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Background 

The Same Risk Area concept (SRA) is an approach to encourage Member States to make use of 
provisions in the BWMC for the risk assessment of multiple ports. 

Denmark and Interferry co-sponsored the submission MEPC 69/4/11 (MEPC69/INF.25) (See Annex) 
noting that an exemption granted under an SRA approach does not require any changes to the 
Convention, nor to the Guidelines (G7). The benefits of an area based approach SRA are a considerable 
ease of the administrative burden in countries with regional/local traffic calling several ports across 
borders both in relation to the authorities’ responsibility to assess the quality and validity of risk 
assessments before granting exemptions and for the ships operating solely in such areas where risks 
have already been demonstrated to be acceptable; overall, a multiple-point exemption approach 
would benefit the movement of cargo by short sea traffic. MEPC70 INF/25, outlined in the Annex, 
describes how a case study for the sea area between Sweden and Denmark (Kattegat) can be done. 

Action required 

The meeting is invited to: 
a. take note that the Same Risk Area concept (SRA) has been discussed at MEPC 70 and was 

included as a tool for risk assessment under the BWMC regulation A-4 (exemption) and MEPC 
Guideline no. 7; 

b. consider and discuss if the SRA-concept can be included in the JHP as part of a tiered approach 
to risk assessment. 
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SUMMARY 

Executive summary: This document builds on previous deliberations at MEPC and the 
PPR Sub-Committee on the same risk area (SRA) concept and the 
information presented in document MEPC 69/INF.25. It reports on 
work on SRA in Denmark, including the development of an internet 
site for SRA calculations, a plan for a study in local Danish 
and Swedish waters and it addresses some of the comments made 
at MEPC 69. 

Strategic direction: 7.2 

High-level action: 7.2.2 

Planned output: 7.2.2.4 

Action to be taken: Paragraph 28 

Related documents: MEPC 47/2; MEPC 48/2; MEPC 49/INF.6; MEPC 67/2/12, 
MEPC 67/INF.23; MEPC 68/12/2, MEPC 68/4/11; MEPC 69/4/15, 
MEPC 69/INF.25; PPR 2/5/3 and PPR 2/21 

 
Introduction 
 
1 The same risk area (SRA) concept is an approach to encourage Member States to make 
use of provisions in the International Convention for the Control and Management of Ships' Ballast 
Water and Sediments, 2004 (the Convention) for the risk assessment of multiple ports. 
 
2 Denmark and INTERFERRY co-sponsored the submission MEPC 69/4/11 noting that 
an exemption granted under an SRA approach does not require any changes to 
the Convention, nor to the Guidelines (G7). The benefits of an area based approach SRA are 
a considerable ease of the administrative burden in countries with regional/local traffic calling 
several ports across borders both in relation to the authorities' responsibility to assess the 
quality and validity of risk assessments before granting exemptions and for the ships operating 
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solely in such areas where risks already have been demonstrated to be acceptable. Overall, 
a multiple-point exemption approach would benefit the movement of cargo by short sea traffic. 
 
3 During MEPC 69 a presentation was held on SRA and a number of informal questions 
and comments on SRA were made from the delegates. In addition, Canada submitted 
document MEPC 69/4/15 on SRA and this note includes considerations of the formal and 
informal suggestions made at MEPC 69. The questions and comments addressed general 
issues such as the data requirements for the hydrographical modelling part and the data 
needed on invasive species to develop the connectivity map. It was emphasized that SRA 
modelling itself provides the extent of connectivity as interpreted from natural dispersal and 
that a risk assessment part is carried out based on the existing approach in Guidelines (G7). 
The points raised in the Canadian submission were propagule pressure, directionality, 
biogeographical division, data availability, time frame, target species, and biomolecular 
methods, all of which will be addressed during the feasibility study for the SRA.  
 
4 The Danish authorities involved in ballast water management have initiated a project in 
the Danish Technical University (DTU Aqua) to develop a tool to support the delimitation of SRAs 
by the use of connectivity analyses of marine systems, agent-based modelling and integration of 
decision-support mechanism. The product will be a public web page and software to estimate the 
connectivity of areas based on the hydrography and biological traits of the pelagic larvae in the 
area modelled. An outcome of the project will be a documented test case and a full and detailed 
implementation plan for the coding of user-friendly interface based on existing freeware. 
 
5 A main purpose of this submission is to inform on the feasibility for a study on SRA in 
the Kattegat and Øresund (the Sound) area between Denmark and Sweden. It is emphasized 
that no decision has been taken in either country to carry out the study yet. The brief note 
outlines the proposed methodology, the data requirements and the data availability for a study 
to assess the appropriate size of an SRA and the risk assessment elements.  
 

 
 
 

Figure 1: Proposed area for study of delineation of SRA between Denmark and 
Sweden. Major harbours (red dots) with connection to the Kattegat areas. Kattegat is 
situated between Denmark and Sweden and link to the Baltic Sea to the south and to 

the North Sea via Skagerrak in the north1 

                                                
1 The boundaries and names shown and the designations used in the maps contained in this document do 

not imply official endorsement or acceptance by the International Maritime Organization. 

Kattegat 



MEPC 70/INF.25 
Page 3 

 

 

https://edocs.imo.org/Final Documents/English/MEPC 70-INF.25 (E).docx

METHODOLOGY 
 
Natural dispersal 
 
6 The natural dispersal of marine organisms with free-swimming larval stages depends 
on both the sea currents and the biology of the individual species. Biological factors, or traits, 
include the duration of the free swimming stages (pelagic larvae duration), the survival, the 
locomotive behaviour, the habitat requirements, etc. All these traits affect in different ways the 
chances of an organism to disperse from a point of origin (a harbour, a ballast water outlet 
point, a spawning area) to a new location where it can survive and eventually reproduce. Thus, 
the identification of an SRA needs to consider, not only the hydrography of the surroundings, 
but also the knowledge of the life history and behavioural traits of the relevant alien species or 
target species, including species already present in harbours or marine habitats within the 
marine region of interest, or species that may potentially invade the region from other regions.  
 
7 Including both existing and potential alien species may result in a relatively large list 
of organisms, and instead a limited number of selected target species may be considered for 
analysing dispersal patterns. Alternatively or as a supplement, a trait-based approach can be 
considered where individual biological traits are identified and evaluated individually and in 
combination. By analysing a gross list of existing and potential alien species, and their traits, 
each trait can be associated with a given range of values statistically inferred from the species 
facts sheets and other types of species data and databases.  
 
8 A combined approach is proposed where two to four target species are selected 
amongst those already registered as invasive species in the Kattegat-Øresund region and/or 
in a neighbouring region, and evaluated for their specific traits and habitat requirements in 
order to analyse dispersal patterns and risk of dispersal within Kattegat and Øresund. As a 
supplement the study will evaluate a long list of existing and potential alien species, extract the 
range of the most important biological traits, and evaluate how these ranges of biological traits, 
similarly, can be translated into ranges of dispersal patterns and risks of dispersal.  
 
Hydrodynamic, environmental and meteorological features 
 
9 Since sea currents are the single most significant factor for dispersal of pelagic larval 
stages of marine organisms the study will apply a 3D hydrodynamic model covering the area 
of Kattegat and Øresund, extended beyond this area to ensure that the larval dispersal model 
(see later) will capture most of the re-introduction of organisms which at some point may exit the 
area. The hydro-dynamical model will, apart from ocean currents, include salinities and 
temperature, which may be included in the larval dispersal model in the formulations of biological 
traits and species specific tolerances, e.g. affecting survival, pelagic larvae duration, etc.  
 
10 For some organisms adhered to the water surface during dispersal, wind drift may be 
an important factor. For the upper layer of water, but below the surface, in the hydrodynamic 
model the wind induced water movement should be implicitly embedded in the simulated water 
currents. Depending on the species, and if data is available from existing models or mapping, 
other types of environmental data may be considered if these are critical for predicting 
dispersal of specific species or traits. Other types of data may include oxygen levels, light, food 
availability, predation, etc.  
 

Habitat occurrence and preference 
 

11 A successful dispersal of a marine organism requires that the organism succeeds in 
occupying an area where the living conditions are suitable for settlement, survival, growth and 
eventually reproduction. These areas or habitats may be patchy distributed or limited to 
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specific zones where the physical (or biological) substrate, food availability, etc. are suitable 
for a particular species. Settling in a non-suitable habitat will be regarded as an unsuccessful 
dispersal. By taking into account the distribution of suitable habitats for a given species the 
relevance of a larval dispersal analysis and risk assessment of larval dispersal increases.  
 

12 Depending on the species identified and habitat data available, distribution of habitats 
will be included in the analysis of target species. For the trait-based approach, distribution of 
two or three categories of major habitat types may be considered to evaluate the effect of 
different habitat preferences to the predicted range of trait based dispersal.  
 

Connectivity 
 

13 Depending on the spatial and temporal variation of ocean currents and the biology of 
the alien species considered, or traits to be analysed, different parts of the sea area will support 
different dispersal patterns and distances. Areas with strong currents will potentially convey 
organisms far away, while areas with low currents or dominated by local eddies, may retain 
marine larvae for longer periods resulting in a relatively low dispersal. Thus, different areas 
can be interpreted to be more or less connected. One way to analyse the level of marine 
connectivity is to apply a modelling approach simulating and mimicking the drift and behaviour 
of marine larvae, by following each individual larvae from the point where the larvae may enters 
the pelagic zone, until it settles successfully on a suitable habitat. By simulating a very large 
number of (virtual or hypothetical) larvae subject to drift predicted by the 3D hydrodynamic 
model, and by taking into account the biology of the target species or the individual trait 
analysed, it is possible to get an insight into the connectivity of the region considered. Based 
on the simulation results it is also possible to delineate larger areas where connectivity 
internally in each of the delineated areas is high, and where the exchanged of larvae between 
neighbouring areas, and hence the connectivity, is low.  
 

14 This type of analysis is based on the use of so called individual-based models (IBMs) and 
has been widely used for studying marine connectivity in many places world-wide. Recently a 
project on DTU Aqua financed by the Danish Maritime Fund has developed a free-ware product 
that incorporates existing hydrodynamic model data, with an individual-based model, to predicted 
marine connectivity from simulated ocean currents and biological traits. Delineation procedures for 
areas with high connectivity are automated. The software tool has been developed focusing on 
user-friendly interfaces to be operated by scientific staff with little or no modelling background. This 
software will be used in the current project and the outcome will be the delineation of highly 
connected areas supporting the identification of SRA in the Kattegat and Øresund region.  
 

Assessing ship borne contribution to risk 
 

15 The current procedure for SRA mimics the existing IMO Guidelines for risk 
assessment under regulation A-4 of the BWM Convention (G7) in that it does not prescribe 
specific methods, but due to lack of scientific consensus simply states that such an assessment 
should be made. It is clear that the SRA assessment should include the description of spatial 
extent of the natural dispersal and also a mechanism to assess and compare the quantitative 
impact of natural versus ballast water mediated transfer of invasive species.  
 

16 Our ability to predict an invasion risk based on simple parameters of the shipping 
traffic such as vessel tonnage, history of port calls, length of journey, ballast volume has not 
yet evolved to a level where quantitative models exist. Probabilistic and dynamic demographic 
models may provide insight into the establishment of non-indigenous species or populations 
once discharged into the receiving environment, but the link to the propagules of the original 
port and the propagule pressure resulting in a successful invasion is not yet available. It is our 
proposal that in the SRA the invasion risk will be taken as the establishment probability. 
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17 The likelihood of successful establishment of species introduced through natural 
dispersal and ship's ballast water is related to the propagule pressure and a wide array of 
environmental conditions affecting the dispersal, survival, and settlement of pelagic larvae and 
organisms. In order to settle successfully on substrate, each individual particle has to pass some 
conditional statements: the particle has to have gained competency, particle x,y-coordinates in 
the given model time step must coincide with a suitable habitat area, particle needs to be less 
than 0.5 m away from the substrate (vertically) and current velocity needs to be below 0.5 m/s 
in the moment of settlement. Currently, the predictive capacity does not allow survival rate in 
the ballast tank, voyage duration, temperature, and susceptibility to pumping and shearing 
actions to be modelled quantitatively. 
 

Assessment of data requirements and data availability  
 

18 The data sets needed for a same risk area assessment of the proposed area 
comprising Øresund and Kattegat would include existing data on alien species present in 
harbours in the case study area (or their traits, as suggested, for a non-survey based exercise). 
 

19 Data on alien species (or their traits) already present in harbours in the case study 
area will be extracted from the data repositories of HELCOM, which include information on 
target species in the HOLAS sub-region areas (CORESET 2011 data) and invasive species of 
the areas comprising the majority of the proposed area. A minor portion will be OSPAR 
Skagerrak area not included in HELCOM data. We have previously used the CORESET raw 
data for each HOLAS sub-region in risk assessments. This may work best where only one 
dominating port is present in each HOLAS sub region and it can be assumed that the number 
of target species corresponds to that of the port.  
 

20 It is not the intention to initiate surveys under the SRA procedure since one of its 
advantages is the modelling of key biological characteristics of invasive species. It may 
however be considered prudent to do so during a case study. Comprehensive survey guidance 
is available as part of the Joint Harmonized Procedure of OSPAR/HELCOM.  
 

21 Data on alien species (or their traits) potentially to be introduced to harbours in the 
case study area are identified based on the target species list of HELCOM, which can be used 
as the long list and starting point for the SRA target species selection in consultation with authorities 
in Denmark and Sweden. The traits governing the spread of selected target species are largely 
covered in the comprehensive HELCOM fact sheets on invasive species. This should be sufficient 
to provide bulk information to establish traits analysis of the detected species in the area, but may 
be supplemented by selected original literature on key species/traits. 
 

22 The hydrographic model data available comprise the Baltic-North Sea ocean-ice 
model HBM (HIROMB-BOOS Model) operated by DMI (Danish Meteorological Institute). With 
two-way dynamical nesting, HBM enables high resolution in regional seas and very high 
resolution in narrow straits and channels. The HBM set-up for the present hydrographic dataset 
has a horizontal grid spacing of 6 nautical miles (nm) in the North Sea and in the Baltic Sea, 
and 1 nm in the inner Danish waters. In the vertical the model has up to 50 levels in the 
North Sea and the Baltic Sea, and 52 levels in the inner Danish waters with a top layer 
thickness of 2 m. HBM is forced by data from the numerical weather prediction model HIRLAM 
with 10 m wind fields, sea level pressure, 2 m temperature and humidity and cloud cover.  
 

23 At open model boundaries between Scotland and Norway and in the English Channel, 
tides composed of the eight major constituents and pre-calculated surges from a barotropic 
model of North Atlantic are applied. Freshwater runoff from the 79 major rivers in the region is 
obtained from a mixture of observations, climatology (North Sea rivers) and hydrological 
models (Baltic Sea). In addition to these hydrographic model data (including predicted water 
currents, salinity and temperature) a biogeochemical module (ERGOM) is dynamically 
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embedded in the HBM providing data on biogeochemistry including dissolved oxygen, 
nutrients, phytoplankton etc. 
 

24 The preferred settling/nursing/rearing habitat distribution of selected alien species may 
be obtained using data on modelled seabed habitats from EUSeaMap that are available through 
EMODnet. Habitat classification is based on multiple data sources (modelled and observed) 
including seabed substrate, bathymetry, light, biogeographic zones, wave energy and current 
energy. Model resolution is approximately 250 metres for the Baltic region including Kattegat.  
 

 
 

Figure 2: Screen dump from EMODnet's seabed habitat map for the wider Kattegat 
area of the SRA study 

 
 

25 The traits governing the spread of selected target species are largely covered in the 
comprehensive HELCOM fact sheets on invasive species. This should be sufficient to provide 
bulk information to establish traits analysis of the detected species in the area, but may be 
supplemented by selected original literature on key species/traits. 
 

26 Currently, there are no monitoring data on invasive species in the Danish ports and 
only sporadic observations are available. However, it is expected that data will be generated 
in the coming years as a monitoring programme employing molecular methods is initiated. 
The use of survey data is optional in SRA. 
 

27 Although the assessment of the feasibility of the above mentioned study is still in 
progress and a study description has not yet been developed for the consideration of 
authorities in Denmark and Sweden, it is the preliminary conclusion that an SRA study can be 
carried out based on existing information for the Kattegat and Øresund area. 
 

Action requested of the Committee  
 

28 The Committee is invited to note the information provided. 
 
 

___________ 
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SUMMARY 

Executive summary: This document is a comprehensive study on the same risk area 
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Introduction 
 
1 The Committee will recall that Parties to the International Convention for the Control 
and Management of Ships' Ballast Water and Sediments, 2004 (the Convention) may grant 
exemptions in accordance with regulation A-4 of the Convention. The topic was discussed 
during MEPC 68, and the Committee agreed to invite submissions on this topic to MEPC 69. 
 
2 Document MEPC 69/4/11 builds on previous deliberations at MEPC and the 
PPR Sub-Committee on the same risk area concept; refining the mechanism for a similar 
area-based risk approach based on regulation A-4; outlining the parameters for a risk 
assessment, in order to justify a decision between two or more coastal States to delineate a 
"same risk area".  
 



MEPC 69/INF.25 
Annex, page 2 

 

 

https://edocs.imo.org/Final Documents/English/MEPC 69-INF.25 (E).docx 

3 The annex to this document contains a comprehensive study entitled Same Risk Area 
Concept – Procedure and Scientific Basis. * 
 
Action requested of the Committee 
 
4 The Committee is invited to note the information provided. 
 
 

*** 
 

                                                             
* The boundaries and names shown and the designations used on the maps in the annex do not imply official 

endorsement or acceptance by the International Maritime Organization. 
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Executive Summary 

 
The International Convention for the Control and Management of Ships' Ballast Water and 

Sediments (BWMC) uses ballast water exchange (D-1) and discharge criteria (D-2) to reduce 

the risk of transfers of invasive species. Once the BWMC is in force, the discharge of D-2 

compliant ballast water will typically require a physical or chemical treatment of the water by 

onboard treatment equipment. However, ship(s) on voyage(s) between specified ports or 

locations may be granted an exemption under BWMC regulation A-4, i.e. be allowed not to 

manage their ballast water, if it is decided that the risk for transfer of invasive species is 

acceptable.  

 

The short sea sector is keen on applying for such exemptions as many vessels in short sea 

shipping trade in a limited area and face challenges with installation of treatment systems both 

regarding the footprint required and the economic burden. When considering applying for an 

A-4 exemption on a port by port basis the short sea traffic industry is concerned over the 

feasibility of obtaining survey data generated for the risk assessments and the ownership to 

these data, in addition to the unpredictability of whether an exemption could be granted and 

also the duration of the exemption (i.e. according to A-4 effective for a period of no more than 

five years subject to intermediate review).  

 

The Same Risk Area (SRA) is a concept for an area based risk assessment. It addresses the 

situation where a limited area served by short sea shipping includes several ports in close 

proximity in two or more neighbouring countries – e.g. along a coast line, across a strait, a bay 

or a river mouth. National legislation in several countries already except or exempt vessels 

from ballast water management in a number of areas, and the SRA is aimed at providing a 

risk based approach to such area based exemptions, be they national or international. 

 

An SRA may be described as a body of water characterized by an equal risk level from natural 

dispersal of target species. It follows that in the SRA any added risk from discharge of ballast 

water must be acceptable. An SRA would be expected to be a delineated area in one 

biogeographical region only, and therefore invokes the use of the Species-specific risk 

assessment in G7. The key component of SRA is the assessment of the natural dispersal of 

target species by way of hydrography or other natural mechanisms and the comparing of this 

to the potential transfer of target species with ballast water.  

  

The natural dispersal may be driven by species moving by their own means, by passive drift 

with water currents or by wind induced drift, or as a combination of these. Ports in close 

proximity may exhibit a high probability of exchanging invasive species among them as a 

result of natural dispersal mechanisms. Also, the characteristics of the target species 

considered and those of their surroundings that are fundamental for the natural dispersal 

pattern will include (non-exhaustive list): 

 

 the biological features,  

e.g. the occurrence and duration of egg or larval stages, foraging and mobility, 

spawning characteristics, settling rate, mortality, and behavioural aspects; 
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 the hydrodynamic, environmental and meteorological features, 

e.g. the historic and seasonal pattern of currents, tidal regime, salinities, 

temperature, and wind patterns; and 

 habitat occurrence and preference, 

e.g. the occurrence of soft or hard bottom environs, corals, river banks, littoral and 

high energy zones. 

 

A core technical element in the SRA analysis of natural dispersal is "connectivity". Connectivity 

refers to the coherence between (sub)-populations of a species, i.e. the extent populations 

receive and deliver individuals from/to each other. Data availability and quality for evaluating 

the connectivity of marine areas will differ considerably between locations and geographical 

regions. The analysis can be carried out on a very limited data set, but where high quality data 

sources are available more complex 3D and/or agent based modelling is possible. In some 

cases specific studies may be required to provide new data from e.g. species survey or 

biophysical modelling. 

 

In cases where natural dispersal probabilities between ports are high, and the added risk from 

exchange of ballast water is relatively small, ports may be considered to be within the same 

SRA. The example shows conceptual diagrams in three situations relevant for delineation of 

SRAs in an area with three countries' ports and different target species. Ports (coloured 

squares), land mass (grey) and marine area (white). Regarding species A and C all the three 

ports may be perceived as belonging to the same SRA, but for species B Port 2 will not be 

perceived as belonging to an SRA that include Port 1 and/or Port 3. 

 

   

A: Data exists on a target 
species in Port 1. The 
species has a medium 
dispersal capability. 
Analysis of species 
dispersal reveals that the 
species after a few 
generations (black circles) 
will reach Port 2 and Port 
3 through natural 
dispersal. All three ports 
may be perceived as 
belonging to the same 
SRA 

 

B: Data exists on a target 
species in Port 2. The 
species has no pelagic 
larval stage and slow 
dispersal. Analysis of 
species' dispersal and/or 
historic distribution data 
show that the species is 
incapable of spreading 
(red circle) to Port 1 or 
Port 3 within the 
timeframe considered. 
Port 2 is not perceived as 
belonging to an SRA 

C: Data exists on a target 
species in Port 3. The 
species has a large 
dispersal capability. 
Analysis of species 
dispersal reveals that the 
species after one 
generation (blue circle) 
will reach Port 1 and Port 
2 through natural 
dispersal and all three 
ports will belong to a SRA 
for this species. 
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including Port 1 and/or 
port 3. 

 

 

 

 
 

In brief, the actions involved in an SRA assessment and exemption process would include the 

following: 

 

.1 Two or more states agree to investigate the possible use of SRA in water 

body shared by the states.  

 

.2 The states propose and agree in advance the target species list for the ports 

in question, the "gross" SRA and the relevant parameters for use in the 

assessment.  

 

.3 The SRA risk assessment of the target species is carried out to determine 

the final extent of the SRA. 

 

.4 Vessels trading in the SRA may apply for exemption under the terms of A-4. 

Vessels can apply in any of the SRA states for exemption. 

 

.5 The exemption granted (or rejected) is communicated to the other SRA 

states and to the IMO. 

 

.6 Each vessel is issued the exemption to be recorded in the ballast water 

record book. 

 

The summarised key elements of SRA concept are 

 

 SRA is an exemption procedure under the BWMC Regulation A-4; 

 it is based on a risk assessment related to identified target species; 

States identify 
possible SRA 

and target 
species

Risk asessment 
conducted with 
SRA objective

Extent of SRA is 
agreed among 

SRA states 
based on risk 
assessment 

Vessels apply 
for exemption 

in one state 
with cc to other 

SRA states

MEPC is 
informed of 

SRA and 
vessels granted 

exemption
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 it defines an area that exhibits acceptable risk regarding transfer with ballast 

water of target species compared to the estimates of natural dispersal over time 

 exemptions can be granted to vessels operating exclusively in this area or not 

mixing water and sediments originating from outside of the area with water and 

sediments of the area. 
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Abbreviations and acronyms 

A-3 BWMC Regulation A-3 on Exceptions 

A-4 BWMC Regulation A-4 on Exemptions 

ABM Agent Based Modeling 

AD Advection-dispersion 

BWE Ballast Water Exchange 

BWMC Ballast Water Management Convention 

COTP Captain of the Port 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

D-1 Management tool for ballast water exchange 

D-2 Management tool for discharge criteria 

DHI Danish Hydraulic Institute 

DMA Danish Maritime Authority 

DNA Danish Nature Agency 

eDNA Environmental DNA 

EEZ Exclusive Economic Zone 

Fst Standardized allele-frequency variance 

G3 

Guidelines for ballast water management equivalent compliance  

(Guideline no. 3) 

G7 

Guidelines for risk assessment under regulation A-4 of the BWM 

Convention (Guideline no. 7) 

HD Hydrodynamic 

HELCOM Helsinki Commission  

IBD Isolation By Distance 

IMO International Maritime Organization 

INF Information Paper 

IOC Intergovernmental Oceanographic Commission 

IUCN International Union for Conservation of Nature 

MDD Mean Dispersal Distances 

MEPC Marine Environment Protection Committee 

MPA Maritime and Port Authority of Singapore 

NIS Non-indigenous Species  

NPZ Nutrients-Phytoplankton-Zooplanktion Model 

OSPAR Oslo-Paris Commission  

OVM Ontogenetic Vertical Migration 

PLD Pelagic Larval Duration 

RA Risk Assessment 

SRA Same Risk Area 

Target species 

Species identified by a Party that meet specific criteria indicating that they 

may impair or damage the environment, human health, property or 

resources and are defined for a specific port, State or biogeographic 

region. 

UAE United Arab Emirates 

UN United Nations 

US United States 
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USCG United Stated Coast Guard 

WWF World Wide Fond for Nature 

1 Background 

The International Convention for the Control and Management of Ships' Ballast Water and 

Sediments (BWMC) was adopted in 2004 by the UN's IMO and is aimed at reducing the impact 

of invasive species of the seas with the wording "prevent, minimize and ultimately eliminate 

the transfer of Harmful Aquatic Organisms and Pathogens through ships' Ballast Water and 

Sediments".  

 

The aim of the BWMC is to establish mechanisms to reduce the risk of such transfers and the 

management tools are ballast water exchange (D-1) and discharge criteria (D-2) inevitably 

requiring a physical or chemical treatment of the water. However, ship(s) on voyage(s) 

between specified ports or locations may be granted an exemption under regulation A-4, if it 

is decided that the risk for transfer of invasive species is acceptable. The shipping industry is 

primarily considering vessels for exemptions that operate between two ports, such as ferries, 

or are active in the short sea trade calling several ports in states in a limited area. Authorities 

have little direct experience with the process of granting exemptions, but IMO guidance 

documents are available as are pilot risk assessments and a body of research studies.  

 

Although the BMWC has yet to be ratified, a number of states do require ballast water 

management before vessels enter their EEZ or when operating between domestic ballast 

water management zones. This management requirement is most often based on a ballast 

water exchange procedure although in some cases disinfection is required2. Exceptions, 

sometimes named "exclusions", to these requirements are provided in national regulations for 

vessels operating in certain areas typically allowing unmanaged discharges of ballast water 

taken in a larger area. Provisions under the BWMC for exceptions are found in Regulation A-3.  

 

                                                             
2  E.g. Chilean regulation on ballast water management requires treatment with sodium hypochlorite before 

discharge of non-exchanged ballast water. 

 

Box 1. Observations…. 

The strong regulation across international borders and no mandatory domestic regime will produce 

odd consequences in a number of places globally. Without management of ballast water according 

to D-2 a vessel can journey: 

 

 from Bilbao on the Spanish Atlantic coast to 

Barcelona on the Spanish Mediterranean coast 

(approx. 1,000 nm), but you cannot not stop in Porto 

or Lisbon on your way; 

  

 500 nm from the Danish North Sea port of Esbjerg to Bornholm in the Baltic Sea, 

or 1000 nm from Luleå to Lysekil in Sweden, but not cross 2 nm from Elsinore (DK) 

Denmark to Helsingborg (SE); 

 from Algeciras across the Strait of Gibraltar to Port of Ceuta, but not to the terminal 

in Tangier (Algiers) 25 nm to the west on the same coast; 

 to Belfast from Liverpool (UK), but not from Dublin or Douglas on Isle of Man   
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Obviously, the BWMC is an instrument that relates to the invasive species transfer occurring 

between states, and thus by definition regulates only the ballast water crossing international 

borders. This means that one will observe scenarios where short distance transport between 

ports in neighbouring countries – e.g. across a strait, a bay or a river mouth – with a low risk 

of invasive species is strongly regulated by the Convention concerning, while transport over 

any distance within each of the countries may be completely unregulated despite the likelihood 

of a potentially much higher risk level. Thus, in a number of ports globally a vessel may be 

required to strictly observe the D-2 despite a voyage of perhaps 10 nm or less, while the 

neighbouring vessel having completed a domestic voyage of 1,000 nm may discharge 

unmanaged ballast water. 

 

The BWMC cannot regulate domestic traffic for sovereign states, but in its implementation, 

consideration may be given to the actual and concrete management of the risk associated 

with the invasive species' biology and habitats rather than the presence of state borders. Thus, 

if it is possible that a number of ports in an area have the same risk or a sufficiently identical 

risk to be at acceptable risk levels for the countries involved an agreed mechanism for 

identifying such a "same risk area" across international borders would be beneficial both for 

shipping and for the States authorities. For vessels calling the ports in an area with an 

acceptably similar risk profile granting the exemption would be simple and presumably allow 

for a considerable reduction in administrative work and perhaps ease the burden of the BWMC 

on the short sea shipping sector.     

 

The BWMC includes an exemption clause in regulation A-4 allowing Parties to grant 

exemption to vessels for the requirement to meet D-1 or D-2 discharge standards under 

certain conditions. The conditions are related to the trading pattern of the vessel and an 

assessment of the risks associated with the vessel's discharge of ballast water based on the 

entry, establishment, or spread of harmful aquatic organisms and pathogens. The existing 

exemption scheme of the BWMC and the risk assessment approach of the appertaining G7 

guidelines (MEPC Resolution 123(53)) do not specify the number of ports or the geographical 

extent of locations that may be included in the risk assessment.  

 

The guidance of some regional organisations such as OSPAR (North Atlantic) and HELCOM 

(Baltic Sea) regarding risk assessment and the interpretations currently held in some 

administrations and academia on the distance triggering new biological surveys may reduce 

the practical application of BWMC's A-4 exemption scheme to a very limited number of 

vessels. Essentially the vessels must travel between specified moorings in port A and port B, 

either in very different environments, such as fresh water and marine water, or in waters with 

few, if any, invasive species, i.e. ferries in ports with little other traffic.  

 

When considering applying for A-4 exemption the short sea traffic industry contemplates not 

only cost of the development of survey data generated for the risk assessments and the 

ownership to the data supplied to the authorities, but also the validity (i.e. duration) of the 

exemption against the possible outcome. Even in cases where there would appear to be a low 

risk of changing the invasive species pattern in the area as a consequence of granting 

exemptions, the costs of generating risk assessments for all the relevant ports would be de 

facto prohibitive. Ferry lines calling several ports, ro-ro/ro-pax vessels on routes with >2 ports, 

vessels in short shipping trade operating between several ports in a limited area or just 
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changing berths in the ports called, will face a very difficult and expensive exercise when 

applying for exemptions with a limited chance of be granted the exemption (Litehauz 2014).     

 

2 Main objective 

The main objective of the current study is to produce a description of the concept and review 

the scientific background for the “Same Risk Area” approach to exemptions under BWMC 

regulation A-4. The study includes an introduction to the concept, to the key elements of the 

proposed administrative procedure and to the impact on vessels operating in local/regional 

setting with multiple ports.  

 

The study provides a review of the scientific background for the inclusion of the dispersal of 

invasive species and the use of connectivity in this respect. This study proposes a 

mechanisms for an area-based risk assessment that can be used by several states to define 

a cross border SRA. The approach is based on regulation A-4 and concur with G7 risk 

assessment procedures similar to other exemptions.  

 

3 Same Risk Area introduction 

3.1 Introduction to SRA concept 

The Same Risk Area (SRA) is a concept for the implementation of the BWMC that addresses 

this situation where a limited area served by short sea shipping includes several ports in close 

proximity in two or more countries. In reality, some geographically large states, such as 

Canada and US, are already delineating their EEZ or subdivisions of it as marine zones within 

which vessels may discharge ballast water from the same zone without meeting any treatment 

criteria. While this de facto leads to management of vessels as if a SRA was assessed and 

defined, in most case these zones are defined from a purely administrative basis although in 

a few cases the zonation is also influenced by environmental conditions.  

 

The SRA concept was developed in Litehauz and introduced to the MEPC by Interferry and 

Denmark in the submission MEPC67/2/12 and as links to the Danish Nature Agency's two 

reports: one on Risk Assessment in relation to exemptions3 and one on the SRA4 in an INF 

paper at MEPC 67 (MEPC67/INF.23). Issues related to exceptions and exemption been 

submitted to PPR2 by Denmark, Croatia, Singapore, ICS and Interferry (PPR 2/5/3). Several 

delegations at MEPC 67 had studied the submissions and expressed support for the SRA 

concept. From these and other delegations came the request that a clearer description was 

produced and that the scientific basis was presented for the MEPC. The mechanism to assess 

a possible SRA would be key to a simple and a risk-relevant management of invasive species 

associated with short sea shipping in such areas. The present note presents in further detail 

the concept of SRA and the risk assessment approach used to identify SRA.  

 

The original SRA note was aimed at providing a less rigid approach to the risk assessment 

and exemption process in the Danish political-administrative context regarding marine 

environment, which is that of the OSPAR and HELCOM conventions for the North Atlantic and 

Baltic Sea, respectively. It operated with a three-tiered approach, where SRA was the second 

                                                             
3  http://naturstyrelsen.dk/media/nst/11107921/nst-local-shipping-2014-dg-03.pdf 
4  http://naturstyrelsen.dk/media/nst/11107930/note_on_same_risk_area_23.pdf 
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tier. The consequence of SRA is a considerable ease of the administrative burden for countries 

with regional/local traffic calling several ports across borders. The consequence for the 

shipping industry is that in areas where risks are acceptable the A-4 exemption may be 

benefitting the movement of cargo by short sea traffic.  

 

It is important to bear in mind that once the BWMC enters into force and is implemented 

completely, the ballast water mediated import of invasive species to "new" areas (primary 

introductions) should be greatly reduced, as the requirements under the D-2 standard is that 

at least 99.99% of organisms shall be rendered non-viable. The BWMC does not distinguish 

between primary and secondary "transfers", whereas a number of initiatives and scholars do 

identify primary and secondary introductions (e.g. GEF-UNDP-IMO GloBallast Partnerships 

Programme and WMU, 2013; Gollasch and Leppäkoski, 1999; Behrens et al., 2002; David et 

al., 2013a). The primary transfer typically occurs from one (biogeographic) region of the world 

to another, and secondary transfers occur within a region or local area following the primary 

introduction.  

 

As mentioned in the introduction vessels travelling between ports in the same country are 

under no obligation to follow the BWMC regardless of the distance covered. Biologically and 

administratively this may be unsound and examples of areas where such strongly regulated 

low-risk international tranfers and unregulated high-risk transfers between states may be 

found are in the mix of small and large states in several locations (see box 2). 

 

 

3.2 Key elements of the SRA 

The SRA is a risk assessment method for estimating zones of dispersal resulting in acceptable 

low risk for transfer of invasive species. It allows one risk assessment to be applied to all ports 

and locations within that area and to grant exemptions to vessels operating in that area in 

accordance with the BWMC Regulation A-4. It follows therefore that the authorities appointing 

a SRA are those accepting risk assessments, determining the acceptable level of risk in each 

instance and granting exemptions under the BWMC A-4 to vessels. It also follows that in order 

to do so, a risk assessment must be provided as a basis. 

Box 2. Examples of areas with ports and borders in close proximity globally (<200 

nm)  

 

o Adriatic Sea coast: Croatia, Boznia and 

Herzegovina, Montenegro and Italy  

o Arabian Peninsula: Saudi Arabia, Bahrain, Qatar 

and UAE 

o Atlantic Latin America: Belize, Guatemala, 

Honduras (map shown) 

o English Channel: UK, France, Belgium, Netherlands 

o Gulf of Guinea: Ghana, Togo, Benin, Nigeria 

o Pacific Latin America: Honduras, Guatemala, El 

Salvador and Nicaragua (map shown) 

o The Sound and Belt Sea: Denmark, Sweden, 

Germany 

o South America: Guyana, Suriname, French Guiana, 

Brazil 
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The SRA applies an approach based on the multiple points of trade in an area rather than the 

A to B, B to A line traffic, and assess the spread of invasive species in the context of the 

extended multiple points. Obviously, this may be interpreted as many voyages in matrix of 

multiple donor and recipient ports. 

 

The key component of SRA the assessment of the natural dispersal of target species by way 

of hydrography or other natural mechanisms, which would be expected to occur within a 

limited area in one biogeographical region only, and therefore invokes the use of the Species-

specific risk assessment in G7 section 6.4. 

 

The summarised key elements of SRA concept are 

 

 SRA is an exemption procedure under the BWMC Regulation A-4; 

 it is based on a risk assessment related to identified target species; 

 it defines an area that exhibits same risk regarding of transfer of target species using 

estimates of natural dispersal over time; 

 exemptions can be granted to vessels operating exclusively in this area or not mixing 

water and sediments from originating outside of the area with water and sediments of 

the area. 

 

In brief, the actions involved in an SRA assessment and exemption process would include the 

following: 

 

1. Two or more states agree to investigate the possible use of SRA in water body 

shared by the states.  

2. The states propose and agree the target species list for the ports in question. The 

relevant parameters used of assessment must also be agreed in advance.  

3. To arrive at an SRA the risk assessment of the target species in area is needed 

to determine the extent of the area. 

4. Vessels trading in the SRA may apply for exemption under the terms of A-4. 

Vessels can apply in any of the SRA states for exemption.  

5. The exemption granted (or rejected) is communicated to the other SRA states 

and to the IMO. 

6. Each vessel is issued the exemption to be recorded in the ballast water record 

book. 

 

When a marine area where two or more counties' EEZ meet, are to be accepted as a SRA, 

the states involved must agree on a risk assessment (from existing or new data as outlined in 

the G7) and the risk assessment and the exemptions must be reported to the MEPC. 
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It is key to the exemption and exception regime of BWMC that these are only granted to ships 

that do not mix ballast water or sediments originating within the applied exemption/exception 

with water or sediments from outside. This applies to the SRA as well.  

 

3.3 Existing exceptions and exclusion zones 

The key concept is that an extended area rather than a specified location is the basis of 

awarding the exemption of vessels from the ballast water management requirement. Although 

the BMWC has yet to be ratified, a number of states do require ballast water management 

before vessels enter their EEZ (e.g. Lloyd's Register 2015) or when operating between 

domestic ballast water management zones. This requirement is most often based on a ballast 

water exchange procedure although in some cases a disinfection is required, if ballast water 

exchange is not possible. However, vessels operating in certain areas are occasionally 

exempted from the requirement for ballast water exchange. Areas with particular ports, 

offshore areas and anchorages that are excluded from the national implementation of ballast 

water management and in consequence the excluded areas can be seen to represent an 

acceptable risk from waters. The areas are often, but not exclusively, within the borders of a 

Member State.  

3.3.1 Canada  

Canadian law provides certain exceptions to the ballast water management of vessels 

(Government of Canada 2011). The general requirement to manage ballast water under 

Canadian law does not apply for (§2.3.b): 

 

vessels that operate exclusively in waters under Canadian jurisdiction and in the 

United States waters of the Great Lakes Basin or the French waters of the islands of 

Saint Pierre and Miquelon; 

 

Vessels travelling from the specified US and French waters need not manage ballast water 

even if they do not operate exclusively in these water as these waters are considered "similar 

waters" (§4.3): 

Ballast water that is taken on board a vessel in the United States waters of the 
Great Lakes Basin or in the French waters of the islands of Saint Pierre and 
Miquelon need not be managed unless it is mixed with other ballast water…. 

Box 3. Same Risk Area 

The Same Risk Area is a concept for the implementation of the BWMC that addresses this situation 

where a limited area served by short sea shipping includes several ports in close proximity in two or 

more countries. 

 

Definition of Same Risk Area: 

 

A body of water characterized by the an equal risk level from 

natural dispersal of target species  

 

In the SRA any added risk from discharge of ballast water must be acceptable. 
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The general exception in §2 of vessels operating exclusively in the Gulf of Saint Lawrence 

(§4.4) is supplemented with exceptions for vessels to manage ballast water if the vessels 

operate exclusively 

 (a) between ports, offshore terminals and anchorage areas on the west coast of 
North America north of Cape Blanco; or 

 (b) between ports, offshore terminals and anchorage areas on the east coast of 
North America north of Cape Cod and ports, offshore terminals and anchorage 
areas in the Bay of Fundy, on the east coast of Nova Scotia, or on the south or 
east coast of the island of Newfoundland. 

The areas of exclusive operation are of different sizes but extending >400 km across.   

3.3.2 Norwegian ballast water exchange zones 

Three ballast water exchange zones are situated along the Norwegian coastline. Their 

designation was based on the G14 Guidelines on designation of areas for ballast water 

exchange and the assessments are described in DNV (2007) and Andersson (2007). In these 

areas ships are allowed to exchange ballast water despite the areas being closer than 50 nm 

to land (Min. Environment 2009). The key criteria for the designations were related to shipping 

(avoiding excessive deviation of traffic) and to factors related topography and hydrographical 

conditions, and the latter factors defined the boundaries separating the three BWE areas. 

Thus, in this case a zonation was applied based on minimization mixing of water and of 

biological residues in exchanged ballast water.  

3.3.3 US Captain of the port zones  

The US federal regulation (US DHS 2012) sets down rules under USGC for the management 

of ballast water, which also defines vessels operating in certain areas as exempted from 

ballast water management:  

 

Vessels that do not operate outside the EEZ ….. must operate exclusively within one 

Captain of the Port (COTP) zone in order to be exempt from meeting the ballast water 

discharge standard.   

 

A Captain of the Port zone varies in size and may cover more than one state or in the case of 

the larger states be subdivisions of a state. They are not biologically based, but a convenient 

way of managing ports and port related traffic; nevertheless the consequence is that the zones 

represent a de facto accept of equal risk, i.e. non-managed ballast water.  

3.3.4 US state legislation 

Obviously, the US has not ratified the BWMC and state or federal implementations of ballast 

water management requirements may as such not be taken as interpretations of the BWMC. 

Nevertheless, the state legislation in Washington excepts vessels from ballast water 

management if the water or sediment originates from the waters of Washington state, the 

Columbia River system, or the internal waters of British Columbia south of latitude fifty degrees 

north, including the waters of the Straits of Georgia and Juan de Fuca (Washington State 

2005).  

 

Also, in Oregon a vessel is excluded from the BWM requirements if the ballast water 

"originated solely from waters located between the parallel 40 degrees north latitude and the 
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parallel 50 degrees north latitude on the west coast of North America" (Oregon State 2013), 

which covers the northern part of California, Oregon, Washington and southern part of British 

Columbia.  

 

The Californian legislation on ballast water requires management except for vessels when 

water and sediment originates from within the two port complexes of San Francisco Bay area 

east of the Golden Gate Bridge, and Los Angeles, Long Beach and the El Segundo marine 

terminal, respectively Ballast water may be transferred under exemption from management 

between San Francisco Bay ports, which would include ballast water transfer between 

Oakland and Sacramento, ports which are more than 50 nm apart (Gollasch et al 2015). 

 

3.4 Other approaches involving comparable risks 

In the note on Same Risk Area two assessment schemes and administrative procedures are 

described where elements of comparing the risks are employed: 

 

Global Ballast Water Management Programme: 

The GloBallast programme executed by IMO initiated a number of pilot risk assessments in 

major ports during the 2000's. One of the main objectives of the RA programme was to 

establish whether a port state should apply a uniform management regime for all vessels 

calling at a port or use a selective approach where the trading routes or vessels are identified, 

which have a significant chance of introducing unwanted aquatic species. The selective 

approach would place fewer restrictions on "low risk" vessels allowing more time and funds to 

be available for vessels coming from high-risk locations. Although this is not the intent of the 

programme, the selective approach makes it possible to identify locations of the same low risk 

(though not necessary from same area) and manage these in a similar manner. 

 

HELCOM/OSPAR Joint Harmonised Procedures  
The HELCOM and OSPAR organisations developed a Decision Support Tool to be used under 

their Joint Harmonised Procedures for granting exemptions under BWMC Regulation A-4 

(HELCOM/OSPAR, 2013). It is a web-based interface used to determine the level of risk in 

ballast water discharge from one port to another based on an algorithm. The risk output of the 

algorithm is either low, medium or high, where only the medium risk determination allows for 

further assessment. The elaboration on medium risk may take into account e.g. local 

conditions in the ports and salinity tolerance, temperature and behaviour as well as dispersal 

ability and mobility of the species. 

 

It was mentioned in the "Background" section that interpretations of risk assessment and 

survey procedures from HELCOM/OSPAR may be rather strict, but it is equally fair to mention 

that the revised procedures from HELCOM/OSPAR (2015) in section 5.7 anticipates the use 

of information on natural dispersal (albeit as an additional effort): "It should be noted that the 

use of the use of risk assessment algorithms is only to aid regionally harmonised decision 

making and that full consideration should be given to the specific conditions in each case. 

Such conditions to take into account could be additional information on alien species, species 

specifics (e.g. dispersal capacity, habitats), connectivity between ports (e.g. distance 

separated, currents), ships operation and mitigation measures (e.g. volume of ballast water, 

position of discharge and uptake". 
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4 The delineation of a Same Risk Area 

4.1 Size matters: A Large Marine Ecosystem or the mooring of a vessel? 

The representation of a biologically defined area, such as ecoregions, bioregions or 

biogeographic regions is described in a number of publications by entities such as IOC, IUCN, 

WWF and others. These comprise in general large ecosystems and geographical areas, 

including the Large Marine Ecosystems as embedded in the BWMC's guidelines. However, 

much smaller areas should be considered suitable as the basis for an assessment aimed at 

establishing the delineation of SRA. In this respect a number of publications address the 

natural boundaries of smaller areas attempting to e.g. derive the appropriate and biologically 

relevant size of an area sustaining a protected population in marine parks, in relation to the 

management of commercial fish populations and other administrative and research purposes.  

 

Although not aiming at invasive species the existing information and tools may be readily 

applicable as part of the SRA assessment. The techniques and approaches applied may be 

abundance and density parameters, or genetic markers and provide information on barriers 

and the connectivity between populations and/or marine water bodies.  

 

The characteristics of the target species considered and those of their surroundings that are 

fundamental for the natural dispersal pattern will include (non exhaustive list): 

 

 the biological features,  

e.g. the occurrence and duration of egg or larval stages, foraging and mobility, 

spawning characteristics, settling rate, mortality, and behavioural aspects; 

 

 the hydrodynamic, environmental and meteorological features, 

e.g. the historic and seasonal pattern of currents, tidal regime, salinities, 

temperature, and wind patterns; and 

 

 habitat occurrence and preference, 

e.g. the occurrence of soft or hard bottom environs, corals, river banks, littoral and 

high energy zones. 

 

The assessment of the likelihood of dispersal of an organism should be based on a 

combination of these characteristics. In chapter 5 the types of data and tools available will be 

presented.   

 

An issue that needs to be considered in the context of the SRA is the time span allowed for 

the natural dispersal of the organism as this forms a basis for the risk assessment. Obviously, 

if one observed and projected the natural dispersal for only one day an organism may not 

swim long, nor will its larval stage be transported very far. On the other hand allowing for 100 

generations to pass may in turn lead to an overly lenient assessment.  
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4.2 Risk management methods using analysis of dispersal 

When discussing the concept of SRA the issue of natural dispersal is of key relevance, 

whether dispersal happens as a result of species moving by their own means, passive drift by 

water currents or by wind induced drift, or as a combination of these. Ports in close proximity 

may exhibit a high probability of exchanging invasive species among them as a result of 

natural dispersal mechanisms. In such cases where high natural dispersal probabilities 

between ports are high, and the added risk from exchange of ballast water is relatively small, 

ports may be considered to be within the same SRA. A number of methodologies exist for 

analysing the dispersal of planktonic or pelagic stages of marine organisms, e.g.: 

 

 The ESA/Brockmann Consult DUE Innovator II BWE risk assessment model is 

developed for assessing the impacts of ballast water exchange and takes drift 

(dispersion by natural water movement) into consideration, thus recognising the 

importance of hydrodynamics (www.brockmann-consult.de). 

 The DHI developed a quantitative biophysical model of the North Sea and part of the 

Baltic Sea for addressing marine connectivity and larval dispersal (Hansen et al. 

2014)  

 A NIOZ lead consortium developed the GETM-ERSEM model, which is able to 

describe biological and physical-chemical processes and their interactions in both the 

water column and on the bottom (www.nioz.nl/ersem-getm). 

 CSIRO developed an interface for online larval dispersal based on archived currents 

from oceanographic models and particle tracking techniques 

(www.csiro.au/connie2/). 

 

Analyses of the dispersal of species through their pelagic stage(s), i.e. the probability of a 

species ending up in a particular position from a certain start position, can be described as 

connectivity, e.g. the CSIRO and DHI methodologies above. Connectivity analyses may be 

used to assess natural dispersal potential of invasive species from species specific 

characteristics (leading to transport distances), as well as identification of dispersal barriers. 

It may thus identify whether two locations or ports may be considered within the delineation of 

an SRA. 

 

4.3 Data requirements 

Data may already be available in many formats, some of which are discussed in chapter 5 

and with examples provided in appendix, However, in some cases few will be available. If no 

data on the occurrence of the selected target species is available from the area and ports in 

question a risk assessment may have little relevance, but it is possible to analyse the SRA if 

hydrographic data and species characteristics are available. A detailed risk assessment 

cannot be carried out, and in case a detailed risk assessment is needed surveys should be 

carried out.  

 

For simplicity and to illustrate the importance of different types of dispersal biology in relation 

to SRA identification, we may consider the following three species archetypes: 

 

 Limited dispersal capability: A self moving organism with no or very short pelagic larval 

stage  
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 Medium dispersal capability: An organism with a medium dispersal capacity, i.e. less 

spawning and/or short lived pelagic stages  

 High dispersal capability: A species with massive spawning and/or long lived pelagic 

larval stage  

 

In figure 1 conceptual diagrams of the dispersal pattern in a virtual SRA is given. An archetype 

relying on wind-induced dispersal in surface waters is not shown (macroalgae or vascular 

plants with floating shoots, blooms of microalgae) as it would look like C.  

 

 

A: Data exists on a target species in 
Port 1. The species has a medium 
dispersal capability. Analysis of 
species dispersal reveals that the 
species after a few generations (black 
circles) will reach Port 2 and Port 3 
through natural dispersal. All three 
ports may be perceived as belonging 
to the same SRA 

 

B: Data exists on a target species in 
Port 2. The species has no pelagic 
larval stage and slow dispersal. 
Analysis of species' dispersal and/or 
historic distribution data show that 
the species is incapable of spreading 
(red circle) to Port 1 or Port 3 within 
the timeframe considered. Port 2 is 
not perceived as belonging to an SRA 
including Port 1 and /or port 3. 

 

C: Data exists on a target species in 
Port 3. The species has a large 
dispersal capability. Analysis of 
species dispersal reveals that the 
species after one generation (blue 
circle) will reach Port 1 and Port 2 
through natural dispersal and all 
three ports will belong to a SRA for 
this species. 

Figure 1. Conceptual diagram of three situations relevant for delineation of 
SRAs in an area with three ports (coloured squares) in different countries. 
Three different invasive species are considered. Grey: Land masses. White: 
marine area. Considering all three situations (A, B and C): Port 1 and Port 3 may 
be perceived as belonging to the same SRA. Port 2 however will not be 
perceived as belonging to an SRA that will include Port 1 and/or Port 3. 

 

The overall environmental conditions in an intra-regional context would be expected to be 

relatively similar and an indication of an area with high dispersal potential, and thus potentially 
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being considered as an SRA. If environmental conditions differ widely e.g. when comparing a 

port at the sea with an adjacent port in a river estuary the area or data are limited the area 

may or may not considered as an SRA depending on the characteristics of the case. To 

address this the approach would allow that certain localized high risks locations or data poor 

areas are identified and excluded from the "same risk area", e.g. known invasive species 

hotspots or areas with no information on currents, until relevant information is available. This 

would entail e.g. that a connectivity modelling had been carried out showing that for the 

species of interest the area is indeed connected through water hydrodynamics and biological 

parameters.  

 

 

 

A: Data exists on the presence of an 
invasive species in Port 1. The 
species has a medium dispersal 
capability. Analysis of species 
dispersal reveals that the species 
after multiple generations (black 
circles) will NOT reach Port 2 and Port 
3 through natural dispersal. Despite 
medium dispersal capability a 
dispersal barrier is identified between 
Port 1 and the two other ports, Port 2 
and Port 3. Port 1 will not be 
perceived as belonging to an SRA 
including Port 2 and/or Port 3. 

B: Data exists on the presence of an 
invasive species in Port 1. The 
species has a medium dispersal 
capability. Analysis of species 
dispersal reveals that the species 
after multiple generations (black 
arrows) will NOT reach Port 2 or Port 3 
through natural dispersal, because of 
habitat fragmentation prohibiting 
stepping-stone dispersal. Port 1 will 
not be perceived as belonging to an 
SRA including Port 2 and/or Port 3. 

Figure 2. Conceptual diagram showing two situations relevant for 
delineation of SRAs in a marine area with three harbours (coloured 
squares) in different countries. One invasive species registered in Port 1 
is considered. Grey: Land masses. White: marine area. Green: habitat 
patches. Hatched line: Dispersal barrier. 

The analyses of dispersal can identify the ports or locations that may be considered to be 

within an SRA. Available data from surveys, existing databases or published studies may be 

accepted by port states as indicators of an SRA. Examples of survey procedures are found in 

Awad et al. (2014). 

 

The difference between areas with no or only little data, and areas with a large body of data, 

is that with little data, an SRA may be delineated primarily based on qualitative/semi-

quantitative expert assessments of general knowledge on hydrography, biology and habitat, 
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while increasing data availability supports an increasing level of more quantitative analyses.  

These types and levels of analysis will be considered in chapter 5. 

 

Whether a specific SRA delineation exercise is based on a data rich analysis of dispersal of 

an invasive species or based on limited data sources, it is crucial that the area to be analysed 

is large enough to embed the expected SRA boundaries. This "gross" area of analysis may 

be estimated based on general knowledge of the time horizon considered, the dispersal 

biology of the target species (e.g. the PLD), and the hydrography and/or meteorological 

conditions of the area.  

 

The time scale, the spatial extent of the analysis, and the acceptable level of risk of transfer 

of invasive species with ballast water between ports, relative to the probability of natural 

dispersal, are ultimately to be defined and decided for by the port states. It should be kept in 

mind that it is possible within the scope of the BWMC for Port States to agree on whether a 

specific port pair may be exempted as long as the arrangement do not have impact on other 

Port States water. 

 

4.4 Reported dispersal of invasive species 

4.4.1 Dispersal rate 

A number of studies have addressed the temporal variation of the dispersal of invasive species 

and other organisms may spread over time from the place of their first introduction. Grosholz 

(1996) examined the observed spatial dispersal (km/year) of 10 marine species and found a 

mean dispersal rate of 50.7 km/year. Byers et al. (2015) examined the natural history and 

ecological traits of 138 coastal marine invertebrate species that have been introduced into 

coastal waters of North America, Australia and New Zealand and found that "…the single most 

important variable in predicting non-native range was time since first recorded global 

introduction", Figure 3, where time explained 20% of variation in range. Other important 

variables included maximum body size, habitat type, and mean salinity.  

 

Figure 3 show that data on the dispersal rates are highly variable with an average of 

approximately 37.8 km/year. This dispersal rate is comparable with the 50.7 km/year found by 

Grosholz (1996). The dispersal rates in Byers et al. (2015) do not necessarily represent the 

dispersal rates from a single introduction but in some cases or some years probably a result 

of multiple introduction. An example of invasive species mentioned earlier (Azour et al. 2015) 

is the Round Goby introduced in the Baltic Sea with rates of 10 – 30 km/year. 
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Figure 3. Relationship between a species' time since first record of introduction 
anywhere and the length of coastline it occupies in its non-native range (from Byers 
et al. (2015)."…. Time since invasion is the single-most influential variable on range, 
explaining 20% of the variability. …". Range = 37.8 x Years since first record of global 
invasion + 138 (R2 = 0.20, P<0.0001). 

 

Working with the concept of "connectivity" (explained overleaf) Le Corre et al. (2015) 

concluded that the " … temporal variation in the scale of connectivity remains largely 

undocumented….". They studied the connectivity of blue mussels (Mytilus ssp.) between 29 

sites and found annual demographic coupling among populations in the range of 12-24 km.  

 

Zettler et al (2002) reported the rapid dispersal of the invasive M. viridis in the Baltic Sea. In a 

period of 10 years from 1985 the polychaete spread with almost 100 km/year towards the 

inner part of the Baltic Sea. 

 

The dispersal rates observed by the authors and other are the "total dispersal observed" 

including all vectors and not necessarily only the natural dispersal rate. In the analysis of 

dispersal used for SRA delineation only the natural dispersal as generated by the dispersal 

biology of the organisms and the environmental and hydrodynamic conditions is projected. 

4.4.2 Surveys and locations 

The data needed for the modelling of dispersal of a species are not tied to its physical 

occurrence in a location, but to its key biological features. Obviously, the starting point 

regarding decisions on which are the species of concern will often be sightings, a verified 

observation or data from field surveys, and the identification as a target species will prompt 

collation of information on its biological features e.g. the occurrence and duration of egg or 

larval stages and others as mentioned earlier. The boundaries of natural dispersal of the target 

species can be assessed in all locations based on the SRA approach, but it is not a matter of 

survey density.  

 

Issues have been raised in connection with a definition of "Same Location", as outlined in a 

review by Gollasch et al (2015) and in David et al 2013b regarding the extent of the 

applicability of risk assessment and biological survey data. The "Same Location" debate 

originates from the G3 on Equivalent compliance, which apply to "…pleasure craft used solely 

for recreation or competition or craft used primarily for search and rescue…". The G3 do not 

apply to ballast water from the "same location" (para 5.2) and states that. In the context of 
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these Guidelines, "same location" shall be taken to mean the same harbour, mooring or 

anchorage”. Taking the G3 definition and extending it to risk based exemptions for all vessels 

David et al 2013b proposed that IMO should decide that the smallest possible unit only would 

be covered by the “same location”, i.e. the scale for a risk assessment location would be the 

individual mooring, whereas HELCOM/OSPAR (2015) merely state that for port surveys the 

"….division of a port in contiguous areas is independent of the distance between these areas 

and should be specified from case to case in close cooperation with the responsible 

administration…".  

 

The Californian legislation on ballast water requires management of water and sediment for 

vessels unless when it originates from the "same location" or "same port or place" both defined 

as an area within 1 NM of the berth or within the breakwater of a California port or place at 

which the ballast water was loaded; But it excepts the two port complexes of San Francisco 

Bay area east of the Golden Gate Bridge, an Los Angeles, Long Beach and the El Segundo 

marine terminal, both defined as two "same locations" (Gollasch et al 2015).  

4.4.3 The time allowed for dispersal 

An issue that need to be considered in the context of the SRA is the time span allowed for the 

natural spreading of the species as this form a defining parameter for the risk assessment: if 

one observed and assessed, for one day only an organism may not swim long, nor will its 

larval stage be transported very far with currents; if one on the other hand allowed for 100 

generations to pass quite a wide area may be impacted, and this may in turn lead to an overly 

lenient assessment. 

 

Is there a fundamental time span allowed for modelling of the natural or unaided spreading of 

an organism, e.g. the number of seasons or a number of generations? No specific number is 

currently available and while this is an important item to conclude on before the SRA is 

modelled it is also noted that the level of risk acceptance is a political and administrative 

decision for the states and authorities involved.  

 

Nevertheless, a time threshold must be considered when defining criterion for SRA 

delineation, e.g. the maximum time allowed for natural, or unaided, dispersal between ports. 

The following may be included in considerations: 

 

 5 years. The duration of the G7 IMO exemption scheme is five years with intermediate 

review; 

 10 years. The time for projecting the dispersal could be 10 reproductive seasons or 

max. 10 years. 

 16 years. On a purely administrative basis the Biological Opinion of the US National 

Marine Fisheries Service 16 years is allowed to establish the effects of invaders (2 x 8 

years). 
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5 Data and tools for Same Risk Area assessment 

5.1 Introduction 

The foundation for connectivity and the influence of hydrodynamic/meteorological conditions 

and characteristics of the species as mentioned in section 4 are reviewed based on the 

available literature. The use of computational models and manual assessment is reviewed 

with an emphasis on the options for utilizing varying grades of data quality and quantity. 

 

Ballast water mediated introduction of invasive species most often have one or more life 

stages in the water column and the natural dispersal of these in the marine environment is 

considered one of the primary factors for delineating SRAs. In areas where dispersal is high 

marine populations are well connected, gene flow is high and if habitat and environmental 

conditions are similar we expect to find more or less the same species, and related 

populations, throughout the area. An invasive species with a specific life-history characteristics 

found in one location within a well-connected area is likely to have dispersed to other parts of 

the area within a number of generations. In an SRA context, the extent of this dispersal will 

not be affected by facilitated dispersal such as dispersal through ballast water exchange, and 

an SRA may be delineated. On the other hand, in areas where connectivity is low, and thus 

where the natural dispersal is slow or rare, facilitated dispersal may be an important factor for 

the potential dispersal of invasive species, and the area may not be characterized as an SRA.  

 

In this section, we will introduce the terms "Marine connectivity" and the "Dispersal of marine 

organisms" in relation to SRAs. 

5.1.1 Marine connectivity 

The term "Marine connectivity" in marine ecology has been applied in studies of the coherency 

among populations, or sub-populations, of a given species across spatial scales. Here 

"coherency" or "connectivity" refers to the extent to which (sub)-population receive and/or 

deliver individuals from/to each other. The more the populations are connected the larger the 

exchange of individuals. On the molecular level, high connectivity among populations result in 

a relatively low genetic variability, whereas low connectivity will result in a relatively higher 

genetic variance. Over time, if connectivity remains low, population with low or no connectivity 

will evolve into independent and parallel populations and ultimately, in an evolutionary time 

frame, into new species. Marine connectivity is often evaluated in relation to connectivity 

between habitats, populations, marine protected areas and other types of administrative 

boundaries relevant for e.g. nature conservation, natural resource management or 

environmental impact assessment. More systematically, connectivity can be evaluated by 

pairwise comparison of the connectivity between grid cells in a regular grid covering the marine 

area of interest. 

5.1.2  Dispersal of marine organisms 

The connectivity of marine populations depends on the ability of the species to disperse 

between (sub)-populations and to other yet not populated areas (i.e. species-succession). A 

successful dispersal rely on: 

 

1) - the movement mechanism driving the dispersal,  

2) - the ability to survive during the dispersal,  

3) - the ability to mate, reproduce and produce successful offspring at the new location 
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Implicitly these are in turn dependent on the dispersal distance and the number of dispersal 

recruits available from the source, see Figure 4. 

 

For most coastal marine organisms, pelagic stages such as pelagic larvae provide the primary 

mechanism of dispersal (e.g. Cowen et al 2006) and hence population connectivity, where 

larvae may be transported over shorter or longer distances depending on the sea currents 

and the duration of the pelagic larval stages. The duration of the pelagic larval stage (PLD) of 

coastal marine organisms may range from "… a few hours up to several weeks, most species 

with mean PLD values of less than 50-100 days…" (Bradbury et al. 2008, Hilario et al. 2015), 

see Figure 5. For plants and macro algae duration of drifting seeds, reproductive shoots or 

viable thallus may be the primary dispersal mechanism. For coastal species without pelagic 

larval stages, adult dispersal mechanisms may be the primary driver, e.g. migration and 

foraging behaviour. 

 

When applying PLD as a basis for estimating or calculating marine connectivity reported, PLD 

values need to be carefully and critically evaluated since realised PLD values in general may 

be somewhat smaller than reported PLD values (e.g. Shanks 2009).  

 

 

 
 

 

Figure 4 Theoretical dispersal curves 
depicting dispersal ranging from strong 
retention to broadly dispersed (Cowen et al. 
2002). 

 

Figure 5. Mean and standard 
deviation of median PLD values for 
shallow, eurybathic and deep-sea 
species. The dataset included 305 
species (Hilario et al. 2015). 

 

The survival of pelagic stages of many benthic organisms and coastal organisms are critical 

since these stages are subject to predation, starvation and/or limitations with respect to 

different tolerance levels of environmental parameters (e.g. temperature, salinity, light, oxygen 

level, ph). 
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Once successfully arrived at a new location whether already inhabited or not by the species, 

habitat requirements (e.g. substrate, food, temperature, salinity, ph, oxygen, light) need to be 

present in order for the individual to successfully settle, grow and reproduce.  

 

Every step from the movement mechanism itself, through survival during drift, to settlement, 

growth and reproduction can be quantified using simple algorithms or procedures, or more 

advanced biophysical modelling (~a combination of hydrodynamic modelling of water 

movement and agent-based modelling of larval dispersal behaviour).  

 

Other ways of analysing dispersal of marine organisms between populations include the use 

of genetic markers as indicators of the genetic variance. Whereas biophysical modelling are 

primary predictive and theoretical, genetic markers rely primarily on empirical data that 

implicitly reflect all the stages of a successful (and un-successful) dispersal over time. Both 

methodologies have their strength and weaknesses, and several studies in the past 

addressing connectivity have applied both types of methodologies as a complementary 

approach for evaluating dispersal mechanisms. These methods along with more simple 

approaches are described in more detail in section 5.2. 

 

Biophysical modelling studies most often consider the dispersal of larvae or propagules 

between a spawning location to neighbouring areas where larvae may settle. The underlying 

assumption is a "one generation" dispersal model, or a so-called "island dispersal model" 

where the export of larvae from one location to other locations is analysed. However, dispersal 

may need to consider the so-called stepping stone dispersal, where multiple sources are 

connected sequentially and successionally over time and space through multiple generations 

and colonization events, figure 4 (Selkoe and Toeenen 2011). 

 
Figure 6. Alternative models for dispersal. From Selkoe and Tooenen (2011)..  

 

5.1.3 Marine connectivity and Same Risk Areas 

From the discussions of dispersal and marine connectivity above, it is clear that an area which 

is evaluated as highly connected both when predicting the dispersal of a target species and 

natural occurring species from knowledge on hydrography and species specific traits, and/or 

where the analyses of genetic markers show little or no genetic variability, such areas would 
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ideally be evaluated as SAR's – i.e. target species are expected to be present throughout the 

area after introduction within a timeframe relevant for the management purpose. In areas of 

no or low connectivity the facilitated dispersal of introduced species between harbours will 

introduce a considerable risk in cases where environmental and habitat conditions both places 

can support the survival and establishment of target species.  

 

5.2 Methodologies 

5.2.1 Introduction 

Data availability and quality for evaluating the connectivity of marine areas will differ 

considerably between locations and geographical regions. In some cases only very limited 

data may be available and in poor quality, while in other regions, a number of high quality data 

sources may be available. In some cases specific studies may be required to provide new 

data from e.g. species survey or biophysical modelling. Below we discriminate between three 

levels of data availability and data quality  

 

Limited data availability and quality 

At this level analysis marine connectivity will be based on general knowledge on dispersal 

distance of pelagic larvae, propagules, seeds, thallus or reproductive tissues, and/or adult 

stages of target species or other species similar to the target species. Dispersal distance may 

be evaluated considering other relevant biological traits, general knowledge on hydrography 

and/or knowledge on the distribution of suitable habitat and/or required substrate. 

  

Medium data availability and quality 

The medium level of data availability and quality exist for regions, where existing data include 

temporal and spatial data on hydrography and hydrodynamics, published results from 

biophysical modelling, marine habitat distribution and studies on marine connectivity studies 

from biophysical modelling and/or from population genetic structure analyses.  

 

High data availability and quality 

The high level of data availability and quality deviates from the medium level of data availability 

and quality, by involving the acquirement of new data through biological and/or physical 

surveys (~target species, oceanographic data, habitat distribution etc.), bio-molecular 

analyses (~population genetics) and/or hydrodynamic and/or biophysical modelling of target 

species dispersal. 

5.2.2 Limited data availability 

In data-poor marine areas limited data availability and quality may be the only data available 

for addressing marine connectivity,. In some cases a minimum of data may be recognized as 

sufficient for identifying and delineating an SRA ensuring an acceptable risk level. A minimum 

of data may include: 

 

o Pelagic stages dispersal distance 

o Adult dispersal rates from other regions 

o General information On sea currents 
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5.2.2.1 Pelagic larval dispersal distance 

For many marine organism associated with the marine "floor" including corals, many bottom 

dwelling and pelagic fish, and benthic invertebrates, larval stages subject to passive and/or 

locomotive facilitated drift are important for species dispersal (Cowen and Sponaugle 2009). 

Palumbi (2003) evaluated the correlation between the mean dispersal distance and the 

genetic patterns of isolation in terms of "isolation by distance" (IBD) for a number of species 

and found that IBD was most obvious when comparing populations separated by 2-5 times 

the mean dispersal distance. A review by Selkoe and Toonen (2011) showed medium strong 

correlation (R2=0.50) between PLD and the slope of IDB for small scales studies (<650 km).  

 

Mean dispersal distances (MDD) of pelagic larvae of many species are available in the 

literature. Alternatively, MDD can be estimated from knowledge of PLD using published or 

derived co-relation, e.g. in Siegel et al. 2003: MDD = 1.33 * PLD1.30 or by comparing PLD 

values with data on hydrography. The latter may be available from books, reports and/or 

papers describing the magnitude and direction of the dominant currents, tidal currents and/or 

wind driven currents in the area. 

 

Pelagic larval stages are very common in aquatic taxa and include molluscs, gastropoda, 

crustaceans, enchinoderms, teleosts, just to mention a few. For other organisms such as 

vascular plants and macro algae the dispersal distances of seeds (e.g. the seagrass Thalassia 

hemprichii (Orth et al. 2007)), reproductive propagules (e.g. Eelgrass Zostera marina (Orth et 

al. 2007)) or thallus (e.g. the seaweed Fucus sp Tararenkov et al. (2005)) are related similarly 

to the duration of which these tissues remain reproductive and/or capable of settling 

successfully, and to the ability to remain subject to drifting. 

 

5.2.2.2 Adult dispersal rates from other regions 

While pelagic larvae, or life stages, has been recognized as the primary mechanism of 

dispersal among many marine species, some species lack pelagic stages (e.g. Three-spined 

stickleback (Delaveri et al 2013)) or exhibit very short pelagic larval stages (e.g. fishes such 

as Round Goby (Marsden et al. 1996)), and thus, adult dispersal mechanisms may be the 

primary vector for population dispersal and connectivity. In fact, even among marine species 

with dispersive pelagic larval stages, adults may play a vital role in population connectivity as 

argued by Frisk et al. (2012), see figure 5. Adult migration rates of target species may have 

been studied in other regions that have been subject to invasion (e.g. Round Goby - 

Neogobius melanostomus – the Baltic Sea and Great Lakes). Azour et al. (2015) reported 

dispersal rates of Round Goby in the Baltic Sea of 10-30 (50) km per year and this type of 

studies may give the best indication of expected dispersal rates and potential dispersal 

barriers.  
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Figure 7. Conceptual example of adult mediated connectivity. While persistent 
physical barriers limit larval transport between populations A, B and C, and 
encourage retention and self-recruitment, the populations remain connected by adult 
movement (Frisk et al. 2012). 

5.2.3 Medium data availability and quality 

In some regions data availability and is more extensive including a number of different studies 

published in scientific papers, reports and/or web-sites. In these cases connectivity can be 

addressed more comprehensively in the area of interest. Data may include studies of marine 

connectivity for a variety of biological traits and/or target species and detailed knowledge and 

data on hydrography Data including published studies on population genetics may provide 

important specific information on dispersal barriers and spatial connectivity patterns. Other 

types of published data may provide useful information on marine connectivity including 

population stage/age structure analysis, tagging studies, stable isotope analyses, otolith 

geochemistry etc.  

 

In summarizing the typical data found this could be the types of existing data related to marine 

connectivity: 

 

o Spatio-temporal data on hydrography 

o Results from biophysical modelling 

o Published data on genetic metrics (population genetic 

(dis)similarity/barriers) 

o Other data 

5.2.3.1 Data on hydrography 

Since the water movement, or water current, is a key element in dispersal of the larval (or 

other types of pelagic) stages of many marine species, data on hydrography is essential if we 

want to address marine connectivity in a more accurate manor than just reported mean 

dispersal distances, and evaluate connectivity at local scales considering local dispersal 

patterns. A comprehensive and mechanistic approach referred to as biophysical modelling 

comprise a combination of 2D or 3D hydrodynamic modelling (HD) predicting current direction 

and speed in a given temporal and spatial resolution, and agent-based modelling (ABM) 

mimicking dispersal of pelagic (e.g. larval) stages of marine organisms. These are discussed 

in detail in section 5.2.4. In the absence of a fully calibrated and operational (=available for 

simulation executions) hydrodynamic model, data may exist describing the dominant current 

regime and variations, tidal cycles and amplitudes, and seasonal variabilities. Data may exist 

in a form of raw time series of current directions and speed from continuous measurements 
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from existing buoys or limited duration measurements published in papers, reports, books, 

tide tables etc. In cases where data in terms of simulation results from hydrodynamic models 

developed for the area of interest in previous studies is available, hydrographic statistics as 

those described above, if not already published, can be extracted from simulation result files. 

 

5.2.3.2 Data from biophysical modelling 

A number of studies have been published evaluating the connectivity of specific species (or 

life-history/behavioural traits) and for specific marine areas, using biophysical modelling 

(described in more detail in 5.2.4). Although such data may not consider the target species of 

interest, the studies can still provide useful information on dispersal barriers, relative rates of 

dispersal, dispersal distances etc. Results from biophysical models are often presented as a 

connectivity matrix showing the pairwise comparison of all examined spatial units (e.g. grid 

cells in a regular grid of the marine area, habitat units or administrative units). Matrix values 

may represent e.g. dispersal probability, zero/non-zero connectivity, dispersal distances etc.. 

Connectivity matrices are similar to road distance tables in road atlases, providing information 

on the distances between cities or locations. Only difference is that dispersal distances or 

probabilities in each direction typically will differ significantly.  

 

Connectivity may be depicted as maps presenting results from various ways of 
analyzing the information in connectivity matrices.  

Figure 8 shows partitioning of sub-populations of a "virtual sessile organism" with a 3 week 

PLD in the Baltic Sea, depicted as 4 different levels/strengths thresholds of connectivity. 

Another type of map of connectivity information that can be extracted from analyses of the 

connectivity matrix may include graphs using graph theory. Graphs are mathematical 

structures of pairwise relationships and graph theory is the study of graphs. Marine 

connectivity depicted as graphs include nodes representing the locations (e.g. grid cell, MPA, 

habitat etc.) and arrows indicating the connectivity between nodes. The thickness of the 

arrows indicates the strength or level of connectivity between locations. An example of a graph 

theoretic illustration of connectivity of coral fish larvae dispersal between coral reefs, see 

Figure 9 (from Treml et al. 2008). 
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Figure 8. Marine connectivity map of Kattegat and the Baltic Sea identified from 
analysis of the connectivity matrix originating from a biophysical model of the 
dispersal of a sessile marine invertebrate with free-swimming larvae (PLD=21 
days (Jacobi et al. 2012). Maps show four different sub-population partitioning 
of the total population (indicated by different colours) with different mean (or 
strength of) connectivity (Q) in Kattegat and the entire Baltic Sea: (A) 7 
subpopulations, (B) 16 subpopulations, (C) 45 subpopulations and (D) 68 
subpopulations. Increasing threshold value of Q results in partitioning of 
smaller subpopulations with increasing strength of connectivity 

 
 

Figure 9. A graph-theoretic illustration of marine connectivity of coral reef fish 
between coral reefs (Treml et al. 2008). Each reef represented by a "node" 
within the graph framework. When Larvae (~Agents) from one reef arrive at 
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another reef a connection is registered and indicated by an arrow, and 
thickness of the arrow indicates the strength of the connection. 

 

Table 1 gives an overview of examples of studies published where connectivity have been 

based on biophysical modelling and where data may be available supporting the delineation 

of SRAs.  

 

Table 1 Examples of studies of marine connectivity using biophysical modelling 
techniques. References with a "*" indicate that the study included a population 
genetic study component. 

Marine Water Region Species Spatial 

resolution 

Reference 

Baltic Sea N Europe 1 virtual 

larvae 

3.7 km 
Jacobi et al. 2012 

Baltic Sea N Europe Fucus sp. 
3.7 km 

Pereyra et al. 2013* 

Bass Strait Australia Larval traits 1/16° Condie et al. 2006 

www.csiro.au/connie2/ 

Caribean SE USA  

++ 

Coral reef fish 1/12° Cowen et al. 2006 

Caribean SE USA 

++ 

Coral reef fish 6 and 2 km Paris et al. 2007 

Great Barrier Reef E 

Australia 

Larae traits 4 km Condie et al. 2006 

www.csiro.au/connie2/ 

Gulf of California  SW USA, 

W Mexico 

Virtual larvae 

with different 

PLD 

~> 100 km Soria et al. 2012*, 

Soria et al. 2014* 

Indo-Pacific SE Asia, N 

Australian 

Coral, 

Damselfish, 

Anemomefish 

10 km Treml et al. (2012) 

Kattegat-

Skagerrak 

N Europe 14 virtual 

larvae traits 

3.7 x 3.7 

km 

Moknes et al. 2014 

Mediterranean  
S Europe Larvae traits 1/16° Vincent et al. 2014 

Mediterranean S Europe 

– N Africa 

Larvae traits 1/16° Condie et al. 2006 

www.csiro.au/connie2/ 

Malacca strait Singapore Coral larvae 
>= 40 m Tay et al. (2012) 

Tropical pacific Tropical 

Pacific 

Coral larvae 25 km Treml et al. (2008) 
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5.2.3.3 Data on genetic metrics 

Genetic metrics have received a growing attention lately as genetic markers have evolved 

rapidly. The use of genetic metrics in population genetic theory aims at identifying genetic 

(~allelic) differences (or similarities) of populations and/or subpopulations of individual species 

and has been used in studies estimating dispersal distances and migration rates among 

marine organisms, and connectivity between marine populations (see: Hedgecock et al. 2007, 

Gagnaire et al. 2015). It has been proposed that largely homogeneous genetic structures, i.e. 

with small or no (clonial) differences in genetic molecular markers, indicate relatively high 

connectivity, while high diversity in genetic structures (i.e. large differences in genetic markers) 

indicates relatively low connectivity. An example of the relationship between one of the most 

applied genetic metrics, the standardized allele-frequency variance (Fst), and the number of 

migrants exchanged between populations each generation (Nm) is shown in Figure 10 and a 

general correlation from Palumbi (2003) in Figure 11. 

 

 

 

 

 

Figure 10. Relationship between FST (a 
value representing the genetic variance 
between populations) and Nm (the 
number of migrants exchanged each 
generation) when applying an island 
dispersal model. Low FST equals low 
genetic variance (Hedgecock et al. 2007). 

Figure 11 Genetic differentiation can 
build up between distant populations 
even when adjacent populations 
remain indistinguishable due to high 
pairwise gene flow. In such cases, 
there can be a positive relationship 
between geographic and genetic 
distance. From Palumbi (2003) 

 

 

Gaither et al. (2013) concluded that "FST can be used to make qualitative predictions 

concerning the geographical extent to which a non-native marine species will spread once 

established in a new area". In other studies, genetic metrics have been applied specifically to 

identify barriers to dispersal; – for examples on studies of single species see: Pereyra et al. 

(2013), and of multispecies, see: Tooenen et al. (2011). The latter concluding that multispecies 

genetic marker analyses increase the ability to detect dispersal barriers compared to single 

species studies. In addition to FST a number of molecular markers has been used for estimating 

genetic connectivity in marine populations. For a recent review see Gagnaire et al. (2015). 

 

Illustrations of genetic metrics and marine connectivity  

Population genetic studies addressing marine connectivity are often displayed in graphs 

relating a genetic diversity metric with geographic distance between populations, Figure 11.  
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More illustrative and relevant as a basis for delineating SRA's, genetic metrics may be 

displayed as maps showing the location of each sampling site as a pie diagram where pie 

colors show the composition of genetic markers, see figures 10 and 11. Maps including pie 

diagrams may be accompanied with other illustrations such a migration rates (Figure 12 from 

Clegg and Phillimore 2011) or genetic relationships (Figure 13 from Barber et al. 20o2). 

 

 
 

Figure 12. Example of results from a population genetic structure analysis of genetic 
diversity among populations of the bird Zosterops lateralis in the Vanuato 
archipelago. A) Coloured pies show the presence of 5 clusters of genetic markers 
(~microsatellites) island. B) Lines reflect different migration rates, i.e. the fraction of 
individuals within a population that are migrants per generation: Solid lines show 
migration rates more than 0.1, dashed lines 0.03–0.1 and dotted lines 0.02–0.03. 
(Clegg and Phillimore 2011).  
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Figure 13. The genetic composition of Mantis Shrimp Haptosquilla pulchella 
populations throughout the Indo-West Pacific. (Barber et al. 2002). Diagram in the 
upper right depicts the relationship of unique DNA sequences of the genetic marker. 
Individual groups are colour coded. Pie diagrams on map indicate the relative 
frequency of each of these colour coded groups 

Genetic metrics and PLD 

An attempt to relate genetic metrics to pelagic larval dispersal has been done by e.g. Selkoe 

and Toonen (2011) who found a relative good correlation (R2=0.50) between PLD and the 

slope of another widely used genetic metric, the Isolation-by-Distance (IBD), when analyzing 

a large number of previously published studies of marine organisms. This study among others 

supports the potential use of genetic markers in studies of marine connectivity.  

 

Time 

The time representation of various genetic markers range from genetic diversification derived 

during the dispersal over a few generations to genetic diversification resulting from dispersal 

and parallel genetic speciation in evolutionary time. In between these two extremes which may 

be in particularly relevant when addressing time scales for which SRA's need to be identified 

(e.g. 5 - 10 years) differences in genetic markers may be affected by environmental incidents 

between years or decades such as storms, el nino / la nina meteorological events, the north 

atlantic oscillation etc. Thus, the use of genetic markers and derived metrics, should be 

accommodated by knowledge on the type and frequency of hydrographic events, in addition 

to the more general hydrographic data such as dominant currents and tidal cycles.  

 

Limitations 

Different molecular marker of the same populations may reveal very different absolute values 

of the same genetic metric, e.g. Fst. Thus, the genetic markers may only be applicable as 

relative indicators of connectivity unless a quantitative relation havs been identified. Genetic 

metrics can be accommodated with other types of analysis such as hydrodynamic patterns 

analysis/ hydrodynamic models, and/or biophysical models (see: Liggins et al. 2013), 

supporting and predicting more quantitatively the connectivity patterns observed.  
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One critical point when discussing the use of genetic metrics as proxies for connectivity in 

relatively small marine areas relevant for the delineation of SRAs is the fact that most marine 

populations in such areas only exhibit weak genetic structures, because of the relatively high 

dispersal capability of many marine organisms. Therefor this demands a high precision of 

genetic data (~large number of genetic markers) to translate weak genetic structure into 

demographic connectivity. Recently, Benestan et al. (2015) demonstrated that the use of large 

number for genetic markers can separate weak genetic structures at such fine spatial scales. 

Also, Selkoe et al. (2010) who investigated the local genetic patchiness of the species in the 

southern Californian Bight, demonstrated "…that combining inferences across species and 

incorporating environmental data can greatly improve the predictive value of marine 

population genetics studies on small spatial scales".  

 

In marine connectivity, it is important to understand the difference between "genetic 

connectivity" and "demographic connectivity". Genetic connectivity depends primarily on the 

absolute number of dispersers among populations, whereas demographic connectivity 

depends on the relative contributions to population growth rates of dispersal vs. local 

recruitment i.e. survival and reproduction of residents (Lowe and Allendorf 2010). Lowe and 

Allendorf conclude that "….Genetic methods can provide insight on demographic connectivity 

when combined with these local demographic rates, data on movement behaviour, or 

estimates of reproductive success of immigrants and residents …". 

 

Examples of application including biophysical modelling  

There is a number of examples where a combination of genetic metrics and hydro-dynamic or 

biophysical modeling have been applied in studies of connectivity of marine populations. Two 

examples are shortly described below: 

 

Pereyra et al. (2013) studied and compared microsatellites from brown algae Fucus 

vesiculosus and Fucus radicans from various locations in the Baltic Sea and showed varying 

degrees of (dis)-similarities of genetic structure between sites. These population genetic 

comparisons were supported by biophysical modelling. Hydrography and cloniality were 

identified as the main parameters explaining spatial patterns of genetic structures. Both 

biophysical modelling and genetic markers identified co-insiding locations of strong dispersal 

barriers. Both cloniality as well as distinct dispersal barriers are relevant information in 

delimitation of SRAs. 

 

Another study by Foster et al. (2012) investigated the connectivity of Caribbean coral 

population using both empirical data on genetic markers and biophysical models. The two 

methods proved complementary in identifying diversity in genetic structures as well as insight 

into some of the dispersal mechanism. The study also demonstrated that these 

complementary methods can identify genetic diversity (or similarity) not accounted for by the 

simple dispersal mechanism represented by the biophysical model, indicating other types of 

mechanisms responsible for genetic similarity. As in other similar studies, weak genetic 

structures in populations across small spatial scales are difficult to translate to levels of 

connectivity.  
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5.2.3.4 Other types of data 

For some marine organisms, juvenile and adult life stages may inhabit very different habitats, 

and the dispersal of juveniles from nursing habitat to adult habitats may be important when 

evaluating marine connectivity. Different methods for investigating this type of connectivity 

include tagging, population age/stage structure analyses, spatial partitioning of maturity 

stages, parasites as natural tags, stable isotopes analysis, o etc. For review see: Gillanders 

et al. (2003).  

 

Tanner (2012) used otolith geochemistry as a marker for analyzing the connectivity among 

coastal and estuarine fish populations. 

5.2.4 High data availability 

At this level we focus on data availability for the specific area and target species of interest. 

Because this type of data most often will not be available or only partly available, data will 

need to be acauired through additional model studies or surveys. As mentioned in the 

preceding sections, several methodologies exist for analysing marine connectivity when 

focusing explicitly on selected target or indicator species. The two most important and most 

frequently published methodologies include: 

 

- Dispersal modelling of marine organisms based on 2D or 3D 

hydro-dynamic modelling 

- Genetic surveys of target or indicator species  

In the case where insufficient data exist to accommodate a reasonable SRA delineation 

relying on analyses of data of limited or medium availability, one or both of these 

methodologies may have to be supplemented in order to produce new data supporting the 

SRA and this would most probably entail biological surveys for invasive species in relevant 

ports of the area in question.  

In this section we give an overview of the individual steps needed and the references 

associated. 

5.2.4.1 Dispersal modelling of marine organisms 

Analyses of marine connectivity based on dispersal modelling or biophysical modelling 

consists typically of three data analytical/data modelling techniques: 

 

- 2D or 3D hydro-dynamic modelling 

- Larvae dispersal modelling (typical ABM or particle tracking) 

- Connectivity matrix analyses using e.g. statistical analyses, Graph theory 

etc. 

 

 

A number of studies of the dispersal of marine organisms using a combination of 

hydrodynamic (HD) modelling and ABM have been published in the past addressing marine 

connectivity in different regions (see table 1) 

 

Hydro-dynamic modelling 

Hydro-dynamic (HD) modelling predicts the spatial and temporal dynamics of sea currents 

and water level within a given marine area, or domain In order to mimic realistic hydrography 
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the hydrodynamic model constants and input data have to be calibrated against 

measurements. Optimally measurements for calibration include time series of water level, 

current direction and speed, temperature and salinity, - measured at different locations and at 

different depths. The domain, i.e. the marine area covered by the HD model, is represented 

by a computational grid resolving the bathymetry and coastlines applying a user defined 

spatial detail level, where each grid cell represents a water volume. Simulation results include 

time series of current directions and speeds, and water levels of each grid cell with a temporal 

resolution of typically minutes to hours. Since marine systems are often stratified vertically 

due to gradients in water temperature and/or salinity, a 3D representation in the HD model are 

often (but not always!) necessary in order to resolve the differences in current direction and 

speed with depth. And, since many pelagic larvae exhibits diurnal vertical migration (Cowen 

and Sponaugle 2009) or other types of vertical migration behavior, differences in water 

movement with depth may be important when applying HD models in combination with ABM 

models mimicking larval dispersal.  

 

Larvae dispersal modelling 

Agent-based models simulate individual organisms as agents, or discrete entities, where each 

agent moves according to a set of behavioural rules and algorithms. For pelagic larval stages 

these algorithms may consist of a combination of passive transport (= drift following the current 

direction and speed predicted by the HD model) and one or more intrinsic behavioural 

mechanisms such as light mediated diurnal vertical migration swimming behaviour and/or 

other types of behaviours deviating from passive drift, see Figure 14. Apart from algorithms 

predicting the movement of each agent, algorithms describing states of each agent and how 

these states evolves over time and may affect critical parameters such as fitness and survival 

can be incorporated. This way it is possible to keep track of e.g. the fitness of each agents as 

a result of food availability predicted by other models or data, and how fitness may be directly 

related to the mortality risk by starvation. In many organisms, the PLD may be significantly 

affected by temperature, which can also easily be implemented in ABMs.  

 

 

 
Figure 14. Example showing simulated larvae dispersal behaviour during 30 days 
simulation period. Location: Los Rogues, Venezuela (Paris et al. 2007). Colours 
indicate dispersal duration since larval release (black point). Left: simulated passive 
drifting agents. Right: Simulated dispersal including "shallow" ontogenetic vertical 
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migration (OVM) of the bicolour damselfish Stegastes partitus. Percentage indicate 
proportion of released agents succeeding in arriving onto any reef.   

Depending on the type of target organism (or biological trait) and the environmental conditions 

in the area of interest, the parameterization of larval transport need to be decided for. For an 

overview on parameterization of larval transport in biophysical modelling, see Metaxas and 

Sounders (2009), and North et al. (2009). In Table 2 is shown an overview of relevant 

parameters that can be included in a ABM describing pelagic larval dispersal. 
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Table 2 Selected parameters relevant for ABM of dispersal of pelagic larvae. For a 
more comprehensive overview, see: North et al. (2009). 

Agent 

parameter 

Description References 

Pelagic Larval 

Duration (PLD) 

The period between embryo release in the water 

column and larval arrival at the settlement location. 

e.g.Metaxas 

and Sounders 

(2009) 

Larval Growth Larval growth determines the realized PLD and the 

timing of settling competency. Temperature is the 

key parameter, i.e. higher temp.=> shorter PLD 

etc. 

e.g. Metaxas 

and Sounders 

(2009) 

Foraging Some invertebrate larvae and many fish larvae 

forage during parts of their larval stage. Foraging 

success affect growth (and PLD) and mortality 

from starvation. 

e.g. North et al. 

(2009) 

Competency Divided into pre-competency period before 

metamorphosis (pelagic species) or settling 

(benthic species), and competency period. 

e.g. Metaxas 

and Sounders 

(2009) 

Mortality Mortality of pelagic larvae is induced primarily by 

predation or starvation, but also temperature, 

salinity and oxygen may induce mortality. Mortality 

among marine pelagic life stags are generally high, 

e.g. >= 10% per day.  

e.g.Gosselin 

and Qian 

(1997), North et 

al. (2009) 

Behavior – 

vertical 

Many pelagic stages use active locomotion or 

buoyancy to regulate the vertical position in the 

water column. This can have significant impact on 

horizontal dispersal due to variable current 

gradients with depth.  

e.g. Richards et 

al. (1996), North 

et al. (2009) 

Behaviour - 

horizontal 

Horizontal behaviour despite small swimming 

speeds may have pronounced effect on horizontal 

dispersion when larvae exhibit directional 

movement behaviour deviating from random walk. 

e.g. North et al. 

(2009), 

Staatterman et 

al. (2012) 

Behavior – 

during 

settlement 

After achieving settling competency examples of 

larvae behavior during settlement may include 

adjustment of vertical position in the water column 

to get closer to benthic substrate, or response to 

(bio)chemical cues signaling the appropriate 

substrate for settlement. 

e.g. Gray and 

Elliott (2009) 

Setup 

Parameter 
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Spawning 

locations 

Simulated larval dispersal is initiated by introducing 

larvae agent in the model domain at spawning 

habitats 

e.g. North et al. 

(2009) 

Spawning time Spawning may be quantitatively distributed 

statistically in time (e.g. blue mussel, Mytilus 

edulis) or during discreet events (e.g. coral larvae 

spawning synchronized with full moon  

e.g. North et al. 

(2009) 

 

An alternative to the use of ABM modelling methodology for simulating larval dispersion exists. 

Treml et al. (2008) studied the large scale connectivity of tropical pacific and used 

concentration-based advection-dispersion (AD) (~Eulerian) modelling rather than ABM 

(~Lagrangian). AD modelling simulates the transport of diluted tracers in the water volumes of 

the grid cells represented in the HD model domain. Due to the large scale the underlying 

hydrodynamic model the AD model applied in this study operated with weekly time steps. The 

AD modelling approach can be applied, however has a limited application compared with ABM 

modelling approaches where agents can be followed individually through time in the entire 

domain. In AD no track record exists for each agent and a concentration of a tracer in an area 

cannot be tracked backwards to the places of origin since the concentration is a result for 

transport and dilution processes of the sum of all spawning locations in a simulation.  

 

Connectivity matrices 

Results from ABMs can be directly used for connectivity assessment by translating the ABM 

result data into 2D connectivity matrices where values represent the probability of pairwise 

connectivity (Treml et al. 2008, Berglund et al. 2012, Jacobi et al. 2012, Andrello et al. 2014), 

see Figure 15. Typical matrices may represent connectivity between specific habitats such as 

coral reefs administrative units such as marine parks, or more generically representing the 

entire area of interest by dividing the area into a regular grid providing the basis for analyzing 

connectivity on a constant and readily comparable scale (Figure 15).  
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Figure 15. Example of a connectivity matrix representing the probability (percentage 
of survivors) of coral larvae originating from reef Ni (Source node), arriving at reef Nj 

(Settlement node). 260 reefs were included in the analyses.(Reference: figure 2 B in 
Cowen et al. 2006). 

 

Connectivity network analysis 

Once connectivity matrices have been constructed connectivity may be analyzed further using 

e.g. graph theoretical (or similar) approaches for identifying networks of optimal connectivity, 

groups of areas that may be considered as highly connected, and display graphs for more 

accessible perception of connectivity etc.  

Vincent et al. (2014) proposed the identification of "hydrodynamic provinces" using information 

theory concepts that define oceanic provinces well connected internally but with minimal 

exchanges of particle between them, Figure 16. 

 

Jacobi et al. (2012) analysed connectivity matrices to divide the population of a "generic" 

sessile organism in the Baltic Sea into sub-populations where the division was based on 

different levels of connectivity, see Figure 8  
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Figure 16. Delineation of "hydrodynamic provinces" extracted from connectivity matrices 
of the Mediterranean as proposed by Vincent et al. (2014). Upper panel: PLD = 30 days. 
Lower panel: PLD = 60 days. The colours indicate values representing the fraction of 
simulated agents initially released within a given province which remained after the 
respective PLD.  

 

Model complexity 

As the biophysical model is a key component of the level to witch the connectivity transition 

matrices grasps the important biological processes affecting connectivity, it is important to 

identify the modelling approach depending on the target species and the environment, see 

Figure 17. 
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Figure 17. Illustration of the various levels of biophysical modelling complexity and 
examples of studies cited in the text. While Hydrodynamic modelling is a prerequisite 
for the ABM modelling of pelagic dispersal, water quality modelling or NPZ model 
may be applied optionally for predicting habitat requirements and/or environmental 
tolerances such dissolved oxygen, light, nutrients, food, salinity, temperature, pH etc.  

 

 

5.2.4.2 Genetic survey 

The population genetics theory offers a powerful framework for estimating dispersal distances 

and migration rates from molecular data (Gagnaire et al. 2015). Gagnaire et al 2015 provide 

an overview of the current methods for estimating genetic connectivity using molecular 

markers.  

 

 

 

Box 4 Software for ABM 

The software used for biophysical modelling includes commercial software packages, free ware 

available for download, and software developed as part of specific research project.  

 

Examples of software integrating hydrodynamic modelling and ABM cited in this report include: 

 Ichtyop/ROMS (Lett et al. 2008) 

 MGET (Robert et al. 2010) 

 TRACMASS/RCO (Pereyra et al. 2013) 

 MIKE 3 FM ECO Lab/ABM LAB (Hansen et al. 2014)  

 

Examples of software used for ABM result post-processing including graph theory methodologies 

etc.: 

 OCTAVE 

 GRAPHTEA  

 MATLAB  
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Population genetic structure 

The following mechanisms affect population genetic structures: 

 

 Mutation of genes 

 Random genetic drift (stochastic fluctuations) 

 Selection 

 Gene flow (due to migration) 

 

While the three first mechanisms are responsible for genetic diversification between 

populations, migratory gene flow works oppositely to "homogenize populations and to 

maintain the genetic cohesion of a biological species" (Hedgecock et al. 2007) 

 

Because marine populations are often large, have large reproductive output and high dispersal 

capability patterns of genetic difffrentiations are weak or undetectable (Gagnaire et al. 2015), 

– a condition that can be explained by a number of population dynamic mechanisms.This is 

one of the major challenges when inferring demographic connectivity from population genetic 

approaches, and away to address this problem is to increase in the number of genetic markers 

will result in increased precision and statistical power (Gagnaire et al. 2015). 

 

A detail and comprehensive review of existing mertric and markers and their associated 

methodologies including strategies for sampling are outside the scope of the report. For details 

on this subject we refer to Hedgecock et al. (2007) and Gagnaier et al. (2015) including cited 

references.  

 

5.2.4.3  Other and future technologies 

Other types of methodologies applied for addressing marine connectivity has been reviewed 

in Gillanders et al. (2003) and Caló et al. (2013). For details on these individual methodologies 

we refer to the quoted papers and the references cited herein. The methodologies include: 

 

o Population age/stage structure surveys 

o Tagging 

o Biological tags 

o Otholit geochemical analysis 

o Stable isotope analysis 

 

A new and promising monitoring technology that provides an easy and cost efficient way to 

collect data on species presence and distribution in marine waters include environmental 

DNA, ~ eDNA (Kelly et al. 2014, Thomsen and Willerslev 2015). Because the eDNA originating 

from marine organisms degrade beyond detection within days or a few weeks in marine 

ecosystems eDNA originating from marine organisms in water samples gives a momentary 

evidence on the presence of these species in the sampled environment. Studies indicate that 

the assessment of the relative abundance or even absolute numbers of key species from 

eDNA is possible (Kelly et al. 2014). Because eDNA is positively correlated with biomass or 

population density, the potential for using eDNA for species distribution and abundance is 

clear. Combining the information from multisampling eDNA analyses, with knowledge on 

eDNA degradation (and factors influencing these) and biophysical modelling using 
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backtracking methodologies (~ tracking each DNA agent backwards by reversing the time in 

the hydrodynamic model prediction) may provide a future technology for analyzing marine 

connectivity using eDNA. For details and relevant references of the use of backtracking in 

biophysical modelling, see North et al. (2009).  

6 SRA and the G7 risk assessment principles  

Comparing to the situation that G7 was developed for the risk assessment conducted for an 

SRA holds many similarities and is fundamentally based on the risk assessment process as 

outlined in G7 5.1: 

 

Risk assessment is a logical process for assigning the likelihood and consequences 

of specific events, such as the entry, establishment, or spread of harmful aquatic 

organisms and pathogens. Risk assessments can be qualitative or quantitative, and 

can be a valuable decision aid if completed in a systematic and rigorous manner. 

 

The paragraph acknowledges that risk assessment is a valuable qualitative or quantitative 

decision aid and it is indeed the intent of SRA assessments to add a quantitative component 

to the assessment by employing hydrodynamic modelling, when possible.  

 

The eight key principles that define the nature and performance of a G7 risk assessment must 

be applied through the nature and performance of risk assessment: 

 

 Effectiveness – That risk assessments accurately measures the risks to the extent 

necessary to achieve an appropriate level of protection. 

 Transparency – That the reasoning and evidence supporting the action 

recommended by risk assessments, and areas of uncertainty (and their possible 

consequences to those recommendations), are clearly documented and made 

available to decision-makers. 

 Consistency – That risk assessments achieve a uniform high level of performance, 

using a common process and methodology. 

 Comprehensiveness – That the full range of values, including economic, 

environmental, social and cultural, are considered when assessing risks and making 

recommendations. 

 Risk Management – That low risk scenarios may exist, but zero risk is not obtainable, 

and as such risk should be managed by determining the acceptable level of risk in 

each instance. 

 Precautionary – That risk assessments incorporate a level of precaution when 

making assumptions, and making recommendations, to account for uncertainty, 

unreliability, and inadequacy of information. The absence of, or uncertainty in, any 

information should therefore be considered an indicator of potential risk. 

 Science based – That risk assessments are based on the best available information 

that has been collected and analysed using scientific methods. 

 Continuous improvement – Any risk model should be periodically reviewed and 

updated to account for improved understanding. 

 

SRA is effective as it applies a tiered approach to meet the level of protection sought by the 

effected Parties (and any neighbouring parties that may be effected). It is transparent and 

consistent as the method by which risk is determined is model based and relies on defined 
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inputs leading to a uniform high level of performance as well as and a quantifiable level of 

uncertainty which can easily be made available for the decision makers. It is science based 

as described in the previous section using scientific methods and best available information 

for the analysis; It is presumed that the SRA as any risk assessment is comprehensive by 

including economic, environmental, social and cultural impacts when assessing risks and 

making recommendations. The suggested connectivity models provide a delineation of an 

area and its level of risk of natural dispersal. The model output does not consider zero risk, 

which relates to the subsequent managing of risk by the involved Parties. It is precautionary 

when making assumptions and recommendations by using models and parameters that can 

be assigned at an accepted degree of worst case level; obviously continuous improvement 

should be part of SRA as in any other science based risk assessment approach. 

 

The cornerstone of the G7 risk assessment methodologies is to determine the appropriate 

level of protection and provide means to distinguish between unacceptable high risk scenarios 

and acceptable low risk scenarios as perceived by the involved member states who in turn 

are to grant the exemption. The assessment must be sufficiently robust to distinguish between 

unacceptable high risk scenarios and acceptable low risk scenarios where the discharge of 

ballast water not meeting regulations B-3 and C-1 is unlikely to impair or damage the 

environment, human health, property or resources of the granting Party and of adjacent or 

other States 

 

The three risk assessment approaches in G7 are Environmental matching, Species' 

biogeographical and Species-specific risk assessments. The two former are both primarily 

related to the transport of species between different biogeographical regions and are less 

relevant in the context of risk of transport within the same biogeographical region. The 

Species' specific RA offers most applicability as it is also concerned with transfer of species 

within a region. In practise, the use of Environmental matching is envisaged in a situation 

where a river port is located in a marine area under consideration as an SRA. In that case the 

area under assessment is not homogenous and the Environmental matching will exclude 

freshwater species that will otherwise appear in the marine context as a low dispersal species 

(similar to Figure 1B).   

 

Species of concern should be identified and agreed on the affected SRA States based on: 

 

 evidence of prior introduction; 

 demonstrated impacts on environment, economy, human health, property or 

 resources; 

 strength and type of ecological interactions, e.g. ecological engineers; 

 current distribution within biogeographic region and in other biogeographic 

 regions; and  

 relationship with ballast water as a vector. 
 

The data available to the risk assessor must include the identification of the target species 

and the relevant biological and ecological characteristics (see Table 2) and will typically be 

accompanied by a observation(s) in the port/area in question, although not necessarily 

information on abundance or standardised survey data. It is preferable to obtain information 

on abundance or propagule pressure, if possible.  
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Exempted vessels are not prohibited to trade outside of the SRA, but it is critical to providing 

the same level of protection that ships do not mix ballast water or sediments from areas 

outside with that of the SRA as specified in the exemption.  

 

The exemptions are granted to individually to several vessels similar to granting exemptions 

to several vessels operating the same A to B route. Each exemption will be based on the same 

biological part of risk assessment with a revision of the specific section describing the vessels 

and the trading pattern.  

 

 

7 Draft administrative procedure 

In the following a procedure is proposed for executing the risk assessment allowing for 

delineation of an SRA and for the administrative actions required. It may be beneficial to 

provide SRA users with a detailed risk assessment procedure and its interaction in a multistate 

context with administrative procedures the following text is intended only to ensure a common 

understanding of the workflow for the application and granting of exemption.  

 

The use of an SRA may be preceded by a simpler screening procedure prior to the SRA in 

order to address the industry's concern that a costly exemption procedure may be initiated 

without consideration of indications that it may most likely turn out unsuccessful due to existing 

data or lack thereof. Also, a more detailed risk assessment may be required if insufficient data 

is available for the SRA assessment. Thus, a tiered approach may be used:   

 

 Desktop screening risk assessment 

 Same risk area assessment 

 Detailed risk assessment 

 

The first screening level risk assessment could be based on available biological and 

environmental information, i.e. a desktop study, which as minimum would identify non-feasible 

applications. e.g. including invasive species hot-spots separated by natural barrier or covering 

extraordinary large areas. The second tier makes use of the "Same risk area" concept, which 

is described here. It may be based on existing or specifically generated data. In the case of 

insufficient data availability or a rejection of the SRA due to unclear or contradicting risk 

patterns, a third phase may be initiated on an subarea with fewer ports. The third tier, the 

detailed risk assessment, would require application of protocols for conducting biological 

survey.  

 

The SRA assessment itself could rely on target species data available from databases, new 

survey data and from research activities in the area in question. In an SRA high risk ports or 

locations should not be included until information on target species is obtained e.g. through a 

baseline survey. This may include areas and locations mentioned in the G3 where the uptake 

of ballast water should be avoided (MEPC Resolution.123(53)) such as:  

 

 in areas identified by the port State in connection with warnings provided by ports 

concerning ballast uptake and any other port contingency arrangements in the event 

of emergency situations; 

 in darkness when organisms may rise up in the water column; 
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 in very shallow water; 

 where propellers may stir up sediment; 

 areas with current large phytoplankton blooms (algal blooms, such as red tides); 

 nearby sewage outfalls; 

 where a tidal stream is known to be more turbid; 

 where tidal flushing is known to be poor; or 

 in areas close to aquaculture. 

 

When the BWMC is in force and the risk of introducing new invaders to the area is greatly 

reduced and the primary concern will be secondary transfer of existing invasive species. The 

primary objective and first task in the SRA process is that the involved States identify and 

agree on the species of concern, i.e. the target species.  

 

 

 

  
Figure 18. Administrative workflow with communication of SRA and exemptions to 
IMO: 

 

Two or more states agree to investigate the possible use of SRA in water body shared 

by the states. In this first tier the area is most probably governed by the countries' 

intraregional traffic pattern regarding short sea shipping, but could also include 

expected (hydrographic) barriers to natural dispersal. In the potential SRA the main 

traffic nodes, between which ballast water is moved, are selected for risk assessment. 

 

The states propose and agree the target species lists for the ports in question. For 

each state a list of target species is produced. The relevant parameters used of 

assessment must also be agreed in advance. If the same species is present in all the 

selected ports, it may be omitted from the risk assessment under consideration of 

abundancy, mortality etc. The states of the potential SRA must also agree certain other 

parameters, e.g the duration of dispersal, the use of hydrographic statistics over a 

chosen number of years. 

   

To arrive at an SRA the risk assessment of the target species in area is needed to 

determine the extent of the area. The methodology applied to determine the natural 

spreading of a given target species may be the simple dispersal rate under 
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consideration of the prevalent current regime or a more comprehensive approach 

including a combination of 3D hydrodynamic and agent based modeling. The time 

decided upon for the duration of dispersal should be based on knowledge on e.g. 

known dispersal rates and/or traits, PLD, hydrography and habitats. As a guidance for 

projecting the dispersal duration should be a max. 10 years or less as agreed. 

 

Vessels trading in the SRA may apply for exemption under the terms of A-4. Vessels 

can apply in any of the SRA states for exemption. The exemption granted (or rejected) 

is communicated to the other SRA states and to the IMO. 

 

Each vessel is issued the exemption to be recorded in the ballast water record book. 

  

 

 

   
 

 

 

 

 

 

 

 

 

 
 

Figure 19. Risk assessment workflow 

 

In the case where a target species occurs in all SRA states involved it may be omitted from 

risk assessment with due consideration to G7 6.4.8.  

 

The Ballast Water Management Convention has provisions in Regulation A-4 for granting 

exemptions. The short sea sector is keen on applying for such exemptions as many vessels 

in short sea shipping trade in a limited area and face challenges with installation of treatment 

systems both regarding the footprint required and the economic burden. Under the proposed 

regime for risk assessments that must accompany an application for exemption every port, 

mooring and anchorage may be considered as individual locations requiring separate 

biological surveys, risk assessment and exemption management by authorities. These 

burdens to the coastal states administrations and to the industry will be considerably lessened, 

if the new concept of Same Risk Area can be accepted to the international maritime 

organization, IMO. Denmark, Interferry and several associated countries are currently 
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proposing the SRA concept to the MEPC. In an SRA a cross border area is delineated among 

the participating states and vessels trading exclusively in this area can apply for a simple 

exemption based on one risk assessment carried out for the entire area. The procedure for 

carrying out the risk assessment is developed and described in a submission to the MEPC69 

but the tools for the states to use are only available in relatively costly commercial applications 

requiring additional expert input. 
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9 Examples on data availability  

This section provide examples of data availability for evaluating marine connectivity for two 

selected regions, Kattegat (northern Europe) and the Adriatic Sea and the northern part of the 

Tyrrhenian Sea (in the Mediterranean). 

9.1 Kattegat (Northern Europe) 

9.1.1 Location 

Kattegat is located between Denmark and Sweden linking the saline North Sea via Skagerrak 

to the brackish Baltic Sea. Kattegat borders Skagerrak to the north and the Danish Straits 

(e.g. Great Belt and Sound) to the south. See Figure 20.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20. Kattegat is situated 
between Denmark and 
Sweden and link the North 
Sea via Skagerrak to the 
Baltic Sea. Major harbours 
(red dots) with connection to 
the Kattegat area. 

 

 

The hydrography of Kattegat is affected by the net-flow of brackish surface water flowing out 

of the Baltic Sea, and a deeper layer of saline water from the North Sea with a net-flow into 

the Baltic Sea. The annual mean current speed and direction are shown in Figure 21 Wind 

driven hydrodynamics is the main driver of event of saline intrusion into to Baltic Sea and the 

water level in general, while tidal currents are of secondary importance.  

 

Most of Kattegat has a mean water depth between 10-50 meters with deeper parts to the 

northeast facing the northern boundary to Skagerrak. Figure 22 shows the bathymetry of 

Kattegat and adjacent marine areas. 
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Figure 21. Mean annual surface current speed (blue legend) of the North Sea 
Kattegat and the Western Baltic Sea. Arrows indicate direction and strength 
(~arrow length) of mean currents. (Hansen et al. 2014). 

 
 

Figure 22. Kattegat and Baltic Sea bathymetry. Source: http://www.emodnet-
seabedhabitats.eu. Colors refer to depth intervals described in the legend. 
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9.1.2 Data based on biophysical modelling 

Three recent studies on marine connectivity based on biophysical modeling have been 

published covering the Kattegat area (Jacobi et al. 2012, Moksnes et al. 2014, Hansen et al. 

2014). The studies present the connectivity output from biophysical modelling in three different 

ways: sub-population partitioning maps, dispersal distance maps, and dispersal probability 

maps. These maps are described below. 

 

Subpopulation partitioning maps 

Jacobi et al. (2012) published a study on marine connectivity of the Baltic Sea including 

Kattegat, based on a biophysical model where ABM trajectories were followed for 21 days, 

which is typical for the blue-mussel Mytilus edulis/trossulus (a native species in the Baltic 

region). Only coastal habitats with a mean depth of less than 12 m were included for larval 

release (and settling). Simulations based on 6 days larval release covering 25 years.  

 

Subpopulation delineation was done by analysing the "degree of isolation", measured as the 

"mean total 'leakage' from a subpopulation (by larvae dispersal), normalized against the 

self-recruitment". The value of this degree (or strength) of isolation, Q, determines the number 

of subpopulations. Results from this study partitioning the populations into a number of 

subpopulations depending on different values of Q, are shown in Figure 23. Sub-populations 

covering the central Kattegat are highlighted by hatched black outline. Note that at all 

connectivity levels central Kattegat is included in one sub-population while for three out of four 

subpopulations the south-eastern part of Kattegat is separated from the central and northern 

parts. This indicates that Central and Northern Kattegat is relatively well connected, while a 

dispersal boundary may exist in the south-eastern part.  
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Figure 23. Marine connectivity map of Kattegat and the Western Baltic identified from 
analysis of the connectivity matrix originating from a biophysical model of the 
dispersal of a sessile marine invertebrate with free-swimming larvae (PLD=21 days). 
Maps extracted from Jacobi et al. (2012). Maps show four different sub-population 
partitioning of the total population (indicated by different colors) with different mean 
(or strength of) connectivity (Q) in Kattegat and the entire Baltic Sea (only Kattegat 
and the western Baltic Sea shown here): (A) 7 subpopulations, (B) 16 subpopulations, 
(C) 45 subpopulations and (D) 68 subpopulations (Jacobi et al. 2012). Increasing 
threshold value of Q results in partitioning of smaller subpopulations with increasing 
strength of connectivity. Note that the northward boundary of the hatched areas 
coincide with the boundary of the connectivity study. The areas may or may not 
extend further north. Red dots indicate major harbors in connection to the Kattegat 
area. Red dots: major harbors in connection to the Kattegat area 
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Dispersal distance maps 

Moksnes et al. (2014) applied biophysical modelling to support the analyses of the coherence 

of marine protected areas in the Kattegat and Skagerrak area. Based on empirical datasets 

of pelagic larvae abundances in the water column, the biophysical model was setup and ran 

for a number of realistic larval-types (~14) representing selected species groups of the benthic 

communities. From simulated larval dispersal trajectories, dispersal distances were calculated 

for each grid cell (3.7x3.7 km´s) in the model domain. Examples of dispersal distance maps 

are shown in Figure 24 for larvae with a drift depth of 0-2 meters and 30 days PLD, and larvae 

with a drift depth of 24-26 meters and 30 days PLD, respectively.  

 

The study showed that dispersal distances in the Kattegat area are highly dependent on drift 

depth, pelagic larvae duration (PLD) and location. For near-surface dispersal the Northern 

part of Kattegat and along the western and eastern land boundaries dispersal distances are 

high, while low dispersal distances are seen at the southern central parts. On the contrary, at 

24-26 meters depth (below the pycnocline), the dispersal distances are largest along the 

eastern and southern landward boundaries, and in general much lower than for the near-

surface dispersal. This type of information gives a good indication of the dispersal potential 

and the spatial variation horizontally and vertically. And, the implication for larval dispersal 

depends on the target species of interest.   

 

 
Figure 24. Figures extracted from Moksnes et al. (2014). Dispersal distances (colors) 
of simulated simple pelagic larvae with a PLD of 30 days. Left: surface dispersal (0-2 
meters depth). Right: dispersal depth = 24-26 meter. Red dots: Major harbors in 
connection to the Kattegat area. 

 

Dispersal probability maps 
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While the dispersal distance maps (described above) provide valuable information on the 

horizontal and vertical dispersal potential, information on dispersal direction and extend 

depending on the location of larval release (and the larvae traits) is lacking. Hansen et al. 

(2014) applied results from a biophysical model to generate dispersal probability maps, i.e. 

one map for each grid-cell in a grid covering the North Sea, Skagerrak, Kattegat, Danish 

Straits and Western Baltic. Dispersal probabilities are calculated based on a composite of 1, 

2, 3 and 4 weeks simulated PLD using one year hydrographical variation. Two types of maps 

were generated. One type is the source dispersal probability maps (also referred to as down-

stream dispersal probability maps). For each grid-cell a source dispersal probability map is 

generated. The grid-cell represents the location of larval release (~source), and the associated 

source dispersal probability map represents the probability of larvae ending up in the 

neighbouring grid cells. Thus, the source dispersal probability map describes the area where 

larvae will be dispersed after release within a given timeframe (e.g. PLD). Examples for 

Kattegat are shown in Figure 25 where each of the 4 larvae release locations (red arrows and 

black dots) represent one of the 4 most northern harbours in the Kattegat area. 

 

   
 

Figure 25. Examples of available Source dispersal probability maps (~Down-stream 
dispersal probability maps) for the Kattegat area, i.e. probabilities of larvae released 
in one point (e.g. a release point indicated by a black dot/red arrow) being dispersed 
to neighboring areas represented by color codes (grid resolution: 25x25 km´s). 
Probabilities calculated based on a composite of 1, 2, 3 and 4 weeks simulated PLD 
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using one year hydrographical variation (Hansen et al. 2014 – supplementary 
material).Each of the 4 maps corresponds approximately to one of the 4 most 
northern major harbors in Kattegat. Red dots: major harbors. Color legend: Dispersal 
probabilities, values >= 0.01. 

  

The second type is the sink dispersal probability maps (also referred to as up-stream dispersal 

probability maps). For each grid-cell a sink dispersal probability map is generated. The 

grid-cell represents the "destination" (and/or "transition") location (~sink) of larvae originating 

from neighbouring grid-cells. Thus, the associated dispersal probability map describes the 

area from where the grid-cell receives larvae within a given timeframe (e.g. PLD). Examples 

for Kattegat are shown in Figure 26 where each of the 4 larvae sink locations (red arrows and 

black dots) represents one of the 4 most northern harbours in the Kattegat area. 

 

 

Figure 26. Examples of dispersal probability maps (~up-stream dispersal probability 
maps), i.e. the probability that larvae appearing in one location (e.g. a grid-cell, 
indicated by a black dot/red arrow), originate from neighboring areas represented by 
color codes (grid resolution: 25x25 km´s). Probabilities calculated based on a 
composite of 1, 2, 3 and 4 weeks simulated PLD using one year hydrographical 
variation (Hansen et al. 2014 – supplementary material). Each of the 4 maps 
corresponds approximately to one of the 4 most northern major harbors in Kattegat. 
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Red dots: major harbors in connection to Kattegat. Color legend: dispersal 
probabilities >= 0.01.  

The dispersal probability maps as described here provide valuable information on how 

individual locations such as harbors are connected with the other parts of the marine area. 

This type of information can be used for evaluating the "direct" connect between locations 

(e.g. harbors) but also the indirect dispersal through stepping stone dispersal mechanism can 

be evaluated by combining dispersal probabilities between each stepping stone (e.g. habitat, 

harbor etc.). The important parameters include the hydrodynamics, the vertical positioning 

(~drift depth/diurnal migration) of larvae, season of larval release and PLD. Of the 4 harbors 

exemplified in Figure 25 and Figure 26, varying degrees of connectivities are shown. One 

harbor may disperse larvae with a high probability to another harbor, but the dispersal in the 

opposite direction may be limited. This may be the case in areas with a net-flow in one 

direction such as the near-surface outflow of water from the Baltic Sea through Kattegat to the 

North Sea. Moksnes et al. (2014) found that for most species-data analysed, pelagic life 

stages dominated in specific depths. For these types of larvae dispersal probability maps 

based on specific drift-depth may provide valuable information supporting SRA delimitation 

process. For larvae exhibiting repeated (e.g. diurnal) vertical migration dispersal would be 

difficult to predict without the use of customized biophysical models.  

 

When applying data from biophysical modelling such as the 3 examples described above, it 

is important to understand the premises for each modeling study. For instance, in some 

models spatial habitat may be included as part of the modelling exercise (e.g. Jacobi et al 

(2012), figure 4) while others may focus solely on dispersal potential disregarding the 

distribution and presence of suitable habitat (e.g. Hansen et al. 2014, Figure 25 and Figure 

26, Moksnes et al. (2014), Figure 24). Interpretation of connectivity data based on biophysical 

modelling thus, may need to include data on habitat distribution, if available (see Figure 8) or 

some indirect indicators on habitat such as water depth (Figure 22) and/or other hydrographic 

information (e.g. fronts, bottom mean current speed). In areas where temperature and/or 

salinity varies in space and time, tolerances of target species to threshold values of salinity or 

temperature exposure may need to be included in the interpretation of connectivity data. 

Temperature typically also has a significant impact on PLD and thus, the realized dispersal 

distances. 
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Figure 27. Sea bottom habitats, Kattegat. Source: http://www.emodnet-
seabedhabitats.eu. Red dots: Major harbors in connection to the Kattegat area. 

 

9.1.3 Data based on population genetic surveys 

DeFaveri et al. (2013) examined the population genetic structure of Three-spined Stickelback 

(Gasterosteus aculeatus) in the Baltic Sea, Kattegat and Skagerrak. The dispersal of G. 

aculeatus is dominated by adult/juvenile migration rather than the dispersal of larvae. Larvae 

of this species are subject to parental care and rearing. The study showed no correlation 

between genetic dispersal and hydrodynamics. The dispersal thus are probably mainly due to 

migratory behaviour among juvenile/adults and genetic differences (5 clusters) was found in 

genetic markers associated with freshwater adaption. Figure 28 show the location of sampling 

site for the genetic survey and the partitioning of Skagerrak, Kattegat and the western Baltic 

Sea into genetic clusters, i.e. area with high genetic similarity when comparing genetic 

markers. Notice that areal subpopulation partitioning in Figure 28 was calculated based on 

weighted geographical distances between each pairwise sampling locations depending on 

their genetic similarity (see DeFaveri et al. 2013 for details), thus, the exact delineation 

between population clusters are approximate. Never the less, the clustering in Figure 28 is 

comparable with the subpopulation partitioning found by Jacobi et al. (2012) shown in Figure 

8). 

 

http://www.emodnet-seabedhabitats.eu/
http://www.emodnet-seabedhabitats.eu/
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Figure 28. Population genetic analysis 
of Three-spined Stickleback 
(Gasterosteus aculeatus) in the Baltic 
Sea and Kattegat and Skagerak 
(extracted from DeFaveri et al. 2013). 
Each color represents a unique 
genetic cluster. Black dots show 
sampling sites included in the genetic 
survey 

 

9.2 Tyrrhenian Sea / Adriatic Sea  

9.2.1 Location 

The region including the Tyrrhenian Sea and the Adriatic Sea is located at the northern and 

central part of the Mediterranean Sea (Figure 29) on either side of the Italian peninsula. While 

the Tyrrhenian Sea include relative shallow coastal areas major parts of the area comprise 

very deep waters of more than 500 meters, the Adriatic sea is somewhat more shallow. The 

bathymetry data for the region available from http://www.emodnet-seabedhabitats.euis shown 

in Figure 31. The region is highly saline with on very local influences of freshwater input. 

Dominant currents for the Adriatic Sea are shown in Figure 30 indicating a dominant anti-

clockwise circulation.  

http://www.emodnet-seabedhabitats.eu/
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Figure 29. Major harbors (red dots) in the Adriatic Sea and the Northern part of the 
Tyrrhenian Sea. 

 

 
Figure 30. The dominant currents in the Adriatic Sea. Red: dominant surface flow. 
Blue: dominant bottom flow.  

  
Figure 31. Bathymetry of the Adriatic Sea and the northern Tyrrhenian Sea. Source: 
http://www.emodnet-seabedhabitats.eu. 

http://www.emodnet-seabedhabitats.eu/
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9.2.2 Data based on biophysical modelling 

Below we mention four different studies (or data sources) on marine connectivity based on 

biophysical modelling for the Adriatic Sea/Tyrrhenian Sea area (Andrello et al. 2013, Vincent 

et al. 2014, Schiviana et al. 2014, and "Connie 2.0". CSIRO Connectivity Interface, 

http://www.csiro.au/connie2/). The studies present the connectivity output from biophysical 

modelling in four different ways: maps of hydrographic regions, maps of connectivity between 

MPAs, maps showing larvae dispersal in relation to sampling location of a survey of a specific 

species, and finally dispersal probability maps available from a web-based interphase for 

online dispersal simulations provided by CSIRO for the Mediterranean Sea5. These maps are 

described below. 

 

Hydrographic regions 

Vincent et al. (2014) proposed the identification of "hydrodynamic provinces" based on 

biophysical modelling and using information theory concepts to define oceanic provinces well 

connected internally but with minimal exchanges of particle between them, Figure 32. 

Simulations were run with PLD values of 30 and 60 days respectively. For the Adriatic Sea 

the partitioning into two distinct areas remained more or less the same, while for the northern 

parts of the Tyrrhenian Sea, 30 days PLD resulted more distinct areas compared to the 60 

days PLD.   

 

 
Figure 32. Hydrographic provinces of the Adriatic Sea and the Tyrrhenian Sea 
delimited based on output from biophysical modelling (Extracted from Vincent et al. 
2014). Left: Winter 2011 using PLD = 30 days. Right: Summer 2011, using a PLD = 60 
days. Colours of hydrographic provinces refer to p-values between 0 and 1 and 
representing the fraction of larvae initially released in the province which will remain 
in the same province after dispersal, i.e. after the end of the PLD period. The larger 
the value, the more isolated the province. White lines: simulated flow averages (see 
Vincent et al. 2014 for details). 

 

MPA connetivity maps 

Andrello et al. (2013) studied the connectivity of the Dusky Grouper (Epinephelus marginatus) 

through larvae dispersal between Mediterranean Marine Protected Areas (MPAs) using a 

biophysical modelling approach. Results from biophysical simulations using 20, 30 and 40 

days PLD are shown Figure 33, both as "strength of connectivity" represented by coloured 

lines linking connected MPAs, and "clusters" of MPAs identified using a "strong connectivity 

                                                             
5  "Connie 2.0". CSIRO Connectivity Interface, http://www.csiro.au/connie2/ 

http://www.csiro.au/connie2/
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criterion", – for details see Andrello et al. (2013). For the north Tyrrhenian Sea and the Adriatic 

Sea strength of connectivity and clustering of highly connected areas show that both areas 

are highly connected for this species.  

 
Figure 33. Connectivities between MPAs in the Mediterranean (Andrello et al. 2013) of 
Dusky Grouper (Epinephelus marginatus) using a biophysical modelling approach. Left 
column: Colors represent the connection probability pairwise between MPAs, the more 
orange color, the stronger the connectivity probability. Right column: Colored dots 
(=MPA centers) represent clusters of MPA identified using a "strong" connectivity 
criterion (see Andrello et al. 2013 for details). A, PLD = 20 days; B, PLD = 30 days; C, 
PLD = 40 days. Black dotted line highlights the area of interest in this example including 
the Adriatic Sea and the northern part of the Tyrrhenian Sea 
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Figure 34. Same figure as figure 14c but zooming in on Tyrrhenian Sea and Adriatic 
Sea.(source: Andrello et al. 2013). 

 

Dispersal maps between sampling locations 

Schiavina et al. (2014) studied both the genetic (~via genetic survey) and the lagrangian 

connectivity of the Mediterranean shore crab (Carcinus aestuarii) between 7 sampling 

locations in the Adriatic Sea (Figure 35). Three years of hydrodynamic modelling results were 

used and PLD was simulated as a function of water temperature. Since this study only focuses 

on 7 specific locations, and thus has a limited general applicability for sustaining SRA 

delimitation, the dispersal patterns along the Italian east and north coasts of the Italian 

Peninsula show a clear anticlockwise dispersal pattern, in agreement with the dominant 

currents as shown in Figure 30. Figure 35 also shows the connectivity matrix with pairwise 

comparisons of the 7 locations with connectivity in terms of the percentage of released larvae 

in one location eventually ending up in one of the other 6 locations. The genetic survey 

revealed correlation between genetic and demographic connectivities (the "population genetic 

structure maps" section later).  
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Figure 35. Schiavina et al. (2014), original figure text: Left: "Larval dispersal resulting 
from Lagrangian simulation. Each dot forming the coloured plumes shows the arrival 
location of a particle released over the time horizon of the simulation (2003–2007). 
Colours indicate the location of release (red: MA, blue: VE, green: GO, yellow: RA, 
purple: FG, black: LE, orange: TA". Table shows the corresponding connectivity matrix 
with value representing the percentage of larvae released in one area ending up in 
another area. 

 

Dispersal probability maps  

For the Mediterranean Sea a web-based service is available for online dispersal simulation 

mimicking larvae dispersal (http://www.csiro.au/connie2/). The web-based user interface 

provides options for user specification of e.g. larvae release period, release depth, PLD etc. 

Hydrodynamic data for 1985 – 2007 are available. Examples of both source (~downstream) 

and sink (~upstream) connectivity for the Tyrrhenian Sea and the Adriatic Sea respectively 

are shown in Figure 36. Notice that for the Adriatic Sea the dispersal along the Italian north 

coast is dominated by dispersal in the south-east direction supporting the available information 

on major currents (see Figure 30) and the findings by Schiavina et al. (2014). 

 

 
Figure 36. Examples of calculated larval dispersal using the online service: 
"Connie 2.0". CSIRO Connectivity Interface, http://www.csiro.au/connie2/. Two 
dispersal simulations for each of two regions (Upper: the Tyrrhenian Sea. Lower: the 
Adriatic Sea) are shown assuming larval dispersal during a 7 month larvae release 

http://www.csiro.au/connie2/
http://www.csiro.au/connie2/
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period (1 Jan 1997 – 30 Jul 1997) and a PLD of 20 days. Left: Source dispersal 
probability where the arrows indicate point of larval release and colors represent the 
probability of larvae dispersing to neighboring areas. Right: Sink dispersal probability 
where the arrows indicate point of sink location and colors represent the probability 
that larvae ending up in the sink location will originate from each of the neighboring 
areas.  

For 3 out of 4 of the data sources described above dispersal modelling did not consider the 

presence or distribution of habitats. Thus, when interpreting existing dispersal data and maps 

data on habitat distribution may need to be considered. Figure 37 shows modelled habitat 

probabilities for Seagrass (Posidenta oceanica) and for coralligenous habitat (data available 

for download at http://www.emodnet-seabedhabitats.eu).   

 

 
Figure 37. Mediterranean modelled habitat probability. Left: Seagrass habiatat ( 
Posidenta oceanica). Right: Coralligenous habitat. Source: http://www.emodnet-
seabedhabitats.eu 

 

9.2.3 Data based on population genetic surveys 

Schiavina et al. (2014) studied both the genetic (~via genetic survey) and the Lagrangian 

(~biophysical) connectivity of the Mediterranean shore crab (Carcinus aestuarii) between 7 

sampling locations in the Adriatic Sea. The outcome of the population genetic structure 

analysis is shown in Figure 38 as a portioning map dividing theNorth-Western Adriatic Sea 

into three distinct genetic similar areas. For comparison the results from the biophysical 

modelling is shown in Figure 36. The portioning of the north-western Adriatic Sea from genetic 

survey data (Figure 38, yellow and blue color) are comparable with the partitioning of the same 

area into hydrographic regions as presented by Vincent et al. (2014), Figure 32, although with 

an addition area (Figure 38, red colour) suggesting another distinct province.  

 

There is an important information to notice when using this type of data. While several of the 

biophysical modelling results (except the hydrographic regions proposed by Vincent et al. 

(2014)) suggest a uni-directional and anticlockwise dispersal pattern potentially prohibiting the 

larvae dispersal across the Adriatic Sea (e.g. between the Italian northern coast) and the south 

coast of the states of Croatia, Slovenia etc.) the population genetic data indicate that such 

dispersal do exist, at least for the Mediterranean shore crab.  

http://www.emodnet-seabedhabitats.eu/
http://www.emodnet-seabedhabitats.eu/
http://www.emodnet-seabedhabitats.eu/


MEPC 69/INF.25 
Annex, page 77 

 

 

https://edocs.imo.org/Final Documents/English/MEPC 69-INF.25 (E).docx 

 

 

 

 

 

 

Figure 38. Left: Original figure text from Schiavina et al. (2014): "…Map of estimated 
population membership (by posterior mode) indicating northern Adriatic Sea (yellow), 
central Adriatic Sea (red) and southern Adriatic Sea (blue) clusters. Shaded areas 
indicate landmasses and the Tyrrhenian Sea, where posterior modes have no 
biological meaning….". Right: Original table text from Schiavina et al. (2014): 
"…Estimates of pairwise FST among eight population samples are reported below the 
diagonal; associated P-values are reported above the diagonal….". 
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SUMMARY 

Executive summary: This document builds on previous deliberations at the MEPC and the 
PPR Sub-Committee on the same risk area concept; refining the 
mechanism for a similar area-based risk approach based on 
regulation A-4 of the BWM Convention; outlining the parameters for 
a risk assessment, in order to justify a decision between two or more 
coastal States to delineate a "same risk area". A comprehensive 
study is also presented in document MEPC 69/INF.25. 
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Introduction 
 
1 The same risk area concept (SRA) is a conceptual approach to encourage Member 
States to make use of provisions that are already catered for, but not explicitly addressed, 
in the International Convention for the Control and Management of Ships' Ballast Water and 
Sediments, 2004 (the Convention). 
 

2 The co-sponsors assess that an exemption granted under an SRA approach does not 
require any changes to the Convention, nor to the Guidelines (G7). The exemption will cover 
the same type of vessels, it will have the same duration, it will not accept vessels mixing water 
or sediments from outside of SRA and it is based on the Organization's prescribed risk 
assessment methodology. 
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3 The benefits of SRA are a considerable ease of the administrative burden in countries 
with regional/local traffic calling several ports across borders both in relation to the authorities' 
responsibility to assess the quality and validity of risk assessments before granting exemptions 
and for the ships operating solely in such areas where risks already have been demonstrated 
to be acceptable; overall, a multiple-point exemption approach would benefit the movement of 
cargo by short sea traffic. 
 
Background 
 
4 The Committee will recall that Parties to the Convention may grant exemptions in 
accordance with regulation A-4 of the Convention. The short sea sector is keen on applying 
for such exemptions, as many vessels in the short sea shipping sector trade in a limited area 
and face challenges with installation of ballast water treatment systems both regarding the 
footprint required and the economic burden. 
 
5 Under the current interpretation by several Member States that the co-sponsors have 
queried, the risk assessments that must accompany an application for exemption should be 
developed at very detailed level since every port, mooring and anchorage may be considered 
as individual locations requiring separate biological surveys, risk assessment and exemption 
management by authorities. 
 
6 When considering applying for an A-4 exemption on a port by port basis the short sea 
traffic industry is concerned over the feasibility of obtaining survey data generated for the risk 
assessments and the ownership to these data, in addition to the unpredictability of whether an 
exemption could be granted and also the validity of the exemption (i.e. according to 
regulation A-4 effective for a period of no more than five years subject to intermediate review). 
 
7 The burdens to the coastal States' Administrations and to the industry would be 
considerably lessened if the same risk area concept, as proposed by Croatia, Denmark, 
Singapore, ICS and INTERFERRY in document PPR 2/5/3, could be pursued. 
 
8 In an SRA, a cross border area is delineated among the participating States and 
vessels trading exclusively in this area can apply for an exemption based on the specifics of 
the vessel and one (1) common risk assessment carried out for that particular area. 
 
9 The scientific basis is described and the conceptual procedure for carrying out the 
risk assessment is developed in document MEPC 69/INF.25, from where the key findings and 
the most critical items are addressed in the discussion below. 
 
Discussion 
 
10 Once the Convention enters into force and is implemented completely, the import of 
invasive species to "new" areas should be greatly reduced, as the requirements under the 
ballast water performance standard described in regulation D-2 of the Convention is that at 
least 99.99% of organisms shall be rendered non-viable. 
 
11 As an international instrument, the Convention by definition relates to transfer of 
invasive species occurring between States and thus concerns only the ballast water crossing 
international borders. While it is not the intention of the sponsors to suggest changes to 
international conventions, it does mean that one will observe scenarios where short distance 
transport between ports in neighbouring countries, e.g. across a strait, a bay or a river mouth, 
is strongly regulated by the Convention requiring a thorough risk assessment, while transport 
over any distance within each of the countries is completely unregulated despite the likelihood 
of a potentially much higher risk level. 
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12 As a comparison, some States are already using something akin to the SRA concept 
within their national borders when delineating subdivisions of their EEZ as marine zones within 
which vessels may discharge ballast water from the same zone without meeting any treatment 
criteria. These zones are described as exceptions from national regulation and defined from 
an administrative basis while in others the zonation is also influenced by environmental 
conditions. 
 
13 As an example, Canadian law provides certain exceptions to the ballast water 
management of vessels as the general requirement to manage ballast water does not apply 
for (§ 2.3.b): 
 

"vessels that operate exclusively in waters under Canadian jurisdiction and in 
the United States waters of the Great Lakes Basin or the French waters of the islands 
of Saint Pierre and Miquelon;" 

 
14 Vessels travelling from the specified United States and French waters do not need to 
manage ballast water even if they do not operate exclusively in these water, as these waters 
are considered "similar waters" (§ 4.3): 
 

"Ballast water that is taken on board a vessel in the United States waters of 
the Great Lakes Basin or in the French waters of the islands of Saint Pierre and 
Miquelon need not be managed unless it is mixed with other ballast water…" 

 
15 The United States federal regulation sets down rules under United States Coast Guard 
for the management of ballast water, which also defines vessels operating in certain areas as 
exempted from ballast water management:  
 

"Vessels that do not operate outside the EEZ … must operate exclusively within one 
Captain of the Port (COTP) zone in order to be exempt from meeting the ballast water 
discharge standard." 

 
16 A "Captain of the Port zone" varies in size and may cover more than one federal state 
or in the case of the larger states be subdivisions of a state. They are not biologically based, 
but a way of managing ports and port related traffic; nevertheless the zones do represent a de 
facto accept of equal risk, i.e. non-managed ballast water. 
 
17 The submitters of this document recognize that specific national provisions may have 
been developed in a different context than our current discussion on the Convention, but we 
find the above examples illustrative for the SRA concept. 
 
Key elements of SRA 
 
18 The SRA is aimed at providing a risk-based approach to area based exemptions. 
The SRA risk assessment approach addresses the multiple points of trade in an area rather 
than the A to B, B to A line traffic, and assesses the natural spread of invasive species in the 
context of extended multiple points. It allows one risk assessment to be applied to all ports and 
locations within that area and to grant exemptions to vessels operating in that area in 
accordance with the Convention regulation A-4. 
 
19 The key component of SRA is the assessment of the natural dispersal of target 
species by way of hydrography or other natural mechanisms, which would be expected to 
occur within a limited area in one biogeographical region, and comparing this to the potential 
transfer of target species with ballast water. The extent of an SRA is closely tied to the relation 
between natural and ballast water aided transport and it follows that a target species with an 
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important shipping mediated dispersal and a limited natural dispersal will effectively lead to a 
very limited SRA. The SRA approach invokes the use of the species-specific risk assessment 
in Guidelines (G7) section 6.4. 
 
20 It should be stressed that since an SRA is tied to a risk assessment, if target species 
that will not likely be spread via natural processes are present only in parts of the suggested 
SRA, an SRA cannot be established. Presence of target species that do not disperse by natural 
forces will significantly limit the geographical scope of an SRA. 
 
21 It should be noted that the existing exemption scheme of the Convention and the risk 
assessment approach of the appertaining Guidelines (G7) (resolution MEPC.123(53)) 
specifies neither the number of ports and locations a given risk assessment or exemption may 
cover nor the geographical extent of applicability of the assessment. 
 
22 In summary, the key elements of the SRA concept are: 
 

.1 exemption procedure under the Convention regulation A-4; 
 

.2 based on a risk assessment related to identified target species; 
 

.3 defines an area that exhibits acceptable risk regarding transfer with ballast water 
of target species compared to the estimates of natural dispersal over time; and 
 

.4 exemptions can be granted to vessels operating exclusively in this area and 
not mixing water and sediments if travelling outside the area. 

 
SRA in relation to regulation A-4 of the Convention 
 
23 The option for exemption under the SRA approach is hinged onto the existing 
exemption option A-4 in the Convention. The co-sponsors have scrutinized the regulation A-4 
provisions and find that the SRA can be accommodated without any changes to 
the Convention. 
 
SRA in relation to amendments of Guidelines (G7) 
 
24 The Guidelines (G7) provide the risk assessment framework necessary for 
implementing the regulation A-4 (exemptions) of the Convention. The process and the 
conditions to be met for authorities to undertake delineation of an SRA are interpreted as 
embedded in the species-specific risk assessment. The SRA approach does not entail any 
changes to the Convention, although to aid a homogenous implementation additional text may 
be required regarding interpretation of the Guidelines (G7), for example as per the draft circular 
text outlined in the annex. 
 
25 The Organization is notified of SRA based exemptions issued by the port States 
agreeing to the SRA similar to the process described for other exemption regimes. The SRA 
port States can grant exemptions to vessels without prior consultation based on the SRA risk 
assessment. 
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Procedures to designate an SRA 
 
26 In brief, the actions involved in an SRA assessment and exemption process would 
include, but not necessarily be limited to, the following: 
 

.1 two or more States agree to investigate the possible use of SRA in a water 
body shared by the States; 

 
.2 the States propose and agree the target species list for the ports and 

locations in question, the "gross" SRA and the relevant parameters for use 
in the assessment; 

 
.3 the SRA risk assessment of the target species is carried out to determine the 

extent of the SRA; 
 
.4 the States consult neighbouring States that may be affected; 
 
.5 vessels trading in the SRA may apply for exemption under the terms of 

regulation A-4. Vessels can apply in any of the SRA States for exemption; 
 
.6 the exemption granted (or rejected) is communicated to the other SRA States 

and to the Organization; and 
 
.7 each vessel is issued the exemption to be recorded in the ballast water 

record book. 
 

 
 
Proposal 
 
27 The same risk area concept is an approach to encourage the use of provisions already 
catered for, but not explicitly addressed, in the Convention. It is suggested that no changes 
are needed in the Convention, nor in the Guidelines (G7) and that the Committee endorses 
the SRA concept with a view to facilitate its implementation by Member States at their own 
discretion. 
 
Action requested of the Committee 
 
28 The Committee is invited to consider the proposal in paragraph 27 and take action as 
appropriate. 
 
 

*** 
 

States identify possible 
SRA and target species

Risk asessment 
conducted with SRA 

objective

Extent of SRA is agreed 
among SRA States 

based on risk 
assessment 

Vessels apply for 
exemption in one State 

with cc to other SRA 
States

MEPC is informed of 
SRA and vessels 

granted exemption
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ANNEX 
 

DRAFT BWM CIRCULAR 
 

Guidance on same risk area assessments for the BWM Convention 
 

1 Member States may agree to jointly undertake risk assessments as per the provisions 
outlined in the regulation A-4 and its supporting Guidelines (G7) with a view to cover a specific 
body of water, for which vessels operating solely within that delineated area may seek 
exemptions from the requirements. 
 
2 As such a same risk area assessment process will by default involve two or more 
Parties, additional guidance may need to be provided in order to ensure a uniform 
interpretation and to identify all Parties concerned. 
 
3 It may also be beneficial to provide SRA users with a detailed risk assessment 
procedure and its interaction in a multi-state context with administrative procedures and the 
following text is intended only to ensure a common understanding of the workflow for the 
application and granting of exemption. 
 
Administrative procedure 
 
I Two or more coastal States agree to investigate the possible use of SRA in a water 
body shared by the States. In this first tier, the area is most probably governed by the countries' 
intraregional traffic pattern regarding short sea shipping. In the potential SRA the main traffic 
nodes, between which ballast water is moved, are selected for risk assessment. 
 
II The States propose and agree on the target species lists for the ports in question. The 
relevant parameters used for assessment must also be agreed in advance. If the same species is 
present in all the selected ports, it may be omitted from the risk assessment under consideration 
of abundancy, mortality, etc. The States of the potential SRA must also agree certain other 
parameters, e.g. modelling duration, use of hydrographic statistics from a chosen number or years. 
 
III An SRA assessment shall ensure that any future exemptions do not impair or damage 
the environment, human health, property or resources of adjacent or other States. Any State that 
the Parties determine may be adversely affected shall be consulted, with a view to resolving any 
identified concerns. To arrive at an SRA a risk assessment of the target species in the area is 
needed to determine the extent of the area. The mechanism that determine the natural spreading 
of a given target species may be the simple dispersal rate under consideration of the prevalent 
current regime or in a more refined form the 3D hydrodynamic and agent based modelling. The 
time for projecting the dispersal should be ten years or as agreed. 
 
IV Depending on the agreement by the Organization, the SRA delineation and the risk 
assessment may or may not be communicated separately to the Organization. 
 
V Vessels trading in the SRA may apply for exemption under the terms of regulation A-4. 
Vessels for exemption can apply in any of the SRA States. The exemption granted is 
communicated to the other SRA States and to the Organization. 
 
VI If, for any reason, one of the SRA States do not approve the application, the rejected 
exemption request shall be communicated to the other SRA States. 
 

VII Each vessel is issued the exemption to be recorded in the ballast water record book. 
 

___________ 
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