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Daily Variation of Particulate Organic Carbon in Wonmun Bay

on the South Coast of Korea in Late Summer
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Daily variation of particulate organic carbon(POC) and some factors controlling its level
were examined for a semi-enclosed bay(Wonmun Bay, south coast of Korea), in which a
lot of suspended oyster culture farms existed, in September, 1992.

Observations were made at hourly interval. In spite of the relatively short survey period,
strong short-term variation of POC concentration could be observed. Concentrations of
POC were the range of 58~582 yg/(average 272 ug/l) and their variation pattern was
similar to those of chlorophyll @ with the range of 0.90~7.25 ug/I(average 3.35 ug/1). The
low C/N ratios also suggested that marine microalgae was a major component of POC for
Wonmun Bay.

Primary production, average 1.97 gC/m’*/day, was the main source of POC beacuse the
supply of POC via freshwater input and exchange with the outer part of the bay was little.
QOpyster population also excreted a small amount of POC. About 40% of produced POC was
decomposed heterotrophically. Another important cause for the fluctuation of observed
POC was tidal cycle. Considerable POC, which amounted 37% of produced POC, was lost
from the bay due to flushing by tidal cycle. It was also calculated that about 16% was
transported onto the sediment. It seemed that a part of POC was consumed by oyster and

HKEE, 26(3), 279~287, 1993

other heterotrophs.

Introduction

The oyster absorbs either directly dissolved sub-
stances present in the sea water or through the
ingestion of particles in suspension. However, the
absorption of dissolved substance was equivalent to

5% of particulate energy actually absorbed(Heral,

1987). So commercial cultivation of filter feeding
molluscs such as oyster requires the adequate sup-
ply of particulate food. Particulate organic matter
and chlorophyll a concentration are the most likely
indicators of food supply as recorded in previgus
oceanographic surveys of intrest because of good
correlations with Pacific oyster growth(Brown and
hartwick, 1988).

Particulate organic matter consists of living orga-

nisms and non-living particles, and plays a signifi-
cant role in producing organisms of higher trophic
levels. Particulate organic matter is usually estima-
ted by its carbon content. In general, the concent-
ration of particulate organic carbon(POC) in coastal
water is higher than that in open ocean on account
of higher productivity and terrestrial influence(Pa-
rsons, 1975). POC in the bay system may be pro-
duced by primary production and supplied by ter-
restrial input. While the loss of POC from water
column may occur from the uptake of organisms,
decomposition and sedimentation. Tidal process can
also act to vary POC levels through exchange of
sea water with the outer part of the bay.

Many investigators have studied on the relation
between environmental condition and growth rate
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in the suspended culture of oyster Crossostrea gigas
in the Korean coastal waters. The oyster suspen-
ded in March like the Wonmun Bay showed higher
growth rate than the samples suspended in July
(Yoo et al, 1980). The growth of oyster suspended
in July was increased exponentially and consisted
of two lines: a curved line during the first half cul-
ture period(July~November) and a linear line in
the later half period(December~ApriD) (Kim, 19
80). That is, the growth was much higher during
the former period than during the latter period.
The meat weight was increased rapidly in Septem-
ber(Bae et al, 1978). Accordingly POC level in Se-
ptember may be a major energy source for the
growth of suspended oyster. Despite the fact that
the important role of POC in the oyster culture is
well known, we have little information on the pro-
cesses of POC flux in the culture farm.

This paper presents observation on daily varia-
tion in POC level in Wonmun Bay, a small semi-
enclosed bay with a lot of oyster culture farms on
the South coast of Korea, in September. We also
describe the influence of the processes on POC le-
vel and budget.

Discription of Wonmun Bay

Wonmun Bay, located at the southwestern part
of Chinhae Bay on the southeastern coast of Korea,
is a small bay which has an area of about 8.3X10°
m® and a maximum depth of about 16 m(mean 8.3
m). The area developed for suspended oyster cul-
ture was about 1X10° m% According to the study
on the water conditions of the bay by Lee(1992),
the stratification of water column began being de-
veloped in spring, showed its strong formation with
oxygen-deficent water mass in the bottom layer in
summer and disappeared in autumn.

For the tidal pattern Park et al(1992) reported
that it was semi-diurnal type. Tidal range is 1.9 m
in the spring tide and 0.7 m in the neap tide. Tidal
exchange volume is 16.5X10% m® in the spring tide
and 5.8X10° m® in the neap tide with average 11.1
X10° m® The circulation of seawater is weak as
the mean velocity of 9.2 cm/sec showing that of 9.9
em/sec in flood tide and that of 84 cm/sec in ebb

tide. The circulation pattern is characterized by re-
versing current through channel. Flood current is
stronger than ebb current even though both the
velocity of flood and ebb current decrease by de-
pth. The tidal residual current shows a pattern like
slack water in each depth. In particular a weak
gyre which has counterclockwise flow in the inner
part of the bay is generated in bottom water.

Materials and Methods

Sampling stations were shown in Fig. 1. For
POC, PON and Chlorophyll ¢ measurement, the
hourly sampling was carried out at Station 2 and
4-hour interval sampling at Station 1, 3 and 4 du-
ring a 26-h period from September 15 to Septem-
ber 16, 1992. All samples were collected using a 2
! Van Dorn type water sampler and filtered th-
rough a plankton net(0.35 mm mesh size) to re-
move large zooplankton. Samples were only obtai-
ned at surface and bottom water owing to the shal-
low depth of the bay.
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Fig. 1. Locations of observed stations in Wonmun
Bay. ’
(A and B: oyster culture farm; 1, 2, 3 and 4:
non-cultured area).
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To estimate the sedimentation rate of settling
matter, U type sediment traps(Noriki and Tsuno-
gai, 1986) were placed at three stations(A, 2 and
B) for 48 h as reported by Park et al.(1992). The
traps consisted of polyvinyl chloride tubes 22 cm
tall and 7.2 ¢m internal diameter. Four tubes were
clamped in a metal bracket at 1 m above the bot-
tom. Oyster excretion materials at Station A and B
were trapped in sifu using the phytoplankton net
with mesh size 50 ym for 24 hours as reported by
Kim(1980). Experimental net was filled with a
rope of oysters cleaned, while an empty net was
used as control for natural settling matter.

The filtered water were filtered again using 24
mm glass fiber filter(Whatman GF/C) ignited for
3 hours at 450 T previously for the analysis of par-
ticulate organic carbon and nitrogen(PON). POC
and PON were analysed using a Perkin Elmer
CHN analyser model 2400. 2 glycine standards
showed a percent error of = 0.5% for the organic
carbon and nitrogen determinations.

Primary production was measured i situ using
the C" standard method of Steemann-Nielsen(19
52) at 3 stations. Water samples were collected
with Van Dorn type water sampler at three vertical
depths(0, 4~5 and 7~9 m). Each sample was
treated with carbon-14 and incubated in situ for
less than 2 hours. Cap test tube(100 ml) was used
as the incubation vessels. Primary production was
integrated with depth. Daily isolation was measured
for the estimation of daily primary production.
Chlorophyll @ was calculated according to the me-
thod of Holm-Hansen et al.(1965) after measuring
fluorescence using spectroflourometer(Simatzu mo-
del). Light and dark bottles for measuring heterot-
rophic activity were incubated in situ in duplicate
at 0, 5 and 9 m for 48 hours. The titration proce-
dure of dissolved oxygen to calculate the rate of
decomposition used Winkler’s method modified by
Strickland and Parsons(1968). Heterotrophic acti-
vity was also integrated with depth in the same
method as primary production.

Results and Discussion

Daily variation and C/N ratio
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Variations of POC, chlorophyll @ concentration
and C/N ratio analysed during a 26-k period in the
body of water at Station 2 are presented in Fig. 2.
The POC concentration at the surface water was
maximum 565 pg/ during ebb tide on the sfter-
noon of September 16 and minimum 58 yg/l during
flood tide on the evenning of September 15. The
POC concentration at the bottom water ranged
from 82 to 582 yg/l, showing similar curve pattern
with that of the surface water. Whereas differences
in POC level with tide comprised one order of ma-
gnitude, differences with depth were not pronoun-
ced. The PON concentration ranged from 11.5 to
111.3 ug/l and highest in the afternoon. With the
exception of a short time after high tide, C/N ratio
by weight ranged from 3.1 to 7.7 close to Refield’s
ratio of 5.6(Redfield et al, 1963) for living matter.
C/N ratio in the phytoplankton generally ranged
from 3 to 7(Antia et al, 1963; Banse, 1974) and
high C/N ratios over about 10 resulted from an in-
flux of terrigenous material(Flemer and Biggs, 19
72: Pocklington and Leonard, 1979). Increased det-
rital organic matter also reulted in high C/N ra-
tions(Cauwet, 1981; Lenz, 1977). Chlorophyll @ co-
ncentration with the range of 0.90 to 7.25 ug/l also
showed the similar variation curve to POC. These
results suggested that planktonic algae was acted
as a major component on POC for Wonmun Bay.

Production of POC

Primary production is an important factor for the
increase of POC. The daily primary productivity
measured at three stations(1, 2 and 3) in Wonmun
Bay was average 197 gC/m*/day and increased
from the mouth to the inner part of the bay(Table
1). Maximun primary productivity was found at the
middle layer and minimum at the bottom water.

The main source of POC for Wonmun Bay was
the contribution of primary production within the
system. In general, main sources of POC in the
coastal region are the supply from freshwater and
the contribution from primary production. In Won-
mun Bay the terrestrial supply of POC could be
neglected because of its little input from stream.
Park et al.(1992) also reported that the supply of
suspended materials from freshwater was very lit-
tle. The primary productivity was 1.97 gC/m%day
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Fig. 2. Variations of POC, PON, Chlorophylla concentration and C/N ratio during 26-h period in Wonmun
Bay in September(—: surface layer; ----; bottom layer).

Table 1. Primary production in Wonmun Bay Sep-
tember
Prima ductivity (gC/m?%/d
Layer\Station imary productivity (gC/m®/day)
1 2 3
Surface 366 229 229
Middle 371 256 237
Bottom 94 54 45
Depth-
integrated 2,172 1,910 1,817

higher than 0.62 gC/m%day in Hansan-Koje Bay
and similar to 2.11 gC/m¥day in Kamagyang Bay,
the oyster-farming bay, in summer(Lee ef al, 19
91). From the surface area of 8.3X10° m? the daily
total mass of POC fixed by primary production for

Wonmun Bay was estimated in 16.3 ton. In particu-
lar, maximum values of POC in the afternoon see-
med to depend on the relatively high primary pro-
ductivity in the daytime.

Heterotrophic decomposition
Heterotrophic activity, as measured by dark bot-
tle oxygen uptake, was calculated in similar way to

'primary productivity. Decomposition with depth in

the water column is shown in Fig. 3. A marked dif-
ference in oxygen consumption was observed with
the highest value at the surface water and the lo-
west value at the bottom water. The daily decom-
position of organic material was equivalent to 2.71
20s/m%/day. Gocke(1977) reported that the turno-
ver time of organic matter was shorter at 2 m de-

282



Daily Variation of Particulate Organic Carbon in Wonmun Bay on the South Coast of Korea in Late Summer

Depth(m)

o2 03 04 05 06 07
O3 consumed(gOyym¥day)

L =
] [R]

Fig. 3. Vertical structure of heterotrophic activity in
September.

pth that at 10 m depth in Kiel Fjord and Kiel Bay
in summer. Yanada and Maita(1978) also showed
higher decomposition rates of POC in the produc-
tive layer than in decomposition layer in Funka
Bay, Japan. In general, the marked variation of he-

terotrophic activity has a close association with pri-

mary production. By the Redfield’s ratio, 276 to 106 °

(Redfield et al, 1963), for oxygen utilization to car-
bon mineralization, the daily water column decom-
position of POC was calculated as 0.78 gC/m*/day.
From this, it was estimated that POC of 6.5 tonC,
which corresponded to 40% of produced POC, was
lost by heterotrophic decomposition within the bay.

Flushing

Fig. 4 shows the distribution of POC concentra-
tion at the surface water after 3 hours from low
and high tide. POC: concentration, which showed
relatively high difference with tidal cycle, was hi-
gher in ebb tide with the range of 205 to 412 yg/l
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Fig. 4. Distribution of POC concentration at the sur-
face water after 3 hours from high(A) and low
(B) tide.

than in flood tide with the range of 116 to 261 yg/.
Its distribution was also higher in the inner part of
the bay(between 192 and 412 yg/) than in the ou-
ter part(between 116 and 205 ug/) in ebb and
flood tide. Therefore, it may be said that there was
the flushing of considerable POC from the inner
part to the outer part of the bay.

The loss of POC due to flushing was calculated
in Table 2. Water volume exchanged with tidal cy-
cle was calculated by using the difference of tidal
level and the surface area(8.3X10° m?). Then the
daily flux of POC was estimated by using average
POC concentration during each tide. At the first ti-
dal cycle average values of POC were 118 and 254
g/l in flood and ebb tide. At the second cycle the
values were 228 yg/l in flood tide and 481 g/l in
ebb tide. There were the import of 5.9 tonC/day

“and the export of 11.9 tonC/day due to tidal cycle.

Table 2. Calculated external loss and gain of particulate organic carbon in Wonmun Bay from September 15 to

16, 1992
Difference of Exchanged Average POC Import(+) Net gain(+)
Tidal cycle tidal level water concentration or Export(—)  or loss(—)
(m) volume (m®) (ug/M (tonC) (tonC)

The first —24

flood tide 1.93 16.02X10° 118 +19

ebb tide 2.05 17.02X10° 254 —43
The second —36

flood tide 211 17.51X10° 228 +4.0

ebb tide 1.90 15.77X10° 481 —76
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The total daily export was thus estimated as 6.0
tonC/day. This corresponded to 37% of the total
primary production for Wonmun Bay. McMahon
and Patching(1984) estimated that 35% of POC
produced by the phytoplankton production was lost
from a fjord, Killary Harbour, due to flushing and
this value accounted for 25% of the calculated an-
nual gross input(by both influx and #n situ produc-
tivity).

Sedimentation

Sediment traps were placed at two sites of the
oyster culture farm and a site of non-cultured bed.
Total catch of sediment at the oyster culture farms
was 89 and 124 g/m¥day(Table 3). Of this, the
organic matter content was the range of 21.8 to 32.
8%. The daily sedimentation rate of POC was
about 0.94 gC/m%day while that of PON was 0.13
gN/m%day at all sites. At the non-cultured area, to-
tal sediment catch was about 1.2 g/m*day. The or-
ganic matter content of 32.6% was similar to Trap
A. Sedimentation rates of POC and PON were 0.23
gC/m%/day and 004 gN/m%day, respectively. C/N
ratio of 5.7 at the non-cultured area was lower than
about 7.2 at the oyster culture farms. Kusuki(1977)
reported that C/N ratios of feacal material were
between 6 and 10. Accordingly, high C/N ratio at
oyster culture farms indicated that a lot of oyster
feacal material sank fastly to the bottom because its
size resulted in high sinking velocity at the culture
farms.

Organic matter content of total catch was higher
than 20% in St. Margaret’s Bay, Nova Scotia(Web-
ster et al, 1975). Taking 1X10° m? for the cultured
area and 7.3X10° m? for the non-cultured area into
consideration, the daily sedimentation rate was es-
timated as 2.6 tonC, 16% of produced POC, for
Wonmun Bay. Yanada and Maita(1978) reported

that the amount of POC transported into the deep
layer, or to the sediment, was 26% of the produced
organic constitutions in Funka Bay, Japan. Davies
(1975) demonstrated that 30% of the organic car-
bon production of a shallow Scottish sea loch sett-
led to the sediment. Hartwig(1976) calculated that
25% reached the sediment. 16% in Wonmun Bay
was more or less lower than that in shallow others.

Excretion by oyster population

Oyster population excretes considerable amount
of food consumed(Kim, 1980 and Heral ef al, 19
83). Faeces and pseudofaeces is the quantity of
biological wastes excerted by the molluscs determi-
ned in situ, using traps arranged around the cul-
ture farms. The technique used for excretion rate
of oyster in the suspended culture farms was given
by Kim(1980). Excretion rate, value of oyster-con-
tained net minus that of empty net in which oyster
was not contained, was 1.76 gC rope/day(Table 4).
C/N ratio of the materials excreted was 8.7 in the
oyster population higher than 6.2 in the empty net.

In Wonmun Bay the number of suspended oyster
was total 1988 raft with 142 rope a raft(Park ef al,
1992). From the excretion rate of 1.76 gC/rope/day,
it was calculated that 0.5 tonC was excreted from
oyster population for the Bay.

Table 4. Excretion rate of particulate organic matter
from the oyster-culture rope in Wonmun Bay
in September

POC PON C/N ratio
gC/rope/day  gN/rope/day by weight
Oyster-
contained 201 0.23 8.7
net
Empty net 0.25 0.04 6.2

Table 3. Settling rates of particulate organic matter measured by sediment trap in Wonmun Bay in September,
Trap A and B, Culture farm; Trap 2, Non-cultured area

Total flux POM POC PON C/N ratio

2C/m¥day % gC/m¥day gN/m¥day (by weight)
Trap A 89 32.8 0.95 0.13 7.3
Trap B 124 218 0.93 0.13 71
Trap 2 1.2 326 0.23 0.04 5.7
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Consumption by organisms

It was obvious in Wonmun Bay that the variation
of POC was affected by production, decomposition,
flushing, sedimentation and excretion.

Another possible loss of POC was a consumption
by the cultured organisms. We have no data on the
consumption of organism in Wonmun Bay. Kim(19
80) directly estimated that 44.5% of the filtered
food material expressed by value for oyster popu-
lation had been rejected as pseudofaeces and fae-
ces at suspended culture farms in Geoje-Hansan
Bay, Korea. Kusuki(1977) reported that 40~50%
of the suspended matter contained in the inhalent
current was founded to be ratained by the gills.
The culturing density and the size of oyster may
play an important role on the consumption rate.
Consumption rate obtained from oyster excretion
data, which was calculated in this survey, was esti-
mated at around 1 tonC/day. A lot of fouling orga-
nisms attached on the culture rope of oyster{Park
et al, 1992). Arakawa et al(1971) reported that
excrection by the attached organisms corresponded
to about 20% of that of oyster. I addition to oys-
ter population, consumption by the fouling organi-
sms and/or other heterotrophs might have accoun-
ted for the rest.

As a conclusion, POC in Wonmun Bay was affec-
ted by various factors and showed large daily va-
riation. When a quantitative knowledge of the avai-
lability of particulate organic material during all cu-
Itured period is provided, it is possible to decide
the maximum commercial yield in an area. Hence
continueous survey for the factors controlling the
POC variation is required. From the viewpoint of
time scale of variation, it may be suggested that
sampling with tidal process is appropriate.
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