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RESTORATION OF THE MARINE ECOLOGICAL
ENVIRONMENT ALONG THE CHARTING COAST:
PRIMARY PRODUCTIVITY AND BIOMASS STUDY

TSU-CHANG HUNG* ** SHU-JIE WU* and AILEEN CHUANG**

*Institute of Oceanography, National Taiwan University, Taipei, Taiwan
**Institute of Chemistry, Academia Sinica, Taipei, Taiwan

( Received 11 September 1995 )

Since 1986, when green oysters occurred due to the copper and organic pollution in the Charting coastal area,
the government banned all maricultural activity. It has been claimed that growing algae in a polluted
environment may clean the water of pollutants and restore the marine ecosystem. To test this hypothesis, in
the Charting coastal area a three-year programme (from August 1992 to July 1995) was carried out. The
survey programme included environmental components such as salinity, temperature, pH, dissolved oxygen,
biological oxygen demand (BOD), particulate organic carbon (POC), heavy metals and ecological indicators
such as nutrients, chlorophyll-a, primary productivity. In the first year study, the environmental background
data collected was used to select the suitable season and locations for growing large algae transferred from
the laboratory to the field study area. Since September 1993, various species of large algae have been cultured.
Although some of the growing algae were damaged by a typhoon in August 1994, the impact of the growing
algae on the environmental conditions in the area has been monitored throughout. Elsewhere, we have
reported that in the algae growing area higher dissolved oxygen with lower values of BOD and POC were
found, and the concentrations of heavy metals in both water and sediments decreased. The purpose of this
paper is to evaluate the possible impact of growing large algae on the ecological conditions in Charting
coastal waters through the period from August 1983 to May 1995. As a result of the positive results obtained,
large amounts of algae haye again been cultured in the same area during the period from April 29 to May 25,
1995. We expect that inorganic and organic pollutants will be reduced by the algal growth, oyster mariculture
will be restored and finally, the fishery resources potential will be increased.

KEY WORDS: Primary productivity, nutrients, chlorophyll-a, mariculture, mitigation of marine pollution,
Taiwan.

INTRODUCTION

The coast from Kaohsiung to Tainan, including the Charting coastal area, is a very
important fishery ground and oyster mariculture area in Taiwan (Su et al., 1986). Due
to the high concentrations of heavy metals (particularly copper) and organic pollution,
mariculture in this area has been prohibited by the government since the first case of
green oysters occurred in 1986 (EPA/ROC, 1990, Hung et al., 1987, 1989; Hung, 1988).
Itis claimed that growing algae in a polluted environment may clean the water quality
and restore a healthy marine ecosystem (Largo and Ohno, 1993; Aziz and Jern, 1994).
To test this hypothesis, since September 1993 about 10 kg of various algal species:
Sargassum spp., Grateloupia filicina, Halymenia microcarpa, Padina arborescens,
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Pterocladia capillacea, Ulva lactuca and U. arasaki have been cultured in the Charting
area (22° 49'33”"N, 122° 12'15"E; stations X1-X4, Fig. 1). Environmental components
such as salinity, temperature, pH, dissolved oxygen and biological oxygen demand as
well as heavy metals in water and sediments, and ecological factors such as nutrients,
chlorophyll-a, particulate organic carbon and primary productivity have been
monitored from August 1992 to May 1995. Although part of the algal crop was
damaged by a typhoon in August 1994, the environmental and ecological impact of
algal growth was evident. Elsewhere, Hung et al. (1995a) have reported and discussed
the water quality changes following algal culture. The results indicated that higher
dissolved oxygen (6.1-7.6 mgl1~!) with lower BOD (0.4-2.3 mgl™') and POC
{20.6-948 pg 1~ 'y were observed. The concentrations of copper, zinc, lead and cadmium
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Figure 1 Sampling stations along the Erhjin Chi river (1-2), estuarine (3), the Charting coastal (4—12) and
the alga cultural (X1-X4) areas in Taiwan (L.N.G.: Liquid Natural Gas).
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in both water and sediments were also reduced. The purpose of this paper is to evaluate
the ecological status of the Charting coastal waters before and during the culture of
large algae, during the period from August 1992 to May 1995.

EXPERIMENTAL METHODS

Water and sediment samples were collected from the Erhjin Chiriver and its estuary, as
well as from the Charting coastal area, in twelve cruises carried out during the period
September 1992 to May 1995. The sampling locations and dates are shown in Figure 1
and Table I. Water samples at different depths (0, 3, 10 and 20 metres) were collected in
non-metallic Niskin bottles aboard the research vessel “Oceanic Research 17 or fishing
boats. Surface sediments were collected by dredging, and then acidified to pH < 2 with
nitric acid for analysis of total concentrations of heavy metals. Immediately after
collection, water samples were measured for temperature, salinity, pH and analyzed for
dissolved oxygen, biological oxygen demand (BOD), particulate organic carbon (as
organic detritus) and heavy metals (copper, zinc, lead, cadmium, etc.) and for ecological
indicators (primary productivity, biomass [as chlorophyll-a], particulate organic
carbon [as phytoplankton]) and nutrients (nitrite, nitrate, phosphate and silicate). The
analysis of heavy metals followed the methods described by Su et al. (1986), Hung et al.
(1995b) and Hung and Meng (1992). In this paper we discuss only the ecological
indicators such as primary productivity and biomass in the water.

RESULTS AND DISCUSSION

In the Charting coastal area, including the Erhjin Chi river and its estuary, chemical
nutrients vary with seasons and locations, particularly during the rainy season. In
southern Taiwan this is mainly contributed by storm rainfall and usually begins from
March/April; the dry season begins from September/October. Figure 2 shows that an
extremely high monthly average precipitation (1510.3 mm) was observed during the
typhoon in August 1994. High concentrations of nitrite—-N (0.98-70.7 pg1™*), ni-
trate-N (<0.7-285 pgl™!), phosphate-P (46.1-1730 ugl™!) and silicate-Si
(309-10900 ng 1™ 1) were observed in the river water (stations 1 to 3} during the dry
season and low values of nitrite—N ( < 0.7-27.4 pg1~!), nitrate—N (0.77-177 ug 171,

TableI Research cruises for hydrographical, chemical and ecological studies along the
Erhjin Chi (River), estuary and the Charting coastal areas.

Cruise No. Date Period Cruise No.  Date Period

1 September 17 to 18, 1992 7 March 3 to 4, 1994

2 December 17 to 18, 1992 8 June 15 to 16, 1994

3 March 17 to 18, 1993 9 September 9 to 10, 1994
4 June 22 to 23, 1993 10 December 29 to 31, 1994
5 September 8 to 9, 1993 11 March 8 to 10, 1995

6 December 30 to 31, 1993 12 May 24 to 25, 1995
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Figure 2 Monthly average values of precipitation (mm) along the Erhjin Chi (River) and the Charting
coastal areas.

phosphate—P (0.8-188 pgl1~!) and silicate-Si (10.2-926 pgl™') in the coastal sea
water (stations 4 to 12 and stations X1 to X4) immediately after the rainy season (Figs. 3
to 6). Relatively lower concentrations of nutrients, particularly nitrite and phosphate,
were found in the area of algal culture (stations X2, X3) compared with those found in
the coastal water (stations 4 to 12).

Figure 7 shows the seasonal and regional distribution of chlorophyll-a in the water
column from 0 to 20 metres along the Charting coastal area. In general, higher values of
chlorophyll-a (0.09-12.4 ug 17!, mean 2.37 +2.35 pg 1™ %) were found at nearshore
stations (4 to 8) compared with those (9 to 12) offshore (0.07-8.37 ng 171, mean
1.52 4+ 1.77 ug 1™ 1). Unfortunately, no chlorophyll-a determinations were made in the
algal culture area before August 1993. However, lower values of chlorophyll-a
(0.47-2.15 gl ', mean 1.11 +0.50 pg 1~ ') were found at stations X1 to X4 during the
period from September 1993 to March 1994, compared with those found from
September 1994 to May 1995 (0.08-4.13 ug 171, mean 1.48 + 1.34 ug 1 ). Elsewhere,
we noted (Hung et al., 1995a) that although some of cultured algae were damaged by
typhoon experienced in August 1994, the impact of growing algae was still evident.
Steps were taken to transfer large amounts of algae from the laboratory to the same
area on April 29, May 12 and May 25, 1995 to re-establish the field cultures.
Preliminary results strongly indicate a higher chlorophyll-a (3.21-4.13 pg 17!, mean
3.68 +0.33 pg 17 ') in the regrowth area on May 25, 1995, as shown in Figure 7.

The measurement of chlorophyll-a is one of the methods used to estimate primary
productivity. Raymont (1980) considered that the ratio of carbon and chlorophyll-a, a
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measure of phytoplankton biomass, is 13.6 to 17.3 (mean 15.4),i.e. 1 pg chlorophyll-ais

equivalent to 15.4 pg POC of phytoplankton. Table II indicates that particulate

organic carbon in the phytoplankton (POC-P) ranged from 1.08-191 pg 17! (mean

while in the algal growing area values of POC-P

ug 17 ') in coastal water,
were in the range 7.2-33.1 ug 1™ ! (mean 16.9 + 6.5 ug1™ '} in the period September 1993

30.9 +28.1
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,2,3,6,10 and 12; B,

to June 1994. After the extensive restocking of algae between April 29 to May 25, 1995,

ranging from 49.4-63.6 ug 1~ (mean 54.7 +

-P were found,

very high values of POC

58ugl™1.

Huang (1995) studied the standing crop in the algal culture area and found similar
results with higher standing crops in the period from August 1994 to July 1995,
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compared with that found in the period August 1993 to July 1994. The species of
phytoplankton present were in the genera Oscillatoria, Nephroselmis, Chaetoceros,
Eucampia, Leptocylindrus, Thalassiosira, and Protoperidinium.

Analysis of particulate organic carbon (POC) can indicate not only the quantity of
phytoplankton but also the organic detritus, i.e. the level of organic pollutants in the
water. The POC of organic detritus (POC-d) can be obtained by subtracting POC-p
from total POC. In another paper (Hung et al., 1995a) we suggested that higher values
of POC (367-21600 pg 17 !) were found in river stations compared with those in the
Charting coastal waters (49.6-174 pg1~1). Relatively low values (20.6-948 ug 1~ !) were
found in the surface and/or whole water column (0 to 20 m) in the area of algal culture
since September 1993. Although the amounts of POC-d at river stations was not
analyzed due to the lack of chlorophyll-a data, the distribution of POC-d was similar to
that of the total POC on the Charting coastal water, including that of the algal culture
area (Hung et al., 1995a). For instance, low POC-d values, 29 to 754 pg 17! (mean
327 4+ 132 ugl~ 1) were found in the latter, while at other stations (4 to 12) in the coastal
area there were somewhat higher values, 82-948 pug 17! (mean 339+ 103 pg 17%).
Furthermore, in the algal culture area, lower values of POC-d (269 + 123 pg 1~ *) were
found in the period from September 1994 to May 1995 and higher values (385 + 114 pgl ™)
from September 1993 to June 1994. This evidence supports the view that growth of
the algae in an organic polluted area can reduce organic pollutants, as indicated by
POC-d.

Primary productivity in Charting coastal water, including the algal culture area, was
also measured by carbon-14 uptake. The resuits (Fig. 8) indicate that primary produc-
tion ranged from 0.32 to 1.89 ug C 1~ 'h ™!, varying between season and location. High
values were found in May 1995, and lower values in September 1993. Even after the
typhoon damage of August 1994, the effect of overall algal growth was still evident. For
example, average productivity (0.68 +0.06 to 1.23+0.08 pg C 1"*h™!) in the algal
culture area was higher than that elsewhere in the coastal area (from 0.56 +0.14 to
1.13+0.22 pg C 17 th™!) as shown in Table III.

Although the environmental data (salinity, temperature, pH, dissolved oxygen,
biochemical oxygen demand and heavy metals) are not presented or discussed here,
there are significant correlations between the ecological and environmental parameters
in the Charting coastal area. For example, a good correlation { > 0.22) is found between

Table Y Comparison of average primary productivity (pg C
1" 'h™ ') in the Charting coastal and the algal cultural areas.

Cruise Date Charting Coast Algal Culture
September 1993 0.56 +0.14 0.97 £ 0.08
December 1993 0.69 +0.12 0.68 + 0.06
March 1994 0914020 0.93 1+ 0.05
June 1994 0.74 +0.22 0.9340.07
September 1994 1131022 1.18 £0.10
December 1994 0.88 +0.47 0.974+0.08
March 1995 0.67 +£0.14 0.92 £ 0.38
May 1995 1134022 1.23 +0.08

Charting coastal area, 4-12; Algal cultural area, X1-X4.
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primary productivity and chlorophyll-a, phosphate, POC, salinity, dissolved oxygen,
silicate, zinc, copper, lead, ATP and pH; and between chlorophyll-a and BOD,
phosphate, copper, dissolved oxygen, silicate, zinc, lead, salinity, temperature and
POC, both for the averaged data (all depths, n = 320) and for surface water data only
(n=136), as shown in Table IV. From these results it may be concluded, in accordance
with the observations of Largo and Ohno (1993) and Aziz and Jern (1994) that growing
algae in a heavy metal and organic polluted area may clean the water and recreate a
healthy ecosystem as well as increase the marine productivity.
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