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Abstract 

The aim of this study is to investigate whether Sweden reaches the goal of 30% no-take areas 
within marine protected areas (MPA) set by the International Union for Conservation of 
Nature (IUCN), and to provide suggestions for future no-take areas in Swedish marine waters. 
The purpose is also to develop a new method for using geographical data in marine planning. 
The backbone of the thesis rests on a scientific literature review that investigates what 
management tools and conditions that are needed for an MPA to be an effective measure in 
protecting and preserving ecological values. Further, current stresses on vulnerable ecosystem 
and the ecological effects of existing fishing legislation in Swedish marine areas is construed. 
The method is based on ecosystem-based management (EBM) method and includes economic 
fishing value in order to include social resilience which often is overlooked in studies of no-
take MPAs. 

The analysis was conducted in ArcGIS and is based on existing as well as produced data that 
describes the geographic extent of MPAs, sensitive ecosystems, fishing regulations and 
fishing value in Swedish marine waters. Due to a lack of geographic data large parts of the 
input data have been produced for the sake of the analysis. The results of the analysis are 
presented in maps and tables and show that Sweden does not achieve the target of 30% no-
take area in MPA. Further, the analysis resulted in a number of proposed no-take areas in the 
Baltic Sea and Gulf of Bothnia. The proposed no-take areas are located within existing MPAs 
and are comprised by vulnerable ecosystems in which trawling is currently legally approved, 
but in which each trawling event connote low economic profit. However, the proposed no-
take areas will not be enough to reach the IUCN-goal. The results also show that the method 
is useful for analysing future no-take areas. 

 

Sammanfattning 

Syftet med denna studie är att undersöka om Sverige når målet om 30% fredade områden 
inom marina skyddsområden (MPA) satt av International Union for Conservation of Nature 
(IUCN). Samt att ge förslag på framtida fredade områden i svenskt marint vatten. Syftet är 
också att utveckla en ny metod för användning av geografiska data i marin planering. 
Uppsatsen bygger på en vetenskaplig litteraturöversikt som undersöker vilka verktyg och 
villkor som krävs för att MPA ska vara en effektiv åtgärd för att skydda och bevara 
ekologiska värden. Vidare tolkas nuvarande påfrestningar på sårbara ekosystem och de 
ekologiska effekterna av befintlig fiskelagstiftning i svenskt marint vatten. Metoden är 
baserad på ekosystembaserad förvaltningsmetod (EBM) och inkluderar ekonomiskt 
fiskevärde i syfte att ta hänsyn till social motståndskraft, vilket ofta förbises i studier av 
fredade områden inom MPA. 

Analysen genomfördes i ArcGIS och baseras på både nedladdade och producerade data som 
beskriver den geografiska omfattningen av MPA, känsliga ekosystem, fiskeregler och 
fiskevärde i svenskt marint vatten. På grund av en brist i tillgängliga geografiska data har 
stora delar av ingångsdata producerats för studien skull. Resultaten av analysen presenteras i 
kartor och tabeller och visar att Sverige inte uppnår målet om 30% fredade områden i MPA. 
Vidare resulterade analysen i ett antal föreslagna fredade områden i Baltikum och 
Bottenviken. De föreslagna fredade områdena finns inom befintliga MPA och består av 
sårbara ekosystem där trålning för närvarande är lagligt, men där varje trålningsevenemang 
medför låg ekonomisk vinst. Dock är inte föreslagna fredade områden tillräckliga för att 
IUCN-målet ska uppnås. Resultatet visar även att metoden är användbar för analys av 
framtida fredade områden.  
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Abbreviations and acronyms 

CBD - Convention for Biological Diversity   

EBM – Ecosystem based management 

FSA- Fish spawning aggregation 

HaV – Swedish Maritime and Water Authority (Havs- och vattenmyndigheten) 

HELCOM – Baltic Marine Environment Protection Commission 

ICES – International council for the exploration of the sea 

IUCN – International Union for Conservation of Nature 

MPA – Marine Protected Areas 

MSFD - Marine Strategy Framework Directive  

NEAFC - North-East Atlantic Fisheries Commissions  

OSPAR – Regional convention on protection of the environment in the northeast Atlantic 

VME – Vulnerable marine ecosystems 
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1. Introduction 
Destructive and disturbing anthropogenic activities, as well as climatic changes cause harm to 
vulnerable marine habitats and decrease biodiversity of the world’s marine waters (Lagasse et 
al., 2015; Havs och vattenmyndigheten, 2015). Marine protected areas (MPAs) are areas 
where environmentally destructive or disturbing activities are restricted to a higher or lower 
degree. Therefore, the use of MPAs can be effective tools to preserve and restore vulnerable 
marine habitats and biodiversity. MPAs can also act as natural measures for climate 
mitigation and adaptation (Gaines et al., 2010; Fogarty & Botsford, 2007; IUCN-WCPA, 
2008; Jones et al., 2015), as healthy vegetated seafloor habitats can be good carbon sinks and 
at the same time contribute to reduced erosion and enhanced resilience against disturbances in 
the local ecosystems (IUCN, 2017). However, most MPAs are implemented to protect 
specific species or habitats (Botsford et al., 2003; IUCN-WCPA, 2008; Havs- och 
vattenmyndigheten, 2016a), but very few are implemented with the aim to protect seafloor 
habitats from an ecosystem perspective (Havs- och vattenmyndigheten, 2016a).  

The Aichi target number 11 in the United Nations (UN) Convention for Biological Diversity 
(CBD) set the aim that 10% of the worlds coast and marine areas should be protected by 2020 
(CBD, 2019). Moreover, the EU directive, Marine Strategy Framework Directive (MSFD) 
(Directive 2008/56/EC) implemented in Swedish law through Havsmiljöförodningen 
(Havsmiljöförordningen, SFS 2010:1341), aim to use geographic protection tools to reach its 
goal of good environmental status in the marine environment. Both MSFD and the Aichi 
target mention the importance of ecological coherence and representativity of the MPAs. The 
Aichi goal also emphasizes the importance of effective maintenance of these areas. In 2014 
the Swedish government decided upon new goals within the environmental-goals system with 
the aim to strengthen biological diversity and ecosystem services. One of the interim targets is 
area protection that covers 10% of Sweden's marine areas by 2020. This goal is already met 
with respect to the total areal of marine areas that are protected by law as MPAs (Havs och 
vattenmyndigheten, 2015; Havs- och vattenmyndigheten, 2019). However, according to 
reports from the Swedish Maritime and Water Authority, Havs- och vattenmyndigheten 
(HaV), "Measures to achieve the conservation objectives in marine protected areas - focus on 
fishing" (Havs- och vattenmyndigheten, 2014) and "Action program for the marine 
environment" (Havs- och vattenmyndigheten, 2015), the legal protection of MPAs in Swedish 
waters are often not enough, since MPAs are not necessarily protected from detrimental 
human activities such as fishing. Instead the level of protection varies greatly depending on 
the type and purpose of the MPA (Havs- och vattenmyndigheten, 2016a; Agary et al., 2011; 
Botsford et al., 2003). But since fishing can have a big negative impact on the marine 
environment it is in many cases necessary to regulate fishing or to determine parts of the 
protected area as a so-called "no-take area", hence an area where no fishing is allowed, in 
order for an MPA to achieve adequate protection (Lagasse et al., 2015; Costello & Ballantine, 
2015; Lester & Halpern, 2008; Naturvårdsverket, 2010). Such regulation can be introduced 
both within and outside MPAs through fishery legislation, as well as national and 
international fishery politics (Havs och vattenmyndigheten, 2015). The International Union 
for Conservation of Nature (IUCN) have also recognized this problem and have therefore 
stated a goal of 30% of the world's MPAs to be made up of no-take areas by 2030, in order to 
mitigate climate change and to contribute to increased ecological and environmental 
protection, as well as social resilience (IUCN, 2017). 

In this thesis, I have used existing knowledge of the effects of fishing regulations and MPAs 
on vulnerable ecosystems (VME), biodiversity, climate- and social resilience (Rogers, A. D. 
& Giannis, M., 2009; Lagasse et al., 2015; Green et al., 2014; Havs och vattenmyndigheten, 
2015) as a basis for a spatial analysis in ArcGIS. Data describing the geographic extent of 
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MPAs, VMEs, fishing regulations and fishing value was used to analyse the ecological 
coherence of fishing legislation and MPAs in Swedish marine areas. Further the data was used 
to analyse where fishing regulations can be the most effective tool to restore and preserve 
vulnerable ecosystems and biodiversity, and at the same time be a small cost to fisheries 
(Gaines et al., 2010; Green et al., 2014; Edgar et al., 2014). The results are presented as 
proposed no-take areas within the Swedish marine area. 

 

1.1. Aim and research questions 

The purpose of this thesis is to give a broad background of MPA in Swedish marine areas by 
presenting valuable ecosystems of certain preservation values, existing protection and fishing 
legislation. Challenges of MPAs, both from a threats of climate change to a political and 
legislation point of view are also investigated and accounted for. The main emphasis is set on 
fisheries, aiming to investigate whether IUCN's goal of 30% no-take areas in MPAs is 
fulfilled within Swedish borders in the given time frame. Another aim is to present a 
framework that could be implemented when deciding on future no-take areas. These aims will 
be reached by answering following research questions: 

1.  At present day, to what extent are no-take areas a part of Swedish marine protected areas? 
This question will be addressed by an extensive literature review based on reports and 
scientific publications together with a spatial analysis in ArcGIS. 

2. In a future perspective, which existing marine protected areas could be suitable no-take-
areas? 

A detailed GIS-analysis taking existing MPAs, vulnerable ecosystems, fishing 
legislation and fishing value into account will be the basis to target this question. 
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2. Background 

2.1. Marine Protected Area (MPA) 
The World Conservation Union (IUCN) defines MPAs as “A clearly defined geographical 
space, recognized, dedicated and managed, through legal or other effective means, to achieve 
the long-term conservation of nature with associated ecosystem services and cultural values” 
(IUCN, 2017). Effective MPAs can be a way to protect ecosystems, keeping the marine 
resources productive and healthy and at the same time keeping in mind the societal needs for 
using the marine resources for economic purposes as well as for leisure activities. In fact, 
effective MPAs does not only protect the local ecosystem but may increase biomass, body 
size and diversity of fish and in turn catch rates in surrounding areas due to spill over of adults 
and export of larvae and eggs from protected sites (Jones et al., 2015; Green et al., 2014; 
IUCN-WCPA, 2008; Botsford et al., 2003; Fogarty & Botsford, 2007). The areas may also be 
used for educational purposes as well as for recreation (Naturvårdsverket, 2007). MPAs are 
also a way to ensure that areas with a large genetic variation and sensitive habitats are 
protected and preserved, to maintain healthy populations of key species and in turn increase 
resilience of the marine ecosystem in the face of disturbances and climatic changes (IUCN-
WCPA, 2008; Fogarty & Botsford, 2007). As a measure to increase resilience and also to 
protect threatened or sensitive areas the number of MPAs are increasing worldwide (Fogarty 
& Botsford, 2007), also partly due to the Aichi target of 10% protection of the worlds Marine 
areas (CBD, 2019). However, it is important to remember that for a reserve to reach its goal 
the habitats function and ecological structure needs to be preserved, making planning and 
managing of the MPA crucial for its success (Allison et al., 2003). 

2.1.1. MPAs in Sweden 
Havsmiljöförordningen is a result of EU:s MSFD and its goal is to maintain good 
environmental status in the marine environment. As a part of the directive are action programs 
focusing on how this goal should be reached. One such action is geographic protection 
measures focusing on creating representative and coherent MPA-networks (Havs- och 
vattenmyndigheten, 2016b). HaV agreed on six types of geographic protection types that 
qualify as MPAs and which are recognized to fall within the frames of international and 
regional agreements. The identified MPAs are: nature reserves, national parks, conservation 
areas, Natura 2000, HELCOM- and OSPAR areas that have goals and maintenance plans 
aiming to protect marine environments (Havs- och vattenmyndigheten, 2016b; Havs- och 
vattenmyndigheten, 2019). Responsibilities and roles in connection to site protection is 
defined in the regulation of site protection (SFS 1998:1252) and chapter 7 in the Swedish 
Environmental Code, Miljöbalken, (SFS 1998:808). The government decide upon MPAs that 
are part of international co-operations, e.g. Natura 2000, HELCOM, OSPAR and areas within 
the economic zone, while it is the county administration and to some extent local 
municipalities, that establishes national parks, nature reserves and conservation areas in the 
territorial sea and coastal areas (Havs- och vattenmyndigheten, 2016b). 

It is mainly the county administration that manages and are responsible to follow up on the 
conservation values of MPAs within its geographic area. Nature reserves or conservation 
areas that have been established by the local municipality is also managed and by that same 
municipality. The Swedish Environmental Protection Agency, Naturvårdsverket, has a 
general responsibility for site protection together with HaV who supports the work with 
protected areas in marine environments. These authorities handle economic resources and 
provide support and guidance to county administrations and municipalities. Moreover, the 
Swedish Board of Agriculture, Jordbruksverket, is responsible for the Program of Sea and 
Fishery, Havs- och fiskeriprogrammet, which also has resources intended for the work with 
site protection (Havs- och vattenmyndigheten, 2016b).  
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It is difficult to assess the ecological representativity, coherence and effectiveness of the 
Swedish MPAs today as there is little to no follow up on either maintenance plans or if 
preservation goals will be achieved (Havs- och vattenmyndigheten, 2016a). Although, it is 
known that many of the existing MPAs does not have enough management or plans of action 
for preservation (Havs och vattenmyndigheten, 2015). One reason for this is that conservation 
values are often not well defined which makes it difficult for the responsible agency to decide 
upon suitable measures and plans of action in order to live up to the conservation values. This 
also hinders follow up and evaluation of taken measures and the effectiveness of an MPA 
(Havs- och vattenmyndigheten, 2016a).  

2.1.2. Planning and design of an MPA 
In order for an MPA to be an effective protection or preservation tool and in order for it to 
reach the preservation goals that are set up, other management tools such as fisheries 
management and marine spatial planning needs to be used in conjunction with MPAs (IUCN-
WCPA, 2008). This is necessary in order to minimize human activities that can have negative 
effects on the values that the MPA is set up to preserve (Allison et al., 2003; Jones et al., 
2015). For that reason MPAs often have rules that describes what activities are allowed within 
the area  However, these rules only inhibit activities that would have influence on the species 
or habitats that the protected area is set to preserve (Havs- och vattenmyndigheten, 2016a). 
Therefore fishing is not necessarily regulated within MPAs (Havs och vattenmyndigheten, 
2015) and the purposes, goals and regulations of MPAs can vary greatly depending on what 
they are set to protect or preserve, as well as on what law the MPA relies on (Havs- och 
vattenmyndigheten, 2016a). Further, the constitution of an MPA might not be directly 
beneficial to a habitat if, for example, the largest threats to a habitat is long-range pollution or 
climate change, since an MPA does not hinder these disturbances from damaging the local 
habitat (Jones et al., 2015). However, a network of MPAs might increase the resilience of a 
habitat on a regional scale (Agary et al., 2011).  

MPAs are often set out to preserve biodiversity, to protect a certain sensitive habitat, to 
maximize fisheries or to increase resilience. Depending on the purpose of the MPA the design 
and management tools needed to reach the goals of the reserve can differ widely, as an MPA 
set out to preserve biodiversity does not necessarily increase catch rates and the other way 
around (IUCN-WCPA, 2008; Botsford et al., 2003). Careful consideration of the main goals 
of the reserve is therefore necessary in the process of designing an MPA. Not only the 
legislation, management and management plans have impact on the effectiveness of an MPA, 
the size and placement also have an impact. For an MPA to be an effective protection tool it 
needs to cover a large enough area of the habitat for its populations to be self-sustaining. As 
this is hard to estimate and since there is not sufficient knowledge for such analyses to be 
easily incorporated into MPA-planning, connectivity between MPAs and their surrounding 
needs to be incorporated into planning (Green et al., 2014; Jones et al., 2015). The 
recommended size of a protected area also depends on the aim of the MPA, as well as on  
fishing pressure and other degrading activities in and surrounding the habitat (Green et al., 
2014; Botsford et al., 2003; Jones et al., 2015; Agary et al., 2011). If the aim of the reserve is 
to increase resilience and preserve biodiversity a medium to large reserve of 4-20 km across is 
most suitable. Whereas a smaller reserve of 0.5-1 km across could be sufficient if the goal is 
to maximize catch for fisheries. Fishing pressure also increases the necessary area of 
protection (Green et al., 2014; Jones et al., 2015). To maximize gain for resilience, 
biodiversity and fisheries all at once, at least 20-40% of a habitat needs to be protected (Green 
et al., 2014), while the minimum level of protection for a habitat recommended by the IUCN 
is 20-30% (IUCN-WCPA, 2008). HaV (2015) reached the conclusion that it is better to have 
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larger MPAs chosen with care so that they together create ecological coherence and 
representativity (Havs och vattenmyndigheten, 2015). 

The recommended spacing between reserves is also impacted by their size, as large reserves 
are self-sustaining to a higher degree and creates more fish larvae and fish eggs, the space 
between such large reserves can be larger than between smaller reserves (Jones et al., 2015; 
Botsford et al., 2003). Further, to increase resilience, a minimum of three examples of a 
habitat type should be protected by MPAs. These protected habitats should also have enough 
spacing between them to ensure that a disturbance event, such as an oil spill or storm will not 
harm all the protected habitats (Green et al., 2014). 

Effective MPAs does not only protect the values that they are set out to protect and preserve, 
they also create better prerequisites for these values and the surrounding environment to 
handle disturbances such as climate change (Havs- och vattenmyndigheten, 2016a). 
Nevertheless, the health and management of areas adjacent to an MPA also affects the 
effectiveness of the MPA (IUCN-WCPA, 2008; Agary et al., 2011). For example, detrimental 
fishing close to the reserve can offset the positive effects within an MPA through disturbances 
in the ecosystem and export of suspended particles (Jones et al., 2015; Cabanellas-Reboredo 
et al., 2017). Therefore, ICES also advices a buffer zone around MPAs and areas of fishing 
regulations at a size 2-3 times the depth, partly due to the uncertainty of the location of trawls 
when they are dragged behind the boat. A study in Kosterhavet (Skagerrak) found that a 
buffer zone of 300 meters is effective as protection against resuspended particles, if the 
sediment is made up of particles larger than 0,05 mm. If the particles are smaller than 0,05 
mm (e.g. silt and clay) the buffer zone needs to be even larger (Sköld et al., 2018). A study by 
Allison et al. (2003) also suggest that an insurance factor should be included. Meaning that the 
size of an MPA should be further increased by two estimates: disturbance and recovery rate, 
as an insurance against catastrophes such as oil spills or storms. In addition, necessary for an 
MPA to be effective is long-term protection (Allison et al., 2003), the area should be 
permanently protected for at least 20-40 years for a habitat to be able to recover and become 
resilient (Green et al., 2014).  

The problem with management and follow-up is not specific for Sweden. A common problem 
lies within either legal or illegal fishing, lack of ecological representation and coherence and 
in the MPAs being too small or open to sustain a properly protected ecosystem (Edgar et al., 
2014; Agary et al., 2011). Edgar et al. (2014) showed that the conservation effects of an MPA 
increase if it fulfils at least four, but preferably five key features: no-take, well enforced, older 
than 10 years, larger than 100 km2 and isolated by deep water or sand. The importance of 
sufficient size of the protected areas is further emphasized by Novaczek et al. (2017), where 
the conservation effectiveness of regional marine biodiversity in a small MPA showed to be 
low.  

2.1.3. MPA-networks  
According to IUCN-WCPA (2008) an MPA network can be defined as “a collection of 
individual MPAs or reserves operating cooperatively and synergistically, at various spatial 
scales, and with a range of protection levels that are designed to meet objectives that a single 
reserve cannot achieve”. In short, MPA networks are a series of single networks that are 
ecologically connected (Green et al., 2014), to protect as much of the regional biodiversity as 
possible such networks should include representative habitats within an geographic area 
(Jones et al., 2015) and include three or more of one habitat type in order to achieve resilience 
(Green et al., 2014).  
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2.1.4. Ecosystem based management approach 
Ecosystem based management (EBM) approach considers if not all then several species and 
their functions within the food-web and the ecosystem. An EBM-approach accounts for 
accumulative impacts of a change in composition or the disturbance of one species, that by 
itself would not necessarily be a reason for concern. This includes human behaviour and 
activities, as humans are a part of the ecosystem (Ansong et. al., 2017). A properly planned 
MPA-network, that protects a large part of the regional biodiversity and considers migration 
and processes within a habitat is a type of EBM-approach. For an MPA-network to be 
efficient the linkages considered within an EBM-approach needs to be addressed and 
considered in the planning of geographic placement, size, distance and management of MPAs 
(IUCN-WCPA, 2008; Agary et al., 2011). 

2.1.5. MPA and climate change 
Climatic changes are threatening habitats around the world of going into irreversible change. 
A non-resilient system is at higher risk of such changes, either due to long term climatic 
changes or due to more sudden catastrophes such as storms (Allison et al., 2003; IPCC, 2018). 
A resilient system on the other hand is more likely to be able to withstand such stresses. It 
should be noted that when talking about a resilient system it includes the systems socio-
ecological ability to adapt to change. Hence, the ability of a society to adapt to ecological 
changes and vice-versa (IUCN-WCPA, 2008). Another way to increase climatic resilience is 
to identify and protect areas that are likely to withstand such changes, so called climate 
change refugia’s. These areas can be identified by looking at areas that have withstood similar 
changes in the past (Allison et al., 2003; Green et al., 2014). These climate change refugia’s 
can be essential for preserving biodiversity and at the same time be of benefit to e.g. fisheries 
in the future in the face of climatic changes (Green et al., 2014). 

2.1.6. Different types of MPAs 

2.1.6.1. Nature reserves 
Nature reserves are created and managed by the county administration or the local 
municipality (Havs och vattenmyndigheten, 2015). Nature reserves are created for the sake of 
certain values, which are described in the reserve’s purposes. These values can be of both 
biological and recreational purposes. The values are the base for the geographic delimitation 
as well as the local regulations of the reserve (Naturvårdsverket, 2007).  

2.1.6.2. Natura 2000 
Natura 2000 is part of the EU-network of protected areas that cover terrestrial as well as 
limnic, brackish and marine environments. Natura 2000 has support in two EU-directives: the 
bird directive (SPA) (2009/147/EC) and the habitat directive (SCI) (92/43/EEC) and it is 
implemented in Swedish law with support in the Swedish Environmental Code (SFS 
1998:808). The aim of the EU-network of protected areas is to strengthen the conservation of 
biodiversity and to make sure that all countries within the EU takes responsibility in 
protecting its own natural resources and natural heritage (Mézard et al., 2008). Natura 2000 
areas are created to achieve or preserve favourable preservation status for specific species 
and/or habitats within a geographic area. The areas have preservation plans that describes the 
area as well as how it should be maintained. A problem with these preservation plans is that 
they are not legally binding, meaning that the landowner does not have to follow it 
(Naturvårdsverket, 2007). The purpose of a Natura 2000 area must be set in line with the 
directive on which it is based, hence Natura 2000 areas based on the SPA must be set to 
preserve certain bird species or habitats of importance for birds only. A problem with Natura 
2000 is that even though they make up quite many protected areas, the majority of these aim 
to preserve areas close to the coast as well as birds or mammals while the deep seas habitats 
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and inhabitants is largely overseen (Havs- och vattenmyndigheten, 2016a). Moreover, it is 
rare that the purpose of Natura 2000 areas is to protect fish or habitats that are important for 
juvenile fish. It is also uncommon with fishing regulations within Natura 2000 areas (Havs 
och vattenmyndigheten, 2015). For these reasons, Natura 2000 areas have proven to be 
ineffective in preserving habitats that are of importance for fish (Svedäng, 2003). 

2.1.6.3. National park 
National parks are created to preserve representative types of landscapes and environments 
that are important for recreation and experiences in nature. The land and water within a 
National park are owned by the state, which gives a robust protection for the defined values 
within the park. However, there is only one marine national park in Swedish waters. The 
name of the marine national park is Kosterhavet national park and it is located in the 
Skagerrak sea (Naturvårdsverket, 2007). 

2.1.6.4. HELCOM 
HELCOM is a network of coastal and marine protected areas within the Baltic Sea (Havs- och 
vattenmyndigheten, 2016a), part of a regional collaboration among countries surrounding the 
Baltic Sea. The collaboration has amongst others led to goals for reduced emissions (Havs och 
vattenmyndigheten, 2015).The HELCOM MPAs does not reach the Aichi goal 11 concerning 
maintenance effectiveness due to a lack in maintenance plans and follow-up. Many HELCOM 
MPAs do not have any maintenance plans or any formal protection, which gives them a lower 
protection status than other MPAs (Havs- och vattenmyndigheten, 2016a). 

2.1.6.5. OSPAR 
OSPAR is a convention formed between fifteen governments within the EU, working to 
protect and conserve the marine environments of the North East Atlantic. The convention 
covers five regions in the North East Atlantic of which the North Sea is one, the region is also 
called OSPAR region II (Havs- och vattenmyndigheten, 2016a). As in the case with 
HELCOM, OSPAR is a collaboration between countries with coastal areas. The convention 
conducts assessments of the status of the marine environment and have for instance led to the 
implementation of MPAs, as well as of goals for reduced emissions (Havs och 
vattenmyndigheten, 2015).There is lack of information concerning what types of habitats and 
species that are covered by the OSPAR network of protected areas, as well of the maintenance 
effectiveness (Havs- och vattenmyndigheten, 2016a). 

 

2.2. Vulnerable marine ecosystems 
There are descriptors within Havsmiljöförordningen (SFS:1341) that are referred to when 
protected areas are constituted. Two of these are especially addressed when MPAs are 
concerned: descriptor 1 biodiversity conservation, and descriptor 6 seabed integrity 
(Havsmiljöförordningen, SFS 2010:1341). Further, Havsmiljöförordningen makes it possible 
to protect species and habitats that are not listed in the habitat directive (92/43/EEC), in order 
to create an ecologically representative network of MPAs, as is the goal of the directive. 
Protected areas set up to protect certain species or habitats may also protect other species or 
habitats that are or seem underrepresented within the representative network. For example, 
parts of previous years contribution to Swedish MPA have been Natura 2000 areas with 
purpose to protect porpoises, these have in turn also contributed to the protection of certain 
seabirds as well as deep soft bottoms (Havs- och vattenmyndigheten, 2016b). 

Bottom substrate and depth are often used as indicators of habitat types and species 
composition of a geographic area, however, it is not a fault-less method (Havs- och 
vattenmyndigheten, 2016b; Novaczek et al., 2017). Therefore, an assessment of what areas 
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should be protected in order to achieve an ecological representativity and coherence cannot be 
based solely on sea bottom substrate but need also include biological values (Havs- och 
vattenmyndigheten, 2016b).  

2.2.1. Categories of sea bottom 
According to the Geological Survey of Sweden (SGU), sea bottom substrates in Swedish 
waters can be divided into five categories: “slab”, “pebbles and blocks”, “sand and gravel”, 
“fine sand” and “soft clay” (Havs- och vattenmyndigheten, 2016a). Among these “slab” and 
“pebbles and blocks” can be considered to be hardbottom substrates (Sköld et al., 2018). 
Further, these categories can be divided into photic and non-photic or shallow and deep 
bottoms. The depth of the photic zone varies but is defined as the depth at which one percent 
of the surfaces solar radiation reaches, irradiances that are considered sufficient to support 
photosynthesis. Deep bottoms are characterized by not only a lack of solar radiation, but also 
by low water velocity and more stable temperatures and salinity, compared to shallow 
bottoms (Leonardsson et al, 2016). 

Deep soft bottoms are a habitat of great importance for its ecosystem services, but still is 
underrepresented within the Natura 2000 habitats. An analysis by HaV (2016a), on the 
representation of different sea bottom substrates within Swedish MPAs, showed that all 
substrates are represented in the three big areas of Sweden’s territorial sea and economic 
zone; Västerhavet, the Baltic sea and the Gulf of Bothnia. Though there are some differences 
regarding the representation of depth, as deep-sea bottoms are protected to a lesser degree 
than shallow sea bottoms. There is also an overrepresentation of hard bottom’s in comparison 
to soft bottoms (Havs- och vattenmyndigheten, 2016b). In general, deep bottoms can be 
considered more sensitive than shallow bottoms, since shallow bottoms are naturally more 
adapted to disturbances (from waves, tides, animals, etc.). According to M. Sköld (personal 
communication 2019-04-11). This low amount of disturbance also allows for sedimentation of 
fine particles.  

The animals living within softbottom substrates are divided into infauna and epifauna. Infauna 
lives within the sediments (e.g. shells, crustaceans & clams), while epifauna lives upon or 
near the bottom substrate (e.g. shrimps, crabs & fish). While the epifauna is what we most 
often see and think of when considering animals on or in the soft bottom substrates, the 
biomass and bioproduction of infauna is ten times bigger (Nordiska ministerrådet, 2001). 
Spawning and early life stages of fish are connected to shallow habitats covered with 
vegetation or epifauna, either hard bottom substrates with cold water corals or seaweed, or 
soft bottom substrates with seagrass (Länsstyrelsen Västra Götaland, 2017; Havs och 
vattenmyndigheten, 2015). These shallow bays, often 0-10 meters deep are of critical 
importance for the whole coast. These areas are important parts of the ecosystem, as spawning 
area and nursery for fish, crabs and crustaceans, as well as food source for birds and larger 
fishes. In the end almost 80 % of the value of commercially caught fish originate from these 
shallow bays (Havs och vattenmyndigheten, 2015). However, according to M. Sköld 
(personal communication 2019-04-11) some of the most sensitive organisms are found at 
deep hardbottom substrates, for example sponges and cold-water corals. 

The division of bottom substrates is not enough to consider the effects of disturbance on a 
habitat, for an analysis to be more accurate organism community’s must be included in the 
bottom substrates, as they constitute a carpet or its own substrate, upon the bottom substrate 
(Havs- och vattenmyndigheten, 2016b). 

2.2.2. Submerged aquatic vegetation 
Seagrasses (Zostera marina) are the only vascular plants in marine environments, however, in 
brackish and freshwater conditions such as the Gulf of Bothnia seagrasses are substituted by 
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other vascular plants with similar functions. Seagrasses are prioritized habitats among shallow 
coastal areas within both HELCOM and OSPAR and these habitats have very high primary- 
and secondary production (Havs och vattenmyndigheten, 2015). Through photosynthesis, 
seagrasses fix vast amount of atmospheric carbon dioxide and produces oxygen oxidising the 
water column as well as the underlying sediments. The roots of the seagrasses stabilize 
sediments which prevent erosion and together with the upper plant tissue creates calm 
conditions where sedimentation can occur. This help keep the water column clearer letting 
more light reach the seafloor (Moksnes & Cole, 2016). Seagrass also act as food source for 
herbivores and as a place to hide and live for small fish, crabs and crustaceans (Moksnes & 
Cole, 2016; Havs och vattenmyndigheten, 2015). Just as seagrass, seaweed create oxygen, 
lower water velocity and act as food source and living area for a range of marine organisms.  
Seaweed communities in Swedish waters mainly consists of different brown algae, as for 
instance different Fucoid species and Laminaria species (kelp). The seaweed has different 
distribution patterns mainly due to the salinity gradient of the Baltic Sea. Seaweed belts can 
be found in varying conditions, from protected lagoons to wave exposed areas and at varying 
depth (Bergström, 2015).  

According to M. Sköld (personal communication 2019-04-11) the sensitivity of an organism 
can be estimated by, for example, its life span and the time it takes for it to regrow. With that 
perspective and individual seagrass plant is less sensitive than for example a coral. But when 
considering a whole community, a seagrass community is as sensitive as a coral community 
since it takes as long for it to regrow or recover. Approximately 80% of the seagrass 
population in Skagerrak have been lost due to eutrophication, sedimentation and constructions 
of amongst other, harbours and piers since the 1980´s (Baden, et al, 2003; Nyqvist, et al, 
2009).  This is due to seagrasses requiring large amount of sunlight for photosynthesis, 
making them sensitive to processes that clouds the water or hinder sunlight from reaching the 
seafloor (Hemminga, M. A., 1998). 

2.2.3. Cold water corals 
Cold water corals are recognized as sensitive habitats or VMEs and there are several living 
areas for coral within the North East Atlantic Fisheries Commissions (NEAFC) area of 
regulation that are protected through fishing prohibition (Naturvårdsverket, 2010; Rogers, A. 
D. & Giannis, M., 2009). Coldwater corals have been found in Skagerrak and Kattegat, 
although the amount and geographic distribution in Swedish waters are not yet fully known. 
What is known is that corals live mainly in deep waters, due to their dependence on stable 
levels of high salinity and low water temperatures (Lagasse et al., 2015). Two types of corals 
are found in Swedish waters: eye corals (Lophelia pertusa, Swiftia pallida, Swiftia rosea and 
Anthothela grandiflora) and gorgonians (Rimnoa resedaeformis and Paramuricea placomus). 
Corals can live at depths of 200-1000 meters in the Atlantic Ocean (Hebbeln et al, 2019), and 
create seamounts that can reach up to 100 meters from the seafloor. The build-up of coral 
reefs and seamounts can take up to 10 000 years (IUCN-WCPA, 2008). Both eye corals and 
gorgonians have an important role in the ecosystem of deep-sea bottoms, as they create 
structures on the seafloor which allows for other species to seek shelter and find food, as well 
as lowering water velocity allowing for sediment deposition. Coral reefs or seamounts are 
home to a wide range of endemic species and are generally known to have a high biodiversity 
(IUCN-WCPA, 2008; Hebbeln et al, 2019). 

Coral reefs are negatively impacted by anthropogenic activities, for instance, one event of 
bottom trawling can kill an entire coral reef. Their physical attributes; stuck to the ocean floor 
and often rather stiff construction, being long-lived and slow in procreation makes them 
sensitive to the direct impact of the bottom trawl (Naturvårdsverket, 2010). Side effects of 
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fishing and other anthropogenic activities also cause harm to the coral reefs, for example 
silting and clouding of the water, pollution and CO2 emissions that erodes calcium structures 
and causes ocean acidification (Hughes et al., 2006; IUCN-WCPA, 2008; Herr et al, 2014). 
Since many corals are built up of calcium carbonate, they are sensitive to changes in the pH-
levels of the sea water. A lowered pH-level results in less carbonate being available for 
calcification as well as a lowered saturation rate of calcium, which in turn enhances 
dissolution of the calcium structure (Herr et al, 2014). Moreover, increasing temperatures may 
have negative impact on coral reefs as the reefs are unable to move northward to stay in areas 
with tolerated temperatures (Hebbeln et al, 2019). Increasing amounts of algal blooms due to 
climatic changes also have a negative impact on corals, as increasing algal blooms caused by 
eutrophication hinders light penetration and creates anoxic conditions (IUCN-WCPA, 2008; 
Lagasse et al., 2015). Overfishing may also be detrimental to corals, as a lack of herbivorous 
fish results in excessive phytoplankton loads and overgrowth by opportunistic seaweed 
species (Hughes et al., 2006). 

2.2.4. Sponges 
Sponges are animals that live attached to the ocean floor (Lagasse et al., 2015). Their bodies 
consist of a gelatinous matrix, mesohyl, situated between two thin layers of cells. The 
mesohyl can be reinforced by various materials, silica is included in most sponges, calcareous 
sponges use calcium carbonate and demosponges reinforce their mesohyl with fibre from 
spongin. Today, the geographic extension of sponges are not well known in Swedish waters 
(Lagasse et al., 2015), though they are generally found in environments with low physical 
disturbance and stable conditions (Klitgaard & Tendal, 2004). Worldwide, sponges can live in 
depths ranging from tidal zones down to 8 800 meters (Sarà, 2019). They grow slowly and it 
can take decades for sponges to reach the most commonly encountered sizes in the northern 
Atlantic (Klitgaard & Tendal, 2004).  

Coldwater sponges are important parts in the ecosystem of the ocean floor. Just as corals they 
act as food resources, as well as they provide protection from predators and strong water flow, 
which makes them suitable as nursery areas (Lagasse et al., 2015). Their structure also lower 
water velocity close to the ocean floor and thus has a positive impact on sedimentation at the 
same time as they hinder resuspension (Lagasse et al., 2015; Klitgaard & Tendal, 2004). Just 
like corals the ecosystem services of sponges are of value for fisheries, as food sources, 
protection and living areas for juvenile fish. However, due to some fishing practices these 
habitats are damaged and decreases in magnitude (Lagasse et al., 2015). Damaging fishing 
activities are both fishing for soft sponges and all types of dredging or trawling close or near 
the ocean floor, which either crushes or buries the sponges or give rise to resuspended 
materials that clog the sponges infiltration system (Lagasse et al., 2015; Klitgaard & Tendal, 
2004). Climatic changes may also have negative impact on sponges in Swedish waters 
(Klitgaard & Tendal, 2004).  

 

2.3. Fishing regulations 

The aim of MPAs often differ from the goals of Havsmiljöförordningen and the general 
fishery politics as fishery politics goals are not preservation, but rather sustainable use of sea 
areas (Sköld et al., 2018). However, regulation of fishing often has a positive impact on the 
values that the MPA is set to protect (Costello & Ballantine, 2015; Lester & Halpern, 2008), 
but if the regulated areas overlap with fishing areas this can bring negative effects on fisheries 
through reduced landings and by forcing fishing activities to move to new sites (Lester & 
Halpern, 2008; Lagasse et al., 2015). Moving fishing activities might in turn have negative 
effects on surrounding habitats and increase the fuel consumption (Lagasse et al., 2015). 
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Regulation of fishing within MPAs can be implemented with the help of article 11 in the 
regulation of fishing (Fiskeriverkets föreskrifter om fiske i Skagerak, Kattegatt och Östersjön, 
FIFS 2004:36) to hinder environmentally harmful impact (Havs och vattenmyndigheten, 
2015). The fact that fishing can be regulated through the fishery law makes it possible to 
regulate fishing in an MPA without changing the MPA-regulations. This means that fishing 
regulations can be changed relatively quickly, into either more restrictive or more generous 
fisheries regulations. Fishing regulation can also be implemented through the reserve 
regulations and with basis in the Swedish Environmental Code (SFS 1998:808). However, 
such regulations take longer time to implement (Naturvårdsverket, 2010). This leads to the 
recommendation that areas in need of permanent protection have fishing regulations 
implemented through the reserve regulations or the Swedish Environmental Code (SFS 
1998:808), whereas partial protection limited by either time or by fishing tools should be 
implemented with support in the fishery law (Havs- och vattenmyndigheten, 2016c; IUCN-
WCPA, 2008). 

Bottom trawling is a particularly harmful fishing method (further described in section 4.3.3) 
extensively used especially in Skagerrak and Kattegat where its strong negative impact on the 
bottom substrates and associated habitats, as well as overfishing is a growing problem (Havs 
och vattenmyndigheten, 2015). The problems of Skagerrak and Kattegat is not as large in the 
Baltic Sea and Gulf of Bothnia due to lower intensity of fishing and differences in the 
substrates and habitats in these areas (Havs och vattenmyndigheten, 2015). The destructive 
effects of bottom trawling are an international problem and as a result regulations on bottom 
trawling are being implemented both within and outside MPAs in order to protect sensitive 
benthic habitats and species (Lagasse et al., 2015). There is a trawl border 3-4 nautical miles 
outside of the Swedish coastline within which trawling is generally forbidden. However, 
exceptions from the general trawling prohibition are established though the fishery law 
(Fiskeriverkets föreskrifter om fiske i Skagerak, Kattegatt och Östersjön, FIFS 2004:36). 
Total prohibitions or regulations on trawling have also been implemented in some parts of 
Skagerrak and Kattegat through the fishery law (Fiskeriverkets föreskrifter om fiske i 
Skagerak, Kattegatt och Östersjön, FIFS 2004:36).  

There is increasing amount of focus on fishing regulations within MPAs and inside the trawl 
border. Partly as an effect of increased knowledge, but also due to the IUCN goal of 30% no-
take by 2030 (IUCN, 2017) and a clarification from the EU-commission of the responsibilities 
of each country to look into the need of fishing regulations within Natura 2000 areas 
(Naturvårdsverket, 2010). Fishing regulations can be implemented inside the territorial water 
border with support of the Fishery law and the Swedish Environmental Code (SFS 1998:808). 
However, since there are common fisheries treaties with Finland, Denmark and Norway 
within the trawl border the common fisheries politics (GFP) must be considered. This means 
that the common fisheries politics is counselling outside of the territorial water border, even 
within the Swedish economic zone (EEZ). There are also EU-regulations for protection of 
geographic areas, for the formation of fishing tools and minimal catch size of fish 
(Naturvårdsverket, 2010). 

2.3.1. No-take areas 
Even though fishing is restricted, it is still allowed to some extent in 94% of the worlds MPAs 
(Costello & Ballantine, 2015) and only 0,1% of the worlds marine areas are fully protected 
from fishing (Aburto-Oropeza et al., 2011). Fishing free areas or so called “no-take areas” are 
areas where no fishing is allowed, this is the strongest level of protection from fishing an area 
can have (IUCN-WCPA, 2008). Although there are many types of fishing regulations in the 
Swedish fishery law, there are no proper no-take areas. The law includes protected areas 
which are similar to no-take areas, but generally these regulations still allow for some fishing 
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such as rod fishing from small boats or land (Fiskeriverkets föreskrifter om fiske i Skagerak, 
Kattegatt och Östersjön, FIFS 2004:36). In proper no-take areas however not even this type of 
fishing is allowed. For simplicity however, in this thesis all protected areas in Swedish waters 
will be referred to as no-take areas. The most common reason for the installation of no-take 
areas have been to increase fish populations and genetic variability as well as variance in fish 
size. Only as a secondary effect other environmental values have been considered 
(Naturvårdsverket, 2010). Since no-take areas and other types of strict regulations on fishing 
are effective ways to protect and recover sensitive habitats and species, they can also act as 
basis when assessing the effectiveness of the management tools or the overall state of habitats 
or geographic areas (IUCN-WCPA, 2008; Costello & Ballantine, 2015; Lester & Halpern, 
2008).  

No-take MPAs are protected and preserved from most if not all disturbing anthropogenic 
activities. Such areas and regulations are often set with the objective to preserve ecosystem 
functions, instead of increasing fisheries yields or catch rates (Fogarty & Botsford, 2007). 
However, several studies have shown that no-take areas within MPAs are not only more 
effective in reaching the conservation goals, but also to increase both biodiversity and fish 
biomass compared to MPAs with less restricted fishing (Edgar et al., 2014; Hughes et al., 
2006; Bergström et al., 2019; Vandeperre et al., 2010; Mumby et al., 2006; Aburto-Oropeza et 
al., 2011; Lester & Halpern, 2008). The increase in fish biomass within the MPA have also 
been shown to increase fish yields outside of the MPA or no-take area, due to eggs and larvae 
being exported from the protected area (Hughes et al., 2006; Vandeperre et al., 2010; Lester & 
Halpern, 2008) and juvenile as well as adult fish having a higher survival rate inside the 
MPA, which creates an spill-over effect into the surrounding areas (Hughes et al., 2006; 
Vandeperre et al., 2010; Aburto-Oropeza et al., 2011). A study of MPAs in southern Europe 
(Vandeperre et al., 2010) showed that the “catch per unit effort” (CUPE) increased for 
fisheries surrounding the MPA, with the positive effect showing clear connections to the age 
of the MPA. Botsford (2003) also found that no-take MPAs have the same effect on fishing 
yields as increased fish size and since there is more fish left to reproduce fishing yields also 
become less sensitive to increasing fishing effort. Further, a study by Bergström et al. (2018) 
in the Baltic sea showed a connection between fishing and eutrophication, meaning that 
longstanding no-take areas can be an effective measure to improve environmental status in 
areas suffering from eutrophication. The fact that no-take MPAs can bring positive effects for 
fisheries by increasing fish biomass, creating prerequisites for recovery of habitats and species 
as well as increasing catch rates can be a strong motivation for its implementation (Agary et 
al., 2011; IUCN-WCPA, 2008; Aburto-Oropeza et al., 2011). The positive environmental-, 
social- and economical effects of such reserves are however generally greater if the no-take 
areas are implemented as part of an EBM-approach and large enough to be self-sufficient in 
eggs and larvae (IUCN-WCPA, 2008). 

HaV (2016c) analysed no-take areas and concluded that they should be implemented within 
Swedish waters if they are the most effective way to reach the goals of a specific area, when 
other fishing regulations has been deemed to be insufficient. Further the report concludes that 
no-take areas should be considered as a tool in the work with implementing MPA networks 
and EBM administrations. The report also states that fishing legislation needs to be adapted to 
make it is easier to regulate fishing with the purpose of protecting environmental values. The 
Swedish Environmental Protection Agency, Naturvårdsverket, (2010) also concludes that 
there is limitation in the existing legislation and that no-take areas needs to be a part of the 
fishery law. Further they conclude that the possibilities to implement no-take areas within the 
EEZ is very limited. 
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2.3.2. Fishing  
Fishing devices can be divided into passive and active devices. Among the active fishing 
devices, the main groups are bottom trawl, beam trawl, Danish seine and scraper. Passive 
fishing devices are for instance fish nets, cages and hooks. Beam trawl is forbidden in the 
Baltic Sea, Skagerrak and Kattegat (Sköld et al., 2018) and therefore it is not further 
considered in this thesis. 

Areas of special economic value for fisheries are fish spawning aggregations (FSAs) and 
migratory corridors, areas adult fish move to and from prior and after spawning. FSAs and 
living areas for juvenile fish are important to protect in order to maintain sustainable fish 
populations (Erisman et al., 2017). As reproductive fish is concentrated in these areas, fishing 
in migratory corridors may lead to overfishing and depletion of the fish stocks (Green et al., 
2014). Due to overexploitation, eutrophication and pollution fish stocks in Swedish marine 
waters are decreasing and changing in its composition. Some local cod-stocks of Skagerrak 
and Kattegat have declined to the point of them being at risk of extinction (Almesjö & Limén, 
2009). In a global context 52% of fisheries stocks where fully exploited and 25% 
overexploited, depleted or in recovery in 2015 (IUCN-WCPA, 2008). Both globally and in 
Swedish waters large predatory fishes are among the most depleted species 
(International Programme on the State of the Ocean, 2009; IUCN-WCPA, 2008). 

2.3.2.1. Bottom trawl 
The average trawling intensity of bottom sediments in Skagerrak and Kattegat is 0.5-8.5 
times/year at sites with less than 200 meters depth, while deeper sites or sites close to shore 
are trawled less. Bottom trawl is the main method and substitutes up to 90% of the trawled 
fishing in Swedish marine areas. Skagerrak and Kattegat are amongst the most intensively 
bottom trawled areas in Europe (Sköld et al., 2018). The trawling set-up consists of a cone 
shaped net held apart by a trawl board that is towed right above or on the seafloor in a speed 
of 3-4 knot. The upper part of the net is held up by floating plastic buoys, while the bottom 
part of the net is held down with some type of weights (SFPO, 2019).  

The effect of a bottom trawl on the underlying seafloor depends on the construction of the 
trawl, how it is set up, the dragging speed along the bottom, as well as the composition of the 
ocean floor (Sköld et al., 2018; Jonsson, 2014). Heavy parts of the trawl board such as chains 
can penetrate as deep as 5 cm into the bottom substrate, leaving a dusty and unruffled ocean 
floor with little to no vegetation. The trawl also increases turbidity of the waters and cause 
blending and resuspension of sediment (Wikström et al., 2016; Bradshaw et al., 2012; Sköld 
et al., 2018). Resuspension of sediments may also cause spreading of environmental toxins 
and nutrient salts that is deposited on the ocean floor (Naturskyddsföreningen, 2016; 
Bradshaw et al., 2012). Further, resuspension prevent light penetration, reducing 
photosynthesis and the possibility of regrowth of marine vegetation (Wikström et al., 2016). 
Resuspended particles can travel far and cloud the waters of areas adjacent to the trawl 
activities, hence no-take MPAs can be negatively affected by resuspended particles deriving 
from nearby trawling areas (Jonsson, 2014). Changes to the construction of the trawl board 
can also lower negative effects of re-suspended particles, while restrictions such as 
prohibiting bottom trawl fishing during parts of the year can have positive effects on fish 
population (Wikström et al., 2016). The effects of bottom trawl also depend on the trawling 
intensity, as even though the greatest damage is caused by the first trawling occasion a higher 
intensity of trawling hinders recovery of the habitat. A study by Hugh et al. (2014) showed 
that 6% of the organic biomass of a site is lost in one trawling passage with a penetration 
depth of 2.4 cm, and that it takes 1.9-6.4 years for the biomass to be recovered by 50-95%. At 
the first trawling occasion the most sensitive organisms are damaged or removed, leaving 
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small and more resilient species (Sköld et al., 2018). This means that a onetime trawling event 
may destroy a habitat for many years to come and that continued trawl might entail habitats 
constituted by lower biomass with more short-lived and smaller organisms, as well as lower 
biodiversity and biomass (Sköld et al., 2018; IUCN-WCPA, 2008). 

Areas that are continually disturbed such as areas close to shore is less sensitive to the 
disturbance of a bottom trawl, as the organisms living in these areas are more resilient to 
heavy physical impact. Deep ocean floors and the organisms living there are very sensitive, as 
these areas are seldom disturbed (Sköld et al., 2018; Wikström et al., 2016). Further, soft 
sediments are sensitive and easily disturbed. The particles of fine sediments, such as silt and 
clay, are also prone to take long to re-settle compared to sand or gravel. The sediments that 
are most sensitive to disturbances such as bottom trawl are deep clay bottoms (Sköld et al., 
2018). Hard bottom substrate is less impacted by a bottom trawl than other substrates, 
although sensitive vegetation can be attached to the hard-bottom floor (Wikström et al., 
2016).  

Moreover, bottom trawling requires high fuel consumption (Sköld, 2018). For example, the 
fuel consumption per kg catch is four times higher when fishing Norway lobster (Nephrops 
norvegicus) with bottom trawl, compared to fishing with cages (Naturskyddsföreningen, 
2016). The huge fuel consumption is not as discouraging for fisheries as could be since fuel 
for fishing is tax-exempted in Sweden (Naturskyddsföreningen, 2016). Another negative 
aspect of bottom trawling is the often very big by-catch ratios, where a large portion is thrown 
back dead into the water (Sköld et al., 2018).  

Nevertheless, bottom trawl is also a very effective way of fishing. In a short period of time the 
fisheries can make huge catches with less manual effort than many other fishing methods 
(Sköld et al., 2018). There are other types of trawling used for fishing of roughly the same 
species that are a little less harmful to the habitats of the ocean floor, such as pelagic trawl and 
Danish seine (Sköld et al., 2018; Wikström et al., 2016; IUCN-WCPA, 2008). However, 
using less harmful but also less effective methods may not always be the better choice in 
either economic or environmental terms since it may require increased fishing intensity 
(Sköld et al., 2018).  

2.3.2.2. Pelagic trawl/Danish seine 
Pelagic trawl is similar in construction to the bottom trawl but instead of being dragged on the 
ocean floor it is dragged above it. Still, contact with the ocean floor is often required in order 
to increase the herding effect which is important for species that prefer to flee downwards 
towards the ocean floor, such as flatfish and cod (Gadhus morhua) (Sköld et al., 2018). 
Danish seine is also constructed as a net-cone, although it is much smaller than the ones used 
for bottom- and pelagic trawl. The net is set out one side at a time while the boat is moving in 
a drop-shape, the net is then reeled in while the boat is still (SFPO, 2019). Pelagic trawl is 
usually used for species that swim in pods or in areas when a species migrates in a narrower 
water body. It is used for fishing of cod and blue whiting (Micromesistius poutassou) in 
Skagerrak and Kattegat. Danish seine on the other hand is only effective for species that can 
be herded (Sköld et al., 2018) such as flat fish and cod. Both pelagic trawl and Danish seine 
does nearly no harm to the ocean floor, since it does not touch it. Furthermore, the by-catch of 
pelagic trawl is 50-70% lower than for bottom trawling. Since both pelagic trawl and Danish 
seine have no bottom contact the fuel consumption decreases, compared to bottom trawl. The 
negative side of both Danish seine and pelagic trawl is the loss in effectiveness catching 
species, which requires an increased fishing intensity compared to bottom trawling. However, 
shrimp and crustaceans are as effectively fished by pelagic trawl as with bottom trawl (Sköld 
et al., 2018).  
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2.3.2.3. Net, cages and garn 
Nets and cages are passive fishing tools that can come in many shapes and sizes depending on 
the desired catch. Nets can be stretched on lines attached to buoys, while cages and garn are 
left either on the ocean floor or at varying depths in the ocean. Both nets, cages and garn are 
then collected and emptied before they are put out again. At the moment it is possible to use 
nets for catching salmon and whitefish, although a method for fishing cod is currently under 
development. Cages on the other hand is the major fishing method for lobster. Garn can be 
used for wide range of species, but the use of garn requires more labour and renders lower 
catch rates compared to both trawling or nets. One of the reasons for why garn is an 
ineffective fishing method is seals that prey on the fish that has been caught on the garn 
(Sköld et al., 2018).  

The impact on the ocean floor from fishing with nets, cages and garn is diminishingly small. 
Nonetheless, fuel is consumed for the travelling distance between fishing sites and the 
harbour, but these travels generally renders lower fuel consumption than all types of trawl 
(Sköld et al., 2018).  
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3. Method and Materials  
3.1. Data 

The GIS-analysis is based on data from Lantmäteriet (Lantmäteriet, 2019), HaV (Havs- och 
vattenmyndigheten, 2019), SGU (SGU, 2019), County administrative boards 
(Länsstyrelserna, 2019), the Swedish Environmental Protection Agency (Naturvårdsverket, 
2019), the Swedish Maritime Administration (Sjöfartsverket, 2019) and HELCOM 
(HELCOM, 2019). Reports from HaV, County Administrative Boards and the Swedish 
University of Agricultural Sciences (SLU) form the basis of the literature analysis and 
background. Existing surveys on the marine protection areas' ecosystem services is also used. 
An Excel-sheet with up-to-date data on Swedish MPAs was received from HaV (Havs- och 
vattenmyndigheten, 2019). 

The GIS-analysis consists of three parts; first, the fishing legislation within Swedish MPAs 
was analysed. Second, fishing legislation in MPAs with vulnerable ecosystems was analysed. 
Last, an analysis was carried out with the aim of finding suitable sites for future no-take areas. 

 

3.2. Areal analysis 

Areal analysis was performed to investigate in what extent are no-take areas a part of Swedish 
marine protected. The analysis was carried out by creating a layer of MPAs in the Geographic 
Information System programme ArcGIS (version 10.6.1). Since there is no such layer to be 
downloaded, shapefiles of a variety of protected areas were downloaded from HaV, The 
Swedish Environmental Protection Agency and county administrative boards. With an Excel-
sheet received from HaV (Havs- och vattenmyndigheten, 2019) as a basis, these shapefiles 
where then edited to compromise only MPAs and cut to cover solely marine areas. Thereafter, 
a shapefile describing fishing legislation within Swedish borders where added. Since this 
layer compass all types of fishing based on the fishery agency’s injunction (FIFS 2004:36), 
the file was edited to only compromise attachment five (no-take areas), attachment seven 
(trawling area) and attachment eight (trawling forbidden) (Fiskeriverkets föreskrifter om fiske 
i Skagerak, Kattegatt och Östersjön, FIFS 2004:36). The proportion of mentioned areas that 
overlap was then analysed using the spatial analyst tool in the GIS-program. The results are 
presented in figures and tables based on data exported from ArcGIS. 

Shapefiles describing the potential geographic extent of seagrass, soft- and stone cold-water 
corals, sponges, kelp and sediment types where added to the analysis. These habitats where 
chosen because of their importance to fisheries as well as for climate mitigation and 
adaptation. Due to a lack of data describing marine ecosystems, geodata describing potential 
living areas for vulnerable ecosystems and sediment types was used to assess the sensitiveness 
of local ecosystems (Havs- och vattenmyndigheten, 2016b). The spatial analyst tool was then 
used to find areas where vulnerable ecosystems overlap with no-take-, trawling- and no-
trawling areas. The results are presented as figures exported from ArcGIS. 

 

3.3. Weighted analysis 

Finally all layers included in the former analysis were used together with a layer describing 
fishing values based on the report by The Swedish Environmental Protection Agency 
"Regulation of fishing in protected marine areas" (Naturvårdsverket, 2010), in order to locate 
potential future no-take areas. This method of spatial optimization was chosen to find 
potential no-take areas that would lead to high ecological gains while minimizing the 
economic cost from losses in fishing landings (Lagasse et al., 2015; Edgar et al., 2014). This 
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analysis was conducted with the tool Weighted sum in ArcGIS and demanded that each of the 
layers included in the analysis were given a scaling factor. The scaling factor were set to 
allow for vulnerable bottom types with vulnerable ecosystems, within MPAs and areas of 
trawling or other types of fishing in order to stand out as areas with high total sum value. 
Maximum total sum value for this analysis is 60. The result of this analysis is presented as a 
map exported from ArcGIS. 

When fishing value was added, areas of low fishing value was given a high scaling factor and 
high fishing value a low scaling factor for the analysis, in order to sort out where fishing 
regulations can be restricted with little economic impact. Maximum sum value for this 
analysis is 100. Areas with the highest total sum are presented as maps and form the basis for 
proposed future no-take areas.  

Sediment types were given scaling factor based on their sensitivity to trawling and other 
fishing activities. As can be seen in table 1, photic hard bottoms were given a low scaling 
factor due to their composition and customization to higher water velocity, while deep hard 
bottoms were given a slightly higher scaling factor due to their customization to the stillness 
of the deep sea. Photic sand was given the same scaling factor as non-photic hard bottoms due 
to their composition which makes them affected by strong disturbances even though they are 
custom to high water velocity and wave interactions. Non-photic sand and photic mud and 
clay where given the same scaling factor due to the non-photic sand’s customization to low 
disturbances and the photic mud and clays sensitive nature, which allows it to be easily 
disturbed and to be transported long distances before it is re-settled. Non-photic mud and clay 
where given the highest scaling factor due to their sensitive nature and customization to calm 
deep waters, making it very sensitive to disturbances (Table 1) (Sköld et al., 2018). 

 

Table 1. The table shows the six different bottom substrates used in the analysis and their given scaling factor, where a 
higher scaling factor indicates a more sensitive bottom substrate. The table also shows given scaling factors to the three 
types of fishing regulation and categories of fishing value used in the analysis. All scaling factors range from 0 to 10, with 10 
constituting the highest scaling factor. 

Sediment  Fishing regulations  Fishing value 

type  scaling 
factor 

type  scaling 
factor 

Range (SEK/m2)  scaling 
factor 

Photic mud and clay  8  No‐take  0  0‐10 000  10 

Photic sand  6 

Non‐photic sand  8  No‐trawl area  5  10 000‐100 000  5 

Non‐photic mud and 
clay 

10 

Photic hard bottom  4  Trawl area  10  100 000  0 

Non‐photic hard 
bottom 

6 
 

 

Areas where vulnerable ecosystems is present were all given high scaling factors (Lagasse et 
al., 2015), as well as areas that consist of MPAs (scaling factor: 10) (Edgar et al., 2014). 
Fishing regulations were divided into no-take areas, trawl areas and fishing areas where trawl 
is forbidden (no-trawl area), the three types of fishing regulations used in the analysis where 
given a low (0), medium (5) or high (10)  scaling factor . Fishing value was divided into three 
groups. Areas where the value per m2 is less than 10 000SEK were given a high scaling 
factor, areas where the value per m2 is more than 10 000 but less than 100 000SEK were 
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given a medium scaling factor and areas where the value per m2 is 100 000SEK or more were 
given a low scaling factor (Table 1). The scaling factor were set to allow for overlapping areas 
of MPA, vulnerable ecosystems, sensitive bottom substrates, destructive fishing and low 
fishing value per square meter to get high total sum value in the analysis. 

3.4. Interviews 

Short interviews via e-mail and telephone were conducted with associates at SLU, HaV and 
the county administrative board of Västra Götaland. The interviews where guiding in the 
analysis method, setting analysis scaling factor s and the for interpretation of data used in the 
analysis. Further discussions concerned what type of data and research that is lacking today 
and acted as a guidance for the orientation of this thesis. 

 

3.5. Potential sources of errors 

According to S. Thörnqvist (personal communication 2019-05-07) at HaV the shapefiles 
describing fishing value could show misleading results as the recorded points comes from the 
vessel monitoring systems of thousands of fishing ships. The points are not exact and the 
fishing boats may have fished at the wrong site and further, the resolution might be too low. 
This could explain possible overlaps of high fishing value outside of trawling areas. 

The shapefile of the Swedish coastline (Sjöfartsverket, 2019) used for editing geographic data 
of MPAs do not include coastlines of all islands within the EEZ, giving rise to errors in the 
total areal assessment of all MPAs. Further, the shapefiles used to identify potential habitats 
for vulnerable ecosystems is coarse and general. Which mean that the area covered by the 
shapefile does not necessarily contain this biota (Havs- och vattenmyndigheten, 2016a). The 
areas are identified as potential habitats by HELCOM through estimated observations and 
expert judgements (HELCOM, 2019). 
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4. Results 
4.1. Analysis of existing MPAs in Swedish waters  

Areal analysis shows that amongst Sweden’s 454 MPAs (Table 2), Natura 2000 is the most 
common MPA-type. There are 336 separate Natura 2000 areas, which is a large number when 
compared to the second most common MPA; nature reserves which makes up 78 separate 
reserves. There are 28 HELCOM MPAs and 10 OSPAR MPAs, and lastly only one marine 
national park and one conservation area (Figure 1 and Table 2).  

Figure 1. The Figure shows the geographic extent of the six types of MPAS (National park, 
Natura 2000, nature reserve, conservation area, HELCOM and OSPAR) that exists within 
Sweden’s territorial border (dotted line) and economic border (dashed line).The different 
MPA types are visualized in different shades of green and often overlap, which means that the 
whole extent of all separate MPAs cannot be seen in the figure. 
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The areal cover of all MPA-types is 2 708 955 hectares in total, which makes up 17,48% of 
Sweden’s marine waters. Natura 2000 is the largest MPA-type covering 2 124 577 hectares, 
which makes up 78,4% of the total MPA-coverage. HELCOM cover the second largest area 
with 737 788.4 hectares, while nature reserves cover 356 533.9 hectares and OSPAR covers 
237 429.8 hectares. The national park covers 37 900 hectares and the conservation area only 
121 hectares (Table 2). There are large overlaps of MPAs implemented by international 
legislation or organisations (Natura 2000, HELCOM and OSPAR). These MPAs overlap with 
each other as well as with MPAs implemented solely through Swedish legislation (national 
parks, nature reserves and conservation areas), whereas there is no overlap of the latter MPA-
types (Table 2). Further, MPAs implemented solely through Swedish legislation are found 
almost exclusively within the territorial border, while international MPAs are found within 
both the territorial and the economic zone (Figure 1). 

 

Table 2. The table shows the number and areal cover of each MPA type within the Swedish economic zone. Overlap of MPAs 
and their contribution to the total areal cover of MPAs are shown in the two columns to the right. Areal cover is declared in 
hectares (ha). 

 

 

  

MPA‐type  Number  Area water 
(ha) 

Overlap 
(ha) 

Contribution 
(ha) 

National park  1  37 900  0  37 900 

Nature reserve  78  356 533.9    0  356 533.9 

Conservation area  1  121.0  0  12 170 

Natura 2000 with marine water   336  2 124 577  250 690  1 873 887 

HELCOM  28  737 788.4  430 220  307 568.4 

OSPAR  10  237 429.8  116 534  120 895.8 

Sum  454  3 506 399  797 444  2 708 955 
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4.2. Analysis of existing fishing regulations in Swedish waters  
Figure 2 shows existing fishing legislation within the Swedish economic zone. A majority of 
the areas are trawling areas inside the trawl border. These areas are mainly found in 
continuous areas in the Baltic sea and the Gulf of Bothnia but are also found in Skagerrak and 
in the northern part of Kattegat. These trawling areas reach close to the coastline in the 
northern part of the Gulf of Bothnia. There are also large no-take areas, both inside and 
outside of the trawl border. These can be found in the Baltic Sea as well as in Skagerrak and 
Kattegat. 

 

Figure 2. The Figure shows areas legislated as no-trawling (blue), no-take (orange) or 
trawling areas (red) in Swedish waters. A dotted line marks coastal waters within the trawl 
border. 



28 

 

A large no-take area is found outside of the 
trawl border in Kattegat outside of Halland, 
as well as north of Gotland in the Baltic sea. 
Small no-trawling areas can be found in 
Kattegat and Skagerrak (Figure 3).  

An analysis of fishing legislation within 
MPAs shows that 9.15 % of the total MPA 
areal is no-take areas. Natura 2000 areas 
have the largest areal cover of no-take 
regulation. However, a higher percent of 
conservation areas (53.05%) are protected 
from fishing compared to Natura 2000 areas 
(6.68%). The percental of OSPAR and 
nature reserves that are regulated as no-take 
is similar (14.97% and 14.77%). Whereas 
only 9.63% of HELCOM areas and 0% of 
National parks are regulated as no-take areas 
(Table 3). Only 0.05% of MPAs are 
regulated as no-trawling areas. Once again, 
the largest areal cover of no-trawling areas is 
found within Natura 2000 areas, but still 
only 0.06% of Natura 2000 areas is protected 
from trawling through this legislation. 
National parks are protected to the largest 
extent (1.23%), while only 0.29% of OSPAR 
and 0.02% of nature reserves areas are 
protected (Table 2). 

Trawling areas are the most common fishing 
legislation found within MPA-areas and covers 9.75% of the total MPA areal. As much as 
30.09% of nature reserves are trawling areas, but the largest areal cover in hectares 
(137 417ha) is found in HELCOM areas which makes up 18.63% of the total HELCOM areal. 
Large trawling areas are also found in Natura 2000 (4.35%). Only 0.84% of OSPAR is 
trawling area and 0% of national parks are legislated as trawling area. 

 

Table 3. The table shows the areal cover of existing fishing legislation (no-take, no-trawl and trawling area) within Swedish 
MPAs in hectares (ha) and percent. 

 

MPA types  No‐take area   No‐trawl area   Trawling area  

ha  %  ha  %  ha  % 

National park  0  0.00  466  1.23  0  0 

Nature reserve  49 098  13.77  63  0.02  107 288  30.09 

Conservation area  6 456  53.05  0  0.00  0  0.00 

Natura 2000 with marine 
water 

141 849  6.68  1 246  0.06  92 316  4.35 

HELCOM  71 074  9.63  0  0.00  137 417  18.63 

OSPAR  35 534  14.97  684  0.29  1 988  0.84 

Sum  304 011     2 459     339 009    

Real sum (overlap 
subtracted) 

247 964  9.15  1 259  0.05  264 114  9.75 

Figure 3. The Figure shows areas legislated as no-trawling 
(blue), no-take (orange) or trawling areas (red)in Skagerrak 
and Kattegat. A dotted line marks coastal waters within the 
trawl border. 
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4.3. Analysis of trawling in areas with vulnerable ecosystems  
Analysis of vulnerable ecosystems within legislated trawling areas shows that there are large 
areas of potential vulnerable ecosystems exposed to trawling. These habitats are found mainly 
in the Baltic Sea and the Gulf of Bothnia and comprises especially of seagrass and sponges. A 
smaller area of trawl-exposed seagrass, kelp, stone and soft coral is found in Skagerrak and 
Kattegat outside the Swedish west coast (Figure 4), where they all overlap. One reason for the 
overrepresentation of vulnerable ecosystem exposed to trawling in the Baltic Sea and Gulf of 
Bothnia, compared to Skagerrak and Kattegat is the large trawling areas situated here. Also, 

Figure 4. The Figure shows areas where potential areas of vulnerable ecosystems (Sponges, 
stone coral, soft coral, gravel and kelp, seagrass) overlap with trawling areas. Areas of soft 
and stone coral, seagrass and kelp overlap in Skagerrak and Kattegat. 
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as mentioned in chapter 3.5 the shapefile describing potential vulnerable ecosystems are 
coarse and general and might not align with reality.  

 

4.4. Suggested no-take areas 
4.4.1. Suggested no-take areas from an ecological perspective 

The analysis of MPA, vulnerable ecosystems, sediments and fishing legislation identified 
areas where a change in fishing legislation to no-take areas would be suitable from an 
ecological perspective. In total 54 potential no-take areas with varying size and analysis value 
were identified. The potential no-take areas cover 467 327 ha which would bring an increase 
in total no-take coverage within MPAs by 8.1% (adding up to 17.25% in total). The identified 
areas are found only within the territorial border and mainly in the Baltic Sea and the Gulf of 
Bothnia. Several large areas are found outside of Uppland, Ångermanland, Västerbotten and 
Norrbotten. Larger areas are also found outside Södermanland, Östergötland, Gästrikland and 
Hälsingland. A few small areas are found in Kattegat outside of Halland and in the Baltic sea 
north of Gotland (Figure 5). 

The two large areas outside of Uppland and a few smaller areas outside of Södermanland and 
Östergötland compose mainly of analyse values 59.3-60. Which imply that all input values are 
high within this area, hence that vulnerable habitats, sensitive sediments, MPA exists within 
trawling areas. A large area with partly high analyse value is also found outside of 
Ångermanland. The large areas outside Västerbotten and Norrbotten have lower analyse 
values (54-58.6) (Figure 5). 



31 

 

  

Figure 5. The Figure shows potential future no-take areas, based on GIS-analysis of MPA, sediment, vulnerable 
ecosystems and fishing regulations. A higher value implies a higher suitability. 
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4.4.2. Suggested no-take areas from an ecological and economic perspective 
The analysis of MPA, vulnerable ecosystems, sediments, fishing legislation and fishing value 
identified areas where a change in legislation to no-take would be most suitable from both an 
ecological and economic perspective. These areas are identified because the economic cost of 
a in change in fishing legislation is low even as the positive effect on ecological values is 
large, due to the presence of vulnerable ecosystems and sediments. Moreover, by changing 
the legislation the conservation goals of MPAs are more likely to be fulfilled.  

The number as well as the size of proposed no-take areas decreased drastically when fishing 
value were included in the analysis, which implies that low fishing value rarely coincide with 
the other input values. The analysis resulted in 25 different sized proposed no-take areas all 
located within the territorial border in the Baltic sea and the Gulf of Bothnia (Figure 6 and 7). 
The proposed no-take areas cover 17 322 ha and would increase the total areal coverage of 
no-take areas within MPA by 0.64% (adding up to 9.79% in total). The areas are situated 
outside Södermanland, Uppland, Gästrikland, Hälsingland (Figure 6), Västerbotten and 
Norrbotten (Figure 7). The areas which hold the highest analysis value (98.1-100) are located 
outside Södermanland and Hälsingland (Figure 6) and constitutes the areas most suited as no-
take areas from an ecological and economical perspective. Larger sized areas are situated 
outside of both Hälsingland, Södermanland (Figure 6), Västerbotten and Norrbotten (Figure 
7). However, the larger sized areas situated outside of Västerbotten and Norrbotten (Figure 7) 
have lower analysis value (83-92.4) than the areas outside of Södermanland and Hälsingland 
(83-100).  
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Figure 6. Map showing potential future no-take areas in the Baltic sea and Gulf of Bothnia, based on GIS-analysis 
of MPA, sediment, vulnerable ecosystems, fishing regulations and the areas economic value for fisheries. A higher 
value shows a higher suitability.  
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Figure 7. Map showing potential future no-take areas in the Gulf of Bothnia, based on GIS-analysis of MPA, 
sediment, vulnerable ecosystems, fishing regulations and the areas economic value for fisheries. A higher value 
shows a higher suitability. 
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5. Discussion  
5.1. Will Sweden reach the goals? 

IUCN defines the aim of MPAs as long-term and effective conservation of nature with 
associated ecosystems services and cultural values (IUCN-WCPA, 2008). According to HaV 
Sweden (Havs och vattenmyndigheten, 2015) has reached the interim target within the 
environmental goal-system and the Aichi goal (CBD, 2019) of area protection that uptakes 
10% of Sweden’s marine area by 2020. The result of this thesis areal analysis supports that 
and reveals that 17.48% of Sweden’s marine waters are protected (Table 2), which leads to 
the conclusion that the interim target and Aichi goal is reached with margins. However, the 
aim of the environmental goal system is to strengthen biological diversity and ecosystem 
services and HaV have stated in several reports that such legal protection is often not enough 
to reach the conservation goals (Havs- och vattenmyndigheten, 2014; Havs och 
vattenmyndigheten, 2015). IUCN is also of the opinion that implementation of MPA does not 
suffice as a tool for protection and set the goal of 30% no-take areas within the worlds 
MPA’s. This thesis areal analysis of fishing regulation within MPAs show that 9.12% of 
MPAs in Swedish marine waters are regulated as no-take areas (Table 3). Which means that 
Sweden is not reaching the IUCN goal now and is not likely to reach it within the set 
timeframe (year 2030) (IUCN, 2017), if increased effort and means are not reserved to the 
implementation of no-take areas. As can be seen in Figure 4 no-take areas today are also 
largely separated which can be a negative trait as there is low chances that the protected 
habitats can benefit from each other. But on the other hand the no-take areas are often large in 
size which increases their effectiveness as well as the distance of which beneficial traits can 
extend (Edgar et al., 2014; Jones et al., 2015; Botsford et al., 2003). Further, several of 
Sweden’s no-take areas cannot be considered sound no-take areas since some fishing methods 
are still allowed within these areas. However the fishing methods varies from small boats with 
nets to fishing with hook from the shoreline, which might not be particularly destructive 
(Fiskeriverkets föreskrifter om fiske i Skagerak, Kattegatt och Östersjön, FIFS 2004:36; 
Naturvårdsverket, 2010). However, for this goal to be reached there is a need for increased 
regulation of fishing and implementation of no-take areas within MPAs. Further, there is a 
need for a change in fishing legislation incorporating no-take areas into Swedish fishery law 
(Naturvårdsverket, 2010) and to make it easier to restrict fishing with the aim of protecting 
ecosystem values (Havs- och vattenmyndigheten, 2016c). As of today, such regulations are 
often implemented outside MPAs to increase fish yields and preserve fish stocks 
(Naturvårdsverket, 2010), or within MPAs to preserve specific species or habitats (Fogarty & 
Botsford, 2007). However, since a well-managed and well-planned MPA can increase fish 
biomass both within and outside of the MPA and hence increase fish yields (Jones et al., 
2015; Cabanellas-Reboredo et al., 2017), especially if it is protected from fishing (Aburto-
Oropeza et al., 2011; Gaines et al., 2010; Green et al., 2014), it is important to widen the 
perspective and allow restriction of fishing from an ecosystem perspective.  

Restriction of fishing or the implementation of no-take areas might also increase resilience 
and climate adaptation (Allison et al., 2003; IUCN-WCPA, 2008) by conserving or recover 
ecological values such as seagrass and kelp which take up CO2, lower erosion and increases 
sedimentation of particles in the water column in shallow areas, as well as being important 
parts of the food web in shallow habitats (Moksnes & Cole, 2016; Havs och 
vattenmyndigheten, 2015; Green et al., 2014), making it an important measure for both 
climate adaptation and climate mitigation (Green et al., 2014). Seagrass and seaweed habitats 
are also of great importance for fisheries, as 80% of all commercially caught fish originate 
from these areas (Havs och vattenmyndigheten, 2015). Biological values in deep marine 
areas, such as sponges and corals also help reduce the negative effects of climatic changes by 
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promoting sedimentation and lowering water velocity, as well being of value for fisheries by 
providing shelter for smaller fish (IUCN-WCPA, 2008; Lagasse et al., 2015). The analysis of 
fishing regulations within MPAs reveal that trawling is the most common (9.75%) fishing 
regulation within MPAs today (Table 3). Further, the analysis of trawled areas with 
vulnerable ecosystems (Figure 4) reveals that large potential habitats of sponges and seagrass 
in the Baltic sea and the Gulf of Bothnia are exposed to trawling activities today. A smaller 
area in Skagerrak/Kattegat where several potential vulnerable habitats is localized (soft- and 
stone coral, kelp and seagrass) is also legislated as trawling area. By implementing networks 
of well-planned no-take MPAs that takes into consideration vulnerable habitats such as those 
used in this analysis and their ecosystem services and possible impact on climate adaptation 
and mitigation, both ecological, social and climatic resilience can be gained (Aburto-Oropeza 
et al., 2011; Costello & Ballantine, 2015; Green et al., 2014; Gaines et al., 2010; Havs- och 
vattenmyndigheten, 2014; Naturvårdsverket, 2007; Edgar et al., 2014; Bergström et al., 2019).  

But not only restriction of fishing is needed for an MPA-network to be effective. Rather the 
effectiveness increases if the MPA-network is long-term, large, have proper spacing between 
them, include a minimum of three examples of each habitat, is well enforced, isolated and 
protected from fishing (Edgar et al., 2014; Allison et al., 2003; Green et al., 2014; Novaczek 
et al., 2017) with sufficient buffer zone (Jones et al., 2015; Cabanellas-Reboredo et al., 2017). 
Both the environmental goal-system and the Aichi-target takes notes of the importance of 
ecological coherence and representativity of MPAs (Havs och vattenmyndigheten, 2015). 
According to a report by HaV (Havs- och vattenmyndigheten, 2016a) there is an 
underrepresentation of deep areas compared to shallow, as well as an underrepresentation of 
hard bottoms to soft bottoms. According to M. Sköld (personal communication 2019-04-11) 
such differences in representation also gives rise to underrepresentation of other biological 
values connected to these areas, such as epifauna or infauna. It is not possible to assess 
whether existing MPAs can be considered MPA-networks that is ecologically connected, 
which is considered to be an important factor in the planning of effective MPA sensu Jones et 
al. (2015). With basis of the coarse data of biological values that was used in the analysis, it is 
also not possible to assess whether there is a minimum of three of each habitat represented in 
the network as suggested as an important factor for resilience sensu Green et al. (2014).  

 

5.2. Social and economic values  

When assessing the effectiveness of an MPA or the suitability of an area as a potential MPA 
an ecosystem-based method (EBM) is effective since it includes several if not all species and 
their functions in the ecosystem. This includes human activities and its effects on the 
environment as well as on the society (IUCN-WCPA, 2008). Just as in the Aichi goal and the 
environmental goal system (CBD, 2019) MPAs are not only a measure to strengthen 
biodiversity and ecosystem services, or for biodiversity conservation and seabed integrity as 
HaV phrases it (Havs och vattenmyndigheten, 2015). The implementation of an MPA should 
also be of value for society, both socioeconomical and recreational (CBD, 2019; Havs- och 
vattenmyndigheten, 2016b; IUCN-WCPA, 2008; Naturvårdsverket, 2010). MPAs are often 
decided upon and regulated by either HaV or the county administration, or in some cases the 
municipality, while fisheries are regulated by the Swedish Board of Agriculture (Havs- och 
vattenmyndigheten, 2016b). These authorities have various objectives which results in the 
goals of fishery regulations often differing from that of MPAs (Sköld et al., 2018). When 
using an EBM-approach including the socioeconomic value of fishing on both local, regional 
or national level these differing goals can find a common ground in the positive effect of a 
well-planned and managed MPA (Ansong et. al., 2017; Agary et al., 2011). Including both 
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ecological and societal values in the analysis increases both the effectiveness of proposed no-
take areas and the likelihood of these being implemented. 

The strong negative impact of trawling on vulnerable ecosystems is the reason why trawling 
was given special attention in the analysis of this thesis. The effectiveness of regulating 
trawling on benthic habitats in species composition and biomass, compared to the 
effectiveness of a simple reserves (Jonsson, 2014) point towards the importance of regulating 
bottom trawl within MPAs. Since the first trawling event causes the most harm, it is 
reasonable to minimize bottom trawled areas in order to reduce damage to the ocean floor and 
its habitats (Hughes et al., 2006; Sköld et al., 2018). Since fishing is a very large economic 
sector, regulations must take in consideration the draft size of different methods and sites 
(Sköld et al., 2018). Since some sites gives larger draft sizes, these areas are also more 
economically valuable. In order to protect both environmental and economic values these 
economically valuable sites should be allowed to be intensively trawled since this might allow 
for larger areas of the ocean floor to be totally free from bottom trawling and other destructive 
activities without large economic losses. This could hinder sensitive areas and species from 
being harmed by low intensity bottom trawling, while resilient species habitats and species 
that can survive a trawling incident will not be much further harmed by high intensity fishing 
in the economically valuable areas (Sköld, 2018 (IUCN-WCPA, 2008). This is the reason for 
why the analysis is based on the idea that area with high ecological value and low fishing 
value should be protected from fishing, while areas with high fishing value should be allowed 
to be continually trawled. This will render low economic impact a with possible future 
increase in fish biomass (Hughes et al., 2006; Vandeperre et al., 2010; Lester & Halpern, 
2008) and result in higher positive impacts on ecological values. However, HaV states that 
no-take should be used in areas where other regulations have proven to be unsuccessful 
(Havs- och vattenmyndigheten, 2016c) which complicates the introduction of no-take MPAs 
as the analysis showed that very few areas are protected only from trawling in Swedish 
marine areas today (Figure 3 and Table 3). The results also show that there are large trawling 
areas within the trawling border (Figure 2), which lead to the conclusion that the trawling 
border is not an effective protection measure. Trawling methods such as pelagic trawl and 
Danish seine are less destructive than bottom trawl and render lower emissions per trawling 
event. However, these methods are less effective and would cause increased fishing effort 
(Sköld et al., 2018). For this reason, these methods are not suggested as alternatives to bottom 
trawl in this thesis. 

 

5.3. Proposed no-take areas 

The results show that the suggested no-take areas can be found in potential areas of seagrass, 
sponges, kelp, soft- and stone coral (Figure 5). When fishing value is included, suggested no-
take areas are found in areas of potential seagrass and sponges (Figure 6 and 7). In both cases 
all suggested no-take areas are within territorial sea, which makes a change in fishing 
regulations easier that would have been the case in the EEZ (Naturvårdsverket, 2010). 
However, when including fishing value, the number of identified no-take areas decreases in 
both number and size. This implies that high fishing value often is connected to the ecological 
values and/or MPAs used in the analysis, which further strengthens the theory that MPAs with 
vulnerable ecosystems increase fish biomass. To further investigate this connection and to 
lower the risk of overfishing in areas with high fishing value (Green et al., 2014), geographic 
data of FSAs and migratory corridors should be included in future analysis.  

The proposed no-take areas including both ecological and economic values are all situated in 
the Baltic sea and the Gulf of Bothnia, which is very likely a result of the high fishing values 
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in Skagerrak and Kattegat, as well as of the larger sized trawling areas in the Baltic and Gulf 
of Bothnia (Figure 2). Also, among the proposed no-take areas in the Baltic sea and Gulf of 
Bothnia, sites outside Södermanland and Hälsingland got higher analysis values than sites 
outside of Västerbotten and Norrbotten. This is also likely to be an effect of higher fishing 
values in the northern regions (Västerbotten and Norrbotten) but might also be an effect of 
overlapping MPAs (Figure 6 and Figure 1). 

However, the result only shows suggested no-take areas that are trawled at present time. A 
change towards no-take legislation would have a big impact on the local ecosystem, but it 
would also entail a big change in legislation. Nevertheless, a change in legislation will not 
necessarily give rise to large negative economic consequences but might lead to increased fish 
biomass that spill over to nearby areas (Bergström et al., 2019; Aburto-Oropeza et al., 2011; 
Erisman et al., 2017). This would be positive from an economic perspective as both the Baltic 
Sea and the Gulf of Bothnia are overfished and severely negatively affected by both 
overfertilization and pollution from anthropogenic activities that threatens biodiversity 
(Almesjö & Limén, 2009). A hinder to the implementation of  no-take in these areas are the 
fact that it would be a large change in legislation, and since HaV recommend no-take areas to 
be implemented only in areas where other restriction have been tried and failed (Havs- och 
vattenmyndigheten, 2016c), there is a possible hinder to its implementation. The suggested 
areas in this analysis are not large, and to a large part separated, which in turn may lower their 
positive impacts in the ecosystem (Green et al., 2014; Edgar et al., 2014; Fogarty & Botsford, 
2007; Havs- och vattenmyndigheten, 2016c) but might on the other hand make them easier to 
implement. For Sweden to reach the IUCN goal of 30% no-take by 2030 (IUCN, 2017) 
however, the results show that economic value needs to have a lower priority than was the 
case in this analysis. 

Since the proposed no-take areas most likely already have been trawled, the most harm has 
already been done to these areas and it is not likely that vulnerable ecosystems are present 
now (Sköld et al., 2018). Long-term protection is therefore needed in order for it to recover 
(Edgar et al., 2014; Botsford et al., 2003) which require that the regulation is implemented 
either through the MPA restrictions or with basis in the Swedish Environmental Code (SFS 
1998:808)(Havs- och vattenmyndigheten, 2016c).   

 

  



39 

 

6. Conclusion  

Today Sweden does not reach the IUCN goal of 30% no-take within existing MPAs. But the 
ecological situation in the Baltic Sea, Gulf of Bothnia, Skagerrak and Kattegat demands 
increased protection that shows result in the seabed integrity and protection of biodiversity 
rather than in statistics and maps. The method used for this analysis is useful for identifying 
potential no-take areas that would render positive ecological results to a low economic cost. 
Which shows that it is possible to implement no-take areas within Swedish territorial sea that 
would potentially protect vulnerable ecosystems, increase biodiversity and increase fish 
biomass as well as be a measure for climate mitigation and adaptation. However, for Sweden 
to reach the IUCN-goal economic interests need to be down-prioritized. A change in fishing 
legislation including no-take areas would make it easier to fully protect vulnerable areas from 
destructive activities. However, for long-term protection fishing regulations should in many 
cases be a part of the MPA-regulation or implemented with basis in the Swedish 
Environmental Code (SFS 1998:808). A well-managed and well-planned no-take MPA can be 
beneficial to ecosystems and socioeconomic. However, without the proper implementation an 
MPA is nothing but a geographic protection measure that never left the planning process. 
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