference in maximum bacterial yield
between SBC and EBC was the highest for Chlorella minu-
tissima (x 4.7 times) and the lowest for Dunaliella tertiolec-
ta (x 1.2 times). DOC concentrations (Fig. 1) followed an
opposite trend to bacterial yield, at least for the first time
points. Statistically significant differences in the maximum
bacterial yield between EBC and EBC were found for C.
minutissima (ANOVA: F = 16.3, P = 0.027) and
Chaetoceros gracilis (ANOVA: F = 22.7, P = 0.009).

DOC degradation rate (Fig. 2) ranged from 0.12 to 1.22
mM.d-1. Only for C. gracilis the EBC was significantly
higher than SBC (ANOVA: F = 58.4, P = 0.005). There were
also significant differences between species for EBC
(ANOVA: F = 23.6, P = 0.001) and SBC (ANOVA: F = 8.7,
P = 0.024). Utilisable DOC ranged from 8.6 to 38.1% and
was equal or higher in the EBC. Statistically significant dif-
ferences between the EBC and SBC was found only for C.
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Figure 1. Dissolved organic carbon (DOC) concentrations (dashed line) and bacterial abundance changes (solid line) of marine bac-
terial batch cultures, using the extracellular organic carbon (EOC) from the exponential (EBC) and stationary (SBC) phase of three mari-
ne microalgal species as growth medium. Bars indicate standard error.

Figure 1. Variations des concentrations de carbone organique dissous (DOC – ligne discontinue) et de l’abondance bactérienne (ligne
continue) dans les cultures bactériennes se développant sur le carbone organique extracellulaire (EOC) des phases exponentielle (EBC)
et stationnaire (SBC) des trois espèces phytoplanctoniques. Les barres indiquent l’erreur standard.
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Figure 2. Dissolved organic carbon (DOC) degradation rate (a) and the percentage of utilisable DOC (UDOC) of marine bacterial
batch cultures using the extracellular organic carbon from the exponential (EBC) and stationary (SBC) phase of three marine microalgal
species as growth medium. Bars indicate standard error.

Figure 2. Taux de dégradation (a) du carbone organique dissous (DOC) et pourcentage (b) de DOC utilisable (UDOC) mesurés dans
les cultures bactériennes se développant sur le carbone organique extracellulaire des phases exponentielle (EBC) et stationnaire (SBC)
des trois espèces phytoplanctoniques. Les barres indiquent l’erreur standard.
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Figure 3. Bacterial specific growth rate (µ) of marine bacterial batch cultures, using the extracellular organic carbon from the expo-
nential (EBC) and stationary (SBC) phase of three marine microalgal species as growth medium. Bars indicate standard error.

Figure 3. taux de croissance (µ) des cultures bactériennes se développant sur le carbone organique extracellulaire des phases expo-
nentielle (EBC) et stationnaire (SBC) des trois espèces phytoplanctoniques. Les barres indiquent l’erreur standard.

Figure 4. Bacterial productivity of marine bacterial batch cultures, using the extracellular organic carbon from the exponential (EBC)
and stationary (SBC) phase of three marine microalgal species as growth medium. Bars indicate standard error.

Figure 4. productivité des cultures bactériennes se développant sur le carbone organique extracellulaire des phases exponentielle
(EBC) et stationnaire (SBC) des trois espèces phytoplanctoniques. Les barres indiquent l’erreur standard.
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gracilis (ANOVA: F = 48.9, P = 0.006) as well. Differences
between species was found only for SBC (ANOVA: F = 7.0,
P = 0.035).

Bacterial growth rate (Fig. 3) was lower for C. minutis-
sima (0.28-0.33 d-1) than for the other two species.
Statistically significant difference between EBC and SBC
was found only for C. gracilis (ANOVA: F = 227170.5,
P < 0.001) which had the highest growth rate (0.95 d-1).
Significant statistically differences were also found for all
species between EBC (ANOVA: F = 2758.6, P < 0.001) and
SBC as well (ANOVA: F = 37.7, P = 0.001). The same pat-
tern was also observed for BP (Fig. 4), with lowest values
for C. minutissima (75-203 µg.l-1.d-1). Only in C. gracilis
there was a significant difference between EBC and SBC
(ANOVA: F = 9.8, P = 0.012), while BP was different for
between EBC (ANOVA: F = 9.3, P = 0.011) and SBC
(ANOVA: F = 38.7, P = 0.001) for all species. Bacterial
growth efficiency (Fig. 5) ranged between 19.0-79.4%.
Only for C. gracilis there was significant differences bet-
ween EBC and SBC (ANOVA: F = 113, P = 0.002), while
all species had significant different BGE in the EBC
(ANOVA: F = 11, P = 0.007) and SBC (ANOVA: F = 20.5,
P = 0.004) as well. The decrease in dissolved oxygen (Fig.
6) followed the same decreasing trend but the consumption
rate was different in the batch cultures. The highest oxygen
consumption rates were measured in D. tertiolecta cultures
(0.13 and 0.26 mmol.L-1.d-1 in EBC and SBC respectively)
and the lowest in C. minutissima (0.008 and 0.009
mmol.L-1.d-1 in EBC and SBC respectively). Overall statis-
tical results are shown in Table 1.

In order to assess for any effects due to different initial
DOC concentrations between the two types of cultures,
values of some of the bacterial were normalised for the
initial DOC concentrations (Hopkinson et al., 1998).
Normalised DOC degradation rate ranged between 28.4 ±

6.8-351.9 ± 80.9 µgC.mgDOC-1.d-1. Statistically significant
differences between EBC and SBC were found only for C.
gracilis EOC (ANOVA: F = 158.8, P < 0.001) and between
all species for both the EBC (ANOVA: F = 25.5, P = 0.001)
and SBC (ANOVA: F = 14.6, P = 0.005). Normalised µ ran-
ged from 0.009 to 0.026 d-1.mgDOC-1.L-1 and statistically
significant differences between EBC and SBC were found
only for C. gracilis EOC (ANOVA: F = 732.4, P < 0.001)
and between species for both the EBC (ANOVA: F = 115.8,
P < 0.001) and SBC (ANOVA: F = 42.5, P < 0.001).
Normalised BP ranged from 2.5 ± 0.9 to 67.9 ± 20.2
µgC.mgDOC-1.d-1. Statistically significant differences bet-
ween EBC and SBC were found only for C. gracilis EOC
(ANOVA: F = 8.7, P = 0.042) and between all species for
both the EBC (ANOVA: F = 7.7, P = 0.022) and SBC
(ANOVA: F = 55.9, P < 0.001). Normalised OC rate ranged
between 0.003-0.078 d-1. Statistically significant differen-
ces between EBC and SBC were found for D. tertiolecta
(ANOVA: F = 19.4, P < 0.05) and C. gracilis (ANOVA: F
= 23.2, P < 0.01) and between all species for both the EBC
(ANOVA: F = 159.8, P < 0.001) and SBC (ANOVA: F =
75.4, P < 0.001).

Discussion

In this paper, the degradation and uptake by natural marine
bacteria of EOC produced by three microalgal species in
batch cultures of different growth phase was investigated.
Although the relationship between algal EOC and bacteria
is significant for the carbon budget in the marine environ-
ment, the majority of the related studies focus in field mea-
surements. However, in natural populations, both algal
release of DOC and bacterial utilisation occur simulta-
neously which renders the accurate interpretation of algal

Table 1. Results of Analysis of Variance (ANOVA) of parameters from bacterial batch cultures growing with extracellular organic
carbon originating from exponential (EBC) and stationary (SBC) growth phases of Chaetoceoros gracilis, Dunalilella tertiolecta and
Chlorella minutissima batch cultures. * p < 0.05, ** p < 0.01, *** p < 0.001.

Tableau 1. Résultats des analyses de variance (ANOVA) des paramètres mesurés dans les cultures bactériennes se développant sur le
carbone organique extracellulaire des phases exponentielle (EBC) et stationnaire (SBC) des cultures de Chaetoceoros gracilis,
Dunalilella tertiolecta et Chlorella minutissima. * p < 0,05, ** p < 0,01, *** p < 0,001.

Between growth phases Between species

Dissolved organic carbon (DOC) degradation rate C. gracilis *** EBC ***, SBC *
Utilisable DOC C. gracilis ** SBC *
Bacterial production C. gracilis EBC *, SBC ***
Specific growth rate C. gracilis *** EBC ***, SBC ***
Bacterial growth efficiency C. gracilis ** EBC **, SBC **
Oxygen consumption rate D. tertiolecta *** EBC *, SBC ***

C. gracilis **
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Figure 5. Bacterial growth efficiency (BGE) of marine bacterial batch cultures, using the extracellular organic carbon (filtrate) from
the exponential (EBC) and stationary (SBC) phase of three marine microalgal species as growth medium. Bars indicate standard error.

Figure 5. Efficacité de croissance (BGE) des cultures bactériennes se développant sur le carbone organique extracellulaire des pha-
ses exponentielle (EBC) et stationnaire (SBC) des trois espèces phytoplanctoniques. Les barres indiquent l’erreur standard.

Figure 6. Oxygen consumption rate of marine bacterial batch cultures, using the extracellular organic carbon (filtrate) from the expo-
nential (EBC) and stationary (SBC) phase of three marine microalgal species as growth medium. Bars indicate standard error.

Figure 6. Taux de consommation d’oxygène des cultures batériennes se développant sur le carbone organique extracellulaire des pha-
ses exponentielle (EBC) et stationnaire (SBC) des trois espèces phytoplanctoniques. Les barres indiquent l’erreur standard.



EOC uptake by bacteria rather difficult. Also, bacteria in
the marine environment experience often and sudden shifts
in the available DOC due to other sources (e.g. terrestrial
input of DOC, transport of water masses with more/less
refractory DOC), thus masking the real effect of phyto-
plankton EOC. However, the use of degradation experi-
ments with batch cultures has some disadvantages. Since
the algal cultures were not axenic, some of the attached
bacteria might be important in abundance and/or activity.
Thus, in non-axenic cultures the filtrate is not the real EOC
release, but rather some of DOC released that is not fully
utilized by these bacteria. However, in the present study,
the abundance of free bacteria in the algal cultures was low.
Finally, some caution on the interpretation of the results
should be taken into account as the calculation of parame-
ters, such as BGE, based on indirect measurments like
DOC degradation and oxygen consumption rates instead of
direct biomass measurments, can lead to overestimation of
these paremeters.

Bacterial yield, growth rate, production and growth effi-
ciency in cultures containing EOC came from either the
exponential or the stationary algal growth phase were signi-
ficantly different between the studied species. These bacte-
rial parameters, when normalised for the initial DOC
concentrations, were still different. This suggests that the
observed differences in bacterial activity occurred from the
qualitative differences of the phytoplankton DOC and not
from the differences in the initial EOC concentrations. The
different chemical composition of algal cells as well as fac-
tors regulating release rates are most likely to be the cause
of such differences (Myklestad, 2000).

Of all three species studied, only the bacterial cultures
growing on EOC from the Chaetoceros gracilis cultures
showed different response between the EOC coming from
the exponential growth phase and the EOC from the statio-
nary phase. In particular, it was found that the oxygen
consumption rate was higher in the SBC but bacterial
growth rate and BGE were lower in the SBC than in the
EBC. It is known that in the initial stages of phytoplankton
cultures, most of the EOC consists of low molecular weight
(LMW) DOC while high molecular weight (HMW) domi-
nates EOC at late stages (Itturiaga & Zsolnay, 1983). LMW
EOC seems to be more assimilable by bacteria than HMW
(Malej & Harris, 1993; Maurin et al., 1997). The lower bac-
terial utilisation of EOC from the algal stationary phase
could be due to the more complex nature of the HMW (e.g.
polysaccharides) and the increased susceptibility to coagu-
lation. Also, it is known that the genus Chaetoceros has a
relatively higher extracellular production than other genera
also when compared with several other algal classes
(Myklestad, 2000). This increased release rate would pro-
duce more refractory material in the stationary phase than
in the exponential. For example, in Chaetoceros affinis the

ratio of exponential to stationary photosynthetic extracellu-
lar release was between 17.2-78.4% (Obernosterer &
Herndl, 1995). Overall, the values BGE reported here are
higher than those from natural systems with sources of
organic matter other than EOC. Although there are discre-
pancies in the calculation of BGE by differenet ways
(Anderson & Turley, 2003), the higher BGE reflects the
higher lability of phytoplankton EOC (del Giorgio & Cole,
1998).

In this study, although the labile EOC ranged between
8.6 to 38.1%, only in the case of Dunaliella tertiolecta in
both the EBC and SBC and Chaetoceros gracilis in the
SBC the oxygen consumption was rapid and oxygen
concentrations reached close to analytical zero in a few
days. This suggests that the EOC from these two species
might be more labile than that of Chlorella minutissima.

One important aspect of phytoplankton EOC is the cell
size. It is believed that small cells release EOC at a higher
rate than larger cells due to a higher surface to volume ratio
(Malinsky-Rushansky & Legrand, 1996). But does this dif-
ference affect subsequent bacterial utilisation of EOC? In
the present study, this was obvious only in the respiration of
the EOC where the largest of the three species, Dunaliela
tertiolecta, had the highest oxygen consumption rates and
the smallest, Chlorella minutissima, the lowest. However,
this trend was not followed for the bacterial activity para-
meters implying that that the respiration and utilisation of
EOC are not coupled. This is also supported by the DOC
normalised values of the measured parameters.

In the field, most phytoplankton cells and for most of the
year live under suboptimal conditions. Under such condi-
tions the release rate of EOC is increased and the quality of
EOC is also different (e.g. Malej & Harris, 1993;
Obernosterer & Herndl, 1995; Teira et al., 2001). It is belie-
ved that high photosynthetic extracellular release is a featu-
re of the ultra-oligotrophic Mediterranean Sea (Anderson &
Turley, 2003). The contribution of such labile carbon by
certain algal species, like the ones of the present study, and
its susequent utilisation by bacterioplankton may facilitate
the contrusction of more accurate carbon budget models.

In conclusion, the EOC produced by Chaetoceros graci-
lis during the exponential growth phase caused a higher
bacterial activity than the EOC of the stationary growth
phase. Dunaliela tertiolecta and C. gracilis caused a more
intense bacterial response with their exponential growth
phase EOC while for the stationary phase EOC, most of the
measured bacterial parameters were higher for D. tertiolec-
ta bacterial cultures.
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