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World harvest  of marine macoalgae: 

appr. 10 mio. t  fresh weight per year,

mainly for food and appr.  90% from aquaculture

Laminaria (Kombu): 4,5 mio. t

Undaria (Wakame):   2,5 mio. t 

Porphyra (Nori):        1,4 mio t

Kappaphycus/Eucheuma: 1,3 mio. t



japoniuca

Laminaria  saccharina = 
Saccharina latissima belongs 
to the fastest  growing and 
biggest seaweeds

Laminaria 

japonica 

Hokkaido

Southern lethal limit: Laminaria dies at 23°C

Northern China too warm







Development

Sporangial area = sorus

---Sorus in nature in autumn
---Sorus in the laboratory all year round in short-day conditions at 8 h light per day 





Hormonal control: Sorus inhibitor (auxin?) travels from growing  base in 
distal direction and prevents sorus formation, when alga is actively growing 
The fast-growing alga actively  prevents sorus formation and allocates in this way 
100% of photosynthate into new tissue st the base of the blade.  



Development

Cross section through sorus

Sporangium
(contains spores)

Drying sorus portions for 24h under cool conditions (fridge):
upon  re-immersion in seawater  release of zoospores = motile spores



Lüning, K.(1981): Egg release in gametophytes of Laminaria saccharina induced by darkness and inhibition by blue light and. U.V. (Br. phycol. J. 16, 379-393) 

20 µm

Development

from zoospore via  microscopic  gametophyte generation

to egg
and 

sperm

and first cell of 
sporophyte
generation

Egg release during first hour of darkness

Sex attractant lamoxirene from egg 
releases spermatozoids and attracts 
them in darkness to egg

female 

male 
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Vegetative (=perennial) gametophytes, if blue light lacks or temperature  higher









China: Completey new  and „artificial“, since sea water temperature in 
northern China reaches 27°C – no survival of Laminaria in summer

Aquaculture with 

Laminaria japonica in China

initiated by Prof. C.K.Tseng since 1950‘s



China:

Kelp nursery:

---Cooled seawater in 
summer (8-10°C), while 
27°C in the sea

---Cultivation of 
gametophytes from 
zoospores (partially also 
from vegetative 
gametophytes) and 
resulting Laminaria 
summer sporelings up to 
a length of 5-10 cm

--- immersion in the sea in 
September at 
temperatures <17°C



China 1970 (Mao‘s time)

China 2010

Denmark 2010

Norway 2010
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China:

Kelp nursery:

---Cooled seawater in 
summer (8-10°C), while 
27°C in the sea

---Cultivation of 
gametophytes from 
zoospores (partially also 
from vegetative 
gametophytes) and 
resulting Laminaria 
summer sporelings up to 

a length of 5-
10 cm
--- immersion in the sea in 
September at 
temperatures <17°C



Forced cultivation
Tseng et al. (1957, 1962), Hasegawa (1971)

Laminaria  japonica  in nature: 
2-5 m long  at an age of  20 months

In culture with summer hatchery: 2-5 m long
11 months after seeding zoospores

The secrets of Chinese success: 

---First year plants from culture are as big as two-
year plants in the sea

---Chinese Laminaria is harvested in May/early 
June and never sees the „terrible Laminaria 
summer“





Heavy animal fouling:

The terrible summer for sea-cultivated 

Saccharina in Norwegian waters



Lysefjorden, 2012, June 27

Lysefjorden, 2012, Aug 23

Lysefjorden, 2012, Aug 23

The terrible summer for sea-cultivated 

Saccharina in Norwegian waters



Lysefjorden, 2012, Aug 23: tank cultivated Saccharina
No animal fouling on blades



Helgoland
(rocky island in the 

southern North Sea):

Laminaria 

individuals 

fixed to an iron 

frame directly  

fastened on the 

sublittoral 

rock (almost 

like in nature),

NO ROPE 

CULTURE 

with blades 

down hanging
(1) Saccharina 
grows well at 2 
m water depth 
in the sea also 
in June and 
July
Lüning (1979) Mar. Ecol. 

Prog. Ser. 1, 195-207.

(2) No animal 
epiphytes on 
the blades in 
summer in the 
sea:

because in 
natural 
Laminaria
vegetation 
directly on 
the rock 
there is the 
WHIPLASH 
EFFECT
(„Fly flap 
effect“)
????????



So let us try for Norwegian Saccharina rope 
cultivation (a-c like in China)

-a- to harvest in May Saccharina as big as possible,

-b- build summer kelp hatcheries on the land

-c- avoid the summer months for rope cultivation

-d- OR install SOMEHOW a whiplash effect for the 
HANGING DOWN blades


