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Maximum growth and daily growth rate of  Maximum growth and daily growth rate of  
U.U.pinnatifidapinnatifida, , L. japonicaL. japonica and and U. U. pertusapertusa..
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Maximum OMaximum O22 production and Oproduction and O22 consumption rates of  consumption rates of  
U.U.pinnatifidapinnatifida, , L. japonicaL. japonica and and U. U. pertusapertusa..
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　　Observed N，P uptake rates of seaweed

　　　　PPobob = ( = ( CCtt－－ CC00 ) ) ・・αα / / tt

Pob 　： N，P uptake rates of seaweed area ( mg / mS
2 / day )

C0 ： N，P contents on the beginning day ( mg / g dry )
Ct 　： N，P contents after t days ( mg / g dry )
α ： dry weight per area of seaweed ( g dry / mS

2 )
t : cultured periods ( days )



　　　　　　　　CalculatedCalculated NN，，P uptake rates of seaweedP uptake rates of seaweed
　　　　　　

　　　　　　　　　　①① NutrientNutrient ( ( S, S, μμgg / / l  l  )) : : MichaelisMichaelis--MentenMenten

　　　　　　 Pcal＝ Pm ･ S / （K + S　）

　　　　　②② IrradianceIrradiance ((ⅠⅠ,,μμmolmol / / mm2 2 / / sec sec )) :: Steel ModelSteel Model

　　　　　　 Pcal＝ Pm ･（Ｉ / Ｉm　）･exp（1－Ｉ / Ｉm　）

③③ WaterWater TemperatureTemperature ( ( θθ,,℃℃ )) :: AllometryAllometry
　　　　　　 Pcal＝ PT ･ Q01　

(θ－T
　　　　　

)

PPcalcal : : caluculatedcaluculated N，P uptake rates of seaweed (( mg / mmg / mss
2 2 / day / day ))

K     K     : : MichaelisMichaelis--MentenMenten constant constant ((μμgg / / l l ))
　　　

　　　　　　　　　 Q01　: Water temperature coefficient: Water temperature coefficient

TT ：：U.pinnatifidaU.pinnatifida 16 16 ℃，℃，L.japonicaL.japonica 20 20 ℃，℃，U.pinnatifidaU.pinnatifida 2255℃℃
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Calculated coefficient at N, P uptake rates of  Calculated coefficient at N, P uptake rates of  
U.U.pinnatifidapinnatifida, , L. japonicaL. japonica and and U. U. pertusapertusa..



Length of Length of L.japonicaL.japonica and and U.U.pinnatifidapinnatifida seeding yarnseeding yarn
for nitrogen load by for nitrogen load by S.S.quinqueradiataquinqueradiata per cultured areaper cultured area

ZZ　　==　　 NN　／　　／　( ( PPNN ・・ss・・ n n ))

ZZ　　：　：　Length of seeding yarn for N load ( m )Length of seeding yarn for N load ( m )
NN ：： RateRate of N load by of N load by yellowtailyellowtail per cultured area( mg N /per cultured area( mg N / mmff

2 2 // day)day)

PPNN：： RateRate of N uptake by seaweed per blade areaof N uptake by seaweed per blade area ( mg N / m( mg N / mSS
22 / day )/ day )

s s 　　:   :   Blade area of seaweed per an individualBlade area of seaweed per an individual ( m( mss
2 2 //　　indiv.)indiv.)

n n :   :   Adnated number per one meter seeding yarnAdnated number per one meter seeding yarn ( ( indivindiv. / m ). / m )



Rate of nitrogen load by Rate of nitrogen load by S.S.quinqueradiataquinqueradiata per cultured areaper cultured area
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Cultured density and Cultured density and lengthlength of of U.U.pinnatifidapinnatifida seeding seeding 
yarn for N load by yarn for N load by S.S.quinqueradiataquinqueradiata per cultured areaper cultured area

Rate of N load by yellowtail Rate of N load by yellowtail 　　 ：： 115115 mg N / mmg N / mff
22 / day/ day ＊＊

11

Rate of Rate of NN uptake by uptake by U.U.pinnatifidapinnatifida： 2.0　 mg N / ms
2 / day ＊2

　　　　　　Blade area　　　　　　　　　　　 　　 　： 　0.260 ms
2 / indiv.

Number of adnation :          　　　　　87 　 　indiv. / m
　 Weight of Blade　　　　　　 　: 　　　 　　　　　　　　　　　192　 g wet / indiv.

Length of seeding yarn for N load： 2.5 m/m f 2

Cultured density for N load： 2.5×87×0.192 = 41 kg wet/mf 2

＊1) ：Kochi fisheries experimental station :1989，＊2) ：Kitadai・Kadowaki :2004



Rate of N load by yellowtail Rate of N load by yellowtail 　　 ：： 290290 mg N / mmg N / mff
22 / day/ day＊＊

11

Rate of Rate of NN uptake by uptake by L.japonica    L.japonica    ： 2.9　 mg N / ms
2 / day＊

2

　　　　　　Blade area　　　　　　　　　　　 　　 　： 　0.110 ms
2 / indiv

Number of adnation :           160 　　　indiv. / m

　 Weight of Blade　　　　　　 　: 　　　 　　　　　　　　　　 　116　 g wet / indiv.

Length of seeding yarn for N load： 5.6 m/m f 2

Cultured density for N load：5.6×160×0.116 = 103 kg wet/m f 
2

Cultured density and Cultured density and lengthlength of of LL.japonica .japonica seeding yarn seeding yarn 
for N load by for N load by S.S.quinqueradiataquinqueradiata per cultured areaper cultured area

＊1) ：Kochi fisheries experimental station :1989，＊2) ：Kitadai・Kadowaki :2003



Production of U.pinnatifida and L.japonica around the fish cage

●Length of seeding yarnLength of seeding yarn： 160 m =  44 m× 1010 yarns yarns ×× 44 sides
●Production of U.pinnatifida： 2600 kg = 160 m × (( 41 kgkg／ 2.5 m )
●Production of L.japonica： 2900 kg = 160 m × (( 103 kg／ 5.6 m )

U.pinnatifida： 6363 % = 100 × 2600 kg／ ( 41 kg/mf　
2×100 mf

2

L.japonica    ： 2828 % = 100× 2900 kg／ ( 103 kg/m f
2×100 m f

2

N uptake ratio to load



DensityDensity of cultured of cultured U.U.pertusapertusa for nitrogen load for nitrogen load 
by by S.S.quinqueradiataquinqueradiata per cultured areaper cultured area

ZZ　　==　　 NN　　／／　　( ( PPNN ・・ss ))

ZZ　　：： DensityDensity of cultured seaweed for N load ( kg wet / mof cultured seaweed for N load ( kg wet / m ff
22 ))

NN ：： RateRate of Nof N load by yellowtail per cultured area ( mg N /load by yellowtail per cultured area ( mg N / mm ff
22 // day)day)

PPNN ：： RateRate of N uptake by seaweed per of N uptake by seaweed per thallusthallus areaarea ( mg N / m( mg N / m SS
22 / / 

day )day )

ss ：： ThallusThallus area of seaweed per one kg ( marea of seaweed per one kg ( m ss
2 2 / kg wet )/ kg wet )



Cultured density of Cultured density of U.U.pertusa pertusa 
for N load by for N load by S.S.quinqueradiataquinqueradiata per cultured areaper cultured area

Rate of N load by yellowtailRate of N load by yellowtail　　 ：： 520  520  mg N / mmg N / m ff
22 / day/ day＊＊11

Rate of N uptake by U.pertusa ： 3.63.6 mg N / m s
2 / day ＊2

Thallus area per weight 　:   111616 m s
2 / kg wet

Cultured density for N load： 7.67.6 kg wet/m f 2

＊1) ：Kochi fisheries experimental station :1989,  ＊2) ：Kitadai・



Area ratio ofArea ratio of culturedcultured U.U.pertusapertusa to fishto fish and and NN uptakeuptake ratio to loadratio to load

●Calculated density of Ulva

7.6 kg wet/mf2
　

●Efficient density of Ulva

3.0 kg wet/mf2

N uptake ratio
to load （％）

S／F　

1.0 1.0×3.0 / 7.6             40
2.5 2.5×3.0 / 7.6          100

Area of U.pertusa:S　 Area of S.quinqueradiata:F　



Area ratio ofArea ratio of culturedcultured U.U.pinnatifidapinnatifida to fishto fish and and NN uptakeuptake ratio to loadratio to load

●Calculated density of Undaria

41 kg wet/mf2
　

●Efficient density of Undaria

65 kg wet/mf2

S／F　 N uptake ratio
to load （％）

0.6 　0.6×65 / 41 100
1.0 　1.0×65 / 41 160

Area of U.pinnatifida: S　　　　Area of S.quinqueradiata : F　



Area ratio ofArea ratio of culturedcultured L.japonicaL.japonica to fishto fish and and NN uptakeuptake ratio to loadratio to load

N uptake ratio
to load （％）

●Calculated density of Laminaria

103 kg wet/mf2
　

●Efficient density of Laminaria

73 kg wet/mf2

S／F　

1.0 　1.0×73 / 103           70
1.4 　1.4×73 / 103        100

Area of L.japonnica : S　　　　Area of S.quinqueradiata : F　







Fig.1. Map showing the test stations (A~E) at Goshoura coastal
fish  farms in the Yatushiro Sea.









　　　　Calendar of seaweed cultivationCalendar of seaweed cultivation

L.japonica

U.pertusa

U.pinnatifida

G.gigas

E.kurome

S.fusiforme

Jan　 Feb　Mar　Apr　May　Jun　Jul　Aug　Sep　Oct　Nov  

： Growth period ：Harvest period



Cultivation method of Cultivation method of U.U.pertusapertusa by square cageby square cage

Aug, 27℃



　　　　　　DO DO productionproduction and consumption rate per and consumption rate per chlchl.a of .a of 
seaweedseaweed

①① DO production rate  DO production rate  ( ( PP’’cc , mg O, mg O22 / mg chl.a / h )/ mg chl.a / h )

PP’’cc＝＝ PP’’ // chlchl.a.a

　　 ②② DO consumption rate  ( DO consumption rate  ( RR’’cc , mg O, mg O22 / mg / mg chlchl.a / h ).a / h )

RR’’cc＝＝ RR’’ // chlchl.a.a　　　　
　　

　　　　　　　　 ③③ NutrientNutrient : : MichaelisMichaelis--MentenMenten (( S S , , μμg / g / ll ))

　　　　 　　　PP’’cc＝＝ PP’’cmcm ･･ S S / / （（KK + + S S ））

　　　 　 　PP’’ : DO production rate : DO production rate ((mg Omg O22 / / l l / / hh ))
　　　　　　　RR’’ : DO consumption rate : DO consumption rate ((mg Omg O22 / / l l / / hh ))
　　　　　　　chl.a : : AmountAmount of of chl.achl.a of seaweed of seaweed (( mg mg chl.achl.a / / l l ))
　　　　　　　KK :: MichaelisMichaelis--MentenMenten constantconstant ((μμgg // ll ))



EcoEco33--polyculture of fish, seaweed and abalonepolyculture of fish, seaweed and abalone

1ｍ

1ｍ

10
 ｍ

boat

U.pertusa  7.6 kg/ mf
2×10 mf×10 mf×2

cage
conversion factor of abalone 1695 kg abalone ／ 0.07 kg/indiv. =  1350 indiv.

＝ 95 kg

10 ｍ
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