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using a numerical model with ecophysiological parameters and environmental data. Jpn. J. Phycol. (S6rui) 62: 143-151, November 10,2014

Annual maximum standing crops of Ecklonia cava beds in four locations (Tei in Kochi Prefecture, Shima in Mie Prefecture, Shimoda in
Shizuoka Prefecture, and Miura in Kanagawa Prefecture) were calculated by using a numerical model with ecophysiological parameters
(photosynthesis, respiration, weight per unit leaf area, extinction coefficient of leaf area index, and blade loss ratio of the frond) and
environmental data (solar irradiance, seawater temperature, and transparency). Decrease in maximum standing crops and C/F ratio (ratio of
stipe and blade biomass) was calculated with increasing optical depth. Calculated maximum standing crops and C/F ratio at Tei were smaller
than the other locations due to a lower photosynthetic parameter. Calculated maximum standing crops were in agreement with observed
standing crops in mature phase populations (the standing crop is in steady state). All observed standing crops were in range of calculated

standing crop at each location and optical depth.
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Table 1. Biological parameters for Equation 1.

Parameter Location

Miura, Shimoda, Shima

Tei

Unit

Reference

Photosynthesis:
_ 5.6510%
e R(273+T)
—2.04105+678(273+T)

R(273+T)
ite
@, 0.37 -
56510
e R(273+20)
—-2.04 105+678(273+20)
1+e R(273+20)

_ 5.6510%
e R(273+T)

—2.04 105+678(273+T)
w 234 1+e R(273+T)
T __s5.6510%
e R(273+20)
—2.04 10%+678(273+20)
1+e R(273+20)

_ 5.6510%
e R(273+T)

—2.04105+678(273+T)
o) 43.6 1+e R(273+T)
T ' __s5.6510%
e R(273+20)
—2.04 10%+678(273+20)
1+e R(273+20)

Respiration:

_ 43510%
R (273+T)

Ryr 4231072

e R(273+20)

_ 43510%
3 e RG73+D)

R 4.83 10~

__43510%
e R(273+20)

Leaf area index:
F Sg CRy/ CRy
Dry weight per unit leaf area:
CR, 0.075
Carbon content of dry weight:
CR. 0.3
Dry weight / wet weight:
CR, 0.15
Extinction coefficient of leaf area index:

K 04-0.8

Blade loss ratio:

E Jan Feb Mur Apr-Aug
0.03 0.02 0.015 0.01

_ 5.6510%
e R(273+T)

—2.04105+678(273+T)

0.28 1t+e R(273+T)
' __5.6510%
e R(273+20)

—2.04 105+678(273+20)
1+e R(273+20)

same as on the left

same as on the left

same as on the left

same as on the left

same as on the left

0.11

same as on the left

same as on the left

same as on the left

Nov Dec
0.15 0.2

Sept  Oct
0.02 0.1

¢Cm?hr'

(umol m?s™)?

pumol m? s™!

¢C kg(w.w.)" hr!

¢C kg(w.w.)" hr'!

Dimensionless

kg(d.w.) m?

Dimensionless

Dimensionless

Dimensionless

% hr!

Honda1996, Serisawa et al. 2001

Honda1996

Honda1996

Honda1996

Honda1996

Present study

Serisawa et al. 2001

Honda1996

Honda1996

Present study

Present study

@,. Light saturated photosynthetic rate at 7°C; ¥,, . Photosynthetic parameters at 7°C; R. Gas constant; R, Respiratory rate

of blade at 7°C; Rg;. Respiratory rate of stipe at 7°C; S,. Standing biomass of blade.
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BT W7 EYR SR Table 1 1280 L 72, TREEA ¥ X (LI,
FREAOALRT) &, ZGliEE, PEER, BEEEOA
PRI TH B (KRB - H)I11982, &k S 1999,
Serisawa et al. 2002), Serisawa et al. (2001) DFEHR» 5, F
AL ATTHEAY X (D, THAY X EFET) ICHRT,
LRI O WAL EERIRE & 72 D O LEIRIRDE A BGEREE DS 25% RK
$, MM EEHR S 72 ) OERD45% BEP o722 EBTD 5,
AWZECIE, =i, FH, SEEHIOAH Y X0 O fHICizES
(1996) D L 7% H v, FhEH P X D D fiEiZ A% (1996)
D O fEIZ0.T75 2L Mz 7, BMEMEH D OE
i CRy 1%, Serisawa er al. (2001) 25512, FHEHY 2 0.11
kg(d.w) m®, THAY * 0075 kg(dw) m* &L, FHAY
A EFRRICKIE E 2 2 2 EEBEO AP XIZOWTTHA Y
X DfEi%E T,

WGERE K LU D & & D kiE L 72, Maegawa et al. (1987)
WEERTAH P ABETONBEO M ZWE L T, FEHH
0.7 kg(d.w.) m” OEEVE F OXESEVE ETHlE S 0k
FHEICH L T2% & F L7z &35 L7z, Table 1 1 F D ffs

Shimoda

Fig. 1. Map showing the location of the four study sites along the Pacific
coast of Japan.

B o HEHBAR 0.7 kg(dw) m?> DB A FHIZ93 L&
D, Beer-Lambert XD —#ETH % (2) X (Monsi & Saeki
(1953) 2 ) R FI293, /2002 2RALTRDZ K
13042 TH o7z, A% (1989) IR L 72 2 A B
HENTHBEIMZIEL, K203 ~06BELRELL, 2
no %, BAREEPIRE LT 2N, H 2 »IidKENI
FEVE 2 B L 72 KIRE DS e W T CO KfEi<TH 5, Kl

Table 2. Depth, quadrat size and standing crops of Ecklonia cava at each location from published reports.

Location  Depth Quadrat size Standing crop Reference Sampling Year/ Month
Tei 3-5m Im’ 10.0 kg(w.w.) m™ Ohno & Ishikawa 1982 1981/ Aug
7-10m  1m’ 6.4 kg(w.w.) m” Ohno & Ishikawa 1982 1981/ Aug
12m 1m’ 2.5 kg(w.w.) m> Ohno & Ishikawa 1982 1981/ Sept
6-9 m 1 m’ 4.3 kg(w.w.) m?> Serisawa et al. 2001 1996/ July
Shima 8 m Im’ 0.5-12kg(d.w)m> Maegawa & Kida 1987 1984/ June-July
62m 025 m’ 10.6 kg(w.w.) m” Biodiversity Center of Japan 2008 2004/ June
Shimoda 5m 9m’ 9.2 kg(w.w.) m> Iwahashi 1968 1966/ Aug
7m 9m’ 3.0-4.0 kg(w.w.) m> Iwahashi 1968 1966/ July-Aug
10 m om’ 24-3.6kg(ww.)m” Iwahashi 1968 1966/ July-Aug
7m om’ 3.0 kg(w.w.) m” Iwahashi 1968 1967/ July
10 m 9m’ 4.1 kg(w.w.) m> Iwahashi 1968 1967/ July
5m 1 m’ 17.0 kg(w.w.) m? Yokohama 1977 1973/ Aug
Sm 1m’ 22-29kg(d.w.)m”*  Yokohama et al. 1987 1980/ July-Aug
5m 1 m’ 0.9 kg(d.w.) m” Maegawa et al. 1987 1985/ June
6-9m Im’ 10.7 kg(w.w.) m” Serisawa et al. 2001 1997/ July
Miura 3-35m  Im’ 47-53 kg(w.w.) m> Takama 1979 1977/ Aug
4m 1m’ 44-68kg(ww.)m” Takama 1979 1977/ Aug
5m 1 m* 3.9 kg(w.w.) m” Takama 1979 1977/ Aug
6m Im’ 1.7-73 kg(w.w) m” Takama 1979 1977/ June-Aug
7m 1 m? 4.8-5.6 kg(w.w.) m”> Takama 1979 1977/ June-Aug
8-85m 1m’ 1.6-44kg(ww.) m” Takama 1979 1977/ June-Aug
9m 1m’ 2.9-43 kg(w.w.)m” Takama 1979 1977/ June-Aug
10 m 1m’ 1.4 kg(w.w.) m> Takama 1979 1977/ Aug
IIm 1m’ 1.6 kg(w.w.) m” Takama 1979 1977/ June
12m 1m’ 0.4 kg(w.w.) m> Takama 1979 1977/ Aug
13m Im’ 1.4 kg(w.w.) m” Takama 1979 1977/ June
14m 1m’ 1.0-13 kg(w.w) m” Takama 1979 1977/ Aug
175m 1 m’ 0.4 kg(w.w.) m” Takama 1979 1977/ Aug
7m 025 m’ 19.9 kg(w.w.) m* Biodiversity Center of Japan 2008 2004/ July
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Fig. 2. Seasonal changes of solar irradiance and seawater temperature at four sites: Tei, Shima, Shimoda, and Miura. Data were derived from the websites of
New Energy and Industrial Technology Development Organization (NEDO)* and Japan Oceanographic Data Center (JODC)**; the same or adjacent sites to
our four Ecklonia study sites were selected. *http://www.nedo.go.jp/library/nissharyou.html; **http://www.jodc.go.jp/data/coastal/obs_data_index.html

BEOMHEICE > TRLL, FEOMEAKFITEVIEGAICK
Z7:fli%z & % (Monsi & Saeki 1953), ¥E/KIREIA E VA,
AT ADIEZ, EeTAITKEFAICHENS 20, Kitldk
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go jp/library/nissharyou.html) o ¢, Fiff, &EE, TH,
ZHDOR A P A BEEFA T, EARL SN, SH
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Fig. 3. Schematic diagram of the maximum standing crop calculation.
The maximum standing crop was the maximum value of standing crop in
the periodic steady state solution. The periodic steady state solution was
obtained after several iterations.
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Fig. 4. Calculated maximum standing crops of Ecklonia cava with C/F ratio (ratio of stipe and blade biomass) for each study site. Calculation
was carried out with the mean temperatures in Figure 1. Optical depth = the attenuation coefficient (C in Equation 1) x the water depth (D in

Equation 1).
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Fig. 5. Calculated maximum standing crops of Ecklonia cava with water temperature difference. The range of bars is the result for C/F ratio 0.05

to 0.65. The mean temperatures are shown in Figure 1.
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Fig. 6. Estimated standing crop range (shaded area) and observed values
(bar) of Ecklonia cava beds at each study site. a. Ohno & Ishikawa (1982); b.
Serisawa et al. (2001); c. Maegawa & Kida (1987); d. Biodiversity Center
of Japan (2008); e. Iwahashi (1968); f. Yokohama (1977b); g. Yokohama et
al. (1987); h. Maegawa et al. (1987); i. Takama (1979). *Convert dry weight
into wet weight. #By using 0.25 m? quadrat.
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