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Identity

Porphyra spp  , [Bangiaceae]
FAO Names:  En - Nori nei,   Fr - Nori nca,  Es - Luche

http://www.fao.org/fi/website/FIRetrieveAction.do?dom=topic&fid=16064&lang=en
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA0019
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA002B
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA003F
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA0053
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA0064
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA0078
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA008C
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA00A0
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA00B1
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA00C5
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA00D9
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA00ED
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA00FE
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA0112
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA0126
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA013A
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA014E
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA0160
http://www.fao.org/fishery/culturedspecies/Porphyra_spp/en#tcNA0172


   
Biological features

Porphyra spp. appears on rocky shorelines throughout the world, including a few species in the
tropics or at the poles. The greatest diversity is found in cold-temperate and boreal regions.
Most species appear as winter or summer annuals. Porphyra can bear desiccation, so can live in
the highest, driest reaches of the intertidal zone. Porphyra thalli appear in nature as free-living
organisms, and their microscopic filaments bore into calcium carbonate substrates such as
oyster shells. Porphyra blades may be from circular to linear in outline, and from a few
centimetres to over a metre in length. Their colour is also variable, from rose-pink in species
that live entirely submerged, to variously mottled reds, yellows, browns and greens in
intertidal species. The life history of Porphyra is complex. Its microscopic stage is diploid and
called the conchocelis, which consists of filamentous branches. Under specific conditions the
filaments form swollen branches called conchosporangia that extrude their contents as
individual cells without walls - conchospores. Meiosis takes place in each conchospore, which
will develop into Porphyra thalli. In some species, monospores produced at thallus margins
reproduce the blades asexually. Spermatia and carpogonia are formed in packets at the blade
margins. Spermatia attach and effect fertilization. The zygote then divides to form a packet of
diploid cells, carposporangium. Diploid carpospores are released from the carposporangium
and form diploid conchocelis filaments again for over-summering.

Images gallery



Porphyra thallus and its holdfast (copy from MBARA in
internet)

Conchocelis filaments breeding
facilities

Manually harvesting Harvesting with special machine

Porphyra processing
Sushi in different cuisine

Profile
Historical background

Cultivation of Porphyra began in the 17th century, in Japan, Korea and China, and has since
become one of the most important industries using shallow water areas in all of these



countries. Originally, laver farming had to depend on natural seed (conchospores) due to poor
knowledge about its life cycle and where its seeds came from. However, in 1949, Kathleen
Drew Baker discovered that the alga Conchocelis rosea was actually a stage in the life history of
Porphyra. This was a great discovery for the farming industry, which solved the bottleneck that
prevented the artificial production of seeds. Since then, Chinese and Japanese experts have
developed the techniques of breeding conchocelis and collecting conchospores. Now, no laver
farm collects seeds from the wild any more. Laver farming has become a prosperous sector of
aquaculture in China, RO Korea, and Japan. Besides these traditional producers, laver farming
activities are gradually expanding to other continents, including Africa, North America and
Europe.

Main producer countries

The following map shows the distribution of Porphrya tenera, which is similar to that of P. yezoensis.



Main producer countries of Porphrya tenera (FAO Fishery Statistics, 2006)

Habitat and biology

In China, Porphyra haitanensis is found in southern areas, whereas P. yezoensis is found in the north.
The life stage that is commonly called nori or laver, comprises the thalli of the species (see n.1
in figure shown below), which emerge in autumn or earlier winter along rocky coasts. Its
seeds are called conchospores and are released from the filamentous conchocelis stage (see n.
8 in same figure), which are found settled on mollusc shells in the summer and autumn. Before
1949, the filamentous phase was thought to be a separate species, Conchocelis rosea.

LIFE CYCLE DIAGRAM OF PORPHYRA SPP. - A = Porphyra yezoensis; B = Porphyra
haitanensis. 1 thallus; 2 spermagonium; 3 sperm; 4 carpogone; 5 fertilized egg; 6
carposporangium; 7 carpospore; 8 filamental conchocelis; 9 sporangium branch of
conchocelis; 10 releasing conchospores; 11 conchospore; 12 young thallus; 13 monospore
and young thallus



The conchocelis phase is diploid. Under specific conditions of light intensity and quality, day-
length and temperature stimulate the production of gametes. These filaments form swollen
branches ("conchosporangia") in which the cells develop the plastid features of blade-phase
cells (stellate plastids with conspicuous pyrenoid). These branches protrude from the substrate
and eventually release their contents as individual cells ("conchospores").

Male gametes (see diagram, 3: "spermatia") are produced in packets (2) at the blade margins
and are released by dissolution of the margin. Female gametes (4: "carpogonia") are formed
some way back from the margin. A receptive surface ("trichogyne") protrudes from each
carpogonium and through the surrounding matrix, to which spermatia attach and effect
fertilization (5). The zygote then divides to form a packet of diploid cells (6: the
"carposporangium"). Diploid "carpospores" (7) are released from the carposporangium by
dissolution of the blade margin. Germination of the carpospores, to form diploid conchocelis
filaments (8), is not dependent on the presence of solid calcium carbonate; however,
apparently, in natural conditions only those carpospores that manage to germinate on, and
subsequently penetrate, this substrate (normally mollusc shells) avoid getting eaten by snails
and other small marine grazers. 

Under certain conditions, conchocelis filaments (9-10) develop and form conchospores (11).
In autumn, these conchospores are released from the developed sporangia in swollen
conchocelis filaments into the water and settle (12) on the substratum and begin their new life
cycle (1).

In addition to this process, P. yezoensis (see diagram A above) also reproduces asexually, by
producing monospores at the margins of the thalli. This does not occur in P. haitanensis (see
diagram B above) .

The optimum conditions, such as temperature, salinity, and light intensity for the growth of
Porphyra thalli vary. Generally, young thalli can bear higher temperature than their adults; lower
temperatures will influence the normal growth of P. yezoensis and P. haitanensis (less than 3 °C and
8 °C respectively). High light intensity (5000-8000 lux) is good for the growth of both species.
Porphyra thalli are tolerant to desiccation; for example, P. haitanensis can survive for one week
even though losing 70 percent of its moisture. Porphyra is an autophyte; nutrients such as
nitrate-nitrogen or ammonium-nitrogen are essential. Experiments indicate that 100-200 mg
nitrogen/m3 is needed for normal growth; growth will be inhibited if the nitrogen level is lower
than 50 mg nitrogen/m3.

Production
Production cycle



Production cycle of Porphyra spp.

Production systems



Due to its complex life cycle, the farming system for Porphyra can be divided into 5 distinct
phases: conchocelis culture; collection of conchospores; ongrowing in open sea; harvesting;
and processing.
Seed supply 

Rearing conchocelis

As described earlier in this fact sheet, the farming of nori occurs in two stages. The first occurs
indoors, from May to October, where the conchocelis stage is cultivated and conchospores
produced. The second stage occurs from October until April or May; in this phase farmers
focus on the cultivation of the thalli in the field.

In early and mid-May, Asiatic hard clam (Meretrix meretrix) are seeded by desiccating the
conchocelis to release the conchospores; a suspension of them is then sprayed onto the
substrate, or the substrate is submerged in the suspension. Cultivation occurs in large
elongated shallow tanks filled with 20-30 cm of seawater that has been subjected to
sedimentation and to which nitrogenous and phosphate nutrients have been added. At this
stage, the temperature is not controlled and is allowed to fluctuate with ambient air
temperature. However, optimal growth occurs between 20-25 °C. The carpospores develop
into the conchocelis phase.

In mid-May to early June, the water temperature is raised to 22-23 °C, to encourage vegetative
growth of the conchocelis phase. In July, the light intensity is reduced to encourage the
formation of conchosporangia, which will eventually release the conchospores. From early
July to late August, the water temperature is gradually raised to reach 27-28 °C by mid-
August. After this, the water temperature is gradually decreased again. 

By late August to late September, the water temperature has been lowered to 23 °C; during
this period of the conchosporangia form. The light intensity is held at the same level to
encourage the formation of the conchospores in the conchosporangia but the day length is
reduced to 8-10 hours. Conchospores are present by late September but mass discharge occurs
in early and mid-October. 

Once the conchospores are released, they are seeded onto special cultivation nets which are
placed in the tanks. When 50 000 spores are being released per day, the light intensity is
increased slightly to encourage thallus germination. The water in the tanks is also agitated to
distribute the spores evenly and ensure their contact with the cultivation nets. This procedure
of collecting conchospores is called "collecting seeds". About 50 percent of laver farms rear
the seeds by themselves, while the rest buy culture nets from seed suppliers.
Ongrowing techniques 



There are three main farming methods: (a) on floating, (b) semi-floating; and (c) fixed nets. A
fourth technique is known as "freezing nets" (see below).

Three methods farming Porphyra spp.

Floating system

This method has been used in Japan and has recently been widely adopted by Chinese farmers.
The nets are attached to buoys floating on the surface of the sea, so the nori thalli would be
constantly soaked in water. With this method it is possible to cultivate the thalli even in areas
outside shallow bays, in depths of 10-20 m.

Semi-floating system

This method is a mixture of the floating and fixed net systems. At high tide the nets float on
the surface, in the ebb tides, the system stands on the land. This combines the advantages of
fixed net and floating systems, so it has been widely adopted in China.

Fixed nets

In this system, also known as the "pole system", the nori nets are hung between poles. During
ebb tides, the nets are exposed to air and become dry. Intertidal pole cultivation is often
preferred over floating or semi-floating cultivation in deep water, because it ensures periodic
exposure of the proper duration, which helps to reduce the incidence of disease and the growth
of competitive (weed) species, especially epiphytic diatoms. However, this type of cultivation
is restricted to the inner portions of bays, with shallow, sandy bottoms

Freezing nets

This method has two advantages: preventing diseased nori, and improving the quality of the
final product. The procedure for processing freezing nets is as follows:



When the young thalli reach 1 to 3 cm long, they are brought back from the culture area,
together with the nets.
The nets are dried in the air until the moisture content of the thalli decreases by 20-40
percent, which usually requires 2 to 3 hours.
Dried nets are put into vinyl bags.
Dried nets are stored in a freezer at -20 ºC.
When required, the nets are taken brought back to the nori fields for rearing.

Harvesting techniques 

After rearing in the open sea for 40 or 50 days in the case of Porphyra haitanensis and P. yezoensis
respectively, the first harvesting phase begins. Harvesting activities can last for 5 months. The
interval of harvesting is every 10-15 days; therefore, the crop is harvested 10-12 times
annually. Two methods are used, namely manual and machine harvesting, as shown in the
images gallery.
Handling and processing 

The harvested thalli are cut into pieces and processed by drying into a traditional form - a thin,
rectangular flake, each 21 x 19 cm in size and weighing about 3 g. The procedure consists of
selecting the wet nori; washing in seawater; washing in freshwater; cutting; softening; making
into flakes; dehydrating; drying; grading; and packing.

Dried nori can be refined into seasoned products that can be directly consumed; these items
have become as popular as sweets (candy).
Production costs 

Production costs vary geographically; no information supplied.

Diseases and control measures

The 'diseases' that affect Porphyra can be divided into two broad categories: environmental and
pathogenic; the most important are listed in the following table.

DISEASE AGENT TYPE SYNDROME MEASURES

Chytridiosis Olpidiopsis sp. Fungus
Mould spoilage; poor
quality products;
reduced production

Decreasing density of
culture nets; improving
management in the early
stages

Red rot
disease Pythium sp. Fungus

Mould spoilage; poor
quality products;
reduced production

Drying culture nets;
decreasing temperature

Filamental
disease

Leucothrix mucor Bacterium No information Drying culture nets



Atrophy Unknown Unknown
Diseased thalli are
agaric (appear like
fungi) and dark in
colour

None known

Pore disease Unknown
Gram-
negative
bacterium.

Pathogen absorbs the
nutrients of the thalli,
causing holes to appear

Reduced salinity under
laboratory conditions; no
field measures

Green rot
disease Pseudomonas sp.

Gram-
negative
bacterium

Spoilage Drying culture nets; reduce
planting density

Discolouration
diseases

Environmental
stress  

Thalli change from
purple to yellow-green
and then to white

Reduce stocking density

In general, correct site selection, rational planting densities and careful management are
considered the most effective measures for the prevention of diseases. 

Suppliers of pathology expertise

Jiangsu Marine Fisheries Research Institute

Dr. Xu Pu ( ).

Statistics
Production statistics

 

Global aquaculture production of Porphyra tenera
(FAO Fishery Statistic)

    

mailto:Bqxu@pub.nt.jsinfo.net
javascript:new_window('/figis/servlet/SQServlet?ds=Aquaculture&k1=SPECIES&k1v=1&k1s=2790&outtype=gif&gr_props=webapps/figis/species/format/gform_large.txt','graph',tl,lo,di,st,mn,sc,rs,wd,hi)
javascript:new_window('/figis/servlet/SQServlet?ds=Aquaculture&k1=SPECIES&k1v=1&k1s=2790&outtype=html','table',tl,lo,di,st,mn,sc,rs,wd,hi)


FAO reported production statistics shown above, refer to Porphyra tenera only.

Market and trade

China is currently (2004) the largest producer of nori, followed by Japan and the Republic of
Korea. Two species are cultured in China: Porphyra yezoensis is reared in Jiangsu and Shandong
provinces and P. haitanensis is mainly cultured in Zhejiang and Fujian provinces. The majority of
the products from P. yezoensis (about 90 percent) are exported into the international market or via
Japanese broker resale to other countries; those from P. haitanensis are mainly for the domestic
market, with only about 10 percent for export. 

Nori is rich in protein and free amino acids, and has a favourable taste; hence, it is a traditional
food of the Asian region particularly in China, Korea and Japan. Nori is a favourite food in
these countries, especially in Japan. In railway station buffets, hotels and restaurants, it takes
the place of the sandwich, and is presented to the public under the name of "sushi". This is
prepared by placing boiled rice and strips of meat or fish on a sheet of nori, which is then
rolled up and cut into slices (see photo in the images gallery).

Nori is also cut up into small fragments and used in biscuit manufacture. Along with the
improvement of the Chinese economy, domestic consumers have sharply increased recently.
As mentioned above, instant foods made from nori are a very popular item instead of candies
(sweets). The products of P. haitanensis are processed into dried nori for cooking soup and other
traditional foods in China. Nori has been recognized as healthy food. Nori is also accepted by
people living in other continents including America and Europe. There is no doubt that Porphyra
farming has become a prosperous sector of the aquaculture industry.

Status and trends
Porphyra farming and processing is a traditional industry. Its production is in a stable phase, i.e.
no dramatic changes in total output are expected in the next decades because there are no more
suitable sites for expanding farming acreage in the existing producing countries. Market
demand is also stable. In tandem with slower population increase and improvements in living
standards, the expansion of processed nori consumption is expected to be slower (perhaps 3-5
percent/year).

Although nori farming is the subject of experimentation in the USA and UK, they are not
likely to become major producers the activity is labour intensive.

In the near future the main market for nori is expected to remain in the Asian region.

Main issues
Import restrictions are regarded as the main issue in China. Japan imports nori from the
Republic of Korea but not China.



Responsible aquaculture practices

Porphyra, like kelp, is an autophyte that absorbs nutrients from seawater. Hence, its farming is
environmentally-friendly. In addition, nori is traditionally considered as a healthy food, and is
widely accepted by more and more people. It will be a responsible aquaculture practice if no
ambient pollution invades the culture sites. Fortunately, no cases have been reported of any
issues concerning residues of antibiotics, pesticides, or heavy metals in edible nori.
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Related links

Aquamedia

Aquatic Animal Pathogen and Quarantine Information System - AAPQIS

FAO FishStatJ – Universal software for fishery statistical time series

GLOBEFISH

Network of Aquaculture Centres in Asia-Pacific - NACA

World Aquaculture Society - WAS
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