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Production of kelp in Japan

~ various natural resources and the established aquaculture technique ~

Laminariaceae Boy
Arthrothamnus Ruprecht

Arthrothamnus bifidus (S.G. Gmelin) J. Agardh

Laminaria J.V. Lamouroux

Laminaria yezoensis Miyabe
Saccharina Stackhouse

Saccharina angustata (Kjellman) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Saccharina cichorioides (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders
Saccharina coriacea (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Saccharina gyrata (Kjellman) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Saccharina japonica (J.E. Areschoug) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

var. diabolica (Miyabe) Yotsukura, Kawashima, T. Kawai, T. Abe & L.D. Druehl

var. ochotensis (Miyabe) Yotsukura, Kawashima, T. Kawai, T. Abe & L.D. Druehl

var. religiosa (Miyabe) Yotsukura, Kawashima, T. Kawai, T. Abe & L.D. Druehl

Saccharina kurilensis C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Saccharina latissima (Linnaeus) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Saccharina longipedalis (Okamura) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Saccharina sachalinensis (Miyabe) Yotsukura & L.D. Druehl

Saccharina longissima (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Saccharina sculpera (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Saccharina yendoana (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Streptophyllopsis Kajimura

Streptophyllopsis kuroshioense (Segawa) Kajimura

Lessoniaceae Setchell & Gardner
Ecklonia Hornemann

Ecklonia cava Kjellman

Ecklonia kurome Okamura

Ecklonia stolonifera Okamura
Eckloniopsis Oamura

Eckloniopsis radicosa (Kjellman) Okamura
Eisenia J.E. Areschoug

Eisenia arborea J.E. Areschoug

Eisenia bicyclis (Kjellman) Setchell

Pseudochordaceae Kawai & Kurogi
Pseudochorda Yamada, Tokida & Inagaki

Pseudochorda gracilis Kawai & Nabata

Pseudochorda nagaii (Tokida) Inagaki

Kelp in Japan

Laminariales Migula

Akkesiphycaceae H. Kawai & H. Sasaki
Akkesiphycus Yamada & Tak. Tanaka

Akkesiphycus lubricus Yamada & Tanaka

Alariaceae Setchell & Gardner
Alaria Greville

Alaria angusta Kjellman

Alaria crassifolia Kjellman

Alaria praelonga Kjellman

Alaria taeniata Kjellman
Undaria Suringar

Undaria peterseniana (Kjellmann) Okamura

Undaria pinnatifida (Harvey) Suringar

Undaria undarioides (Yendo) Okamura

Chordaceae Dumortier
Chorda Stackhouse

Chorda asiatica Sasaki & Kawai

Chorda kikonaiensis Sasaki & Kawai

Chorda rigida Kawai & Arai

Costariaceae C.E. Lane, C. Mayes, Druehl & 

G.W. Saunders

Agarum Dumortier
Agarum clathratum Dumortier
Agarum oharaense Yamada

Costaria Greville

Costaria costata (C. Agardh) De A. Saunders

U. pinnatifida

A. bifidus

E. kurome
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Arthrothamnus Ruprecht

Arthrothamnus bifidus (S.G. Gmelin) J. Agardh

Laminaria J.V. Lamouroux

Laminaria yezoensis Miyabe

Saccharina Stackhouse

Saccharina angustata (Kjellman) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  A

Saccharina cichorioides (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders B

Saccharina coriacea (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  A

Saccharina gyrata (Kjellman) C.E. Lane, C. Mayes, Druehl & G.W. Saunders B
Saccharina japonica (J.E. Areschoug) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  A

var. diabolica (Miyabe) Yotsukura, Kawashima, T. Kawai, T. Abe & L.D. Druehl  A

var. ochotensis (Miyabe) Yotsukura, Kawashima, T. Kawai, T. Abe & L.D. Druehl A

var. religiosa (Miyabe) Yotsukura, Kawashima, T. Kawai, T. Abe & L.D. Druehl  A
Saccharina kurilensis C.E. Lane, C. Mayes, Druehl & G.W. Saunders B
Saccharina latissima (Linnaeus) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Saccharina longipedalis (Okamura) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  C

Saccharina sachalinensis (Miyabe) Yotsukura & L.D. Druehl B

Saccharina longissima (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  A

Saccharina sculpera (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  A
Saccharina yendoana (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Laminariacean kelp in Hokkaido S. latissima
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Saccharina Stackhouse

Saccharina angustata (Kjellman) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  A

Saccharina cichorioides (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders B

Saccharina coriacea (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  A

Saccharina gyrata (Kjellman) C.E. Lane, C. Mayes, Druehl & G.W. Saunders B
Saccharina japonica (J.E. Areschoug) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  A

var. diabolica (Miyabe) Yotsukura, Kawashima, T. Kawai, T. Abe & L.D. Druehl  A

var. ochotensis (Miyabe) Yotsukura, Kawashima, T. Kawai, T. Abe & L.D. Druehl A

var. religiosa (Miyabe) Yotsukura, Kawashima, T. Kawai, T. Abe & L.D. Druehl  A
Saccharina kurilensis C.E. Lane, C. Mayes, Druehl & G.W. Saunders B
Saccharina latissima (Linnaeus) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Saccharina longipedalis (Okamura) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  C

Saccharina sachalinensis (Miyabe) Yotsukura & L.D. Druehl B

Saccharina longissima (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  A

Saccharina sculpera (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders  A
Saccharina yendoana (Miyabe) C.E. Lane, C. Mayes, Druehl & G.W. Saunders

Laminariacean kelp in Hokkaido and the availability of the 

each specie (A > B > C >   )

Saccharina angustata

Saccharina coriacea

Saccharina japonica

var. diabolica

var. ochotensis

var. religiosa

Saccharina longissima

Saccharina sculpera

Laminaria angustata

Laminaria coriacea

Laminaria japonica

Laminaria diabolica

Laminaria ochotensis

Laminaria religiosa

Laminaria longissima

Kjellmaniella crassifolia

Mitsuisi-konbu

Atsuba-konbu

Ma-konbu

Oni-konbu

Rishiri-konbu

Hosome-konbu

Naga-konbu

Gagome-konbu

Current Commercial Species 

Name in Japan
Japanese Name

Biological Species Name

Commercial kelp species belonging to “A” category 

in Japan



(tons)

2008
2007

2006
2005

2004
2003

2002
2001

2000
1999

L. japonica

L. angustata

L. longissima

L. coriacea

L. longissima

L. diaborica

L. ochotesis

L. religiosa

no name (for processing)

other

Transition of production on commercial species 

for recent ten years

Hokkaido Suisanbutsu Kensa Kyokai Okinawa Pref.

HokkaidoNiigata Pref.Toyama Pref.

Chiba Pref.Nagano Pref.Fukui Pref.

Tokyo Pref. Tokyo Pref.Osaka Pref.

Shikoku districtKyoto Pref. Kyoto Pref.

Kyusyu districtOkinawaPref.

L. longissima

L. japonica

Several morphological features of four commercial Laminaria species. 
(cf. Yoshida 1998)

B. L. religiosa

Site: Oshyoro (Otaru)

Date: 18, VI, 1991

A B C

A. L. japonica

Site: Toi

Date: 9, VII, 1990

C. L. ochotensis

Site: Rishiri

Date: 16, VI, 1993

D

D. L. diabolica

Site: Akkeshi

Date: 5, IX, 1988

~20cm

cuneate ~ round

thickness

: 3-5mm

cuneatecuneate ~ round

in vertical rows in vertical rows

20~35cm
20~35cm

rather thin, 

slightly undulate
thin, 

markedly undulate

in vertical

rows
verticillate

thickness

: 4-7mm



Distance trees of Japanese kelp using Neighbor-joining method based on combined RuBisCo spacer and ITS 

sequence data. The number at each node indicates bootstrap values (1000 replicates, given if >50%). P.D.＝＝＝＝Pairwise distances.

0.01 substitution / site

L. Sachalinensis (Rausu) 
L. Saccharina (Ireland)
Cymathaere japonica

Arthrothamnus bifidus
Ecklonia cava

Eckloniopsis radicosa

Ec. stolonifera

A. crassifolia

Chorda filum (Outgroup)

Costaria costata

Thalassiophyllum clathrus (Kamchatka)

Agarum cribrosum f. rugosum

Eisenia bicycle

Agarum cribrosum f. cribrosum

U. undarioides

U. peterseniana

Undaria pinnatifida

Alaria praelonga

100

100

97

76
100

100

95

77

95

K. crassifolia

L. Sachalinensis (Nemuro)
Kjellmaniella gyrata

99

L. longissima
L. angustata

100

56

70

100

98

55

88

100

L. japonica, L. religiosa, 

L. ochotensis, L. diabolica, 

L. longipedalis

Laminaria coriacea, L. cichorioides,  L. yendoana

100

84

P.D.＝＝＝＝0.006ーーーー0.012

P.D.＝＝＝＝0.039

P.D.＝＝＝＝0.004ーーーー0.073

P.D.＝＝＝＝0.000ーーーー0.046

P.D.＝＝＝＝0.009ーーーー0.118

Laminaria, Cymathaere, Kjellmaniella

→ Saccharina

LaminariaL. yezoensis

①①①①
②②②②

Distribution of commercial species of kelp 

in Hokkaido (I)

L. japonica

L. religiosa

L. ochotensis

L. diabolica

Pacific Ocean

Sea of Okhotsk



Distribution of commercial species of kelp 

in Hokkaido (I)

L. japonica

L. religiosa

L. ochotensis

L. diabolica

for
-Dashi

-appetizer

etc.

for

-processing

etc.

for

-Dashi (soup stock for 
Japanese traditional dishes)

-Shiofuki konbu

-appetizer

-Oboro & Tororo

etc.

for

-Dashi
-one item of boiled tofu dish

etc.

Sea of Okhotsk

Pacific Ocean

Distribution of commercial species of kelp 

in Hokkaido (I)

for
-Dashi

-appetizer

etc.

for

-Dashi (soup stock for 
Japanese  traditional dishes)

-Shiofuki konbu

-appetizer

-Oboro & Tororo

etc.

for

-Dashi
-one item of boiled tofu dish

etc.

Oboro

Tororo



L. angustata

L. longissima

Distribution of commercial species of kelp 

in Hokkaido (II)

Sea of Okhotsk

Pacific Ocean

L. angustata

L. longissima

Distribution of commercial species of kelp 

in Hokkaido (II)

for

-popular Dashi 

-cooked dish
-boiled dish in soy sauce

-Konbu roll             etc.

for

-Konbu roll
-boiled dish in soy sauce 

-one item of Japanese hotchpotch

etc.

Sea of Okhotsk

Pacific Ocean



Distribution of commercial species of kelp 

in Hokkaido (II)

for

-popular Dashi 

-cooked dish
-boiled dish in soy sauce

-Konbu roll             etc.

for

-Konbu roll
-boiled dish in soy sauce 

-one item of Japanese hotchpotch

etc.

Sea of Okhotsk

Oyashio (Cold)Oyashio (Cold)

Tsugaru Tsugaru 

Warm CurrentWarm Current

Tsushima Tsushima 

Warm CurrentWarm Current

Soya Warm Soya Warm 

CurrentCurrent

L. coriacea

K. crassifolia

Distribution of commercial species of kelp 

in Hokkaido (III)

Pacific Ocean



L. coriacea

K. crassifolia

Distribution of commercial species of kelp 

in Hokkaido (III)

for
-health food

etc.

for

-Konbu roll

-boiled dish in soy sauce
-Shiofuki konbu

-Oboro & Tororo

-Dashi                          etc.

Sea of Okhotsk

Pacific Ocean

(1) Hosome-konbu period (L. religiosa)
Era : ~ ca.1220
Productive center : from Matsumae to Hakodate
Pruduction : tens of

(2) Uga-konbu period (L. japonica)    
Era : ca.1220 ~ 1632
Productive center  : from Hakodate to Esan
Production : hundreds of

(3) Motozoroe & Mitsuishi-konbu period (L. japonica & L. angustata) 
Era : 1639 ~ 1799
Productive center : from Esan to Erimo
Production : thousands of

(4) Naga-konbu period (L. longissima)   
Era : 1799 ~ 1969
Productive center : from Erimo to Iturup
Production : tens of thousands of 

(5) Sokusei-konbu (forced cultivation) period    
Era : 1969 ~
Productive center : China ?
Production : hundreds of thousands of

A chronology of 

konbu production 

in Japan

1
2

3

4

cf. Konbu no Michi ( Ohishi 1997)



Old kelp fishery

Konbu-Road
Kelp for presentation to the Emperor

Kitamae-bune

1 US ＄＝＄＝＄＝＄＝85～～～～90 YEN (円）円）円）円）



Wild Collecting 

Product Name (dry weight from Hokkaido in 2009) : 

L. longissima (5113 tons) , L. coriacea (1352 tons), L. japonica (600 tons), 

L. ochotensis (600 tons), L. angustata (590 tons), L. diabolica (309 tons), 

L. religiosa (25 tons), A. bifidus (2 tons), K. crassifolia (0.1 ton),

K. gyrata (0.03 ton), others without species name such

as “kelp for processing” (6035 tons). 

Total : 14,587 tons (75% of the total)

(Production value : 17.4 billion JPN Yen (68% of the

total) *1US $ =85~90 JPN Yen )

Harvest Season : from July to October. 

Fishery : small scale management by unit of family 

; collecting by outboard using special equipments 

such as “hydroscope”, “Makka”, “Kama”, “Kagi” etc.
L. longissima

Operation



まっけ
Kagi-sao Nejiri-sao

Kagi Nejiri

Makka

Kama

Makke

wodden 
hydroscope

Equipments

improvementcreation of land

grazing activity of animal

weakening of anniversary winds

inflow of freshwater and earth and sand

inflow of Industrial drain 

and living drainage

decay of influence of ice drift

lack of 
sunlight

Various factors in which decline and disappearance of kelp forests are promoted

landfill

increase of flowing quantity of warm current

Kelp forests

(a) extermination of  other 

seaweeds
(b) demolition of rock reef

(c) removal of plant-eating 

animal                          etc.

(a) throw fieldstones and 

concrete blocks
(b) rock excavation 

(c) demolition of rock reef

etc.

(a) removal of sea urchin

(b) installation of fence for intrusion 

prevention of sea urchin

(c) spore releasing with spore-bag
etc.

restitution of 
“Isoyake”
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Transition of kelp production in Hokkaido

0102030
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生産量（千トン）
養殖天然containing the kelp from 

the Kuril and Sakhalin

Entry into production (1970)

increasing of import volume

From China

Amount of kelp production（（（（dry weight））））
Wild
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Cultivation

Hokkaido Localities: Minamikayabe, Hakodate (South), 

Rishiri-Rebun, Soya (North), Rausu, Shiretoko (East). 

Product Name (dry weight from Hokkaido in 2009) : 

L. japonica (1228 tons), L. ochotensis (290 tons), L. diabolica (189 tons), 

L. angustata (156 tons), L. religiosa (8 tons), L. coriacea (1 ton), 

others without species name such as “kelp for processing” (3031 tons). 

Total : 4,903 tons (25% of the total)

(Production value : 8.3 billion JPN Yen (32% of the total))

Harvest Season : from June to September. 

Cultivation : (1) collecting of wild spore-bearing kelp, (2) producing of 

seedling line, (3) seedling culture indoors, (4) moving to sea, (5) full-scale 

cultivation (1-3 are done by the fisheries coop); forced cultivation (1 year) 

and 2 years cultivation protocols.

Kawashima culture
(indoor)

Wild mother kelp

(2 years old)

sp
o

ro
p

h
y

te

sporophyte

ga
m

etop
h

y
te

Collection 

of seedling

(indoor)

fertizization

sporophyte 

formation

visible young 

thullus

(germination stage)
elongation 

stage

first maturation

stage

Second
maturation

stage

increase 

stage in 

thickness

full-scale 

culture

harvest 

stage

from middle of March

to middle of July from end of August 

to middle of October

cf. Kawashima 1992

The production process of forced culutivated konbu

-mother kelp collecting by 

diver from prohibited 

fishing area

-drying in the shade 

(overnight)

end of August

provisional 

outplanting

thinning and 

binding of 

hold-fast

horizontal

vertical

control 

of water 

depth 

second

stage

from end of October 

to beggining of July

first stage

production 
stage of 

seedling



-zoospore releasing

-control of the number of zoospore

(ca. 5–10 spores in one eye shot under the 

microscope (x 150))

-zoospore collecting to “Spore Collector”

end of August

spore collector

Center for seedling production operated 

by the Fisheries Cooperation

Seedling production 

36cm

46cm

ca. 300m of string

Zoospore releasing

Brief filtration

Seedling 

tank

Preparation of

zoospore number

Immersion of

spore collector

-the preparation for culture is started 
on May 
-fresh water (filtrated mountain 
runoff) bath system for cooling

-culture by ES medium (sterilized 
seawater) 
-culture for about 50 days (up to ca. 1 
cm)

*water temperature : 8.5 ~ 9.0oC

*light intensity : 1,000 ~ 2,000 ~ 
3,000 ~ 4,000 lux

*photoperiod : 12L-12D ~ 13L-14D
~ 14L-10D

*aeration system

28 pools (30 tanks/pool)  

administrative cost : 60 million JPN Yen/year (about 80% is for energy )



Provisional outplanting of seedlings 

from middle to 
end of October

-provisional cultivation in the sea for 7–10 

days

-L: 5–7m at the beginning, and thereafter 

shorten to 1.5 m

end of October to 
middle of November

Fixation to cultivation rope

*Every fisherman buy the seedling from the cooperation. 
(ca. 170 JPN Yen/ m) 

Full-scale cultivation

from November to June

An overview and a side view of Konbu cultivation apparatus



The first stage The second stage

thinning and binding of holdfast 

from end of December 
to beginning of March

-finally 4–5 plants/

piece of seedling 

string (= 12–15 plants

/meter of cultivation

rope)

-binding of unstable 

holdfast using soft 

synthetic tape

Kawashima 1984



Harvesting from July to end of August



Motozoroe-Konbu

Nagakiri-Konbu

Ori-Konbu



-The rank of the product is decided by the association “Hokkaido 

Suisanbutsu Kensa Kyokai” (designated corporate aggregate). 

-The price control of the product is done by the Union of Fisheries 
Cooperation“Hokkaido Gyoren” (Hokkaido Federation of 
Fisheries Cooperative Association). 



Wild / 

Cultured

Product 

district

Brand Price of 

first-grade 

quality 
(JP Yen / 

kg)

Wild Yakumo (a) Ma-ori 2,101

Wild Osatsube, 

Kakkumi (b)

Shirokuchi-

motozoroehama

4,500

Cultured

(2 years)
Osatsube, 

Kakkumi (b)

Shirokuchi-

motozoroe
Tennen / 

Youshokuhama

2,100

Cultured 

(forced)
Kakkumi (b) Shirokuchi-

motozoroehama

1,900

Wild Shirikishinai 

(c)

Kurokuchi-

motozoroehama

3,825

Cultured 

(forced)
Shirikishinai 

(c)

Kurokuchi-

nagakiri (Noshi)

2,700

Wild Ishizaki (d) Ma-ori (Honba-

ori) Offing

2,600

Wild Ishizaki (d) Ma-ori

(Honba-ori)

Interlevel

2,750

Wild Ishizaki (d) Ma-ori

(Honba-ori) Shore

2,950

Cultured

(forced)
Ishizaki (d) Honba-ori 1,070

A

B

C

D
E

B

A.  Ma-orihama

B.  Bachigai-oihama

C.  Shirokuchi-motozoroehama

D.  Kurokuchi-motozoroehama

E.  Honba-orihama

a

b

cd

Hokkaido Federation of Fisheries Cooperative Associations 

“Hamakakusa” of L. japonica

(The price gap by the difference 

of product district)

♂ ♀
Aquaculture 

at land place
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How to make “Konbu Dashi (soup stock)”

Ingredients

Dry Konbu for Dashi : 30g 

Cold Water : 1,000 ml

Recipe

(1) Dirt of the surface of Konbu is wiped up quickly with dish towel.

(2) Konbu and cold water are put in a pot and are cooked up to 60 oC.

(3) “Konbu Dashi” is decocted at low heat for 1 hour. 

- The water temperature was kept! -

(4) Konbu is took out from the pot. 


