
�The Sea�Journal of the Korean Society of Oceanography
Vol. 10, No. 1, pp. 31� 37, February 2005

31

�� ����� ��� ���� �� �� ��� ��� � 
���� ��

�������*

����� ������� � �����

Measurement of Net Photosynthetic Rates in Intertidal flats of 
Ganghwa-gun and Incheon North Harbor using Oxygen Microsensors

CHUNG YEON HWANG AND BYUNG CHEOL CHO*
School of Earth and Environmental Sciences and Research Institute of Oceanography, 

Seoul National University, Seoul 151-742, Korea

���� � ����� ��� ��� ���� �� ���� ���� ��� �� ��� ���� ����

��� ���, ��� ��� ����� �� �� �� ��� ��	 ���� 2003� 12��� 2004� 6��

� 4�� �� �� ����	 ���� ��� � �� ��� �� ��� �����. �� �� �� ���

� ��� ���� ��� ��� �� ��� 12�� �� ���(�� 4.0~4.1 mm), �� ����� �� ��

2.2~2.8 mm� 1.6~1.8 mm� ��� 
��� ��	 ���. ���	� �� �� ��� �� �� ��� ��

� �
�� 0.8�0.3 mm(���1SD)� 
� �	 ����. � ����� ��� ���� 3�� ���(11.1�

2.8 mmol O2 m−2 h−1)	 ����, ���� �� �� ����� 5�� �� 6.1�4.1 mmol O2 m−2 h−1� 6.4�

1.4 mmol O2 m−2 h−1� ���	 ���. � ����� ���	 �� ���, ��� � ���� �� �� �

�� ���� �� 0.1~0.5 mm ���� ������, ��� ��� �� ��� �� �� ��� �� ��

��� 1.8~3.2� ���. 6� �� ��� ��� ��(400 µEinst m−2 s−1)� �� �� ��� �� ����, �� �

����� � ��� � ����� �	 ���� 0.2 mmol O2 m−2 h−1 ��� �	 ����. �����, � ��

��� ���� �� ��� �� ��� �� �� ��� ����, �
 ��� �� 0.5 mm ��� ����

�� �� ��
� �� ���� �� ���	 ���� ��� ����. � ��� �� ����	 ��� �

�� ��� ��� �� ����� � ����, � ��� ��� �� ����� �� ���� �� ���

�	 ����� ���	 ��� � �	 ��� ����.

To find out temporal variations of net photosynthetic rate (NPR) of intertidal flats, we measured oxygen
microprofiles in sediments with oxygen microsensors 4 times from December 2003 to June 2004. The study
areas were the intertidal flats in Janghwa-ri and Dongmak-ri, located on the southwestern and the southern
parts of Ganghwa-gun, respectively, and in Incheon North Harbor where the content of organic matter was
relatively high. During the investigation, oxygen penetration depths in the tidal flats of Janghwa-ri and Dong-
mak-ri were high in December (mean values of 4.0-4.1 mm). Thereafter, the oxygen penetration depths
declined to mean values of 2.2-2.8 mm and 1.6-1.8 mm in the two tidal flats. Interestingly, the oxygen pen-
etration depths in the Incheon North Harbor tidal flat showed a lower range (0.8±0.3 mm; mean±1SD)
over the period. The maximum NPR in the Dongmak-ri tidal flat was found in March (11.1±2.8 mmol O2

m−2 h−1), and those in Janghwa-ri (6.1±4.1 mmol O2 m−2 h−1) and Incheon North Harbor (6.4±1.4 mmol
O2 m−2 h−1) were observed in May. During the period when NPR was most active, the highest oxygen con-
centration was found at 0.1-0.5 mm depth below the surface sediment, and was on average 1.8-3.2 times higher
than the air-saturated oxygen concentration in the overlying seawater. Although we took into account of low in
situ light intensity (400 µEinst m−2 s−1) during the investigation in June, NPR in the 3 study areas decreased sig-
nificantly to less than 0.2 mmol O2 m−2 h−1. Thus, temporal variations of NPR were somewhat different among the
tidal flats. Generally, benthic primary producers inhabiting in the uppermost 0.5 mm of the sediment showed a
peak photosynthetic activity in the study areas in spring. This is the first domestic report on photosynthetic rates
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of benthic microflora in the tidal flats with oxygen microsensors, and the use of the microsensor can be
widely applied to measurements of benthic primary production of a tidal flat and the oxygen consumption
rate of surficial sediments.

Keywords: Net Photosynthetic Rate, Benthic Microflora, Oxygen Microsensor, Intertidal Flat, Ganghwa,
Incheon North Harbor

� �

�� ����(oxygen microsensor)� 
� ��� �	�� �

�� �� ��� ���� �� ���� �����(Clark et

al., 1953). 1978�� Revsbech� �� ���� �� �� ��

��	 ��� ��� �� � ����� ��� �
��(Revsbech

and J�rgensen, 1986), ��� ���� ���� ���	 ��

	 � �� �� ����� �����(Revsbech and Ward, 1983;

Revsbech, 1989), � ��� �
���� ����.

�� �� ��
(benthic primary producers)� ����	 �

��� ����� ��� �� 	�(H14CO3
− )� ��� ��

(Leach, 1970), Bell jar� ���� �� �� ��� ��� �

��� ��(Pomeroy, 1959), �� ����	 ���� ��

(Revsbech et al., 1981) �� �����. ��� � �� ��	

�	� �� ��� ����(Revsbech et al., 1981), 200 µEinst

m−2 s−1 ��� �� ����� �� ��� ����	 ���

�, � �� �� �� ����� �� ����	 ��� ��

� �� ���� �� �� �� ���� �	 ���. 	�, 	

� Keitum ����� �� ����	 ��� ��� ��� �

� 	� ���� �� �� 2� �� �� �� ���	 ��

�� ���(Wolfstein and Hartig, 1998). ��� ��� ���

�� HCO3
−
� �� �� 	� ��(isotope dilution)�� ���

�� 	� ���� �� ���� �� ������(Revsbech

et al., 1981), �� ����	 ��� ���� ��� �� ��

� stirring	 � �� �� ��(benthic microalgae)� �� ��

�� ����(Gould and Gallagher, 1990) ���� �� ���

� ���	 ���� ��.

�� ����	 ���� ��� ��� �� ���� ��

�� �� �(� � ��)� ��� ��� ����, ��� tip

� �	� 10 µm ��� ���� ���	 �� � ��� ��

� 	�	 ���	 � ��� ���(Revsbech and J�rgensen,

1986). �� �
 � ��� ���� ���� ���� ���

��� �� 	� ���� �� �� ���� ���� 	 �

��. 	�, �� ����� tip� ���� �� ��� �
�

(coarse sand)� �� ��� ���� �	 ���� ��
 �,

�� �� ��(macrofauna)� �� ��� �� ��(burrow) �

��� �� ��� �� ��� ����	 ����� � ��

���� �� ����� ��	 ���� ���� ����

(Revsbech and J�rgensen, 1986).

�� �� ��(microphytobenthos)� �� ���� ��� �

�� ��
� �� ���� ��� � �� �	� ��� �

		 
���(Kuipers et al., 1981; van Es, 1982). �� ���

� �� ��� �� �� ��� �� �� ���� ��� �

	�� ����� ��� � ��� �� ��� �����

(MacIntyre et al., 1996; Goto et al., 2000). �	�� ���� �

���� ����� �� ��� �� ��� ��� ����

(�, 2001). ���, � ����� �� ����	 ���� �

�� ���� ����� �
�� ��� ��(���� ��

� ��)� �� �� ��	 ���� � ����� �����

��� ����
 ���.

�� � ��

�� �� � �� ��
� ��� �� ��� ���� ���� ��� ��� ��

(126o21'E, 37o37'N)� ��� ��� ��� ��(126o27'E,

37o35'N), ��� ��� ���� ��� ��� ����� �

� �� �� ��(126o37'E, 37o29'N)	 ���� �����. �

��� ��� ����� ������ � 1 km ��� ���

��� �� 2~4
 ��	 ������, �� ����	 ��

�� �� � 2~37
� ��� � ���� �� �� ��� �

� �� 
�� 
��. �� �� ����� ���� � 20 m

��� ��� 1
� ��	 ���� � ���� 2~3
� ��

�� ��� �� ��� �����.

��� 2003� 12� 3~4�, 2004� 3� 17~18�, 5� 1~2�,

6� 10~11�� �� � 4� �����. �� ��� ��� �

� 8~10� ��� �� ��� �����, ��� PVC(poly vinyl

chloride) ��� ��(�	: 9 cm)� ���� �� 5 cm ���

��� � 1�� ��� �� �� ��� �
�� 
�	�.

�� ��� 0.2 µm ���� ��� � ��� ���, ��

� �� ��� ��� ���
	 ���. ��� ��� 
�


� ��� ��� � � �� ��� �� �, � ��� 
�

�� ��� ��� �� �� ��� ���� 
� ��� 


� �� ��� �� ���� �����. �� �� ����

�� ���	 ����� ��, ��� ��� �� �� ���

�� ��� ���. ��
(LI-COR, LI-1000)� ��� ��	

����, 	�� ��� ���� ��� ��	 ��� �� �

	(400~800 µEinst m−2 s−1)�� 30� �� ���	 �� � �

� ����	 ���� ��� � ���� �� �� ��� �

����.

���� ��� � �� ��
���� ���(φ)� Bennett and Lamber(1971)� � (1)	 �

��� �����. 

 (1)φ Vw Vss+
Wd Dg⁄ Ww+
--------------------------- 100×=
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Vw: �� �


Ww: �� �	

Wd: �	 ��� ��� ���� �	

Dg: �� �
 ��(average grain density) 

Vss: Vw� 1.2%� ���� �
(35 psu ��� ��)

���� ��� 2 mm� ��(probe)	 �� �
 ��
(APPA

Technology Corp., APPA 51)� ���� �����.

���� �� �� ��
�
� ��� �� ����� �� ��� 7~8 µm� Clark

type� ������. ���� stirring effect� 0.9~1.5%���,

90% 	� ��(response time)� 0.7~0.8���(
� ���). �

�� ��� ���� �� ���� ��	 ���� �� 
�

�� ��(natural turbulence)� ���� �
�� ��� ���

� �� �� ��� �	�	 ����� ��� ��� ���

��(Revsbech et al., 1980). ���� ��� ���� 100% �

� �� ��(20oC)�� �� 16~18 pA� 131~211 pA� ���

����. ��� ��� ��� �� � ��� �� ��� �

��� �� ��� ������ ���(�� ��=0)� ���

100% ��� �� ����� ���	 �����(Revsbech and

J�rgensen, 1983). �� �� �� ��� ��� �� ��� �

�� �� 
���� 
����(Garcia and Gordon, 1992). �

��� ����� �� �� ��� ��� ��� ��� ��

�� �� ���
� ���� 
����. �� ��� 10 µm

� �� �� ���� �� micromanipulator   (Unisense, MM33)

� �	�� 100 µm ���� �� ����� ���� ���

� �� ��� �����. ���� ��� ��� picoammeter

(Unisense, PA2000)� �� strip-chart recorder(Linear Instrument

Corp., 252A)� �����.

� ���� �� ��
� ����(net photosynthetic rate)� �� ��� �� ��

����� �����(Revsbech and J�rgensen, 1986; Kühl et

al., 1996). ���� ���(photic zone)�� ���� �� ��

� ��� 	�� �� ��� ���� �� ����. ���

��� 	��� �� ���(flux, Jup(x))� ��� 	��� �

� ���(Jdown(x))��� � ����(|Jup(x)|+|Jdown(x)|)	 ��	

� ��. ��� 	� ���(J(x))� � (2)� �� Fick� 	�

�1���� ����(Revsbech and J�rgensen, 1986; Kühl et al.,

1996):

J(x) = φDs (2)

��� C(x)� �� ��� �� x(cm)��� �� ��(µmol

L−1), φ� ���, Ds� ��� ��� 	� ��(apparent diffusion

coefficient, cm2 s−1)��. ��� ��� 	� ��� ��� ��

� ��� �� 1.58~2.30�10−5 cm2 s−1� �	 �����(Li and

Gregory, 1974). ��� 	��� ���(Jup(x)) 
��� ���

� 1	 �����. ��� 	��� ���(Jdown(x))� 
�	 �

���� �� 0~1 cm� ����� ��� ��� ��� 
�

� ������, ���� ��� ��� 	� ��� φ2	 
�

�	 �����(Ullman and Aller, 1982; Lorenzen et al., 1998).

��� �� �� ��� ��(δC(x)/δx)� ��� �� ��� �

� �� ����� 
����. 
, ��� 	��� ���(Jup(x))

� ���� ��� 
�(sediment/seawater interface) 
� ��

���� 0.1~0.2 mm �	� 	��
�(diffusive boundary layer)

��� �� ��� ���	 �����, ��� 	��� ��

�(Jdown(x))� ���� ��� �� ��� �� ��� ����

� ���� ���� ��
��	 ���� ���	 
����.

�� � ��

�� ��� �� ��
�� �� ��� �� ��� ���� ��� ��� Fig. 1

� ����. ���� �� ��� �� ��� �� �
� �

�� ����, ��� ��(�� 3.7~6.4oC), ��	(24.9~27.0oC)

�� ��� �� ���� ���� 

 �� ��	 ���

δC x( )
δx

--------------

Fig. 1. Temporal variations in the tidal flats of Janghwa-ri (�),
Dongmak-ri (�) and Incheon North Harbor (�). (A) Temperature of
surface sediment, (B) porosity of sediment in the depth of 0-1 cm,
and (C) O2 penetration depth. Error bars represent 1 SD; no error
bars denote that 1 SD is smaller than symbol size.
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(Fig. 1A). ��� ���� 40.3~65.4%� ��� ��� �� �


� ��� ��� ���(Fig. 1B). �� �� �� ��� �

��� ��� ��� ��� ���� ��� ��� ����

�� ����� �� �� ��(�� 1.3�0.2�)	 ���(Fig. 1B).

�� �� ��
�� �� ��� �� �� ��� ��� �� �� �
�

��� ���(Fig. 1C). 
, ���� ��� ���� �� ��

��� ���� �� 4.0~4.1 mm� �� �	 ����, �� �

�	�� �� 1.6~2.8 mm� ��� ���� ��	 ���(Fig.

1C). �
��� �� �� ��� �� �� ��� �����

��	� ���� ��	 ����, � ��� �� �� ���

�� �� �� �� 0.5~1.2 mm� ��� ��, ���� ��

� ��� �� �� ���(Fig. 1C).

���� ��� ���� ��� �� �� ��� �� ��

�(hypersaline salt marsh)�� ��� �� ��(2.5~4.1 mm; Glud

and Kühl, 1999)� �����. ��� ��� ��� �����

��� �� �� ��(5.5~10 mm; Revsbech et al., 1980)� �

��� 
� �����, �� � �� ��� ���� 

�

��� �� ��� ��� �� ���� ��(� �, 2004)�	

���� ��� ��� ����. �� �� �� ��� ���

���� ���(Nielsen et al., 1990) � �� �� ��� ��


�� �� ��	 �� ��� ��� ��(Revsbech et al.,

1980; Revsbech and J�rgensen, 1986). ��� ��� �����

� ��� ���(Revsbech et al., 1980), �� ���� ���

��� �	�� �� ���(oxygen consumption)� ����

�� � 7� �� ��, �� �� ��� 10 mm�� 5.5 mm�


	 �	�� ���� ��	 ���. � ���� ��� ��

�� ��� ��� ��� �� ��� ��	 ���(Fig. 1C).

���	� �� �� ��� ���� �	 ��� ����

���� �� ����� �� �� ��� �� 1.1�0.5 mm�

�����. �� �� ��� ��� ��� �� �� �� �

�� ��� � �� 
�(aerobic respiration)� �	 ���� �

	 ���	 ���� ��� ����. ��� �� �� ���

� �� 0~1 cm ��� ���� �	��� ����(heterotrophic

bacteria)� ���� �� ��� �
(ml) � �� 5.4�1.3�108

cells d−1� ��� ��� ��� �� 3.4~14.6� �� �	��

�(� �, 2004). ��� 2003� 12� ���� �� �� ���

���� �� �� ��� ��� ��� �� ����� �	

���	 ��	�. 

 

�� ��� �� �� ��
�� �� �� ��� ��� �� ��� �� �� �� �

��� �� Fig. 2� ����. 2004� 6�� �� �� � 57%

��� ��� � ��� �
� �� ��� ��� ��	 �

����, � ��� ��� �	� ��� ��� ��(>91%)�

�� �� 0.1~0.5 mm ���� �� �� ��� ���	 ��

�(
� ���). �� ��� ���� �� ��� ��� ��

��� ����, 2004� 3� ���� ��� ��� ��� �

�� �� 808�284 µmol L−1� ��� ��� �� ��� ��

�� ��� �� 3.2� �� �	���. ��� ���� ��

�� ��� ��� � �� �� ��� �� 409~553 µmol L−1�

��� ����, �� �� ��� �� 1.6~2.3� �� �	���.

��� ��� ����� ���� ��� ���� �
� �

�	� �� � ��� ��� ��� ���� �� ��
� �

�� �� ��	 ���(Revsbech and J�rgensen, 1986; Kuhl et

al., 1996). 
, �������(cyanobacteria)� ���� ���

�� ���� ��� 0.5~0.7 mm ���(Kühl et al., 1996), 


��(diatom)� ���� ���� ���� ��� 2~4 mm� �

���(Revsbech and J�rgensen, 1986). ��� ��� ��� �

�� �	� ��� ��� �� ����� ���� ��� �

��� ��� �(photosynthetically active layer)� �� 1 mm �

� ��� ����(Revsbech and Ward, 1983; Revsbech and J

�rgensen, 1986). ��� �(microbial mat)� ��� �����

�� ����	 ��� �� ��� �� ��� ��� �� �

�� ����, �� �� ��� �� 0.1~0.5 mm ���� �

�� ������(Revsbech and Ward, 1983; Revsbech et al.,

1983; Revsbech et al., 1986; Nielsen et al., 1990; Kühl et al.,

1996), � ����� ��� �� �����. ��� ��� �

�� ���� ��� ��� �� �� �� ��� �����

�� ��� �� �� ��� 1.6~3.2����, �� ��� �

���� ��� �� �� ��(�� ��� �� �� ���

�� 3.1~4.6�)� ���� 
� ����(Revsbech and Ward,

1983; Revsbech et al., 1986; Nielsen et al., 1990; Kühl et al.,

1996). ��� ��� ��� ��	 ���� �� �� ��


� ��, �	� ��, ��� � ��� �� �� �� ��	

� �	 ��� ����.

�� ��� � ���� � �� ���� ��
���� ��� ���� � ����� 12� ���� ��

1.8~2.6 mmol O2 m−2 h−1� ��� �	���, ��� ����

��	 ���(Table 1). �� �� � ��� ����� 3��

�� �� � ����	 ����(�� 11.1�2.8 mmol O2 m−2

h−1), ��� ����� ��� �
 5� ���� �� � ��

��(�� 6.1�4.1 mmol O2 m−2 h−1)	 ����(Table 1). ��

�� ��� � ����� 12� ���� ���� ����, �

�(5� ��)�� ��� ����� ��� �	�� �	 ��

���(�� 6.4�1.4 mmol O2 m−2 h−1; Table 1). ��� ��	(6�

��)�� �� �� ��� � ����� 0.2 mmol O2 m−2 h−1 �

�� ��� ���� ��	 ���(Table 1).

6� �� ��� 	�� ��� �
� ��� ��(400 µEinst

m−2 s−1)� �� �� ��(520~800 µEinst m−2 s−1)� �� ��

����(Table 1). ��� � ��� ��� �� � ����(<

0.2 mmol O2 m−2 h−1)� �� �� ��� ����	 ����

��. �� 	��� �� ��� ��� ��� �� ��� �

��� ���-�� ��(photosynthesis-irradiance curve; P-I

curve) �
	 ������, 800 µEinst m−2 s−1� �� �� ��

�� � ����� �� 2.5�0.1 mmol O2 m−2 h−1� ��� �

��� ��	 ���(
� ���). ��� � ��� ��� �

����� ��� �� ��	 �� �	 ����	 ����
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�	 ��� ���. ��� � ��� � ����� 5� ���

���� �� �	� ��� ����. �
�� 5�� ���

�� ��� ��� �� ��� 800 µEinst m−2 s−1�� � ��

��(�� 9.3�0.1 mmol O2 m−2 h−1)� 6� ��� �� ���

	 �	 ���� ����(t-test, p=0.008, n=2).

� ����� � ����(gross photosynthetic rate)�� 
�

�(respiration rate)	 ��� ���(Revsbech and J�rgensen,

1986), �� Georgia ��� ������ �� ��� ��� �

����� ��� � ����� 90%� ���� ���(Pomeroy,

1959). ��� 
��� �������� ���(biofilm)� ��

����� � ����� � ����� 57~83%� ��� ��

�� ��� ��� �����(Glud et al., 1992; Kühl et al.,

1996). �� 2003� 6��� 2003� 12��� ���� ���

���� ��� 
�� ����� � ����� � �����

42~91%� ��� ���(
� ���).

�� ���� ��� ���� ��� ��� � ���� ��

Fig. 2. Typical examples of oxygen profiles obtained from the tidal flats of Janghwa-ri (Stn J), Dongmak-ri (Stn D), and Incheon North
Harbor (Stn I) in each investigation. The horizontal dotted line and the uppermost datum in each panel represent the sediment-seawater inter-
face and the air-saturated oxygen concentration in the overlying seawater, respectively.
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�� � ���� �� 
�� �� ����� �� �
�

(Pomeroy, 1959; Wolfstein and Hartig, 1998), � ���� ���

� ���� 
�� ��� � ���� �� ���� �	���.

� ����	 �� ��� ���� ���, photosynthetic quotient

� 1.2� ����(Asmus 1982) �� ��	 �����. ����

�� ��� ��� ��� �� ���� ��� ��� �� �

� ���� �� 22~111 mg C m−2 h−1� 64 mg C m−2 h−1� �

	 ���(Table 1). �� ��� ��	�(H14CO3
−)� ����

�� Isshiki ��� ��(18 mg C m−2 h−1; Goto et al., 2000)�

����� Tarty ��� ��(23 mg C m−2 h−1; Leach, 1970)�

� ��� �� �� ���� ��� �� �� ����. ��

� ��� ��	�(H14CO3
− ) ���� 	� Wadden Sea� ��

� ��(60~180 mg C m−2 h−1; Cadée and Hegeman, 1974)� �

� 	�(oxygen exchange) ���� �� Georgia ��� ��

(150 mg C m−2 h−1; Pomeroy, 1959)� �� Barataria �� ��

� ��(150 mg C m−2 h−1; Shaffer, 1988)�� ��� �� ��

���� ����, ������ � ������ ���� ��

	 ������, �� �� ����. �� �� ���� 



� �� ��� �� ��� �� ��� ���. 
 �� Isshiki

����� �� �� ���� � �� ��� ���	 ���

��, �	�� ���� ��	 ���(Goto et al., 2000). ��

� ����� Tarty ����� �	�� �� �� ���	 �

���(Leach, 1970), �� Georgia ����� ��� ����

�� �� ���	 ���(Pomeroy, 1959). ��� �� ���

	 ���� ��� ���� ��, �� ���� ��� �	�

��� ��� ��� �	��� �
� ����, ��� ��

� �� �� ���� �� ���� ��(variation)� �� �

� ��� ��� �	 ��� ���.

����, 2003� 12��� 2004� 6��� ��� ��� �

� �� ���� �� ����	 ���� � ����	 ��

� ��, ��� �� � ����� �� ��� �� ��� �

���, ��� ��� �� �� � ����(2.2~11.1 mmol O2

m−2 h−1)	 ���. � ��� ��� � ����� 22~111 mg C

m−2 h−1� �� ���� ����, �� �� ���� ��� �

���� ��� 18~180 mg C m−2 h−1� ��� �		 � ��

��� �� 
� ����. ���� �� ��� ��� � �

�� �� ��� �� 0.1~0.5 mm�� �����, ��� 409~808

µmol L−1� ��� �� ��� ��� �� ��� �� �� �

�� �		 � 1.6~3.2� �� �	���. ����� ��� �

� ��� ��� ��� �� 1.6~4.1 mm� ��� ��� ��

�� ��� �
� ����� 	�, ��� ��� �����

�� �� �� ����� ����� 0.5~1.2 mm� 
� ��

��� ���. ��� ��� ���� ��� ��	 ����

� ���, ������ �� �� ��� ��� ��(index)�

��� � �� ���	 ���� ��� ����.

��� �

�� ���� �
� ��� ��	 ����� 
�� Århus

��� Revsbech 	��	 ��� ��	 �
��. � ��	 �

��	 ��� ��� �� ��	 ��� �
����	� �

�� ���	 ���� ��� �
��. �� �� �� �
�

	 ��	 � �	 ��� �� ����� ��������	

	��� �

 ��	� ��� ��	 �
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Bennett, R.H. and D.N. Lambert, 1971. Rapid and reliable technique

Table 1. Net photosynthetic rates (NPR) and conservative estimates of gross primary production (GPP) of tidal flats in Ganghwa (J, Janghwa-
ri; D, Dongmak-ri) and Incheon North Harbor (I) measured with oxygen microsensors. Values are mean±1 SD. N: number of oxygen profiles
measured during the investigation.

Year Date Stn
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NPR
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GPP*
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26.1±15.4

nd

4
16
2

2004 Mar 17 J
D
I

770 2.2±2.5
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