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Standing stocks and production rates of phytoplankton and abundance of bacteria were
investigated at 39 stations in the Seto Inland Sea, Japan during four cruises in October
1993, January, April and June 1994. Primary productivity was measured by the 13C
tracer method. Photosynthetic rate varied from 0.41 to 32.1 ugC/l/h with an average value
of 4.67 ugC/\/h. Annual primary production was estimated to be 218 gC/m?/year. Annual
primary production in this study was 1.8 times as high as the values which were previously
reported at same area. The reason for the disagreement between our primary production
value and previous values is not thought to be due to the difference of methods used for
measuring primary production or the different Chl.a concentrations but to the method of
estimating the primary production in the euphotic zone from the in vitro measurements.
The distribution of bacterial cells in surface seawater was examined during the same
cruises. Bacterial cell density ranged from 0.32 to 3.4 x 106 cells/ml. The density was
relatively high in the eutrophic regions of Hiroshima Bay and Osaka Bay. In addition, a
high density of bacteria was also observed in an area within Suo Nada where Chl.a was
relatively low. The disparity between Chl.a and bacterial density in Suo Nada suggests
that bacterial abundance can be controlled by the availability of substrates other than
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1. Introduction

Primary production by phytoplankton supports the
organisms of higher trophic levels in most marine ecosys-
tems. The '“C method has long been applied for the deter-
mination of primary production in natural waters, since the
method was first introduced by Steeman-Nielsen (1952).
However, measurements of primary production by the 4C
method have seldom been made in the past few decades in
Japan because the use of '“C in the natural environment has
been restricted. Recently the '3C method for the measure-
ment of primary production was adopted (Hama et al., 1983),
but there have been few measurements of primary produc-
tivity in the coastal waters of Japan using this method.

Therole of bacteria as transformers of dissolved organic
matter mainly released by phytoplankton into particulate
organic matter has been recognized, although heterotrophic
bacteria in seawater are usually thought to be major de-
composers of organic matter (Cole et al., 1988). There have
been remarkable developments in the studies on aquatic
microbial ecology since the introduction of the improved
techniques such as epifluorescence microscopy (Hobbie et
al., 1977). Production by heterotrophic bacteria is an im-
portant link between detritus, dissolved organic matter and

organisms of higher trophic levels, i.e., the microbial food
chain (Azam et al., 1983).

The Seto Inland Sea, Japan, is a eutrophic region and
red tides often occur during summer. The history of water
pollution in this semi-enclosed sea is reviewed in Yanagi
and Okaichi (1997). Several studies have been carried out on
the association between red tides and eutrophication in this
sea (e.g., Okaichi, 1983; Okaichi, 1997). Earlier, in the Seto
Inland Sea, Endo (1970) investigated the primary produc-
tion by the '*C method and reported an annual primary
production of 0.33 gC/m?/day (120 gC/m?/year) for this area.
This value has been widely cited as a typical value for that
region. However, the measurement was made more than 25
years ago and it has been thought that this value may be an
underestimate for several reasons. Forexample Nixon (1988)
synthesized published data from many areas of the world
and suggested that fishery yield increases with primary
production in aquatic systems. But the values of primary
production reported by Endo (1980) and Uye et al. (1987)
and the total annual fish catch in this sea did not conform
well with the pattern exhibited by other coastal waters. In
particular, using Nixon’s (1988) relationship and those
primary production estimates, fish catch was underpredicted.
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This suggested that either fish catch was overestimated or
primary production was underestimated. Uncertainty about
the level of the primary production is a serious problem in
studying the transfer of organic matter to fish production
and the biogeochemical cycles in the Seto Inland Sea.

Because phytoplankton and bacteria are key organisms
in coastal ecosystems, it is very important to determine the
biomass of phytoplankton and bacteria. Furthermore, an
accurate understanding of primary production is very im-
portant for the development of plans for the sustainable
development of fishery resources in the Seto Inland Sea.
Evaluation of the role of bacteria is also very important in
studies of pelagic carbon flow in the Seto Inland Sea.
Therefore, it is important to accumulate available data of
biomass and its productivity of phytoplankton and bacteria
in the coastal sea. However, only a few studies have been
undertaken to measure the densities of bacteria and phyto-
plankton simultaneously in coastal waters (e.g., Naganuma
and Miura, 1997; Naganuma, 1997). In this study, standing
stocks and primary production rates of phytoplankton were
investigated in the Seto Inland Sea in 1993 and 1994.
Moreover, the biomass of heterotrophic bacteria in surface
seawater was estimated on the same cruises.

2. Materials and Methods

Oceanographic observations were made and samples
were collected at 39 stations (21 main stations (M) and 18
small stations (S)) throughout the Seto Inland Sea (Fig. 1) by
T.R.V. Toyoshio-Maru of Hiroshima University during four
seasons: Cruise 1:12-22 October 1993, Cruise II. 8-21
January, Cruise III: 12-22 April and Cruise IV: 20-30 June
1994.

2.1 Oceanographic observation and processing of water
samples

At all 39 stations, vertical profiles of temperature,
salinity and Chl.a (with a Sea Tech fluorometer) were
measured with a Sea Bird CTD. Surface seawater samples
were collected with a clean plastic bucket at all stations. In
addition, water samples for measurement of nutrient con-
centrations and primary. production rates were collected
with Van Dorn bottles from several depths at 21 main
stations. Water samples for Chl.a were immediately filtered
through a precombusted Whatman GF/F filter (450°C, 2 h)
and preserved in N,N-dimethylformamide until analysis at
—20°C (Suzuki and Ishimaru, 1990). Chl.a concentrations
were determined by Lorenzen’s (1967) spectrophotometric
method (Parsons et al., 1984). In vivo fluorescence values
from CTD casts were calibrated with extracted Chl.a values
determined by the spectrophotometric method. Water tem-
perature, salinity and nutrient concentration data have been
reported in Hashimoto et al. (1996).

2.2 Estimation of phytoplankton production

Primary production was measured by the '3C tracer
method (Hama et al., 1983). Incubation of water samples
was done on deck, using a tank that was equipped with
artificial light. This method s relatively insensitive to weather
conditions and does not require the vessel to be stopped
during the measurement. The measurements of photosyn-
thetic rate were conducted at 10 to 12 stations during every
cruise (Table 1).

Water samples were taken from five depths corre-
sponding to 100, 57, 42, 27, and 17% photon fluxes just
above the sea surface, using clean plastic buckets and a 10-
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Fig. 1. Location of sampling stations in the Seto Inland Sea, Japan.
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Table 1. Sampling stations where primary production was measured in each cruise.

October 1993
January 1994
April 1994
June 1994

M1, M2, M4, M7, M11, M12, M15, M18, M19, M20, M21

M1, M2, M4, Mg, M11, M12, M16, M17, M19, M21

M1, M2, M4, M7, M8, M11, M12, M15, M18, M19, M20, M21
MI, M2, M4, M8, M11, M12, S13, M15, M18, M19, M20, M21

1 Van Dorn sampler. The depths corresponding to these light
levels were estimated from the transparency measured by
Secchi disk, assuming that the thickness of the euphotic
layer was 2.8 times as deep as the transparency (Hashimoto
and Tada, 1997). The seawater samples for production rate
analyses were immediately filtered through a 300 um mesh
screen to remove large zooplankton and transferred into 1-
1 polycarbonate bottles. After the addition of NaH'3*CO;
(about 10% of total inorganic carbon in the ambient water),
the samples were incubated for about 2—4 hours in a tank.
The incubations were conducted at in situ temperature with
running surface seawater under the corresponding light
intensity, which was regulated by density filters. The light
intensity inside the tank was about 220 uE m-2 sec. All the
samples were filtered through precombusted 47 mm
Whatman GF/F filter (450°C for 4 h), after incubation. The
filters were frozen and stored at —20°C until isotope analysis.
After the filter papers were treated with HCl fumes to
remove inorganic carbon, the 13C to '?C isotope ratios in the
samples were analysed by an infrared spectrophotometer
(JASCO 13CO; Analyzer EX-130S), using the method of
Satoh et al. (1985). Photosynthetic rate was calculated ac-
cording to Hama et al. (1983). A trapezoidal integration was
applied to calculate primary production throughout the
euphotic zone. For estimating daily primary production, we
assumed a day length of 12 h.

2.3 Cell density of bacteria in surface seawater

Surface seawater samples were collected with a clean
plastic bucket at 39 stations all over the Seto Inland Sea. The
bacterial cells in surface seawater samples (0 m depth) were
stained with 4’6’-diamidino-2-phenylindole (DAPI) and
filtered on Nuclepore black filters (pore size: 0.2 um), ac-
cording to the procedure of Kogure (1990, which is a
modification of the method of Hobbie et al., 1977) and
counted using an epifluorescence microscope (Nikon Y-2F-
E). The coefficient of variation for all procedures was 2.2%
(n=75).

3. Results

3.1 Physicochemical conditions

The detailed physicochemical conditions during the
four cruises have been reported previously (Hashimoto et al.,
1996; Yamamoto et al., 1997). Surface water temperature
was lowest in January (11-14°C) and highest in October
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Fig. 2. Average concentrations of dissolved inorganic nitrogen
(DIN) and phosphorus (DIP) in surface seawater at each area
in the four cruises.

(21-23°C). Surface salinity varied from 28.45 to 33.74 psu
and was high (>ca. 33 psu) in Kii Channel and Bungo
Channel and low (<30 psu) in Osaka Bay and Hiroshima
Bay. Furthermore, in October 1993, salinity was unusually
low (1.0 to 1.5 psu lower than other periods) over the entire
Seto Inland Sea, which was due to heavy rainfall during June
to September in 1993. Dissolved inorganic nitrogen (DIN)
and dissolved inorganic phosphorus (DIP) concentrations in
the surface water varied from 0.04 to 18.7 ug-at N/l and from
0.03to 1.11 ug-at P/, respectively, and were relatively high
in Osaka Bay, Kii Channel and Bisan Seto. Moreover, DIN
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and DIP were relatively high in January (regional average:
7.1 pg-at N/l and 0.32 ug-at P/1) and October (4.8 ug-at N/
1 and 0.26 ug-at P/1) but low in April (1.4 ug-at N/1and 0.15
Hg-atP/l) and June (2.1 ug-atN/l1and 0.13 ug-at P/1) (Fig. 2).

3.2 Chlorophyll a

Geographical variations in Chl.a concentrations in the
surface seawater (0 m) are shown for each cruise in Fig. 3.
Low Chl.a concentrations were seen in Bungo Channel and
Kii Channel (about 1 ug/l), whereas high Chl.a concentra-
tions (>4 ug/l) were often seen in Osaka Bay, Hiroshima
Bay, and the northern part of Harima-Nada. Particularly
high concentrations of Chl.a were always seen in the inner
partof Osaka Bay, and red tide outbreaks of Heterosigma sp.
were observed in June 1994, when the Chl.a concentration
was higher than 100 ug/l.
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Fig. 4. Standing stocks of chlorophyil a in surface layer (0 to 10
m deep) in the Seto Inland Sea.
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Chl.a standing stocks in the surface layer (0-10 m) at
each area in the Seto Inland Sea are shown in Fig. 4. In
general, Chl.a content was relatively high in October and
June and low in January. The overall average of Chl.a
standing stock in the surface layer was 25.7 mg/m2. Stand-
ing stocks of Chl.a in the surface layer were remarkably
higher in the eutrophic region than in other areas (Osaka
Bay; 51.5 mg/m?2, Hiroshima Bay; 47.4 mg/m2, Harima-Nada;
36.9 mg/m?).

Chl.a standing stocks in the euphotic layer at each area
in the Seto Inland Sea are shown in Fig. 5. The thickness of
the euphotic layer ranged from 0 to 4.2—-58.8 m depth. There
was a tendency for high Chl.a concentrations in October and
low ones in January, like that of the surface layer. The
overall average of Chl.a standing stocks in the euphotic

—_
£
p— S’
o3
g =
<
- &
‘é" =
-
— =
[=]
N
“ Q
— ~md
5 z
o =4
=
=

Overall average 10

1001 —— T TN
-\/ \ 30
G 454 e | Fd0

Aki Nada

X
Kii Channel -
pa
-

Bisan Seto

Suo Nada

Iyo Nada
Hiroshima Bay
Hiuchi Nada

Harima Nada
Osaka Bay

Fig. 5. Standing stocks of chlorophyll a (bars) in euphotic layer
(0 to 4.2-58.8 m deep) and the euphotic zone depth (dots and
lines) in the Seto Inland Sea.
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Fig. 6. Correlation between chlorophyll a standing stocks and primary production in euphotic layer in the Seto Inland Sea.

layer was 45.4 mg/m? and its thickness was 21.6 m. Overall
averages of Chl.a standing stocks were highest in the Osaka
Bay (65.4 mg/m?), Hiroshima Bay (69.1 mg/m?) and Harima-
Nada (61.8 mg/m?). Also, the thickness of the euphotic
layers was shallower in Osaka Bay (16.0 m) and Hiroshima
Bay (18.9 m). However, standing stocks of Chl.a in the
euphotic layer in these areas were not remarkably higher
than in other areas.

3.3 Primary production

The photosynthetic rate at each depth varied from 0.41
to 32.1 ugC/l/h and the overall mean photosynthetic rate was
4.67 ugC//h. Photosynthetic rate was measured at 10 to 12
stations of the total 39 stations (Table 1). The depth-integrated
primary production rate varied from 118 to 1550 mgC/m?/
day. For stations where photosynthetic rate was not mea-
sured, it was calculated from the regression equation shown
in Fig. 6 and Chl.a data from those stations. Mean ratios of
primary production to Chl.a standing stock, the Chl.a spe-
cific productivity, were 15.7, 7.21, 15.5 and 11.8 mgC/
mgChl.a/day and mean primary production rates in each
cruise were 968, 294, 565 and 538 mgC/m?/day in October,
January, April and June, respectively. Integrated annual
primary production was 0.596 gC/m?/day (218 gC/m?/year).
Primary production in each area for every season is summa-
rized in Fig. 7. Primary production was generally high in
October and lowest in January. The production was high in
Hiroshima Bay, Harima Nada and Osaka Bay and low in Suo
Nada, Aki Nada and Bisan Seto. This is similar to the
distribution of Chl.a content in the euphotic layer.

3.4 Bacteria

Geographical variation in bacterial density in the sur-
face seawater (0 m) is shown for each cruise in Fig. 8. The
density of bacteria ranged from 0.32 to 3.4 x 106 cells/ml,

290 K. Tadaeral.
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with much higher densities in October (1.7 x 106 cells/ml)
than in other months (0.55 x 106, 0.99 x 105 and 0.76 x 106
cells/ml in January, April and June, respectively). The
overall average for the whole Seto Inland Sea was 1.0 x 106
cells/ml. In general, the annual average density of bacteria
was relatively high in Hiroshima Bay, Osaka Bay and Suo
Nada.

4. Discussion

4.1 Phytoplankton standing stock

There was a tendency for Chl.a to be high in October
and the low in January. Precipitation was higher than normal
years during June to September in 1993 and hence the
salinity of surface seawater during this period was lower
(Yamamoto et al., 1997). As shown in Fig. 2, DIN and DIP
concentrations were relatively high in October. The high
level of nutrients in October was probably due to a large
nutrient input from the unusually high precipitation. This
large nutrient input may have caused the phytoplankton
biomass to increase.

In the eutrophic region, the standing stock of Chl.a in
euphotic layer was not remarkably higher, because the
euphotic layer was relatively shallow. However, the Chl.a
content in surface layer (0~10 m) was much higher than in
other areas. The higher Chl.a content causes rapid attenu-
ation of solar radiation and therefore decreases the euphotic
zone depth. Thus eutrophication may give rise to the
shallowing euphotic zone and, as a result, the total primary
production does not increase in spite of the high Chl.a
concentration.

4.2 Primary production

The photosynthetic rate measured in this study (0.41 to
32.1 ugC/i/h, mean = 4.67 ugC/1/h) compares with previ-
ously measured rates for the Seto Inland Sea of 0.96 to 17.1
1gC//h by 'C method (Endo 1970, Uye et al., 1987), 0 to
21 ugC//h at Hiuch Nada from June to September by the 13C
method (Handa et al., 1984), and O to 3.6 ugC/l/h at Suo Nada
in May and July by the !3C method (Yamaguchi and Anraku,
1984). Our measured values, expressed on a per liter basis,
are similar to the values reported by Endo (1970), Uye et al.
(1987) and Handa er al. (1984). Photosynthetic rates re-
ported by Yamaguchi and Anraku (1984) at Suo Nada were
lower, although values measured at Suo Nada in the present
study (0.05 to 8.60 ugC/1/h, mean value of 3.14 ugC/1/h) were
lower compared to other areas within the Seto Inland Sea.
Low production rates were probably due to low standing
stocks of Chl.a at Suo Nada (Fig. 5).

The photosynthetic assimilation ratio determined in
this study varied from 0.03 to0 9.75 ugC/ugChl.a/h (mean of
2.32 ugC/ugChl.a/h) in the euphotic zone and was similar to
values reported in other studies. Yamaguchi and Anraku
(1984) reported assimilation ratios from 1.0 to 2.3 ugC/
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’

ugChl.a/hin May and from 4.8 to 11.0 ugC/ugChl.a/hinJuly
at Suo Nada. Harrison and Platt (1980) reported assimilation
ratios ranging from 2.0 to 13.1 for a 22-month period in a
shallow marine basin. Photosynthetic assimilation ratios
were relatively low in waters with higher Chl.a concentra-
tions (>2 pg/l) (Fig. 9) and showed large variation when
Chl.a concentrations were low (<2 ug/l). The photosyn-
thetic assimilation ratios were lower in lower nutrient wa-
ters (DIN < 1.0 ug-at N/1, DIP < 0.1 ug-at P/1) and the values
from January were also lower than those in other waters.
This indicates that low nutrient concentrations, low water
temperatures, or a combination of these factors, may have
caused the low assimilation ratio. Phytoplankton species
composition and physiological condition may also have
contributed to the variation in assimilation ratio. Our mean
depth-integrated photosynthetic assimilation ratios (15.7,



7.21, 15.5 and 11.8 mgC/mgChl.a/day in October, January,
April and June, respectively) were similar to previous
measurements made by the 4C method in the same area
(13.1, 3.2, 15.8 and 14.5 mgC/mgChl.a/day, respectively
(Uyeetal., 1987)). Recently, Hama et al. (1977) determined
the depth-integrated Chl.a, photosynthetic rate and photo-
synthetic assimilation ratio in the East China Sea (22 to 37
mg/m?2, 280 to 750 gC/m?/day and 13 to 23 mgC/mgChl.a/
day, respectively). It is interesting to note that although the
depth-integrated assimilation ratio determined in this study
for the semi-enclosed Seto Inland Sea is comparable to that
of the East China Sea (13 to 23 mgC/mgChl.a/day), the
thickness of euphotic zone was about three times deeper,
and Chl.a concentrations were about one-tenth lower in the
East China Sea.

It has been reported previously that annual primary
production in the Seto Inland Sea is 120 to 122 gC/m?/year
(Endo, 1970; Uye et al., 1987). Annual primary production
in this study was 1.8 times as high as the values which were
previously reported, although photosynthetic rate and depth
integrated photosynthetic assimilation ratio in our study
were similar to those of previous studies. We believe that the
reason for the disagreement was not related to the different
method for measurement of primary production or the
different Chl.a concentration. Hama et al. (1983) reported
that photosynthetic rates determined by the '3C method
showed a remarkable agreement with those determined by
the 14C method. In fact, however, we believe that the method
used to estimate primary production based on the euphotic
zone depth contributed to the discrepancy. In this study we
calculated the primary production in the euphotic zone by a
trapezoidal integration, while Endo (1970) and Uye et al.
(1987) used the equation of Steemann-Nielsen (1952), as-
suming that the depth of 1% surface irradiance was twice the
Secchi depth. However we determined that the thickness of
euphotic layer was about 2.8 times the Secchi depth
(Hashimoto and Tada, 1997).

Using the average value of the production from our
study, 218 gC/m?/year, the annual production of the Seto
Inland Sea is estimated at 4,080,000 tons of carbon.

4.3 Bacteria

Our overall range of 0.32 to 3.4 X 10° cells/ml was in
good agreement with the range of 0.4 to 2.2 x 10° cells/ml
for the whole Seto Inland Sea (Naganuma and Miura, 1997)
and of eutrophic coastal waters in general (Sanders et al.,
1992). Previously reported that bacterial cell densities in the
Seto Inland Sea ranged from 0.9 to 4.9 X 106 cells/ml in
Hiroshima Bay (Iwamoto et al., 1993, 1994; Imai and
Yamaguchi, 1996), 0.45 to 3.0 x 106 cells/ml in Suo Nada
(Imai, 1984) and 0.40 to 5.1 x 10° cells/ml in Osaka Bay
(Imai and Yamaguchi, 1997). In the present study, bacterial
cell density was somewhat lower (0.76 to 2.2 x 106 cells/ml)
in Hiroshima Bay and approximately the same (0.29 to 3.3

x 106 cells/ml) in Suo Nada and Osaka Bay as was found in
those previous studies. The discrepancy in Hiroshima Bay is
probably due to the fact that Iwamoto et al. (1993, 1994) and
Imai and Yamaguchi (1996) conducted their studies at a pier
of the Nansei National Fisheries Research Institute, where
the water was very shallow (about 8 m) and the waters were
more eutrophic. The range of bacterial densities obtained in
this study was also in good agreement with the result of
Nakamura et al. (1994) who reported that the bacterial cell
density in the surface layer ranged from 1.1 t0 2.3 x 10 cells/
ml around the Ie-shima Islands in the Seto Inland Sea during
summer.

The seasonal and horizontal patterns of bacterial den-
sity were similar to the distribution of Chl.a concentration in
surface seawater except at the Suo Nada stations (Fig. 3). A
correlation between Chl.a concentration and bacterial den-
sity of surface seawater is shown in Fig. 10. Bacterial cell
density seemed to correlate with Chl.a concentration except
at the Suo Nada stations (the relationship was not statisti-
cally significant). This result is not inconsistent with previ-
ous studies by Cole et al. (1988) and Bird and Kalff (1984).
Recently, Naganuma and Miura (1997) reported that there
was a clear correlation between phytoplankton (Chl.a) and
bacterial abundances in the Seto Inland Sea. It has been
thought that water column bacteria utilize DOM (dissolved
organic matter) as an energy source, and this is mainly of
phytoplankton origin. However the release of DOC by
healthy phytoplankton is a small percentage of the photo-
synthetic rate (5-10%, Mague et al., 1980), making it dif-
ficult to explain the high rate of bacterial production in the
ocean (10-50% of primary production, Larsson and
Hagstordm 1982; Azam et al., 1983; Cole et al., 1988). In-
terestingly, in the Seto Inland sea, Imai and Yamaguchi
(1996, 1997) and Naganuma and Miura (1997) reported that
bacterial production may exceed primary production. Fur-
thermore, Uye et al. (1996) suggested that, taking the amount
of carbon required to support bacterial production into
consideration, the remaining primary production appears to
be insufficient to meet the requirements by microzooplankton
and net-zooplankton.

Nagata and Kirchman (1992) suggest that DOM release
by protozoa is a potentially important process in aquatic
ecosystems. On the other hand, it was recently suggested
that coastal primary production may be supported by mi-
crobial regeneration of nutrients from terrigenous DOM
(Opsahl and Benner, 1997). Furthermore, Naganuma and
Miura (1997) reported that bacterial production was not
correlated with abundance, although bacterial abundance
had a good correlation with phytoplankton abundance in the
Seto Inland Sea. They suggested that this correlation is still
maintained when the DOM is heavily supplemented with
allochthonous organic matter. [n our data, in addition to high
density of bacteria in eutrophic areas like Hiroshima Bay
and Osaka Bayj, it is interesting to note that a high density of
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Fig. 10. Correlation between chlorophyll a concentration and
bacterial density of surface seawater in Osaka Bay, Suo Nada
and other areas in the Seto Inland Sea.

bacteriaalso occurred in Suo Nada where Chl.a concentration
was relatively low. When correlations between Chl.a con-
centration and bacterial density were made for Osaka Bay
and Suo Nada stations separately (Fig. 10), the correlation
was clearly different between the two areas. This indicates
that the role of the microbial loop in Suo Nada may be more
important than in other parts of the Seto Inland Sea. The
higher densities of bacteria per unit chlorophyll in Suo Nada
indicate that bacterial abundance may depend on the avail-
ability of substrates other than phytoplankton exudate. A
different trophic phasing dynamics (coupling of the differ-
ent trophic levels), as reported by Parsons (1988), may also
be another explanation. Furthermore, it was reported that the
transfer efficiency from primary production to tertiary pro-
duction was extremely low in Suo Nada (Uye and Hashimoto,
1997). More environmental and ecological research is needed
in this area.

In this study, we have investigated the density of
bacteria for surface waters only and did not measure bacte-
rial productivity. Bacterial biomass and production
throughout the water column should be determined. Further
research is needed to assess the role of bacteria in the
microbial food chain and to determine the dynamics of
organic matter in coastal waters.
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