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Environmental factors influencing the changes in dissolved
inorganic nitrogen during the season of Porphyra yezoensis cultures
in the coastal area of Kagawa Prefecture, Seto Inland Sea, Japan

Kenichi OYAMA, Tokishige FUJISAWA, Masaaki ABE and Toshiro KITAO

Based on the changes in dried sheet production of nori Porphyra yezoensis in the coastal area
of Kagawa Prefecture, we regard fiscal 1990-2001 as the stable period and fiscal 2002-2008 as the
low period. We assess the changes in dissolved inorganic nitrogen (DIN) in this region during the
season of nori culture (October-March) and discuss the environmental factors influencing these
changes using multiple linear regression analysis.

DIN concentration throughout the season of culture was strongly influenced by that between
early-mid October and mid-November when it was highest; thereafter, a decrease was recorded
during mid-February to early March. On comparing the maximum DIN concentration between
the stable and low periods, the latter was found to be approximately 1-4 ug-at/L lower than the
former. A significant negative correlation was observed between DIN concentration and salinity
of the sea according to multiple linear regression analysis; the salinity during the low period was
higher than that during the stable period. With regard to the factors involved in reduced DIN
concentration during the low period, it is believed that the amount of rainfall and the number of
rivers flowing from September to October during the low period were lower than those during
the stable period. Other factors influencing the increase and decrease in DIN in a short period
believed to exert effects include increases in phytoplankton levels and transportation of water
mass.
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Fig. 1. Location of sampling stations at nori culture grounds (circles) and a section of the coastal area in Kagawa

Prefecture.
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Fig. 2. Changes in DIN concentration at nori culture grounds in Kagawa Prefecture. Panels show each section of the
coastal area. Fiscal 1990-2001, stable period; fiscal 2002-2008, low period of dried sheet production of nori in Kagawa

Prefecture. Bars indicate standard deviation.
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Table 1 Environmental factors influencing the changes in DIN using multiple linear regression

analysis
Sea area Multiple.: regression Installed variable Standarfi regression F value
coefficient (R ) coefficient

Harima-Nada 144 0.85 Salinity -0.59 145.3
Water temperature 0.47 82.2
Chlorophyll a -0.26 30.2
Global solar radiation -0.20 19.9
Northwest wind 0.17 12.7

Coastal area of 144 0.93 Salinity -0.62 315.8

northern Shodoshima Water temperature 0.46 162.3
Chlorophyll a -0.16 24.9
Northwest wind 0.10 8.6
Global solar radiation -0.08 5.7

Eastern Bisan-Seto 144 0.89 Salinity -0.56 173.8
Water temperature 0.52 134.0
Chlorophyll a -0.14 13.2
Northwest wind 0.12 9.3
Global solar radiation -0.11 8.0

Middle Bisan-Seto 146 0.89 Salinity -0.67 237.9
Water temperature 0.36 70.7
Chlorophyll a -0.15 13.9
Global solar radiation -0.06 2.5

Western Bisan-Seto 141 0.67 Salinity -0.67 112.7

Table 2 Environmental factors influencing the increase and decrease in DIN in a short period
using multiple linearregression analysis

Sea area Multiplf.: regression Installed variable Standard reg.ression F value
coefficient (R ) coefficient
Harima-Nada 135 0.51 Salnity . -037 21.1
Northwest wind | 032 . 152
Eucampia zodiacus -0.28 12.6
Chlorophylla 028 119 .
Rainfall amount 0.28 11.7
Coastal area of 135 0.79 Saliity . -069 166.5
northern Shodoshima Northwest wind 0.23 17.3
Chlorophylla 015 73 .
Eucampia zodiacus -0.12 5.1
Eastern Bisan-Seto 135 0.45 Salinity . -028 12.6
Northwest wind 0.21 7.4
Chlorophylla 019 55
Rainfall amount 0.13 2.6
FEucampia zodiacus -0.13 2.5
Middle Bisan-Seto 138 0.69 Salinity -0.61 92.6
Global solar radiation -0.18 7.6
Chlorophyll a -0.16 6.8
Western Bisan-Seto 133 0.38 Chlorophyll a -0.34 17.1
Northwest wind 0.14 2.8
Through flow 0.13 2.4




11

335 Harima-Nada 35 Coastal area of northern Shodoshima
33.0 33.0
325 325
) =)
g g
= 32.0 = 32.0
E £
= S
@ 315 A 315
—O— Fiscal 1990—2001 —O— Fiscal 1990—2001
310 —— Fiscal 2002—2008 310 —&— Fiscal 2002—2008
—{J— Fiscal 2002—2008 excluding 2004 ~{}— Fiscal 2002—2008 excluding 2004
B e S S e e s e e T L S S
5 8 8 5 ¥ ¥ 8 ¢ g £ £ £ 8 8 8 5 5 % 8 £ £ £ ¢ 8 8 £ 8 £ 8 5 5 =5
SRR EEREE RN §332224422 5328222
T2 E8rzgfzi8sS3FE R % T2 8z EZ2EES5EE% ¢
K] 4 553 §3 34 5 - g 4 %= 3 g =383 ki S
335 Eastern Bisan-Seto 335 Middle Bisan-Seto
33.0 33.0
325 325
) =)
g g
2320 2320
E E
& 315 ) 3 315
—O— Fiscal 1990—2001 —O— Fiscal 1990—2001
310 —&— Fiscal 2002—2008 310 —#— Fiscal 2002—2008
~—{J— Fiscal 2002—2008 excluding 2004 —{— Fiscal 2002—2008 excluding 2004
s 77 305 /7777777 T 1
§ 8 8§ ¥ ¥ ¥ ; . £ g 8 8 8 5 5 5 5 £ £ £ ¢ 8 ¢ g 8 8 8 5
SEESEENREER SRR SRR ERR R R EERE.
Tz irizriiizizeiy FEisiiFziEEiEEis
& g3 & =28 & 8 & F=3 & =4 5] g
335 Western Bisan-Seto
33.0
~ 325
=}
e}
&
2 20
E
=
@ 315
—O— Fiscal 1990—2001
310 —A— Fiscal 2002—2008
—C— Fiscal 2002—2008 excluding 2004
30.5 — — — ]
g 8 8 2 7 = 3 g & & 8 8 8 1
8883228882258 28¢% ¢
22 g8 2222 g fPBE e g2
2355332358285 3F;

Fig. 3. Changes in salinity in nori culture grounds in Kagawa Prefecture. Panels show each section of coastal area.
Fiscal 1990-2001, stable period; fiscal 2002-2008, low period of dried sheet production of nori in Kagawa Prefecture.
Data for 2004, when rainfall was exceptionally high because of typhoons, have been excluded.
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Fig. 4. Difference in average rainfall in Takamatsu between the stable (fiscal 1990-2001) and low periods (fiscal
2002-2008) of dried sheet production of nori in Kagawa Prefecture. A, average rainfall in fiscal 2002-2008 subtracted
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1990-2001. Rainfall data cited from Japan Meteorological Agency (http://www.jma.go.jp/jma/menu/report.html).
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