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1 INTRODUCTION 

The red seaweeds named “Nori” and the Pacific cupped oysters (Crassostrea gigas) are two of the main 
cultivated species in the world (FAO, 2016), essentially from monoculture practices. The world production 
of Nori and Oyster (Crassostrea gigas) in 2016 represent about 1 352 000 tons and 574 000 tons 
respectively (Figure 1).  

 

Figure 1: Evolution of the World aquaculture production (tonnes) of Nori and Pacific cupped oyster from 
1950 to 2016 (From: www.fao.org/fisheries/culturedspecies; consulted online in April 2020). 

Nori is the commercial name of a group of red seaweed species from two different genus, Porphyra and 
Pyropia. Within the Porphyra genus, while the species Porphyra purpurea spontaneously recruits on oyster 
pockets in France (Figure 2), Porphyra dioica and Porphyra umbilicalis are mainly cultivated in tanks and 
can also be seeded on artificial substrates like oyster pockets. 
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Figure 2: Natural recruitment of Porphyra purpurea on oyster pockets in a French oyster farm (Cancale, 
Brittany). 

Therefore, as P. purpurea is one of the high value seaweed species, oyster farmers start to consider this 
new resource as an opportunity for diversification to supply another market (CEVA, 2012; Hennache, 2019).  

One of the aims of the INTEGRATE project was to propose techniques and strategies to be easily 
transposable to current oyster farms. Here we explore    

WP4-Action 4 aims and objectives:  

- Optimize the laboratory cultivation of Conchocelis and build a biobank of Nori strains from different 
French locations. 

- Identify the best way for oyster farmers to produce Nori by comparing artificial seeding in hatchery 
versus natural recruitment management. 

- Propose an efficient and simple techniques to harvest Nori on oyster pockets. 

In this document, we present: 

- A comparison of cultivated Nori in oyster farms from either natural or artificial seeding on oyster 
pockets (See Deliverable WP4.4a for hatchery methodology).  

- A comparison of different techniques for harvesting P. purpurea on oyster pockets. 
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2 Efficient production and harvest of Nori in Oyster farms ? 

2.1 Comparison between natural and artificial seeding 

2.1.1 Material and methods 

2.1.1.1 Biological material  

Fifteen collectors (33 x 33 cm pieces of oyster pockets fixed on a PVC frame) were seeded in January 2019 
with spores from fertile conchocelis in CEVA’s hatchery (See Deliverable WP4.4a for the seeding protocole). 
The conchocelis were obtained from the strains sampled in the Cancale Oyster Farm in June 2018. 

 

Figure 3: Location of the 15 artificially seeded collectors in the Cancale oyster farm. 
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Collectors were kept under Hatchery conditions (detailed in Deliverable WP4.4a) and transferred to the 
Cancale Oyster farm in April, 2019 (Figure 3 A). 48 hours before the transfer, the temperature was modified 
in order to acclimate the seaweeds to the expected SST in the oyster farm.  

The 15 pockets were distributed on three different oyster tables at the same shore level (Figure 3 B): 

- 5 were put on a table without any oyster (Control). 
- 5 were put on pockets with oysters (Repetition 1). 
- 5 were put on pockets with oysters at another table (Repetition 2).  

The day of the transfer, no Porphyra from natural recruitment has been observed on the pockets already 
in place. 

2.1.1.2 Analysis 

Natural and artificial seedings were analysed by their: 

- respective biomass (Dry Weight / m²): While natural recruitment occurs on 1.5 m x 0.5 m pockets, 
we used pieces of pocket (0.5 m x 0.5 m) for artificial seeding. To compare these two conditions, 
we converted the measured biomass to reach an estimated biomass for 1 m². 

- polysaccharide content and profile were measured as % of Dry Matter.  
- protein content was estimated from the formula [N-Kjeldahl x 6.25]. N-Kjeldahl was measured as 

% of the Dry Matter. 
- Amino acids content and profile were also measured as % of Dry Matter. 

Data were used to compare: 

- The seaweeds from artificial seeding in presence and in absence of oysters. 
- The seaweeds from artificial seeding and from natural recruitment. 

2.1.2 Results 

2.1.2.1 Production of Dry biomass 

When comparing the coverage of the fifteen collectors (Figure 4), it appears that the five Control collectors 
(without oyster) and the five collectors from the Repetition 2 (with oysters) were highly colonized by 
epiphytes with more than 50% of the surface covered by green filamentous Ulva species. Concerning the 
five collectors from the Repetition 1 (with oysters), only one of them shows Ulva recruitment over more than 
50% of the surface. The four other collectors are well covered by Porphyra purpurea.  
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Figure 4: Coverage of P. purpurea from artificial seeding and green filamentous Ulva from natural 
recruitment on collectors in presence and in absence of oysters 

While the mean biomass per collector from Repetition 1 is higher than for Repetition 2 and for the Control, 
there is a huge variability between the five collectors from each of the two repetitions and the control (Figure 
5).  

 

Figure 5: Dry biomass production of P. purpurea from artificial seeding. 
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These results indicate that there is no significant effect of the proximity to oysters and that the competition 
between Porphyra purpurea and the filamentous Ulva sp could explain the variability of Porphyra biomass 
on the collectors without any effect of the proximity from oysters.  

 

Figure 6: Dry biomass production of P. purpurea from natural recruitment versus artificial seeding. 

The dry biomass from natural recruitment was more than 3 folds higher than the dry biomass from artificial 
seeding (Figure 6). Three main hypotheses are proposed to explain this result: 

- the seeding and the transfer on the oyster farm were made to late (January and April, 2019 respectively).  

- hatchery conditions were not optimal for the first stages of plantlets’ growth 

- Biomass from Natural recruitment is mainly due to the growth of already attached thalli since the last year.  

2.1.2.2 Production of polysaccharides 

 

Figure 7: Total Polysaccharides (A) and Polysaccharide profile (B) of Porphyra purpurea from Natural 
recruitment versus artificial seeding. 

No significant difference is detected between global polysaccharide content (Figure 7A) in naturally recruited 
seaweeds (53.32% ± 10.66 %) and artificially seeded ones (68.6 % ± 13.72 %). 
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Regarding the profile of the polysaccharides that can be found in the tissues (figure 7B), we found that 
Galactose is the main polysaccharide for both natural and artificial seedings with similar rates (36.67% ± 
7.33% and 43.95% ± 8.79% respectively). 

The other main polysaccharides detected are Mannose, Glucose and Xylose with similar quantities between 
natural recruitment and artificial seeding.  

This indicates that the hatchery and the pre-cultivation phases did not influence the polysaccharide 
composition of Porphyra purpurea.  

2.1.2.3 Production of protein and Amino Acids 

The protein contents (Figure 8A) in naturally recruited seaweeds is higher than in artificially seeded ones 
(18.00 % ±3.60 % and 10.50 % ± 2.10 % respectively).  

Our data also reveal (Figure 8B) that seaweeds from natural recruitment show higher value of total Amino 
Acids contents (14.70 % ± 2.94%) than seaweeds from artificial seeding (9.56% ± 1.91%). 

 

Figure 8: Total Protein (A), total Amino Acids (B) contents and Amino Acids profile (C) of Porphyra 
purpurea from Natural recruitment versus artificial seeding. 

 

This difference between the total Amino Acids contents (1.54 folds higher for natural recruitment) is 
confirmed by the comparison of Amino Acid profiles (Figure 8C): the ratio between natural and artificial 
settlement of seaweeds for each Amino Acid contents is varying between 1.28 (Proline) and 1.69 
(Isoleucine). This illustrates that the relative abundance of each Amino Acid appears similar between natural 
recruited and artificially seeded seaweeds.  

These results can be explained by: 

- A lower efficiency of artificial conditions for cultivation in nursery than natural conditions in the farm. 
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- An acclimatization time for the transplanted seaweeds to their new environmental conditions during 
which the metabolism related to the production of Amino Acids and Proteins was reduced. 

One perspective for the optimization of the hatchery process could then be to test higher enrichment in the 
cultivation medium (See Deliverable WP4.4a for details about the medium we used during these 
INTEGRATE’s pilot actions) and/or longer nursery period. 

2.1.3 Conclusion 

No significant effect of the proximity to oysters have been detected on the growth and the content of the 
seaweeds. 

Porphyra purpurea artificial seeding on pockets should be done earlier to allow a transfer to the farm of 
longer individuals. This would limit the colonization of the collectors by other seaweeds species. 

Protein and Amino Acids contents were lower in seaweeds from artificial seeding. This could be optimized 
by more enriched sea water during the hatchery phase and a more progressive acclimatization phase before 
transfer to the oyster farm. 

2.2 Comparison of different harvesting methods and tools 

2.2.1 Material and methods 

2.2.1.1 Harvest fresh biomass directly on the farm 

Four tools, easily found in general public DIY stores, were tested (Figure 9):  

- Two metal spatulas, one soft and one hard  
- Two plastic spatulas, one soft and one hard.  
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Figure 9: Field method for harvesting naturally recruited P. purpurea on oyster pockets. 

Eighty oyster pockets with natural recruitment of Porphyra purpurea were identified in the Cancale oyster 
farm. Each tool was used to harvest the total epiphyte biomass on ten oyster pockets. Two operators have 
been timed during the use of each tool. This would allow us to identify the tool with the best efficiency and 
repeatability.  

2.2.1.2 Harvest biomass after land-based drying time 

Ten oyster pockets were transferred from the Cancale oyster farm to the CEVA’s facilities on July 5th, 2019. 

These pockets were immersed in a tank with clean seawater so as to have the face carrying the Porphyra 
purpurea down.  

The pockets were then removed from the tank by keeping the face carrying the algae down so that the algae 
hang.  

The pockets were finally suspended in a greenhouse. The greenhouse was open at each extremity, taking 
care not to expose the suspended pockets to strong wind that could bring the wet algae back into contact 
with the pockets and thus stick them to the mesh. Temperature in the greenhouse was about 23 degrees. 

After 4 hours, the seaweeds are dry enough to be easily harvested by hands but still wet enough for not 
being brittle. 

One operator was timed during a harvest by hand of all the Porphyra present on all the ten pockets. 
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Figure 10: Land-based method to harvest naturally recruited Porphyra purpurea on oyster pockets 

2.2.2 Results 

 

Figure 11: Needed time, for each of the tested tools, to harvest naturally recruited Porphyra purpurea on 
10 oyster pockets. 

Both metal and plastic material show better performance (lowest mean time and lowest variability between 
operators) when spatulas are hard. 

However, by using a metal hard tool the two operators harvested 10 pockets faster than with Plastic hard 
tool.  

This result can be correlated with the size of the mesh of the pockets. These tools should be tested on 
various mesh sizes to confirm or not the best one to be used. 
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Manual harvest of seaweeds on previously dried pockets allowed to be more selective but 14 minutes were 
needed to treat 10 pockets. 

3 Proposed Best-Practices and Perspectives 

Combining the cultivation of Porphyra purpurea with the production of oysters appears to be technically quite 
simple to develop with different modalities according to the context of the oyster farmer. Usual facilities and 
material used by oyster farmers can be also used to cultivate P. purpurea or manage the naturally 
recruitment of the seaweed. However, even if a standard optimized protocol can be proposed, a case by 
case transfer of knowledge should be more efficient. Table 1 summarizes the benefits and limits of the 
different scenario we tested in this INTEGRATE pilot action. 

Natural recruitment is less expensive and time consuming. Nevertheless, the cultivation of seaweeds on the 
pockets where oysters are kept could have a negative effect on oysters (less oxygen, reduced circulation 
for water through the pockets…). As no significant effect of the proximity from oysters have been detected 
on the quantity and the quality of P. purpurea, it appears more efficient to separate the cultivation of these 
two organisms. Some collectors could be deployed at different areas over the oyster farm to allow the 
recruitment of seaweeds. However, this natural recruitment is not selective and many other species could 
settle on the collectors. 

 

Table 1: Benefits and limits of the different strategies to cultivate and harvest Porphyra purpurea in an 
oyster farm. 

PRODUCTION STEPS TECHNIQUES BENEFITS LIMITS 

Cultivation  

Natural 
recruitment 

 
No equipment of staff-time is 
needed. 
 
Seaweeds are well adapted 
to the local environment. 
 

 
Less selective: other 
species can settle and 
develop.  

Artificial seeding 

 
Better control of the density. 
 
More selective: only 
Porphyra purpurea will 
develop on the collectors. 
 

 
Time, staff and facilities 
are needed for the 
seeding and the pre-
cultivation in 
hatchery/nursery. 
 
 

Harvest  
On-site direct 
harvest 

 
No additional work during 
the high tide period. 
 
No need of specific facilities 
or space. 

 
Less selective: other 
epiphytes can be 
harvested. 
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Addition of work over 
the available low tide 
period. 
 

Land-based and 
by-hand harvest 

 
More selective. 
 
Can be done during the high 
tide period when no work on 
the farm is possible. 
 

 
Time, staff and specific 
area are need. 

 

From our observations and data, the strategy for oyster farmers to cultivate Porphyra purpurea would be in 
favour of an artificial seeding as a way to limit the development of other epiphyte species. However, this 
would need a hatchery pre-cultivation phase of about two or three months. This could induce significant 
additional costs for the farmers and need facilities and skills. 
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