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Masaki Honda 1996. Development of a mathematical model of production in Ecklonia cava Kjellman community -The
relationship of light and temperature to algal production. Jpn. J. Phycol. (Sérui) 44:149-158.

A mathematical model of algal production was developed as a function of light intensity and water temperature. It
consists of a photosynthetic rate sub model, a respiratory rate sub model, leaf loss, recruitment and mortality rate. The
photosynthetic rate sub model and the respiratory rate sub model were very important units in the production model. In
Ecklonia cava, experimental value of photosynthetic rate agreed with a three-parameter photosynthesis-light response
model from 0 to 333mmol-m%s’'. Experimental value of thermal effect for the photosynthetic and respiratory rates
agreed with the theoretical results from 7 to 28°C. Production in vegetation period (from October 1988 to June 1989)
calculated by this model agreed well with observed data for Ecklonia cava community at field observation site in west
side of Miura Peninsula. Production dynamics of kelp forest (Ecklonia cava community) was analyzed by this model.
The optimum temperature was found depressed when the leaf mass and/or the extinction coefficient was increased.
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Fig. 1. Schematic view of the Z-scheme. The broken line indicates

the division of photosystem on transition probability in this report.

Fig. 3. The transient states ((PSII-PSI) i) and transition probability
(7, 8, & &, n) of functional units consisting of photosystem I and
photosystem II. (PSII-PSI) 0, photosystem I and photosystem II
are ground states ; (PSII-PSI) 1, photosystem I or photosystem II is
excited state ; (PSII-PSI) 2, photosystem I and photosystem II are
excited states.
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Fig. 4. Schematic view of light intensity in Ecklonia cavacommunity.
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Fig. 5. Photosynthetic rate as function of photon flux density in
pinna of Ecklonia cava. The curve was the non-linear regression
curveto (13) equation.
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Table 1. Seasonal changes in mean value of the extinction coefficient Table 6. Seasonal changes in the attenuation coefficient (C) at the

(K) with 95% confidence limits of Ecklonia cava community. observation site.

Month Max.  Mean  Min. “Month _C
Oct. 066 055 043

Nov. 075 064 052 Sﬁ‘v %.‘&
Dec. 064 053 042 Dec. 0.14
Jan. 053 042 031 Jan. 0.15
Feb. 042 031 021 Feb. 0.15
Mar. 040 031 022 Mar. 0.19
Apr. 0.37 0.30 0.24 Apr. -
May 035 030 025 May 0.18

June 0.37 0.28 0.20
July 0.38 0.26 0.14

70 T T
Table 2. Seasonal changesin d, ) and 1-d, , . g ol
D ~

Month 4, 1-d,, e > 50 |

Oct. 099 001 g ® !l

Nov. 100  0.00 s %

Dec. 089 0.l g5

Jan. 086 014 T E 20

Feb. 089 0.1 >

Mar. 089 011 s 10

Apr. - - 0 A R A

May 098 002 Oct,88 Dec. Feb,89  Apr.  June
Table 3. Seasonal changesin N, (, /N, (, . Fig.9. Seasonal changes in the daily photon flux density at Yokosuka

Research Laboratory.

Month N, / N,

Nov. 38 / 39 25 . — r

Dec. 47 / 37 :

Jan. 37 / 56 —_

Feb. 19 / 49 L

Mar. 19 / 49 o 20

Apr. 3

May 19 / 49 g

g 15
Table 4. Seasonal changes in individual numbers of Ecklonia cava e
at the observation site.
10 .

Oct.88  Dec. Feb.89  Apr. June

Month  Fronds Recruitment Mortality

Oct. 9 - -
Nov. 9 0 0 Fig. 10. Seasonal changes in the water temperature at the observation
Dec. 9 0 0 site.
Jan. 10 1 0
Feb. 9 0 1 5000
Mar. 9 0 0 5
Apr. 11 2 0 § & 4000 |
May 11 0 0 -§ €
June 11 0 0 & 2 3000 .
o .
g E
Table 5. Timing of data assimilation and the stems mass or stems 5 % 2000
i 2
mass changes by recruitment. Ug) 1000 |
Month Stems Mass Recruitment
(g wetw.-m?) (gwetw.) 0 L L L
Oct.,88  Dec. Feb.,89 Apr. June
Oct. 1063
Nov.
Dec.
Jan. +6.5 Fig. 11. Sum of calculated net production in Ecklonia cava community
::b' 912 in the observation site (14m depth) . @, observed data ; --.... )
A ar +69 when maximum values of K 95% confident limits ;- —— ,when mean
Mpr. ’ values of K 95% confident limits ; .-.~ ,when minimum values of
2y K 95% confident limits.
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Fig. 12. Relationship of leaf arca index (F:m? *m?) , photon flux density on community (I,: tmol - m? + sec”!) and water temperature
(T:C) toproduction (P, :¢C *m? - hr') in Ecklonia cavacommunity.
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Fig. 13. Relations}lip of photon flux density on community (I, :
umol * m? - sec!) and water temperature (T: C) to production

(P,,,:8C - m? - hr') in Ecklonia cava community when leaf area

index (F) was6.
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Fig. 14. Relationship of leaf area index (F:m? - m2) and water
temperature (T: C) toproduction (P,,:gC - m? - hr') inEcklonia
cava community when photon flux density on community (1) was
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