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A huge freshwater reservoir (ca. 12,000 ha) will be created when the construction of a 33-km dike
on a huge mud flat of the Saemankeum areas is established. A large quantity of freshwater will
emerge to the adjacent sea from the reservoir through two big gates. Marine organisms outside the
dike are expected to frequently experience low salinity waters. To investigate the salinity effects on
the dominant metazooplankton in the coastal waters off Saemankeum areas, we measured the survival
(Survival 1H and Survival 24H) of 11 different taxa (the copepods Acartia omorii, A. pacifica, Calanus
sinicus, Centropages abdominalis, Paracalanus indicus, Pseudodiaptomus inopinus, Tortanus forcipatus,
and a hydromedusa, and barnacle nauplius, polychaeta larva, and a chaetognath Sagitta sp.) at
salinities of 0, 5, 10, 15, 20, 25, 30, 35, and 40 psu when the organisms were exposed for 1 and 24
h, respectively. Survival 1Hs of P. inopinus and barnacle nauplius were 100% between 5 and 35 psu,
while they were 0% at salinities of O and 40 psu. Survival 1Hs of A. omorii and A. pacifica, P.
indicus, T. forcipatus, and polychaeta larva were 100% at salinities > 10 psu, while they were 0% at
lower salinities. Survival 1Hs of a hydromedusa and Sagitta sp. were 100% at salinities > 15 psu,
while they were 0% at lower salinities. Survival 1H of C. abdominalis and C. sinicus was 100% at
salinities > 20 psu, while they were 0% at lower salinities. Survival 24Hs of A. omorii, A. pacifica,
C. abdominalis, barnacle nauplius, and polychaeta larva were the same as Survival 1Hs at the same
salinity, while those of the other metazooplankton were lower than Survival 1Hs. The results of the
present study suggest that low salinity water emerging from big gates may cause the death of the
metazooplankton, but the salinities at which death of the metazooplankton occurs may differ by species.
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INTRODUCTION

The Saemankeum Project is a national project in
which the Korean government is converting a huge
mud flat (ca. 40,000 ha) of the Saemankeum area,
Jeon Buk, Korea, into a vast rice field and a fresh-
water reservoir by constructing a 33-km long and
280-m wide dike among Byeonsan Bight, Go-Gunsan
Island chains, and Gunsan. A semi-closed artificial
bay outside the dike (the Byeonsan Bight Saeman-
keum dike Go-Gunsan Island chains) will appear
when the dike is constructed. A huge freshwater res-
ervoir will newly arise when the dike on a huge mud
flat is established. A large quantity of freshwater will
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emerge from the reservoir (ca. 12,000 ha) through
two big gates. Marine organisms outside the dike are
expected to frequently experience low salinity waters.

Marine metazooplankton species play a very impor-
tant role in food webs as major consumers of phy-
toplankton (Frost, 1972; Fernandez, 1979; Teegarden
et al, 2001; Jeong et al., 2001; Stoecker et al., 2002)
and heterotrophic protists (Gifford and Dagg, 1988;
Jeong, 1994, 1999; Stoecker and Egloff, 1987; Stoecker
and Sanders, 1985) and as an important food source for
diverse carnivores (particularly the juveniles of most
commercially important fish) (Koslow, 1981). Owing
to their numerical importance and linkages, changes
in their abundances can significantly affect the abun-
dances of other marine organisms making up ecosystems
(Mullin & Conversi, 1988; Jeong, 1994). If they are
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killed due to lowered salinity caused by large freshwater
drainage, the structure and function of the marine
ecosystem off Saemankeum may become consider-
ably altered. In other waters salinity has been reported
to markedly affect the distribution of metazooplank-
ton (Collins & Williams, 1981; Park et al., 2002).

To better understand salinity effects on the meta-
zooplankton outside the Saemankeum dike, we conducted
experiments to measure the survival of the meta-
zooplankton collected from the coastal waters off
Saemankeum areas.

MATERIALS AND METHODS

The adult copepods Acartia omorii, A. pacifica, Cala-
nus sinicus, Centropages abdominalis, Paracalanus
indicus, Pseudodiaptomus inopinus, Tortanus forci-
patus, and a hydromedusa, barnacle nauplius, poly-
chaeta larva, and a chaetognath Sagirta sp., dominant
metazooplankton taxa in the coastal waters off Sae-
mankeum areas, were collected from the coastal waters
off Saemankeum areas, Kunsan, and the Keum River
Estuary using a 45-cm mouth, 303-um mesh net in
April, October, and November, 2003 (Table 1). These
organisms were maintained in 20-L polyethylene bot-
tles in a culture room for 1-2 h before experiments.
The temperature at the culture room was maintained
identical to the water temperature when the organ-
isms were collected.

Forty-psu seawater was established by evaporation

in a clean room and lower salinity waters (0, 5, 10,
15, 20, 25, 30, 35, and 40 psu) were produced by
mixing 40 psu water with distilled water. Water of
each salinity was distributed into each well of a 6-well
plate chamber (ca. 18 ml in volume of a well). Trip-
licate wells for each salinity were set up. Five actively
swimming individuals of each taxon were transferred
into each well containing 10-ml target-salinity water
by using a micropipette. The 6-well plate chambers
were placed on the shelf in the culture room as
described above. After 1 and 24 h incubation, the
living and dead individuals were enumerated.

For all organisms, Survival 1H and Survival 24H
was calculated as the percentage (%) of surviving
individuals relative to the total number of individuals
examined after exposure to target salinity for 1 and
24 h, respectively.

RESULTS
Survival after 1 h exposure

Survival 1Hs of all metazooplankton species (Acar-
tia omorii, A. pacifica, Calanus sinicus, Centropages
abdominalis, Paracalanus indicus, Pseudodiaptomus
inopinus Tortanus forcipatus and a hydromedusa, barnacle
nauplius, polychaeta larva, and Sagitra sp.) tested in
the present study were 100% at salinities of 20-35
psu, while they were different at the other salinities
(Fig. 1A); Survival 1Hs of P. inopinus, and barnacle

Table 1. Metazooplankton taxa used in the present study. Length (L, mm) and width (W, mm) are the mean values of 5 indi-
viduals for each metazooplankton taxon. Sampling date, locations, water temperature, and salinity at collection site all given.
Keum River Estuary (KRE), Kunsan Outer Port (KOP), and Saemankeum (SMK). SD=Standard deviation.

Species L (+SD) W (+SD) Date (2003)  Location T (°C) S (psu)
Copepoda
Acartia omorii 0.8(+0.06) 0.2(+0.03) April 21 KRE 16.0 21.3
Acartia pacifica 1.3(x0.14) 0.3(+0.04) Oct. 30 SMK 13.9 29.9
Calanus sinicus 3.6(+0.25) 0.9(0.10) Oct. 30 SMK 13.9 299
Cnetropages abdominalis 1.6(+0.14) 0.4(+0.03) Oct. 30 KOP 13.3 29.1
Paracalanus indicus 0.8(+0.05) 0.2(+0.02) Oct. 30 KOP 13.3 29.1
Pseudodiaptomus inopinus 1.3(+0.10) 0.4(x0.03) Nov. 2 KRE 143 52
Tortanus forcipatus 1.7(+0.10) 0.5(+0.05) Nov. 2 SMK 13.6 30.3
Larvae
Barncale nauplius 1.3(+0.11) 0.5(+0.07) Oct. 30 KRE 14.8 18.9
Polychaeta larvae 2.2(+£0.12) 0.3(+0.05) April 21 KRE 16.0 21.3
Others
Sagitta sp. 4.2(+0.17) 0.4(+0.03) April 21 KRE 16.0 21.3
Hydromedusae 1.9(+0.34) 1.9 (+0.34) April 21 KRE 16.0 21.3
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Fig. 1. Salinity ranges where each metazooplanl?ton taxon tested in the present study survived after 1 h (A) and 24 h (B) exposure.

nauplius were 100% between 5 and 35 psu, while
they were 0% at lower or higher salinities. Survival 1Hs
of A. omorii, A. pacifica, P. indicus, T. forcipatus,
and polychaeta larva were 100% at salinities > 10
psu, while they were 0% at lower salinities. Survival
1Hs of a hydromedusa and Sagitta sp. were 100%
at salinities > 15 psu, while they were 0% at lower
salinities. Survival 1Hs of C. abdominalis and C.
sinicus were 100% at salinities > 20 psu, while they
were 0% at lower salinities.

Survival after 24 h exposure

Survival 24Hs of A. omorii, C. abdominalis, A.
pacifica, barnacle nauplius, and polychaeta larva
were the same as Survival 1Hs at the same salinity,
while those of the other metazooplankton were lower
than Survival 1Hs; Survival 24Hs of P. inopinus were
100% between 5 and 30 psu, while they were 0%
at lower or higher salinities (Fig. 1B). Survival 24Hs
of P. indicus and T. forcipatus were 100% at salinities
> 15 psu, while they were 0% at lower salinities. Sur-
vival 24Hs of a hydromedusa and C. sinicus were
100% at salinities > 25 psu, while they were 0% at
lower salinities. Survival 24H of Sagitta sp. was

100% at salinities of 15-35 psu, while they were 0%
at lower or higher salinities.

DISCUSSION

The present study shows that the survival of marine
metazooplankton living in the coastal waters off Sae-
mankeum areas were markedly affected by salinity,
but different species had different tolerances; the low
salinity tolerance of tested marine organisms at a given
salinity decreased in the following sequence: for the
Survival 1H, Pseudodiaptomus inopinus-barnacle
nauplius > Acartia omorii-A. pacifica-Paracalanus indi-
cus-Tortanus  forcipatus-polychaeta  larva > hydromedusa-
Sagitta sp. > Centropages abdominalis-Calanus sini-
cus (Fig. 1A); for the Survival 24H, P. inopinus-bar-
nacle nauplius > A. omorii-A. pacifica-polychaeta larva >
P. indicus-T. forcipatus-Sagitta sp. > C. abdominalis
> hydromedusa-C. sinicus (Fig. 1B).

The copepods tested in the present study have a
wide range of salinity tolerance. According to our
field data, salinity ranges in which some copepods
were present in the coastal waters off Saemankeum
and Kunsan and the Keum River Estuary were similar
to these salinity laboratory data where the copepods
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Table 2. Salinity range in which each metazooplankton taxon
had been observed in the coastal waters off Saemankeum,
Kunsan, and Keum River Estuary between 1999 and 2002.

Species Salinity range (psu)
Copepoda
Acartia omorii 5.1-31.3
Acartia pacifica 28.9-32.1
Calanus sinicus 23.0-32.1
Centropages abdominalis 25.2-31.9
Paracalanus indicus 10.4-32.1
Pseudodiaptomus inopinus 3.7-12.8
Tortanus forcipatus 23.0-32.1
Larvae
Barnacle nauplius 3.7-32.1
Polychaeta larvae 3.7-32.1
Others
Sagitta sp. 10.4-32.1
Hydromedusae 25.5-32.1

survived (Table 2); Pseudodiaptomus inopinus, which
survived at salinities between 5 and 35 psu after 1 h
exposure, was present at salinities between 4—13 psu.
However, this species has been reported to be present
at salinities between 1 and 29 psu in the Mankyeong-
Dongjin River Estuary (the present study area; Suh
et al., 1991) and Seomjin River Estuary (Kim et al.
2000). Acartia omorii, which survived at salinities
between 10 and 40 psu after 1-h exposure, was
present at salinities between 5-31 psu. Paracalanus
indicus, which survived at salinities between 10 and
40 psu, after 1-h exposure was present at salinities
between 10 and 32 psu. Centropages abdominalis,
which survived at salinities between 20 and 40 psu
after 1-h exposure, was present at salinities between
25 and 32 psu. Calanus sinicus, which survived at
salinities between 20 and 40 psu after 1-h exposure,
was present at salinities between 22 and 33 psu. This
species has been reported to be present at salinities
between 9 and 33 psu in the Seomjin River Estuary
(Park et al. 2002) and between 18 and 32 psu in
the Mankyeong-Dongjin River Estuary and Kwangy-
ang Bay (Soh & Suh, 1993; Choi et al., 1998; Suh
et al., 1991). A. pacifica and Tortanus forcipatus
could survive at salinities as low as 5-10 psu, but
they were found at salinities of 23—32 psu. Unknown
factors besides salinity might affect the distribution
of these two copepods. The results of the present
study suggest that the species composition of these
copepods may be affected by lower salinity waters
produced due to freshwater discharge from the fresh-
water reservoir.
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