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1 Introduction 
 

1.1 Background 
Invasive species are recognized by the UN as one of the greatest threats to the ecological and 
the economic well-being of the planet. Numerous examples of detrimental invasions are known 
globally from both land and the aquatic environment1. The steadily increasing volumes of sea-
borne trade have caused transport with ships to be identified as a key component in the spread 
of the problem in the marine environment. In consequence, the International Maritime Organiza-
tion (IMO) under the UN has adopted the Ballast Water Management Convention (BWMC), 
which entered into force September 2017. 
 
Marine invasive species (MIS) are marine organisms originating from one part of the world that 
are introduced into other parts of the world e.g. via biofouling on the ship’s hull or with the dis-
charge of ship’s ballast water and ballast water sediments into the ambient environment, where 
they may establish new populations potentially altering the existing marine ecosystems and/or 
harming fisheries and other economic activities. The aim of the BWMC is to prevent MIS to be 
spread via ballast water from ships by setting strict discharge standards effectively requiring that 
ballast water is treated before it is discharged. This means that ship owners in international 
trade need to install costly treatment technology in each vessel (purchase per ship has been es-
timated to between US$ 0.5 - 5 mill + maintenance)2. The BWMC, however, does provide an 
opportunity for granting exemptions to ships that operate on specified routes between harbors in 
2 or more countries, if a risk assessment shows a low and acceptable risk for transfer of MIS. If 
an exemption is granted, the ship owner will not need to install ballast water treatment technol-
ogy in the ship for a period of 5 years, after which an extension of the exemption must be ap-
plied for. This time frame is important to notice because there will be costs associated with each 
application, both for ship owners as well as national authorities. 
 
While the BWMC guidelines G7 (MEPC 2017) describe general procedures for granting exemp-
tions, the HELCOM and OSPAR commissions for the Baltic Sea and the North Sea respectively 
have developed comprehensive and specific data collection procedures to be applied by the 
member states (HELCOM and OSPAR 2015). These entail extensive monitoring programs of 
each harbor and subsections of each harbor to monitor for presence or absence of known MIS 
including various life stages at least two occasions within a year. The sampling and monitoring 
program and the risk assessment itself must be financed by the ship owner and the data pro-
vided to the authorities.  
 
While monitoring of the presence of invasive species in harbors is an important data source for 
documenting the introduction and invasion histories of MIS in a risk assessment context, there 

                                                                                                                                                            
1 “The Ten Most Wanted” http://globallast.imo.org/wp-content/uploads/2015/01/TenMostWanted_English.pdf 
2 According to http://www.ballastwatermanagement.co.uk. Maintenance cost include energy consumptions, spare parts 

and chemical depending on type of system. 

http://globallast.imo.org/wp-content/uploads/2015/01/TenMostWanted_English.pdf
http://www.ballastwatermanagement.co.uk/
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are some limitations and disadvantages.  E.g. there is a considerable risk that a monitoring pro-
gram will fail to identify all MIS present in the harbor especially in the early stages of an intro-
duction (e.g. Trebitz et al. 2017). Failing to identify the full extent of the presence of one or more 
MIS in the monitored harbors (or in their vicinities) in a monitoring campaign, despite its pres-
ence, may result in an undesired risk assessment outcome rejecting an exemption application, 
which may otherwise have been approved. Novel marine species monitoring approaches using 
molecular analysis techniques such as e-DNA (Roussel et al. 2015, Goldberg et al. 2016) or 
proteomics (Ashworth 2017) e.g. using high throughput mass spectrometry, are promising how-
ever still being researched. The monitoring of the harbors in many parts of the world may not be 
practical either because of limited scientific capabilities in conducting such monitoring surveys 
and species identifications, and costs may be disproportional to the economy of the local ship 
owners. Finally, the workload of national authorities to evaluate and make decision on BWMC 
exemption applications from each individual ship owner and operator may be considerable. 

The Danish consultancy company Litehauz Aps originally proposed an alternative or supple-
ment to the guidelines developed by HELCOM/OSPAR, to ease the burden for ship owners and 
to reduce the costs of extensive monitoring programs. This alternative is referred to as a Same 
Risk Area (SRA) and consists of an area based risk-assessment approach relying on existing 
data aiming at investigating and providing documentation for the decision granting a general ex-
emption to the BWMC within a well-defined marine area. A general exemption means that ships 
exclusively operating within the designated area will be allowed to operate without the need to 
install ballast water treatment technologies. Ships that operate regularly or occasionally to and 
from an SRA will still need to treat the ballast water as required by the BWMC. The SRA con-
cept has already been adopted by the IMO and explicitly included in the BWMC guideline docu-
ment G7 (MEPC 2017). The SRA concept has been described by Stuer-Lauridsen et al. (2016) 
and Stuer-Lauridsen et al. (2018).   

The main prerequisite for an SRA is that the risk of natural dispersal of MIS inside an SRA is 
high, and that the contribution of ballast water-mediated transfer of MIS does not contribute sig-
nificantly to the overall risk. The rationale is that if the risk of natural dispersal is high, the MIS 
may disperse within the SRA due to natural processes within a given time frame anyway, and 
the risk will remain more or less unchanged whether the ballast water is treated or not. In such 
case an SRA may be considered by the respective national authorities. A low natural dispersal 
may not automatically imply that an SRA cannot be assigned. But then a low “acceptable risk” 
needs to be justified for other reasons, and therefore an SRA risk assessment must include ad-
ditional relevant information. Because natural dispersal is the key parameter of the SRA risk as-
sessment, some sort of estimate of the natural dispersal of MIS is required for supporting deci-
sion makers in designation of an SRA. 

An estimation or prediction of the natural dispersal of MIS can be done using computational 
modelling of the natural dispersal of existing and/or expected MIS in the water column in the 
area investigated. Dispersal modelling of marine organisms requires data on simulated hydrog-
raphy (~sea currents) and knowledge of the dispersal behavior of the MIS considered. The out-
come of dispersal models can be analyzed by the use of different statistical and mathematical 
techniques to identify areas with high “connectivity” due to the predicted natural dispersal of 
MIS, and the areas that may act as dispersal barriers where dispersal is limited or non-existing. 

ftho
Sticky Note
Marked set by ftho
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The identification of both highly connected areas as well as dispersal barriers will provide a val-
uable contribution to an area based risk assessment approach as proposed by Stuer-Lauridsen 
et al. (2016). The premise is that if the predicted natural dispersal in a well-defined marine area 
is high, it may be reasonable to assume that the contribution to the risk of dispersal MIS within 
the area via untreated ballast water is insignificant compared to the dispersal of organisms due 
to natural processes 

1.2 Objective 
The scope of this study is to apply the SRA concept on a specific area including the Kattegat 
and Øresund region between Denmark and Sweden. A number of ferry lines operate in this 
area between the two countries. The main focus of the study is to identify relevant potential and 
existing MIS in the region and to give a best estimate on the potential natural dispersal of each 
species as a basis for an area based risk assessment to support the national authorities in a de-
cision on an eventual SRA assignment in the Kattegat and Øresund or parts hereof. The study 
proposes a rating of each species expressing to which extent the species supports a designa-
tion of an SRA in the whole of the Kattegat and Øresund region. If a species is considered to 
limit the extent of an SRA, this decision will rely not only on the analyses of potential natural dis-
persal but also include other considerations relevant for a risk assessment. Due to the nature of 
the problem analyzing the natural dispersal of MIS which have not yet been introduced, or MIS 
which have been introduced but not yet fully established in the region, the approach will be 
partly theoretical. A number of assumptions are required for the individual steps of the analysis 
and these assumptions may affect the outcome of a risk assessment. Thus, the approach we 
present here is attempted to be as transparent and reproducible as possible so that scientific 
disagreement on individual assumptions can be relatively easily tested and challenged.  

1.3 How to read this report 
This main report is meant to be a condensed version of a rather comprehensive study with a 
large amount of produced data and methodological considerations. The primary focus of this re-
port is to present an overview of the background and of the methodology applied, and the main 
results from the SRA assessment. For readers interested in the details on methodologies ap-
plied and the species specific results, three extensive appendices have been included as exten-
sions to the main report. Appendix 1 presents the selection of MIS included in this study. Ap-
pendix 2 presents the main results from the larval dispersal modelling and the connectivity anal-
ysis of each species and an interpretation of the connectivity analysis results given available 
knowledge of the species life history characteristics and recorded invasion histories. Appendix 3 
presents additional results from the connectivity analysis supporting the results interpretation in 
appendix 2.  

1.4 Funding 
The study has been funded by the Danish fund “Aktieselskabet Dampskibsselskabet Orient's 
Fond”, the Danish ferry owners association “Danish Ferries”, and the ferry line operator “Stena 
Line Group”.  

ftho
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1.5 Advisory group 
An advisory group has been consulted during the course of the study. The advisory group in-
cluded Ulrich Christian Berggreen and Kim Larsen (Danish Environmental Agency), Clea Hen-
richsen (Maritime Authority of Denmark), Per Winther Christensen (Danish Ferries & Danish 
Shipping), Frank Stuer-Lauridsen (Litehauz Aps) and Karen Edelvang (DTU Aqua). 
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2 Methodology 

2.1 Overview 
An initial review has been carried out of existing and potential marine invasive species (MIS) in 
the Kattegat and Øresund region using available MIS databases and data portals to create a 
target list of species to be included in the case study. To estimate the natural dispersal of the 
selected MIS in Kattegat and Øresund, the Same-Risk-Area Assessment Model (SRAAM) is 
used (described in Hansen and Christensen (2018)). In short, the methodology is based on a 
Lagrangian approach here referred to as an agent-based model (or ABM) simulating the disper-
sal of individual organisms (~ here referred to as agents) as a function of ocean current direc-
tion and speed predicted by hydrodynamic models. Results from the dispersal modelling in 
terms of start and end positions of each simulated organism are compiled in a connectivity adja-
cency matrix, describing the number of agents with an initial position in one sub-area that ends 
up in any other sub-area.  Here, the study area is subdivided into a regular grid, and the number 
of agent connections is counted between all pairs of subareas (~grid cells) in the study area. 
The connectivity adjacency matrix is translated into a connectivity probability matrix each value 
representing the probability that an agent with an initial position in each sub-area will end in any 
of the other sub-areas. The connectivity probability matrix is then analyzed using clustering 
techniques to identify clusters of subareas that are well connected and with a high exchange of 
agents between sub-areas within each cluster, and with limited connection to neighboring clus-
ters (Figure 1). The outline of individual clusters we refer to as hydrographic regions a proposed 
by Vincent et al. (2014).  
 

 
Figure 1. Individual steps supported by the SRAAM tool (from Hansen and Christensen 2018): 1. Dispersal sim-
ulation based on existing hydrographic data and biological characteristics of the organism; 2. Area subdivi-
sion, - dividing the model domain into a regular grid; 3. Calculation of a connectivity probability matrix; 4. Clus-
ter analysis for dividing the model domain into hydrographic regions representing regions with high connectiv-
ity within each region, and low connectivity between regions. 

 
The outline of the hydrographic regions and the measures of strengths of the connectivity within 
and between hydrographic regions for each species are the main outcome of the analysis and 
are used as input to a final SRA assessment. The within regions connectivity is also referred to 
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as coherence. The SRA assessment include a thorough interpretation of the connectivity analy-
sis results for each species given available knowledge of the species, including the life history 
characteristics of the species, recorded invasion histories and other relevant information. Based 
on this interpretation each species is rated to the extent to which the estimated natural dispersal 
may be a limitation for assigning an SRA to the whole of the Kattegat and Øresund region. 
Those species identified as potentially being a limitation for an SRA assignment to Kattegat and 
Øresund will be further evaluated based on additional information relevant in a risk assessment 
context. 

The individual steps of the applied methodology are shown in Figure 2. 

Figure 2. Individual analytical steps applied in the SRA Case Study for Kattegat and Øresund 

2.2 Target species 
A shortlist of MIS considered in the SRA case study for Kattegat and Øresund was compiled in 
consultation with the Danish Environmental Protection Agency and based on data from availa-
ble databases of existing and potential MIS for the Kattegat and Øresund region. The databases 
include: 

• Target species list provided by HELCOM/OSPAR3

• Danish Nature Agency (Jensen 2013)
• AQUANIS database4

3 HELCOM/OSPAR Ballast Water Exemptions Decision support tool (http://jointbwmexemptions.org) 
4  http://www.corpi.ku.lt/databases/index.php/aquanis/ 

http://jointbwmexemptions.org/
http://www.corpi.ku.lt/databases/index.php/aquanis/
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Species subject to ballast water mediated transport were extracted from the three data sources 
and only  species which have already been registered in the Kattegat and Øresund region or 
species that have not yet been registered but have been identified as potential MIS in the region 
were included. This resulted in a preliminary list of 84 species. These species were further ex-
amined in more detail considering four criteria. Any species for which at least one of the criteria 
listed below was fulfilled was removed from the list and not considered for the SRA case study. 
The four criteria include: 

1. Species with the entire life cycle in the water column
2. Species that are already fully established in the Kattegat and Øresund region.
3. Species with no or very limited salinity tolerance < 10 PSU.
4. Macro algae and macrophytes.

Ad 1) Species with the entire life cycle in the water column (e.g. pelagic copepods, pelagic fish, 
pelagic phytoplankton, jellyfish etc.) are not expected to be a limiting factor for the extent and 
delineation of an SRA in Kattegat and Øresund compared to species with short pelagic life 
stages in the order of days or weeks.   

Ad 2) Species already introduced to the Kattegat and Øresund region and considered fully es-
tablished in all suitable habitats throughout the study area, are not a concern to the BWMC. 

Ad 3) Freshwater species and species that do not tolerate salinities above 10 PSU are not ex-
pected to survive in Kattegat and Øresund region except in local areas receiving freshwater 
from major rivers.  

Ad 4) Most macro algae and macrophytes have limited (~ few meters) dispersal capability of 
seeds and spores. Shredded thallus however may drift in many month and over vast distances 
(>100s of km’s). This long distance dispersal of thallus (also referred to as “rafting”) is unlikely to 
be a limiting factor for identifying well connected areas and dispersal barriers in the at Kattegat 
and Øresund region.  

A total of 23 species were finally selected, Table 1. For each species data on life history param-
eters, habitat preferences and environmental tolerances were extracted from MIS data portals, 
the scientific literature or estimated.   

The life-history traits include minimum and maximum recorded pelagic larvae duration (PLD), 
onset and end of spawning, and the number of generations per year estimated from data on 
PLD, maturation time and the length of the spawning season . Habitat preferences include pre-
ferred seabed substrate divided into four categoreis (“mud”, “sand”, “hard” and “All types”) and 
distribution depth. Environmental tolerances include minimum and maximum thresholds for sa-
linity and temperature for adults and pelagic larval stages. Common for all species selected is 
that they have a limited PLD from days to weeks, while most of their life cycle is sessile located 
on or in the seabed. 

In appendix 1 is included the gross list of 84 species from which the short list was created. In 
addition, the appendix 1 presents an overview of the distribution of species traits among the re-
sulting 23 species in the final shortlist. 
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Table 1. Shortlist of MIS selected for the Kattegat and Øresund case study, including life history traits and environmental tolerances retrieved or estimated from exiting data-
bases and the literature. Values followed by a ‘ * ‘ are based on assumptions where no empirical data or descriptions could not be found. 

days days no.s month month type m C C PSU PSU C C PSU PSU
Arcuatula senhousia Mollusca 14 55 1 7 8 All 20 0 33 17 35 22.5 30 17 30
Asterias amurensis Echinodermata 41 120 1 6 10 All 220 0 25 18 41 17 20 18 41
Austrominius modestus Crustacea 10 15 1 5 10 Hard 5 0 26 14 40 6 25 25 32
Bugula neritina Bryozoan 0.5 2 1 7 9 Hard 10 0 25 18 30 12 26 14 32
Bugulina simplex Bryozoan 1 1 1 7 9 Hard 20 0 25 18 40 ? 25 18 40
Callinectes sapidus Crustacea 31 49 1 5 8 Mud, Sand 36 5 30 3 40 15 25 20 40
Crassostrea gigas Mollusca 21 28 1 7 8 Hard 15 3 35 12 42 18 26 10 42
Didemnum vexillum Tunicata 0.5 1 1 7 9 Hard 65 2 28 18 40 14 20 18 40
Ensis directus Mollusca 14 21 1 3 4 Mud, Sand 12 0 26 7 32 15 28 15 32
Eriocheir sinensis Crustacea 30 60 0.5 3 7 All 10 0 25 0 30 12 35 15 32
Ficopomatus enigmaticus Annelida 20 25 1 7 9 hard 10 0 30 5 40 18 26 10 30
Hemigrapsus sanguineus Crustacea 16 55 1 5 9 Sand, Hard 40 5 30 15 33 15 30 20 35
Hemigrapsus takanoi Crustacea 30 30 1 5 9 All 20 0 20 7 35 15 30 25 35
Hydroides dianthus Annelida 5 14 2 6 10 Hard 200 5 30 28 50 ? 20 25 50
Laonome calida Annelida 1 1.5 1* 7* 8* All 40* 0 30 0.1 35 ? 25 0.1 35
Marenzelleria viridis Annelida 28 49 1 9 11 Mud 65 0 25 1 32 15 25 5 30
Mytilopsis leucophaeata Mollusca 6 14 1 5 10 Hard 40 5 37 0 20 13 27 1 25
Mytilus galloprovincialis Mollusca 14 28 1 6 9 Sand, Hard 40 0 31 12 38 15 25 10 38
Palaemon macrodactylus Crustacea 15 20 6 4 10 All 40 2 26 1 36 15 27 1 34
Potamocorbula amurensis Mollusca 14 21 2 5 10 All 30 0 30 0.1 32 6.4 23 0.1 27.6
Rangia cuneata Mollusca 7 7 0.5 5 10 Mud, Sand 15 1 29 1 15 8 30 2 20
Rapana venosa Mollusca 14 80 1 4 11 All 40 4 27 7 32 13 26 15 30
Rhithropanopeus harrisii Crustacea 7 43 1 6 9 Hard 37 0 35 5 30 14 27 5 30
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2.3 Larval dispersal modelling 
In the following, the methodology applied for larval dispersal modelling is described in a con-
densed form. A detailed description of the methodology applied for larval dispersal modelling is 
found in appendix 2 including relevant references, elaborations on the applied assumptions and 
reservations to be considered.   

2.3.1 Hydrographic data 
Data on ocean current speed and direction, water temperature and salinity were extracted from 
a hydrographic dataset generated by the HBM model for the North Sea, Skagerrak, Kattegat, 
Inner Danish Straits and the Baltic Sea (for details: Berg and Poulsen 2012) with a spatial reso-
lution of 3 nm in the North Sea and Skagerrak and 0.5 nm in the remaining areas. The vertical 
resolution is 50 and 52 layers respectively. Based on inter annual variations in the North Atlantic 
Oscillation index (NAO index) the three years 2005, 2010 and 2012 were selected representing 
“neutral”, “negative” and “positive” NAO indices respectively to reflect expected hydrographic 
variations between years. 

2.3.2  Agent based model 
The simulation engine of the SRAAM tool consists of an agent-based modelling library (IBMlib) 
which is a freeware developed by DTU Aqua (Christensen 2008, Christensen et al., in review). 
The IBMlib implementation in the SRAAM tool supports a number of larval behaviors and pa-
rameters important for predicting larval dispersal. The larval behavior parameters and inputs 
used in the larval dispersal modelling for the SRA Case study include: 

• Pelagic larval duration (PLD)
• Dispersal depth interval
• Spawning start and end
• Spawning and settling habitat
• Vertical dispersion
• Horizontal dispersion

During the larval dispersal simulation IBMlib keeps track of start and end positions of each sim-
ulated larvae and minimum and maximum values of salinity and temperature experienced dur-
ing the pelagic stage.  These are used as input to connectivity analysis to construct connectivity 
matrices and to account for environmental tolerances, see later. 

2.3.3 Parameter settings 
The pelagic larval duration (PLD) represents the duration of the life stage (typically a larval 
stage) where the species are freely suspended in the water column and hence subject to pas-
sive drift by ocean currents. At the end of the PLD the life stage settle on the sea bed. The PLD 
values used in the current study were the minimum values of the PLD ranges reported for each 
species. Data on spawning start and end time are typically described as start and end month of 
the year and with a reference to specific locations. We use these start and end months as input 
to the larvae dispersal simulations interpreting the start month as the first day of the month and 
the end month as the last day of that month. Dispersal depth during the PLD was set to be-
tween 0 – 40 meter to comply with general patterns in vertical distribution of pelagic larvae ob-
served by Corell et al. (2012) in the Baltic Sea. The majority of the study area consists of more 
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shallow areas (< 40 m) and the depth distribution here is limited by the water depth. To ensure a 
random distribution across this depth interval we applied a constant vertical dispersion of 0.001 
m2/s. Horizontal dispersion is included primary to reflect the unresolved hydrodynamics of the 
hydrographic data at scales smaller than the spatial resolution of the model. The horizontal dis-
persion was set to 10 m2/s. 

2.3.4 Habitat 
Habitat maps for each species were created based on information on species specific prefer-
ence of seabed substrate, depth distribution and adult life-stages salinity tolerances (Table 1). 
Seabed substrate distribution was derived from data that is made available under the European 
Marine Observation Data Network (EMODnet) Seabed Habitats project (http://www.emodnet-
seabedhabitats.eu/), funded by the European Commission’s Directorate-General for Maritime 
Affairs and Fisheries (DG MARE). EMODNET substrate data classification was regrouped into 3 
main categories “Mud”, “Sand” and “Hard substrate”, Table 2. In both the “hard” substrate and 
“Sand” categories we included “Mixed Sediments” and “Coarse Sediments” to reflect transition 
between the two habitat types. Data on water depth was based on GEBCO bathymetry data set 
(IOC, IHO and BODC 2003).  Data on salinity was based on the hydrographic data from the 
HBM model by extracting minimum and maximum values of bottom salinity for each year 2005, 
2010 and 2012, and by interpolation between extraction points. 

Table 2. EMODNET seabed substrate data classified into 3 main categories “Mud”, “Sand” and “Hard sub-
strate”. Notice that “hard” substrate and “Sand” both include “Mixed Sediments” and “Coarse Sediment”. 

Mud Sand Hard 
Fine mud 
Mud to muddy sand 
Sandy mud to Muddy sand 
Muddy Sand 
Sandy Mud 

Sand 
Coarse Sediment 
Mixed Sediment 

Rock or Other hard substrata 
Coarse Sediment 
Mixed sediments 

2.3.5 Simulation setup 
The spatial extend of the larval dispersal simulations for each species were setup for a gross 
area extending 8°-14° E, and 54°–60° N (Figure 3), to include not only the study area of Katte-
gat and Øresund, but also including the adjacent areas considered to affect population connec-
tivity outputs. The adjacent areas include the Skagerrak, the Inner Danish Straits and the west-
ern part of the Baltic. The setup for each species and for each year included 200 000 agents (in 
total 600 000 agents for all three years) distributed randomly in space within the areal coverage 
of the species habitat map, and uniform randomly in time within the spawning period.  We used 
a time step of 1800 seconds. Sensitivity analyses were run to test the effects of the number of 
agents and the dispersal depth on connectivity analysis results.  

2.4 Connectivity analysis 
All data analyses were carried out using the statistical and data analysis software R (R Core 
team 2013) using scripts and procedures developed for SRAAM tool (see Hansen et al. 2018). 
The connectivity analyses were based on a sub-division of the extended area (Figure 3) into a 
regular grid of 20 x 20 corresponding to a spatial resolution of 0.3 degree in both the latitudinal 

http://www.emodnet-seabedhabitats.eu/
http://www.emodnet-seabedhabitats.eu/
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and longitudinal direction, in the following referred to as the connectivity grid. Connectivity adja-
cency matrices were constructed from the larval dispersal modelling results comprising start and 
end positons of each agent, and counting the number of all pairwise connections between sub-
areas in the connectivity grid. Only agents with end positions within the species specific habitat 
were included. Agents exposed to salinity levels outside the larval salinity tolerance were not in-
cluded.   
 

 
Figure 3. The transition zone between the North Sea and the western Baltic Sea including Skagerrak, Kattegat, 
Øresund and the Inner Danish Straits. Red lines indicate the outer boundary of the Kattegat and Øresund re-
gion. Yellow dotted line indicate the extended area for which the larval dispersal model was setup. Blue color 
legend show depth interval based on the GEBCO bathymetry dataset. 

 
The connectivity adjacency matrices and the derived connectivity probability matrices were pre-
pared for each species and for each year to identify any differences in connectivity patterns be-
tween years, and finally lumped into one matrix for each species representing all years. Hydro-
graphic regions were delineated using cluster analysis each cluster representing assemblies of 
sub-areas (grid-cells in the 20x20 connectivity grid) where the connectivity between sub-areas 
within the clusters is high, and where the connectivity to neighboring clusters is low.  Here we 
use the clustering method “Infomap” (Rosvall and Bergstrom 2008) available in the R package 
“igraph”. The Infomap method is based on information theory principles and has been used re-
cently to delineate hydrographic regions in the Mediterranean (Vincent et al. 2014).  
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The strength of the connectivity within each identified hydrographic region (referred to as within 
regions connectivity) were calculated as the percentage of the number of agents with an initial 
position within the region that ends up in the same region. Similarly, the between regions con-
nectivity’s were calculated as the percentage of the number of agents with an initial position 
within the region that ends up in each of the neighboring regions. An example of a plot showing 
within and between regions connectivity is shown in Figure 4.  
 

 
Figure 4. Example of a graph plot representing the outline of hydrographic regions (individual colored poly-
gons) identified for the species Arcuatula senhousia based on larval dispersal simulation results for ALL three 
years  (2005, 2010 and 2012) using an initial number of 200 000 agents per year, i.e. a total of 600 000 agents. 
The number of agents included in the connectivity analysis is 34 009 (n). The number of agents supporting the 
delineation of each individual region relative to the region with the largest number of agents is represented by 
bars. The WITHIN region connectivity for each region is represented by node values (circles) representing the 
percentage of agents with an initial position in each region that end up in the same region. The BETWEEN re-
gions connectivities are indicated by arrows representing the direction of the connectivities and arrow thick-
nesses representing the relative magnitude of the connectivity (max thickness set to 17% after which it remains 
unchanged). White areas represent areas outside the larval dispersal extend due to lack of suitable habitat 
and/or due to unfavorable salinity conditions exceeding the larval salinity tolerance limit. Grey areas are land 
masses. 
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All hydrographic regions delineations were calculated based on an assumption of multiple gen-
eration stepping stone dispersal using the estimated number of generations within a 5 year pe-
riod for each species and a between generation survival of 10% . For more details on how to in-
terpret the graph plots, the assumptions applied and additional important considerations please 
refer to appendix 2. Hydrographic regions for each species delineated based on larval dispersal 
modelling results lumped for all three years are presented in appendix 2. Hydrographic regions 
delineated for each species for each year are presented in appendix 3. 
 

         
Figure 5. Examples of downstream (A) and upstream (B) dispersal probability maps based on multiple genera-
tions dispersal (5 generations and 10 % survival between generations) for the harbor of Frederikshavn. Only 
agents successfully settled inside species habitats are included. Agents exposed to salinity levels outside the 
larval salinity tolerance thresholds are not included.  Color legend is linear and relative to the largest probabil-
ity value in each plot. Hatched light blue colors indicate dispersal probability less than 0.1 %. White areas are 
areas with dispersal probability of “0”.  Number of agents (n) included in the downstream and upstream proba-
bility plot is 434 and 1957 respectively. 

 
To supplement the interpretation of the connectivity from delineated hydrographic regions,  
Figure 4, a number of maps for each species has been produced visualizing the upstream and 
downstream dispersal probabilities for 7 major harbors of Kattegat and Øresund including Fred-
erikshavn, Gothenburg, Grenaa, Varberg, Copenhagen, Helsingør and Helsingborg (Figure 5). 
The latter two are considered as one location. Dispersal probability maps were calculated for 

A B 
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both single generation dispersal and for multiple generation dispersal based on estimated num-
ber of agents within a 5 year period and a between generation survival of 10 %.   Upstream and 
downstream dispersal probability maps for each species and for each major harbor are pre-
sented in appendix 3. 

2.5 Interpretation of results 
The connectivity analysis is a theoretical and non-validated approach provided to give an esti-
mate on the potential dispersal and connectivity in an area where species has not yet been in-
troduced or where introduction may have occurred but with none or limited population consoli-
dation locally. This potential is by no means synonymously with a risk assessment. Assumptions 
have to be considered carefully and the translation of each species specific dispersal probabili-
ties and hydrographic region delineations into a risk assessment estimate must be performed in 
concert with best available knowledge on species life history, invasion history, dispersal poten-
tial, and expert judgement and experience. In appendix 2 we describe a number of assumptions 
and issues that need to be considered before evaluating the risk, some of which are conserva-
tive others more non-conservative or liberal. With these assumptions and their implications for 
result interpretation in mind, connectivity analysis results for each species were evaluated one 
at the time. Details on the how these issues where considered is outlined in appendix 2. The fol-
lowing parameters were considered: 
 

• The dispersal potential of the species expected in the Kattegat  and Øresund region 
• The habitat maps and how well habitats are expected to represent species habitat 

preferences 
• The robustness of the larval dispersal simulation and the connectivity analysis results. 

The results from the connectivity analysis interpretation for each species is summarized in a ta-
ble using a simple 3 level scoring principle (Table 3) and considering the connectivity of the 
whole of Kattegat and Øresund and of five sub-divisions including southern, northern, eastern 
and western parts of Kattegat and the Øresund itself (Figure 6).  
 

 
Figure 6. The division of the Kattegat and the Øresund region (within red borders) into 5 subareas used for 
evaluating and interpretation of connectivity analysis results for each species: North, south, west and east Kat-
tegat and the Øresund. The subdivision is only approximate. 
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While this subdivision should only be considered as approximate, it was chosen to provide a 
simplified overview of the connectivity analyses results and to identify which parts of Kattegat 
and Øresund where connectivity between Danish and Swedish marine areas and harbors may 
be critical. The ratings for connectivity within Kattegat and Øresund as a whole and within each 
of the five subdivisions were given rating colors “green”, “yellow”, and “red” (see Table 3): 
 

• Green = high connectivity 
• Yellow = low connectivity 
• Red = no connectivity.  

No color and the text “not included” is used if the area is outside the expected larval dispersal 
range  due to intolerance to experienced simulated salinities, due to the lack of suitable habitat, 
or in cases where habitat is present then due to the lack of agents successfully settling within 
suitable habitat. The connectivity of the Kattegat and Øresund as a whole cannot be assigned a 
connectivity rating better than any of the individual sub-areas, i.e. if connectivity of southern Kat-
tegat is “red”, the connectivity of the whole Kattegat and Øresund will also be assigned the color 
“red”.  
 

Table 3. Connectivity ratings (“no”, “low” and “high” connectivity) evaluated for each species for the whole of 
Kattegat and Øresund (KØ) and for each sub-area (Figure 4) representing the North (N), South (S), East (E) and 
West (W) of Kattegat, and the Øresund (Ø). Additional ratings for the Kattegat and Øresund region as a whole 
include the “dispersal potential” of the species expected specifically for the region, the ”habitat conditions” in 
terms for habitat representativeness of habitat map applied in the analysis and the “robustness” of the connec-
tivity results. These are rated “high” (3), “medium”(2) and “low” (1). The presence status of the species in Kat-
tegat and Øresund is also included dividing the species into “not registered” (-), “registered” (+) and “widely 
distributed” (++). 

      

 
 
In addition to the connectivity ratings, Table 3 include ratings on “dispersal potential” of the spe-
cies expected specifically for the region, the ”habitat conditions” in terms for habitat representa-
tiveness of habitat map applied in the analysis and the “robustness” of the connectivity results. 
These are rated “high” (3), “medium”(2) and “low” (1). The presence status of the species in Kat-
tegat and Øresund is also included dividing the species into “not registered” (-), “registered” (+) 
and “widely distributed” (++). 
 

Dispersal potential
Habitat conditions
Pressence status
Robustness
Connectivity: KØ N S W E Ø

"...Species name..."
 1,2,3
 1,2,3

 - / + / ++
 1,2,3
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2.6 Same-Risk assessment 
The premise for an SRA to be assigned is that “same-risk” within an area can be justified. 
“Same-Risk” is here interpreted as the risk of dispersal of MIS within an area that remains the 
same or imposes a limited additional but “acceptable risk” if the ballast water is not treated. 
“Same-Risk” is justified if: 

1. The potential natural dispersal  of the MIS is interpreted as high 
 

2. The potential natural dispersal of the MIS is low, but…:  
a. The species is already distributed in Kattegat and Øresund 
b. The species has been registered many years ago and still not distributed 
c. Hull fouling is the primary vector relative to ballast water 

These criteria can be challenged and will depend on the Danish and Swedish authorities and 
their interpretation of a “same-risk” or an “acceptable risk”.  
 
Species that do not fulfill the criteria described above will be identified as species that “may 
pose an additional risk” if an SRA is to be assigned in the Kattegat and Øresund region, and 
thus potentially limit the extent of an SRA to an area smaller than the Kattegat and Øresund re-
gion as a whole.  
 
Because “same-risk” and “acceptable risk” is not objectively defined but depends on the agree-
ments between responsible national authorities, an exact outline of an SRA will depend on the 
interpretation of to what extent species that may pose a risk (from a connectivity and natural dis-
persal point of view) may limit the outline of an SRA.  
 
Here we apply a species specific approach and propose two alternatives based on different in-
terpretations on how each species considered may affect an outline of an SRA. In this SRA as-
sessment we discriminate between a “strict” and an “inclusive” interpretation, inspired by Magris 
et al. (2016), who used the terms in a slightly different context studying the multispecies con-
nectivity of 4 coral reef species but with a comparable objective, namely to be able to depict the 
range to which connectivity analysis can be interpreted.  
 

• A “STRICT” interpretation here refers to arguments that support the MOST limited SRA 
delineation. 

• An “INCLUSIVE” interpretation her refers to arguments that support the LEAST limited 
SRA delineation 

Arguments will be presented and discussed for each of the two alternatives for each species in-
cluding species specific information if available including: 
 

• Invasion/introduction history in Kattegat and Øresund and other places 
• Natural dispersal potential  
• Environmental tolerances (salinity and temperature) 
• Habitat conditions and distribution expected in Kattegat and Øresund 
• Importance of ballast water as a vector  
• Impact potential 
• HELCOM/OSPAR target species list 
• Uncertainties in larval dispersal modelling and connectivity analysis 
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3 Same-Risk-Area assessment 

3.1 Connectivity results 
A summary of the ratings from interpretation of connectivity analysis results presented in appen-
dix 2 is shown in Table 4 along with information on the species dispersal potential, representa-
tiveness of the habitat mapping applied in the connectivity analyses and the presence status in 
the Kattegat and Øresund region. Included in the table is also information on expected impact 
levels and type, and if the species is known to disperse via hull fouling. Information has been 
collected from available data portals such as CABI, NOBANIS, NEMISIS, DAISIE, AQUANIS 
etc. or directly from scientific publications and reports. A column indicates if the species also ap-
pear on the HELCOM/OSPAR target list of marine invasive species.  

Of the 23 species included in the study, 14 species have been identified as potentially having a 
high connectivity in the entire Kattegat and Øresund region, or at least in the those parts of the 
Kattegat and Øresund where larval dispersal is considered possible due to the existing salinity 
conditions and predicted habitat distribution (Connectivity ratings colored green or white for Kat-
tegat and Øresund in Table 4). These species are considered not to limit the extent of an SRA 
in Kattegat and Øresund.  

Of the remaining 9 species, 3 species have been identified as having a low or uncertain connec-
tivity in at least parts of the Kattegat and Øresund Region. These include: 

• Ensis directus  (Mollusca)
• Potamocorbula amurensis  (Mollusca)
• Rhithropanopeus harrisii (Crustacea)

Finally, the last 6 species have been identified as having no connectivity in the Kattegat and Ør-
esund as a whole or at least parts of Kattegat and Øresund. These include: 

• Bugula neritina (Bryozoa)
• Bugulina simplex (Bryozoa)
• Didemnum vexilum (Tunicata)
• Laonome calida (Annelida)
• Mytilopsis leucophaeata (Mollusca)
• Rangia cuneate (Mollusca)

Details on the connectivity analysis results and the interpretation and justification for the final 
connectivity ratings are thoroughly described for each species in appendices 2 and 3. Species 
identified to have low or no connectivity in Kattegat and Øresund or parts hereof will be further 
evaluated in the SRA assessment in the next section.  
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Table 4. The table incudes a summary of connectivity ratings of the Kattegat and Øresund area, and of the 5 
subdivisions hereof including “Western”, “Northern”, “Eastern” and “Southern” Kattegat, and the Øresund 
(see Figure 6). Connectivity within each (sub-) area is rated in three categories “green”, “yellow” and “red” rep-
resenting “High”, “Low” and “No” connectivity respectively. The connectivity ratings are supported by a rating 
of the robustness of the larval dispersal simulation and connectivity analysis. For details on evaluation proce-
dure and connectivity rating justification, see appendix 2. Additional information includes the species dispersal 
potential, habitat representativeness in the larval dispersal model, the presence status of the species in Katte-
gat and Øresund, information on hull fouling as an additional transport vector, the expected impact level and 
type reported for the species, and if the species appear on the HELCOM/OSPAR target list. Translations of the 
rating values and symbols are shown below the table.  
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Arcuatula senhousia 3 3  - 3 KØ N S W E Ø yes  + 2 ecosystem, biodiversity
Asterias amurensis 3 3  - 3 KØ N S W E Ø yes  + 3 ecosystem, biodiversity
Austrominius modestus 1 1 1 3 KØ N S W E Ø no  ++ 2 ecosystem, biodiversity, infrastr.
Bugula neritina 1 2  - 3 KØ N S W E Ø no  ++ 1 fouling
Bugulina simplex 1 1  - 3 KØ N S W E Ø no + 1
Callinectes sapidus 2 3  + 3 KØ N S W E Ø yes  - 1
Crassostrea gigas 3 2  ++ 3 KØ N S W E Ø yes  + 2 ecosystem, biodiversity
Didemnum vexillum 1 2 - 3 KØ N S W E Ø yes  ++ 3 ecosystem, biodiversity
Ensis directus 3 3  ++ 2 KØ N S W E Ø yes - 1
Eriocheir sinensis 2 3  + 3 KØ N S W E Ø no  + 2 ecosystem, biodiversity
Ficopomatus enigmaticus 2 2  + 2 KØ N S W E Ø yes  + 2 ecosystem, biodiversity, fouling
Hemigrapsus sanguineus 2 3  + 3 KØ N S W E Ø yes  + 2 ecosystem, biodiversity
Hemigrapsus takanoi 1 2  + 1 KØ N S W E Ø yes  + 2 ecosystem, biodiversity
Hydroides dianthus 2 2 - 3 KØ N S W E Ø yes  ++ 2 fouling
Laonome calida 2 1  - 3 KØ N S W E Ø no ? ?
Marenzelleria viridis 3 3  ++ 3 KØ N S W E Ø yes  - 3 ecosystem, biodiversity
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Mytilus galloprovincialis 3 3 - 3 KØ N S W E Ø yes  + 2 biodiversity
Palaemon macrodactylus 3 3 - 3 KØ N S W E Ø yes  + 1
Potamocorbula amurensis 3 3 - 3 KØ N S W E Ø yes  - 3 ecosystem, biodiversity
Rangia cuneata 1 1 - 3 KØ N S W E Ø yes ? 3 ecosystem, biodiversity, fouling
Rapana venosa 3 3 - 3 KØ N S W E Ø yes ? 3 ecosystem, biodiversity, fouling
Rhithropanopeus harrisii 2 2  + 3 KØ N S W E Ø yes  + 2 fouling, fishing gear
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3.2 Same-Risk rating 
Of the 9 species identified as having low or no connectivity in the whole of Kattegat and Øre-
sund or at least parts hereof (Table 5), 3 species have been rated as not posing an additional 
risk in case of an assignment of an SRA to the Kattegat and Øresund region despite low natural 
dispersal and connectivity. These include 2 species, Bugulina neritina and Didemnum vexillum, 
which are considered to be associated with hull fouling as the primary vector of transport with 
ships relative to transport via ballast water. Both species have been described as having low or 
no impact and B. neritina is not on the HELCOM/OSPAR target species list. The third species 
Ensis directus is considered to be widely distributed in the Kattegat and Øresund for decades 
but in low abundances and with no invasive behavior reported.  
 

Table 5. Same-Risk assessment for the 9 identified species where connectivity may be limited in the whole, or 
parts, of Kattegat and Øresund. The Same-Risk assessment has been evaluated based two criteria (right most 
column). 1 (Green) = Same Risk may be justified in the whole of Kattegat and Øresund. 2 (yellow) = Same Risk 
may be limited to parts of Kattegat and Øresund. Translations of the rating values and symbols other than the 
“Same Risk rating” column, see Table 4. 

 

  
 

 
 
For the remaining 6 species, ballast water is considered to be an important vector for ship-medi-
ated transport of MIS and these species are considered potentially limiting the extent of an 
SRA. 
  

Ro
bu

st
ne

ss

Ka
tt

eg
at

 &
 Ø

re
su

nd
 

N
or

th
er

n 
Ka

tt
eg

at

So
ut

he
rn

 K
at

te
ga

t

W
es

te
rn

 K
at

te
ga

t

Ea
st

er
n 

Ka
tt

eg
at

Ø
re

su
nd

 H
el

co
m

/O
sp

ar
 T

ar
ge

t 
sp

ec
ie

s

At
ta

ch
es

 to
 h

ul
l

Im
pa

ct
 p

ot
en

tia
l

Bugula neritina 1 2  - 3 KØ N S W E Ø no  ++ 1
Bugulina simplex 1 1  - 3 KØ N S W E Ø no + 1
Didemnum vexillum 1 2 - 3 KØ N S W E Ø yes  ++ 3
Ensis directus 3 3  ++ 2 KØ N S W E Ø yes - 1
Laonome calida 2 1  - 3 KØ N S W E Ø no ? ?
Mytilopsis leucophaeata 2 2  - 3 KØ N S W E Ø yes  + 3
Potamocorbula amurensis 3 3 - 3 KØ N S W E Ø yes  - 3
Rangia cuneata 1 1 - 3 KØ N S W E Ø yes ? 3
Rhithropanopeus harrisii 2 2  + 3 KØ N S W E Ø yes  + 2
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3.3 SRA delineation alternatives 
SRA delineation alternatives considering a strict and inclusive interpretation are presented for 
the 6 species identified as potentially being limiting the extent of an SRA. 

3.3.1 SRA limited by Bugulina simplex 
The SRA delineation alternatives for Bugulina simplex are shown in Figure 7 together with delin-
eated hydrographic regions and predicted habitat map. 
 

    
Figure 7. SRA assessment for Bugulina simplex:  A: Hydrographic regions including within and between regions 
connectivities (for details see appendix 2). B: Habitat map discriminating between “optimal” (green) and “sub-
optimal” (yellow) salinity conditions for adult life stages. The SRA delineated alternatives for Kattegat and Øre-
sund based on a strict (C) and an inclusive (D) interpretation are represented by blue colored patterns. 

 
Strict interpretation 

• The species connectivity is highly limited with only natural dispersal occurring in Øre-
sund. The rest of Kattegat is considered not to be connected via natural dispersal. 

Inclusive interpretation 
• Most of Kattegat and Øresund except for northern Kattegat and deeper parts of central 

Kattegat are located in sub-optimal salinity conditions for adult life stages.  
• The species is regarded as having a low impact. 
• Hull fouling is believed to be an equally important vector relative to ballast water. 
• The species is not included in the HELCOM/OSPAR target species list.   
• The species is not registered in the Kattegat and Øresund region. 

SRA alternatives 
Arguments considering a strict interpretation support an SRA restricted to the Øresund. Argu-
ments considering an inclusive interpretation may support an SRA assigned to the whole of Kat-
tegat and Øresund.  
  

A B 
SRA 
Inclusive D C 

SRA 
Strict 
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3.3.2 SRA limited by Laonome calida 
The SRA delineation alternatives for Laonome calida are shown in Figure 8 together with delin-
eated hydrographic regions and predicted habitat map.  

Figure 8. SRA assessment for Laonome calida:  A: Hydrographic regions including within and between regions 
connectivities (for details see appendix 2). B: Habitat map discriminating between “optimal” (green) and “sub-
optimal” (yellow) salinity conditions for adult life stages. The SRA delineated alternatives for Kattegat and Øre-
sund based on a strict (C) and an inclusive (D) interpretation are represented by blue colored patterns. 

Strict interpretation 
• The species connectivity is highly limited due to low PLD (1 day)
• The assumed habitat may be overestimated in which case the connectivity will be fur-

ther limited
• The impact potential of the species is regarded as high.
• The species is assumed to be tolerant to almost the whole salinity range from < 1 to >

30 PSU.
• Very little is known about the species and the therefor the risk is difficult to evaluate.

Inclusive interpretation 
• The taxonomy of the species has been questioned and reports may comprise different

species. 
• Adult salinity tolerance range is uncertain. In Europe the species has been found solely

in relation to salinity conditions more brackish than in Kattegat and Øresund. 
• Larval salinity tolerance range unknown.
• The species is not yet recorded in Kattegat and Øresund.
• The species is not on the HELCOM/OSPAR target species list.

SRA alternatives 
Arguments considering a strict interpretation support an SRA restricted to the Øresund. Argu-
ments considering an inclusive interpretation may support an SRA assigned to the whole of Kat-
tegat and Øresund.  

A B 
SRA 
Inclusive D C 

SRA 
Strict 
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3.3.3 SRA limited by Mytilopsis leucophaeata  
The SRA delineation alternatives for Mytilopsis leucophaeta are shown in Figure 9 together with 
delineated hydrographic regions and predicted habitat map. 
 

    
Figure 9. SRA assessment for Mytilopsis leucophaeata:  A: Hydrographic regions including within and between 
regions connectivities (for details see appendix 2). B: Habitat map discriminating between “optimal” (green) 
and “sub-optimal” (yellow) salinity conditions for adult life stages. The SRA delineated alternatives for Kattegat 
and Øresund based on a strict (C) and an inclusive (D) interpretation are represented by blue colored patterns. 

 
Strict interpretation 

• The species connectivity in Kattegat is highly limited. Only the Øresund and southeast-
ern corner of Kattegat is well connected.  

• The species is on the HELCOM/OSPAR target species list. 
• The species recognized as having a high impact potential. 

Inclusive interpretation 
• The whole of Kattegat is located in sub-optimal salinity conditions for adult life stages 

and it is uncertain if the species can establish here.  
• Limited east-west connectivity is partly due to larval salinity intolerance.   
• The calculated connectivity is based on a minimum PLD of 6 days but values up to 14 

days has been recorded. Thus, the connectivity may be underestimated. 
• The species has been registered in Europe since 1835 in the North Sea and Baltic Sea 

in relation to freshwater outlets. The lack of being widely distributed in the Kattegat and 
Øresund region indicates that the species may not impose a risk to an SRA designation.   

• Winter temperatures may be a limiting factor the ability of the species to establish. 

SRA alternatives 
Arguments considering a strict interpretation support an SRA restricted to the Øresund and the 
most south-eastern corner of the Kattegat. Arguments considering an inclusive interpretation 
may support an SRA assigned to the whole of Kattegat and Øresund.  

A B SRA 
Inclusive D C SRA 

Strict 
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3.3.4 SRA limted by Potamocorbula amurensis   
The SRA delineation alternatives for Potamocorbula amurensis are shown in Figure 10Figure 9 
together with delineated hydrographic regions and predicted habitat map. 
 

    
Figure 10. SRA assessment for Potamocorbula amurensis:  A: Hydrographic regions including within and be-
tween regions connectivities (for details see appendix 2). B: Habitat map discriminating between “optimal” 
(green) and “sub-optimal” (yellow) salinity conditions for adult life stages. The SRA delineated alternatives for 
Kattegat and Øresund based on a strict (C) and an inclusive (D) interpretation are represented by blue colored 
patterns. 

 
Strict interpretation 

• The species connectivity in is limited in the east-west direction in the most eastern parts 
of Kattegat.  

• The species is reported as having a high impact potential.   
• The species is on the HELCOM/OSPAR target species list. 

Inclusive interpretation 
• The limited connectivity from east to west in the eastern parts of Kattegat is partly due 

to this part of the region being close to the upper salinity tolerance range expected for 
larval stages 

• The species has not been registered in Kattegat and Øresund. 
• The PLD range from 14 - 21 days indicates that the connectivity analysis based on 14 

days PLD can be somewhat underestimated. 
• The species is reported to have a high dispersal potential. 

SRA alternatives 
Arguments considering a strict interpretation support an SRA restricted to the Øresund. Argu-
ments considering an inclusive interpretation may support an SRA assigned to the whole of Kat-
tegat and Øresund.  
  

A B SRA 
Inclusive D C SRA 

Strict 
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3.3.5 SRA limted by Rangia cuneate  
The SRA delineation alternatives for Rangia cuneate are shown in Figure 11 together with delin-
eated hydrographic regions and predicted habitat map. 
 

    
Figure 11. SRA assessment for Rangia cuneate:  A: Hydrographic regions including within and between regions 
connectivities (for details see appendix 2). B: Habitat map discriminating between “optimal” (green) and “sub-
optimal” (yellow) salinity conditions for adult life stages. The SRA delineated alternatives for Kattegat and Øre-
sund based on a strict (C) and an inclusive (D) interpretation are represented by blue colored patterns. 

 
Strict interpretation 

• The species connectivity within the larval dispersal range is highly limited due to very 
short PLD. Only Øresund is considered as well connected. 

• The species is reported having a high impact potential. 

Inclusive interpretation 
• The salinity conditions for adult life stages in whole of Kattegat and Øresund are sub-

optimal. 
• The larval dispersal range is limited to the southern parts of Kattegat and Øresund. Lar-

val survival in these parts of the region may be uncertain.  
• Dispersal potential in general is reported to be moderate  
• The species is not registered in the region.  

SRA alternatives 
Arguments considering a strict interpretation support an SRA restricted to the Øresund and the 
central and northern parts of Kattegat. Arguments considering an inclusive interpretation may 
support an SRA assigned to the whole of Kattegat and Øresund.  
  

A B SRA 
Inclusive D C SRA 

Strict 
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3.3.6 SRA limited by Rhithropanopeus harrisii 
The SRA delineation alternatives for Rhithropanopeus harrisii are shown in Figure 12 together 
with delineated hydrographic regions and predicted habitat map. 
 

    
Figure 12. SRA assessment for Rhithropanopeus harrisii:  A: Hydrographic regions including within and be-
tween regions connectivities (for details see appendix 2). B: Habitat map discriminating between “optimal” 
(green) and “sub-optimal” (yellow) salinity conditions for adult life stages. The SRA delineated alternatives for 
Kattegat and Øresund based on a strict (C) and an inclusive (D) interpretation are represented by blue coloured 
patterns. 

 
Strict interpretation 

• The connectivity in the whole of Kattegat is uncertain, while Øresund is interpreted as 
well connected.  

• The habitat assumed in the connectivity analysis may be overestimated further limiting 
the connectivity.  

• The species has recently been established south of Øresund 
• The specie is on the HELCOM/OSPAR target species list. 

Inclusive interpretation 
• The PLD range 7- 43 days indicates that the connectivity analysis based on 7 days PLD 

can be significantly underestimated and the whole of Kattegat may be well connected. 
• The species attach to hull as a contributing vector of transport. 
• The species has been recorded in Copenhagen area since 1957 and only recently es-

tablished locally.  
• The dispersal potential in general is reported as moderate.  
• The impact potential in general is reported as moderate. 

SRA alternatives 
Arguments considering a strict interpretation support an SRA restricted to the Øresund. Argu-
ments considering an inclusive interpretation may support an SRA assigned to the whole of Kat-
tegat and Øresund.  

A B SRA 
Inclusive D C SRA 

Strict 
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4 Discussion and conclusion 
 
In this SRA Case Study for Kattegat and Øresund, we have presented a methodology on how to 
address a risk assessment as required by the Ballast Water Management Convention before an 
SRA can be assigned to a marine territory between two or more countries. 
 
The methodology employs connectivity to focus on the predicted natural dispersal of marine in-
vasive species not introduced or introduced but not widely distributed in the region. The pre-
dicted natural dispersal is used as a key indicator to identify species potentially posing a risk if 
ballast water remains untreated and species which may not, i.e. thus supporting an SRA. A long 
list of +80 species based on internationally agreed invasive species for the North Sea and the 
Baltic Sea was reduced to 23 based primarily on salinity tolerance. Of the 23, the study identi-
fied 9 species that were considered to have a natural dispersal, which would potentially limit an 
SRA to less than the study area of Kattegat and Øresund.  
 
In further consideration of risk, the 9 species were assessed using additional available 
knowledge on species characteristics such as species biology, habitat requirements, environ-
mental tolerances, invasion history, the importance of ballast water as a vector, impact potential 
etc. While 3 species were readily “low risk”, 6 species require an expert assessment and for this 
we identify and present for each species arguments that support each of two different alterna-
tive SRA delineations: One based on accepting only conservative choice of data supporting the 
most limited SRA delineation (referred to as a “strict” interpretation) and one allowing a consen-
sus based data selection supporting the least limited SRA delineation (referred to as an “inclu-
sive” interpretation).  
 

• By applying a strict interpretation an SRA can be argued to be limited to covering only 
the Øresund and the immediate vicinity (in 5 out 6 species).  

• By applying an inclusive interpretation, it may be argued that the whole of Kattegat and 
Øresund can be assigned as an SRA (for all 6 species). 

None of the 23 species was found to limit the extent of an SRA covering the Øresund. The final 
decision on what is “an acceptable risk” needs to be addressed by respective authorities in Den-
mark and Sweden, since this requires that arguments of supporting the strict approach be con-
sidered within “an acceptable risk”. 
 
The study did not consider how an SRA may be identified in cases where two or more harbors 
are permanently affected by freshwater but separated in an otherwise saline environment, e.g. 
between minor ports in Denmark and Sweden in connections with rivers and the interior parts of 
long fjords, e.g. Mariager Fjord. In such cases, authorities may consider a conditional SRA ex-
cluding specific harbors from the exemption provided by an SRA.  
 
Many of the assumptions, parameters and criteria applied in the methodological approach pre-
sented here may of course be challenged. We have not aimed at defining exact quantitative cri-
teria to support the expert risk assessment. Although results from the larval dispersal simulation 
and connectivity analysis are based on quantitative methods, at best the results can only be re-
garded as semi-quantitative. Because some factors that may affect larval dispersal are un-
known or inaccurate, and since we consider only the larval dispersal phase and not the entire 
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life cycle included in population establishment, maintenance and succession, the analysis can 
only be indicative. Thus, the final same-risk assessment relies largely on qualitative indices 
which can be difficult to interpret and evaluate, and will require some kind of consensus and 
agreement among stakeholders. This part has been beyond the scope of this project. Instead 
we have developed and presented a transparent methodology that can be reproduced, and 
where scientific disagreements in the applied criteria, parameters and assumptions can be eas-
ily tested to examine how this will affect the results. This is the case in particular for the species 
selection criteria, the larval dispersal modelling approach and the connectivity analysis. In the 
final same-risk assessment the scope has been to present necessary information for decision 
makers by identifying species that may be considered as posing an additional risk to the region 
if ballast water remains untreated, and to present the range of arguments the decisions makers 
need to consider when addressing what is an “acceptable risk” and the means to decide on the 
extent of an eventually SRA assignment.  

As suggested by Stuer-Lauridsen et al. (2018) the SRA study presented here is based on a 
species-specific risk assessment approach also as proposed by the BWMC guideline G7. The 
G7 proposes three risk assessment methods including “Environmental matching risk assess-
ment”, “Species biogeographical risk assessment” and “Species specific risk assessment”. We 
argue that the approach presented here also incorporates principles of an “Environmental 
matching risk assessment”, because we take into account the effect of habitat distribution and 
environmental tolerances explicitly in the larval dispersal simulation and connectivity analysis, 
and in the interpretation of results and in the preliminary risk assessment. 
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Appendix 1 Marine Invasive Species shortlist—
Methodology and results 

Appendix 1 can be found in a separate report (DTU Aqua Report no. 335a-2018).  
The report can be downloaded from the list of research reports at aqua.dtu.dk/publications. 
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Appendix 2 Connectivity analysis—Methodology, 
results and interpretation 

Appendix 2 can be found in a separate report (DTU Aqua Report no. 335b-2018).  
The report can be downloaded from the list of research reports at aqua.dtu.dk/publications. 
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Appendix 3 Connectivity analysis—Additional results 

Appendix 3 can be found in a separate report (DTU Aqua Report no. 335c-2018).  
The report can be downloaded from the list of research reports at aqua.dtu.dk/publications.  
 



DTU Aqua 

National Institute of Aquatic Resources

Technical University of Denmark

Kemitorvet

2800 Kgs. Lyngby

Denmark

Tel: + 45 35 88 33 00 

aqua@aqua.dtu.dk

www.aqua.dtu.dk


	Front page
	Title page
	Colophon
	Preface
	Content
	1 Introduction
	1.1 Background
	1.2 Objective
	1.3 How to read this report
	1.4 Funding
	1.5 Advisory group

	2 Methodology
	2.1 Overview
	2.2 Target species
	2.3 Larval dispersal modelling
	2.3.1Hydrographic data
	2.3.2 Agent based model
	2.3.3Parameter settings
	2.3.4Habitat
	2.3.5Simulation setup

	2.4 Connectivity analysis
	2.5 Interpretation of results
	2.6 Same-Risk assessment

	3 Same-Risk-Area assessment
	3.1 Connectivity results
	3.2 Same-Risk rating
	3.3 SRA delineation alternatives
	3.3.1SRA limited by Bugulina simplex
	3.3.2SRA limited by Laonome calida
	3.3.3SRA limited by Mytilopsis leucophaeata
	3.3.4 SRA limted by Potamocorbula amurensis
	3.3.5 SRA limted by Rangia cuneate
	3.3.6 SRA limited by Rhithropanopeus harrisii


	4 Discussion and conclusion
	5 References
	Appendix 1 Marine Invasive Species shortlist—Methodology and results
	Appendix 2 Connectivity analysis—Methodology, results and interpretation
	Appendix 3 Connectivity analysis—Additional results
	Back page



