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Abstract − The monthly distribution of zooplankton communities

in Han River estuary was investigated at two stations from July

1998 to June 1999. Monthly mean abundance of total zooplankton

varied remarkably, with the range from 20 indiv.·m-3 to 19,600

indiv.·m-3. During the study period, dominant species of

zooplankton community were dinoflagellate Noctiluca scintillans,

copepods Paracalanus indicus, Paracaanus crassirostris, Acartia

hongi, Acartia ohtsukai, and meroplanton cirriped larvae.

According to tidal states, relative high abundance occurred at

high tide without regard to season. The temporal distribution of

abundance implied that the reduced salinity probably limited

the zooplankton populations and the fluctuations of salinity

were an important factor in the variation of abundance.

However, the results of salinity tolerance test shows that the

variations in salinity do not directly influence the decrease of

abundance. This study shows that the relatively high abundance

of zooplankton near high tide seems to be related with the

expansion of abundant zooplankton inhabiting Incheon coastal

waters through tidal currents. 
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1. Introduction

An estuary is a partially enclosed coastal embayment

where fresh and seawater meet and mix; this definition

implies the free connection of the sea with the fresh water

source (Pritchard 1967). The physical – chemical circumstance

of estuaries is one with large variations in many parameters,

which often create a stressful environment in such areas as

salinity, temperature, tidal cycle, turbidity and substrate for

organisms (Nybakken 1982).

The zooplankton of estuaries is generally volumetrically

abundant, but limited as to species composition (Riley

1967). This is probably due to such a degree of stresses that

the number of species living in estuaries is small in

composition to other marine habitats. The proportion of the

estuary occupied by individual species depends upon run-

off from the rivers and exchange ratio; also, tidal currents

transport plankton populations, so that at any one situation

marked differences are observed during the tidal cycle

(Perkins 1976). Salinity and temperature are the most

important factors that affect the distribution of estuarine-

marine organisms because these factors are related to the

regulation of metabolism and osmosis (Kinne 1967). 

To better understand the environmental conditions of the

estuaries in the coast of the Korean peninsula, we had to

first deal with the conditions of Han River estuary. Han

River estuary is a shallow coastal plain estuary including

extensive tidal flats and tidal channels, and much fresh

water inflow from Han River and Imjin River cause

extreme fluctuation of salinity with respect to tidal cycle

(Choi and Shim 1986). This estuary and adjacent coastal

waters are characterized by a macro–tidal range up to about

9~10 m with maximum current velocity of 3~4 knot (Yi

1972). Han River penetrates through Seoul and the capital

province with a population of twenty million inhabitants,

and human activities are heavy around the river and estuary.

Aquatic biological studies were conducted severally in this

estuary (Park 1990; Myung 1992; Kwon and Choi 1994;

Choi and Kwon 1994; Youn 1996), despite the difficulty of*Corresponding author. E-mail: shyoun@nfrdi.re.kr
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the geological position lying adjacent to the armistice line.

However, previous zooplankton studies carried out in the

estuaries of Yellow Sea were only a few (Suh et al. 1991;

Myung 1992).

This study would be dealt with the monthly distribution of

zooplankton community in Han River estuary with respect to

tidal states and discussed the temporal distribution patterns

of the community, with relations to temperature and salinity.

2. Materials and Methods 

The samplings were carried out at two stations in

channels located in Han River estuary from July 1998 to

June 1999 (Fig. 1). Temperature and salinity were measured

with a salinity meter (YSI, Model 30) at 1 m depth.

Zooplankton samples were taken by horizontal tows of a

conical-type net (diameter: 0.6 m, mesh size: 200 µm)

equipped with flow meter at the surface water. Samples

were preserved immediately with buffered formaldehyde

solution to make the final concentration of about 4%. In the

laboratory, more than 100 individuals of dominant species

were subsampled and counted in a Bogorov counting

chamber under an Olympus stereomicroscope (SZ-61).

Zooplankters were identified into lowest practical taxon.

The numbers counted were converted into individual

numbers per unit volume (indiv.·m-3). The significant

figures of abundance were described by the hundreds.

To evaluate the salinity tolerance of dominant copepods

inhabiting Han River estuary, zooplankton was sampled

severally from 24 March to 2 April 2002 in Incheon coastal

waters by oblique hauls with a 200 µm conical net, then

transported to the laboratory in cold boxes filled with 15 l of

surface water (30.8±0.9 psu). Two types of experiments

were conducted in the laboratory. The former was designed

to evaluate mortality as a function of the abrupt change in

salinity. The other was intended to estimate the tolerance

limit under the gradual change of salinity. All experiments

were run at ambient field temperature (6.2±1.8 oC) and

three replicates were prepared. In the former experiment,

active adult 30~50 individuals in Acartia hongi, Paracalanus

crassirostris and P. indicus were sorted respectively and

incubated without acclimation in 1,000 ml beaker for 24

hours at different salinity ranges. After the incubations,

copepods were isolated by 150 µm mesh and we counted

the living and dying organisms. These experiments were

repeated three times, respectively. In the latter experiment,

active 400~500 individuals in Acartia hongi of mixed

stages (mainly late copepodtes and adults) were prepared in

each container. Copepods were placed initially in three 5 l

beakers with GF/C filtered seawater at 31 psu. To reduce

the salinity progressively to minimum level (approximately

3 psu), a volume of the filtered seawater was siphoned and

replaced by an equivalent volume of distilled water at

regular intervals (10 min.). All containers were frequently

mixed by the hand shaker. The incubation times were 3.5

hour and 7 hour according to the tidal cycles of Incheon

coastal waters. The rates of the salinity changes per time

were approximately 8 psu/hour and 4 psu/hour. The sampling

intervals were 0.5 hour (3.5 hour incubation) and 1 hour (7

hour incubation), respectively. Above 30 organisms were

scored in each sampling interval.

As the statistical analysis of laboratory, analysis of

variance (ANOVA) was used for the detection of any

significant mortality differences in each salinity range. If

the results from ANOVA were statistically significant,

multiple comparison procedure (Tukey-test) was used in

this study.

3. Results

Environmental variables

Monthly variations in water temperature ranged from

1.5 oC (Jan. 1999 in Seokmo channel) to 25.2 oC (Aug. 1998

in Yeomha channel), and annual mean water temperature in

both channels was 14.9 oC (Fig. 2). Monthly variations inFig. 1. The station map located in Han River estuary. 



Distribution pattern of zooplankton in the Han River estuary 137

salinity ranged from 7.0 psu (Aug. 1998 in Seokmo channel) to

29.1 psu (Feb. 1999 in Seokmo channel), and the monthly

variations in mean salinity in Seokmo channel showed a

larger scale than in Yeomha channel (Fig. 3). However, the

ranges of salinity with tidal phase in Yeonha channel were

larger than in Seokmo channel throughout the year.

Species composition

From the samples taken in Yeomha and Seokmo

channels, thirty-four taxa were identified. To refer to the

species composition in detail, 1 dinoflagellate, unidentified

hydrozoans, 2 chaetognaths, 1 cladocera, 15 copepods,

unidentified amphipods, unidentified mysids, unidentified

cumaceans 1 decapod and 8 kinds of meroplankton and

fishes constituted the zooplankton community in the study

waters (Table 1).

Monthly variations in number of taxa showed that relative

higher values occurred between July and September, but

lower values occurred between December and February in

both channels (Fig. 4). 

Chaetognath Sagitta crassa, copepods Paracalanus

indicus, Paracalanus crasisrostris, and Acartia hongi, and

meroplankton cirripede larvae occurred in both channels

throughout the year. Hydrozoans, copepod Centropages

tenuiremis, Labidocera bipinnata, Acartia ohtsukai, Tortanus

spinicaudatus, Oithona davisae and most of planktonic

larvae of benthic invertebrates except cirriped only

occurred in warm season, but copepod Calanus sinicus

occurred mainly in cold season.

Monthly variations in abundance

Monthly mean abundance of total zooplankton varied

remarkably, with the range from 20 indiv.·m-3 (Dec. 1998 in

Yeomha channel) to 19,600 indiv.·m-3 (Apr. 1999 in Yeomha

Fig. 2. Monthly variation of temperature in Yeomha channel and
Seokmo channel. Each bar indicates the range of temperature
with tidal states. 

Fig. 3. Monthly variation of salinity in Yeomha channel and
Seokmo channel. Each bar indicates the range of salinity
with tidal states. 
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channel). As shown in Fig. 5, monthly variations in abundance

were similar in both channels. Among major zooplankton

groups in both channels, copepods constituted 75% of annual

mean abundance, and protozoa and larvae contributed 11%

and 10%, respectively. The seasonal peaks of copepod

abundance appeared in summer and spring in both

channels, and the abundance of protozoa peaked in spring.

In the case of the abundance of larvae, the peaks occurred in

Table 1. List of zooplankton occurred in Han River estuary.

Protozoa
Noctiluca scintillans

Chaetognaths
Sagitta crassa

Cladocera
Podon leuckarti

Copepods
Calanus sinicus
Paracalanus crassirostris
Centropages tenuiremis
Sinocalanus sinensis
Eurytemora pacifica
Labidocera bipinnata
Tortanus spinicaudatus
Oithona similis
Unidentified harpacticoids

Appendicularia
Oikopleura spp.

Others
Unidentified hydrozoans
Polychaetes larvae
Immature amphipods
Fish eggs and larvae

Sagitta enflata

Paracalanus indicus
Centropages abdominalis
Pseudodiaptomus marinus
Labidocera euchaeta
Acartia hongi
Acartia ohtsukai
Corycaeus affinis
Oithona davisae

Decapod larvae
Cirriped nauplii 
Mollusk larvae
Echinoderm larvae

Fig. 4. Monthly variations in number of taxa in Yeomha channel
(●)  and Seokmo channel (■ ) . 

Fig. 5. Monthly variations in mean abundance of total zooplankton
in Yeomha channel (●)  and Seokmo channel (■ ) .

Fig. 6. Monthly variations in mean abundance of major zooplankton
groups in each channel of Han River estuary. 
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autumn and spring (Fig. 6).

As for tidal states, the scale of diel variation in abundance

was sometimes higher than those of monthly variation in

mean abundance. The temporal variation of total abundance

with tidal states shows in Fig. 7 and Fig. 8. In most cases,

the abundance of high tide or adjacent high tide was higher

than at low tide or near low tide. In both channels, the ratios

(R
dv
) of maximum value of diel variation of total abundance

to minimum value ranged from 2.4 (Oct. 1998 in Seokmo

channel) to 713.8 (Nov. 1998 in Yeomha channel).

Compared with the both channels, R
dv
 in Yeomha channel

was obviously higher than in Seokmo channel (Table 2).

Distribution of dominant species in Han River Estuary

During the study period, dominant species of zooplankton

community in Han River estuary were dinoflagellate

Noctiluca scintillans, copepods Paracalanus indicus,

Paracaanus crassirostris, Acartia hongi, Acartia ohtsukai,

and meroplanton cirriped larvae. Copepod Acartia hongi

was the most predominant species and occupied 31% of

total annual mean of abundance in Yeomha channel and

40% in Seokmo channel. Noctiluca scintillans was contributed

24% in Yeomha channel and 12% in Seokmo channel. The

proportions of Paracalanus crassirostris were 5% in

Yeomha channel and 21% in Seokmo channel and those of

Fig. 7. Temporal variations in total abundance of zooplankton in Yeomha channel. 
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Paracalanus indicus were 7% in both channels. Cirriped

larvae that were the most dominant taxon among

meroplankton occupied 20% in Yeomha channel and 3% in

Seokmo channel.

Noctiluca scintillans occurred intermittently throughout

the year. The temporal variations of the cells with tidal

states showed that relatively higher values were always

found on high saline water. The range of incessant occurrence

related with temperature and salinity was 10~25 oC and >25

psu (Fig. 9).

For Paracalanus species, these species also occurred

throughout the year and peaked in warm season. When

mean salinity with tidal phase was lowest, the abundance of

Paracalanus indicus was lower than that of Paracalanus

crassirostris. Though these two species had a similar period

of occurrence, the abundance of Paracalanus indicus

concentrated in high saline water and sharply decreased

below 15 psu. In case of Paracalanus crassirostris, the

abundance of the species generally showed higher values in

high salinity, but maximum abundance of Paracalanus

crasisrostris occurred at 7.9 psu of the salinity (Fig. 9). 

In contrast to the most dominant species occurred in this

estuary, copepod Sinocalanus sinensis mainly occurred in

low saline water (<15 psu). Spatio-temporal distribution of

Fig. 8. Temporal variations in total abundance of zooplankton in Seokmo channel. 
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this species showed that mass occurrence appeared in warm

season, and the occurrence was almost never observed in

other season. 

Acartia hongi could be observed all the year round and in

nearly all tidal states except August 1998 in Seokmo

channel. Acartia hongi occurred all along the temperature

range from 1 oC to 26 oC. The temperature range of mass

occurrence ranged from 15 oC to 20 oC and the range of

salinity was above 25 psu in both channels (Fig. 9).

Acartia ohtsukai mainly occurred during the warm

season when water temperature kept up higher than 20 oC

(Fig. 9).

Among meroplankton occurring in this estuary, only

cirriped larvae occurred throughout the year. The mass

occurrences of cirriped larvae were observed in autumn and

spring. The range of salinity in mass occurrence of these

larvae was above 20 psu during the study period (Fig. 9).

Tolerance to salinity change

The response patterns of dominant copepods to the abrupt

changes of salinity showed a similar pattern (Fig. 10).

However, the significant increase of mortality rates occurred

differently at various range of salinity. The mortality of

Acartia hongi did not change from 31 psu to 22 psu (ANOVA

tukey-test, p<0.05). On the other hand, for Paracalanus

crassirostris, the mortality showed a significant increase at

22 psu (ANOVA tukey-test, p<0.05), and, for P. indicus, a

significant increase of mortality occurred at 25 psu (ANOVA

tukey-test, p<0.05). 

In the response of Acartia hongi to the gradual change of

salinity, the mortality at t
1
 was less than 10% in the two

cases (Fig. 11). When salinity decrease exceeded 20 psu,

the mortality rates significantly increased in the both cases

(ANOVA tukey-test, p<0.05). The significant increase of

mortality occurred at 10.3 psu in 3.5 hour incubation and

6.1 psu in 7 hour incubation, respectively.

4. Discussion

Most of the fresh water flowed into Incheon coastal

waters through Yeomha channel and Seokmo channel. Due

to the topographic differences in both channels, there were

seasonal differences of physical environment. In Seokmo

channel, the seasonal variations in temperature and salinity

showed that oceanic environments were prevailing during

the dry season, but, during flood season, the input effects of

fresh waters were stronger than in Yeomha channel. The

temporal variations in salinity with tidal states showed that

the range of diel variations were larger in Yeomha channel

than in Seokmo channel all the year round. However, Kwon

and Choi (1994) reported that the values of salinity in

Seokmo channel were lower than those in Yeomha channel,

and intrusion effects of offshore water in Yeomha channel

were stronger than in Seokmo channel. Since the 1970’s,

various reclamation projects have been conducted in the

coast of Kyeonggi Bay. Especially, the coastal line in and

around Incheon has been changed markedly, and a broad

tidal flat has been reclaimed. In this circumstance, Yeomha

channel might have become gradually narrower and

shallower than Seokmo channel. Therefore it is likely that

the effects from external inflow in Yeomha channel have

been stronger than in Seokmo channel. The change of

topographic characters should influence the physical

environmental factors in estuary (Jung 1993). In Yeomha

channel, the diel difference in salinity between maximal

and minimal value reached 15.4 psu in July 1998. This

showed that the range of diel difference was nearly similar

to that of annual variations, with the range from 11.6 psu

(Aug. 1998) to 28.6 psu (Feb. 1999). Myung (1992) also

reported that dial difference of salinity between high tide

and low tide reached higher than 10 psu in Yeomha channel

during flood season. It was shown that shallow depth and

proximity to rivers promoted the temporal fluctuation of

salinity and lead to an extreme range. Myung (1992)

reported that Han River estuary was well-mixed because of

Table 2. The ratio (R
dv
) of maximum to minimum of abundance

obtained at different tidal states in each channel of Han

River estuary.

Yeomha channel Seokmo channel

Jul-98 27.4 36.4

Aug-98 396.1 39.8

Sep-98 192.5 2.5

Oct-98 4.6 2.4

Nov-98 713.8 12.3

Dec-98 82.1 10.3

Jan-99 166.1 4.5

Feb-99 138.7 9.3

Mar-99 84.2 6.7

Apr-99 23.1 3.7

May-99 480.1 8.6

Jun-99 344.3 5.9

Mean 221.1 11.9
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Fig. 9. Relationship among water temperature, salinity and the abundance of dominant zooplankton in Han River estuary. 
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active tidal action and shallow depth. The vertical profiles

of salinity measured simultaneously with this study in both

channels also showed a well-mixed pattern (personal

communication with Song Y.S.).

The seasonal variations in number of taxa showed higher

in warm season than in cold season. Previous studies

conducted in Incheon coastal waters also reported similar

results (Shim 1996; Youn and Choi 2003a, 2003b).

According to tidal states, the temporal variations in species

Fig. 10. Mean mortality rate of dominant copepods in Han River
estuary after exposure to different salinity. 

Fig. 11. Successive percentage mortality (bar) of individual Acartia
hongi with respect to gradual salinity (circle) changes
(3.5 hour and 7 hour incubation). 

Table 3. Range of temperature (oC) and salinity (psu) when major
zooplankton taxa occurred in each channel of Han River
estuary.

Species

Occurrence 
range

Maximum 
abundance

T S T S

Noctiluca scintillans 1.9-24.5 19.2-30.7 12.4 28.0

Sagitta crassa 2.9-24.8 7.8-30.7 24.6 15.5

Calanus sinicus 1.9-19.4 23.7-30.5 11.4 28.2

Paracalanus indicus 1.0-25.7 8.7-30.7 23.4 25.3

Paracalanus crassirostris 1.0-25.7 4.4-30.7 24.7 7.8

Sinocalanus sinensis 8.6-25.1 6.2-26.5 25.1 6.7

Acartia hongi 1.0-25.7 4.4-30.7 18.5 28.1

Acartia ohtsukai 16.5-25.7 4.4-28.3 24.6 15.5

Cirriped nauplii 2.2-25.7 7.8-29.5 18.2 26.5
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composition showed that diverse composition commonly

occurred at high tide in dry season, and brackish copepod

such as Sinocalanus sinensis occurred at low tide in flood

season. As most of the zooplankton community in the study

waters was composed of estuarine-marine species and

salinity continued to decrease from high tide to low tide, the

number of zooplankton taxa decreased toward low tide.

Jeffries (1967) classified the major species according to

their ability to reproduce and maintain populations in

estuarine waters: estuarine and marine, euryhaline marine

and stenohaline marine. In the estuary of Mankyong River

and Dongjin River, zooplankton community could be

divided into 3 categories (mixo-oligohaline, mixo-mesohaline

and mixoeuhaline) according to the salinity gradients (Suh

et al., 1991). In mixo-oligohaline zone (0.5~5 psu), Thermocyclops

hyalinus, Pseudodiaptomus poplesia (as P. inopinus) and

Sinocalanus sinensis were abundant, and Acartia hudsonica,

Acartia ohtsukai (as A. pacifica, personal communication

with Soh H.Y.), Centropages abdominalis, Centropages

tenuiremis, Labidocera euchaeta, Tortanus derjugini (as T.

spinicaudatus) and Corycaeus affinis mainly occurred in

mixo-mesohaline zone (5~28 psu). Otherwise, in mixoeuhaline

zone (>28 psu), Calanus sinicus, Labidocera bipinnata,

Acartia omorii and Oithona similes occurred frequently.

Myung (1992) showed that brackish copepod Sinocalanus

sinensis and Tortanus vermiculus concentrated in low

salinity of <10 psu, while most of dominant species such as

Acartia hongi, Acartia ohtsukai (as A. pacifica), Paracalanus

indicus, Labidocera euchaeta, Labidocera bipinnata and

Tortanus spinicaudatus mainly occurred in >20 psu. These

previous studies indicate that zooplankton communities in

the estuaries of Yellow Sea are primarily composed of

estuarine-marine species, and brackish (or true estuarine)

species intrude into the estuaries in flood season.

Seasonal variations in abundance of zooplankton showed

a peak in April. In the seasonal peak, copepod Acartia hongi

and dinoflagellate Noctiluca scintillans were dominant

species. As a consequence of the mass occurrence of

copepod Paracalanus crassirostris, the total abundance of

zooplankton increased in August. These distribution

patterns were similar to the results of previous studies

(Shim and Choi 1996; Yun and Choi 1997). The seasonal

distribution patterns of dominant species in both channels

indicated that the structures of zooplankton community

were different between Yeomha channel and Seokmo channel.

The structure and abundance of copepod communities were

closely similar in both channels, but the seasonal abundance of

dinoflagellate and meroplankton was higher in Yeomha

channel. The main causes of the differences were as follows.

First, Yeomha channel is connected directly with the

Incheon coastal waters that are exposed to various pollution

sources such as wastewater and sewage; secondly, the depth

of Donggum channel that linked with Yeomha channel and

Seokmo channel became shallow after the 1990’s, and

seawater exchange between both channels was not active;

thirdly, as extensive mud flat located in the southern part of

Yeomha channel was reclaimed, many hard bottom structures

were constructed along the seashore line and the structures

could support broad habitats for adhesive benthic

invertebrate such as barnacles. As cirriped larvae were a

dominant group among meroplankton and inhabited the

rocky shore, it was suggested that the abundance of

meroplankton was higher in Yeomha channel than in

Seokmo channel. 

According to tidal states, relative high abundance occurred at

high tide without regard to season. The temporal distribution of

abundance implied that the fluctuation of salinity was an

important factor to affect the temporal distribution of

abundance. However, it is likely that the variations in

salinity do not directly influence the decrease of abundance.

Though seasonal variations of salinity at high tide were

wide, with the range from 7.8 psu to 30.7 psu, the abundance of

zooplankton was constantly higher at high tide than at low

tide. As mentioned above, since the most of dominant

species were estuarine-marine and the salinity maintained

higher than 15 psu at low tide in dry season, such a value of

salinity might be difficult to induce directly from the abrupt

increase of mortality with related failure of osmotic

regulations. Cervetto et al.(1999) reported that Acartia

tonsa, adapted optimally between 15 psu and 22 psu,

showed high mortality if the instantaneous change in

salinity was higher than 10~15 psu, while this species could

survive from 1 psu to 72 psu. The dominant copepods

Acartia hongi, Paracalansu crassirostris and P. indicus

showed a significant increase of mortality rate after salinity

decrease exceeded >5 psu (Fig. 10). According to our

results, Acartia hongi was shown to have higher adaptive

ability than Paracalanus crasisrostris and P. indicus. It is

common that the changes of salinity in the field are rather

gradual than abrupt. If salinity decreased gradually, Acartia

hongi could tolerate the change of >20 psu. Considering

that the maximum difference of salinity with tidal states
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was 15.4 psu (Jul. 1998, Yeomha channel), it is unlikely that

low salinity at low tide was a direct cause of high mortality

of the population of Acartia hongi. In other words, the high

mortality caused by the failure of adaptation to excessive

low salinity did not connect immediately with the low

abundance of zooplankton at low tide in Han River estuary.

Estuarine zooplankton can commonly tolerate a lower

salinity in laboratory experiments than in their normal

habitat and the normal salinity range for a particular species

may vary considerably even from one estuary to another

(Riley 1967). Therefore, suboptimal salinity reduces metabolic

efficiency,+ and biological competition at this suboptimal

level is more important than direct effects of salinity.

Therefore, it is reasonable that high abundance at high tide

is related with the consequence of transport of waters that

contain an amount of estuarine-marine zooplanktons. Kim

and Jang (2001) reported that tidal actions effected the

spatial distribution of zooplankton in Yellow Sea. 

Mechanisms for maintenance of estuarine zooplankton

populations include passive amassment in the zone of

particle entrapment or turbidity maxima (Castel and Veiga

1990) and behavioral responses such as vertical or lateral

migration to utilize stratified flows (Trinast 1975; Wooldridge

and Erasmus 1980). In Asan Bay, Park (1990) suggested

that large-sized zooplanktons migrated vertically in the

coastal waters of active tidal mixing. Taking the physical

conditions of the study waters, rapid tidal currents more

than 3 knot, shallow well-mixed water column and slag-

period shorter than 1 hour, active behavioral mechanisms

such as vertical or lateral migration may be difficult to

apply in Han River estuary. Beck (1991) suggested that the

net budget related with the transport of suspended particles

prevailed to seaward in Han River estuary and this result

indicates that passive drifters are continuously thrust

seaward, and estuarine-marine species do not have

difficulty maintaining their habitat in coastal waters in these

channels. Consequently, it is reasonable that the increase of

abundance of dominant species at high tide does not depend

upon the active behavior responses to maintain optimal

habitat conditions but rather upon passive distribution

pattern generated by the transport of water column at the

flood tide. On the other hand, true estuarine species such as

Sinocalanus sinensis should devise means to retain their

populations.

The differences between maximum and minimum value

of abundance according to tidal states ranged from a few

times to several hundred times with season. Though these

phenomena occurred in estuarine-channels containing

distinctive topographic characteristics, it is suggested that

the information of temporal distribution taken from

mooring survey is more useful for understanding the

zooplankton distribution in the estuaries where the physical

environmental factors vary dramatically with tidal cycle. 

The abrupt variations in abundance according to tidal

cycle are disposed to decrease toward offshore. Youn

(1996) reported that the variation ranges of abundance

according to tidal cycle reached several ten times in Seo-do

(Is.) located in the southern part of Yeomha channel. Park

(1989) noticed that maximum values of abundance were 2.3

~8.7 times the minimum values in Asan Bay with respect to

sampling time. Kim and Jang (2001) presented that the

differences between maximal and minimal abundance with

tidal cycle were less than 3.5 times near Sonangi-do (Is.). 

In conclusion, the temporal distribution of zooplankton

community in Han River estuary varied surprisingly with

respect to tidal cycle. The zooplankton communities in the

study waters were mainly comprised of estuarine-marine

species. Higher abundance showed constantly near the high

tide, and the abundance became lower toward low tide. This

distribution patterns occurred more frequently in Yeomha

channel than in Seokmo channel, as the inflow effects from

the exterior were stronger in Yeomha channel than in

Seokmo channel. Most of dominant species existed in

higher than 20 psu in salinity, and true estuarine species

occurred restrictively in flood season. The relative high

abundance of zooplankton near high tide seems to be

related with the expansion of abundant zooplankton

inhabiting Incheon coastal waters through tidal currents. 
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