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Size Fractionated Phytoplankton Biomass and Primary Productivity

in Osaka Bay, Eastern Seto Inland Sea, Japan

Mineo Yamaguchi and Ichiro Imai

Size fractionated phytoplankton biomass and primary productivity were measured
in Osaka Bay during five research cruises made in September, December of 1984
and March, June and September of 1985. Chlorophyll ¢ was determined fluoro-
metrically and productivity was measured by an ix site "*C method. The chlorophyll
biomass (mg m™?) ranged from 5.8 to 587.4 mg m™>, with a mean of 56.2 mg
m~? for nanoplankton (less than 10um) and 15.3 to 1020.9 mg m™? with a mean
of 131.5 mg m™* for the total plankton. Phytoplankton biomass was higher in
warm seasons than in cold. Nanoplankton accounted for 43 % of the total biomass
in the Bay. Mean biomass in terms of carbon was calculated to be3.4 gC m™ and
7.8 gC m™? for nanoplankton and total plankton, respectively. Photosynthetic rates
ranged from 0.07 to 14.21 gC m™ 47!, with a mean of 1.77 gC m™® d™! for
nanoplankton, and 0.16 to 14.95 gC m™? d~' with a mean of 2.66 gC m™? d* for
total plankton. Photosynthetic rate per unit amount of chlorophyll ¢ (assimilation
number) at the surface varied from 2.1 to 8.9 mgC mgChl.4' h™'for nanoplankton
and from 2.4 to 10.6 mgC mgChl.g™* h™' for total plankton. Relative percentages
of nanoplankton to total production varied considerably from 5 to 95% with season
and area. Nanoplankton contribution was higher in warm seasons than in cold ones
and was lower in northeastern part of the Bay than the southwestern offshore area
throughout the survey. Annual primary production was calculated to be 646 gC
m~2 yr' for nanoplankton, and 971 gC m™® yr' for the total phytoplankton.
Nanoplankton accounted for 67 % of total production in the Bay. These results
indicate that Osaka Bay is one of the most productive waters in Japan and have the
characteristics of highly eutrophicated waters where the contribution of nanoplankton

is relatively small.
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Osaka Bay is one of the most eutrophi-
cated bays in Japan, where red tides have
occurred perennially (Joh et a/. 1971). The
Bay is, on the other hand, an important
fishing ground. In Osaka Bay, about 62 to
135 thousand tons of fish have been exploit-
ed annually during 1980s which is equiva-
lent to approximately 20 % of the total
catch in the Seto Inland Sea. The catch is

characterized by a high proportion (about
90 % of the total) of planktivorous fish such
as anchovy, sardine and sand lance (Joh
1991) . This
ultimately from the primary production in

fish production is derived
the Bay and adjacent waters through several
trophic levels. In addition it is important
to evaluate the carrying capacity of the
fishing ground for the establishment of a
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management scheme for aquaculture. Nev-
ertheless, studies of primary productivity
in Osaka Bay have been scarce as well as
in other neritic waters in Japan. Endo
(1965) measured the primary production by
the "*C method at 2 stations in September
in 1963 and Joh and Uno (1983) reported
the phytoplankton production using the
oxygen method. More recently Uye ef al.
(1986) examined the relationship between
zooplankton and phytoplankton production
using the "“C method.

Importance of studying phytoplankton
cell size has recently been emphasized be-
cause of the differences in cell size influence
the response of phytoplankton to the envi-
ronment and food chain dynamics (Ryther
1969, Malone 1980). In oceanic waters,
nanoplankton play an important role as
primary producers (Li ef al. 1983, Taka-
hashi and Bienfang 1983) . Nanoplankton
is also important as a prey of the micro-
zooplankters (Verity 1986). However food
chains connecting nanoplankton and micro-
zooplankton are poorly detailed due to the
lack of basic information on these organ-
isms, especially in highly eutrophicated
neritic waters such as Osaka Bay.

In the present paper, phytoplankton bi-
omass and productivity in Osaka Bay were
determined using two size categories, i.e.,
the nanoplankton and the total plankton.
Because the use of radioactive carbon in
the field has been restricted in Japan, we
used the stable isotope of carbon, *C, for
productivity measurements (Slawyk et al.
1977, Hama et @/. 1983, Yamaguchi and
Anraku 1984). Seasonal and regional vari-
ations in phytoplankton biomass and pro-
ductivity within the Bay and the relation-
ship between these measurements and ocea-
nographic properties are discussed as well
as the relative importance of nanoplankton
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Fig. 1. Sampling stations (1—18) in Osaka Bay
and position of transect A.

in the total phytoplankton population.

Materials and Methods

Study site Osaka Bay is located in the
eastern part of the Seto Inland Sea (Fig.1).
Measurements of size fractionated phyto-
plankton biomass and productivity were
made at 18 stations and 3 stations (Sts.
1, 9, 18), respectively, during five seasonal
carried out in September and
December 1984, and March,
September 1985.

Phytoplankton biomass Water samples were
collected with 10/ Van Dorn samplers at

surveys
June and

the surface, 5 m, and at every 10 m for the
stations deeper than 10 m, and at B-1 m
(1 m above the bottom).
were pre-filtered by gravity through plank-
ton netting (Nytal, mesh opening of 10um).

The samples

The filtrates were filtered onto Whatman
GF/C glass fiber filters and pigments ex-
tracted with 90 % acetone (Nanoplankton
fraction) . Unfiltered sample were used for
the total
(Total fraction). Chlorophyll ¢ concentra-

chlorophyll « determinations
tions were measured fluorometrically with
a Turner Designs 10-005R fluorometer.
Microplankton (> 10 g#m) chlorophyll ¢
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concentrations were obtained from the
difference between the total and the
nanoplankton fractions.  Phytoplankton

chlorophyll @ concentrations in the water
column of one square meter (mg chl.a
m~%) were calculated by integrating over
the depth. Part of the seawater samples
were filtered onto precombusted Whatman
GF/F filter for particulate organic carbon
(POC) determinations. POC was measured
with a CHN corder (MT-5, Yanagimoto
Co., Japan). Carbon to chlorophyll a
ratios were obtained from the slope of the
linear regression of chlorophyll 2 on POC.
Phytoplankton biomass in terms of carbon
(gC m™?) was then estimated by multiplying
the chlorophyll @ concentration by the
carbon to chlorophyll g ratios.

Primary productivity Size fractionated
primary productivity was determined by the
13C method. Water samples were collected
in Van Dorn samplers at the same depths
as for the chlorophyil @ determinations.
The seawater was filtered through plankton
netting (mesh size of 300 g#m) to remove
larger zooplankton and were size fraction-

ated (total and <10um fractions) in the
described above. The

fractionated water samples were incubated
in two 1.2/ glass bottles with 1 ml of
NaH!3CO; solution (22mg/ ~*, Prochem,
90 atom %). Incubations were done in situ
from around 10 a.m. to 3 p.m. (local
time) by suspending the bottles at the same

same manner as

depth from which they were taken. At each
depth, one sample was incubated in a clear
bottle and the other one in a bottle wrap-
ped in a black sheet to correct for dark
CO, fixation. After incubation, the water
samples were filtered as soon as possible
through precombusted (450°C, 1h) Whatman
GF/F glass fiber filters. The filters were
frozen at —20°C and brought back to the

laboratory, The same water samples used
for in situ incubation experiments were
filtered and used for the analysis of POC,
atom % of C in the natural samples
(Ans) and chlorophyll «. Concentrations
of total inorganic carbon were determined
by the pH and alkalinity method (Strick-
land and Parsons 1968) for the calculation
of the atom % of '3C in the total inorganic
carbon (Aic).

The filters from the in sit# incubation
experiments were treated with HCI fumes
to remove carbonate and were dried in a
vacuum desiccator with active silica gel.
Isotope ratios of *C and '*C of the sam-
ples were measured by a quadrapole mass-
spectrometer (Yanaco MSI-20). Atom %
of ¥C in the samples were calculated as

follows;

BC atom %= 100 (*C)/(("*C) + (¥C))
= 100/ (R+1),

where R is the isotope ratio of the sample.
The photosynthetic rate (PR:mgC m™ h™')
was calculated according to Slawyk et al
(1979);

PR= P, (Ais — Ans)/{({(Aic - Ais)t),

where Ans and Aic are the same as speci-
fied above, Ais is the atom % of “C in
the incubated sample, P, is the POC in
the natural sample (mgC m~®) and t is the
incubation period (h). The photosynthetic
rate was corrected with the discrimination
factor of '*C according to Hama et al.
(1983) .

Photosynthetic rate in the water column
below the surface area of 1 m® was calcu-
lated by numerical integration. Daily pro-
duction rates were obtained by multiplying
the hourly production rate by the number
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of daylight hours for that day.
Environmental parameters Salinity and
temperature profiles were determined with

a STD system (Tsurumi Seiki, model 1).
Results

Environmental conditions Figure 2 shows
vertical profiles of water temperature, salin-
ity and density of water along transect
A shown in Fig. 1. Water temperature was
higher in the surface waters of northeast
region of the Bay than western waters in
September 1984, June and September 1985,
while the reverse was the case in December
1984. In March 1985, the temperature was
the lowest of all the seasons and was al-
most uniform throughout the whole water
column. Downward intervals of the temper-
ature isotherms indicate that water column
was poorly stratified during the entire
period of the present investigations. In
contrast to temperature, salinity decreased
toward the surface waters of the northeast
that the

salinity gradient was sharper

regions. It was also observed
horizontal
than in the vertical direction, indicating
the effect of a freshwater inflow from the
northeastern part of the Bay. Water densi-
ties exhibited similar trends as was seen in

salinity. From these oceanographic obser-
vations, Osaka Bay may be divided into
two regions, i.e., northeastern part and
southwestern part. The former is an area
heavily influenced by the freshwater inflow
from land throughout all seasons of the
year and the latter is affected by the off-
shore water from Kii Channel.

Phytoplankton Biomass Vertical profiles
of the total and nanoplankton chlorophyil
a and relative abundance of the latter to
the former (%) along transect A are shown

in Fig. 3. Chlorophyll & concentrations

were extremely high and variable in the
northeastern waters of the Bay and progres-
sively decreased towards the southwestern
waters. For the total plankton ffaction,
chlorophyll ¢ concentrations higher than

® were observed from the surface

10 mg m™
down to the 10 m layers in the western
and northeastern waters in September 1984
and were also observed in the whole water
column down to the bottom in the north-
eastern waters in September 1985. In Decem-
ber 1984, the concentrations were lowest
(less than 2 mg m™) compared with the
other seasons and the distribution was

uniform throughout the water column.
Vertical profile of the total chlorophyll ¢
in March 1985 was similar to those in June
and September 1985 however concentrations
were lower. From September 1984 to March
1985 chlorophyll 4 concentrations of the
nanoplankton fraction were lower than 5

® in all water sampled being slightly

mg m-
higher in the upper 20 m. High concen-
trations of 5 to 50 mg m™ was observed in
the northeastern waters of the Bay in June
1985. These distribution
patterns of high chlorophyll g concentration
with that of low

salinity waters (Fig. 2).

and September

were well consistent
The contribution of nanoplankton frac-
tion to the total was highest in June 1985,

when more than 60 % of the chlorophyll
a was attributed to nanoplankton through-

out the water area examined. In September
1984 and 1985, the nanoplankton fraction
was less pronounced than in June and the
high contribution was restricted to subsur-
face and southwestern water of the Bay.
The percentage of nanoplankton declined
considerably in December and was at a
minimum in March. Nanoplankton account-
ed for less than 20 % of the total chloro-
phyll @ near the bottom in March (Fig. 3).
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Fig. 2. Vertical profiles of temperature, salinity and density along the transect A shown in Fig.1.
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Fig. 3. Vertical profiles of chlorophyll a concentrations of the total fraction (Total), nanoplankton

fraction (Nano) and relative percentage of nanoplankton chlorophyll a to the total (%) along
the transect A shown in Fig. 1.
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Fig. 4. Seasonal variations in the regional distributions of phytoplankton biomass and relative
contribution of nanoplankton to the biomass in Osaka Bay.

Horizontal distributions of the integrated
chlorophyll g value from the surface to the
bottom (mg m™?) and the relative abun-
dance of nanoplankton and microplankton
are shown in Fig. 4. Integrated chlorophyll
a concentrations were generally higher in
the northeastern waters of the Bay in all
seasonal surveys except for December 1984,
when it was higher in the western waters,
Relative percentages of nanoplankton to
the total chlorophyll ¢ were always less
than 50 % from September 1984 to March
1985, but they increased to between 29
and 73 % in September 1985. In June 1985,
the percentage of nanoplankton was consid-
erably higher varying from 45 to 97 %.
An interannual difference in the percentage
of nanoplankton were evident in the results
of September of 1984 and 1985, the percent-
age being higher in 1985 than in 1984.

Nanoplankton and total chlorophyll ¢ data

obtained at each station were pooled for
each sampling date (Table 1). The concen-
trattons ranged from 0.25 to 59.62 mg
m~? (mean: 2.25 mg m~?) for nanoplankton,
and 0.36 to 115.67 mg m™® (mean: 5.50
mg m~?) for total plankton. Over the entire
period of this study, the mean concentration
was the highest in September 1985 and the
lowest in December 1984 for both size
The standard deviation (SD) of
the mean of the chlorophyll @ concentration

fractions.

was larger in September 1984, June and
September 1985 than in December 1984 and
March 1985. Thus chlorophyll ¢ concen-
trations varied more considerably in the
warm season than in the cold season of
the year.

Table 2 shows the results of the regres-
sion analysis between of chlorophyll ¢ and
POC. The linear
chlorophyll @ and POC were significant,

relationships between
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Table 1. Chlorophyll & concentrations (mg m™®) of the size-fractionated phytoplankton in Osaka Bay.
n=number of samples.

Nanoplankton (<10 tm) Total
Date n

Range Mean+SD Range Mean+SD
Sep. 1984 96 0.32— 7.75 1.68+1.38 0.44— 53.36 8.34+11.91
Dec. 1984 95 0.31- 1.4 0.50+0.15 0.57— 3.36 1.41+ 0.52
Mar. 1985 94 0.26— 2.54 0.67%+0.49 1.10— 10.58 3.55+ 2.43
June 1985 95 0.37-35.71 3.82+4.89 0.57— 39.75 4.88+ 5.72
Sep. 1985 94 0.25—59.62 4.58+9.20 0.36—115.67 9.32+19.29

Table 2. Carbon to chlorophyll a ratios estimated from
linear regressions of POC on chlorophyll @ of
the total phytoplankton. All correlation
coefficients (r) were statistically significant
(p<0.01). n=number of samples.

Date n C/Chl.a Intercept r
Sep. 1984 54 56.8 240.3 0.94
Dec. 1984 52 90.6 84.8 0.66
Mar. 1985 52 79.6 149.9 0.91
June 1985 53 83.6 254.3 0.89
Sep. 1985 52 31.7 400.4 0.82

Pooled 263 39.9 318.8 0.82

Table 3. Integrated chlorophyll ¢ and phytoplankton biomass in terms of carbon, the latter estimated
from chlorophyll a concentrations and carbon to chlorophyll ¢ ratios of the size-fractionated

phytoplankton in Osaka Bay.

Nanoplankton (<10 um) Total
Date Chlorophyll a (mg m™) Carbon Chlorophyll g (mg m™%) Carbon
Range Mean+SD (gm™) Range Mean+SD (gm™)
Sep. 1984 25.1— 62.8 43.0+ 12.0 2.4 46.7— 408.6 180.6+109.6 10.2
Dec. 1984 5.8— 25.7 15.1+ 6.2 1.4 15.3— 90.3 44.2+ 20.1 4.0
Mar. 1985 7.6— 33.0 19.5+ 8.1 1.6 53.1— 182.1 101.4+ 33.0 8.1
June 1985 35.9-269.5 96.1+ 60.6 8.0 45.6— 332.8 122.4+ 69.9 10.2
Sep. 1985 43.8—587.4 107.4+125.2 3.4 61.0—1020.9 209.0+241.1 6.6
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Thus phytoplankton biomass in terms of
carbon (gC m™%) was estimated by multi-
plying the chlorophyll & concentration by
the slopes of the regression (carbon to
chlorophyll ¢ ratios). Thus estimated phyto-
plankton biomass in terms of chlorophyll
a and carbon were summarized in Table
3. The chlorophyll biomasses (mg m™?) for
nanoplankton ranged from 5.8 to 587.4
mg m~* (mean: 56.2 mg m?) and for the
total plankton 15.3 to 1020.9 mg m™
(mean: 131.5 mg m™?). Thus nanoplankton
accounted for 43 % on average of total

St.1

biomass in Osaka Bay. The carbon biomass
varied from 1.4t0 8.0 gC m™? (mean: 3.4
gC m?) for nanoplankton, and from 4.0
to 10.2 gC m™? (mean: 7.8 g€ m™?) for
the total. Combining these data with the
area of Osaka Bay (1529 km?), phytoplank-
ton carbon biomass in the entire Bay is
calculated to be 5.2x10* ton C for nano-
plankton and 11.9X10* ton C for the total
phytoplankton.

Primary Productivity Vertical profiles of
the photosynthetic rate obtained by in sifu
productivity experiments at Sts. 1, 9 and

Dec. 84

Sep. 85

400

Photosynthesis
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Fig. 5. Vertical profiles of the size fractionated photosynthetic rate at Sts. 1, 9 and 18.




68 Yamaguchi and Imai

St.9

Mar.

Dec.
85

84 June 85

.| Mar.

Sep. 84 85

© ©
Fig. 5. Continued.

June 85

18 are shown in Fig. 5. During the experi-
ments, size fractionation was not performed
at St. 9 in September 1984. Seasonal and
variations of photosynthetic rate
were most evident at St. 1.
December 1984, photosynthetic rate showed
a considerable decrease with depth and the

vertical
Except for

proportions of nanoplankton to the total
also varied with depth and seasons. At Sts.
9 and 18, vertical profiles of the photosyn-
thetic rate were almost uniform compared
with that obtained at St.1, but seasonal
changes in the proportions of nanoplankton

Depth (m)
o
1

Sep. 85

to the total were also evident, Maximum
photosynthetic rate was observed at the
surface at almost all the stations,

Daily photosynthetic rates and assimi-
lation numbers (photosynthetic
unit amount of chlorophyll g) are summa-
rized in Table 4. Photosynthetic rates rang-
ed from (.07 to 14.21 gC m™? d~'(mean:
1.77 gC m™? d7') for nanoplankton, and
0.16 to 14.95 gC m™* d™' (mean: 2.66 gC
m~? d7') for total plankton. The
were higher in September 1984, June and
September 1985 than in December 1984

rate per

rates

Photosynthesis
(mgC m= h)
0 20 40
O | 1 | 1 3
5 =
o Total

¢ Nanoplankton
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Table 4. Daily photosynthetic rates and assimilation numbers at the surface of size-fractionated

phytoplankton in Osaka Bay.

Nanoplankton (<10 gm) Total
Nanoplankton %
Date  Sts. Dailyphotosynthesis  Assimilationnumber  Daily photosynthesis  Assimilation number
(eCmd™) {mgC mgChl.a™h™) {(eCm™d™) (mgC mgChl.a™'h™)
Sep. 1984 1 1.02 2.56 4.47 4.73 22.8
9 ND ND 0.78 6.51 ND
18 1.01 6.49 1.29 7.22 78.3
Dec. 1984 1 0.10 5.79 0.22 4.84 45.8
9 0.09 2.24 0.16 3.62 56.3
18 0.14 2.98 0.31 5.57 45.2
Mar. 1985 1 0.07 1.22 1.36 2.11 5.1
9 0.24 3.38 0.92 2.91 26.1
18 0.21 1.75 0.48 2.02 43.8
June1985 1 14.21 12.23 14.95 11.60 95.1
9 1.62 7.66 5.00 10.58 32.4
18 1.15 6.89 3.07 9.70 37.5
Sep. 1985 1 0.59 0.51 1.00 0.45 59.0
9 1.64 10.56 1.90 8.57 86.3
18 2.61 9.48 3.96 11.35 65.9
Mean- 1.76 2.66
and March 1985. Mean assimilation num- season, Areal differences of the nano-

ber of the total plankton obtained at the
surface over the three stations were 6.2,
4.7, 2.4, 10.6 and 6.6 mgC mgChl.g™"
h™! in September and December 1984 and
March, June and September 1985, respec-
tively. The respective values obtained for
nanoplankton were 4.5, 3.7, 2.1, 8.9
and 7.1 mgC mgChl.g' h™! and were
slightly lower than those of the total plank-
ton (Table 4) .

Relative contributions of nanoplankton
production to the total production varied
with season and area from 5 to 95% (Table
4) . Nanoplankton contribution was lower
in cold seasons and was higher in warm

plankton contribution were evident in each
season, but were variable from season to
season. While the contributions were lower
in northeastern part of the Bay (St.1)
than in offshore area (Sts. 9 and 18) in
September 1984, March and September
1985, a reverse pattern was observed in
June 1985. No appreciable areal difference
was seen in December 1984.

Based on the daily photosynthetic rate,
annual primary production was calculated
to be 646 gC m? yr~' for nanoplankton,
and 971 gC m™2 yr™! for the total phyto-
plankton. Thus nanoplankton production
accounted for 67 % on average of the total
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primary production in the Bay. Annual
production in the whole Osaka Bay was
estimated to be 9.8X10° ton C for nano-
plankton and 14.8x 10° ton C for the total
phytoplankton.

Discussion

Chlorophyll a concentrations in Osaka
Bay ranged from 0.38 to 115.67, with a
mean of 5.50 mg m™*. The chlorophyll «
concentration in Osaka Bay is 10 to 40
times higher than in the Kuroshio and
Oyashio regions (Saijo and Ichimura 1960),
and about 4 times higher than that ob-
tained in Suo Nada, western Seto Inland
Sea (Yamaguchi and Anraku 1984), but
similar to that in Ise Bay (Iwasaki et al.
1982). The range of chlorophyll « concen-
trations in Osaka Bay is nearly identical
to that reported in Tokyo Bay (Brandini
and Aruga 1983). In terms of annual mean
of integrated chlorophyll a, the present
results from Osaka Bay (132 mg m™?) is
about twice as high as that found in Ise
Bay and Mikawa Bay (Saijo et al. 1978).

Mean primary productivity in Osaka Bay
was calculated as 2.66 gC m ?d™'. This
value is 6 to 9 times higher than the
estimate for the whole area of the Seto
Inland Sea (Endo 1970) and that in Suo
Nada (Yamaguchi and Anraku 1984). The
value is also one order of magnitude
higher than that reported from the Kuro-
shio and Oyashio regions (Saijo and Ichi-
mura 1960, Aruga and Monsi 1962) . But
this value is comparable to the value
reported in Tokyo Bay (Yamaguchi and
Shibata 1979) .
with other areas around Japan, it can be

From these comparisons

said that the phytoplankton biomass and
its productivity in Osaka Bay is one of the
most productive regions in Japan.

Assimilation number obtained in this
study is almost identical to that obtained
in Suo Nada (Yamaguchi and Anraku
1984), but is higher than that in Kuroshio
and Opyashio regions (Saijo and Ichimura
1960). Endo (1965) investigated the phyto-
plankton production and chlorophyll g in
Osaka Bay. From the data of Endo (1965),
the assimilation number was calculated to
be 3.8 mgC mgChl.g ' h™' for the year
of 1965, which is less than the 6.1 mgC
mgChl.z ' h™' of the present study. There-
fore, the assimilation number in Osaka
Bay has increased nearly two times during
the last twenty years. This may reflect the
changes in phytoplankton species compo-
sition (Joh 1980) and/or enhanced eutroph-
ication during this period which may
affect to the physiological state of phyto-
plankton populations in the Bay.

Nanoplankton were responsible for on
average 43 % of the phytoplankton carbon
and 67 %
productivity over the study period. Our

biomass, of phytoplankton

results contrast to those reported from
oceanic waters, where nanoplankton typically
accounted for than 75 % of the
biomass and 80 % of the productivity of
phytoplankton (Malone 1980). Our results
are, however, comparable to the observa-

more

tions made in Narragansett Bay and Hiro-
shima Bay, where nanoplankton contributed
47 % of the biomass and 51 % of the phyto-
plankton production (Durbin ef af. 1975,
et al. 1995).
comparisons, it is considered that the low

Yamaguchi From these
contribution of nanoplankton to the total
phytoplankton is one of the characteristics
of eutrophicated coastal waters (Kalff
1972) .

Seasonal variations of the relative contri-
bution of nanoplankton biomass to the

total were marked in Osaka Bay. Nano-
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plankton fraction dominated in the phyto-
plankton population during the early sum-
mer and microplankton dominated during
the winter to early spring. These seasonal
patterns of dominance of each size category
have also been reported in other waters
(Durbin et al 1975, Larsson and HagstrOm
1982, Maita and Odate 1988). Several factors
such as differences in the growth rates be-
tween nano and microplankton (Malone
1980), nutrient conditions (Maita and Odate
1988), seasonal changes in grazing pressure
by copepods (Chervin 1978) and by micro-
zooplankton (Verity 1986) have been con-
sidered to attribute to seasonal variations
in size compositions of phytoplankton.
More information is necessary to elucidate
the major sources of variation of the rela-
tive importance of different sizes of phyto-
plankton in Osaka Bay.

In conclusion, the present results clearly
indicate that Osaka Bay is one of the most
productive waters in Japan, where nearly
1kg C m™? is produced annually by phyto-
plankton. However, these high production
level may not be efficiently transferred to
higher trophic levels, because 67 % of the
production is attributed to small sized nano-
plankters. Possible low transfer efficiencies
in the Bay could result in accelerating
eutrophication through the processes of

bacterial decomposition and reminerali-
zation. As a next step, a study on the food
web structure in Osaka Bay is necessary
toward to the effective utilization of this
high production and a solution for pre-

venting further eutrophication in the Bay.

Acknowledgments

M. Anraku,
Overseas Fishery Cooperation Foundation,

We are grateful to Dr.

for his helpful advice and encouragement

during the study. We also express sincere
thanks to Dr. T. lkeda for critical reading
of the manuscript and to the captain and
crew of R/V Shirafuji
National Fisheries Research Institute, for

maru, Nansei

their help during the research cruises. This
study was supported by the Science and
Technology Agency of Japan.

References

Aruga, Y. and M. Monsi, 1962: Primary produc-
tion in the northwestern part of the Pacific
off Honshu, Japan. J. Oceanogr. Soc. Japan,
18, 85-94.

Brandini, F.P. and Y. Aruga, 1983: Phytoplankton
biomass and photosynthesis in relation to the
environmental conditions in Tokyo Bay.
Jap.J. Phycol., 31, 129-147.

Chervin, M., 1978: Assimilation of particulate
organic carbon by estuarine and coastal
copepods. Mar. Biol., 49, 265-275.

Durbin, E.G., RW. Krawiec and T.J. Smayda,
1975: Seasonal studies on the relative impor-
tance of different size fractions of phytoplank-
ton in Narragansett Bay (USA). Mar. Biol.,
32, 271-287.

Endo, T.,1965: On primary production in the
Seto Inland Sea. I. Primary production and
hydrographic condition. J. Fac. Fish. Anim.
Husb. Hiroshima Univ., 6, 85-100.

Endo, T., 1970: On primary production in the
Seto Inland Sea. J. Fac. Fish. Anim. Husb.
Hiroshima Univ., 8, 177-221

Hama, T., T. Miyazaki, Y. Ogawa, T. Iwakuma,
M. Takahashi, A. Otsuki and S. Ichimura,
1983: Measurement of photosynthetic produc-
tion of marine phytoplankton population by
using a stable '*C isotope. Mar. Biol., 13,
31-36.

Iwasaki, H., K. Iwasa, K. Ami and T. Yazima,
1982: Environmental characteristics of Ise Bay
and red tide blooms. Bull. Fac. Fish. Mie
Univ., 9, 57-67.

Joh, H., 1980: Phytoplankton community in Osaka
Bay. Kaiyo Kagaku, 12, 778-790.

Joh, H,, 1991: Change of marine environment
of Osaka Bay due to coastal development
Bull. Coast. Oceanogr., 29, 3-11




72

Joh, H., R. Adachi and R. Miyoshi, 1971:
Ecological study on the red tide in Osaka
Bay, 1968-1969. Bull. Osaka Prefectural Fish.
Expl. Station, No.3, 1-115.

Joh, H. and S. Uno, 1983: Zooplankton standing
stock and their estimated production in
Osaka Bay. Bull. Plankton Soc. Japan, 30,
41-51.

Kalff, J., 1972: Netplankton and nanoplankton
production and biomass in a north temperate
zone lake. Limnol. Oceanogr., 11, 712-720.

Larsson, U. and A. HagstrOm, 1982: Fractionated
phytoplankton primary production, exudate
release and Baltic eutrophication gradient.
Mar. Biol., 61, 57-70.

Li, W.K.W., D.V. Subba Rao, W.G. Harrison,
J.C. Smith, J.J. Cullen, B. Irwin and T.
Platt, 1983: Autotrophic picoplankton in the
tropical ocean. Science, 219, 292-295.

Maita, Y. and T. Odate, 1988: Seasonal changes
in size-fractionated primary production and
nutrient concentrations in the temperate neritic
water of Funka Bay, Japan. J. Oceanogr.
Soc. Japan, 44, 268-279.

Malone, T. C., 1980: Algal size. In” The physio-
logical ecology of phytoplankton” (ed. by
MORRIS, 1.), Blackwell Scientific Publications,
Oxford, 433-463.

Ryther, J.H., 1969: Photosynthesis and fish pro-
duction in the sea. Science, 166, 72-76.
Saijo, Y. and S. Ichimura, 1960: Primary
production in the northwestern Pacific Ocean.

J. Oceanogr. Soc. Japan, 16, 139-145.

Saijo, Y., A. Yagi and O. Mitamura, 1978: Isewan
mikawawan no suisitsu to kiso seisan. Bull.
Coast. Oceanogr., 18, 57-64.

Yamaguchi and Imai

Slawyk, G., Y. Collos and J.C. Auclair, 1977:
The use of the *C and "N isotopes for the
simultaneous of carbon and
nitrogen turnover rates in marine phytoplank-
ton. Limnol. Oceanogr., 22, 925-932.

Slawyk, G., Y. Collos and J.C. Auclair, 1979:
Reply to comment by Fisher et al. Limnol.
Oceanogr., 24, 595-597.

Strickland, J.D.H. and T.R. Parsons, 1968:
A practical handbook of sea water analysis.
Bull. Fish. Res. Bd. Canada, No.167, 311pp.

Takahashi, M. and P K. Bienfang, 1983: Size
structure of phytoplankton biomass and
photosynthesis in subtropical Hawaiian waters.
Mar. Biol., 16, 203-211.

Uye, S., H. Kuwata and T. Endo, 1986: Standing
stocks and production rates of phytoplankton
and planktonic copepods in the Inland Sea
of Japan. J. Oceanogr. Soc. Japan, 42, 421
-434.

Verity, P.G., 1986: Grazing of phototrophic
nanoplankton by microzooplankton in Narra-
gansett Bay. Mar. FEcol. Prog. Ser., 29,
105-115.

Yamaguchi, M.

measurement

and M. Anraku, 1984: Primary
productivity in Suo-Nada, western Seto
Inland Sea. Bull. Nansei Reg. Fish. Res.
Lab., 17, 135-149.

Yamaguchi, M., 1. Imai and Y. Matsuo, 1995:
Seasonal changes in biomass and photo-
synthetic rate of phytoplankton in Hiroshima
Bay. Bull. Nansei Natl. Fish. Res. Inst.,
28, 63-72.

Yamaguchi, Y. and Y. Shibata, 1979: Tokyowan
niokeru kisoseisan no genkyou. Bull. Coast.
Oceanogr., 16, 106-111.




Primary productivity in Osaka Bay

AKEREBIZEI VA AR OEMT5 7 RBREEARLER

o Tl - 438 — B

19844E9H ~ 19854 9 B »¥ARM, FloEOMiEIC L > T, KREDERTH A X@E45
(F/ 7577 Vo RUEWW 777 M) TEDWMT o7 VRITR EERE
BOMERZT-7, MERIBZ o074 0 a 28 XKETEKD, FRickE,/ oo 74
NattEERUTRERICHRE LS, 27, £EBEYC2 ML~ LAHEERDT
TFEICk -7, 7en 74N aBBERIZF/ 7502 b 2 ES (Q0umbl F) T5.8~587.4
mg m* (CE¥56.2 mg m™?) o#fHEIC, WSS o2 b CE4rT15.3~1020.9 mg
m? (F#131.5 mg m™?) DEHEICH - 72, HAERGS/KEMIZE , kBB ED
212 F /T Y BT S L7 P UBRERD3%E O, RERICHR
"HLEARE, S /752 oBES, 2T FrEGTERENS 4 gC
m? 7.8 gC miCh-72. RAEBEEIZF 7507 By, 27T by
B4 TENF$10.07~14.21 gC m™ d'CE#1.77 gC m™® d7Y), 0.16~14.95 gC
m2d? (F#2.66 gCm2dY) Tho72, BffZoon 74 a2 o RSREE
W3+/ 777 @by, M7 507 P CESFTENREN2.1~8.9 mgC mgChl.
a'h™, 2.4~10.6 mgC mgChl. ¢! h''"Th-7:, &EERBIIKHTEF/ 757 b
COFESRIFHBCEBIBIC L > TE5~BYEKRELSE#FL, F /7702 00F
B 3EpREHITRE <, KREMIC/DE S, hiEgmicid, BRLEH TS, B
Ml TRES -7, FREREERIIF 757 b rES, 2ESTENENGL
gCm?yr, 97 gC m2 yr ' ThH-72e F /7707 P I3EEEEDTYE LD
2o LlEd &9 iz, KIRBIFHRETHRLAWEEDSHVBRTHL L, EHIZEIT
G+ /27707 o DRERRVEERBICEDIESEIHA/ NS I LA L
72,

199546125120 2 # (Accepted December 12, 1995)

WX AKE AT ERARL6S

(Contribution No.A46 from the Nansei National Fisheries Research Institute)

W Al g P R DX R BRI ST AT

T739-04 LB REIAESKEFETALL2-17-5

(M. Yamaguchi: Nansei National Fisheries Research Institute, 2-17-5 Maruishi, Ohno, Saeki, Hiroshima 739-04,
Japan)

SF—Af | FHEK AR EI S R

T606-01 HERH A WX AL)IE 5B

(I. Imai: Faculty of Agriculture, Kyoto University, Sakyou, Kyoto 606-01, Japan)




