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Mesocosm studies on phytoplankton community succession
after inputs of the water-soluble fraction of Bunker A oil

Hideaki NoMURA™, Keita TOYODA?, Mihoko YAMADA?, Ken OKAMOTO',
Minoru WADA', Masahiko NISHIMURA', Akihiro YOSHIDA',
Akira SHIBATA', Hideshige TAKADA® and Kouichi OHWADA’

Abstract: We monitored the succession of a phytoplankton community for 10 days in an en-
closed meso-scale seawater tank (mesocosm) , into which the water-soluble fraction of Bunker
A oil was spiked, with or without a chemical dispersant. Diatoms such as Chaetoceros spp. and
Skeletonema costatum contributed more than 50% of the total phytoplankton abundance for the
first 3 days in all tanks. In the seawater tank that was devoid of the oil contamination,
phytoplankton abundance fluctuated greatly, but diatoms predominated until day 8. However,
in the oil-spiked tanks, autotrophic flagellates predominated over diatoms by day 5 after the oil
addition. Daily monitoring of sediment trap contents revealed that the oil-spiked seawater re-
sulted in a significantly reduced flux of diatom cells compared with the seawater tank. The de-
cline in the diatom contribution to total phytoplankton abundance in both seawater and trap
contents was more pronounced in the presence of the dispersant than in its absence. From these
results, the mesocosm experiments clearly demonstrated adverse effects of Bunker A oil compo-
nents on planktonic diatom assemblages under experimental conditions similar to those found
in natural coastal environments. A combination of careful observation of the succession within
the phytoplankton population in the water column and analysis of sediment trap samples have
provided insights into the possible impacts of low levels of oil contamination on grazing food

webs in natural marine environments.
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Introduction

Accidental oil spillage is one of the severe
problems facing marine ecosystems, because
the chemical components that diffuse from
spilled oil often show acute or chronic eco—tox-
icity to diverse types of plants and animals

1. Ocean Research Institute, The University of Tokyo

2. Laboratory of Aquatic Science Consultant Co., Ltd.

3. Institute of Symbiotic Science and Technology, To-
kyo University of Agriculture and Technology

4. Graduate School of Agricultural and Life Science,
The University of Tokyo

5. Faculty of Environmental and Symbiotic Sciences,
Prefectural University of Kumamoto

*Corresponding author

Ocean Research Institute, The University of Tokyo,
Minami-dai, Nakano, Tokyo 164-8639, Japan

Tel: +81-3-5351-6483, Fax: +81-3-5351-6482

E-mail address: nmr@ori.u-tokyo.ac.jp

(ALBERS, 1995). Evaluation of the environ-
mental damage caused by such spilled oil has
been a substantial challenge because of the lack
of baseline information about the species pre-
sent at a site, and their interactions and
physiological states prior to the oil contamina-
tion. Although laboratory experiments on the
effects of oil contamination on particular spe-
cies of marine organisms are necessary, it is of-
ten difficult to apply the results of these
studies directly to predict population— or com-
munity-level impacts that would affect the
structure and function of the natural ecosys-
tem.

Field experiments in a meso—scale, controlled
ecosystem (mesocosm) have been conducted to
overcome such difficulties in evaluating the im-
pacts of pollutants on biological processes (LEE

and TAKAHASHI, 1977; OVIATT et al., 1982;
PARSONS et al., 1984; LINDEN et al., 1987). In
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contrast to a glass flask in a laboratory, a
mesocosm tank is designed to hold a water
mass large enough to allow a diverse array of
planktonic organisms at different trophic lev-
els to exist under conditions similar to the
natural environment in terms of temperature,
sunlight, wind, and rainfall (MENZzEL, 1977;
PARSONS et al., 1984). An enclosed marine
mesocosm near the mouth of Lake Hamana
(Hamana—ko), a seawater lake in Shizuoka
prefecture, Japan, has been used to study the
impacts of contamination from the water—solu-
ble fraction (WSF) of Bunker A oil on the mi-
crobial food web in seawater (OHWADA et al.,
2003; Toyopa et al., 2005; NISHIMURA et al.,
2006; YOsHIDA et al., 2006). One of the conclu-
sions from these studies was that even low lev-
els of oil contamination can disturb species
composition and trophic interactions in the mi-
crobial food web.

In the present paper, we report on the succes-
sion of the phytoplankton community in the
same mesocosm system, into which the WSF of
Bunker A oil was added, with or without a
chemical dispersant. We also describe the
phytoplankton composition in sediment trap
samples retrieved daily from the mesocosm.
From these results, we discuss the possible im-
pacts of low concentrations of the oil compo-
nents on the phytoplankton community and
grazing food web in natural marine environ-
ments.

Materials and methods

The mesocosm experiments were carried out
from 23 May to 2 June 2001 using three experi-
mental tanks. Each cylindrical tank has a 1.5—
m diameter, a 3.0-m depth, and a 5000-L capac-
ity (OHwADA et al., 2003). Surface water from
Hamana-ko was introduced into the two reser-
voirs for three tanks by using an electric sub-
mersible pump (OMORI and Jo, 1989), and then
distributed equally into the experimental
tanks. On 22 May, nutrients (KNO;, 100 zg N
L KH,PO, 10 £ g P L' Na,SiOs+9H:0, 10 ¢ g
SiL ") were added to each experimental tank to
maintain biological activity during the experi-
ment, and the tanks were stirred for 0.5 h using
stainless—steel blades (YOSHIDA et al., 2006).

We prepared a mixture of the WSF of

Bunker A oil and autoclaved seawater from
Hamana—ko (YAMADA et al., 2003). We also
prepared a mixture of the WSF and a chemical
dispersant (nonionic surfactant; Taiho Self
Mixing S-7, Taiho Industries, Tokyo, Japan).
Details of the procedure for the preparation
and handling of the WSF and the dispersant
were described in YAMADA et al. (2003) and
YosHIDA et al. (2006). After introducing water
into the experimental tanks, either the WSF or
the mixture of WSF and chemical dispersant
was added to the mesocosm tanks, which were
designated as the “OIL” tank or the “OD” tank,
respectively. The last tank was kept free of con-
tamination from both oil and dispersant as a
control and was designated as the “SEA” tank.

Oil concentration just after the addition of
the WSF in the OIL tank was estimated to be
224 p g L', as measured by fluorometric
analysis according to the method of Integrated
Global Ocean Services System (IGOSS, 1974;
referenced in: the Oceanographic Society of Ja-
pan, 1979). This oil concentration is compara-
ble to that found in the inner part of the port of
Tokyo Bay and is similar to that of MARL ex-
periments in the early 1980s (OVIATT et al.,
1982). Determination of the oil concentration
in the OD tank failed due to a poor extraction
efficiency caused by the dispersant used (M.
YAMADA, personal communication). Concen-
trations of four representative polyaromatic
hydrocarbon (PAH) compounds— naphthalene
(CyoHs), phenanthrene (Ci:Hi,), fluoranthene
(CiHu), and chrysen (CisHi:) —were determined
by gas chromatography—mass spectrometry
(YAMADA et al., 2003).

Before pouring the oil-water mixture into
the tanks, a sample of tank water was collected
and subjected to microscopic observation of
phytoplankton. For chemical analysis, another
water sample was collected just after the intro-
duction of the oil-water mixture. These are re-
ferred to as “day 0” samples. Water samples
were siphoned to collect periodically from day 0
through day 10 from a depth of 0.5 m, using
teflon tubing attached to the stainless—steel
pipe, carefully introduced into glass bottles,
and stored at appropriate temperature until
analysis. At the same time as water sampling,
a portable STD system (model 610-DM; YSI,
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Table 1. Changes of water temperature, salinity, and PAHs in the subsurface water during the mesocosm experi-

ments.
Time (days) 0 1 2 3 4 5 10
Temperature (°C) SEA 19.6 19.7 20.4 22.6 23.6 22.7 22.0
OIL 20.1 20.0 20.2 21.4 22.4 22.1 23.1
OD 20.1 20.0 20.2 21.4 22.3 22.0 22.8
Salinity SEA 31.63 31.54 31.44 31.40 30.92 31.42 31.43
OIL 31.54 31.21 30.92 31.18 31.13 31.20 31.22
OD 31.53 31.28 31.23 31.19 31.20 31.09 30.99
PAHs (ngL™
Naphthalene SEA 149.6 168.9 190.2 152.8
OIL 3771.1 3606.8 276.9 113.5 190.8 205.9
OD 5059.7 5613.0 349.1 159.6 146.1 158.9
Phenanthrene SEA 7.3 6.6 7.4 9.7
OIL 600.8 489.4 6.7 11.1 11.2 13.7
OD 999.6 1159.0 82.2 1.1 12.1 19.6
Fluoranthene SEA 3.6 3.4 4.6 3.6
OIL 14.5 13.2 6.9 6.4 8.0 3.0
OD 19.6 25.3 24.0 15.1 10.4 6.5
Chrysene SEA 0.3 0.2 0.3 0.3
OIL 2.9 2.6 2.7 2.5 2.3 1.5
OD 4.0 5.0 4.8 4.7 6.3 4.9

SEA:natural seawater without oil and/or chemical dispersant

OlL:seawater with oil alone
OD:seawater with oil plus chemical dispersant

Yellow Springs, OH, USA) was used to make a
depth profile of temperature, salinity, and dis-
solved oxygen. Water temperature and salinity
in all the experimental tanks ranged from 19.6
to 23.1 °C, and from 30.9 to 31.6, respectively,
during the 10 days of incubation (Table 1).
Water samples were fixed with formalin (fi-
nal concentration: 1%, v/v) and observed with
an inverted Nomarskytype microscope (model
TE300; Nikon, Tokyo, Japan) to taxonomically
identify and enumerate phytoplankton cells. A
25% glutaraldehyde solution (final concentra-
tion: 2%, v/v) was used to gently fix
autotrophic nanoflagellates (ANFs) in water
samples. The ANF cells were stained with FITC
and DAPI (SHERR and SHERR, 1983), filtered
onto a polycarbonate Nuclepore (Whatman,
Springfield Mill, UK) membrane (pore size, 0.8
«m), and counted under an epifluorescence mi-
croscope (type E800; Nikon) in a dark room.
ANF's were distinguished from heterotrophs by
the autofluorescence of photosynthetic pig-
ments observed under blue light excitation. To
minimize the masking effect of the protein—
binding dye FITC to the autofluorescence of

photosynthetic pigments (SHERR et al., 1993),
we empirically set the staining time (5 min-
utes) and the final concentration (3 xg ml ™).
To measure the concentration of chlorophyll
a (Chl), a 100-ml water sample was filtered
through a Whatman GF/F glass—fiber filter
(Whatman, Springfield Mill, UK), and the fil-
ters were soaked in N,N-dimethylformamide
(Suzukt and IsHIMARU, 1990). Filters were
stored in the dark at approximately —20 “Cfor
fewer than 10 days before Chl content was
measured with a fluorometer (type 10R;
Turner Designs, Sunnyvale, CA, USA). A cali-
bration curve was obtained using a Chl stan-
dard (Sigma, St. Louis, MO, USA). The
filtrate collected during Chl sample prepara-
tion was used to analyze for nitrogen (NO, +
NO, ) and phosphate (PO} ) concentrations
using an auto—analyzer (model AAACS;
BRAN+LUEBBE, Norderstedt, Germany).
Every day, four glass vials (120-mm height,
30-mm inner diameter, and 100-ml volume)
were suspended in the tanks using a thread at
a depth of 2.5 m to collect sinking particles. Vi-
als were gently retrieved after 1 day and used
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Fig. 1. Temporal variation of concentration of dissolved oxygen (DO) (A), transparency (B), nitrogen (N:
NO,-N + NO;-N) (C), phosphate (P: PO,-P) (D), and NP ratio (E) during the mesocosm run from 23rd of
May to 2nd of June in 2001. The arrow denotes the time of oil contamination. SEA: natural seawater in the
mesocosm tank, OIL: natural seawater with WSF mixture, OD: natural seawater with WSF-chemical

dispersant mixture.

for analysis of phytoplankton abundance and
Chl content. The phytoplankton trapped in the
vials were fixed immediately by formalin (final
concentration: 1%, v/v) and stored in the dark
at 4 °C until microscopic analysis. Identifica-
tion and enumeration were conducted in the
same way as described for the water samples.

We measured water transparency by using a
white ceramic disc 80 mm in diameter (smaller
than a standard Secchi disc, which is 200 or 300
mm in diameter). According to PREISENDORFER
(1986), transparencies measured with the
smaller disc and the standard ones are practi-
cally the same. The compensation depth (CD,
m) was calculated using transparency depth
(Ds, m) with the equation described in ARUGA
(1986) : CD = 2.67Ds.

Results and discussion
Changes in physico-chemical parameters

The highest concentrations of PAHs were
found in the tank to which seawater and the
WSF of Bunker A oil and a dispersant (OD)
were added (Table 1). Relatively lower molecu-
lar weight (LMW) PAHs, naphthalene and
phenanthrene, dramatically decreased to less
than 10% of the initial concentrations in the
first 2 days, whereas higher molecular weight
(HMW) PAHs, fluoranthene and chrysene, de-
creased more slowly. The rapid decrease in the
LMW-PAHs can be ascribed to microbial deg-
radation, and the slower removal of the HMW-
PAHs (and HMW-alkanes and hopanes; data
not shown), from the water column presuma-
bly results from settling or sedimentation
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(YAMADA et al., 2003).

Dissolved oxygen (DO) concentration in all
the tanks was initially 9.5 mg L, decreasing
by day 7 to 7.2 mg L ' in the OIL tank and to
3.8 mg L' in the OD tank (Fig. 1A). DO con-
centrations in the OIL tank became to initial
level by day 10, while those in the OD tank con-
tinued to decrease. In the control seawater
(SEA) tank, DO fluctuated greatly, but it re-
mained above 7.5 mg L' during the entire incu-
bation period. It is likely that bacterial
respiration during the degradation of hydro-
carbons in the WSF, the dispersant, or both,
substantially contributed to the decline in DO
(YOSHIDA et al., 2006).

Initial concentrations of inorganic nitrogen
(NO, + NO; ) and phosphate (PO}") in the
tanks ranged from 5 to 9 ¢ M and from 0.3 to
0.5 M, respectively (Fig. 1C, D). Although
both nitrogen and phosphate disappeared al-
most entirely by day 10, the patterns of disap-
pearance varied between the nutrients and
between the tanks. Nitrogen decreased more
slowly in both the OIL and the OD tanks com-
pared with that in the SEA tank. Phosphate
tended to disappear more rapidly than nitro-
gen, particularly in the OD tank during the
first 2 days. These differences in nutrient re-
moval from the tanks were reflected in the mo-
lar ratio of nitrogen to phosphorus (N:P ratio)
(Fig. 1E). The N:P ratio was about 14:1 in all of
the tanks at day 0 and decreased to less than 10
by day 5 in the SEA tank. In contrast, the N:P
ratios in the OIL and OD tanks remained above
the initial value through through day 7, with
larger fluctuations in the OD tank. Because the
N:P ratio of the natural phytoplankton com-
munity is 16:1 (REDFIELD et al., 1963), the SEA
tank was under N-limited conditions from day
9, whereas the OIL and OD tanks were under
P-limited conditions for almost the entire pe-
riod of the experiment.

Differences in phytoplankton community
structure

A total of 62 species of phytoplankton, com-
prising 47 diatoms, 10 dinoflagellates, and 5
other species, was found in the mesocosm tanks
during the experiment (Table 2). While most of
them (59 species) were found in the SEA tank,

about half were found in the OIL and the OD
tanks, suggesting that phytoplankton species
richness was higher in the SEA tank.

During the initial phase of the incubation
(from day 0 to day 3), planktonic diatoms, in-
cluding some chain—forming species such as
Chaetoceros  seiracanthus, C. debilis, C.
dydimus, and S. costatum, contributed more
than 50% of the total phytoplankton abundance
in all of the tanks (Fig. 2). The rest of the
phytoplankton population during this period
was mainly composed of autotrophic flagel-
lates, such as Prorocentrum minimum, and
coccolithophorids.

After day 3, the relative contribution of dia-
toms to the total phytoplankton population be-
came less pronounced. Although diatoms
continued dominating total phytoplankton
abundance in the SEA tank until day 8,
autotrophic flagellates, namely P. minimum,
gradually increased after day 5 and finally be-
came dominant (75% of the total
phytoplankton population) by day 10. In addi-
tion to flagellates, coccolithophorids contrib-
uted about 20% of the total phytoplankton
population at day 10 in the SEA tank. A succes-
sion from diatoms to flagellates in a
phytoplankton population is a typical phe-
nomenon in an enclosure system devoid of wa-
ter turbulence (LEE and TakaHAsHI, 1977,
EGGE and AKSNES, 1992). In contrast,
autotrophic flagellates, particularly ANFs,
rapidly dominated the phytoplankton popula-
tions in the OIL and OD tanks after day 5. In
the oil-contaminated tanks (with and without
dispersant), coccolithophorids disappeared
from the water column by day 6.

Beneficial or adverse effects of petroleum
substances on phytoplankton should vary de-
pending on the phytoplankton species. Based
on previous studies certain autotrophic flagel-
lates appeared to be petroleum—insensitive
(PULICH et al., 1974; PARSONS et al., 1976; LEE
and TAKAHASHI, 1977; KARYDIS, 1981; MORALES
-Loo and Goutx, 1990; SIRON et al., 1991;
OKUMURA et al., 2003), although
coccolithophorids suffered severely under oil-
contaminated conditions. In another set of
mesocosm studies using the same tanks, we
confirmed by a vital FDA (fluorescein
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Table 2. List of phytoplankton species occurred from the water column of mesocosm tanks during experiments.
Water from the surface layer of the mouth part of Hamana-ko was directly brought into tanks via an
under-ground tubing water supply pump on May 22, 2001.

Tanks

Species SEA OIL oD

Division Dinophyta
Class Dinophyceae
Order Prorocentrales
Prorocentrum compressum
P. dentatum
P. micans
P. minimum
P. triestinum
Order Dinophysiales
Oxyphysis oxitoxoides — — +
Order Gymnodiniales
Gymnodinium sp. + — —
Order Gonyaulacales
Ceratium kofoidii — + —
Order Peridiniales
Peridinium quinquecorne + + +
Protoperidinium spp. + — +
Division Heterokontophyta
Class Chrysophyceae
Order Dictyochales
Ebria tripartita +
Dictyocha fibula + — —
Distephanus speculum +
Class Bacillariophyceae
Order Centrales
Actinoptychus senarius
Bacteriastrum delicatulum
Chaetoceros atlanticus
borealis
compressus
coronatus
curvisetus
debilis
decipens
densus
dydimus
lorenzianus
seiracanthus
simplex
Chaetoceros spp.
Coscinodiscus gigas
C. perforatus
Dactyliosolen bravyanus
D. Jfragilissimus
Detonula pumila
Dytilum brightwellii
Eucampia zodiacus
Guinardia delicatula
G. striata
Hemialus hauckii
Lauderia annulata
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++ I+ + [
| +
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Table 2. continued.

Species Tanks

SEA OIL OD
Leptocylindrus minimus + +
Neostreptotheca subindica ? + — —
Odontella longicruris + — —
Pseudosolenia calcar-avis + + —
Rhizosolenia hebetata f. hebetata + + +
R. setigera + + +
R. styliformis + — —
Skeletonema costatum + + +
Thalasstosira anguste-lineata + — —
T. hyalina + — —
T. rotula + + +
T. weissflogit + — —
Thalasstosira spp. + + +

Order Pennales
Astertonellopsis gracialis + + —
Cylindrotheca closterium + + +
Nitzschia longissima + + +
Nitzschia spp. + + —
Pleurosigma spp. ? + — —
Pseudo-nitzschia spp + + +
Thalassionema frauenfeldit + — +
T. nitzschioides + + +
Division Haptophyta
Class Coccosphaerales
unidentified species + + +
Division Euglenophyta
Class Euglenophyceae

unidentified species + + +

+: occurred, —: not occurred

diacetate) staining (BENTLEY-MOWAT, 1982)
that most autotrophic flagellates were active
even at the same levels of WSF of Bunker A oil
used in the present study (data not shown).

Phytoplankton in sediment trap samples
Daily monitoring of sediment trap samples
from the mesocosm tanks revealed that down-
ward fluxes of Chl in the SEA, OIL, and OD
tanks averaged 8.7 (1.0-19.3), 2.8 (0.4-5.6), and
1.7 (0.8-3.7) mg m *d !, respectively (Fig. 3).
The total phytoplankton and diatom fluxes in
the SEA tank averaged 2.3 X 10° and 2.2 X 10’
cellsm *d ', respectively, which were one order
of magnitude higher than those in the OIL and
OD tanks. Although Chaetoceros vegetative
cells mainly contributed to the fluxes in the
SEA tank during the entire incubation period,
their resting spores clearly increased in the lat-
ter half of the incubation period, exhibiting a
peak of more than 5x10" cells m *d ' on day 7.

In contrast, the number of the resting spore in
the trap samples from the OIL and OD tanks
was extremely low, fewer than 1x10° cells m *
d ' on average, whereas autotrophic flagellates
contributed more to the total phytoplankton
fluxes in the oil-contaminated tanks than in
the SEA tank.

Species of Chaetoceros produce resting spores
immediately following blooms (e.g., ODATE and
MATITA, 1990), and nitrogen depletion is one of
the essential factors inducing spore formation
in centric diatoms (FRENCH and HARGRAVES,
1980; KuwATA and TAKAHASHI, 1990; OKU and
KAMATANI, 1995, 1997; McQuoib and HOBSON,
1996). Our results are consistent with these ob-
servations; resting spore formation by
Chaetoceros in the SEA tank became intensive
after nitrogen was depleted from the seawater.
Besides nitrogen, phosphate depletion can be a
factor leading to resting spore formation in
diatoms (OkU and KAMATANI, 1995). However,
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Fig. 2. Temporal variation of concentrations of chlorophyll a concentration, phytoplankton cell density, diatom
species composition, cell density of autotrophic flagellate (AF) and autotrophic nanoflagellate (ANF) and
coccolithophorid during the mesocosm run from 23rd of May to 2nd of June in 2001. The arrows denote the
time of oil contamination. SEA: natural seawater in the mesocosm tank, OIL: natural seawater with WSF
mixture, OD: natural seawater with WSF-chemical dispersant mixture.

this probably did not occur in our mesocosm
tanks, because phosphate was depleted faster in
the OD tank than in the SEA tank (see Fig.
1D) and yet the OD tank had fewer spores than
the SEA tank (Fig. 3). Although the lower
numbers of resting spores in the OIL and OD
tanks may be partly explained by the relatively
slow depletion of nitrogen compared with the
SEA tank, it is more likely that chemical

components in the WSF of Bunker A oil were
responsible for limiting spore formation.
Because the spore formation by planktonic
diatoms in the SEA tank is adequately ex-
plained by nitrogen limitation alone, it is un-
likely that other elements such as silicon (Si)
were limiting for diatom growth and spore for-
mation in the present study. In support of this,
we did not observe any Si depletion in the
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Fig. 3. Temporal variation of downward flux, chlorophyll a, total phytoplankton cell, Chaetoceros cell, and
Chaetoceros resting spore, during the mesocosm run from 23rd of May to 2nd of June in 2001. SEA: natural
seawater in the mesocosm tank, OIL: natural seawater with WSF mixture, OD: natural seawater with WSF

—chemical dispersant mixture. ND: no data.

previous mesocosm study with the same ex-
perimental conditions. For instance, the Si:N
ratio in the seawater tank in the previous ex-
periment (autumn 2000) ranged from 0.9:1 to
1.2:1 (average = 1.1:1) during the initial 9 days
of incubation (data not shown). Actively grow-
ing diatom cells have a Si:N composition ratio
of 1.2:1 (BRzEZINSKI, 1985), so it is likely that
diatoms in the SEA tank did not face serious Si
depletion either in the present or in the previ-
ous experiments.

MORINAGA and ARAKAWA (2000) reported

that an oil slick on the sea surface attenuated
the photosynthetically available radiation
(PAR) below the sea surface. Such changes in
the optical environment can be detrimental to
autotrophic plankton, although the optimum
PAR may vary depending on the species.
PARSONS et al. (1984) reported depressed pri-
mary production in the mesocosm tank result-
ing from light attenuation after the input of
dispersed oil. In the present study, the trans-
parency of the OD tank immediately decreased
from 3 to 1.3 m after the addition of the
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mixture of the WSF of Bunker A oil and a
dispersant. It took 5 days to return to the
original level of transparency, whereas trans-
parency remained constant in the SEA tank
and the OIL tank (see Fig. 1B). Based on
ARUGA’s equation, the compensation depth of
the OD tank on day 2 was estimated to be 3.3
m. However, it was more than 7.7 m in the SEA
and OIL tanks. Because sunlight attenuates
drastically with depth, diatoms that cannot
maintain their vertical position at a depth of
optimum light conditions are likely to be
outcompeted by motile flagellates.

Spilled oil has both inhibitory and stimula-
tory impacts on phytoplankton, which vary
with the type of oil and concentrations of the
petroleum components (ALBERS, 1995). Results
of the present study suggest that the WSF of
Bunker A oil is detrimental to diatoms,
whereas it is less inhibitory to the flagellate
population. Consequently, flagellates gained
better access to the light and nutrients in the
water column. Dispersants increase the concen-
trations of oil components in the water,
thereby creating more harsh conditions for the
diatom population (PARSONS et al., 1984;
YAMANE et al., 1984; SIRON et al., 1996). In the
context of grazing food webs, the WSF of Bun-
ker A oil altered not only the community struc-
ture but also the functions of the primary
producers. The decreased flux of diatom cells
from the upper layer implies a reduced trans-
port of organic matter in the water column,
which could interrupt the plankton—benthos
coupling in natural environments (AMBROSE
and RENAUD, 1995).

The physical microturbulence in a water
mass is removed or weakened in an enclosed
mesocosm (LALLI and PARSONs, 1993), there-
fore, it might be difficult for planktonic dia-
toms to remain suspended in the water column
in mesocosm tanks such as those used in the
present study, which could complicate interpre-
tation of our results. Due to this intrinsic char-
acteristic of these tanks, they may only be
suitable for short—term observations of diatom
populations in the water column. Nonetheless,
the combination of careful observations of the
phytoplankton population in the water column
and in the sediment trap samples makes it

possible to determine with great sensitivity the
impacts of low levels of spilled oil on both the
phytoplankton community structure and the
trophic interactions in the grazing food webs in
aquatic environments.
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