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About the Baltic Sea Safe project

Baltic Seaweed Biosafety or BalticSeaSafe is a 16-months project (January 2022 — April 2023)
funded by Global Seaweed Safety Coalition. BalticSeaSafe project is coordinated by
SUBMARINER Network for Blue Growth EEIG, with partners Finnish Environmental Institute
& Latvian Institute of Aquatic Ecology.

Website: https://www.submariner-network.eu/BSS

BalticSeaSafe aims for creating a well justified guidance, resulting in recommendations and
position papers on environmental monitoring and license conditions for cultivation of
seaweed in the Baltic Sea with regard to environmental safety. The work is building on the
work of Baltic GRASS project (Interreg BSR) and its recommendation for future actions.

BalticSeaSafe raises awareness on environmental benefits and risks of algae cultivation in the
Baltic Sea region. In the last 10 years, Baltic Sea Region actors including politicians,
authorities, entrepreneurs, consumers are very much preoccupied with eutrophication and
future measures to improve environmental status of the Baltic Sea.

BalticSeaSafe also builds capacities among policy makers in suggesting a fair, unified and
coherent licensing regulation reflecting the real risks as well as industry’s needs. Currently,
licensing for setting up new farms is an important barrier for algae investors and
entrepreneurs. A new standardised licensing process can effectively unlock investments in
seaweed sector, by including macroalgae cultivation in the maritime spatial plans and
allocating areas suitable for algae farming, and developing a licensing process that is robust,
fair, functional and effective.

Project outputs

Workshop 1 The 15t workshop focused at the most important environmental risks and
biohazards related to the upscaling of seaweed farming specifically for the Baltic
Sea. The workshop participants represented academia, consultancies, NGOs,
environmental authorities and seaweed farmers. The workshop discussion led
to Output 1.

Output 1 A report with recommendations for necessary data collection and monitoring
practices at the seaweed farms (December 2022).

Workshop 2 The 2" workshop focused on the regulatory issues for seaweed cultivation in
the Baltic Sea, especially on licensing procedures and permit requirements. The
workshop participants included environmental researchers, permit-issuing
authorities, ministries, maritime spatial planning experts, legal scholars, and
farmers. The discussion of the second workshop led to the formulation of
Output 2 and Output 3.

Output 2 A report on developments in standardizing licensing and environmental
assessments in the region (April 2023).
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Introduction

While only a handful of SMEs cultivate or harvest macroalgae in the Baltic Sea, the
goal and direction towards wider sustainable use of macroalgae as a resource is well
defined in the European Union (e.g., EU4Algae’; Algae Initiative by European
Commission, 20222). The Baltic Sea is a young brackish marginal sea characterized by
a pronounced salinity gradient from south-west to north-east and clear seasonal
changes in temperature and nutrient availability. Therefore, the Baltic Sea allows the
cultivation of a limited number of macroalgae species. In addition, the Baltic Sea is
under high anthropogenic pressure due to human activities both on land and at sea,
including maritime industries, coastal urbanization and tourism, and fertilizer inputs
by agriculture and forestry. There is an utmost need to restore the degraded
ecosystems of the Baltic Sea and here, macroalgal cultivation is a promising circular
economy solution to locally achieve nutrient reduction (Kotta et al., 2022). However,
for this potential to be unlocked, the safety of upscaling has to be assured. Therefore,
macroalgal cultivation must follow clear monitoring and control frameworks to avoid
unnecessary damage to the fragile and valuable habitats of the Baltic Sea. Indeed,
lessons learned in other parts of the world provide the possibility to choose low-risk
solutions for seaweed aquaculture in the Baltic (Campbell et al., 2019, Tonk et al.,
2021, Banach et al., 2022).

The goal of this report is to review the current knowledge and identify the necessary
procedures and monitoring practices when starting or expanding a seaweed farm in
the Baltic Sea. The suggestions are provided considering the variability of the Baltic
Sea environment. Seaweed cultivation is known to improve ecosystem functionality
and safeguard several ecosystem services (e.g. Kotta et al., 2022). In the text, we
distinguish cultivation from wild harvesting practices. Collecting beach wrack is out of
the scope of this report, as it is regulated by terrestrial procedures of biowaste
management.

|. Assessing the environmental impacts of
macroalgae cultivation

Recent cultivation activities in the Baltic Sea region have focused on the cultivation of
brown macroalgae — Saccharina latissima is the only species of macroalgae

L https://webgate.ec.europa.eu/maritimeforum/en/frontpage/1727

2https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12780-Blue-bioeconomy-
towards-a-strong-and-sustainable-EU-algae-sector_en
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commercially cultivated in the westernmost regions of the Baltic (Campbell et al.,
2019; van Oirschot et al., 2017; Weinberger et al., 2019; Visch et al., 2020). However,
several ongoing pilot projects are in place for testing techniques (i.e., infrastructure
survivability) and cultivation feasibility in the given local conditions to start the sea-
based cultivation across the Baltic Sea, particularly in the south-western parts. The
algae in the focus are red algae Furcellaria lumbricalis (Est-Agar, 2019), green algae
Ulva spp. (Brzeska-Roszczyk et al., 2017; Suutari et al., 2017; Christiansen, 2018),
brown algae Fucus spp. (MeichBner et al., 2020; 2021a; b) and Chorda filum
(MeichBner et al., unpublished data). The cultivation and nutrient removal potential
of Saccharina, Ulva and Fucus farms were modeled for the whole Baltic Sea region by
Kotta et al. (2022) based on a large collection of recent measurements of macroalgal
growth and the statistical relationships between environmental variables (e.g. salinity,
temperature, light, nutrient availability, water exchange, etc.) and macroalgal growth
yield.

Procedures for establishing a macroalgal farm will in most cases require obtaining a
license and national regulations and procedures vary (Camarena-Gémez et al 2022).
The level of information submitted when applying for a license is not harmonized
across the Baltic Sea region and not even on a national level, e.g., across German
federal states.

European Union law (e.g., the Marine Strategy Framework Directive 2008/56/EC, the
Water Framework Directive 2000/60/EC, the Alien Species Regulation 2014/1143/EU
along with the Regulation on Aliens Species in Aquaculture 2007/708/EC, the Habitats
Directive 92/43/EEC, the Environmental Impact Assessment (EIA) Directive
2014/52/EU, and the Regulation on Organic Production 2018/848/EU) dictates a set
of common farm management principles, though. These follow the rule of least
negative impact possible to natural habitats and species, and therefore require
localization of the farm that: a) minimizes damage to sensitive environments; b) uses
seed sources that maintain the genetic diversity of wild stocks; c) does not cultivate
non-native species; d) has biosecurity measures to control the spread of diseases,
parasites, and non-natives in place; e) uses no fertilization; f) has well-maintained
infrastructure; g) has minimal conflicts with other maritime activities (recreation, ship
traffic) (Campbell et.al., 2019). Still, the coordination and harmonization between all
regulatory acts are not fully present.

Environmental Impact Assessment (EIA) Directive 2014/52/EU is typically applied to
large-scale, industrial fish farming projects, but because most aquaculture projects are
small-scale, for semi-subsistence purposes, full ElAs are relatively rare (FAO 2009).
While permitting procedures and EIA screening criteria for fish and shellfish
aquaculture exist (European Commission 2016; Wood et al., 2017), they are yet to be
interpreted and developed for macroalgae cultivation and harvesting in the Baltic Sea
region (GRASS, 2021a). To select and apply the most appropriate parameters for the
EIA in the Baltic Sea, several workshops were held where macroalgae practitioners
and researchers from the Baltic Sea and outside regions participated, sharing their
experience and knowledge on  the topic discussed here. Synthesis of the workshop
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outcomes with EIA Directive Annex lll screening criteria is the result we propose to
support the decision process on whether EIA is necessary for macroalgae cultivation
and harvesting:

1) Scale

Small-scale cultivation and harvesting activities are unlikely to have significant
environmental impacts. Thus, EIA most probably will not be required. However, large-
scale projects are much more likely to influence the surrounding ecosystem, and thus
should be assessed in more detail than small to medium size projects. Such negative
impacts involve for instance shading, nutrient uptake, spread of reproductive material
(maybe even non-native or genetically modified), introduction of (non) synthetic,
input of litter, noise disturbance, etc. (Tonk et al., 2021).

The scale of longline cultivation site can be categorized by the area occupied (e.g.,
Marine Scotland 2017), while other options include the amount of produced biomass
and biomass produced per area. In the Baltic Sea, currently only an experience from
the Kiel Bay IMTA farm exists. Here, together with mussels and fish also macroalgae
are growing, and a yield — amount of produced fish biomass — has been considered as
a threshold to define farm size, not the farm dimensions. If the annual yield is less than
50 t, the farm has been considered as small, and no EIA is required (Ministerium fiir
Wirtschaft, Arbeit, Verkehr und Technologie Schleswig-Holstein, 2016). As there are
no farms licensed in the Baltic Sea yet for commercial cultivation of macroalgae alone,
we cannot yet suggest either precise yield or density values for a reliable threshold.
Still, based on this experience, we suggest fewer requirements for obtaining EIA for
farms only cultivating macroalgae.

To understand the limits of upscaling, carrying capacity studies are underway, focusing
on the extend of seaweed cultivation possible without causing negative impacts or
surpassing limits of unacceptable change (Kotta et al., 2022).

2) Location

The location of a farm should be in accordance with a country’s maritime spatial plan
(MSP). Inthe ideal case, the seaweed farming would have specifically designated areas
in the MSP. Furthermore, interactions between macroalgae cultivation and other
maritime sectors as off-shore wind park, research, aquaculture and opportunities for
co-location should be considered during the implementation of macroalgae
cultivation areas in MSPs (Armoskaite et al, 2021). In addition, it should be considered
that in several Baltic Sea countries, hard bottom areas are scarce and mostly
designated as protected habitats. Therefore, at least in Germany, Poland and Latvia,
hard bottom substrates will not be accepted as sites for seaweed farming.

For the Baltic Sea, the modeled Pan-Baltic patterns of macroalgae production
potential are publicly available through an online Operational Decision Support
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System (ODSS) that provides stakeholders a basis to identify suitable areas for
macroalgae cultivation and harvesting (http://www.sea.ee/bbg-
odss/Map/MapMain). In the portal, users can, for example, select the map of modeled
Fucus or Ulva growth potential and display the results across the Baltic Sea. The user
can then draw a theoretical farm area polygon and acquire variables (e.g. algal growth
rate, water temperature and salinity) for that area (GRASS, 2021 b).

The described locational issues are mostly relevant for nearshore locations where
seaweed farming activities are currently focused. We are aware of intentions to
develop macroalgal cultivation at offshore locations. Closest to the Baltic Sea is a pilot
site which combines an offshore wind research platform and offshore aquaculture
(mussels and seaweed), established in the German North Sea by Horizon 2020 project
UNITED3. During the setup of the pilot site, it has already appeared that for offshore
locations, the monitoring requirements are different from nearshore locations, e.g.,
monitoring of marine mammals is requested. Studies of sharing offshore structures
with wind farms to construct mooring systems for macroalgae cultivation have been
developed (Buck and Grote 2019) in some areas and have been tested in Danish
waters. Offshore location allows for larger dimensions, if not conflicting with other sea
uses. In that case, the size of the farm will be relevant for environmental impacts in
any location. Many potential negative impacts a farm could have can be minimized or
even excluded by selecting an appropriate cultivation site, like choosing a site which
is not too shallow to prevent the shading effects to impact other benthic communities,
a site with enough currents and nutrient availability to prevent nutrient depletion, a
site not located in breeding grounds of vulnerable species to avoid disturbance and
entanglement (Campbell et al 2019, Wood et al. 2017 Tonk et al 2019, Banach et al.
2022).

3) Method of cultivation and harvest

The method used to cultivate and harvest algae will also determine the type and
degree of impact on the environment. Cultivation methods differ; they are developed
and selected depending on the type of algae cultivated and the environmental
condition of farm locations. In the Baltic Sea, commercial cultivation of seaweed is
currently done by longline systems — anchored long-lines suspended by buoys
approximately 1-2 m below the surface. Experimental systems such as nets and cages
have been tried at the pilot studies, but upscaling to industrial scale is still awaited. It
should be noted though that nets and cages hold a higher risk of possible
entanglement and injuries of wild fauna. The commercial harvesting of macroalgae is
performed with a harvester vessel or a smaller boat in the coastal areas. Regardless
of the method of cultivation and harvesting, the range of possible negative impacts of
activities will be, as mentioned above, closely related to the size of the farm.

3 https://www.h2020united.eu
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4) Additional global aspects

In addition to the European Union legal requirements including EIA requirements,
another rules system for farming marine organisms is the Aquaculture Stewardship
Council (ASC) — a leading private certification system for farmed seafood. Developed
jointly by two certification programmes — ASC and Marine Stewardship Council (MSC)
—the ASC-MSC Seaweed Standard sets strict requirements for responsible cultivation
(Aquaculture Stewardship Council, 2022). By promoting environmentally sustainable
and socially responsible use of seaweed resources, the standard encourages seafood
producers to minimize the negative environmental and social impacts of aquaculture,
which is in line with EU requirements regarding environmental risks. The Seaweed
Standard consists of a set of five principles, each with defined performance indicators.
Most relevant for data and monitoring purposes are the first two:

° Sustainable wild populations — harvest without depleting the populations,
assess stock status, harvest strategy and the genetic impact of the assessment site on
the wild stock;

° Environmental impacts — the structure, productivity, function and diversity of
the ecosystem should be maintained;

The rest of the principles include effective management, social responsibility, and
community relations and interactions.

Il. Compilation of positive and negative
impacts of macroalgal farms on the Baltic
Sea ecosystem

Macroalgal farms can have positive effects on the Baltic Sea environment that can
even counteract the negative consequences, especially if farms are small to medium
size. For example, the deployment of a macroalgal farm can remove nutrients, reduce
symptoms of eutrophication, and can increase biodiversity by attracting fish, birds and
mammals, and smaller benthic animals. Based on these and other ecosystem
functions provided by macroalgae we have compiled both positive and negative
impacts of seaweed farms that are specific for the Baltic Sea coastal area (Table 1).
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Table 1. The most relevant ecosystem functions and impacts of macroalgal farms

Macroalgae
farm’s effect on:

Negative effects

Positive effects

Hydrodynamics/se

diment dynamics

Water currents

- Increased sedimentation,
suspended load and deposition of
seaweed fragments

- Affected local hydrodynamic
movements, reduced water flow

- Additional food source for benthic

organisms

Wave actions

- Reduced wave power

- Increased sedimentation and

suspended particle load

Coastal protection/ protection around
infrastructure of the farm

Water quality

Nutrients

- Risk of nutrient depletion if the
farm is too big and/or the water
exchange is too low

Uptake of inorganic nutrients
Act as biofilter in cases of IMTA

Competition for dissolved nutrients
with phytoplankton, and opportunistic
filamentous algae, thus especially seen
as positive impact in the eutrophic
Baltic Sea

Eutrophication mitigation

Pollution

Reducing pollution in the surrounding
environment by uptake of hazardous
substances within their cells

Provision of habit

ats for marine life

Attraction of grazers, disease or
other pests

of wild

Displacement
populations

- Spreading of non-native species

Spreading of
modified species

genetically

Illumination - Possibility of benthic shading | - Creating seaweed “forests” in the
effects on underlying or places where itis not growing naturally,
surrounding habitats e.g. at sandy/gravel habitats.

Other - Physical obstacles for fauna - Act as nursery places, provide shelter

and food, a refuge from predators for
fish and other organisms, thus
increasing biodiversity

Attract marine mammals and seabirds
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- Spreading  of  reproductive
material, creating an imbalance
to the native distribution of
species)

It should be emphasized that impact level at the offshore farms can differ
substantially. E.g., hydrodynamics and sediment dynamics most likely will not be
affected in the offshore locations. Also impact on benthic habitats will be vague, if at
all due to larger depth, and illumination for benthic animals will not be influenced

A quantitative estimation of both types of impacts requires additional knowledge and
measurements, as the current recorded evidence of seaweed farming does not cover
the Baltic Sea explicitly. The nearest examples are from the Kiel, IMTA farm (R6RBner
et al., 2014) and the Swedish west coast (Hasselstrom et al., 2018, 2020), providing
information on the mostly positive effects of kelp cultivation.

Besides the ecosystem function of seaweed, the cultivation structure itself has an
impact, which should be minimized: anchoring disturbed the seabed temporarily,
littering of microplastics through the cultivation ropes, possible input of (non-
)synthetic substances by the boats and structure, noise disturbance through the
engines and chains (Tonk et al. 2019, Campbell 2019, Banach et al. 2022). At the same
time, anchoring can also provide a positive effect by creating a new or additional
substrate for a variety of benthic organismes, i.e., serving as an artificial reef, as it was
recorded in the Kiel Farm®.

lll. Environmental monitoring
requirements for macroalgal cultivation
in the Baltic Sea

Environmental monitoring in the Baltic Sea is based on commitments of the countries
around the Baltic Sea under the Helsinki Convention (HELCOM). The goal of this
monitoring is to follow the status of the Baltic Sea, and data collection does notinclude
all parameters to assess the impacts of macroalgae cultivation. Also, no additional
standardized and unified monitoring requirements for seaweed aquaculture exist in
the Baltic Sea region. Based on the expert and practitioner experience, monitoring
requirements vary from country to country.

Having listed typical positive and negative impacts (Table 1) on the surrounding
ecosystem and considering that seaweed cultivation is seen as the most
environmentally friendly of all aquaculture types, we propose the information on the

4 https://www.dbu.de/123artikel24819 .html
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following variables to be requested by licensing authorities before the farm
deployment and during regular monitoring at the coastal areas, summarized as Table
2. We assume that the coming years will bring more information on the effects of
macroalgal farms at the offshore locations of the Baltic Sea where both technologies
and monitoring requirements would be different from the nearshore. If in the future
seaweed farms start to have large-scale category, we would recommend modelling
the possible impacts of a farm in the foreseen location as the first step (Campbell et
al, 2019).

Table 2. Variables suggested for environmental permits and regular monitoring [*- inside
and outside farm after full cultivation scale has been reached; ** - inside and outside farm after full
cultivation scale has been reached, and afterwards every 2nd year]

Criteria Variables Parameters Monitoring
required before requirements
installation/for

permits
Scale Currently, all seaweed farms in the

Baltic Sea are small-scale,
therefore, no specific requirements
on this criterion.

Location of Sediment dynamics

farm - sediment transport intensities X

and pathways
Water purification/ regulation

- Inorganic P, N content in the

i *
water column X 1 time per year

- pH, oxygen concentration,
temperature at the surface and X 1 time per year *
1m above the bottom

Method of Sediment dynamics

cuIt!vatlon and | Inorganic P, N and organic X 1 time per year *
cultivated content in the sediments

species

Marine flora and fauna

- sea-floor integrity:

X
bottom coverage,
benthic macroinvertebrate and ]
. X 1 time per year **
macroalgae species
composition, including non-
native species,
- marine mammals
X

11
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- presence and spread of diseases, 1 time per year *
pathogen bacteria and parasites

In addition, we would also suggest having joint actions between researchers,
fisherman and farmers, wind-park companies or those producing seaweed to ensure
the exchange of knowledge and data. To enhance the collection of necessary data for
seaweed farms, student research projects and other scientific initiatives (e.g., citizen
science) could contribute to the monitoring of seaweed farms. Considering the
importance of seaweed cultivation in the provision of valuable ecosystem services,
the national or local systems of monitoring could include macroalgal farms in their
survey.

IV. Environmental monitoring for wild
macroalgae harvesting in the Baltic Sea

Wild grown macroalgae are a biological resource with economic value, but they are
also an essential part of the coastal and marine ecosystems, and therefore should be
treated with caution. The harvest of loose-lying Furcellaria lumbricalis for commercial
uses has a long history in the Baltic. Today it is mostly occurring in the West Estonian
Archipelago Sea area where F. lumbricalis is harvested by bottom trawlers for the
extraction of furcellaran. To maintain the stock, the ecological status of F. lumbricalis
is already monitored regularly, and official harvest quotas are set in Estonia
(Weinberger et al., 2019). We suggest taking a similar precautionary approach when
harvesting any other macroalgae species elsewhere in the Baltic Sea. The following
criteria should be considered:

1) the spatial extent and biomass of the harvested species in the ecosystem to prevent
overexploitation of stocks,

2) annual production potential of the harvested species to prevent overexploitation
of stocks,

3) frequency of harvest to make sure that time is given for plant regeneration and
recovery of the areas,

4) timing of the harvest —particularly during certain times of the year/season.

V. Conclusions

Although empirical evidence still is scarce, the presence of macroalgal farms in the
Baltic Sea would provide opportunities for ecosystem improvement by securing
several important functions. Measurements and information are urgently needed to
assess the impacts quantitively, and to decide upon the most effective and sustainable

12
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ways of seaweed farming in the Baltic Sea. Licensing of macroalgal cultivation should
be based on the evaluation of positive and negative environmental impacts of
operations. Full EIA should not usually be required from small and medium-sized
farms. Regular monitoring requirements should be based on real risks and not be
overly burdensome for operators. For harvesting, quotas should be set based on the
ecological status of the harvesting area. Harmonization of national and Baltic-wide
licensing procedures should be supported and promoted.

13
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