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Rates of photosynthesis and respiration of Laminaria japonica sporophytes cultivated on the southeastern
coast of Korea were monthly measured in situ and under constant temperature and nitrogen concentration in
laboratory from February to July 1996 in order to understand the seasonal photosynthetic performance of this
alga. P-I (the relationship between photosynthsis and irradiance) parameters measured in sifu varied seasonally.
Photosynthetic capacity (Ppa) reached its maximum in March (6.64 mg O~ gdw™h™) and gradually decreased
thereafter. Photosynthetic efficiency (o), which ranged from 0.026 to 0.106, generally showed a similar pat-
tern with the Pna., curve. Correlation between respiration and Prax was not significant (Spearman's rank cor-
relation, p>0.05); respiration rate, which varied between 0.25 and 0.83 mg 0, gdw'h"!, showed no gradual
decline from March. Py, in situ significantly correlated with the relative growth rate of frond weight (Spear-
man's rank correlation, p<0.01) and this result means that the amount of accumulated materials in body
increased with the increment of Pya. Compared P in situ with that in the laboratory, The lower Pug, in Feb-
ruary was probably caused by the effect of lower seawater temperature at this time. The decrease in Pp., after
March, however, was primarily attributable to the thickness of blade as the plants got old. Comparison of
P-I parameters measured for different size groups in April, explained the negative relationship between Py
and frond thickness.

MOB g Apze] wsle)] Wk BeAIEo] WEVTH(Haroun er al.,

1992). thAulRo] opd & ZRFoMT ol HAE 2
3 AANE AV, A & UTh Ascophyllum nodosum® Fucus vesiculosusiA %
A&, Undaria pinna- FAECl 718 o AEFo] tEo] F7H5tH (Brinkhuis,
tlﬁda"?V'] B5o AUEEFES F @"o H (Poa) e =& ABOZ 1977a, 1977b), Saragssum pteropleuron A= FIdES] A
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Pe=Pyn + (1-exp[-VL]) 2)
A7 PE FFFAAHY, Py EEEEIN S oS35t
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AR RN

A8E A} EAS= chlorophyll a, ¢ ¥& spectro-
photometric analysis® 574 8} THSternman, 1988). = AFH
HolollAd 1.0 em?® 27181 E o] =7}e e, o] thAl

o3 7O pro] 7Y MgCO:% 1 mle] oMlEe] £
el vialdl €& ¥, 490w Y2 AN Bg Adsi

vial& Rotary shakers. 587 wwkel £ 9 mie] op|EL 3
7yskel Aol & wle) 208 o)A F¥-8 awkEch

chlorophyll a, ¢®] & th&9] 218 o]&-8led T39I},
Chiorophyll a=11.47 Ag-0.46 Agpo (3)
Chlorophyll ci+c:=24.36 Ag¢-3.73 Asea C))
Total Chlorophyll=Chl.a+Chl.c;+c; (5)
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kman, 1981).

AGR=G/(1-t)) (6)

RGR=(In [W+G]-In W)/(tx-t)) (7)
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Table 1. Laminaria japonica. Seasonal changes in P-1 parameters measured in situ for the sporophytes cultivated at 3

southeastern coast of Korea from February to July, 1996

Fig. 1. Laminaria japonica. Photosyn-
thetic rates measured in situ for the
sporophytes cultivated at 3 m depth on
the southeastern coast of Korea from
February to July, 1996. Photosynthetic
rates were measured with whole blades
or blade discs (300 cm?) in the middle
part of fronds. Scatter plots were actu-
ally obtained, continuous lines were
based on calculated P-I parameters (see
Table 1).

m depth on the

. P R? I
Date equation’' - o
(mg O, » gdw™ - v (ME > m™? - sh

8 Feb. P=5.34(1-exp[-U 50.3]) (r’=0.99, p<0.01) 4.99 035 503 0.106
23 Feb. P.=6.93(1-exp[-I/ 88.0]) (’=0.98, p<0.01) 6.35 0.57 88.0 0.079
13 Mar. P=7.47(1-expl[-I/ 76.8]) (r’=0.99, p<0.01) 6.64 0.83 76.8 0.097

7 Apr. P,=6.17(1-exp[-1/112.8]) ("=0.98, p<0.01) 5.73 0.44 112.8 0.055
28 Apr. P,=4.75(1-exp{-1/100.1]) (r*=0.97, p<0.01) 4.48 0.27 100.1 0.047
23 May P,=3.71(1-exp[-l/ 75.8]) (*=0.99, p<0.01) 3.46 0.25 75.8 0.049
19 Jun. P,=2.93(1-exp[-I/ 76.1]) (r’=0.97, p<0.01) 2.58 0.35 76.1 0.039
28 Jul. P=1.06(1-exp[-I/ 40.7}) (*=0.87, p<0.01) 0.69 0.37 40.7 0.026

'Pe=Pymad 1-exp[-VL}), where P, is gross photosynthesis, Py is gross photosynthetic maximam, 1 is light intensity, and I is saturating

irradiance level.
IR: respiration
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Fig. 2. Laminaria japonica. Relationships among photosynthetic
capacity (Pm.) measured in situ, absolute growth rate (AGR), and
relative growth rate (RGR). AGR and RGR were calculated using
the equations, AGR=G/(t>-t;) and RGR=(In [W+G]-In W)/(t-t)),
where G is the meristematic growth in weight between time t; and
t; and W is actual balde weight at time t,.
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¥ig. 3. Laminaria japonica. Photosyn-
thetic rates measured in laboratory for
the sporophytes cultivated at 3 m depth
on the southeastern coast of Korea from
February to July, 1996. Photosynthetic
rates were measured with blade discs

(12 cm?) in the middle part of fronds.
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Scatter plots were actually obtained,
continuous lines were based on calcu-
lated P-I parameters (see Table 2). Ver-
tical bar indicates = 1 SD; n=2 for each
data point.
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Table 2. Laminaria japonica. Seasonal changes in P-I parameters measured in laboratory for the sporophytes cultivated at 3 m depth on

the southeastern coast of Korea from February to July, 1996

Dat ion' P R . o

ate equation (mg 0, - gdW_l - h_l) (ME - m>? - S—l)

8 Feb. P,=4.69(1-exp[-1/84.0]) (*=0.98, p<0.01) 4.41 0.27 84.0 0.056
23 Feb. P,=5.07(1-exp{-1/79.8]) (r*=0.97, p<0.01) 4.68 0.39 79.0 0.064
13 Mar, Py=5.29(1-exp[-1/83.4]) (*=0.95, p<0.01) 4.74 0.55 834 0.063

7 Apr. Py=4.11(1-exp[-1/79.5]) (r’=0.98, p<0.01) 3.78 0.33 79.5 0.052
28 Apr. P,=3.63(1-exp[-1/85.2]) (r*=0.97, p<0.01) 3.35 0.28 85.2 0.043
23 May P,=2.33(1-exp[-[/84.2]) (’=0.89, p<0.01) 2.06 0.27 84.2 0.028
19 Jun. P,=1.86(1-exp[-I/83.1]) (’=0.98, p<0.01) 1.48 0.39 83.1 0.022
28 Jul. P,=1.57(1-exp[-1/92.3]) (*=0.99, p<0.01) 1.13 0.43 92.3 0.017

'P;=Pgmax(1-exp[-I/I]), where P, is gross photosynthesis, Py is gross photosynthetic maximum, I is light intensity, and L is saturating

irradiance level,
’R: respiration
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Fig. 4. Laminaria japonica. Seasonal changes in water temeprature,
total nitrogen concentration, photosynthetic capacity (Pma), and

photosynthetic efficiency (slope, &) on the southeastern coast of
Korea from February to July, 1996.

7Y, A9 Fhe ¥E By &3 28 FREAY F7
28k Aolth(Fig. 6, Table 3).
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Fig. 5. Laminaria japonica. Seasonal changes in weight per area and
pigment contents of sporophytes from February to July, 1996.
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Fig. 6. Laminaria japonica. Photosyn-
thetic rates measured in laboratory for
sporophytes having different frond sizes
in April. Photosynthetic rates were mea-
sured with blade discs (12 cm?) in the
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actually obtained, continuous lines were
based on calculated P-I parameters (see
Table 3). Vertical bar indicates 1 SD;
n=2 for each data point.

Table 3. Comparison of P-I parameters measured in laboratory for the sporophytes having different frond sizes in April

. . Pmax Rz Ik
Size (cm) equation’ - o
(mg O; * gdw™ - h™) (ME - m™ -+ s™H
50125 P=4.65(1-exp[-1/71.5]) (*=0.98, p<0.01) 423 0.35 715 0.065
100425 Py=4.24(1-exp[-1/69.5]) ('=0.99, p<0.01) 3.90 0.35 69.5 0.061
150+25 P,=2.59(1-expl[-1/52.9]) (’=0.98, p<0.01) 2.29 0.30 52.9 0.049
200+25 P=1.62(1-exp[-I/32.1]) (’=0.98, p<0.01) 1.23 0.39 32.1 0.050

P.=Pyma(1-exp[-FIi]), where P, is gross photosynthesis,
irradiance level.
*R: respiration
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Table 4. A comparison of P-I parameters for Laminarian species

7 - A%

Species Temperature (°C) Poax’ L2 sources
Laminaria digitata 5-15 1.5-4.0 30-150° King and Schramm (1976b)
Laminaria saccharina 5-10 2.0 60-100 King and Schramm (1976b)
Laminaria japonica 5 17.0 140 Wu et al. (1984)
Laminaria japonica 12-17 0.69-6.64 41-113 Present study
Pusx: Tag Oy + gdw™ » K", I WE - m™ + 57, ? not consider winter data

HRAEo] Wslehe A2 A FRAQ Wl 9% & D28
8, & & 89ld fal dold &+ J 2 kel e
8212 Folt}. 53] 39 A 1 H)s) 24 AAEY %i* Amold, KE. and SL. Manley, 1985. Carbon allocation in
Zo| Fol FAAFO=E é‘;—% 8L A, 5 Macrocystis  pyrifera  (Phaeophyta): intrinsic variability in
ATk IE3 gAlslg S E 3 3} = LA B photosynthesis and respiration. J. Phycol., 21: 154—167.

F Y AL muzaq% a41 y
= 0759 23sgot, 1% A BE AFA ThA R AR Brinkhuis, B.H., 1977a. Seasonal variations in salt-marsh macroalgae
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