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Background 
This document contains the draft third thematic assessment for coastal fish in the Baltic Sea, prepared by 
FISH-PRO II. The assessment will be considered by the fourth meeting of the project (FISH-PRO II 4-2017), 
which will be held on 13-15 February 2017, further worked on during 2017 and published in late 2017 after 
the adoption by the State and Conservation Working Group. 

Under chapter 4, a list of suitable measures for restoring/protecting coastal fish communities, which have 
scientifically documented positive effects within the current management structures, are presented.  

 

Action requested 
The Meeting is invited to: 

− take note of the development of the draft third thematic assessment for coastal fish under the 
HELCOM State and Conservation Working Group, 

− provide possible comments and review especially chapter 4 on available measures.  
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1. Background 

1.1 Coastal fish in the Baltic Sea - their ecological role and societal relevance 
Coastal fish communities in the Baltic Sea are usually referred to as the fish assemblages 
in relatively near shore and shallow (< 20 m depth) coastal areas. As a result of the 
pronounced environmental gradients in the Baltic Sea, the communities generally 
harbour a mixture of species with a marine and freshwater origin (Ojaveer et al., 2010; 
Olsson et al. 2012). Typical freshwater species includes perch (Perca fluviatilis), ruffe 
(Gymnocephalus cernus), pikeperch (Sander lucioperca), whitefish (Coregonus maraena) 
and fishes from the carp family (Cyprinidae), whereas the most common marine species 
found are herring (Clupea harengus), flounder (Platichtys flesus) and cod (Gadus morhua; 
HELCOM 2012, Olsson et al. 2012, Bergström et al. 2016). In the eastern and northern 
parts of the Baltic Sea with lower salinity coastal fish communities are dominated by 
species of freshwater origin (HELCOM 2012), whereas in the more saline southern and 
western parts an increased segment of marine species are commonly found. There are not 
only latitudinal differences in coastal fish community composition. During the warmer 
parts of the year and in more sheltered parts of the archipelago, fish communities in 
coastal areas are dominated by freshwater species and those favoured by higher water 
temperatures (Olsson et al. 2012). In more exposed areas and during the colder parts of 
the year marine species and those preferring lower water temperatures (whitefish, smelt 
(Osmerus eperlanus) and sculpins) are more common. 
 
As a result of the strong environmental and seasonal gradients in species composition, 
the key species of the communities differs in time and space. Generally, however, perch is 
recognised as key species in northern and eastern parts of the Baltic Sea and during the 
warmer period in more sheltered parts of the coastline (HELCOM 2015). As a contrast, 
cod and flounder are commonly recognised as key species in the more saline western and 
southern parts and in more exposed archipelago areas (HELCOM 2015).  
Another key feature of coastal fish communities is the relatively restricted migration and 
hence local population structure as compared to offshore and more marine species 
(Laikre et al 2005; Östman et al 2016). Freshwater species like perch, whitefish and 
pikeperch exhibit rather remarked genetic population structures on a small scale and 
restricted migration across coastal areas (Laikre et al 2005; Olsson et al 2011, 2012; 
Östman et al. in revision). Cod, flounder and herring populations as a contrary are 
characterized by substantial gene flow and migration across areas, high population 
numbers and hence sub structuring (Nielsen et al. 2003; Jorgenssen et al 2007; Florin and 
Höglund 2008). As a result, coastal fish communities are local in their appearance and 
response to environmental conditions and pressures. Taken together the local population 
structure and gradients in species composition implies that coastal fish community 
assessments needs to be considered on a rather confined geographic scale, preferably at 
the scale of the migration distance of the most common species in the communities 
(Östman et al. in press). This also implies that management measures to restore and/or 
strengthen coastal fish communities should have a local rather than regional approach.  
 
Coastal fish are important in many aspects, both for the Baltic Sea ecosystems and for 
humans with respect to socio-economic and cultural values. Fish are found in the central 
parts of coastal food-webs and hence integrate processes in the food-webs. As such, the 
status of coastal fish conveys information on the general status of coastal ecosystems in 
the Baltic Sea (HELCOM 2006, 2012). Evidence is also accumulating for that the structure 
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of coastal fish communities is crucial for ecosystem structure and functioning. For 
example, predatory fish could influence the balance in the food web between lower 
trophic level by regulating the abundance prey and ultimately influence occurrence 
eutrophication symptoms as blooms of ephemeral algae (Eriksson et al. 2011). Strong and 
healthy populations of coastal predatory fish might via trophic cascading mechanisms 
limit eutrophication symptoms at magnitude comparable with nutrient abatement in 
coastal areas (Östman et al in press). Coastal fish communities are at last but not the least 
important for human consumption and recreation. Many of the species are in focus for the 
small-scaled coastal commercial fishery, but to an increasing extent also for recreation 
and the recreational fisheries sector (HELCOM 2015). To that end, the outtake of typical 
coastal fish species in recreational fisheries greatly outnumbers that of the commercial 
fishery in many Baltic countries. Given the vast number of ecosystem services that coastal 
fish provides, this ecosystem component has an important role in the Baltic Sea Action 
Plan (HELCOM 2007), the regional implementation of the Marine Strategy Framework 
Directive (MSFD, EC 2008), and the Common Fisheries Policy (REF). 
 

1.2 HELCOM FISH PRO and earlier assessments 
Coastal fish monitoring has a long tradition in the Baltic Sea, in some areas dating back to 
the early 1970’s (Olsson et al. 2012). Since 2003, the HELCOM expert network for coastal 
fish has coordinated monitoring and assessments of coastal fish in the Baltic Sea. Over the 
years the network has existed on a project basis under the acronyms HELCOM FISH, 
HELCOM FISH PRO and HELCOM FISH PRO II, with the current project period lasting until 
mid-2018. Currently the expert group includes experts from all HELCOM contracting 
parties including Russia (HELCOM 2016).  
 
The expert group has produced two earlier indicator based thematic assessments 
describing the status of coastal fish communities in the Baltic Sea (HELCOM 2006, 2012). 
The increased focus of regionally harmonized monitoring programs and status 
assessments following the implementation of the MSFD has lead to an increased focus on 
indicator development, assessment methods and coordinated monitoring programs for 
coastal fish. With respect to earlier status assessments (HELCOM 2006, 2012), this report 
includes data also for Germany and Denmark and a status assessment based on few 
agreed and generic ecological indicators with established boundaries for Good 
Environmental Status (GES, HELCOM 2015). In addition to this, the ongoing change in the 
Baltic Sea environment and recent changes in Baltic coastal fish communities (Olsson et 
al. 2012; Bergström et al. 2016) calls for an updated status assessment. 
 

1.3 Monitoring of coastal fish in the Baltic Sea 
To date, coastal fish monitoring is in some form undertaken in all HELCOM contracting 
parties except for Russia (HELCOM 2015; Figure 1). Monitoring is coordinated via 
HELCOM, but due to different traditions in monitoring practices, that different local 
settings require somewhat different methods, and the best use of available data, there are 
currently several different monitoring methods for coastal fish in the Baltic Sea. Fishery 
independent monitoring dominates and includes passive gears, such as gill nets, fyke nets 
or trap nets, but also active gears as bottom trawl is used in some areas (see monitoring 
guideline, HELCOM 2015, for details). In Finland and Denmark, the fisheries independent 
monitoring program is not well developed, and the status assessments are based on data 
from the small-scaled commercial fishery (Finland, Lappalainen 2014) and recreational 
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fishermen surveys (Denmark, Pedersen et al. 2005; Sparrevohn et al. 2009; Støttrup et al. 
2012; Kristensen et al. 2014). Independent of the monitoring method, however, the 
indicators used in this assessment are generic and applicable to all monitoring methods, 
and the status of the indicators are derived based on time-series within a monitoring 
method and not across methods and coastal areas (HELCOM 2015).  
 
The current monitoring strategy is designed to primarily monitor changes in the fish 
communities in relation to the impact of eutrophication, habitat alteration, climate 
change, toxic substances and fishing. Except for the fisheries dependent data, the common 
strategy is to monitor interannual changes in fish abundance at fixed stations, and to 
follow the relative abundance of different segments of the coastal fish community in each 
area (HELCOM 2015). In many regions, the monitoring areas generally target reference 
areas where direct human impact is comparably small, with the aim of detecting large-
scale changes in the environment. Focal species are generally those locally abundant and 
of a freshwater origin, with segments of marine and migratory species dependent on the 
season and geographic location as described above. 
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Figure 1. Current coastal fish monitoring in the Baltic Sea. Note that in Finland information from coastal 
fish community status are derived from basin-wide data on commercial catch statistics of the small-scaled 
coastal fishery in the Bothnian Sea, The Quark, Bothnian Sea, Åland Sea and Gulf of Finland. 
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1.4 Objectives of the assessment 
The objectives of this thematic assessment report is to: 

1) review the most important pressures impacting coastal fish in the Baltic Sea 
2) assess the status of coastal fish communities based on a set of common indicators 

during the years 2011-2015 
3) suggest potential measures to take to restore and strengthen coastal fish stocks 

and communities in the Baltic Sea 
4) provide future recommendations for further indicator development and 

assessment work for coastal fish 
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2. Factors influencing coastal fish communities 
Coastal areas are amongst the most productive marine environments worldwide, and are 
at the same time heavily impacted by human exploitation (Lindeboom 2002). The range 
of potentially impacting pressures on the systems is wide (Collie et al 2008), including 
fishing, habitat exploitation, climate change, eutrophication and exposure to hazardous 
substances. In being in the central parts of the food web, fish populations and 
communities are commonly influenced by a mix of external pressures in the environment, 
species interactions and internal population processes external drivers,  
(Persson et al. 2000; Shelton & Mangel 2011). In being local in their appearance and 
response to environmental change (Laikre et al. 2005; Östman et al. 2016; Östman et al. 
in press), coastal fish communities are expected to respond to a plethora of potentially 
impacting pressures likely with unique responses in different areas and regions 
depending on the current environmental setting and status of the area (Olsson et al. 2012; 
Östman et al. 2016). Here we list a number of potential pressures for coastal fish 
communities and populations and their impacts.  

2.1 Temperature 
Temperature governs the productivity of coastal ecosystems, hence indirectly influencing 
food and energy availability for coastal fish. Temperature also directly affects ectothermic 
organisms, such as fish, with increasing temperatures having a positive effect on both 
activity and growth.  However, in shallow coastal systems, temperatures can often exceed 
the physiological limits of cold-adapted species, periodically excluding them from 
particular habitats. 
 
Several of the dominating freshwater species (e.g., percids and cyprinids) in coastal fish 
communities prefer conditions with warmer waters (Böhling et al., 1991; Karås and 
Thoresson, 1992; Karås, 1996). In contrast, species of a marine origin (e.g. herring and 
cod) and a segment of the freshwater species living in coastal areas of the Baltic Sea (e.g. 
salmonids and scuplins) are favoured by cooler waters (Olsson et al. 2012). Recent studies 
have also demonstrated a match between long-term increases of freshwater species as 
percids and cyprinids and increasing water temperatures in coastal areas of the Baltic Sea 
and a subsequent decrease of cold-water adapted species (Olsson et al. 2012; Östman et 
al. 2016). Moreover, juvenile flatfish can be impacted negatively during periods of higher 
water temperatures, especially as temperature maximums in late summer coincide with 
these groups' coastal habitat use (Lavergne et al., 2015; Vinagre et al., 2013). The 
abundance of adult flounder is, however, somewhat favoured by increasing water 
temperatures (Florin et al. , 2013; Olsson et al. 2015). 
 
Short-term changes in water temperature, caused by weather conditions and currents, 
also have impacts on the activities of coastal fish, hence ultimately affecting their 
catchability in passive gears such as gillnets and fykenets. Given that the water 
temperature is not manageable in the shorter time perspective, it is crucial to consider its 
effects when assessing the status of coastal fish communities (Östman et al. 2016; 
Bergström et al. in revision).  

2.2 Salinity 
The salinity in a coastal area can impact the survival of eggs, larvae and young as well as 
exclude adults from utilizing potential habitats.  This has been shown for both 
commercially important species, such as herring (Illing, Moyano, Hufnagl, & Peck, 2016), 
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and ecologically important species, such as sticklebacks (Defaveri & Merilä, 2014) and 
sand goby (Lehtonen & Kvarnemo, 2015) alike.  
In being a brackish water system, the salinity in the Baltic Sea has a substantial impact on 
the distributional pattern of organisms (Johanneson & Andre, 2016; Wennerströn et al 
2013). The variability of salinity observed in parts of the Baltic Sea creates overlap in the 
ranges of different fish communities, and in some coastal areas a co-occurrence of a 
marine species like cod and a freshwater species as roach could be observed. Generally, 
however, the segment of marine species decrease with latitutude in the Baltic Sea 
(HELCOM 2012). The abudances of species of freshwater origin drastically decrease in the 
more southern and western parts as the salinity exceeds 10 psu.  
Salinity might also act as a barrier to gene flow of divergent populations of the same 
species. This could be exemplified in the differential tolerances of allopatric cod stocks 
(Kijewska et al., 2016) and the reproductive strategies of sympatric flounder (Nissling & 
Dahlman, 2010).  
In parallel with temperature, salinity has affected the long-term development and 
structure of coastal fish communities. During the last decades the salinity of the Baltic Sea 
has decreased and influenced the shift in coastal fish communites in favour of freshwater 
species and a subsequent descrease in species of a marine origin (Olsson et al. 2012; 
Olsson et al. 2016). With a continuing freshening of the Baltic Sea the segment of 
freshwater species such as percids and cyprinids in coastal areas are expected to increase 
whereas marine species like herring, cod and flounder will decrease in abundance. 
Similarly as for temperature, salinity is not a factor that is manageable in the shorter time-
perspective and should hence be considered when assessing the status of coastal fish 
communities (Östman et al. 2016).  

2.3 Eutrophication 
The level of eutrophication in a coastal area is regulating the productivity of the system, 
hence ultimately affecting the energy intake, growth and reproduction of fish. 
Eutrophication for example influences the balance between different lower trophic 
groups of organisms ultimately affecting the food type and quality for fish. Excessive 
eutrophication might also lead to oxygen-deficiency, reduced habitat quality and lowered 
visibility in the water, ultimately affecting particular species in different ways.  
The Baltic Sea is one of the world’s most eutrophied marine areas (HELCOM 2010; 
Fleming-Lehtninen et al. 2016), and eutrophication has a substantial impact on the 
distribution and occurrence of inhabiting organisms. The structure and function of coastal 
fish communities are hence also impacted by eutrophication (Lappalainen, 2002). A 
common observation is an increased abundance of cyprinid species with increasing 
nutrient levels (Bonsdorff et al., 1997; Lappalainen, 2002; Ådjers et al. 2006; Härmä et al. 
2008; Snickars et al. 2015; Bergström et al. in revision). Also other species are to some 
extent favoured by moderate levels of eutrophication (Olsson et al. 2012; HELCOM 2015; 
Östman et al. 2016). For example, the abundance of flounder is favoured by moderate 
eutrophication in areas under low fishing pressure (Florin et al., 2013; Olssonet al. 2012). 
However, in more shallow coastal areas, increased presence of ephemeral macro-algae 
due to eutrophication, reduces the suitability of nursery habitats for flounder and a 
variety of other species (Wennhage & Pihl, 1994; Carl et al. 2008; HELCOM 2015; Jokinen 
et al. 2015; Kraufvelin et al. 2016), as might also be the effect of lowered water 
transparency (Bergström et al. 2013).  
 
Coastal fish are not only impacted by eutrophication, but the structure of the communities 
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might via trophic cascades affect the degree of eutrophication symptoms in coastal areas 
(Eriksson et al. 2011; Sieben et al. 2011; Baden et al. 2012; Östman et al. 2016). 
Piscivorous fish species generally have a structuring role in the ecosystem, and in areas 
with weak populations of piscivorous fish species the subsequent lack of top-down 
control might result in mass-occurences of mesopredatory fish species resulting in 
blooms of ephemeral algae (Eriksson et al. 2011; Sieben et al. 2011). The effects on the 
production of ephemeral algae might be as strong as the effects of nutrients, and the most 
pronounced effects are seen in already heavily eutrophied systems (Östman et al. 2016). 
Fisheries management should hence be considered in eutrophication management since 
viable populations of piscivorous fish species are generally supported in systems with few 
eutrophication symptoms and balanced food-webs (Eriksson et al., 2011). 

2.4 Fishing 

Fishing as a pressure can be broken down into different categories.  The first distinction 
comes between the direct effects of harvesting specific species as resources versus the 
indirect effects resulting from trophic cascades and physical habitat disturbance (Airoldi 
& Beck, 2007). With respect to the direct effects of fishing, fishing mortality for some 
species comes from being targeted for exploitation, whilst for other mortality is derived 
from extraction as by-catch.  Generally, however, the by-catch of unwanted species in the 
small-scaled commericial fishery is minor compared to the large-scaled commercial trawl 
fishery. 

In coastal areas both small-scaled commercial fisheries and recreational fisheries are 
targeting coastal fish communities and populations, but patterns differ between regions. 
For obligate coastal species as perch, pike-perch, pike and whitefish, mainly targeted in 
the eastern and northern parts of the Baltic Sea, the outtake in many countries from the 
recreational fisheries sector greatly outnumber that of the small-scale commercial fishery 
(Karlsson et al. 2014; HELCOM 2015). In some areas such as the southwestern Baltic Sea 
the same pattern of proportionally large recreational catches in coastal areas holds also 
for species like cod, flounder and eel (Ferter et al. 2013; Eero et al. 2015; Ferter et al., 
2013; Sparrevohn & Storr-Paulsen, 2015). Conversely, in other areas cod and flounder are 
predominantly exploited in the offshore commercial fishery.  

Whereas the commercial fishery is regulated and obliged to report catches and efforts to 
national authorities and EU, the recreational fishery sector lacks general legislation in 
many countries and the reporting of the catches and outtakes are today only present in a 
few Baltic countries (Karlsson et al. 2014; HELCOM 2015). 

Fishing has potentially strong effects on recipient communities and populations, mainly 
manifested as direct mortality effects reducing the abundance and mean size of targeted 
species and populations (Vetemaa et al. 2000; Edgren, 2005; Florin et al. 2013). Due to 
the persumably high outtake from the recreational fisheries sector in combination with 
poor reporting and regulation of the sector and weak protection of stocks, the effects of 
fishing on coastal fish communties has likely been underestimated.  

Besides direct mortality effects , the indirect effects of fishing are diverse and vary from 
changes in individual species life-history traits caused by fisheries induced selection 
(Cardinale et al., 2009), changes in trophic regualtion leading to trophic cascades within 
and across systems (Österblom et al., 2007; Eriksson et al. 2011; Baden et al. 2012; Casini 
et al. 2012), and physical destruction of habitats by fishing gear (Hiddink et al., 2006). 
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2.5 Habitat availability and quality 
Habitat availability can become limiting for local coastal populations and even entire 
stocks when coastal development, resource extraction or practices of “beach 
nourishment” take place on large scales (Kraufvelin et al. 2016). To date, few studies have, 
however, demonstrated the role of habitat availability and quality for coastal fish in the 
Baltic Sea (reviewed in Kraufvelin et al. 2016), but evidence is accumulating. Given the 
vulnerability of the habitats and the rate of human exploitation of them, this is a subject 
that should gain more attention in the future. 
Coastal development such as building of marinas, ports or coastal residences can 
physically displace fish by drastically altering the bathymetry, hydrography and seafloor 
type (Dafforn et al. 2015; Kraufvelin et al. 2016). Although individual projects have only 
a localised effect, cumulatively, coastal development has been shown to reduce the total 
available habitat for specific life-history stages (Sundblad & Bergström, 2014) which in 
turn might limit the overall production of the stock (Sundblad et al. 2014).  
Besides the risks associated with xenobiotics derived from oil and gas exploitation, other 
forms of resource extraction in the coastal zone can remove available habitats for various 
coastal species by removing structure and complexity.  This has been documented in the 
loss of coastal boulder reefs (Støttrup et al. 2014).  Whilst there is some evidence that co-
ordinated extraction and core-building of sand banks in previously eroded areas can lead 
to increased diversity and fish biomass (De Jong et al., 2014), practices such as beach 
nourishment and indiscriminate extraction lead to a loss of habitat especially for fish with 
obligate coastal life-history stages (Foden et al. 2009). 

2.6 Other important factors 
In addition to those described above, there are many other natural and anthropogenic 
pressures influencing coastal fish stocks.  A non-exhaustive list of natural factors acting 
more on the local scale could include wind/wave exposure, the bathymetry and 
morphology of the coastal area, sunlight intensity (peak and cumulative), as well as 
predation pressure from apex predators (eg. seabirds, mammals or higher trophic level 
fish) and interactions within the food web. Whereas the local abiotic settings of a coastal 
areas sets the limits for the current production rate of the fish (HELCOM 2012; Bergström 
et al in revision), the role of food web processes as internal dynamics and predation likely 
differs between areas and communities (Vetemaa et al. 2010; Lehikoinen et al. 2011; 
Heikinheimo et al. 2016; Östman et al. 2012, 2016).  
On larger scales the frequency of and pattern shifts in periodic pressures like saltwater 
inflow, floodwater outflow and ice coverage followed by the overarching patterns of 
multi-annual and multi-decadal weather patterns such as the North Atlantic Oscillation 
also impact on the distribution of coastal fish (Olsson et al. 2012). Similar to the effects of 
salinity and water temperature, the variables listed above to some extent represents 
ambient conditions of the system that might hence not be easily managed in the shorter 
time-perspective.   
In terms of human induced pressures that potentially could be managed invasive species, 
xenobiotics/pollution, changes to catchment behaviour (number and magnitude of 
freshwater sources), sedimentation rates, aquaculture, and maritime traffic (commercial 
and recreational) can be listed. Among these there are to date only little evidence for 
direct negative effects of invasive species (round goby; Ustups et al. 2015), pollution 
(Hanson et al. 2009), and maritime traffic (Sandström et al 2005). In addition to these 
pressures, increasing efforts to restore previously degraded habitats can directly affect 
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coastal fish communities, most often such efforts are beneficial to some 
species/populations whilst simultaneously negatively impacting others (Wortley et al. 
2013). 

2.7 Conclusions 
There are a multitude of natural and anthropogenic pressures potentially affecting coastal 
fish communities simultaneously. A few, strong pressures often explain a large proportion 
of the variation in fish abundance and distributions, whilst the smaller effects of others 
can only be observed under certain conditions.  The extent of the effects of different 
pressures hence varies substantially across coastal areas and among coastal fish 
communities. The potential for generalizations across areas is accordingly limited and for 
each case an individual evaluation should be advocated. To that end, in order to address 
the full extent of the impact that human activities have on coastal fish populations, one 
must consider all anthropogenic pressures cumulatively and within the context of the 
natural pressures and ambient environmental conditions of the specific area.
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3. Status assessment 

3.1 Good environmental status (GES) 
The assessment presented in this report is based on the status of the two current CORE 
indicators for coastal fish. The first indicator used is Abundance of coastal fish key species, 
which describes the status of the key fish species (perch, flounder or cod) in the coastal 
area, and the second indicator used is Abundance of coastal fish key functional groups that 
describe the state of important functional groups of coastal fish communities as piscivores 
and cyprinids or mesopredators. For more information on the indicators see below and 
HELCOM 2015. 
 
Before going into details, there are some general features of the assessment that should 
be considered.  

• First, as coastal fish communities in general are local in their appearance and 
response to environmental change (see paragraph above), GES is achieved when 
the indicator value of:  
- Abundance of coastal fish key species is above a set site and species specific 

boundary (Figure 2).  
- Abundance of coastal fish key functional groups (piscivores) is above a set site 

and species specific boundary (Figure 2).  
- Abundance of coastal fish key functional groups (cyprinids/mesopredators) is 

within an acceptable range (Figure 3). 
 
Furthermore, as the data supporting the indicators are derived from various 
monitoring sources, quantitative GES-boundaries are not directly comparable 
across monitoring areas and programs.  
 

• Second, the data that support the indicators are of different time-series length and 
hence we use two different approaches to assess the status of the indicators: 
- A deviation from base-line approach for data covering more than 15 years 

(Figure 2a and 3a). 
- A trend-based approach for data covering less than 15 years (Figure 2b and 

3b).  
 

• Third, as defined by the Marine Strategy Framework Directive (EU, 2008), the 
base-line conditions are referred to as conditions for the indicator characterized 
by sustainable use and within stable environmental (climate and hydrography) 
conditions. Hence, the indicator state during the base-line period can be 
characterized as being good (GES) or unfavourable (subGES), with no directional 
development of the indicator value (Figure 2 and 3). 

 
 
 
 
 
 
 
 
 



      FISH 5-2016, 3-1 
Draft 2016-10-11 

 

 Page 13 of 28  
 

A)    B) 

                                                  
 
Figure 2. Definition of GES for the indicators Abundance of coastal fish key species and  
Abundance of coastal fish key functional groups (piscivores). A) Acceptable deviation from baseline is used 
to define the boundary between GES and subGES when data spans over more than 15 years. B) Application 
of the trend based approach (data less than 15 years) for evaluating environmental status where GES is 
defined based on the direction of the trend of the indicator compared to the desired direction of the 
indicator over time. From HELCOM 2015. 
 
A)              B) 

                              

 

  
Figure 3. Definition of GES for the indicator Abundance of coastal fish key functional groups (cyprinids/ 
mesopredators). A) Acceptable deviation from baseline is used to define the boundary between GES and 
subGES when data spans over more than 15 years. B) Application of the trend based approach (data less 
than 15 years) for evaluating environmental status where GES is defined based on the direction of the trend 
of the indicator compared to the desired direction of the indicator over time. From HELCOM 2015. 
 
  

A baseline needs to be to be defined for determining the GES boundary. The period used 
to define the baseline needs to cover at least 10 years in order to extend over more than 
twice the generation time of the typical species represented in the indicator and 
thus cater for natural variation in the indicator value due to for example strong and weak 
year classes. For the period used to determine the baseline to be relevant, it must also be 
carefully selected to reflect time periods with stable environmental conditions, as stated 
within the MSFD (European Commission 2008). Substantial turnovers in ecosystem 
structure in the Baltic Sea are apparent in the late 1980s, leading to shifts in the baseline 
state (Möllmann et al. 2009) and for coastal fish communities substantial shifts in 
community structure have been demonstrated in the late 1980s and early/mid 1990s 
(Olsson et al. 2012). In some areas, there have also been minor temporal changes in fish 
community structure later (Bergström et al. 2016). 
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Estimates of the relative abundance and/or biomass of key coastal fish species are used 
to evaluate whether GES is achieved or not. These estimates are derived from fishery 
independent monitoring, recreational fishermen surveys and/or commercial catch 
statistics. Since there are strong environmental gradients in the Baltic Sea and coastal fish 
communities and stocks are typically local in their appearance and respond mainly to area 
specific environmental conditions, the evaluations for coastal key fish species are carried 
out on a relatively local scale. 
 
The evaluation period applied when using the baseline approach should cover five years 
to cater for natural variability. GES is evaluated based on the deviation of the median value 
of the indicator during the assessment period in relation to the boundary level (Figure 2 
and 3). The current evaluation assesses status of coastal fish communities during the 
period 2011-2015 since this represents a period with relative stability in coastal fish 
communities (Bergström et al. 2016). 

3.2 Indicators used 
The indicators Abundance of coastal fish key species and Abundance of coastal fish key 
functional groups was selected as the status of key species and functional in the coastal 
fish communities can have substantial impact on the structure and function of coastal fish 
communities and ecosystems (Eriksson et al. 2009, 2011; Östman et al. 2016). 
Furthermore, the status of these indicators could also inform on the general status of the 
coastal ecosystem in the area as they integrate processes in the food-web and general 
environmental conditions (HELCOM 2006; HELCOM 2012).  
 
The Abundance of coastal fish key species indicator is represented by the 
biomass/abundance of key species as perch (Perca fluviatilis), flounder (Platichtys flesus) 
and cod (Gadus morhua), depending on the sub-basin. Perch is generally the key species 
in coastal fish communities in the less saline eastern and northern Baltic Sea (Sweden, 
Finland, Estonia, and Latvia), and in more sheltered coastal areas in Lithuania, Poland and 
Germany. In the more exposed coastal parts of the central Baltic Sea and in its western 
parts the abundance of perch is generally lower and flounder is used as key species. Cod 
is the representative species in the western and more saline parts of the region. 
 
The functional groups used in the Abundance of coastal fish key functional groups indicator 
are 1) piscivorous fish species, and 2) fish from the cyprinid family or mesopredatory fish 
species. Piscivorous fish coastal fish species are typically represented by perch (Perca 
fluviatilis), pike (Esox Lucius), pikeperch (Sander lucioperca) and burbot (Lota lota) in the 
less saline eastern and northern Baltic Sea (Sweden, Finland, Estonia, Latvia and 
Lithuania) and in sheltered coastal areas in Poland and Germany. In the more exposed 
coastal parts of the central Baltic Sea and in its western parts, piscivores are typically 
represented by cod (Gadus morhua) and turbot (Scophthalmus maximus). In areas where 
cyprinids do not exist naturally, mesopredatory fish species could be used e.g. wrasses 
(Labridae), sticklebacks (Gasterosteidae) and gobies (Gobiidae). In general, species from 
the cyprinid family (Cyprinidae), e.g. roach (Rutilus rutilus) and breams (Abramis sp.) are 
most abundant in the less saline eastern and northern Baltic Sea, whereas mesopredatory 
fish (sticklebacks, wrasses and gobies) are representative in the more exposed coastal 
parts of the central Baltic Sea and in its more saline western region. 
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As highlighted in chapter 2, a plethora of potential pressures impact coastal fish 
communities likely with different and cumulative effects depending on the ambient 
natural conditions and community structure and status in the area. The indicators 
Abundance of coastal fish key species and Abundance of coastal fish key functional groups 
(piscivores) is however mainly influenced by non-manageable factors as climate change, 
coastal morphology, natural predation and food-web interactions, and manageable 
pressures as fishing, habitat availability and quality, but also eutrophication. In being 
representing mid-trophic level fish, the indicator Abundance of coastal fish key functional 
groups (cyprinids/mesopredators) is to a larger extent influenced by the non-manageable 
pressures, eutrophication and habitat availability and quality rather than human 
exploitation in the form of fishing. 

3.3 Assessment protocol 
The current indicator based assessments uses two different approaches for evaluating 
whether GES is achieved or not. The approach used is dependent on the length of the time-
series used as the basis for the assessment and whether certain criteria are met. If the 
time-series is longer than 15 years and the criteria met a base-line approach is used. If 
not, a trend based approach is applied to the data. 

Baseline approach 
Criteria (see figure 4): 
 

- The time period used to determine the baseline should cover a minimum 
number of years that is twice the generation time of the species most influential 
to the indicator evaluation. This is to ensure that the influence of strong year 
classes is taken into account. For coastal fish, this is typically about ten years. 
In this assessment, the time period used to determine the baseline period 
against which GES is evaluated mainly spans over the years 1998-2010. 

- The dataset used to determine the baseline must not display a linear trend 
within itself (n≥10, p>0.05), as the baseline for evaluation should optimally 
reflect the community structure at stable conditions and not a development 
towards a change in the environmental status. 

 
Before evaluating GES, it should also be decided whether or not the baseline reflects GES. 
This can be done either by using data dating back earlier than the start of the period used 
to determine the baseline, using additional information, or by expert judgment. For 
example, if data from time periods preceding the period used for determining the baseline 
have much higher indicator values, the baseline might represent subGES (in case of an 
indicator where higher values are indicative of a good environmental state) or GES (in 
case of an indicator where higher values are indicative of an undesirable state). 
 
Once the baseline status during has been defined, GES-boundaries are defined as the value 
of the indicator at the Xth percentile of the median distribution of the dataset used for 
determining the baseline. The median distribution is computed by resampling (with 
replacement) from the dataset used to determine the baseline. In each repetition, the 
number of samples equals the number of years in the assessment period (here five years). 
In order to improve precision, a smoothing parameter may be added in each repetition. 
The smoothing parameter is computed as the normal standard deviation of the re-
sampled dataset divided by the number of years resampled. To evaluate GES during the 
evaluation period, the median value of the indicators during the evaluation period is 
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compared with the specific GES boundary (see Figure 2 and 3). For the indicators 
Abundance of coastal fish key species and Abundance of coastal fish key functional groups 
(piscivores) the following evaluation is undertaken (see Figure 4): 
 

• If the baseline state reflects GES, the median of the years to be assessed (n=5) 
should be above the 5th percentile of the median distribution of the dataset used to 
determine the baseline in order to reflect GES. 

• If the baseline state reflects subGES, the median of the years to be assessed (n=5) 
should be above the 98th percentile of the median distribution of the dataset used 
to determine the baseline in order to reflect GES.  
 

For the Abundance of coastal fish key functional groups (cyprinids/mesopredators) 
indicator the following evaluation is undertaken (see Figure 4): 
 

• If the baseline state reflects GES, the median of the years to be assessed (n=5) 
should be between the 5th and 95th percentile of the median distribution of the 
dataset used to determine the baseline in order to reflect GES. 

• If the baseline state reflects subGES, the median of the years to be assessed (n=5) 
should be below the 5th percentile of the median distribution of the dataset used 
to determine the baseline in order to reflect GES in case of too high values of the 
indicator during the baseline period. If indicator values are too low during the 
baseline period, the median of the years to be assessed (n=5) should be above the 
98th percentile of the median distribution of the dataset used to determine the 
baseline in order to reflect GES. 

Trend-based approach 
If the requirements for defining quantitative baseline conditions are not met (e.g. short 
time series, or a linear development during the period used to determine baseline 
conditions), then a trend-based evaluation should be used. Data should date back to the 
early/mid-2000s to be included in the evaluation, and data should be ln-transformed to 
enhance linearity. 
 
In the trend based approach, GES is defined based on the direction of the trend of the 
indicator compared to the desired direction of the indicator over time (Figure 2 and 3). 
For the indicators Abundance of coastal fish key species and Abundance of coastal fish key 
functional groups (piscivores) the following evaluation is undertaken (see Figure 4): 
 

• If the first years of the time series assessed reflects GES, the trend of the indicator 
over time should not be negative in order to represent GES.  

• If the first years of the time series assessed reflects subGES, the trend in the 
indicator should be positive in order to represent GES.  

 
The level of significance for these trends should be p < 0.1. 
 
For the Abundance of coastal fish key functional groups (cyprinids/mesopredators) 
indicator the following evaluation is undertaken (see Figure 4): 
  

• If the first years of the time series assessed reflects GES, the trend of the indicator 
over time should not exhibit any directional trend in order to represent GES.  
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• If the first years of the time series assessed reflect subGES, the trend of the 
indicator over time must be negative when too high values of the indicator are 
observed during the first years. If the values of the indicator are too low during the 
first years, the direction of the trend must be positive to represent GES.  

 
The level of significance for these trends should be p < 0.1. 

 

 
 
 
Figure 4. Decision tree for GES-evaluation of coastal fish community indicators. The indicators are 
abbreviated as follows: abundance of key fish species as 'key species', abundance of piscivores as 
'piscivores' and abundance of cyprinids as 'cyprinids'. Baseline refers to the period 1998–2010. Mass 
period refers to the median of the assessment period (2011-2015), perc = percentile, Mdistr baseline refers to the 
bootstrapped median distribution of the baseline period, and K refers to the slope of the linear regression 
line over the whole time period at p < 0.1. From HELCOM 2015. 
 

3.4 Assessment units and aggregation 
Evaluations of coastal fish communities are representative for rather small geographical 
scales (see chapter 1). In this evaluation the HELCOM assessment unit scale 3 'Open sub-
basin and coastal waters' has therefore been applied. The indicator is not evaluated for 
the open sea sub-basins since the species in focus are coastal. 
 
In assessment units with several monitoring datasets, a conditional rule is applied. Hence, 
the status of the majority of the datasets within the assessment unit determines the 
overall status of the assessment unit. If equal numbers of monitoring locations have GES 
and sub-GES, then the one-out-all-out procedure is applied. 

3.5 Data analyses 
The data used for the evaluations are derived from fishery independent monitoring, 
recreational fishermen surveys and/or commercial catch statistics. 
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Fishery independent monitoring 
The analyses are based on catch per unit effort (CPUE) data from annual averages of all 
sampling stations in each area. To only include species and size-groups suited for 
quantitative sampling by the method, individuals smaller than 12 cm (Nordic Coastal 
multimesh nets) or 14 cm (other net types) were excluded from the assessment. 
Abundance is calculated as the number of individuals of the species included in the 
indicator per unit effort (CPUE). 

Commercial catch data 
Analyses were based on catch per unit effort data (CPUE) in the form of kg/gillnet day, 
and each data point represents total annual catches per area. The gillnets used have mesh 
sizes between 36-60 mm (bar length) and hence target a somewhat different aspect of the 
fish community in the area. In addition, fishing is not performed at fixed stations nor with 
a constant effort across years. As a result, the estimates from the gillnet monitoring 
programmes and commercial catch data are not directly comparable, and only relative 
changes across data sources should be compared. 

Recreational fisheries data2 
 

3.6 Current status 
 

 
Figure 5. MAPS FOR THE STATUS OF THE INDICATORS ASSESSED3  
                                                        
2 Information will be provided later by Denmark 
 
3 These will be produced and updated 
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Status per sub-basin 

Bothnian Bay 
In the Bothnian Bay, three data sets (one Finnsish and two Swedish) were evaluated. All 
three data sets for all three indicators assessed suggest good overall status in the sub-
basin (Figure 5 and 6). 
 

  
 

  
 

  
Figure 6. Temporal development and status for the indicators “key species” (top), “cyprinids” (middle) and 
“piscivores” (bottom) for two areas in the Bothnian Sea. Red fields denote subGES conditions and green fields 
denote GES conditions for the indicators/data sets assessed using the baseline approach. The black horizontal 
line reflect current value of the indicator (median over the assessment period). Green thick lines of the 
indicators/data sets assessed using the trend-based approach denote GES conditions, and red thick lines denote 
subGES. For GES borders, current indicator values and current status, see table 1-3 below. 

The Quark4 
 

Summary of status5 
Overall, there seems to be…….. 
 

                                                        
4 And so forth for all basins 
5 To be summarized later when the assessments are finalized and reviewed 
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Table 1. Summary of the status across data sets and coastal areas (assessment units) for the indicator “Key species”.  
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Table 2. Summary of the status across data sets and coastal areas (assessment units) for the indicator “Cyprinids”. 6 
 
Table 3. Summary of the status across data sets and coastal areas (assessment units) for the indicator “Piscivores”. 6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                        
6 yet to come 
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3.7 Confidence of the assessment 
The confidence of the assessment in each assessment unit relies on the basic concept of 
that higher confidence is represented by longer the time series, good spatial 
representation of monitoring areas within assessment units, congruence in individual 
status assessments across monitoring areas within an assessment units, and good 
precision of data. The confidence is scored at three levels (low, intermediate and high) 
over four criteria (table 4).  The level of confidence must be met at all four criteria to attain 
a certain level of confidence.  
 
Table 4. Confidence scoring table for coastal fish indicator assessments. 
 

 
 
 Table 5. Table of confidence across assessment units and indicators.7 
 
 

                                                        
7 Will be provided at a later stage 
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4. Measures for coastal fish 
As obvious from chapter 1 coastal fish communities are local in their appearance, and 
their structure is significantly impacted by the local environmental settings. Given that 
there is also a multitude of potentially impacting factors regulating coastal fish 
community development (chapter 2), it is challenging to suggest a few generic measures 
to restore and/or protect coastal fish communities. Rather, the nature and type of 
measure to take likely differ from case to case and must hence be adjusted for the specific 
environmental setting and state of the targeted community. Below we list a number of 
measures that are suitable for restoring/protecting coastal fish communities. The 
measures presented here are those that have scientifically documented positive effects 
within current management structures. Hence, as climate change is not manageable in the 
shorter time-perspective, the suggestions below do not include measures directly 
targeting the impact of a changing climate. Also, regulation of natural predation from 
other species in the fish community or from apex predators as birds and mammals are 
neither included in the measures presented in this report. Impacts of climate change and 
natural predation should rather be considered when designing the suitable measure for 
the targeted fish community.  
 
The measures below are further divided into those aiming at regulating the mortality of 
the fish and those boosting the production of the fish.  
 

Measures regulating mortality8  

Fisheries closures (no take areas) 
• Definition “Permanent closure of fishing in an area” 
• Expected effects: reduced mortality of targeted species and communities, a more 

balanced size-structure of the fish community, higher prevalence of larger 
individuals 

• There is general evidence for a positive effect of no take areas in marine waters 
(e.g. Halpern 2003; Halpern et al 2010; Fenberg et al. 2012).  

• For coastal fish in the Baltic Sea there are only a few examples: Florin et al. 2013 
(Flounder); Bergström et al in prep (pike, pikeperch, flounder, cod, whitefish); 
Bergströn et al. 2007 (in Swedish); Edgren 2005 (master-thesis; perch and pike) 

Temporal fisheries closures 
• Definition “Closing an area from fishing seasonally/temporally, mainly during 

spawning/sensitive life stages of exploited species and stocks. Could also include 
closures for certain target species only” 

                                                        
8 At this stage we only list 

1) Definition of the measure 
2) Expected effects 
3) General evidence 
4) Specific evidence for the Baltic Sea and coastal areas 

 
Later on this will be transformed to “normal” text 
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• Expected effects: reduced mortality of targeted species/stock/community, a more 
balanced size-structure of the fish community, higher prevalence of larger 
individuals 

• There is general evidence for a positive effect of no take areas in marine waters 
(e.g. Halpern 2003; Halpern et al 2010; Fenberg et al. 2012).  

• For coastal fish there are only a few examples: Florin et al. 2013 (Flounder); 
Bergström et al in prep (pike, pikeperch, flounder, cod, whitefish); Bergströn et al. 
2007 (in Swedish); Edgren 2005 (master-thesis; perch and pike) 

 

Gear regulations, bag-limits and restrictions in catchable sizes of fish 
• Definition “restrictions in the effort (e.g. number of gears used), type of gear used, 

setting limits on the number of fish caught, and minimum or/and  maximum 
catchable sizes of fish” 

• Expected effects: reduced mortality of targeted species, a more balanced size-
structure of the fish species/stock/community, higher prevalence of larger 
individuals 

• Model-based evidence for effects of size-restrictions for pikeperch in the 
Archipelago Sea (Heikinheimo et. al. 2006 Fisheries Research).  

Measures boosting productivity  

Habitat protection 
• Definition “protection of essential habitats for coastal fish”. This includes both 

protection from physical exploitation via coastal construction and infrastructure 
as effects of boating activities, and also exploitation as dams affecting the flooding 
regime in river mouths and up-stream in brooks and rivers. 

• Expected effects: increased production of juvenile fish that yields stronger adult 
populations 

• Indirect evidence for that this measure is important in that availability of essential 
habitats influence adult fish stocks (Sundblad et al 2014; Kraufvelin et al 2016), 
and that human exploitation of the habitats affect the quality of the habitat 
(Sandström et al. 2005; Sundblad & Bergström 2016) 

Habitat restoration 
• Definition “restoration of important habitats for fish”. This includes for example 

restoration at the coast (artificial reefs), keeping mouths of flads open and in 
coastal tributaries (wetlands for pike production). 

• Expected effects: increased production of juvenile fish or creation of fish refuge 
that yields stronger adult populations”  

• Evidence from stone reefs in Denmark (for windfarms as new reefs, Stenberg et al., 
2015; for proper restoration, Støttrup, Stenberg, Dahl, Kristensen, & Richardson, 
2014; and biogenic reef restoration, Kristensen et al., 2015). Wetlands for pike in 
Sweden (Nilsson et al. 2013), although these produce a vast number of pike 
juveniles the resulting effects on adult fish is not well established (but see 
Fredriksson et al. 2013). 
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Summary9 

5. Conclusions and recommendations 
Should include 

- summarizing the outcome of the status assessment 
- what we know in terms of impacting pressures 
- potential measures to take for coastal fish,  which to suggest 
- how this work relates to HELCOM work and the MSFD and BSAP 
- future steps to be taken 
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