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Figure ii The boat Tongul working with deployment of cultivation lines in a nearshore exposed site in Funningsfjørður 

(left) and the newly installed laboratory in Kaldbak used for sample preparation and production of seeding material (right). 
 

  







xiv 

 

List of Publications 

The papers are appended to the thesis, and in the main text, they will be referred to by their 

Roman numerals. For simplicity, they will all be referred to as papers even that some of them 

still appear as submitted manuscripts or manuscripts in preparation. All papers are reproduced 

with permission of the publisher and with permission of the co-authors.     

Publications  

PAPER I Urd Grandorf Bak, Agnes Mols-Mortensen and Ólavur Gregersen (2018). 
Production method and cost of commercial-scale offshore cultivation of kelp 
in the Faroe Islands using multiple partial harvesting. Algal Research 33 
(2018) 36-47. https://doi.org/10.1016/j.algal.2018.05.001 

PAPER II Urd Grandorf Bak, Javier Infante and Ólavur Gregersen (2019). Offshore 
seaweed cultivation in the past, present and in future. Botanica Marina, book 
chapter for the special issue: Seaweed Resources of the World - A 2020 Vision. 
Submitted (Jan 2019). 

PAPER III Urd Grandorf Bak, Cecilie Wirenfeldt Nielsen, Gonçalo Silva Marinho, 
Ólavur Gregersen, Rósa Jónsdóttir and Susan Løvstad Holdt (2018). The 
seasonal variation in nitrogen, amino acid, protein and N-to-Protein 
conversion factors of commercially cultivated Faroese Saccharina latissima 
and evaluation of the use for food and feed. Algal Research. Submitted (Oct 
2018), resubmitted (Feb 2019). 

PAPER IV Urd Grandorf Bak, Kenneth Skaaning, Rie Romme Rasmussen, Susan 
Løvstad Holdt, Ólavur Gregersen and Jens J. Sloth (2019). Seasonal, site and 
depth variation and chemical risk evaluation of total iodine in offshore 
commercially cultivated Faroese Saccharina latissima, Alaria esculenta and 
Laminaria digitata. Journal of Applied Phycology. Submitted (Apr 2019).  

  

 

  



xv 

 

List of Abbreviations 

AO aquaculture output 
CEN European Committee for Standardization  

dw dry weight 
EPA eiosapentaenoic acid 

FAME fatty acid methyl esters  
FAO Food and Agriculture Organization of the 

United Nations 
MACR macroalgal cultivation rig 
MBSL meters below sea level 

NPP net primary production 
ORAC oxygen radical absorbance capacity  

PERMANOVA permutational ANOVA 
RGR relative growth rate 

SD standard deviation 
SDG UN Sustainable Development Goals 
SGR specific growth rate  

ww wet weight 
 

  



xvi 

 

Authorship of species 

Alaria esculenta (Linnaeus) Greville 

Ascophyllum nodosum (Linnaeus) Le Jolis 
Cladophora rupetris (Linnaeus) Kützing 

Cystoseira crinita   Duby 

Fucus serratus Linnaeus 

Fucus vesiculosus Linnaeus 
Laminaria digitata (Hudson) J.V. Lamouroux 

Laminaria hyperborea (Gunnerus) Foslie 

Macrocystis perifera  (Linnaeus) C. Agardh 

Palmaria palmata 
(Rhodymenia palmata)  

(Linnaeus) O. Kuntze 

Pelvetia canaliculata (Linnaeus) Decaisne and Thuret  
Saccharina japonica 

(Laminaria japonica) 
(Areschoug) C.E. Lane, C. Mayes, Druehl and G.W. Saunders 

Saccharina latissima 
(Laminaria saccharina) 

(Linnaeus) C.E. Lane, C. Mayes, Druehl and G.W. Saunders 

Undaria pinnatifida (Harvey) Suringar 

 

 

 

 

 

 

 

 

 

 

















6 

 

1.2 Hypotheses 

The main research hypotheses of the work were: 

H1.1 Multiple partial harvesting is possible for S. latissima and A. esculenta when 
part of the blade is left for regrowth and the macroalgae are cultivated in a 
site with high water flow and stable seawater temperature.  

H1.2 The growth and yield of S. latissima and A. esculenta depend on cultivation 
site, season, year and depths. 

H1.3 The special designed MacroAlgal Cultivation Rig has an aquaculture output 
comparable to that of horizontal lines used in China (97.4 tonnes 
ww/ha/year); and spacing of growth lines and spacing of rig have a major 
impact on the aquaculture output. 

H2.1 Seasonal variation is expected among the biochemical compounds (dry 
matter, ash, protein, total amino acids, lipids, total fatty acids, minerals, 
iodine, carbohydrates, antioxidants and vitamins) for the cultivated 
macroalgal species S. latissima, A. esculenta and L. digitata.  

H2.2 Changes in growth conditions (site and depth) are expected to show a 
variation between the biochemical compounds (dry matter, ash, protein, total 
amino acids, lipids, total fatty acids, minerals, iodine, carbohydrates, 
antioxidants and vitamins) for the cultivated macroalgal species S. latissima, 
A. esculenta and L. digitata. 

H3.1 

 

Direct seeding method on ribbons or nylon ropes has lower cost and higher 
growth length compared to seeded twines nursed in a hatchery and 
subsequently twisted around polypropylene ropes. 

H3.2 Palmaria palmata will release spores when exposed to low light conditions, 
no water flow or after freezing. 

H3.3 Palmaria palmata is expected to seed nets when nets are deployed in a 
natural P. palmata bed, and the nets can be transplanted at sea for increased 
yield and possibly multiple partial harvesting without reseeding. 
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Like other kelps, both algae produce large biomass, and especially S. latissima is described as 

having good potential for commercial-scale cultivation in Europe and in North America 

(Wegeberg et al. 2013, van den Burg et al. 2016). 

Another commercially interesting species is the red macroalgae Palmaria palmata, commonly 

known as dulse, is found in cold waters of the North Atlantic and North Pacific (Morgan and 

Simpson 1981). The alga is often growing under partially shaded conditions as an epiphyte on 

the stems of Laminaria spp. or on rocky coastlines in the sublittoral zone (Lüning 1990). 

Palmaria palmata is one of the few species that are consumed in the western world and the 

species is known for a popular flavour and high protein concentration (8-35% of dw).  

Cultivation trials of P. palmata began when the pressure on wild populations increased due to 

commercial harvesting (Pang and Lüning 2004, Edwards and Dring 2011). This has intensified 

research activities aiming the use and cultivation of this alga, but no optimal cultivation method 

has been identified yet. In this work seeding methods of P. palmata will be investigated.   
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3 Macroalgal cultivation at sea 

This chapter describes results obtained when cultivating macroalgae at sea in the Faroe Islands. 

To better follow the used methods and conditions, and how the cultivation is different from other 

initiatives, the chapter also explains the background for Asian cultivation methods when 

growing kelp species in large-scale.  

In China, the kelps Saccharina japonica and Undaria pinnatifida are cultivated over a two-year 

period. A seeded substrate is placed at 1-2 meters below the surface using longlines that are held 

in position by floats and anchors (more details in Titlyanov et al. 2006). The cultivation activities 

are in the nearshore sheltered sea areas where the horizontal longlines are placed next to each 

other and make up huge macroalgal fields (Figure 3.1). 

  
Figure 3.1 (a) Yanpu Bay in the eastern coastal province Zhejiang, China, showing large-scale macroalgal farming. The red 

line indicates where macroalgal framing halts due to rough sea conditions. (b) Kelp farming using longlines and buoys in 
China. (a): http://pcgladiator.blogspot.com/2009/03/seaweed-farms.html (from 2009), and (b) FAO 

http://www.fao.org/docrep/006/y4765e/y4765e0b.htm. 

The ropes are initially seeded using seeded pieces of twine with juvenile sporophytes (the 

diploid life stage of the algae) that are inserted with spacing along the horizontal growth line. 

The seeding material is produced on land in large hatchery tanks. When harvested, the 

cultivation lines are dragged through a metal ring fastened in a crane to scrub-off all biomass. 

In some regions, macroalgal farming has been so successful that further expansion is desired, 

though good cultivation sites in sheltered areas are in high demand.  

The millions of tonnes produced have required artificial fertilization to maintain productivity. 

Regrettably, the fertilization has resulted in ecosystem disturbance and a decrease of 

biodiversity (Roesijadi et al. 2008).  

A B 

https://en.wikipedia.org/wiki/Province_of_China
https://en.wikipedia.org/wiki/China































































































































































































































































