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Algae – definition

eukariotic, water, 

chlorophyll, photosynthesis 
alga

multicellular marine alga = seaweed



unicellular and multicellular

Macroalgae – characteristic



macroalgae

Micromonas pusilla Valonia ventricosa Macrocystis pyrifera 

µm cm m

Macroalgae – characteristic

variable size



Macroalgae – characteristic

various pigments apart from chlorophyll

Green algae
Chlorophyta

opportunistic species in 

eutrophic waters

over 1800 species

Ulva, Caulerpa, Chaetomorpha

Red algae
Rhodophyta

over 6500 species
mostly marine

Palmaria, Gracilaria, 

Chondrus

Brown algae
Phaeophyceae (kelps & wracks)

2000 species
typical for cold waters Laminaria, 

Saccharina, Fucus



Macroalgae – characteristic

zonation in seas

Green algae

(use blue and 

red light)

Brown algae

(use yellow and 

green light)

Red algae

(use green light)



... potential of macroalgae

⚫ high photosynthesis level (algae incl. phytoplankton

- 90% of O2 and 80% of organic matter)

⚫ high growth rate e.g. max 0,5 m day-1(2-14 kg per 

m-2yr-1)

⚫ high levels of nutrient uptake, reduction of CO2 and 

heavy metals
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⚫ habitat forming

⚫ source of organic matter in aquatic ecosystems

⚫ source of food & feed, biomolecules, fertilisers, new

materials, …, aesthetic needs

Macroalgae – characteristic

... potential of macroalgae



... but week tradition of exploitation 

and no tradition of cultivation in the Baltic

Macroalgae – Baltic Sea

... before 1940’s



Macroalgae – Baltic Sea

Industrial exploitation of Furcellaria lumbricalis:

• Denmark – the mid 1940s until the mid 1960s

• Poland – 1963 – 1972

• Estonia – early 1960s untill now



Macroalgae – Baltic Sea

• increased interest in macroalgae since the 1980s

(first pilot studies)

• the beginning of the development of aquaculture 

since the mid-2010s



Macroalgae – Baltic Sea

⚫ strongly affected by 

salinity gradient –

reduction of distribution, 

dwarfed forms

⚫ unsuitable type of 

substrate

⚫ number of macroalgae

??? 300-400 max. 
Weinberger et al. 2019, Botanica Marina 63(1): 61–72

⚫ potential for new introductions – relatively

young sea with habitats under recovery



Macroalgae – Baltic Sea

Other challenges:

⚫ ice cover in winter

⚫ lack of legal conditions and complicated permit/license

proces (not specific EU legislation as well)

⚫ lack of expert knowledge

⚫ need for technological development

More findings on GRASS project webpage: …



⚫ distribution – entire BS

⚫ growth rates can be five times faster 
than that of corn

⚫ potential for nitrogen bioremediation
(deeutrophisation) of waters and 
biofuels production

⚫ potential of cultivation tested in a 
number of countries

⚫ projects: TANG.NU, SeaSus-protein, 
GRASS

Baltic green algae

Ulva spp.



Baltic green algae

Ulva intestinalis

Kotta et al. 2020 



Baltic green algae

The most significant findings regarding Ulva sp.:

• can be harvested from green-tides („habitat restoration”, 

Denmark ca. 10 t yr-1), machine harvesting

• manual harvesting for high-end users (Norway, Denmark)

Bruhn et al. 2020, Araujo et al. 2021 



Baltic green algae

The most significant findings regarding

Ulva sp.:

• cultivation in coastal waters sucessful

only on ropes (Denmark - 1 t yr-1, 

Sweden)

Bruhn et al. 2020, Araujo et al. 2021 Christiansen 2018



Baltic green algae

The most significant findings regarding Ulva sp.:

• cultivation in various nutrient rich waters (manure, 

waste waters, RAS)(Denmark, Norway, Sweden)

• recommendation of avoiding cultivation or

harvesting of Ulva from industry contaminated areas

Nielsen et al. 2012, Sode et al. 2013, Christiansen 2018, 

Bruhn et al. 2020, Araujo et al. 2021 



Baltic green algae

Christiansen E.R., 2018, The Potential of Ulva for Bioremediation 

and for Food and Feed, Msc thesis, DTU and AU, Denmark



Baltic brown algae

Saccharina latissima

Sugar kelp

https://www.marlin.ac.uk/species/detail/1375

Salinity preferences:

full (30-40 psu), down to 10 

(survival )-13 (growth)

Site preferences:

hard substrata such as rocks 

and boulders



⚫ distribution limited by salinity 

(Bornholm)

⚫ regarded as N and P reducer

⚫ production CO2 negative

⚫ grown on lines or nets

⚫ well described aspects related to 

culturing

Weiberger et al. 2019, Bruhn et al. 2020, 

Araujo et al. 2021, Bordrskov et al. 2021a, 2021b

Baltic brown algae

Saccharina latissima

Visch 2019, PhD thesis, Sustainable Kelp Aquaculture 

in Sweden, University of Gothenburg



⚫ commercial sea-based aquacultures

in: Denmark (7 locations) and 

Germany (1 location in tanks), Norway

⚫ the largest farm in Denmark 10 t (ww) 

in 2014, < 16 t in 2020

⚫ Nordic Seafarm (Sweden, Skagerrak)

20 t, Lerøy Ocean Harvest (Norway) 

2016 - 17 t, 2017 - 40 t, 2018 - 100 t, but 

1000 in perspective

Weiberger et al. 2019, Bruhn et al. 2020, Araujo et al. 2021, Boderskov et al. 2021a, 2021 b

Baltic brown algae

Saccharina latissima



⚫ projects: Seafarm (Sweden), Algae

against cancer (Germany), 

MACROSEA (Norway)

Baltic brown algae

Saccharina latissima

Photo: Christina Benjaminsen



Baltic brown algae

Fucus vesiculosus

Bladder wrack

Salinity preferences:

full (30-40 psu), reduced (18-30 

psu), variable (18-40 psu), 

down to 3

Site preferences:

artificial (man-made), 

bedrock, cobbles, gravel / 

shingle, large to very large 

boulders, pebbles, small 

boulders

https://www.marlin.ac.uk/species/detail/1330



Baltic brown algae

Fucus vesiculosus

Bladder wrack

Kotta et al. 2020 

⚫ new records in 

Poland in the Puck 

Lagoon



⚫ harvesting licence - Organic 

Seweed in Denmark (10%  of  the  

standing  stock per year), <1 t yr-1

⚫ experimental harvesting in 

Germany within FucoSan Project

⚫ recommended harvesting – cut

above bladders

Baltic brown algae

Fucus spp.

Fucosan, 2017-2020, Result Report Algae sources, cultivation 

and collection, https://www.submariner-network.eu/macro-

algae-topic



⚫ cultivation within FucoSan Project 

in Germany showed it is possible 

and can be profitable

⚫ not cultivated in Denmark at

present

⚫ well described extraction

methods

Baltic brown algae

Fucus spp.

Fucosan, 2017-2020, Result Report Algae sources, cultivation 

and collection, https://www.submariner-network.eu/macro-

algae-topic



⚫ Projects: FUCOSAN 

(https://www.interreg5a.eu/blog/

projekt/fucosan/)

Baltic brown algae

Fucus spp.



Baltic red algae

Furcellaria lumbricalis

https://www.marlin.ac.uk/species/detail/1616

Salinity preferences:

low (<18 psu), reduced (18-30 psu), 

variable (18-40 psu) / down to 3 psu

Site preferences:

macroalgae, bedrock, cobbles, large to 

very large boulders, pebbles, small 

boulders/ free-floating forms



⚫ nowadays unattached F. lumbricalis only in the area of 

the West Estonian Archipelago Sea (total bomass

179,000 t ww in 2017)

⚫ new records in Poland in the Puck Lagoon

Baltic red algae

Furcellaria lumbricalis

Weiberger et al. 2019



⚫ exploited by ESTAGAR (from 1960) and VETIK (harvesting 

limited to 2,000 t /year)

⚫ coast collection (ESTAGAR 100 – 1800T, plan for 2019 ~1200T

Baltic red algae

Furcellaria lumbricalis

Photo: K. Lehis



⚫ cultivation experiment by Kotta et al. 2008 (growth 

decreased significantly with increasing density –

are capable of regaining natural biomass under

strong harvesting pressure, growth controlled by 

light not nutrients)

Baltic red algae

Furcellaria lumbricalis



⚫ pilot project of cultivation by ESTAGAR

Baltic red algae

Furcellaria lumbricalis



Baltic red algae

Palmaria palmata

Dulse

https://www.marlin.ac.uk/species/detail/1405

Salinity preferences:

full (30-40 psu)

Site preferences:

macroalgae, bedrock, large 

to very large boulders



⚫ well described the hatchery process

Baltic red algae

Palmaria palmata

Schmedes et al. 2019, 2020



⚫ cultivation: Denmark < 1 t yr-1, 

⚫ wild harvest: Denmark < 1 t yr-1, Norway

Baltic red algae

Palmaria palmata

Grote 2017, Schmedes et al. 2019, 2020, Araujo et al. 2021



⚫ the suboptimal geographic conditions constitute an 

important limitation to the production of seaweeds in the 

Baltic Sea

⚫ algae exploitation (harvesting and cultivation) possible 

but with lessons from the past in mind and further 

research

Macroalgae in the Baltic – future



Thank you!

aleksandra.zgrundo@ug.edu.pl



Webpages used

https://www.seaweed.ie

https://www.submariner-network.eu

http://estagar.ee/

http://www.purealgae.dk/en/about-us/

http://www.seafarm.se/web/page.aspx?refid=198

https://www.leroyseafood.com

www.macrosea.no

https://www.sintef.no

https://balticseaweed.com – blog about Baltic macroalgae

https://www.interreg5a.eu/blog/projekt/fucosan/



Webpages used

https://www.submariner-network.eu/macro-algae-topic
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