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Abstract: This study analyses distribution and abundance patterns of mesozooplankton communities at 13 stations in the coastal waters over a marine outfall
area in the northeastern South China Sea. Cruises were conducted in March, June and September 2002, and plankton samples were collected with a 333 µm
North Pacific net. The Mesozooplankton was dominated by calanoid Copepods, Cladocera, Chaetognatha and Pteropoda. Stations located near the entrance
of the harbor provided a relatively higher abundance of Noctilucales and Radiolarians. In total, 20 zooplankton groups were identified in which, Calanoida,
Cladocera, Chaetognatha, Pteropoda, Poecilostomatoida and Appendicularia comprised 92.77% of the total zooplankton abundance. Copepoda dominated
in all three cruises, comprising 65.32% of the total mesozooplankton abundance. Samples collected in June recorded higher mesozooplankton abundance
than March and September samples. Onshore stations recorded higher BOD values, higher abundance of Noctilucales and Radiolarians and a relatively lower
abundance of the overall mesozooplankton. Total mesozooplankton abundance did not correlate significantly with temperature, pH, or dissolved oxygen, but
correlated negatively with BOD.
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because of intensive boating activities (Chang and Fang, 2004).
The ecosystems consisting of hydrodynamical and biological
variables in the T-Y outfall areas are extremely complex due to
interacting effects of pollution and intensity of tidal inflow and outflow
(Yang, 1995; Yang et al., 2000; Liang et al., 2003). The waste
waters discharged from outfall diffusers, as well as particulate pollutants
may settle down to the seabed which affects the benthos (Turner,
1994; Lee et al., 1998; Servais et al., 1999). Chemical and biological
properties of this area have not been elucidated thoroughly (Wang
et al., 1990; Hwung et al., 1990). The presence of phenols, oil and
grease were shown at higher than the limit threshold criteria in
waters above the T-Y outfall area (Yang, 1995). A higher level of
copper and zinc has also been reported in surface sediments in the
T-Y outfall area (Lee et al., 1998). No study has been conducted to
date on Pb or on CN. Chemical parameters considered in these
studies may not be sufficient to furnish a complete picture of the health
of the ecosystem. An examination of biological components, especially
the plankton composition certainly provides further insight to the
evaluation of environmental quality. As regards to plankton, algal
composition and primary production have been described by Wang
et al. (1990). To date, no study has been conducted aiming
mesozooplankton analyses above marine outfall areas in coastal
waters around Taiwan. This prompted us to examine the spatial and
temporal distribution of mesozooplankton abundance over the T-Y
outfall area in the northeastern margin of the South China Sea along
the southwestern coast of Taiwan. We found it worthwhile to undertake
a concurrent analysis of certain water quality parameters; such as
dissolved oxygen (DO) and biochemical oxygen demand (BOD). In
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Introduction
Planktonic communities are known to be influenced by space
time variations in hydrochemical parameters and physical forces
(UNESCO, 1981; Cloern et al., 1989; Bianchi et al., 2003; Waniek,
2003; Sridhar et al., 2006). Land-based industrial and domestic
effluents further impact the abundance and composition of planktonic
communities in coastal areas (Bianchi et al., 2003; Cornils, 2005) and
to a variable extent, via urban runoff, industrial processes, vehicular
exhaust and spillage of fossil fuel (Barbara and Nancy, 2002). Large
amount of domestic and industrial wastes have historically been
discharged into the Kaohsiung harbor of Taiwan and the adjacent
coastal water masses of the northeastern South China Sea. Coastal
waters in southwestern Taiwan in the vicinity of Kaoshiung city are
influenced by the river run-off, important harbors (2), wastewater
discharge (4) and marine outfall systems. Relatively higher
concentration of chlorinated derivatives had been recorded from the
Kaoshiung coastal waters (Lee and Fang, 1997). Furthermore in a
comparative study by Lee et al. (2000), the Tso-Ying (T-Y) outfall
area recorded higher concentration of hexachlorobutadiene (HCBD)
than that recorded in other outfall fields in the Kaoshiung coast. Such
effects may also mask the underlying seasonal pattern in organism’s
abundance, biomass and diversity.
Southern Taiwan has two important harbors, the harbor of
Kaoshiung, being the largest harbor (area 18 km2) in Taiwan and to
the north of Kaoshiung harbor the T-Y harbor which is being used
as a naval base. Both harbors are subjected to an accumulation of
significant amount of organic wastes and petrogenic pollutants
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Fig. 1: Map of sampling station (1-13) in the study area
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Materials and Methods
Study area: The T-Y marine outfall system is located in the north of
Kaoshiung city off the estuarine water masses of the Dien Pao River.
It discharges industrial waste waters from two industrial parks, a
large petroleum refining plant and a petrochemical plant. This area is
strategically important as it represents the boundary waters between
the northeastern South China Sea and the southeastern Taiwan
Strait. Furthermore, one of the busiest naval bases in Taiwan, the T-Y
naval base is located in this area. The coastal current in this region
follows mostly southeastwards at a velocity ranging from 30-40 cm/
sec, while the mean tidal range is 47 cm (Yang, 1995). Thirteen
sampling stations grouped in three areas were set up over the T-Y
marine outfall area off the T-Y naval harbor between 22o37’51"25o45’49"N and 120o9’5"-121o14’52"E in order to encompass the
greatest range of environmental conditions (Fig. 1). Research cruises
were conducted in March, June and September 2002, using a
fishing vessel. Stations were numbered according to the sampling
sequence and the last sampling station (St 13) was located at the
mouth of the Dien Pao estuary.
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addition, we selected heavy metals which could be used as base-line
data for future chemical monitoring of the area.
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Water quality analyses: Selected water parameters, for example
temperature, dissolved oxygen (DO) and pH were measured on
board using a Sea Bird CTD instrument prior to zooplankton collection.
Water samples were collected in a metal-free Van-Dorn bottles and
stored at 4oC and then brought back to the laboratory for the analysis
of biochemical oxygen demand (BOD5), lipid, mineral oils, heavy
metals (Pb and Cu) and cyanide (CN) (Hung, 1986). Standard
procedures as provided in standard methods for the water sampling
and the examination of water quality (APHA, 2005; EPA, 1996)
were followed for further analyses. Our chemical data were adopted
from the Industrial Development Bureau (2002).

Results and Discussion
Hydrographic parameters: Water temperature recorded in the
outfall the T-Y outfall area averaged 28.2oC and ranged from 25.4oC
in March, to 30.4oC in September 2002 (Fig. 2a). In all three sampling
cruises, the seawater was alkaline with a minimum pH of 7.9 in
March and a maximum pH of 8.5 in September. Differences in the
values recorded for temperature, pH, dissolved oxygen (DO), total
lipid and mineral oil were significant (p < 0.01, one way ANOVA; Fig.
2a-d) among seasons but not for sampling stations. The averaged
values of BOD recorded during three cruises ranged from 1.10 mgl-1
to 2.26 mgl-1, but did not differ significantly among seasons. Significant
seasonal variations were recorded for DO, lipid, and mineral oil,
with highest values in March and lowest in September (Fig. 2b-c).
The presence of cyanide in the water column was detected during all
three cruises, ranging from 0.0017 to 0.0026 mgl-1, whereas the
detectable amount of lead was recorded only in June and September
samples ranging from 0.0021 to 0.0250 mgl-1 (Fig. 2d). Average
BOD values, lipid and mineral oil concentration in the water showed
a significant spatial variation (Fig. 3a-c). The BOD value recorded at
stations 5, 7, 10 and 12 (near shore stations were significantly less
than at onshore stations: 3, 4 and 13 (Fisher’s PLSD tests, p<0.05)
which are coastal stations. In September, station 13 situated near the
mouth of the Dien-Pao estuary recorded extremely higher BOD
values (8.2 mgl-1).
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Mesozooplankton sampling, enumeration and identification:
Zooplankton samples were collected by hauling a north pacific
(NORPAC) zooplankton net (mouth diameter 45 cm; mesh size of
333 µm, and 180 cm in length) to which a hydrobios flow meter was
mounted at the centre of the net mouth. Hauls were towed horizontally
(at 0-10m depth) for 10 minutes at a speed of 2 knots. Zooplankton
samples were preserved in seawater with 5% buffered formaldehyde
immediately on board. In the laboratory, samples were split by a
Folsom splitter until the subsample contained sufficient specimens.
Zooplankton was identified to the lowest possible taxon using standard
keys (Chen, 1992; Chen et al., 1991; 1996; Chihara and Murano,
1997).

Data analysis: Spatial and temporal variations in the abundance
and distribution of mesozooplankton were analyzed using two factor
analysis of variance without replication, with stations and seasons as
major factors. Variation in zooplankton included composition and total
abundance. In order to reduce higher heteroscedasticity observed
in the original species abundance data for copepods, a transformation
power (λ = 0.983) was generated by regression coefficients, that
were estimated simultaneously, using the method of maximizing the
log likelihood function (Box and Cox, 1964). Accordingly, data were
Log (X+1) transformed for statistical analyses.
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Mesozooplankton community structure: Throughout the study,
mesozooplankton, namely Copepoda, Cladocera, Chaetognatha,
Mysidacea and Euphausiacea numerically dominated the
zooplankton abundance consisting >90% of the total counts (Fig. 4,
Table 1). Exceptions were stations 3, 4 and 5 where heterotrophic
protists, mainly Noctilucales and Radiolarians dominated the total
zooplankton (Fig. 4). These stations showed consistently higher
BOD levels (1.8 to 3.6 mgl-1). A total of 20 zooplankton groups were
identified in our samples in which Copepoda, Cladocera, Mysidacea
and Chaetognatha comprised the holoplankton (Table 1).
Meroplankton was mainly represented by fish eggs and their larvae,
and other invertebrate larvae. Six groups formed >95% of the

Mesozooplankton succession over marine outfall area
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Fig. 3: Values of BOD (a), lipid (b) and mineral oil (c) recorded at each
sampling station during the March, June, and September cruises

Fig. 2: Seasonal variation in water quality parameters; average temperature
and pH (a), DO and BOD (b), lipid and mineral oil (c), CN, Cd and Pb (d)
concentration over the Tso-Yin outfall area in the northeastern South China Sea

Correlation between zooplankton abundance and physical
parameters: Significant correlations recorded between different
zooplankton groups and physical parameters are illustrated in Figs.
6 and 7. Total zooplankton abundance did not show any significant
correlation with water temperature, pH or dissolved oxygen, but
was negatively correlated with BOD (r = -0.397; p = 0.022; Pearson’s
product moment correlation, Fig.6g). Water samples collected in
September recorded an extremely higher BOD value (8.2 mgl-1) at
station 13. This exceptionally higher BOD value in one sample was
not used for the correlation analyses. Radiolarians (r = 0.434; p =
0.0117) showed a significant positive correlation with BOD, whereas
Chaetognatha (r = -0.4; p = 0.0231), Calanoida (r = .36; p = 0.0399),
Poecilostomatoida (r = -0.35; p = 0.0435) and Lucifera larvae (r = -
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zooplankton community, namely Copepoda, Cladocera,
Chaetognatha, Pteropoda, Appendicularia and Decapoda (Table 1).
The relative abundances of 10 major mesozooplankton groups
recorded during each cruise are given in Fig. 5.
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Fig. 5: The relative abundance of 10 major mesozooplankton groups recorded
during three cruises over the Tso-Yin marine outfall area in the northeastern
South China Sea
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Table - 1: Average density (individuals m-3), relative abundance (RA, %) and frequency of occurrence (OR, %) of various zooplankton groups recorded during
three different cruises
Sampling time
-3

(March, 2002)
218.12 ± 150.77

(June, 2002)
919.46 ± 680.93

(Sep., 2002)
327.44 ± 167.42

RA

OR

Mean ± SD

Dinophyta/ Dinophyceae/ Noctiluca sp
Protozoa/ Sarcodina/ Actinopoda/ Radiolaria
Coelenterata/ Medusa
Annelida/ Polychaeta/ Polychaeta
Chaetognatha/ Sagittidea/ Sagittidae/ Sagitta sp
Arthropoda/ Crustacea/ Branchiopoda/ Cladocera
Arthropoda/ Crustacea Ostracoda
Arthropoda/ Crustacea/ Copepoda/ C. nauplius
Arthropoda/ Crustacea/ Copepoda/ Calanoida
Arthropoda/ Crustacea/ Copepoda/ Cyclopoida
Arthropoda/ Crustacea/ Copepoda/ Poecilostomatoida
Arthropoda/ Crustacea/ Malacostraca/ Amphipoda
Arthropoda/ Crustacea/ Malacostraca/ Lucifera larvae
Arthropoda/ Crustacea/ Malacostraca/ Decapoda
Sergestidae
Arthropoda/ Crustacea/ Malacostraca/ Euphausiacea
Arthropoda/ Crustacea/ Malacostraca/ Mysidacea
Mollusca/ Gastropoda/ Opisthobranchia/Thecosomata
Pteropoda
Echinodermata larva
Protochordata/ Urochordata/ Appendicularia
Protochordata/ Urochordata/ Thaliacea/ Thaliacea
Chordata
Fish eggs
Fish larva
Other larva

29.07±24.94
1.68 ± 4.71
0.71 ± 0.76
1.57 ± 1.71
2.58 ± 2.18
47.65±89.42
0.41 ± 0.53
0.14 ± 0.34
114.51±53.08
1.28 ± 1.45
12.37±10.55
0.14 ± 0.35
0.81 ± 1.82

51.13±42.62
0.0 ± 0.0
7.93 ± 7.71
4.24 ± 5.79
53.17 ± 43.1
91.35±97.23
0.33 ± 0.52
1.39 ± 3.08
601.89±523.78
1.84 ± 1.88
7.41 ± 10.16
4.28 ± 8.44
17.06±12.25

22.61±27.58
9.99 ± 18.83
0.95 ± 1.08
1.88 ± 1.49
9.10 ± 5.98
111.31±86.26
0.09 ± 0.32
0.59 ± 1.62
125.71±108.36
2.34 ± 2.91
9.67 ± 9.04
0.61 ± 1.49
1.44 ± 1.99

10.11
2.95
0.28
0.55
2.68
32.83
0.03
0.17
37.07
0.69
2.85
0.18
0.42

100.00
38.46
64.10
74.36
87.18
100.00
28.21
20.51
100.00
66.67
87.18
25.64
64.10

34.27 ± 34.1
9.99 ± 18.83
0.95 ± 1.08
1.88 ± 1.49
9.10 ± 5.98
111.31±86.26
0.09 ± 0.32
0.59 ± 1.62
125.71±108.36
2.34 ± 2.91
9.67 ± 9.04
0.61 ± 1.49
1.44 ± 1.99

0.22 ± 0.44
0.06 ± 0.21
0.0 ± 0.0

2.39±3.62
0.0 ± 0.0
0.0 ± 0.0

1.52 ± 1.73
0.43 ± 0.70
0.15 ± 0.55

0.45
0.13
0.04

43.59
12.82
2.56

1.52±1.73
0.43 ± 0.7
0.15±0.55

39.51±46.66
0.29 ± 0.55
8.3 ± 7.66
0.82 ± 2.13

3.01 ± 3.40
0.30 ± 0.61
13.66±12.38
0.75 ± 1.53

0.89
0.09
4.03
0.22

71.79
15.38
69.23
17.95

3.01 ± 3.4
0.30 ± 0.61
13.66±12.38
0.75 ± 1.53

2.76 ± 3.58
3.98 ± 6.19
13.68 ± 11.81

3.71 ± 2.38
1.05 ± 1.54
6.15 ± 5.43

1.09
0.31
1.81

79.49
35.90
76.92

3.71 ± 2.38
1.05 ± 1.54
6.15 ± 5.43

1.42 ± 1.42
0.14 ± 0.35
1.46 ± 1.47

Co

1.02 ± 1.05
0.0 ± 0.0
0.68 ± 0.92
0.07 ± 0.24

However, this area does not show significant temporal variation as it is
reported from other parts of the South China Sea and the Taiwan Strait
(Lo et al., 2004; Hwang et al., 2006). Relatively higher abundance of
Dinoflagellata, Noctilucales and their positive correlation with lipids
indicate that the outfall area is affected by land driven pollutants which
is further supported by occasionally higher BOD. Noctilucales are
distributed worldwide, being common in neritic and coastal regions,
being pollution-tolerant, they are indicators of eutrophication (Paffenhofer
and Flagg, 2002; Umani et al., 2004), which is further supported by
an insignificant correlation of the Noctilucales with BOD in our study.
The abundance of Appendicularia, Ostracoda and Chaetognatha in
this study area was similar to previous studies in contiguous water
masses (Chen and Lin, 1993; Lo and Hwang, 2000). Chen et al.
(1991) studied zooplankton distribution in the South China Sea and
clearly demonstrated a seasonal variation in zooplankton abundance
and composition in relation to monsoonal winds. The overall abundance
of zooplankton in this in the South China Sea around the Nansha
Islands was lower in comparison to the T-Y marine outfall area. Seasonal
patterns of zooplankton abundance with low values in winter and
higher values in summer are similar to results of numerous previous
studies in coastal waters (Chen, 1992) around Taiwan. The summer
maxima of zooplankton abundance and the assemblages of species
and to some extent the relative proportion of species abundance
were expected. Compared to the data obtained before the operation
of these marine outfall system, Chl a as well as primary productivity
increased when the outfall area began to receive waste waters
(Wang et al., 1990; Bianchi et al., 2003). Therefore, the level of
nutrients in the ocean water increased with distance from the
wastewater effluent source (Hwung et al., 1990).
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0.35; p = 0.0472) showed a significant negative correlation (Fig. 6).
Noctilucales (r = 0.372; p = 0.0195 Fig.7a) and Amphipoda (r =
0.351; p = 0.0288) showed a significant positive correlation with lipid
(Fig. 7, b). Appendicularia abundance correlated negatively with
the amount of lipid (r = -0.537; p = 0.01; Pearson’s product moment
correlation) and mineral oil (r = -0.411; p = 0.009), recorded from
water samples.
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The results of the present study indicates that
mesozooplankton communities at the northeastern edge of the South
China Sea facing the southwestern coast of Taiwan are spatially
heterogeneous at multiple scales. Many of the zooplankton groups
sampled are widely distributed in the surface waters of the South
China Sea and the Taiwan Strait, but a combination of their relative
abundance and the frequency of occurrence indicate that
mesozooplankton abundance above the T-Y outfall area was
perennially dominated by local species with a relatively lesser degree
of seasonal variation. Compared with other oceanic and coastal
ecosystems, the study area is notable for its shallow mixed layers,
being less than 50 m deep (Chen, 1992; Karl and Lukas, 1996;
Michaels and Knapp, 1996). At short time scales the study area is
affected by strong internal waves (Liang et al., 2003; Liu et al.,
1998). The zooplankton community in this region is mainly driven by
alternating southwest (from May to early September) northeast
monsoon and outfall discharged water (Chen, 1992; Shaw et al.,
1996 and Liang et al., 2003). The mesozooplankton data derived
from this study can directly be compared with previous studies
conducted in northern, eastern and other parts of the South China
Sea and the southern Taiwan Strait (Lo and Hwang, 2000).
Journal of Environmental Biology

 May, 2008 

py

Average zooplankton density (individuals m )

Mesozooplankton succession over marine outfall area

279

80

36

(a) Radiolaria
y = -5.753 + 6.927x
2
r = 0.188, p=0.0117

60

(d) Poecilostomatoida
y = 14.16 - 3.91 x
2
r = 0.125, p = 0.0435

27
18

40

9

20

(b) Chaetognatha
y = 45.04 - 17.22 x
r 2 = 0.156, p = 0.0231

120

0

80
40

2

3

4

(e) Lucifera
y = 13.05 - 4.78 x
r 2 = 0.121, p = 0.0472

45
30
15
0
180

Co

0
1800
(c) Calanoida
y = 540.45 - 181.75 x
2
r = 0.129, p = 0.0399

1350

1

60

py

160

Abundance (Individuals m-3)

Abundance (Individuals m-3)

0

0

(f) Appendicularia
y = 32.93 - 11.99 x
r 2 = 0.076, p = 0.119

135
90

900

45

450

0

0
-1

Biochemical oxygen demand (mgl-1)

3000
(g) Total zooplankton
y = 878.75 - 269.85 x
r 2 = 0.157, p = 0.0223

lin
e

Abundance (Individuals m-3)

Biochemical oxygen demand (mgl )

2250
1500
750
0

0

1

2

3

4

Biochemical oxygen demand (mgl-1)

120

(a) Noctiluca
y = -9.424 + 22.91 x
r 2 = 0.139, p = 0.0195

100
80
60
40
20

00
0.0

0.5

1.0
1.5
2.0
Lipid (mgl-1)

2.5

3.0

Abundance (Individuals m-3)

140

On

Abundance (Individuals m-3)

Fig. 6: Correlation between biochemical oxygen demand and the major zooplankton groups showing a significant correlation
30
25
20

(b) Amphipoda
y = -4.55 + 3.265 x
r 2 = 0.123, p = 0.0288

15
10
5
0
0.0

0.5

1.0
1.5
2.0
-1 -1
Lipid
(mgl
)
Lipid (mg L )

2.5

3.0

Fig. 7: Correlation of lipid concentration in the water column with Noctilucales (a) and with Amphipoda (b)
Journal of Environmental Biology

 May, 2008 

280

Tseng et al.

Acknowledgments
Authors thank two anonymous referees for their valuable
comments on a previous version of the manuscript. We acknowledge
the financial support from a South China Sea project of the National
Science Council, Taiwan, NSC (Grant NSC 94-2621-B-019-001)
and the Center for Marine Bioscience and Biotechnology of the National
Taiwan Ocean University. We thank technicians and graduate students
from J.S. Hwang’s laboratory for assistance during field samplings.
References

On

lin
e

Co

APHA.: Standard methods for the examination of water and wastewater. 21st
Edn. Washington, D.C. (2005).
Barbara, L.S. and H.M. Nancy: The effects of oil emulsion and fuel oil on the
hatching success of copepod resting eggs in the seabed of Tampa
Bay, Florida. Environ. Pollut., 120, 787-795 (2002).
Bianchi, F., F. Acri, A. Bernardi, A. Berton, A. Boldrin, E. Camatti, D. Cassin
and A. Comaschi: Can plankton communities be considered as
bioindicators of water quality in the lagoon of Venice? Marine Pollut.
Bull., 46, 964-971 (2003).
Box, G.E.P. and D. R. Cox: An analysis of transformations (with discussion).
J. Royal Statistical Soc., Series B, 26, 211-46 (1964).
Chang, W.B. and L.S. Fang: Temporal and spatial variations in the species
composition, distribution and abundance of copepods in Kaoshiung
Harbor, Taiwian. Zoological Studies, 43, 454-463 (2004).
Chen, Q.C.: Zooplankton of China Seas (1). Science Press, Beijing. pp. 1-87
(1992).
Chen, C.S. and C.H. Lin: The ecological study of planktonic ostracods in the middle
of the South China Sea. Acta Oceanology Sinica, 16, 113-119 (1993).
Chen, Q.C., G.X. Zhang, J.O. Yin, X.M. Chen, A.S. Li and Z.Y, Zou: The
distribution of zooplankton from eastern and southern waters of the
Nansha Islands in summer months 1998. pp. 186-193. In: Contributions
on marine biological research of the Nansha Islands (Ed.: Q.C. Chen).
Vol. II. Ocean Press, Beijing (1991).
Chen, Q.C., L.M. Huang, J.Q. Yin and G.X. Zhang: Characteristics of the
zooplanktonic biodiversities in the waters around Nansha Islands in
autumn 1994. pp. 38-43. In: Studies on marine biodiversity of the
Nansha Islands and neighboring water (Ed.: E.S. Tseng). Vol. II.
Ocean Press, Beijing(1996).
Chihara, M. and M. Murano: An illustrated guide to marine plankton in Japan.
Tokyo University Press Tokyo Japan. p. 1574 (1997).
Cloern, J.E., T.M. Powell and L.M. Huzzley: Spatial and temporal variability
in San Francisco Bay (USA). II Temporal changes in salinity, suspended
sediments, phytoplankton biomass and productivity over tidal time
scales. Estuary and Coastal Shelf Science, 28, 599-613 (1989).
Cornils, A., S.B. Schnack-Schiel, W. Hagen, M. Dowidar, N. Stambler, O.
Plahn and C. Richter: Spatial and temporal distribution of
mesozooplankon in the Gulf of Aquaba and the northern red sea in
February/March 1999. J. Plankton Res., 27, 505-518 (2005).
EPA.: River water sampling methods and water quality examing technical
handbook. Industrial Development Bureau. Executive Yuen, Republic
of China (1996).
Hung, T.C.: Monitoring and assessment of the quality of the coastal environment.
J. Environ. Protect. Soc., 9, 60-80 (1986).
Hwang, J.S., S. Souissi, L.C. Tseng, L. Seuront, F.G. Schmitt, L.S. Fang,
S.H. Peng, C.H. Wu, S.H., Hsaio, W.H. Twan, T.P. Wei, R. Kumar,
T.H. Fang, Q.C. Chen and C.K. Wong: A long-term study of the

influence of the northeast and southwest monsoons on the copepod
assemblages in the boundary waters between the east China sea and
the Taiwan Strait. J. Plankton Res., 28, 943-958 (2006).
Hwung, H.H., C.G. Wen, Y.F. Chen, S.I. Fu, J.T. Wen and W.T. Hwung:
Field surveys and environmental assessments on Chung-Chou, DaLin–Pu and Tso-Ying ocean outfalls. Tainan Hydraulics Laboratory,
National Chung Kung University, Tainan, Taiwan, Bulletin No., 121
(1990).
IDB.: Ministry of Economic Affairs. Field surveys and environmental
assessments on Tso-Ying ocean outfalls. p. 447 (2002).
Karl, D.M. and R. Lukas: The Hawaii Ocean Time-series (HOT) program:
Background, rationale and field implementation. Deep Sea Research
II, 43, 129-156 (1996).
Lee, C.L. and M.D. Fang: Sources and distribution of chlorobenzenes and
hexachlorobutadiene in surficial sediments along the coast of
southwestern Taiwan. Chemosphere, 35, 2039-2050 (1997).
Lee, C.L., M.D. Fang and M.T. Hsieh: Characterization and distribution of
metals in surficial sediments in southwestern Taiwan. Mar. Pollut.
Bull., 36, 464-471 (1998).
Lee, C.L., H.J. Song and M.D. Fang: Concentrations of chlorobenzenes,
hexachlorobutadiene and heavy metals in surficial sediments of
Kaohsiung coast, Taiwan. Chemosphere, 41, 889-899 (2000).
Liang, W.D., T.Y. Tang, Y.J. Yang, M.T. Ko and W.S. Chuang: Upper-ocean
currents around Taiwan. Deep-Sea Res. II, 50, 1085-1105 (2003).
Liu, A.K., Y.S. Chang, M.K. Hsu and N.K. Liang: Evolution of nonlinear
internal waves in the east and South China Sea. J. Geophys. Res.,
103, 7995-8008 (1998).
Lo, W.T. and J.S. Hwang: The diel vertical distribution of zooplankton in the
northeastern South China Sea. National Taiwan Museum Special
Publication Series, 10, 59-73 (2000).
Lo, W.T., J.S. Hwang and Q.C. Chen: Spatial variations of copepods in the
surface water of southeastern Taiwan Strait. Zoological Studies, 43,
218-228 (2004).
Michaels, A.F. and A.H. Knapp: Overview of the U.S. JGOFS bermuda
atlantic time series and the hydrostation S program. Deep- Sea Res. II,
43, 157-198 (1996).
Paffenhofer, G.A. and C.N. Flagg: Interannual variability of metazooplankton
biomass in ocean margin: Late winter vs. summer. Deep-Sea Res. II,
49, 4533-4552 (2002).
Servais, P., J. Garnier, N. Demarteau, N. Brion and G. Billen: Supply of
organic matter and bacteria to aquatic ecosystems through waste
water effluents. Water Res., 33, 3521-3531 (1999).
Shaw, P.T., S.Y. Chao, K.K. Liu, S.C. Pai and C.T. Liu: Winter upwelling off
Luzon in the northeastern South China Sea. J. Geophys. Res., 101,
16435-16448 (1996).
Sridhar, R., T. Thangaradjou, S. Senthil Kumar and L. Kannan: Water quality
and phytoplankton characteristics in the Palk Bay, southeast coast of
India. J. Environ. Biol., 27, 561-566 (2006).
Turner, J.T.: Planktonic copepods of Boston Harbor, Massachusetts Bay and
Cape Cod Bay, 1992. Hydrobiologia, 292/293, 405-413 (1994).
Umani, S.F., A. Beran, S. Parlato, D. Virgilio, T. Zollet, A. De Olazabal, B.
Lazzarini and M. Cabrini: Noctiluca scintillans Macartney in the Northern
Adriatic Sea: Long-term dynamics, relationships with temperature and
eutrophication, and role in the food web. J. Plankton Res., 26, 545-561
(2004).
UNESCO.: Coastal lagoon research, present and future. UNESCO Tech.
Paper Mar. Sci., 32, 51-79 (1981).
Wang, S.B., C.K. Cheng, C.H. Wu, W. Hsu, H. Wang and Y.L. Li: Monitor and
survey of the marine environment of Da-Lin-Pu and Tso-Ying marine
outfall fields in Kaoshiung (3rd report). Bureau of Industry, Department of
Economic, Executive Yuen, Republic of China (1990).
Waniek, J.J.: The role of physical forcing in initiation of spring blooms in the
northeast Atlantic. J. Marine Syst., 39, 57-82 (2003).
Yang, L.: Review of marine outfall systems in Taiwan. Water Sci. Technol.,
32, 257-264 (1995).
Yang, L., W.S. Chang, and M.N.L. Huang: Natural desinfection of wastewater
in marine outfall fields. Water Res., 34, 743-750 (2000).

py

Information about mesozooplankton abundance in the area
will not only provide background information for future monitoring,
but will give a measure for the effectiveness of pollution control
measures. Finally, questions raised by these results suggest
numerous areas where an interaction between pollutants, nutrients,
phytoplankton and zooplankton requires extensive additional studies
and long term monitoring.
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