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Abstract

Political institutions are facing new challenges in marine governance with the spread of alien
invasive species, which are one of the largest causes of biodiversity loss. One of the biggest
issues in management is the lack of funding and methods for conservation projects. A
preventative tool that is used in its place is the Precautionary Principle, which inhibits
activities that could have an impact on the environment. But it also creates an exaggerated
risk perception of invasive species, and in combination with outdated legislation prevents
effective management. A case study was done on triploid Magallana Gigas on the Swedish
West Coast where relative impact from the reproduction of the species in aquaculture was
compared to the reproduction in the wild diploid populations. Coastal municipalities and
County Administrative Boards were interviewed to evaluate their attitude and risk perception
toward Magallana Gigas, and to evaluate if their management approach is in conflict with
their sustainable development goals. The results showed that a triploid aquaculture would
have a very small reproductive contribution of 0.000 to 0.021% to the wild diploid
population, if placed in an area where the species is already established. It was also revealed
that while opinions differed, the majority of the respondents were against the use of the
species commercially, and were sceptical towards compensation to allow the activity, despite
the impact being very low. The conclusion is that despite having a small impact, political
institutions will likely not consider utilizing the species for management approaches to engage
industry actors, due to the precautionary principle, and in turn limits conservation alternatives,

as well as puts Sweden's aquaculture development at a disadvantage.
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Introduction

One of the largest management challenges that political institutions are met with is the spread
of alien invasive species (Giakoumi, et al. 2019). The introduction of invasive species is
reported to be one of the five largest contributors to biodiversity loss worldwide (European
Commission, 2023) and often results in negative impacts on ecosystem services and
socioeconomics (Giakoumi, et al. 2019). What poses a challenge for marine conservation is
the high connectivity between habitats, which demands early intervention to avoid large scale
invasions (Giakoumi, et al. 2019). Management is further complicated by the risk perception
and attitude toward the species, which can create conflict between conservation needs and the

practical value and benefits of it (Estévez, et al. 2015).

While there is a developed framework for policymakers to prevent harm by methods such as
the precautionary principle (EUR-Lex, n.d), there is a lack of research on how risk perception
and attitudes of invasive species within political institutions influence management decisions.
In particular if the risk perception of the activity reflects the actual impact, which in turn
influences management solutions that either trumps or benefits sustainable development goals

and environmental conservation.

The Magallana gigas case

Magallana gigas (M. gigas), also known as the Pacific oyster originates from Japanese
coastal waters (Laugen, et al. 2015), has had a large spread as an invasive species in Northern
Europe in recent years (Teixeira Alves, et al. 2021). The main cause of the Scandinavian
invasion has been through aquaculture (Laugen, et al. 2015; Miossec, et al., 2009). In
Sweden, the species was first observed in 2007 on the West Coast (Laugen, et al. 2015).
Today the invasion of M. gigas is present all along the west coast, from Stromstad down to
Malmo, with highest concentrations North of Gothenburg (Artdatabanken, 2025). Modelling
of M. gigas presence on the West Coast has revealed that the population densities are
unevenly distributed (Bergstrom, et al. 2021), making some habitats more affected than others

by the invasion.



Polyploidy in organisms

In the wild, M. gigas are typically diploid, meaning they are born with two sets of chromosomes
which allow them to develop normally and reproduce sexually. Tetraploidy is a chromosomal
abnormality that can occur where the individual has four sets of chromosomes. When tetraploid
males are mated with diploid females, they can produce triploid offspring, which are used for
aquaculture (Vignier, et al. 2025). Triploidy, which is another chromosomal abnormality where
the individual is born with three sets of chromosomes, causes increased growth and failure to
reach sexual maturity, making them functionally sterile (Vignier, et al. 2025). In spite of the
abnormal sexual development in triploid M. gigas, resulting in reduced gonad development, not
all are fully sterile (Suquet, 2016). Reproductive Success (RS) is the estimated number of
offspring per individual or population. When comparing fertility, triploids have a significantly
lower RS compared to their diploid counterpart Smyth, et al. (2022). Diploid/triploid crosses
do have a higher RS than triploid/triploid, but are still low in contrast to diploid RS. Smyth, et
al. (2022) also notes that the RS is likely much lower in practice, as previous studies have been

done in a controlled environment (Smyth, et al. 2022).

A growing seafood industry

Triploid M. gigas has gained popularity in the global seafood industry. In particular for the
aquaculture sector, where breeding and farming triploid M. gigas has been the industry standard
for the past 40 years (Vignier, et al. 2025). Benefits to utilizing triploid M. gigas globally is the
reduced introduction to new habitats, compared to using diploid individuals. Farmers also
benefit from their increased growth and higher meat yield of triploids. The sterility also enables
year-round harvest compared to diploids, which spawn in the summer season, causing
unappealing taste and texture, when the market demand for oysters is very high (Vignier, et al.
2025). Furthermore, triploid M. gigas are regarded as having a superior taste due to its firmer
texture and superior taste, which is due to a higher glycogen content compared to its diploid

counterpart (Vignier, et al. 2025).



The governance and management of M. gigas

Despite being recognised as an alien invasive species in Europe, the European Union (EU)
exempted M. gigas in June of 2007 as it was recognized as an economically beneficial species
for aquaculture. Regulation also states that each member state has their sovereign right to
restrict the use of the species within their national borders (EUR-Lex, 2007). The Swedish
government, unlike other member states, has decided to not exempt the species for aquaculture
purposes as it is still domestically classified as a highly invasive species (Wilhelmsson, et al.

2020).

One of the limitations of the EU legislation is the definition that was used in the exemption.
When defining polyploid organisms, the regulation only described polyploids as being
tetraploid (EUR-Lex, 2007), excluding the triploid M. gigas from the legislation. Instead of
developing the Swedish aquaculture industry around M. gigas, national focus has instead been
placed on expanding sustainable aquaculture with lower environmental footprints with species
that support the ecosystems where they are farmed. This is part of the strategy plan that the
Swedish Agency for Marine and Water Management (SwAM), The Swedish Board of
Agriculture (SBA) has developed for 2021-2026. Other aspects of the strategy also include
improving Sweden's status as an aquaculture producer on the international market and making
the industry more profitable for businesses (SWAM & SBA, 2021). The strategy plan also aligns
with the current strategic guideline set by the EU (European Commission, 2021), and the United
Nations (UN) Sustainable Development Goal (SDGs) 14; Life below water (United Nations

Sustainable Development Goals, n.d.).

There are two political institutions that are involved in both the management of the coastal
waters and the aquaculture permitting process. The County Administrative Board (CAB) is
responsible for the governance on a regional scale, of which the areas of responsibility both
include management of coastal protection and environmental protection of their regional waters
(Svenskt Vattenbruk, 2021). The municipalities are responsible for local environmental
governance (Ohlund, 2022) as well as licensing and oversight of aquaculture (Svenskt

Vattenbruk, 2021). Since the presence of M. gigas is limited to the West coast



Aim

The aim of this study is to investigate if risk perception and attitudes within governance align
with the actual environmental impact of the activity and management solutions for invasive
species. This will be done by a case study on if aquaculture of triploid M. gigas would be
possible in Sweden, while collaborating on conservation efforts. The paper will explore the
attitudes and risk perception that municipalities and CABs hold toward farming M. gigas as an

invasive species and evaluate their RS in open system aquaculture.

Research questions
e What is the reproductive contribution from a farm of triploid M. gigas to the wild

populations on the Swedish West coast?

e Do the attitudes and risk perception of municipalities and CABs toward the farming of
M. gigas on the Swedish west coast align with the actual impact and management

approach?

Methods

The precautionary principle and risk perception

The theoretical framework that will be applied to understand the governance approaches and
attitudes is the precautionary principle, which is a risk management approach that was adopted
by the EU in the year 2000 (EUR-Lex, n.d). It is a concept that was developed by the European
Commission and is a code of conduct that member states should practice in decision making
when lacking scientific consensus on a topic. The purpose is to reduce harm and negative
consequences to people and the environment (EUR-Lex, n.d). The precautionary principle is
widely applied for a plethora of issues and is commonly occurring in environmental policy
making to avoid the risk of severe or irreversible damage to people, nature and the climate when
there is uncertainty on the consequences of an activity (Kriebel, et al. 2001). Critics of the

precautionary principle argue that it unnecessarily halts innovative progress, and that policy



decisions become based on emotional responses and fear rather than scientific data (Kriebel, et
al. 2001) causing a heightened risk perception. The theoretical concept of perceived risk
originates in what mode people base their judgment on to estimate an outcome, where they
either shape risk on analytical processes, or base it on their intuition (Hoorens, et al. 2020).
When discussing risk perception within the context of this study, it is through the critical lens
of the precautionary approach, where the perceived risk will be weighed against the severity of

the impact, to draw conclusions on how attitudes influence policy and management approach.

Calculating reproductive reproductive success

The objective for the quantitative study was to calculate the estimated recruitment contribution
of an aquaculture of triploid individuals to the wild population of wild M. gigas on the Swedish
west coast. This was performed by sourcing material from previous studies on M. gigas RS,
modelling data of the wild populations on the west coast, and an aquaculture site. A hypothetical
triploid M. gigas aquaculture of two different sizes was created. The estimated RS of crosses
between the farmed triploid and wild diploid M. gigas was then calculated and compared to the

expected RS of wild populations in five areas of the west coast.

Source material:

Two papers were used for biological and modelling data. The first paper was a Welsh report
from 2022 which summarized the RS on diploid/diploid, diploid/triploid and triploid/diploid
crosses from previous research done in laboratory settings (Smyth, et al. 2022). The data from
a 2025 modelling study was used, stretching from Stromstad down to Gothenburg was used for
population density distribution and weight on M. gigas. This article divided the area into five
zones, from A to E and used three different modelling methods and also provided data on wet
and dry weight of the M. gigas (Greeve, et al. 2025). A map defining the regions can be found
in Appendix 1. The basket model used for the calculation was taken from an aquaculture supply
website, and holds 100-200 oysters, fitting 8 baskets per 100 meters of line (Triskell Seafood,
n.d).



Creating the model

To calculate the impact of an aquaculture site, the size of the aquaculture area was assumed to
be one hectare (100x100m) and the farming method to be mesh oyster baskets on a longline.
Two assumptions on spacing between longlines were then made. One longline per meter and
one per two meters. It was decided for the study that the farmed population would be made up
of 50% males and females, when adding together the average RS of triploid males versus
females. RS of triploid/triploid were not included in the study. Partly to simplify the model, and
partly due to the lower spawning success of triploid/triploid spawning, compared to
triploid/diploid crosses, according to Smyth, et al. (2022). For diploid M. gigas in a farm size
of 250000 diploid individuals, the estimated RS is 125 000 offspring. RS for triploid/triploid
crosses only results in 0.25 to 40.5 offspring, while crossing between triploid and diploid M.
gigas can yield between 0.38 to 225 offspring, according to previous studies collected in the

Smyth, et al. (2022) report.

Calculations

The wild population was first divided into thousands of tonnes M. gigas per region. The average
weight of one individual was then calculated for each of the three modelling methods by
dividing the number of individuals per tonne in live wet weight. The number of individuals per
region was then calculated by dividing the biomass per region with the average weight of one
individual from each method, with all data deriving from the Greeve, et al. (2025) article. The
RS, which is defined as the number of offspring per adult, was then determined by dividing the
population growth with the number of individuals in the adult diploid population from the
Smyth, et al. (2022) report. The estimated population size for each region and method was then
multiplied with the RS, which yielded the number of offspring per region.

For the aquacultures, the population size was decided by multiplying the number of oysters per
cage with the number of cages per line, and lines per hectare, of which two population sizes
were chosen for the study. RS for small and large was calculated separately for triploid males
and females, which had different predicted offspring success in diploid crosses. The number of
offspring were then divided by two for males and females and then added together to represent

the RS in a population of 50/50 male and female triploids.
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The number of offspring from the two aquacultures was then compared in percentages to the
offspring produced by the wild populations, sorted by region and method of which the wild
population size was calculated. The estimated offspring of the two aquacultures were also
compared side by side with wild population, divided by method, in a logarithmic graph for each
region. The RS of the triploid aquacultures were also put side by side in a table with the wild
diploid RS for each region.

Attitudes of political institutions

The qualitative study was conducted by semi structured interviews with employees at the
County Administrative Boards (CAB), and municipalities along the Swedish west coast. This
interview format was selected, as it enables more nuanced and unexpected answers compared

to survey studies, and makes it possible to ask follow up questions (Esaiasson, et al. 2017)

All three CABs and 17 municipalities from Stromstad to Laholm were contacted, to get an
overview on if attitudes varied geographically. The municipalities south of Laholm were not
invited to interviews to narrow the scope for the study. Skane CAB was included due to its
cross-regional cooperation with the other CABs on the West Coast, and because that group of
respondents was smaller. When contacting the municipalities, it was requested that the

respondent worked with or had experience with environment and or water management.

Out of 17 municipalities, eight participated. A total of ten respondents were interviewed, as two
of the municipalities wanted two employees with different backgrounds to participate. Five of
the participants were employed as ecologists, while the other five worked more interdisciplinary
with environmental and social sustainability. Three of the interviewees from the municipalities
chose to respond in text format, which resulted in them not being asked follow up questions to
some of the responses. The rest of the interviewees participated in digital meetings, where they

were given the opportunity to further develop their responses.
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The interview process

Interviewing Municipalities

During the interview, the respondents received questions about their personal views. The
questions were on aquaculture, import of seafood, and on the importance of domestic
production. They then received questions on the municipality's current protocol for marine
invasive species, and if there are any aquaculture facilities in their region. The respondents were
then presented with two hypothetical scenarios of an aquaculture with M. gigas and asked to
weigh the social benefits against potential impacts on biological diversity. The first scenario
was of an established M. gigas aquaculture in a sheltered bay that contributes 1% reproduction
to the wild population. The second was if this scenario would be feasible with compensation by
harvesting the same amount of wild oysters that the culture contributes to. Lastly, they provided
reflections on what the largest challenges for allowing aquaculture on M. gigas and invasive

species are.

Interviewing County Administrative Boards

The CAB is an organ in charge of a larger region and might therefore hold a different
perspective on the topic of conservation. Thus, the interview questions with this group were
different. Like the first group, they were asked about their professional background, personal
views on aquaculture, and their previous knowledge of M. gigas. They were then asked if there
is aquaculture in their region and if there are any active projects for reducing marine invasive
species. Following this, the questions were if there is active funding to increase Swedish
aquaculture, if they believe there is interest in increasing production of lower trophic species,
and if we should prioritize farming our native O. edulis or open up for the possibility to farm
M. gigas. The respondents were presented with the same hypothetical scenario as the
municipalities and were then asked to resonate on whether compensation actions could enable
open system aquaculture for M. gigas. An example of compensation was to have a quota of M.
gigas that must be collected in close proximity to the site to achieve a net zero population
increase to the wild area from the farm. In the final part of the interview, the respondents were
asked if there is any current land-based aquaculture of M. gigas, what the largest obstacles are
to allow farming of M. gigas in open systems, and what the largest risks are for allowing farming

of M. gigas.
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Use of AI

The Al program ChatGPT was used during the work process to test concepts, before deciding
on what calculation model to use. It was also used to get an overview of some of the topics of
the study before starting the literature search. Al was not used as a firsthand source, or to

generate any text or research results for this study.

Results
Attitudes and risk perception of government employees

Municipalities

Summary of opinions from the interviews:

Respondents municiplaities

Questions 1 2 3 4 5 6 7 8 9 10
Are you positive towards aquaculture? Yes Yes Yes Yes Neutral No Neutral Yes X Yes
Is icipali ntly reduci
“f"r 'j"u"'?'pa ity (fu"e fy reducing No No No No No No No No No No
marine invasive species?
hould we expand domestic aquacultur
Sho pay o N ¢ aquac € Ambivalent Yes Yes Yes Ambivalent  Neutral Yes Ambivalent Yes Ambivalent
to be less dependent on import?
hould we focus on farming native
Sho A focus o e Yes Meutral Yes Yes Yes MNetural MNeutral MNeutral Yes MNeutral
species?
Should M. gigas be farmed in Sweden? Ambivalent Ambivalent No No No No Yes Ambivalent No Ambivlent
uld compensation be an ctive tool
Could co pe‘ ation be . effe too No Mo No Mo Mo No Yes Ambivalent Ambivalent No
to allow farming of M. gigas?
Is th interest t d
s there an Interestto expa|‘1 3 Yes Yes Yes Yes Neutral  Ambivalent Neutral Yes Yes Yes
aquaculture of lower trophic species?
Do you believe that M. gigas farming
Yes Yes Ambivalent No No Na Yes Na No Ambivalent
could be allowed in the future?
Legend:
Yes=Positive
Ambivalent= Mixed resg
No= Negative
Neutral= No opinion
X= No response

Fig. 1 This table roughly summarises the opinions of each respondent from the municipality interview.
While it does not provide the nuances in responses and arguments for and against, it provides a
general overview of attitudes.

13



Attitudes on aquaculture

A majority of the respondents were positive towards seafood aquaculture, as shown in Fig./.
Some of the motivations given were that it can be used as a tool to create higher food security
by becoming more self-sufficient on domestically consumed products. Expansion of Swedish
aquaculture could also increase sustainability in the food and fishing sector by growing lower
trophic species and plants. One person expressed that it could serve a dual purpose if farmed
species contribute to ecosystem services such as water filtration to create a “win-win” situation
as an ecosystem service. Others were positive toward the potential of developing aquaculture
in Sweden, since it has been low historically, despite there being a market demand for it. While
being positive towards aquaculture, several of the respondents in this group highlighted the
importance of sustainable practices as a condition for further development of the industry to

align with environmental goals.

Two respondents had a neutral attitude; one of them expressed that it was due to their lack of
knowledge in the aquaculture field. The second concluded that there were too many aspects to
take into account to form a firm opinion on aquaculture, as practices and environmental impact
can vary greatly. One respondent did not receive the question on attitude toward aquaculture,

as this was missed during their interview.

Only one respondent had a negative attitude toward aquaculture, however this might be due to
misinterpreting the question to only regard M. gigas farming and not aquaculture in general.
They followed up their response by concerns for the invasion of the M. gigas, connecting it to
observations they had made while performing recreational activities. They did also state
concern with parasites, disease, and other issues typically associated with unsustainable farming

practices.

Reduction of marine invasive species

As shown in Fig. I/, none of the municipalities were actively working practically with reducing
marine invasive species on a wider scale by removal methods. Nine out of ten respondents did,
however, answer that they work with reducing terrestrial invasive species. Terrestrial plants
were the main priority, as they were a large threat to biodiversity. Several of the respondents

expressed a lack of resources and tools to combat marine invasive species. An issue that also

14



was highlighted is the difficulty of management in the marine area, as their migratory nature
can make them spread over long distances, making management more difficult. Since
municipalities are also not directly obliged to manage marine invasive species and lack the

resources, several of them have decided to hand the responsibility over to their CABs

While in the minority, three respondents had ongoing projects with M. gigas. One mentioned
that they might have a restoration project in progress at one of their beaches in a recreational
area. Another respondent mentioned that they work with informing the public on invasive
species and listed a few projects that Swedish University of Agricultural Sciences (SLU) and
the local marine research laboratory have in the area. A third respondent explained that the
municipality has permitted requests from public volunteers to remove M. gigas growing on

municipality owned land, since that is something they view as positive to reduce the spread.

Opinions on the import of seafood and domestic production

When asked if Sweden should focus on increasing their local production of seafood, opinions
and motivations varied. One individual was strongly positive towards establishing domestic
aquaculture of M. gigas especially. They reasoned that since it is a species with high market
demand which has already established to the point of no return it should be utilized for farming.

Another answered that it is positive with locally produced food, including seafood.

Two of the respondents argued that Sweden should increase domestic farming on lower trophic
native species such as bivalves, sea squirts, algae and seaweed to support biological diversity.
They did not encourage open system aquaculture of salmon and invasive species as they could
jeopardize marine ecosystems. Others pressed on the importance of having the right thing in
the right place, paying attention by implementing physical planning of production to cause
minimal harm to sensitive ecosystems, if national production of seafood would increase or if
farming of M. gigas were to happen in Sweden. A similar suggestion was to perform a life-

cycle analysis, measuring local impact and emissions, compared to the imported M. gigas.

A majority were negative towards importing large quantities of oysters if it would be possible
to supply them locally, either from O. edulis or M. gigas. Supportive arguments for local
production included lower greenhouse gas emissions due to reduced transport. Others did not
hold a strong opinion on imports. One argument that stood out was that rather than importing

or farming M. gigas locally, we should attempt to market native ecosystem supporting species

15



to the public to change consumption habits. They believed it would be more beneficial to
decrease the demand of oysters to remove the incentive for farming invasive species in foreign
ecosystems. Another interviewee was of the opinion that higher trophic species should not be
farmed on a larger scale domestically, while native lower trophic aquaculture should be
encouraged. The reason was to avoid the negative environmental effects that come with higher

trophic species like fish.

Hypothetical scenario: Risks and benefits of an M. gigas farm

Several of the interviewees did not prioritize the short-term socioeconomic gains in front of
further risk of introduction, mainly due to the major societal costs that could come as a result
from further spread of M. gigas. They reasoned that restoration of sensitive habitats and
extermination of M. gigas are so extensive that it is not a viable suggestion and argued for a
more precautionary approach. Others could consider domestic aquaculture of M. gigas, either
if the RS was zero percent, or if the site already had an established wild population of M. gigas.
A suggestion was to instead use closed systems or land-based aquaculture facilities for the
production of invasive species like M. gigas. One person responded that the local economy is
the main interest in their municipality but followed up by explaining that they have previously
rejected applications for M. edulis farms, despite it being a domestic species. They concluded
that priorities differ within the municipality, varying between professional fields, and that their
colleagues might have different opinions on the risk/benefit scenario of farming M. gigas. Two
other interviewees shared the belief that the local economy is highly prioritized within the
municipality, which could steer policy decisions. They also highlighted that their municipality
does not have an ecologist employed. A worry was that the knowledge gap this creates will lead
to poor decision making when no one can argue for environmental interests and ecological
needs. Another interviewee opted to not respond to the hypothetical scenario question due to

lack of knowledge on the subject.

Compensation efforts
Most respondents were negative towards harvesting wild M. gigas as an effective compensation
effort. The main argument was that the action is mainly symbolic rather than a functional

compensatory tool. Issues listed with the suggestion were the fact that M. gigas can migrate

16



long distances during their larval stage, making it difficult to define the area of compensation.
Harvest quotas would also require an evaluation of the site before and during the activity to
estimate how many M. gigas to collect from the wild. One respondent mentioned that they
would prefer to see a change in the legislation which prevents harvesting of wild oysters without
landowners' permission. This legislation currently prevents industry actors from harvesting M.
gigas in privately owned coastal areas. One respondent was positive towards compensation as
an effective measure, while another argued that if compensation were to be carried out, the
amount of wild harvest would have to be larger than the reproductive contribution from the

aquaculture site.

Legislative stiffness on farming M. gigas

When asked about the largest obstacles to changing the national legislation to permit open
system aquaculture of triploid M. gigas, one municipality listed it as an issue that they cannot
claim any profit from M. gigas harvest done on their land. When asked further on what the
largest perceived risks are for open system farming of invasive species were, the biological
diversity crisis was brought up and how that might further restrict the use of invasive species
for commercial purposes. The motivation was that the introduction of invasive species is one
of the largest contributing factors to biodiversity degradation, and that policy makers and the
public have become more aware of the risks. The risk of contributing to the current invasion is
also one of the largest concerns, as potential societal costs har difficult to estimate. They argued
that the precautionary principle should be applied in the case of M. gigas to avoid irreversible

damage.

County Administrative Boards

All three CABs on the west coast participated in the interview, and had all worked with marine

invasive species, and M. gigas to different extents.

Summary of responses from CABs

17



Respondents County Administrative Boards
Questions 1 2 3

Are you positive towards aquaculture? Yes Yas Yes

Is your CAB currently reducing marine

invasive species? Mo No Yes

Is there an expansion plan for Swedish
aquaculture? Ambivalent Yes Yes

Do you think there is an interest of
expanding aquaculture on lower trophic
species? Yes Yes Yes

Should Sweden increase domestic
production of aquaculture? Yes Yes Ambivalent

Should we only focus on farming native
species? Ambivalent Yes Yes

Could compensation be an effective tool to
allow farming of M. gigas? Yas No Ambivalent

Should M. gigas be farmed in Sweden? Ambivalent Ambivalent Ambivalent

Do you believe that M. gigas farming could
be allowed in the future? Ambivalent Ambivalent Ambivalent
Legend:

Yes=Positive

Ambivalent= Mixed response
No= Negative

Neutral= No opinion

X= No response

Fig. 2 This table illustrates the general opinions of the respondents from the County Administrative
Boards. As with figure 1, the table only generalizes the answers given, providing a rough overview of

responses.

Attitudes on aquaculture

Aquaculture was viewed as positive by all three respondents, as is shown in the table in Fig. 2.
Motivations were that aquaculture of lower trophic species is part of the solution to solve the
climate crisis, and that it can be a multi-beneficial method for both environment and society
when operated correctly. Despite having a positive attitude toward aquaculture, two of the

respondents were hesitant and skeptical towards farming invasive species in a commercial
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setting, due to the impact M. gigas have had in the wild. They did however acknowledge
commercial benefits of M. gigas compared to the native O. edulis. The third respondent held a
very positive attitude towards aquaculture, especially towards lower trophic species, including
M. gigas, and stated that it is the future for sustainable food production. The respondent did
however clarify that they did not support the use of invasive species in aquaculture, in their role

as a CAB representative.

Reduction of invasive species

Only one county was currently working on reducing marine invasive species by removal
methods, as is shown in Fig. 2. M. gigas had been physically removed in Natura 2000 areas as
a collaboration project with research institutes to study the effectiveness of different methods.
The other counties were instead working informatively with marine invasive species to prepare
for more active management in the near future. The reasons for the passive approach was due
to lack of budget to perform restorative projects, split priorities between several marine invasive
species and uncertainty in the effectiveness of removal methods. Despite not administrating
their own management projects for the time being, the CABs are participating in working
groups with research institutes to reduce the spread of marine invasive species. One of the
respondents explained that their county is holding back on restoration projects until there has
been development of more effective methods for removal. For economic reasons, they require
effective restoration methods before initiating large scale eradication of M. gigas in their

county, due to the sheer cost of these projects.

Import of seafood and funding of domestic aquaculture

The interviews revealed that there is funding through The Swedish Board of Agriculture you
can apply to for innovation and projects to develop Swedish aquaculture, which is part of their
national strategic plan to develop aquaculture. Lower trophic aquaculture is also included in
the action plan to reach environmental goals. There is also a plethora of research projects on
developing farming techniques, but the permit process slows down progress in these areas, due

to the strict regulations and number of agencies involved.

Regarding prioritizing domestic production on lower trophic species or import, the opinion of

the CABs is that farming invasive species like M. gigas should not be encouraged. Farming of
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native species such as blue mussel (Mytilus edulis) and the native European oyster (Ostrea
edulis) on the other hand, should increase, together with algae and seaweed, rather than
importing them. The motivation given is that funding should go towards species that will
strengthen the wild native populations of bivalves. They do also highlight that the domestic
production of native species will compete with the international market. Partly due to the slower
growth of O. Edulis, which results in smaller yield, and partly due to the added labor with a
species whose natural habitat is further out from shore. One respondent did not feel strongly
toward expanding domestic aquaculture in general, as there have been issues with managing

abandoned aquaculture sites in their region.

Hypothetical scenario

One respondent was not sure what conclusions to draw but argued that if farming of M. gigas
were to happen, it should be done in areas with a well-established wild invasion of the species
and not in areas that have not had any introduction to this day. Another explained that despite
providing short term benefits by generating new jobs, it could result in astronomical costs in
environmental damage. They gave an example by drawing parallels between this possible
scenario and an intervention that has been made in Denmark where M. gigas and other marine
invasive species had completely overthrown local ecosystems and ruined local beaches for the
public. While being very clear in their opposition toward commercializing invasive species,
they also argued that other departments within the CAB might be of another opinion, depending
on their agenda. The third respondent answered that they receive directives from the Swedish
Agency for Marine and Water Management, which are very clear on what protocol to follow.
It is the responsibility of the agency to prevent the spread of invasive species. It is therefore not
possible for the CAB to be positive toward the development of a project that could potentially
exacerbate the current invasion we have of M. gigas. The respondent does however point out
the contradiction of promoting the expansion of aquaculture, while simultaneously prohibiting

a species which could be very beneficial for the industry and for other aspects of sustainability.

Compensation efforts
As shown in Fig. 2, one respondent was unsure on if they were able to answer directly to the

question on how their county views compensatory measures but also reasoned that they would
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likely not consider compensation as a means to allow a potentially environmentally harmful
activity. They were of the opinion that you should not attempt to compromise the marine
environment. The second respondent was critical toward compensation, not believing that
harvesting wild M. gigas would have much of an impact. When discussing other forms of
compensation such as eelgrass (Zostera marina) beds, there is a huge financial investment to
perform restoration that in the end might not survive and give the payoff it was intended to due
to external factors. The third respondent answered that there is nothing in theory that is stopping
the aquaculture permit from having a demand for compensation for the activity to be allowed.
A compensation measure could be to harvest the same number of oysters outside of the farm as
you produce, and that it could be an effective management tool. Further on they explained that
this type of measure would only be plausible if the farm used triploid M. gigas, as the diploid
variant would never be allowed to be used due to their high risk of spreading into the wild.
Additionally, a trade-off analysis would be required to evaluate how large the compensation
would need to be, and that the compensation is performed in proximity to the aquaculture site.

The compensation also has to be reasonable for industrial actors to manage and carry out.

Obstacles for open system farming

The following obstacles were identified by the respondents for open system aquaculture to
become a reality in Sweden; There needs to be a guarantee of zero spread outside of the
aquaculture, meaning that no reproduction to areas outside of the farm is acceptable, in order
to comply with invasive species protocols. A national exemption for M. gigas would have to be
implemented in order for them to be used commercially, in the same manner as it has by the
EU. The permitting process also needs to be improved by the government to make it more
efficient. The reason is to make it easier for actors to enter the industry with new farming
methods and species than the ones currently in use, since it is hard to make a profit for

companies.

The Swedish Board of Agriculture has to instigate a dialogue with the EU to change the
definition in the current exemption. This would enable open system farming of triploid M. gigas
by removing the only formal obstacle that currently prevents the practice. The current wording

of the legislation defines polyploid organisms only as tetraploid.
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The reproductive contribution of aquaculture to the wild population

Reproductive success for triploid/diploid crosses and for triploid population

Tf/Dm Df/Tm Triploid RS with diploid crosses
Small aquaculture 3-316 3-1,728 3-1,022
Large aquaculture 6-633 6-3,456 6-2,044

Fig. 3 This table illustrates the range of RS for triploid males and females when crossed with diploids
in a small and a large aquaculture. The “Triploid RS column shows the total RS in a triploid population

of 50/50 males to females, assuming the mating only occurs with diploids.

Reproductive success in aquaculture

The small aquaculture was estimated to contain 1 920 000 M. gigas on an area of one hectare.
The lowest estimated RS from that population was 3 offspring, according to Fig. 3. The highest
estimated RS from the population was 1 728 offspring per 1 920 000 adults. In the large
aquaculture model containing 3 840 000 M. gigas in one hectare, the lowest RS was estimated
to be 6 offspring, while the highest value was 3 456 offspring from the large aquaculture. As
shown in fig. 3, the RS varied between Tf/Dm and Df/Tm crosses. The largest variance was
found in the Df/Tm which had both the highest and the lowest estimated RS with diploid
crosses. Accounting for the whole triploid population Tf/Dm and Df/Tm, the average
triploid/diploid RS ranged from 3 to 1 022 offspring for the small aquaculture population, and
6 to 2 044 offspring in the large aquaculture population, as is illustrated in Fig 3.

Reproductive success for aquaculture and wild population, divided by region and method

Aquaculture wild
Region Small Large Method 1 Method 2 Method 3
A 19,090,909 25,000,000 9,727,273
B 22,909,091 30,000,000 11,672,727
c 3-1022 6-2044 38,181,818 50,000,000 19,454,545
D 76,363,636 100,000,000 38,909,091
E 53,454,545 70,000,000 27,236,364
210,000,000 275,000,000 107,000,000
Total:
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Fig. 4 Shows the estimated number of offspring from aquaculture and wild population, sorted by region
and modelling method. The aquaculture has a range of offspring from lowest to highest estimated RS,
while the wild populations only have one estimated RS per method and region. The bottom row shows

the total RS for the wild populations in all regions, divided by method.

Region D
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Fig. 5 This graph shows the RS for the aquaculture, compared to the RS in the wild population (divided
by method) for Region D. Like the graph above, the results are displayed on a logarithmic scale and the
colour is used to divide the aquacultures and wild population. Light colour represents low estimation,

while dark colour represents high estimation.
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Fig. 6 This graph shows the RS for the aquaculture, compared to the RS in the wild population (divided
by method) for Region A. The results are displayed on a logarithmic scale and the colour is used to
divide the aquacultures and wild population. Light colour represents low estimation, while dark colour

represents high estimation.

Reproductive success in the wild population

The RS for the full wild population between Stromstad and Gothenburg was estimated to 210
000 000 with method 1, 275 000 000 in method 2, and 107 000 000 with method 3, as is
displayed in the table in Fig. 4. The largest population of M. gigas was found in region D, thus
it had the highest RS compared to the other regions; with an estimate of 38 909 090 with method
3, up to 100 000 000 offspring with method 2, which can be seen in Fig. 5. The smallest
population was found in region A, with a RS of 9 727 272 offspring with method 3, and 25 000
000 offspring for method 2, as shown in Fig.6. The graphs covering the other regions can be
found in Appendix 2,3 and 4.
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Reproductive contribution from aquaculture to wild population in %

Small aquaculture Large aquaculture

Method 3.072 1022.208 6.144 2044.416

1 1.60914E-05 0.005354 3.21829E-05 0.010708846

2 0.000012288 0.004089 0.000024576 0.008177664

Region A 3 3.15813E-05 0.010509 6.31626E-05 0.021017361
1 1.34095E-05 0.004462 2.6819E-05 0.008924038

2 0.00001024 0.003407 0.00002048 0.00681472

Region B 3 2.63178E-05 0.008757 5.26355E-05 0.017514467
1 8.04571E-06 0.002677 1.60914E-05 0.005354423

2 0.000006144 0.002044 0.000012288 0.004088832

Region C 3 7.89533E-06 0.005254 3.15813E-05 0.01050868
1 4.02286E-06 0.001339 8.04571E-06 0.002677211

2| 0.000003072| 0.001022 0.000006144 0.002044416

Region D 3 7.89533E-06 0.002627 1.57907E-05 0.00525434
1 5.74694E-06 0.001912 1.14939E-05 0.003824588

2 4.38857E-06 0.00146 8.77714E-06 0.002920594

Region E 3 1.1279E-05 0.003753 2.25581E-05 0.0075062

Fig. 7 This table shows the reproductive contribution in % that an aquaculture would have in each
region, divided by estimated number of offspring of each aquaculture, and method for calculating
population density in each region. The highlighted box in Region A marks the highest contribution from
aquaculture, and the highlighted box in region D marks the lowest contributions the aquaculture would

have on the wild population.

Recruitment impact from aquaculture

When comparing the impact of the RS of both the small and large aquaculture to each region,
it is revealed that regardless of placement in these regions, the impact is very low. The largest
impact could be found in region A. Placing the large-scale aquaculture with the highest
calculated RS against the region with the smallest estimated wild population yielded a 0.021
percent recruitment to the RS of the population, as is shown in Fig. 7. Comparing these results

to a small aquaculture with the lowest calculated RS in the region with the largest estimated
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wild population, the aquaculture would contribute with 0.000 percent recruitment as is marked

in Fig. 7.

Discussion

This discussion will be returning back to the question of how the attitude of invasive species
influences environmental governance, if the risk perception aligns with the impact of the

activity, and if attitudes are preventing sustainable aquaculture development.

The effects of aquaculture

Judging from the results of the model, an M. gigas farm would not have a very significant
impact in a region where the species is already well established. Despite having a small impact,
relative to the wild population's reproduction, it would not be advisable to establish an
aquaculture site in areas that have not yet been introduced to the species, as the goal is to have
as little environmental impact as possible from the activity. Further on, there cannot be a
hundred percent certainty on whether the results from the study fully reflect reality.
Circumstances that can have an influence is for example that the data from the Smyth, et al.
(2022) report was collected from studies that tested RS in a laboratory environment. This does
not account for external environmental factors that have a negative effect on larval survival,
which could make the real RS for both the wild population and the aquaculture lower than in
the study. Another circumstance to take into account is that the RS could vary, depending on

the distribution of males and females in the population.

The low RS from the M. gigas farm suggests that compensation efforts for the aquaculture
could be easily achieved if the quota is only set to compensate for the offspring that the activity
contributes to the wild population. Lastly, the size of an aquaculture could be much smaller in
a realistic setting, and with the full population not being at a sexually mature age, which also

could reduce the total impact from the activity.
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General attitude and policy implications

When generalizing responses from the interviews, it is important to differentiate between
personal views and the collective views of the agency/institution, as these can vary between the
individual and the group. In spite of this, the interviews provide valuable insight when
investigating personal attitudes as it can reflect the direction of policy development and reveal

trends across regions.

Both municipalities and the CABs face the challenge of having to balance social development,
economic growth, environmental protection and sustainability with equity between the areas.
They also have clear directives from the EU and the Swedish government of acting according
to the precautionary principle and to prevent spread of invasive species. While wanting to work
towards the same goal of sustainable resource use and reducing climate impact, there appears
to be a divide in opinion on how to achieve it. A key component in the discourse of M. gigas is
if the anticipated benefits from farming the species outweigh the perceived risks, both in theory
and in practice. Where opinions differ is whether the current invasion should be viewed as a

possible resource or only as a threat.

Economic constraints and its implications on management

The majority of respondents were mainly concerned with contributing to negative impact by
allowing farming, which aligns with their responsibility to not cause unnecessary harm to
nature. They were worried that even a small level of recruitment could result in detrimental
damage by further introduction to areas, as the invasion has had such an aggressive spread
among feral populations since the first introduction. In theory, the risk could be assessed by
knowledge of presence and population size in different areas, combined with effective
management to reduce the impact on sensitive habitats. In practice, an overarching issue which
is brought up continuously is lack of funding to pursue restoration and management projects,

as well as development of a domestic aquaculture industry.

Actors are attempting to bridge the gaps by cross-sectoral cooperation between governmental
and research institutions but are not able to reach full capacity. They also lack methods to fully
combat the spread of M. gigas, making effective management a difficult task during the current
conditions. The lack of funding, combined with concerns about economic consequences from

further spread could be viewed as a large factor which influences attitudes. This concern is not

27



outweighed by what they view as the short-term payoff that M. gigas farming would give, as

the comparative cost of restoration is astronomically larger.

Most respondents did not see the economic value of utilizing the wild populations of M. gigas
through compensation efforts, or by creating monetary incentives for industry actors to harvest

the species in the wild.

Environmental values and variation across regions

The participants who were negative towards the commercial use of M. gigas were still positive
towards aquaculture of lower trophic species. A few participants related some of their answers
back to personal experiences, or the negative environmental effects aquaculture methods can
have. This also reveals that risk perception can be shaped by personal interactions and
experiences, as well as personal values. In the case of M. gigas, the perception of the species
could likely be affected by personal encounters, since they are very prevalent in proximity to
recreational areas. This reveals that there is an environmental interest, which could be related
back to both government sustainability agenda, as well as personal ideology. The minority that
was positive towards pursuing aquaculture, instead argued for the sustainability benefits of
favoring from a situation that is currently only viewed as a negative impact. If clearing wild M.
gigas can be a service provided by private actors, while locally farming a lower trophic species
that will not have a large impact on the invasion already present, then that should be regarded
as a resource. The respondents who were more positive towards farming M. gigas worked in
areas with established wild populations. Contradictory to this, several of the respondents who
were negative toward the suggestion also had large established populations in their coastal
areas, making it difficult to draw conclusions to if a larger spread of the species aligns with a

more positive attitude.

Legislative barriers

A topic that was discussed during the interviews were the instances where legislation is
hindering both management and industry actors. As one of the municipality respondents
brought up, there is an old law still in effect which prohibits oyster harvesting without the

landowner's permission. The original purpose of the law was to protect the landowners' rights
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to the native O. edulis but has become outdated since the introduction of M. gigas. One
consequence is that the public cannot contribute to M. gigas population control by harvesting

invasive oysters.

Another example of legislative stiffness that was brought up was the rigidness of the
aquaculture permitting process. This is also a contributing factor to the slow development of
Swedish aquaculture and discourages new actors to enter the arena. While the lengthy process
serves the purpose of pushing sustainable business practices, it works against the national

strategic aquaculture plan by slowing progress in the industry.

At the EU level, exempting M. gigas farming has enabled the EU to compete on the global
market with their seafood production. The definition of polyploids used in the legislation could
be an obstacle if Sweden decides to farm the species. In that scenario, the SBA would be
required to start a dialogue with the EU to also include triploid organisms in their definition of
polyploids. In the current political climate, however, there does not appear to be a need for the

definition to change, since the interest in pursuing M. gigas aquaculture is low.

Risk perception

In regard to if risk perception of the respondent was relative to impact, it depends on how it is
interpreted. One could argue that the risk perception of M. gigas in aquaculture was
unproportionally large in relation to the impact that the activity would have according to the
RS. Contributing 3 to 2044 individuals to a wild population that produces roughly between 10
million to 100 million offspring should not justify such stigma around utilizing the species. The
risk perception could however have been affected by the fact that respondents received a far
higher RS from the aquaculture, as the reproductive model was not finished when the interviews
were conducted. This could have influenced their opinion to be more negative towards the
hypothetical scenario, as it would mean a higher environmental impact from the activity.
Nevertheless, several of the respondents answered that they would not consider implementing
aquaculture of M. gigas if there was any risk of spread, no matter how low. For other
respondents, their answer can have been influenced by the percentage given in the question. In
spite of this, the rest of the questions allowed them to give nuanced answers, which in turn

establishes their general attitude.
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When applying it in another context, the risk perception could be considered appropriate, if
equating the risk to the persistence of the wild populations. It might also be caused by the
parallels drawn to how the species first was introduced by aquaculture, or how it may affect
habitats that have not been invaded. Especially when considering the large threat that invasive
species pose to biological diversity. A core issue that will overrule even low impact aquaculture
of invasive species is the liability issue, as the local political institutions will be primarily
responsible for environmental impact. Especially when lacking the resources to repair the
damage. Additionally, when the precautionary principle advocates for the goal to be zero

negative impact from the activity, then anything above that goal is viewed as a large risk.

When comparing results from the quantitative and qualitative study, the risk perception for
impact in areas with already established populations appears to be inflated when looking at the
estimated impact the activity would have, according to the model. When estimating the risk in
areas without previous contact with M. gigas, the high risk perception is more understandable.
If there is no wild population of diploids present, reproduction can only occur between triploids.
This is something the model did not account for, as only triploid/diploid crosses were included
in the study. However, as was concluded in the Smyth, et al. (2022) article, triploid/triploid RS

is lower than in triploid/diploid crosses.

Precautionary Principle
The vast majority of the respondents in the municipalities and CABs appear to have shaped
their attitudes according to the precautionary principle. Not encouraging further introduction of
M. gigas does align with the precautionary principle, as the possible consequences of
commercializing the species in Sweden are unknown. Several of the municipalities stated that
their management of invasive species mainly focuses on terrestrial plant species, and that the
responsibility of the marine area largely falls under the responsibility of the CABs. While
lacking the proper methods to create a management plan for regulating wild M. gigas, the core
concept of the Precautionary Principle is to take preemptive measurements even without having
the full scope of knowledge of the actual risk. Where this risk management approach becomes
insufficient is when it does not demand an active management plan to reverse damage that has
already been done. If no concrete measures are taken on a wide scale to restrict the spread of
the wild population, then it seems redundant to prevent an activity that will have such a small

impact on current invasion, and which can contribute to sustainable development. This might
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also be what motivates the outliers' attitudes during the interviews. With that said, one should
not undermine the factors which prevent effective management, as the lack of funding leaves
these political institutions unable to act efficiently, and leaves policy makers pessimistic

towards commercializing M. gigas.

General management implications

Something that is missed when applying the precautionary principle in the case of invasive
species is firstly that it does not put any demand on retroactive measures, and secondly, that it
does not take into account the positive tradeoffs. The consequence on management is that policy
decisions might be made that halter development in other sectors, while limiting activities that
could potentially contribute to ecosystem services, food security and economic gain.
Simultaneously, the threat that prevents the activity is still taking place and is not being
effectively managed. The best management approach would be to attempt to engage other actors
by allowing the activity, while putting obligations on them to maintain a good ecological
balance. In the case of M. gigas, this could serve as a beneficial relationship for both parties.
On one hand, the economic aspects of conservation are reduced, while the aquaculture company
can make a profit on the wild harvest on top of the oysters they farm, increasing the harvest

yield.

Limitations of the study and future research

The scope for the quantitative study could have been larger, to also include the southern regions
of the west coast. What limited the scope was the area that was studied in the referenced
literature. Despite the scope of the excel study being smaller than the geographical scope of the
interviews, the principles of the excel model could easily be applied to other areas if there is
data available on the estimated size and spread of the wild population. As stated by previous
studies, the RS is likely lower than the data reveals, as the results from previous research were
performed in a controlled environment. More research should therefore be done on the RS of
triploid M. gigas in aquaculture and how they interact with wild populations to have more on

the subject.
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The majority of respondents struggled with answering the hypothetical scenario in the
interview. One issue that was mentioned was that too many factors were unknown, revealing
the complexity that each case presents when starting up an activity. To improve this question,
perhaps more concrete scenarios should have been offered, or have the question rephrased

completely.

Conclusion

The reproductive contribution of farmed triploid M. gigas is small, with a contribution of 0.000
to 0.021 percent to the population, depending on the region and the size of the aquaculture. The
relative impact could vary, depending on the size of the aquaculture and the presence of wild
M. gigas in the area. Further on, the RS could be even lower than the estimation, depending on

the natural environmental conditions which influence survival rate.

Attitudes towards the M. gigas and the risk perception surrounding it do affect management, as
the precautionary principle stops alternative management approaches. While some were
positive towards utilizing the species, the majority are against it as it does not align with their
environmental strategy approaches. On the other hand, lack of funding and legislative barriers
in combination with a lack of effective conservation methods has led to a situation, where the
only tool they have is to forbid activity to prevent further damage, as they are unable to manage
the wild spread. It also puts Sweden's aquaculture industry at a competitive disadvantage

compared to international actors by limiting the use of a profitable species.
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Appendix

Appendix 1. A map of the Swedish West Coast from Stromstad to Gothenburg, which displays
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the regions defined in the Greeve, et al. (2025) study.
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Appendix 2. This graph shows the RS for the aquaculture, compared to the RS in the wild
population (divided by method) for Region B. The results are displayed on a logarithmic scale
and the colour is used to divide the aquacultures and wild population. Light colour represents

low estimation, while dark colour represents high estimation.
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Appendix 3. This graph shows the RS for the aquaculture, compared to the RS in the wild

population (divided by method) for Region C. The results are displayed on a logarithmic scale

and the colour is used to divide the aquacultures and wild population. Light colour represents

low estimation, while dark colour represents high estimation.
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Appendix 4. This graph shows the RS for the aquaculture, compared to the RS in the wild

population (divided by method) for Region E. The results are displayed on a logarithmic scale

and the colour is used to divide the aquacultures and wild population. Light colour represents

low estimation, while dark colour represents high estimation.
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