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Background 
The Regional expert workshop on essential fish habitats, organized by the Pan Baltic Scope project and 
HELCOM and hosted by Latvian Ministry of Environmental Protection and Regional Development (MoEPRD) 
will be held in Riga, Latvia, on 12-13 December 2018. The workshop will be held in parallel with a Pan Baltic 
Scope Workshop on Green Infrastructure, with shared opening and closing sessions. 

The workshop will take place at the premises of MoEPRD (Peldu Street 25, Riga, room 409, 4th floor). More 
information on the workshop programme is presented in a separate document (Document 1).  

The purpose of the Regional expert workshop on Essential Fish Habitats is to consider existing knowledge 
regarding essential fish habitats at the Baltic Sea regional scale. The Workshop will discuss and validate 
existing spatial data on essential fish habitats based on proposals collated within the Pan Baltic Scope project. 
The presented information will be further used in the Pan Baltic Scope project to develop a concept of green 
infrastructure for supporting maritime spatial planning in the HELCOM region. 

This document contains background information for the Workshop participants, including a brief to green 
infrastructure and its role in marine spatial planning, and more detailed information on the proposed maps 
on essential fish habitats (EFH). 
 

Action requested 
Workshop participants are invited to familiarize with the content of the background document prior to the 
workshop and give preliminary comments to the proposed essential fish habitat maps by 5 December 2018. 
Comments can be submitted to: lena.bergstrom@helcom.fi .  

The Workshop will be invited to 

- consider the proposals for maps on essential fish habitats at the Baltic Sea regional scale, 
- validate the proposed essential fish habitats maps, and provide recommendations for their further 

use in HELCOM, and 
- discuss any key remaining gaps and how they could be filled. 

  

mailto:lena.bergstrom@helcom.fi


HELCOM Pan Baltic Scope EFH WS 2018, Document 2 
 

 

 

Page 2 of 51 
 

 

Background document to the Regional expert workshop on essential fish 
habitats, organized by Pan Baltic Scope project and HELCOM 
 

1. Introduction and aims of the Workshop 
The purpose of the Regional expert workshop on essential fish habitats is to consider existing knowledge 
regarding essential fish habitats at the Baltic Sea regional scale. The workshop will discuss and validate maps 
on essential fish habitats based on proposals collated within the Pan Baltic Scope project, as outlined below.  

Based on the recommendations from the Workshop, essential fish habitat maps will be used in the Pan Baltic 
Scope project to develop a concept of Green infrastructure for supporting maritime spatial planning in the 
HELCOM region. The recommendations from the Workshop will further be presented to the HELCOM State 
& Conservation WG with a proposals for inclusion of new or updated maps on essential fish habitats to the 
HELCOM Map and Data Services1.  

1.1. Pan Baltic Scope activity on Green infrastructure. 
The Pan Baltic Scope project runs 2018-2019 under the funding programme of the European Maritime and 
Fisheries Fund (EMFF). The objective of Pan Baltic Scope is to achieve coherent national maritime spatial 
planning in the Baltic Sea region and to build lasting macro-region mechanisms for cross-border MSP 
cooperation (www.panbalticscope.eu ). 

Central themes in working towards this aim include the implementation of an ecosystem-based approach, 
cumulative impact assessment, socio-economic analyses and green infrastructure, as vital for both spatial 
planning and strategic environmental assessment.  

The activity towards development of Green Infrastructure involves the following tasks: 

- To outline a concept of green infrastructure utilising previous and ongoing studies and projects 
- To test the concept by utilizing available data (e.g. developing Baltic wide maps on habitats important 

for fish species). 
- To collect feedback on the draft concept from the HELCOM-VASAB MSP Working Group and HELCOM 

State and Conservation Group 

1.2 Green infrastructure and its use in MSP – key issues to consider:  
Green Infrastructure is a relatively new concept with great potential for enhancing ecosystem-based 
approach in spatial planning. The concept is rather well established in urban as well as regional planning of 
terrestrial areas, while its application in maritime spatial planning is a novelty. There is no established 
methodology or pool of expertise in planning of marine green infrastructure, at least within Europe. However, 
with growing interest and knowledge in marine ecosystem services, also the need for planning of marine 
green infrastructure, which would ensure supply of these services, is recognised.  

The green infrastructure approach aims to strengthen the potential to identify ecological hot-spot areas, 
essential for ensuring resilience of the marine ecosystem and delivery of a wide range of ecosystem services 
essential for human well-being. Green infrastructure in the MSP process can contribute with additional 

                                                           
 

1 Based on recommendation from HELCOM S&C 9-2018: 2J.6. 

http://www.panbalticscope.eu/
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structures of ecological importance from a landscape perspective which might not be included in the network 
of legally protected areas but with a potential to highlight measures of concern in maritime management. 

Green infrastructure encompasses the aspects of core areas as well as blue corridors, which support 
connectivity. Out of these aspects, green infrastructure core areas are in focus here. 

1.3 Essential fish habitats - how do we define them here and how can they be used 
Essential fish habitats (EFH) are here defined as those waters and substrate necessary to fish for spawning, 
nursery, feeding or growth to maturity2. 

As most fish species use different habitat types for different parts of their life cycle, the description of 
essential habitats for one species should include all habitat types that are critical for a species to complete 
its life cycle. Examples of categories that should be considered are: spawning areas, nursery areas for larvae 
and juveniles, adult feeding areas, migratory corridors, as well as possible specific areas to which a species 
may be highly restricted. The preferred habitat type within these categories varies with species. In some 
cases, the geographical location may also fluctuate and vary between years, depending for example on 
variability in climatologic factors3. 

However, even though certain information is available on essential fish habitats in the Baltic Sea (see more 
details below), there is generally a lack of agreed spatial information at the Baltic Sea scale4,5. A 
recommendation from the Baltic Scope project, which was carried out in 2015-2017, was that a future priority 
for the Baltic Sea is to identify essential fish habitats, with a focus on achieving a coherent view for the whole 
Baltic Sea region. 

In the current Pan Baltic Scope Project (2018-2019), there is a specific aim to develop regional EFH maps, and 
to support a shared understanding of the distribution of essential fish habitats in the Baltic Sea region. The 
information on EFH can be used directly to support marine spatial planning, as well as in the evaluation of 
cumulative impacts. It will be used in developing the concept of green infrastructure to identify significant 
areas for supporting fish spawning or recruitment areas. In this work, the maps can be either used directly, 
or they can be combined (integrated) to produce generic essential fish habitats maps. 

  

                                                           
 

2 Magnuson-Stevens Fisheries Conservation and Management Act 1998. 
3 Bergström et al. 2007. Essential fish habitats and fish migration patterns in the North-ern Baltic Sea. BALANCE 
Interim Report No. 29. 
4 Kraufvelin et al. 2018. Essential coastal habitats for fish in the Baltic Sea. Estuarine, Coastal and Shelf Science 204: 14-
30. 
5 Modin et al. 2008. Progress report of the NAF project: Towards an ecosystem based management of herring in the 
Baltic Sea: 1st workshop on habitat mapping of spawning and nursery areas of Baltic herring, Öregrund, Sweden 8-12 
December 2008. 
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2. Considerations for the Workshop 
2.1 Data sources of relevance for the Baltic Sea 
The current section presents an overview of recent projects that can support the development of essential 
fish habitats maps. More information can be added, based on recommendations to the workshop. 

HELCOM HOLAS II project: The recently finalised HOLAS II project (2014-2018) developed a holistic 
assessment on the ecosystem health of the Baltic Sea (http://stateofthebalticsea.helcom.fi/). The overall 
comprehensive project6 among other things included an assessment of cumulative impact on the Baltic Sea, 
addressing the spatial distribution of current environmental pressures and their likely impacts on nature7. As 
part of the assessment of cumulative impacts, maps on the spatial distribution of key ecosystem components 
(species and habitats) in the Baltic Sea were produced and agreed on by HELCOM Contracting Parties.  The 
maps are available in the HELCOM Maps and data services. Regarding fish, maps were produced on 
recruitment areas for perch and pikeperch (for these maps, see further below), cod spawning areas, and on 
the abundance of cod, herring and sprat.  

NCM Workshop on Essential Fish Habitats:  An expert workshop organized by the Swedish university of 
agricultural sciences and funded by the Nordic Council of Ministers was held in May 2015 with the objectives 
to review existing knowledge on the role, mapping and monitoring of essential habitats of coastal fish in the 
Baltic Sea. The outcome of the workshop was a review article “Essential coastal habitats for fish in the Baltic 
Sea”8. The workshop did not produce spatial information but collated and developed a structured knowledge 
base for different areas around the Baltic Sea, regarding the characteristics of essential fish habitats in coastal 
areas. The information includes for example how EHF can be defined in relation to other abiotic and biotic 
variables, biotopes or biotope complexes, as well current threats to EFH. 

The BONUS INSPIRE project was recently finalized and included the aim to resolve the habitat requirements 
of different life-stages of selected Baltic fish species. The project combined field surveys and traditional 
methods with the application of modern analysis and modelling techniques. The project was funded by the 
Baltic BONUS programme, the EU and national funding institutions in the Baltic Sea countries (www.bonus-
inspire.org ). 

The Copernicus Marine Environment Monitoring Service provided environmental variables covering whole 
Baltic Sea were used for several fish species. (http://marine.copernicus.eu/) 

The BALANCE project (2005-2007; "Baltic Sea Management – Nature Conservation and Sustainable 
Development of the Ecosystem through Spatial Planning") was an Interreg IIIB co-funded project aimed 
towards development of informed marine management tools for the Baltic Sea based on spatial planning and 
cross-sectoral and transnational co-operation, and also included the definition of Baltic Sea marine 
landscapes and develop habitat maps in pilot areas (www.balance-eu.org/). 

The BalticScope project was the first Baltic Sea project to bring together national authorities with a planning 
mandate to collaborate in transboundary Maritime Spatial Planning. In the project, information about 

                                                           
 

6 HELCOM 2018. State of the Baltic Sea – Second HELCOM holistic assessment 2011-2016. Baltic Sea Environment 
Proceedings 155. 
7 HELCOM 2018. HELCOM Thematic assessment of cumulative impacts on the Baltic Sea 2011-2016. Available at: 
http://www.helcom.fi/baltic-sea-trends/holistic-assessments/state-of-the-baltic-sea-2018/reports-and-materials 
8 Kraufvelin et al. 2018. Essential coastal habitats for fish in the Baltic Sea. Estuarine, Coastal and Shelf Science 204: 14-
30. 

http://stateofthebalticsea.helcom.fi/
http://metadata.helcom.fi/geonetwork/srv/eng/catalog.search#/metadata/e91d509d-bd3e-4bd8-a7c8-ac2d10bbfd1b
http://metadata.helcom.fi/geonetwork/srv/eng/catalog.search#/metadata/fa9017eb-a70e-46b2-a2c4-b0c03b9ab581
http://metadata.helcom.fi/geonetwork/srv/eng/catalog.search#/metadata/39078590-3ee7-4e67-9d6f-f8072be3b6c6
http://metadata.helcom.fi/geonetwork/srv/eng/catalog.search#/metadata/005711c2-a6c1-4ad3-a9ad-c75211d20b28
http://www.bonus-inspire.org/
http://www.bonus-inspire.org/
http://marine.copernicus.eu/
http://www.balance-eu.org/
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essential fish habitats from national MSP was collected. It was concluded that for species with pan-Baltic 
distribution, countries used very different approaches to map EFH in their national MSP. For future work, it 
was recommended to produce common EFH maps for fish species with pan-Baltic distribution 
(www.balticscope.eu/). 

The Fish-Hab-II project funded by the European Maritime and Fisheries Fund (2017-2018) aims to develop 
essential fish habitat maps for different life-stages of ten commercially important species. Habitat mapping 
in this study was limited to the Kattegat, Belt Seas, the Sound and the western Baltic Sea area (from 9.59° to 
13.72°E and from 54.21° to 57.78° N). Here, we include EFH maps based on predictive models for cod and 
European flounder. 

In addition, several nationally coordinated activities are ongoing to develop maps on nature values. As one 
such example, the Finnish MSP is beginning to develop synthesis maps describing “ecologically significant 
underwater nature areas” covering the entire coastal area. This map should cover all: essential fish habitats, 
plants, macroalgae, bottom animals, seals, water birds etc. Good spatial data is available due to existing 
monitoring and the extensive VELMU inventory programme. The mapping will use zonation and expert 
analysis and follow the EBSA protocol with slight modifications. A main feedback from planners is that there 
is a need to synthesize and combine the data as much as possible for MSP purposes. An important 
consideration for this workshop is to recommend on how aggregated EFH maps should be developed at the 
Baltic Sea regional scale (see also point 4 below), and how these could be developed to be as seamless as 
possible in relation to maps at national scales.  
 

2.2 Selection of focal species and aspects 
The development of essential fish habitat maps in Pan Baltic Scope has focused on the delineation of 
spawning areas, since these are often in the need of particular consideration in MSP and are relevant key 
elements of green infrastructure. Spawning habitats are often the most limited habitats, acting as bottlenecks 
for many species. For species with a limited dispersal of the larval stage, key nursery areas for early life stages 
can have a similar bottleneck effect on the population9,10. In many cases, data to support the direct 
delineation of these areas is not available. Hence, indirect approaches are needed in order to produce a map, 
based on available information on environmental conditions for successful hatching and early life stages. 
Hence the work on mapping recruitment areas, as encompassed here, captures the aspects of spawning and 
nursery areas.  

The work has focused on common species with a wide distribution in the Baltic Sea. 

  

                                                           
 

9 Sundblad, G., Bergström, U., Sandström, A. and Eklöv, P. 2013. Nursery habitat availability limits adult stock sizes of 
predatory coastal fish. ICES Journal of Marine Science 71: 672-680. 
10 Kraufvelin et al. 2018. Essential coastal habitats for fish in the Baltic Sea. Estuarine, Coastal and Shelf Science 204: 
14-30. 

http://www.balticscope.eu/
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2.3 Approaches for producing maps 
Maps on essential fish habitats can be produced in several ways. Valid spatially extensive maps of 
environmental parameters describing the distribution (presence or abundance) of early life stages of fish is 
of importance for the successful utilization of all the methods. 

Most ideally, they are produced directly from fish inventories (direct mapping). However, as collecting field 
data is laborious, such data is scarce, especially regarding fish eggs, fish larvae, or other parameters of 
importance for the mapping of fish spawning and nursery areas. Hence, inventory data for spawning areas 
of different species typically has a limited spatial extent, and is today non-existing at the Baltic scale. The 
inventory data that is available can still be used for the area it represents, if it is considered to have adequate 
resolution and coverage for the purpose. It should also be ensured that the units presented in the resulting 
regional GIS map are comparable for different areas. Available mapping data can also feed in to the other 
approaches, as mentioned below, or they can be used in order to validate maps produced by other 
approaches. 

Importantly, inventory data is also an important basis for spatial predictive modelling (also referred to as 
species distribution modelling). In this work, statistical models are applied to quantify the relationships 
between the fish data and environmental parameters, such as depth, salinity, wave exposure, etc. The 
statistical information is then used for extending the model to areas which have information on the identified 
environmental properties using GIS (geographical information systems). The resulting maps, show the 
probability of occurrence or abundance of the species/group in focus in different areas, based on the 
environmental variables that were used for creating the model.  

A more simplified approach than this, is to depict a (precautionary) environmental envelope. This approach 
basically defines areas where threshold values for key environmental variables are fulfilled, e.g. spawning 
conditions for a certain fish species. Hence, the environmental variables delineate areas where successful 
spawning is likely to occur, based on known biological information. The environmental variables and 
thresholds can be identified by statistical models, or they can be obtained from other literature, such as 
results from experimental studies or other relevant sources. In the absence of other information, expert 
judgement can be considered. The important aspects to decide on are in this case i) to identify which 
environmental variables to be used in creating the envelope, ii) to identify threshold levels for these variables. 
The resulting maps show areas where the species is not likely to occur as “0” and areas where the species is 
more likely to occur as “1”.  

The distribution of potential essential fish habitats may also be deduced on an over-arching level by 
comparing the habitat requirements of different species with maps showing the distribution of different 
habitat types, if available. For example, maps on Natura 2000 habitat types are in many cases available. 
However, such estimates are likely associated with high uncertainty, since the Natura 2000 network does not 
encompass protection of fish by its definition. It can also be expected that there are differences among 
countries in how the Natura 2000 habitat types are defined and delineated on the maps. 

Last, aggregated maps can be produced to depict core areas for green infrastructure regarding EFH at a more 
general level. This is enabled by transforming all maps to be aggregated to the binominal scale (0 or 1), and 
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then adding them on top of each other in GIS11. The resulting aggregated map has the same number of layers 
as the number of EFH maps included (See Figure 1). The total number of layers is also the theoretical 
maximum value of the aggregated layer. However, the theoretical maximum only occurs in the rare case that 
all EFH overlap spatially at least somewhere in the studied area. When used in green infrastructure, the 
aggregated values are transformed to vary between 0 and 1, so that the areas with no EFH have the value 0 
and the highest observed value in the aggregated map is 112. When performing any aggregations, care should 
be taken to consider what life stages of fish are represented and if these are comparable. For example, 
different data could describe spawning, larval, or juvenile habitats. 

Other remarks:  

- Is should be considered how to indicate the level of uncertainty together with the individual EFH 
maps. 

- It should be noted that in the case of uncertainty in MSP, using a wider spatial delineation of green 
infrastructure is associated with a more precautionary approach.  

- Final maps can also include a last step with (manual) removal of areas that are not relevant for the 
concerned aspects, as motivated. For example, highly modified or disturbed areas may have been 
picked up as potentially suitable spawning areas based on a model, but there is knowledge that no 
spawning is possible (examples include channels, city harbours, or other human pressures). 

 

   

Figure 1. Aggregation approach for producing a potential layer representing green infrastructure for 
essential fish habitats (provided by SLU Aqua and SwAM). 

  

                                                           
 

11 Probability or abundance maps can also be aggregated, provided that coherent maps are available for all layers. The 
outcome will depend on if the maps that are used are normalized prior to aggregation.  
12 In practise, such a 0-1 map is most easily achieved by calculating mean values directly from the individual maps 
(either presence-absence or probability maps).  

Individual species maps Stacked map

Northern prawn, (36% 
of the economic value)

Norway lobster (21%)

All other species with 
economical value > 
100 000 SEK/year

Common dab (0.04%)

Common dab 
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3. Proposals for maps 
Based on the above framing, proposals for maps on each of the following species and essential fish habitat 
aspects are presented below. 

- Spawning areas for cod, Baltic Sea 
- Proposed addition of spawning and adult feeding areas for cod, Kattegat to western Baltic Sea  
- Spawning areas for European flounder 
- Proposed addition of  spawning and adult feeding areas for European flounder, Kattegat to western 

Baltic Sea 
- Spawning areas for Baltic flounder 
- Spawning areas for herring 
- Spawning areas for sprat 
- Recruitment areas for perch 
- Recruitment areas for pikeperch 
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3.1 Spawning areas for cod 
Background  
Cod (Gadus morhua) is distributed in the southern parts of the Baltic Sea reaching from the eastern to outer 
western parts, including the Kattegat. Two cod stocks exist and are predominant found east respectively west 
of Bornholm.  

The hydrographical environment is substantially different for the western and eastern cod stocks. Influx of 
saline water from west to east is restricted by the narrow straits of the Sound, Fehmarn and Great belts, and 
exaggerated by the sills Drogden and Dars. As a result, the eastern cod stock is highly dependent upon 
salinity, oxygen and temperature conditions for successful spawning. In the scarcity of suitable oxygen and 
salinity conditions in the east, egg survival can be affected as eggs occur in saline deep areas close to the 
seabed with increased risk of mortal sedimentation. In the western part hydrographical conditions are less 
critical leaving abundance and age-structures of cod as the main critical factors for spawning conditions.   

Scientific literature show a decline of spawning areas in the eastern part of the Baltic. A decline in suitable 
spawning habitat for Arkona deep, Gdansk deep and Gotland deep during the period 1971-2010  have been 
seen through a combination of hydrodynamic modelling and Lagrangian particle tracking (Hinrichsen et al. 
2016; Figure 2). These findings raise questions regarding the function of Gotland deep for cod spawning 
(Bagge et al. 1994), and reveal the need for sustainable management of the Bornholm deep and the Arkona 
deep. The Arkona deep is estimated to be functional for spawning of both stocks (Hüssy 2011). In addition, a 
generally reduced population of cod may affect the utilization of spawning areas. 

Further, the work on spatio-temporal dynamics of cod nursery areas by Hinrichsen et al. (2017) is of relevance 
for the development of green infrastructure, as the models show that connectivity may be quite high for cod. 

 

Figure 2. Development of suitable habitat status for spawning grounds for cod in southeast 
Baltic Sea 1971-2010. (Aggregated map by Swedish University of Agriculture Sciences on basis 
of Hinrichsen et al. 2016). 
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The importance of salinity, temperature and oxygen factors for cod spawning stress the need to further 
elaborate upon forecasts and scenarios of new geographical patterns by climate change. In the Swedish MSP 
process, small steps have been taken in this direction through pointing out so called climate refugia. Climate 
refugia are defined as areas estimated to have relatively slow effect by climate change. (Dahlgren and 
Havenhand 2017). Through modelling of salinity in surface water between 2029 and 2099, combined with 
the current status for deep water salinity, the Swedish MSP process estimated climate refugia for cod year 
2099 based on two climate scenarios from IPCC. Climate refugia for cod are identified mainly south of 
Swedish EEZ according to one of the two climate scenarios (Figure 3).  

 

 

Figure 3: Potential climate refugia for cod 2099 (Hammar and Mattsson 2017). 

 

 

 



HELCOM Pan Baltic Scope EFH WS 2018, Document 2 
 

 

 

Page 11 of 51 
 

 

Proposed map13 
The map presented below (Figure 4) was developed within the HOLAS II project. The map was approved 
by all HELCOM Contracting Parties in the HOLAS II Ecosystem component review process during the first 
quarter of 2017, and is available on HELCOM Maps and Data Services. 

General description  
The delineation of the spawning area is mainly based on Hüssy 2011. In addition, Gdansk deep (delineation 
based on Bagge et al. 1994) is included in the map, as it still sometimes contributes to reproduction of eastern 
Baltic cod stock (Hinrichsen et al. 2016). Gotland basin has ceased to contribute to the reproduction of the 
Eastern Baltic cod due to oxygen deficiency and sedimentation related mortality (Hinrichsen et al. 2016). 

The map identifies six spawning areas dominated by areas west of Bornholm. The spawning area in Arkona 
deep is estimated to be functional for spawning of both stocks due to observations of the longest spawning 
period and closer relations between juvenile and adult cod abundance. (Hüssy et al. 2011) Spawning in 
eastern parts are concentrated to the Bornholm deep as spawning in the Gdansk bay is considered to be 
“occasionally” occurring.  

Differences in hydrographical conditions in the spawning grounds are reflected in a progressive spawning 
season towards the east, starting in Kattegat and the Sound in January/February and ending in July/August 
in the Bornholm area. However, fluctuations in temperature are identified as a factor behind fluctuations 
which can delay spawning season up to two months (Hüssy et al. 2011). 

  

                                                           
 

13 In addition to mapping spawning areas, the potential for mapping nursery areas could also be considered, since 
juveniles of cod utilize benthic habitats that are expected to be more sensitive to such human activities that can be 
regulated by marine spatial planning, compared to pelagic spawning habitats. For example, the BONUS INSPIRE project 
(see above), has enabled considerable data on this, but would still require extensive statistical modelling to be successful 
in producing reliable maps. For the western Baltic Sea and the Kattegat, information from the Fish-Hab-II project is 
presented below. 
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Lineage and development of the map 
Polygon data received from Karin Hüssy, DTU Aqua, Denmark. The method for delineating the spawning area 
is described in Hüssy 2011. 

Data table for cod  
Species Cod (Gadus morhua) 
Stock Western cod stock: ICES subdivisions 22-24  

Eastern cod stock: ICES subdivisions 24 + 25-3214 
Essential fish 
habitat 

Spawning area 

Approach for 
making the 
map 

Hydrodynamic modelling and literature review  

Information 
source 

Bagge et al., 1994.; Hinrichsen et al. 2016; Hüssy 2011 

Time series 1971-2010 
Input data 
spatial 
coverage 

Polygon data received from Karin Hüssy, DTU Aqua, Denmark. The method for 
delineating the spawning area is described in Hüssy 2011 

Variables Salinity > 11  
Oxygen  > 2 ml/L 
Temperature > 1.5 C 
Depth < 20 m 

Comments  
 

Data quality 
The data represents the best currently available information on cod spawning area in the Baltic Sea.  

The dataset was approved by all HELCOM Contracting Parties in the HOLAS II Ecosystem component data 
review process during first quarter of 2017. 
 
Low salinity levels force the cod egg to drift in deep areas. This results in difficulties to collect egg samples 
and instead the level of ichthyoplankton has become a main source for estimation of good environmental 
conditions for cod spawning. Modelling based on ichthyoplankton as the main method should be validated 
by comparison with distribution of running adults to tackle the influence of prevailing current speeds in the 
area. Maturity of adults as well as histology of gonads are other research methods behind publications that 
influence the proposed areas of the proposed map. (Hüssy 2011)    

Attribute information: Raster value representing spawning area (1) and occasional spawning (0.5) and no 
spawning (0). 

References 
Bagge, O., Thurow, F., Steffensen, E. and Bay, J. 1994. The Baltic cod. Dana 10: 1-28. 

                                                           
 

14 Note that the stocks are distributed and utilized far outside of the spawning area, which is depicted in the map. 
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Figure 4. Key spawning areas for cod in the Baltic Sea, as developed within the HOLAS II project 
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Proposed addition – Cod on ICES SD 21, 22 and 23  

  

 
An addition to the results presented above is suggested based on the FishHab-II project15 (2017-2018). This 
project is limited to the Kattegat, Belt Seas, the Sound and the western Baltic Sea area (from 9.59-13.72 oE 
and 54,21-57.78 o N), and the following preliminary results are seen. 

Spawning areas for cod. The main spawning areas identified for the Kattegat cod are off Falkenberg, Sweden 
and to the south along the Swedish coast in the south-eastern part of the Kattegat, the area around the 
entrance to the Sound and the Sound (Figure 5; left). The Kiel Bight, formerly identified as a major spawning 
area for the western Baltic cod is still important.  

Adult cod. The summer feeding grounds are located along the Swedish west coast of Kattegat and the 
northern part of the Sound (Fig 5; middle). In the fall, the Sound remains an important habitat for cod. Also 
in the fall, the areas in the northern Kattegat, bordering to Skagerrak, along the Danish and Swedish coasts 
are important, but it is unclear if the cod in these areas would be Kattegat cod, Skagerrak cod or a mixture. 
The localised area for the western Baltic cod during summer is the Kiel Bight, mainly the area southeast of 
Als and south of Fyn.   

Highest prediction error occurs in the third quarter in the Western Baltic, due to insufficient sampling (Figure 
6). 

Juveniles. Insufficient data on juvenile cod habitats in the study area. Coastal areas are not covered in the 
surveys and only soft bottom is sampled.  

For age-0 cod, based on the literature, coastal areas with eelgrass beds, cobble or pebbles are important. The 
Swedish coast in southeast Kattegat and the Sound area may likely be highly important given that the 
spawning takes place in these areas and prevailing westerly winds.  

For older juveniles, quarter 1 map shows aggregated distribution in the south-eastern part of the Kattegat, 
northern part of the Sound and northern Kattegat bordering Skagerrak (Figure 7; left). During the rest of the 
year, the juveniles seem to aggregate in the northern part in Skagerrak or move south to the sound and Belt 
areas (Figure 7). The little Belt area is important in the first quarter for presumably the western Baltic cod, 
extending to the Kiel Bight area in the third and fourth quarter.  

Similarly to adult cod, highest prediction error occurs in the third quarter in the Western Baltic due to 
insufficient sampling (Figure 8). 

                                                           
 

15 Funded by the European Maritime and Fisheries 
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Figure 5. Predicted adult cod habitats for first quarter (Jan-Mar; left), quarter 3 (Jul-Sept; middle) 
and quarter 4 (Oct-Dec; right). Salinity: p < 0.01, depth: p < 0.001, gear type: p < 0.05. Q1-Q3 p < 0.1, 
Q1-Q4 p < 0.1. 

 

 
Figure 6. Standardized errors of the predictions (standard error/predicted value) of adult cod 
habitats for first quarter (Jan-Mar; left), quarter 3 (Jul-Sept; middle) and quarter 4 (Oct-Dec; right).  
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Figure 7. Predicted juvenile cod habitats for first quarter (Jan-Mar; left), quarter 3 (Jul-Sept, middle) 
and quarter 4 (Oct-Dec; right). Salinity: p< 0.01, temperature: p < 0.05, oxygen: p < 0.05, depth: p < 
0.01, gear type: p < 0.05, sediment type: p <0.1. Q1-Q3: p < 0.01. Q1-Q4 p < 0.001. 

 

 
Figure 8. Standardized errors of the predictions (standard error/predicted value) of adult cod 
habitats for first quarter (Jan-Mar; left), quarter 3 (Jul-Sept, middle) and quarter 4 (Oct-Dec; right).  
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Data table for cod in the Western Baltic Sea and Kattegat 
Species Cod (Gadus morhua) 
Stock ICES subdivisions 21, 22 & 23 and partly 24 (Western Baltic cod stock) 
Essential fish habitat Spawning, adult feeding & juvenile area 
Approach for making the map Species distribution modelling using generalised additive models 

(GAMs) using salinity, oxygen, temperature and depth as predictors. 
Information source FishHab-II report (in prep.),  
Time series Only data from 2016 (three sampling periods Q1, Q3, Q4) 
Input data spatial coverage Kattegat, Belt Seas, the Sound and the western Baltic Sea 
Variables Salinity, oxygen, temperature, depth, sediment type 
Comments The results are preliminary and the analysis using longer time-series is 

in preparation. 
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3.2 Spawning areas for European flounder (Platichthys flesus) 
This text is about European flounder, please not that Baltic flounder is presented further down in this 
document. 

Background and proposed development 
It has long been recognized that flounders (Platichthys spp.) in the Baltic Sea have two different reproductive 
strategies: offshore spawning of pelagic eggs, and coastal spawning of demersal eggs (Solemdal, 1967; 
Nissling et al., 2002). Recently, it was shown that these two strategies belong to each of two closely related 
but distinct species of flounder (Momigliano et al. 2017). Flounder with demersal eggs has been described as 
a new species, the Baltic flounder, Platichthys solemdali (Momigliano et al. 2018). The distributions of the 
two species are overlapping in the central Baltic Sea, where they share feeding and wintering areas but are 
separated during spawning time. 

European flounder (Platichthys flesus) is a key species in many coastal areas of the Baltic Sea, with a focus in 
the central and southern sub-basins. European flounder spawns exclusively in deep offshore basins of the 
southern and central Baltic Sea, during spring, where salinity is high enough for successful fertilization and 
water density is sufficiently high for the eggs to float in the water column to avoid the anoxic bottom waters 
(Nissling et al. 2002; Ustups et al. 2013). Adults feed in shallow, coastal areas during summer and move out 
to deeper areas in winter. However, it should be noted that early juvenile life stages reside in shallow coastal 
areas until recruiting to the adult population (e.g., Carl et al. 2008).  

The physiological limits for successful reproduction of flounders in the Baltic Sea have been experimentally 
demonstrated (Nissling et al. 2002), and the influence of environmental conditions (as reproductive volume) 
on early life stages of European flounder (Platichthys flesus) has been studied in the central Baltic Sea (Ustups 
et al. 2013). Additionally, Hinrichsen et al. (2017) studied the survival and dispersal variability of pelagic eggs 
and yolk-sac larvae of central and eastern Baltic flounder through Lagrangian particle tracking as an 
application of a biophysical model. The scientific literature suggest that the environmental limits for 
spawning of flounder are rather similar to those of cod with respect to salinity, while the requirements for 
oxygen are lower. Results from the hydro-dynamic modelling suggest that the level of connectivity may be 
quite high (Hinrichsen et al. 2017). 

Potential spawning habitats for flounder were characterized and predicted by Orio et al. (2017) based on 
catches of flounder in gillnet surveys during the spawning season. The basis for the study was to map mature 
flounder during (or close to) the spawning season, when they are expected to be present in their preferred 
spawning habitat, and subsequently use the catch observations together with observed environmental data 
as a basic for predictive modelling over a larger geographical area. The focus of the study was on the southern 
and central Baltic Sea, using depth transects at 11 locations (427 stations). The approach provides a wide-
ranging description of potential spawning areas in the Baltic Sea, with statistical documentation of the 
expected relationships to environmental parameters. The model for European flounder (referred to as 
pelagic spawning in the paper) showed a negative relation with temperature and bottom current, and a 
positive relation with salinity (Figure 9).  
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Pelagic model 

 

General model 

 

Figure 9. Upper panel: partial effects of the environmental covariate on the CPUE of flounder 
in the pelagic model for flounder by Orio et al. (2017). The general model (lower panel) was 
performed for all flounder regardless of spawning type. Dashed lines indicate the 95% 
confidence interval. 

 

The main uncertainties in the results by Orio et al. (2017) are expected to be due to temporal differences in 
sampling and spawning time between different areas, so that there is some variability in how close the 
flounders actually were to spawning at the time of capture. In some areas, there also occurred spent flounder 
in the samples, which means that the flounder could also have been spawning in another place than where 
they were captured. This is not expected to affect the large-scale geographical pattern but may affect the 
small-scale patterns (primarily depth distributions). 
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Generally, the spawning time occurs earlier in the western parts of the Baltic Sea. It can also not be 
ascertained if some occasions of low flounder captures in the underlying survey were in fact mainly related 
to some other aspect than habitat preferences, for example a generally reduced expansion of flounder due 
to low population abundances. If that is the case the predicted habitat range may be underestimated. This 
may potentially affect the results for pelagic spawners in SD 26-28, whereas pelagic spawners in SD 24-25 
have fairly strong populations (Orio et al. 2017). In order to prevent unrealistic extrapolation outside the 
range of the environmental conditions sampled in the survey, Orio et al (2017) restricted the predictions to 
areas within the physiological limits for flounder's eggs fertilization and survival in terms of salinity and 
oxygen. An adjustment in relation to depth was also used in order to account for the existence of two 
different spawning types (which were later described as separate species by Momigliano et al. 2017; 2018). 
In relation to oxygen concentrations, the prediction was set to 0 in all areas with bottom oxygen 
concentrations < 1 ml/l. For pelagic spawners (i.e., for P. flesus), the depth limit was set to > 30 m, and the 
bottom salinity was set to > 10 (referring to Hinrichsen et al. 2016). 

Due to the strong relationships to salinity and oxygen conditions, the range of suitable spawning areas for 
European flounder is expected to vary with fluctuations in these hydrological variables, which are forced by 
climate change as well as human impact related to eutrophication in the Baltic Sea, with an increase of 
spawning areas e.g. in connection to Major Baltic Inflows. 

 

Proposed map16 
Currently, no regionally agreed maps exist for European flounder. A draft proposal is presented below. 

General description 
The proposed map is based on species distribution modelling of flounder during the spawning season, as 
presented by Orio et al. (2017; general model). In comparison to the map presented by these authors, the 
map was further delineated to encompass only areas with depth > 30 m, representing the pelagic spawning 
habitat (Figure 10). Areas with high probability of spawning were identified as the section encompassing 
salinity > 10 and oxygen > 1 ml/L. 

Lineage and development of the map 
Depth: Baltic Sea Bathymetry database (http://data.bshc.pro/#2/51.8/20.1), complemented in some coastal 
areas with IOW bathymetry data (Seifert et al. 2001). 

Salinity: Monthly means of May for years 2011-2014 downloaded from Copernicus Marine Environment 
Monitoring Service (http://marine.copernicus.eu). Reanalysis products of SMHI for years 1989-2004, 5.5km 
grid cells. A May mean for 2011-2014 was calculated. Extrapolation to some coastal areas (that were outside 
the original data due to low resolution of the grid) was carried out. 
 
Oxygen: [to be completed]  

                                                           
 

16 In addition to mapping spawning areas, the potential for mapping nursery areas could also be considered, since 
juveniles of flounder utilize benthic habitats that are expected to be more sensitive to such human activities that can 
be regulated by marine spatial planning, compared to pelagic spawning habitats. For example, the BONUS INSPIRE 
project (see above), has enabled considerable data on this, but would still require extensive statistical modelling to be 
successful in producing reliable maps. For the western Baltic Sea and the Kattegat, information from the Fish-Hab-II 
project is presented below. 
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Data table for European flounder 
Species European flounder (Platichtys flesus) 
Stock Currently, ICES identifies four flounder stocks in the Baltic Sea, which are identified 

based on the ICES subdivisions 22-23 (Belt Sea and the Sound), 24-25 (West of 
Bornholm and Southern Central Baltic Sea, 26, 28 (East of Gotland and Gulf of Gdansk), 
27, 29-32 (Northern Central Baltic Sea and Northern Baltic Sea). The European flounder 
is mainly applicable to the stocks of SD 22-26, 28, although it is currently not 
distinguished from the Baltic flounder in stock assessments.  

Essential fish 
habitat 

Spawning areas 

Approach for 
making the 
map 

1) Spatial predictions 
2) Environmental salinity and oxygen window for spawning 
3) Delineation of depth added to distinguish the pelagic habitat 

Information 
source 

1) Orio et al. 2017 
2) Nissling et al. 2002 
3) Momigliano et al, 2018; Orio et al., 2017 

Time series 2011-2014 
Input data 
spatial 
coverage 

Depth: Baltic Sea Bathymetry database (http://data.bshc.pro/#2/51.8/20.1), 
complemented in some coastal areas with Seifert et al. (2001) 
Salinity: Copernicus Marine Environment Monitoring Service, SMHI 
Oxygen conditions at the sea bottom: [to be completed] 

Variables Depth > 30 m  
Salinity > 10  
Oxygen > 1 ml/L  

Comments  
 

Data quality 
The map is based on species distribution modelling focusing on mature flounder at the spawning stage using 
a general model. The data layers on environmental variables are based on modelling. Other variables than 
the ones identified as being of key importance here, may also be influential. 

The studies from which the thresholds values for environmental variables have been obtained are based on 
publications conducted before the separation of Baltic flounder from European flounder, but have taken into 
account the specific characteristics of the separate spawning ecotypes.  

The map should be considered a rough estimation.  

Attribute information: Raster value representing no spawning (0), potential spawning area (0.5) and high 
probability spawning area (1). 

References 
Carl, J.D., Sparrevohn, C.R., Nicolajsen, H., Støttrup, J.G., 2008. Substratum selection by juvenile flounder 
Platichthys flesus (L.): effect of ephemeral filamentous macroalgae. Journal of Fish Biology 72: 2570-2578.  

Hinrichsen, H.H., Petereit, C., Nissling, A., Wallin, I., Ustups, D. and Florin, A.-B. 2017. Survival and dispersal 
variability of pelagic eggs and yolk-sac larvae of central and eastern Baltic flounder (Platichthys flesus): 
application of biophysical models, ICES Journal of Marine Science 74: 41-55.  
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Figure 10 option 1. Spawning areas of European flounder. “Potential spawning areas” are delineated as in 
the species distribution model by Orio et al. (2017), but only includes those areas with a depth deeper than 
30 m in order to represent pelagic spawning. “High probability spawning areas” are defined as the subsection 
representing a salinity of at least 10, and average oxygen condition during the first two quarter of at least 1 
ml/L. An option without the oxygen delineation is presented below. 
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Figure 10 option 2. The same map as in option 1, but applied without oxygen delineation. 
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Proposed addition – European flounder in ICES SD 21, 22 and 23  

  

 
An addition to the results presented above is suggested based on the FishHab-II project17 (2017-2018). This 
project is limited to the Kattegat, Belt Seas, the Sound and the western Baltic Sea area (from 9.59-13.72 oE 
and 54.21-57.78o N), and the following preliminary results are seen. 

Spawning areas. The main spawning areas identified for the Kattegat flounder are the south-eastern 
Kattegat, northern part of the Sound and the Belt Seas (Figure 11, left) 

Adult European flounder.  The summer feeding grounds are located towards coastal areas in the Belt Seas 
and the southeast coast of Zealand, towards Arkona basin (Figure 11, middle). In the autumn, the whole coast 
around Zealand, except the north coast (Figure 11, right).  

 

 
 
Figure 11. Predicted adult flounder habitats for first quarter (Jan-Mar; left), quarter 3 (Jul-Sept; middle) and 
quarter 4 (Oct-Dec, right). Temperature: p < 0.001, depth: p < 0.001. 

 
                                                           
 

17 funded by the European Maritime and Fisheries 
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Data table for European flounder in the Western Baltic Sea and Kattegat 

Species European flounder (Platichthys flesus) 
Stock ICES subdivisions 21, 22 & 23 and partly 24 (Western Baltic cod stock) 
Essential fish habitat Spawning adult feeding &  juvenile area 
Approach for making the map Species distribution modelling using generalised additive models 

(GAMs) using salinity, oxygen, temperature and depth as predictors. 
Information source FishHab-II report (in prep.),  
Time series Only data from 2016 (three sampling periods Q1, Q3, Q4) 
Input data spatial coverage Kattegat, Belt Seas, the Sound and the western Baltic Sea 
Variables Sediment type, temperature, depth 
Comments The results are preliminary and the analysis using longer time-series is 

in preparation. 
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3.3 Spawning areas for Baltic flounder (Platichthys solemdali) 
This text is about Baltic flounder, please not that European flounder was presented earlier on in this document. 

Background and proposed development 
It has long been recognized that flounders (Platichthys spp.) in the Baltic Sea have two different reproductive 
strategies: offshore spawning of pelagic eggs, and costal spawning of demersal eggs (Solemdal, 1967; Nissling 
et al, 2002). Recently, it was shown that these two strategies belong to each of two closely related but distinct 
species of flounders (Momigliano et al. 2017). Flounders with demersal eggs have been described as a new 
species, the Baltic flounder, Platichthys solemdali (Momigliano et al. 2018). The distributions of the two 
species are overlapping in the central Baltic Sea, where they share nursery, feeding and wintering areas but 
are separated during spawning time. 

Baltic flounder (Platichthys solemdali) is a key species in coastal areas of the central and northern Baltic Sea. 
The eggs of Baltic flounder sink to the bottom in shallow coastal areas and on offshore banks (Momigliano et 
al. 2018). In the northern part of the Baltic Sea, demersally spawning flounders have been shown to lay their 
eggs on sandy and rocky bottom, or on rocky substrates covered with algae (Bonsdorff and Norkko 1994). 
Adults feed in shallow, coastal areas during summer and move to deeper areas in winter, while the early 
juvenile life stages reside in shallow coastal areas until recruiting to the adult population (Nissling et al. 2015). 
Baltic flounder is considered to be endemic to the Baltic Sea (Momigliano et al. 2018). 

Compared to European flounder, the salinity requirements of Baltic flounder reproduction are lower, and 
low oxygen concentration poses a less important restriction to spawning in the usually well oxygenated 
coastal near-shore waters. As a precautionary estimate, successful spawning for the demersally spawning 
Baltic flounder may be expected at salinities down to around 5-7 (Nissling et al. 2002).  

Potential spawning habitats for flounders in the Baltic Sea were characterized and predicted by Orio et al. 
(2017) based on catches of flounder in gillnet surveys during the spawning season. The basis for the study 
was to map mature flounder during (or close to) the spawning season, when they are expected to be present 
in their preferred spawning habitat, and subsequently use the catch observations together with observed 
environmental data as a basic for predictive modelling over a larger geographical area. The focus of the study 
was on the southern and central Baltic Sea, using depth transects at 11 locations (427 stations). The approach 
provides a wide-ranging description of potential spawning areas in the Baltic Sea, with statistical 
documentation of the expected relationships to environmental parameters. One of the principal results of 
their analyses was a dual water depth distribution and dual salinity preference of flounder at spawning time, 
corresponding to distinct responses to these environmental variables by two ecotypes (subsequently: 
Species). The model of only the demersal ecotype (P. solemdali) showed a salinity optimum at around salinity 
7 (Figure 12). Based on the survey, focusing on adult flounder during the spawning season, the model 
indicated no strong relationship to vegetation or substrate, although rocky habitats seemed to be preferred 
over pure soft substrate (Orio et al. 2017).  
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Demersal model 

 

General model 

 

 

Figure 12. Upper panel: Partial effects of the environmental covariate on the CPUE of flounder 
in the demersal model for flounder by Orio et al. (2017). The general model (lower panel) was 
performed for all flounder regardless of spawning type. Dashed lines indicate the 95% 
confidence interval. 
 

 

The main uncertainties in the results by Orio et al. (2017) are expected to be due to temporal differences in 
sampling and spawning time between different areas, so that there is some variability in how close the 
flounders actually were to spawning at the time of capture. In some areas, there also occurred spent flounder 
in the samples, which means that the flounder could also have been spawning in another place than where 



HELCOM Pan Baltic Scope EFH WS 2018, Document 2 
 

 

 

Page 30 of 51 
 

 

they were captured. This is not expected to affect the large-scale geographical pattern but may affect the 
small-scale patterns (primarily depth distributions). 

It cannot be ascertained if some occasions of low flounder captures in the underlying survey were in fact 
mainly related to some other aspect than habitat preferences, for example a reduced expansion of flounder 
due to low population abundances. In some areas, a negative interaction with the presence of round goby 
may lead to underestimations in prediction (encompassed in Figure 13). In order to prevent unrealistic 
extrapolation outside the range of the environmental conditions sampled, Orio et al. (2017) restricted the 
predictions to areas within the physiological limits for flounder's eggs fertilization and survival in terms of 
salinity and oxygen. An adjustment in relation to depth was also used in order to account for the existence 
of two different spawning types (which were later described as separate species by Momigliano et al. 2017; 
2018). In relation to oxygen concentrations, the prediction was set to 0 in all areas with bottom oxygen 
concentrations < 1 ml/l. For demersal spawners (i.e., for P. solemdali), predictions were restricted to areas 
shallower than 30 m and with salinity of at least 6 (referring to Nissling et al. 2002; Hinrichsen et al. 2017). 

Proposed map 
A draft proposal on key spawning areas for Baltic flounder is presented below. 

General description 
The proposed map is based on species distribution modelling of flounder during the spawning season, as 
presented by Orio et al. (2017; general model). In comparison to the map presented by these authors, the 
map was further delineated to encompass only areas with depth < 30 m, representing the demersal spawning 
habitat (Figure 13). Areas with high probability of spawning were identified as the section encompassing 
salinity > 5 in the applied salinity layer18. 

Lineage and development of the map 
Depth: Baltic Sea Bathymetry database (http://data.bshc.pro/#2/51.8/20.1), complemented in some coastal 
areas with IOW bathymetry data (Seifert et al. 2001). 

Salinity: Monthly means of May for years 2011-2014 downloaded from Copernicus Marine Environment 
Monitoring Service (http://marine.copernicus.eu). Reanalysis products of SMHI for years 1989-2004, 5.5km 
grid cells. A May mean for 2011-2014 was calculated. Extrapolation to some coastal areas (that were outside 
the original data due to low resolution of the grid) was carried out. 
 
  

                                                           
 

18 Salinity 5 is used as the low estimate (rather than 6) in order to account for uncertainty in the underlying salinity 
layer and obtain a more likely overall representation of the spawning area at its inner salinity limit. A corresponding 
salinity upper limit could potentially be applied, see option 2 map. 
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Data table for Baltic flounder 
Species Baltic flounder (Platichthys solemdali) 
Stock Currently, ICES identifies four flounder stocks in the Baltic Sea, which are identified 

based on the ICES subdivisions 22-23 (Belt Sea and the Sound), 24-25 (W of Bornholm 
and Southern Central Baltic Sea, 26, 28 (East of Gotland and Gulf of Gdansk), 27, 29-32 
(Northern Central Baltic Sea and Northern Baltic Sea). The Baltic flounder is mainly 
applicable to the stock of 27, 29-32, although it is currently not distinguished from the 
European flounder in stock assessments. 

Essential fish 
habitat 

Spawning areas 

Approach for 
making the 
map 

1) Spatial predictions 
2) Environmental salinity window for spawning 
3) Delineation of depth added to distinguish the shallower demersal habitat 

Information 
source 

1) Orio et al. 2017 
2) Nissling et al. 2002 
3) Momigliano et al. 2018; Orio et al, 2017 

Time series NA 
Input data 
spatial 
coverage 

Depth: Baltic Sea Bathymetry database (http://data.bshc.pro/#2/51.8/20.1), 
complemented in some coastal areas with Seifert et al. (2001) 
Salinity: Copernicus Marine Environment Monitoring Service, SMHI 

Variables  Salinity > 519  
Depth < 30 m 

Comments  
 

Data quality 
The map is based on species distribution modelling focusing on mature flounder at the spawning stage, based 
on a general model for flounder in the Baltic Sea. The data layers on environmental variables are based on 
modelling. Other variables than the ones identified as being of key importance here, may also be influential. 

The studies from which the thresholds values for environmental variables have been obtained are based on 
publications conducted before the separation of Baltic flounder from European flounder, but have taken into 
account the specific characteristics of the separate spawning ecotypes.  

The map should be considered a rough estimation.  

Attribute information: Raster value representing no spawning (0), potential spawning area (0.5) and high 
probability spawning area (1). 

References 
Bonsdorff, E. and Norkko, A., 1994. Flounder (Platichthys flesus) spawning in Finnish coastal waters. 
Memoranda Societas pro Fauna et Flora Fennica 70: 30-31. 

                                                           
 

19 Salinity 5 is used as the low estimate (rather than 6) in order to account for uncertainty in the underlying salinity 
layer and obtain a more likely overall representation of the spawning area at its inner salinity limit. A corresponding 
salinity upper limit could potentially be applied, see option 2 map. 
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Figure 13, option 1. Spawning areas for Baltic flounder. “Potential spawning areas” are delineated as in the 
species distribution model by Orio et al. (2017; general model), but only includes those areas with a depth 
shallower than 30 m in order to represent demersal spawning. “High probability spawning areas” are defined 
as the subsection representing a salinity of at least 5. This encompasses the full modelled species distribution 
in the concerned depth range. An option with additionally an upper salinity range is presented below.  
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Figure 13, option 2. The same map as in option 1, but “High probability spawning area” is limited to the 
subsection with a salinity between 5 and 8. 
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3.4 Spawning areas for herring 
Background and proposed development 
Atlantic herring (Clupea harengus) is widely distributed pelagic planktivorous clupeid fish species that is 
common in all sub-basins of the Baltic Sea. The Baltic Sea herring has a smaller size compared to the herring 
in the Atlantic and is well adapted to the low salinities forming local populations. Herring is considered to be 
one of the key species that have a crucial role in the Baltic Sea ecosystem. Herring is also a prey fish for the 
Atlantic cod and has significant commercial importance.  

Current Baltic herring stock assessment is based on four stock units in ICES subdivisions 22-24, SD 25-27, 
28.2, 29 and 32, SD 28.1 (Gulf of Riga), SD 30, 31 (ICES 2018). Baltic Sea herring includes populations of spring 
spawning and autumn spawning herring. Spring spawning herring is strongly dominating in Baltic Sea today. 
During spawning, herring migrates to the coast or to shallower (< 10 m) areas offshore.  

Available maps on Baltic herring spawning grounds are based on either direct local observations (Aneer and 
Nellbring, 1982; Rajasilta et al. 1993; Kornilovs 1994) or local spatial predictive modelling attempts based on 
physical parameters (Modin 2008).  

Proposed map 
Currently, there is no regionally coherent map with detailed spatial representation of herring spawning 
grounds in the Baltic Sea. A proposal for such a map is presented here (Figure 14). 

General description  
The development of a common Baltic scale map is based on existing knowledge of herring spawning grounds 
in the Baltic Sea. Studies on herring spawning grounds have been made mainly in four areas: in the 
Greifswalder Bodden; in the Gulf of Riga and Pärnu Bay; in the Askö-Landsort area and on the Finnish coast 
extending from the Gulf of Finland to the Bothnian Sea. All of the studies were made by SCUBA diving, which 
allows direct observations of herring spawn on the bottom. The first surveys of herring spawn were carried 
out in the 1940s and 1950s in the Gulf of Riga (Rannak 1959). The same spawning areas were also revisited 
in the 1980s by Raid (1990). In the Greifswalder Bodden, Scabell & Jönsson (1984) and Jönsson et al. (1984) 
studied the spawning substrates and egg densities of the Rügen herring, and Klinkhardt et al. (1985) described 
the successive use of spawning beds during the spawning season in the same area.  Scabell and Jönsson 
(1989) presented the monitoring program used in the spawning areas of the Rügen herring in the 1980s. In 
the Gulf of Riga, Ojaveer (1981) and Raid (1990) studied the density and mortality of herring eggs on the 
spawning grounds, and Kornilovs (1994) made similar studies on the Latvian coast. In the east coast of 
Sweden (Askö archipelago), Aneer and Nellbring (1982) made an extensive survey of spawning beds and 
described the characteristics of herring spawning at the end of the 1970s. Aneer et al. (1983) also made 
observations on the herring's spawning act in situ in the Askö area. In the Archipelago Sea, characteristics of 
herring spawning have been studied by Rajasilta et al. (1986; 1989; 1993); Oulasvirta et al. (1985) and Kääriä 
et al. (1988; 1997). In order to gather information on spawning grounds along the Swedish east coast, 
covering the coasts of the Bothnian Bay, the Bothnian Sea, and the Baltic proper, an interview study directed 
towards persons with extensive local experience of fishes and fishing was carried out in 2003 (Gunnartz et 
al. 2011). More recent studies in the Baltic Sea cover Lithuanian coast (Šaškov et al. 2014). 

According to the study results, herring spawn in quite similar conditions around the Baltic Sea. In the 
innermost archipelagos, spawning in spring takes place mainly on shallow bottoms (0-8 m), but in the autumn 
at some greater depths (Oulasvirta 1987). Herring prefers aquatic vegetation as a spawning substrate, but 
does not show particular selection for any substrate type (Aneer 1989). The herring shoals visit the same 
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spawning grounds one generation after another (Raid 1990) and in some spawning areas the spawning beds 
are used successively during the spawning season (Klinkhardt et al. 1985; Rajasilta et al. 1993).  

The common conclusion from the previous studies is that herring spawn in relatively shallow areas in most 
cases characterised by a hard bottom and submerged vegetation.  

Lineage and development of the map 
Data on seabed bottom structure and vegetation coverage were obtained from HELCOM Map and Data 
service (http://maps.helcom.fi/website/mapservice/index.html).  

Seabed sediments – Photic hard bottom: 

Benthic biotope complexes in the Baltic Sea, based on a combination of geological sediment 
data (BALANCE) and light availability data (DHI/EuSeaMap). It represents benthic biotope 
complexes in the Baltic Sea, based on a combination of geological sediment data and light 
availability data. The sediment data used in this dataset has been produced within the EU 
Interreg IIIB project BALANCE (www.balance-eu.org). The light availability data has been 
produced within the EUSeaMap project (unpublished data) (HELCOM 2018). 

Charophyte distribution - HELCOM HOLAS II Dataset: Charophyte distribution (2018): 

Distribution of Charophytes (Chara spp., Nitella spp., Nitellopsis spp., Tolypella spp.) mainly 
based on data submission by HELCOM contracting parties. Submitted point data was originally 
gathered in national mapping and monitoring campaigns, or for scientific research. Also 
scientific publications were used to complement the data (in Curonian, Vistula and Szczechin 
lagoons, see reference list). Polygon data from Poland was digitized based on Polish Marine 
Atlas. From Estonian waters, a predictive model was used (200m resolution), that was 
converted to presence/absence using minimized difference threshold (MDT) criteria. All data 
(points, polygon and the raster presenting predicted presence of Charophytes) were 
generalized to 5km x 5km grid cells (HELCOM 2018). 

Fucus sp. distribution - HELCOM HOLAS II Dataset: Fucus distribution (2018): 
Distribution of Fucus sp. based on data submission by HELCOM contracting parties. Mainly 
pointwise occurrences of Fucus were submitted, originally gathered in national mapping and 
monitoring campaigns, or for scientific research purposes. From Estonian waters, a predictive 
model was used (200m resolution), that was converted to presence/absence using minimized 
difference threshold (MDT) criteria. All data (Fucus points and the raster presenting predicted 
presence of Fucus) were generalized to 5km x 5km grid cells (HELCOM 2018). 

Furcellaria lumbricalis distribution - HELCOM HOLAS II Dataset: Furcellaria lumbricalis distribution (2018): 

Distribution of Furcellaria lumbricalis based on data submission by HELCOM contracting 
parties. Mainly pointwise occurrences of Furcellaria were submitted, originally gathered in 
national mapping and monitoring campaigns, or for scientific research purposes. From 
Estonian waters, a predictive model was used (200m resolution), that was converted to 
presence/absence using minimized difference threshold (MDT) criteria. For Poland, only 
confirmed occurrence of Furcellaria was included (Slupsk bank, Rowy reef and reef at Orlowo 
cliff). All data (Furcellaria points and the raster presenting predicted presence of Furcellaria) 
were generalized to 5km x 5km grid cells (HELCOM 2018). 

Zostera marina distribution - HELCOM HOLAS II Dataset: Zostera marina distribution (2018): 

http://maps.helcom.fi/website/mapservice/index.html
http://www.balance-eu.org/
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Distribution of eelgrass based on data submission by HELCOM contracting parties. Mainly 
pointwise occurrences of eelgrass were submitted, originally gathered in national mapping 
and monitoring campaigns, or for scientific research. Polygon data from Puck Bay (Poland) was 
digitized based on Polish Marine Atlas and Orlowo cliff area was added based on expert 
knowledge. From Estonian waters, a predictive model was used (200m resolution), that was 
converted to presence/absence using minimized difference threshold (MDT) criteria. All data 
(points, polygon and the raster presenting predicted presence of eelgrass in the Estonian 
waters) were generalized to 5km x 5km grid cells (HELCOM 2018). 
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Data table for herring 
Species Herring (Clupea harengus) 
Stock Spring spawning herring in subdivisions: 

22-24,  
25-27, 28.2, 29 and 32,  
SD 28.1 (Gulf of Riga),  
30, 31. 

Essential fish 
habitat 

Spawning areas 

Approach for 
making the 
map 

General approach: Habitat requirements for spawning (seabed bottom type and 
distribution of the major vegetation taxa). 

Information 
source 

Aneer and Nellbring, 1982 
Oulasvirta, 1988 
Aneer, 1989 
Raid, 1990 
Kornilovs, 1994 
Kääriä, 1997 
Rajasilta, 2006 
Šaškov, 2014 

Time series NA 
Input data 
spatial 
coverage 

Benthic biotope complexes in the Baltic Sea, based on a combination of geological 
sediment data (BALANCE) and light availability data (DHI/EuSeaMap) 
HELCOM HOLAS II Dataset: Charophyte distribution (2018) 
HELCOM HOLAS II Dataset: Fucus distribution (2018) 
HELCOM HOLAS II Dataset: Furcellaria lumbricalis distribution (2018) 
HELCOM HOLAS II Dataset: Zostera marina distribution (2018) 

Variables20 Photic hard bottom 
Charophyte distribution 
Fucus sp. distribution 
Furcellaria lumbricalis distribution 
Zostera marina distribution 

Comments  
 

Data quality 
The map is based on literature information and environmental variables, not actual data on herring spawning. 
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Aneer, G. and Nellbring, S. 1982. A SCUBA-diving investigation of Baltic herring (Clupea harengus membras 
L.) spawning grounds in the Askö-Landsort area, northern Baltic proper. Journal of Fish Biology, 21: 433–442.  
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20 A previous version of this maps also included a restriction to depths < 10 m, but the finally proposed map does not 
consider depth as a variable, as some known spawning areas offshore are omitted if the depth restriction is used. 
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Figure 14. Potential herring spawning grounds.  
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3.5 Spawning areas for sprat 
Background and proposed development 
Sprat is a small-bodied, pelagic schooling, zooplanktivorous clupeid that is distributed mainly in the open sea 
areas of the entire Baltic Sea while nursery grounds are located in coastal areas. In the Baltic Sea, sprat 
represents an example of a species occurring at the northern boundary of its geographical distribution. Sprat 
is an ecologically- and commercially important pelagic fish species being both prey for top predators (e.g. 
cod) and predator on zooplankton and fish eggs. It also represents one of the most abundant, commercially-
exploited fish species in the Baltic Sea.  Based on the ICES advice sprat in the Baltic Sea has been assessed as 
a single stock within the ICES Subdivisions 22-32. 

Spawning typically occurs between February and August. Spawning time is different by regions with the 
shortest period in the north part of the Baltic Proper. The highly stratified, deep basins in the central Baltic 
Sea are known to be the major spawning grounds of Baltic sprat.  Sprat is a serial spawner, and Baltic sprat 
can spawn at least nine batches per spawning season. Spawning of sprat starts in February in the deeper 
parts of Bornholm and Gdansk Basins while in Gulf of Finland spawning starts only in May. Sprat  eggs  are  
assumed  to  have  a  minimum  buoyancy  limit  at  a  salinity  of  6. 

Proposed map 
Currently, there is no regionally coherent map on sprat spawning grounds covering all of the Baltic Sea. A 
proposal for such a map is presented here. 

General description  
Due to lack of coherent data on sprat spawning areas across the Baltic Sea countries, environmental variables 
were used in delineating potential recruitment areas for sprat. The distribution area of sprat spawning 
grounds is delineated by selecting areas where depth < 30 m and salinity < 6. The threshold values have been 
obtained from literature (Grauman, 1980; Voss et al. 2012). Relatively “loose” thresholds have been used, to 
rather overestimate than underestimate the recruitment area (precautionary approach); Figure 15). 

 Lineage and development of the map 
Salinity - Monthly means for years 2011-2016 downloaded from Copernicus Marine Environment 
Depth: Baltic Sea Bathymetry database 

Table Sprat 
Species Sprat (Sprattus sprattus) 
Stock Sprat in subdivisions 22-32 (ICES) 
Essential fish 
habitat 

Spawning grounds 

Approach for 
making the 
map 

 Environmental window. Relatively “loose” thresholds have been used, to rather 
overestimate than underestimate the recruitment area (precautionary approach). 
 

Information 
source 

Literature  
 

Time series Salinity: 2011-2016 (data from Copernicus Marine Environment Monitoring Service 
Input data 
spatial 
coverage 

Baltic Sea 

Variables Depth (deeper than 30 m ) 
Salinity (higher than 6) 

Comments  
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Data quality 
The map is based on literature and environmental variables, not actual data. Also the data layers on 
environmental variables are based on modelling.  

Spawning habitats in the Bothnian Bay are in most cases identified based on the layer on areas with photic 
hard bottom. 
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Figure 15. Potential spawning areas for sprat. 
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3.6. Recruitment areas for perch 
Background  
Perch (Perca fluviatilis) is a predominating species in many coastal areas of the Baltic Sea. It is a species of 
freshwater origin, spawning predominantly in or close to freshwater tributaries. Along the coasts of Finland 
and Sweden, perch can spawn far from freshwater tributaries, as long as there are enclosed bays, which 
warm up early in the season. Perch has a local population structure with limited dispersal away from its 
recruitment area.  

Proposed map 
The currently proposed map (Figure 16) was developed within the HOLAS II project and was approved by 
all HELCOM Contracting Parties in the HOLAS II Ecosystem component data review process during first 
quarter of 2017. 

General description 
The occurrence of suitable nursery habitats is crucial for maintaining fish populations (Sundblad et al. 2013). 
For perch, species distribution modelling studies (Snickars et al. 2010; Bergström et al. 2013; Sundblad et al. 
2013) have shown the importance of suitable environmental conditions for reproduction. 

Due to lack of coherent data on perch spawning and nursery areas across the Baltic Sea countries, 
environmental variables were used in delineating potential recruitment areas for perch. The distribution area 
or perch recruitment is delineated by selecting areas where depth < 4 m (For Danish waters < 3 m), logged 
wave exposure index < 5 (exposure model described in Isæus 2004), and salinity < 10. The threshold values 
have been obtained from literature (Snickars et al. 2010; Bergström et al. 2013; Skovrind et al. 2013; Sundblad 
et al. 2013). Relatively “loose” thresholds have been used, to rather overestimate than underestimate the 
recruitment area (precautionary approach). 

Along the Finnish coastline a national model has been used (Kallasvuo et al. 2017), with suitable 
environments for perch recruitment generalized to 1 km x 1 km grid. 

Lineage  
Depth: Baltic Sea Bathymetry database (http://data.bshc.pro/#2/51.8/20.1), complemented in some coastal 
areas with IOW bathymetry data (Seifert et al. 2001). 

Wave exposure: Wave Impact Index calculated for the whole Baltic Sea (Isaeus 2004) 

Salinity: Monthly means of May for years 2011-2014 downloaded from Copernicus Marine Environment 
Monitoring Service (http://marine.copernicus.eu). Reanalysis products of SMHI for years 1989-2004, 5.5km 
grid cells. A May mean for 2011-2014 was calculated. Extrapolation to some coastal areas (that were outside 
the original data due to low resolution of the grid) was carried out. 
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Data table for perch 
Species Perch (Perca fluviatilis) 
Stock Several, undefined 
Essential fish 
habitat 

Recruitment areas 

Approach for 
making the 
map 

1) General approach: Environmental window. Relatively “loose” thresholds have 
been used, to rather overestimate than underestimate the recruitment area 
(precautionary approach). 

2) National approach for Finnish waters 
Information 
source 

1) Snickars et al. 2010; Bergström et al. 2013; Skovrind et al. 2013; Sundblad et al. 
2013 

2) Kallasvuo et al. 2017 
 

Time series NA 
Input data 
spatial 
coverage 

Depth: Baltic Sea Bathymetry database (http://data.bshc.pro/#2/51.8/20.1), 
complemented in some coastal areas with Seifert et al. (2001) 
Wave exposure: Isaeus 2004 
Salinity: Copernicus Marine Environment Monitoring Service, SMHI 

Variables Depth < 4 m (For Danish waters < 3 m),  
Logged exposure < 5  
Salinity < 10.  

Comments  
 

Data quality 
The map is based on literature and environmental variables, not actual data. Also the data layers on 
environmental variables are based on modelling. The species distribution modelling studies, where the 
thresholds values for environmental variables have been obtained, are mainly from the northern Baltic Sea. 
Here, the same thresholds have been applied in the southern Baltic. Due to these constraints, the perch 
recruitment area map should be considered as a rough estimation.  

The dataset was approved by all HELCOM Contracting Parties in the HOLAS II Ecosystem component data 
review process during first quarter of 2017 after corrections from Denmark. 

Attribute information: Raster value representing the potential occurrence of perch recruitment area (either 
0 or 1). 

References 
Bergström, U., Sundblad, G., Downie, A-L., Snickars, M., Boström, C. and Lindegarth, M. 2013. Evaluating 
eutrophication management scenarios in the Baltic Sea using species distribution modelling. Journal of 
Applied Ecology 50, 680-690. 

Isæus, M., 2004. Factors structuring Fucus communities at open and complex coastlines in the Baltic Sea. PhD 
thesis, Stockholm University.  

Kallasvuo, M., Vanhatalo, J. and Veneranta, L. 2017. Modeling the spatial distribution of larval fish abundance 
provides essential information for management. Canadian Journal of Fisheries and Aquatic Sciences 74: 636-
649. 
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Skovrind, M., Christensen E.A.F., Carl, C., Jacobsen, L. and Moller, P.R. 2013. Marine spawning sites of Perca 
fluviatilis revealed by oviduct-inserted acoustic transmitters. Aquatic Biology 19: 201-206. 

Snickars, M., Sundblad, G., Sandström, A., Ljunggren, L., Bergström, U., Johansson, G. and Mattila J. 2010. 
Habitat selectivity of substrate spawning fish - modelling requirements of the Eurasian perch, Perca fluviatilis. 
Marine Ecology Progress Series 398: 235-243. 

Sundblad, G., Bergström, U., Sandström, A. and Eklöv, P. 2013. Nursery habitat availability limits adult stock 
sizes of predatory coastal fish. ICES Journal of Marine Science 71, 672-680. 

 

 
Figure 16. Recruitment areas of perch. See also the HELCOM Map and Data services.  

http://maps.helcom.fi/website/mapservice/
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3.7. Recruitment areas for pikeperch 
Background  
Pikeperch (Sander lucioperca) is distributed across the Baltic Sea. It is a species of freshwater origin, spawning 
predominantly in freshwater tributaries to the Baltic Sea. Pikeperch has a local population structure with 
limited dispersal away from its recruitment area.  

Proposed map 
The currently proposed map (Figure 17) was developed within the HOLAS II project and was approved by 
all HELCOM Contracting Parties in the HOLAS II Ecosystem component data review process during first 
quarter of 2017. 

General description 
The occurrence of suitable nursery habitats is crucial for maintaining fish populations (Sundblad et al. 2013). 
Species distribution modelling studies have shown the importance of suitable environmental conditions for 
pikeperch recruitment. Due to lack of coherent data on pikeperch spawning and nursery areas across the 
Baltic Sea countries, environmental variables were used in delineating potential recruitment areas for 
pikeperch. 

The pikeperch recruitment area presented on the map is mainly delineated by selecting areas where depth 
< 5 m, logged exposure < 5, salinity < 7, Secchi depth < 2 m and distance to deep (10m) water < 4km. The 
threshold values have been obtained from literature (Veneranta et al. 2011; Bergström et al. 2013; Sundblad 
et al. 2013; Kallasvuo et al. 2017). Temperature, although important for pikeperch, was left out due to high 
variation in timing of suitable spawning temperatures across the Baltic Sea. In Finnish coastal waters, a 
national pikeperch model (Kallasvuo et al. 2017) has been used, with very suitable areas for pikeperch 
generalized to 1 km grid. In Sweden, the areas delineated by environmental variables have been 
complemented with information from national interview survey (Gunnartz et al. 2011) as well as expert 
opinion 

Lineage and development of the map 
Depth: Baltic Sea Bathymetry database (http://data.bshc.pro/#2/51.8/20.1), complemented in some coastal 
areas with IOW bathymetry data (Seifert et al. 2001). 

Wave exposure: Wave Impact Index calculated for the whole Baltic Sea (Isæus 2004) 
Salinity: Monthly means of May for years 2011-2014 downloaded from Copernicus Marine Environment 
Monitoring Service (http://marine.copernicus.eu). Reanalysis products of SMHI for years 1989-2004, 5.5km 
grid cells. A May mean for 2011-2014 was calculated. Extrapolation to some coastal areas (that were outside 
the original data due to low resolution of the grid) was carried out. 

Secchi depth: Satellite based (MERIS) composite layer of May 2011, kindly provided by Krista Alikas at Tartu 
Observatory, Estonia (Alikas  and Kratzer, submitted).  
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Data table for pikeperch 
Species Pikeperch (Sander lucioperca) 
Stock Several, undefined 
Essential fish 
habitat 

Recruitment areas 

Approach for 
making the 
map 

1) General approach: Environmental window.  
2) National approach for Finnish waters 
3) Corrected for Swedish waters 

Information 
source 

1) Veneranta et al. 2011; Bergström et al. 2013; Sundblad et al. 2013; Kallasvuo et al. 
2017 

2) Kallasvuo et al. 2017 
3) Gunnartz et al. 2011; expert opinion 

Time series NA 
Input data 
spatial 
coverage 

Wave exposure: Isaeus 2004 
Depth: Baltic Sea Bathymetry database (http://data.bshc.pro/#2/51.8/20.1), 
complemented in some coastal areas with Seifert et al. (2001) 
Salinity: Copernicus Marine Environment Monitoring Service, SMHI 
Secchi depth: Satellite based (MERIS) composite layer of May 2011, kindly provided by 
Krista Alikas at Tartu Observatory, Estonia (Alikas and Kratzer, submitted). 

Variables Depth < 5 m   
Distance to deep (10 m) water < 4km  
Logged exposure < 5  
Salinity < 7  
Secchi depth < 2 m 

Comments Temperature, although important for pikeperch, was left out due to high variation in 
timing of suitable spawning temperatures across the Baltic Sea. 

 

Data quality 

The map is based on literature and environmental variables, not actual data. Also the data layers on 
environmental variables are based on modelling. The species distribution modelling studies, where the 
thresholds values for environmental variables have been obtained, are from the northern Baltic Sea. Here, 
same thresholds have been applied in the southern Baltic. Due to these constraints, the pikeperch 
recruitment area map should be considered as a rough estimation. 

  
 
The dataset was approved by all HELCOM Contracting Parties in the HOLAS II Ecosystem component data 
review process during first quarter of 2017. 

 
Attribute information: Raster value representing the potential occurrence of pikeperch reproduction area 
(either 0 or 1). 
References 
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Figure 17. 
Recruitment areas of pikeperch. See also the HELCOM Map and Data services. 

http://maps.helcom.fi/website/mapservice/
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