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Abstract — This study investigated the effect of artificially enhanced mesozooplankton on the phytoplankton
dynamics during fall blooming period using a mesocosm in Jangmok bay located in the Southern Sea of Korea
in 2001. The four bags with 2,500 liter seawater containment were directly filled with the ambient water. And
then, abundances of mesozooplankton in two experimental bags were treated 6 times higher than those in con-
trol bags by towing with net (300 um) through the ambient water. Phytoplankton community between control
and experimental bags were not significantly different in terms of chlorophyll-a (chl-a) concentration and stand-
ing crop (one-way ANOVA, p>0.05) during the study period. Initial high standing crop and chl-a concentration
of phytoplankton drastically decreased and remained low until the end of the experiment in all bags. Diatoms,
accounting for most of the phytoplankton community, consisted of Skelefonema costatum, Pseudo-nitzschia
seriata, Chaetoceros curvisetus, Ch. debilis, Cerataulina pelagica, Thalassiosira pacifica, Cylindrotheca clos-
terium, and Leptocylindrus danicus. Noctiluca scintillans dominated the temporal variation of mesozooplank-
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ton abundances, which peaked on Day 10 in the control and experimental bags, while the next dominant
copepods showed their peak on Day 7. Shortly after mesozooplankton addition, copepod abundance in the
experimental bags was obviously higher than that in the control bags on Day 1, however, it became similar to
that in the control bags during the remnant period. It was supported by the higher abundance and length of both
ctenophores and hydromedusae in experimental bags relative to the control bags. However, the cascading
trophic effect, commonly leading to re-increase of phytoplankton abundance, was not found in the experimental
bags, indicating that copepods were not able to control the phytoplankton in the bags based on the low grazing
rate of Acartia erythraea. Besides that, rapidly sunken diatoms in the absence of natural turbulence as well as N-
limited condition likely contributed the no occurrence of re-increased phytoplankton in the experimental bags.

Keywords: Copepods(2ZH), diatoms(T-325+), gelatinous plankton(A2}E14d S53E), cascade effect(S | &7},
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1. INTRODUCTION

The two hypotheses, “Top-down control” and “Bottom-up
regulation”, are still under consideration in planktonic ecosys-
tem (Fraser and Keddy [1997]; Kim [2001]; Granéli and
Turner [2002]). Multitrophic interactions from physico-chem-
ical parameters via phytoplankton to mesozooplankton have
been intensively studied by using a mesocosm in the marine
environment (Jacobsen et al. [1995]; Escaravage et al. [1996];
Carlsson and Granéli [1999]; Escaravage et al. [1999]). Yet,
researches in relation to the role of herbivorous zooplankton
controlling the dynamics of phytoplankton community are lim-
ited (Turner ef al. [1999]). Instead, effects of gelatinous zoop-
lankton on the herbivorous zooplankton have been emphasized
as a regulator to affect the size and species composition of phy-
toplankton community (Olsson ef al. [1992]; Turmer and Granéli
[1992}; Kim ef al. {1992}, Granéli and Tumer [2002]). Generally,
enhanced abundance of zooplankton has been found around
the area where availability of nutrients and light irradiance by
phytoplankton is maximal as well as different characteristics of
water masses meet such as frontal area (Pakhomov and Peris-
sinotto [1997]; Liu et al. [2003]). However, zooplankton bio-
mass prior to enhancement of phytoplankton has been mostly
low, resulting in the considerable mismatch between the
growth of phytoplankton and grazing pressure from copepods
(Maar et al. [2002]). Considering that the most important graz-
ers of the enhanced phytoplankton are mesozooplankton, the
information how the increased mesozooplankton affect the
bloomed phytoplankton dynamics remains scarce. For the verify-
ing the process, artificial concentration of zooplankton through
biomanipulation is inevitable and continuous sampling is required
from the water mass with identical plankton community.

Mesocosm permits a portion of aquatic environment to be

contained and sampled in replicate over a fairly long period.

And it can be used as a tool for studying ecosystems, how they
work, and how organisms respond to toxic materials due to the
possibility of manipulation (Kim [2001]). The main role of
mesocosm is to act as a bridge between theory and nature, thus
the output from the mesocosms can increase our understand-
ing of natural process by simplifying the complexities of nat-
ural environment (Fraser and Keddy [1997]). Suspended bags
have often been employed in marine environment to study nat-
ural plankton ecosystem.

Present study was originally designed to understand the
effect of artificially enhanced mesozooplankton on the phy-
toplankton bloom using enclosed bags during the fall bloom
period in Jangmok bay. However, after repetitive netting through
the water column in the ambient water, unintended input of
gelatinous zooplankton into the experimental bags turned atten-
tion on the original hypothesis into different way. This study
described the way how the phytoplankton and mesozooplank-
ton affected each other, resulting from unexpectedly enhanced

gelatinous zooplankton.

2. METHODS AND MATERIALS

2.1 Experimental design

Four impermeable polyethylene bags (2,500 liter) consisted
of two control and two experimental treatments (mesozoop-
lankton addition) in September-October 2001. Enclosure bags
were cylinder type (1.0 m diameterx3.2 m deep) with acrylic
round roof which could prevent contamination from precipi-
tation (Fig. 1). The bags were installed at the mesocosm raft,
which is fixed and suspended near the Jangmok bay. By sus-
pending the enclosure in the ocean, natural characteristics of
ambient light, temperature and a little bit of the water’s tur-
bulence is available to maintain the condition inside the bag

similar to the surrounding water.
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Fig. 1. Enclosed bags suspended to mesocosm raft which is located
in Jangmok bay of South Sea.

Addition of six times mesozooplankton natural assemblage
in the ambient seawater into two experimental bags was car-
ried out by tender net towing through the ambient water col-
umn, mainly considering herbivorous copepods as a major
grazer. Shortly after the treatment of mesozooplankton addi-
tion, incubation in the bags immediately started on 17 Sep-
tember 2001 and ended on 11 October 2001. Each enclosure
was sampled once every 3 days until 27 September and then
once a week until the end of the experimental period. Physical
parameters such as temperature and salinity, and standing crop
and chlorophyll-a (hereafier chl-a) concentration of phytoplank-
ton, and mesozooplankton abundance, were determined. For
comparative analysis with phytoplankton variation, N/P ratio
was cited from the report (KORDI, 2003), which included con-

currently experimented results with present study.

2.2 Analysis in laboratory and in situ

Water temperature (°C) and salinity (psu) were measured
using ISTEK conductivity meter (model 43C) directly from
seawater collected from a depth of 3 m using the Niskin sam-
pler in the four bags. Seawater for analysis of chl-a was fil-
tered through 47 mm Whatman GF/F glass-fiber filters from 1-
seawater sub-sampled from the four bags in September-Octo-
ber 2001. Filtered GF/F papers were immersed and extracted
overnightly in 90% acetone in the refrigerator (4°C) and ana-
lyzed with a fluorometer (Model 10AU, Turner-designs). Sea-
water for phytoplankton quantification was duplicately filled
into 500 ml polyethylene bottles and preserved with Lugol’s
iodine solution. Subsample of 1 ml from settled and concen-
trated sample was placed into a Sedgwick-Rafter counting cham-
ber and enumerated using a light microscope (Microscope BHS,
Olympus, Japan).

Mesozooplankton samples, which was casted with the Niskin
sampler (5-liter) from the 3 m depth in the four bags, were
concentrated through a 200 um mesh net and rinsed down into
polyethylene bottle. And the samples were preserved with for-
malin (final concentration of 5%) and identified into genus or
species level for copepods and to class level for the non-cope-
pods under the stereomicroscope (Stemi-2000C). Actively
swimming ctenophores were observed throughout the all bags
on the last day of experiment. After the incubation terminated,
most water inside the bags was poured into through 200 um
mesh net and preserved with formalin in an attempt to deter-

mine the abundance and diameter of ctenophores.

2.3 Grazing rate

The balance method was used to acquire the grazing rate
according to the difference of added zooplankton in control
and experimental bags. Live copepods were sampled by ver-
tical towing with the Norpac type net (300 um in mesh size
and 45¢m in mouth diameter)and transferred into the jar filled
with pre-filtered seawater through 0.7 pum filter paper. After
isolated copepods were acclimated in the filtered seawater for
3 or 4 hours, female copepods (Acartia erythraea) were sorted
out into the experimental polycarbonate bottles (2/). The ini-
tial chl-a (t=0) was filtered and determined with seawater
casted from each bag (Control 1, Control 2, Experiment 1 and
Experiment 2). Control (natural assemblage) and experimental
polycarbonate bottles (copepod enhancement relative to natu-
ral assemblage) were filled with 300 um mesh filtered seawa-
ter. To meet with the condition of 6 times difference between
control and experimental bags, 5 copepods were put into the
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two control bottles and 30 copepods were into two experimen-
tal bottles, respectively. After copepod treatment was finished,
all bottles were shielded by aluminum foil to avoid the expo-
sure to light and then suspended at the 3m depth from the raft.
Incubation time was fixed from 6 PM. to 6 A.M. to avoid the
growth of phytoplankton by sunlight. After incubation ended,
seawater in bottles was filtered through GE/F filter paper and
stored in a deep-freezer (<20°C). Extracted samples in 90%
acetone were measured with a fluorometer (Field Fluorometer
10AU, Turner-Designs, USA). Assuming that there was no
growth of phytoplankton, grazing rate of copepods was calcu-
lated from the difference of chl-a concentration between initial
and end time of incubation.

By dividing the amount of phytoplankton pigment removed
by experimental copepods (ug ™) by the concentration of phy-
toplankton in the seawater (ug I™"), the volume of water that
the copepods have filtered can be calculated (Boyd er al.
[1980]). Effects of zooplankton enhancement on the dynamics
of plankton community were tested with an analysis of vari-
ance (ANOVA) (Zar [1999)).

3. RESULTS

3.1 Precipitation, temperature and salinity

From the onset to the end of the experiment, sea water tem-
perature gradually decreased in the range of from 21.0~21.2°C
to 24.9~25.6°C (Fig. 2). The decreasing pattern of temperature
in the surrounding water was similar with that in the enclosed
bags during the study period. By contrast, salinity varied in the
range of from 29.3~30.4 psu to 29.2~29.8 psu in all bags and
the surrounding water, respectively. Exceptionally, salinity in
the bag (control 2) decreased by 0.6psu compared to the initial
salinity, resulting from the leakage of precipitation due to the
broken cover (Fig. 2). Generally, there was no distinct differ-
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Fig. 2. Temporal variations of precipitation, temperature and salinity
in control, experimental (mesozooplankton addition) bags and ambi-
ent water in September-October 2001.

ence between surrounding water and all enclosed bags in terms
of temperature and salinity during the study period. Tempera-
ture (Fraie=0.0019, p=0.999) and salinity (Fri=1.485, p=0.248)
were not significantly different between control and experi-
mental bags.

3.2 Standing crop and chlorophyll-a of phytoplankton
Initial chl-a concentration was very high in the ambient
water and bags, ranging from 11.4 to 12.7 pg I' by the fall
bloom of phytoplankton (Fig. 3). The chl-a decreased within
the range of 0.7 and 11.4 pg I”! in the control bags, and 0.6 and

25 0 5 25

Incubation time (day)

Fig. 3. Temporal variations of chl-a concentration and standing crop of phytoplankton in control, experimental bags and ambient water in

September-October 2001.
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11.8 pg I' in the experimental bags, respectively (Fig. 3). Chl-a
concentration in the ambient water showed similar pattern to
that of bags within the range of between 0.97 and 12.7 pg I7'.
But another peak in the ambient water on Day 7 was not
observed in the control and experimental bags (Fig. 3). Phy-
toplankton standing crop also varied with the chl-a concentra-
tion in the bags and ambient water. The average standing crop
of phytoplankton gradually decreased in the range of
111~3,968x10° cells I in the control bags, 91~3,725x10° cells
[ in the experimental bags during the study period (Fig. 3).
The phytoplankton standing crop in the ambient water also
decreased in the range of 135~3,819x10° cells I'' in accor-
dance with the variation of phytoplankton in the bags.
Diatoms, accounting for 83.1~91.7% of phytoplankton com-
munity, explained most of entire phytoplankton variation in the
ambient water and all enclosed bags during the study period
(Fig. 4). And then, cryptomonads were next abundant group
with the relative abundance of 4.6~7.9%, next by unidentified
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Fig. 4. Temporal variations of dominant groups in the phytoplankton
community in control, experimental bags and ambient water in Sep-
tember-October 2001.
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micro-autoflagellates with 2.0~5.9%, and dinoflagellates with
1.1~2.4% (Fig. 4). Standing crop of diatoms lied in the range
of 3,256~3,548x10° cells I' during the initial period and decreased
into the range of 46~58x10° cells I"' (Fig. 4). Standing crop of
cryptomonads ranged from 5~54x10° cells I' to 196~449x10°
cells I'', unidentified autoflagellates ranging from 20~30x10°
cells I"' to 31~46x10° cells 17, and dinoflagellates varied from
the range of 3~8x10° cells I'' to 29~48x10° cells I”' (Fig. 4). Dia-
toms and cryptomonads between ambient water and the bags
varied similarly, while micro-autoflagellates and dinoflagel-
lates showed different variation between ambient water and
enclosed bags from the initial period to the Day 7. Autoflagel-
lates and dinoflagellates re-increased on Day 7 and immedi-
ately decreased from the Day 10 in the bags.

The most dominant diatoms consisted of Skeletonema costatum
(21.5%), Pseudo-nitzschia seriata (15.5%), Chaetoceros cur-
visetus (12.3%) and Cerataulina pelagica (11.0%) in the ambi-
ent water (Fig. 5). S. costatum (30.3%), P. seriata (12.3%) and
Ch. Curvisetus (12.0%) were dominant in the control bags and
S. costatum (35.0%), Ch. Curvisetus (11.6%) and P. seriata
(11.0%) were in the experimental bags (Fig. 5). In the ambient
water, standing crops of most dominant phytoplankton peaked
on Day 1, and then gradually decreased, whereas C. pelagica,
Chaetoceros spl. and Cylindrotheca closterium re-increased
on Day 7 and Day 10 and then decreased. In the bags (control
and experiment), Chaetoceros spp. and C. closterium re-
increased on Day 10 or Day 17 (Fig. 5). Phytoplankton com-
munity showed no significant differences [ANOVA, Fou=
0.0070, p=0.999 (chl-a); F.ix=0.00365, p=0.999 (standing crop)]

between control and experiments in September-October 2001.

3.3 Mesozooplankton

Average abundances of mesozooplankton ranged from
6,000~9,400 inds. m™ in the ambient water, 3,300~218,200
inds. m~ in the control bags, and 2,100~238,100 inds. m~ in
the experimental bags during the study period (Fig. 6). The
highest abundances of mesozooplankton on Day 7 and Day 10
were caused by rapidly increased Noctiluca scintillans, which
accounted for 91.7% and 89.0% of entire zooplankton com-
munity in the control and experimental bags during the study
period. However, the relative abundance of N. scintillans
remained as 39.1% in the ambient water during the study
period. Average abundance of N. scintillans ranged from 1,600
to 4,400 inds. m™ in the ambient water, from 500 to 212,500
inds.m™ in the control bags, from 300 to 230,700 inds. m~ in

the experimental bags (Fig. 6).
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Fig. 5. Temporal variations of dominant
diatoms in the phytoplankton commu-
nity in the control, experimental bags
and ambient water in September-Octo-
ber 2001.

Fig. 6. Temporal variations of total
mesozooplankton, copepods and Nocti-
luca scintillans in the control, experi-
mental bags and ambient water in
September-October 2001.
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Fig. 7. Temporal variations in copepod nauplii, immature and adult
copepods in all bags and ambient water in September-October 2001.

Average abundances of copepods, which included adults,
immature copepods and nauplii, varied between 900 and 6,900
inds. m™ in the control bags, 700 and 7,100 inds. m~ in the
experimental bags, 1,200 and 3,800 inds. m™ in the ambient
water during the study period (Fig. 6).

Abundances of adult copepods in the control bags were
lower than those in the experimental bags on Day 1 and 3,
whereas the pattern changed into opposite way from Day 3
until the end of the incubation (Fig. 7). However, immature
copepods and nauplii were not different between control and
experimental bags. The abundances of adult copepods, consist-
ing mainly of Acartia erythraea, Corycaeus affinis and Oithona
brevicornis, varied within the range of 0~1,200 inds. m™ in the
ambient water, 0~2,400 inds. m™ in the control bags and
200~1,000 inds. m= in the experimental bags (Fig. 7). The
immature copepods ranged from 200 to 1,600 inds. m~ in the
ambient water, from 600 to 3,200 inds. m~ in the control bags
and from 500 to 2,400 inds. m~ in the experimental bags (Fig.
7). The numbers of copepod nauplii varied in the range of
200~1,000 number m~ in the ambient water, 0~3,400 number

m™in the control and 0~3,900 number m~ in the experimental
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Fig. 8. Temporal variations of gelatinous zooplankton in control and
experimental bags in September-October 2001.

bags (Fig. 7).

Average abundances of ctenophores as top predator in the
bags lied in the range of 0~200 inds. m™ in the ambient water,
0~500 inds. m~ in the control bags and 0~700 inds. m in the
experimental bags (Fig. 8). The hydromedusae varied in the
range of 0~600 inds. m~ in the ambient water, 100~800 inds. m™
in the control bags and 0~1,100 inds. m~ in the experimental
bags (Fig. 8). Average lengths and abundance of hydromedu-
sae in experimental bags were longer and higher than those in
control bags. Moreover, the size distribution of ctenophores in
the experimental bags was more diverse than that in the con-
trol bags (Fig. 9).

Mesozooplankton community showed no significant differ-
ences [ANOVA, F.;=0.033, p=0.86 (total abundance)] between
control and experiment in September-October 2001.

3.4 Grazing rates

Grazing rates ranged from not determined (hereafter N.D.)
to 0.00048 ug chl-a'copepod'hr™" in control and from N.D. to
0.00041 pg chl-a-copepod™"-hr’ in experimental bottles (Table 1).
In 25" September, the difference between experiments was
observed, yet other experiments showed no clear pattern of
grazing rate (Table 1). Especially, the grazing rates of all treat-
ments (control and experiment) showed negative values in 27"
September (data not shown). These results suggest that the
growth rate of phytoplankton was possibly greater than the

grazing pressure of herbivorous grazers or grazing pressure of
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grazers is minimal during the study period.

4. DISCUSSION

Contrary to our expectation, significant grazing impact in the
experimental bags with zooplankton addition (x6) was not
observed, resulting in no difference in chl-a concentration and
standing crop of phytoplankton between treatments (control and
experiment). Besides, initial high abundance of mesozooplank-
ton, mainly copepods, in experimental bags decreased and became
similar to that in control bags in the last phase of the experi-
ment. They indicated that grazing pressure of herbivores was

minimal and “cascade effect” by strong predation of gelatinous

1.6
1.4
1.2

0.8
0.6
0.4
0.2

N:P ratio
| P ST

-

0 4T T
0 2 4 6 8 10 12 14 16 18 20 22 24
Incubation time (day)

Fig. 10. Variation of N/P ratio in the bags in September-October
2001 (cited from KORDI, 2003).

zooplankton on the copepods proceeded (Atkinson [1996];
Nejstgaard er al. [2001]). The minimal grazing rate of herbiv-
orous copepods may stem from several possible factors such as
drastic change of environment and the related succession of
prey composition, variation of contact rate between prey and
grazer, insidious effects of diatoms on copepods, and negative
grazing as result of prey selectivity (Lehman [1980]; Miralto et
al. [1999]; Liu et al. [2003]; Leising et al. [2005]).

Under no additional enhancement of nutrient, it was expected
that the environment inside bags changed into N-limited con-
dition with time, considering the initial high concentration of
chl-a from fall blooming period (Fig. 10). On the basis of
incorporated nutrient result (Fig. 10), the markedly reduced
chl-a concentration and standing crop of phytoplankton in all
bags are likely primarily related to the changes of N/P ratio
rather than grazing pressure of copepods. The phytoplankton
variation in control and experimental bags was coincident with
the variation of N/P ratio less than 1.5 (Figs. 3 and 11). Chaetoceros
curvisetus, Skeletonema costatum and Pseudo-nitzschia seriata,
which were dominant species in the phytoplankton commu-
nity, showed very high standing crop in the first period with
relatively high ratio of N/P. However, the dominant species
composition changed into Cylindrotheca closterium, autotrophic

microflagellates and cryptomonads under the condition less

Table 1. Hourly grazing rates of herbivorous copepod, Acartia erythraea, in the control and experimental bags in September-October 2001.

Grazing rate (ug chl-a . copepod™. hour™)

Treatment 25" Sept. 27" Sept. 5™ Oct. 107 Oct.
Cont.1 20.00059 20.00066 0.00003 0.00020
Cont.2 -0.00117 -0.00213 0.00048 -0.00171
Exp.1 0.00024 -0.00024 -0.00012 0.00011
Exp.2 0.00010 -0.00006 0.00041 0.00006
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than 0.3 of N/P ratio in the last period. This pattern is sup-
ported by Harrison and Turpin (1982). They reported that cen-
tric diatoms such as Chaetoceros spp., Skeletonema spp. and
Thalssiosira were dominant in the first phase of mesocosm
experiment with relatively high specific nutrient supply, yet
Cylindrotheca spp. and Nitzschia spp. were dominant with
flagellates in the condition that nutrients were mostly demanded.
Even though the grazing rates showed minimal values, those of
herbivorous Acartia erythraea showed decreasing trends in the
experimental bags as the composition of dominant species and
chl-a concentration of phytoplankton changed throughout the
study period, except the highest grazing rates in 5 October.
Moreover, in 25 September, difference of 6 times enhance-
ment between treatments was clearly observed, whereas it was
not found in other period. This pattern implied that grazing
rates of the copepod decreased in relation to temporal varia-
tions of chl-a concentration and species composition of phy-
toplankton during the study period. The generally low grazing
rates of 4. erythraea in the present study were very similar to
those of A. omorii in the spring bloom period (KORDI [2003}).
Present result is also consistent with Cottingham et al.[1997],
who reported that blooming of large, chain-forming grazing-
resistant phytoplankton weakens coupling with zooplankton.
Copepod feeding generally has a relatively low impact on phy-
toplankton spring blooms which could be mainly attributed to
the time lag in the growth of copepod populations, when com-
pared to the faster growth of phytoplankton (Barquero ez al. [1998]).
This may be explained by another viewpoint such as insidious
effects of diatoms on the reproductive process of copepods
(Miralto er al. [1999]; Irigoien ef al. [2000]). Thus, copepods
may simply avoid eating deleterious diatoms when they are
present. Present grazing rates were calculated from bulk chl-a
concentration disappearance using bottle incubation method. If
the target copepod is unable to eat the prey mainly consisting
of the diatoms, negative or low grazing rates were unavoid-
able. Besides, if the prey selectivity of copepod is mainly heading
for the microzooplankton, release the prey of microzooplank-
ton from grazing pressure can lead the phytoplankton into
increasing trend with the nutrient input of sloppy feeding, so
called, “trophic cascade” (Lehman [1980]). However, the sloppy-
related nutrient input did not occur in the bottle and mesocosm
experiments on the basis of low N/P ratio and no re-increased
phytoplankton. Therefore, negative or low grazing rates in the
present study are likely caused by avoidance of copepods to
deleterious diatoms and prey selectivity of copepods in the bot-
tle experiments during the study period. In the same context, no

difference of phytoplankton between control and experimental
bags was likely related with the negative or low grazing rates,
despite the abrupt decrease in standing crop and chl-a concen-
tration of phytoplankton.

However, the reason that the initial high copepods in exper-
imental bags relative to control bags did not maintain, was not
clearly clarified during the experiment period. This pattern is
most likely explained by the cascade effects by gelatinous
zooplankton such as ctenophore and hydromedusae. The size
distribution and abundance of gelatinous plankton in the exper-
imental bags were diverse and high compared with those in the
control bags, coincident with no difference of copepod abun-
dances between bags (Fig. 9).

The elevated predation of gelatinous plankton on copepods
led to an undesired blooming of dinoflagellates such as Gyrodin-
ium aureolum (Lindahl and Hernroth [1983]; Kim ef al. [1992]) as
well as diatoms such as Skeletonema costatum and Thalassi-
osira weisflogii (Olsson et al. [1992]). In these cases, grazing
pressure of copepods can control the phytoplankton biomass,
however, this kind of cascading trophic effect was not found in
the present study with being low grazing rate of herbivorous
copepod, A. erythraea. Commonly, Acartia sp. is known to graze
actively Skeletonema costatum, Thalassiosira sp. and crypto-
monads (Deason [1980]), but the abrupt decrease of S. cos-
tatum including other diatoms in this study could not be fully
explained in terms of only grazing pressure of 4. erythraea in
the bags. Moreover, 4. erythraea did not likely prefer the dia-
toms occurring in this period as a food source, considering the
low or negative grazing rates of it. Rather, sinking process of
diatoms could be persuasive reason to the rapid decrease of
phytoplankton in the bags under no natural turbulence (Kang et
al. [2005]).

On the basis of the grazing rate of 4. erythraea and its abun-
dance, the theoretical time to filter out the whole seawater
inside the bags ranged from 473~8,221 days in September-
October 2001. But it ranged from 36~1,045 days in A. omorii,
from 46~175 days in Calanus sinicus in March-April 2002
(Table 2). The incubation time in the present study was less
than 30 days, thus the phytoplankton biomass could not be
controlled by A4. erythraea in September-October 2001, while
A. omorii and C. sinicus showed relatively active filtration rate
as compared to that of A. erythraea. Thus, the reason that the
copepod could not control the phytoplankton biomass in the
study period likely stemmed from the reduced contact rate
between grazer and diatoms by sinking process (Kang et al.

[20057) as well as low grazing pressure and insufficient time to
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Table 2. Filtration rates for herbivorous copepods in each mesocosm calculated based on the maximum average abundance of main
herbivores. Filtration rates were converted to daily values (ml d™') and used to calculate the theoretical time required to filter an entire 2,500

liter mesocosm.

Filtration rate of maximum Theoretical time took to filter

Filtration rate

Herbivore Season population in a day out a entire mesocosm Source
(m/h™) (mld™") m/ day

Acartia erythraea Autumn  0.04-0.73 1.0-17.6 304-5,287 473-8,221 This study

Acartia omorii Spring 0.03-1.0 0.8-24.1 2,393-69,755 36-1,045 (KORDI [2003])

Calanus sinicus Spring 0.57-2.14 13.6-51.4 14,268-54,022 46-175 "

control phytoplankton.

Besides, the initial addition of six times copepods the ambi-
ent concentration, in this case mainly 4. erythraea, was not consis-
tent in the experimental bags throughout the study period. The
diverse size distribution of ctenophore in the experimental bags rel-
ative to that in the control bags suggested that the inconsistent
enhancement of copepods was related to the predation of the
gelatinous plankton such as hydromedusae and ctenophore
(Fig. 9). Unlike previous studies, the strong predation of gelat-
inous plankton on the copepods did not lead to the unexpected
increase of phytoplankton in the present study. It may be
caused by the N-limited condition, sinking process and inef-
ficient grazing pressure as abovementioned in this study.

In summary, the differences in standing-crop and chl-a con-
centration of phytoplankton were not significantly observed
between control and experimental (6 times addition of cope-
pods the ambient concentration) bags in September-October
2001 (one-way ANOVA, p>0.05). This may be resulted from
minimal or negative grazing rate of copepods, mainly 4. erythraea,
N-limited condition, reduced contact rate by sinking process
between phytoplankton and A. erythraea, and elevated preda-
tion of gelatinous zooplankton on copepods in the experimen-
tal bags. Especially, the significant predation of gelatinous
zooplankton on copepods was supported by no difference of
copepod abundance between bags throughout the study period
as well as diverse size distribution and higher abundance of
gelatinous plankton in experimental bags relative to control
bags after incubation finished. Subsequently, cascading trophic
effect, leading to re-increased abundance of phytoplankton,
was not found in the experimental bags. This result indicated
that A. erythraea could not control effectively the fall bloom con-
sisting of mainly diatoms in the bags during the study period.
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