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WATERS is a five-year research programme that started in spring 2011. The programme’s 
objective is to develop and improve the assessment criteria used to classify the status of 
Swedish coastal and inland waters in accordance with the EC Water Framework Directive 
(WFD). WATERS research focuses on the biological quality elements used in WFD water 
quality assessments: i.e. benthic invertebrates, macrophytes, phytoplankton and fish; in 
streams, benthic diatoms are also considered. The research programme will also refine the 
criteria used for integrated assessments of ecological water status.  

This report is a deliverable of one of the scientific sub-projects of WATERS focusing on 
macrophytes in coastal waters. In the report a number of candidate indicators are tested 
against pressure gradients in two coastal areas of Sweden. The result will serve as input to 
the establishment of new monitoring programs as well as for recommendations on new 
indicators for the WFD.  

WATERS is funded by the Swedish Environmental Protection Agency and coordinated 
by the Swedish Institute for the Marine Environment. WATERS stands for ‘Waterbody 
Assessment Tools for Ecological Reference Conditions and Status in Sweden’. Pro- 
gramme details can be found at: http://www.waters.gu.se 
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Summary 
It is well known that the benthic species composition reflects the environmental condi-
tions in the ocean. The benthic fauna is sensitive to exposure of organic matter, metals 
and environmental toxins. Since the fauna is relatively stationary and can have life cycles 
spanning several years it is considered a useful tool in environmental monitoring. The 
well-established benthic fauna index BQI (Benthic Quality Index) has been used to classi-
fy ecological status for several years and has had a large influence on the first status classi-
fication according to EU’s water directive in Sweden. However, the use of BQI has indi-
cated some difficulties. Therefore, our focus within WATERS has been to develop more 
knowledge about the sensitivity of different species and on how to account for the natural 
variation in for example salinity and bottom substrate and thereafter test the BQI in a 
larger geographical area. A new method to calculate the sensitivity values included as fac-
tors in BQI has been suggested (Leonardsson et al. 2015) together with a model to adjust 
for different levels of salinity and substrate by using depth as a proxy (Leonardsson et al. 
2016). The aim of this study has been to test the BQI in two eutrophication gradients and 
to evaluate the response of BQI to eutrophication variables in the surface water. 

In Skagerrak the study was performed in five subareas situated in a gradient in the fjord 
system around Orust and Tjörn. In the Baltic Sea, three parallel gradients located in 
Östergötland (Bråviken, Slätbaken and Kaggebofjärden) were studied. Each east coast 
gradient consisted of an inner and a middle subarea with an area in Kärrfjärden serving as 
an outer subarea to all three gradients. Sampling was carried out in May-June 2012 and 
2013 on both coasts according to standard methods for benthic fauna, i.e. with a grab 
with the sampling area of 0.1 m2. In order to study both deep and shallow bottoms, sam-
pling was performed in different depth intervals the different years. Salinity, Secchi depth, 
total nitrogen and total phosphor were sampled in the same gradients. 

The study shows several correlations between BQI and the measured eutrophication vari-
ables, where most of them had a negative effect on the benthic fauna, in both areas. How-
ever the relationship between surface water eutrophication variables and the benthic 
communities is indirect and alternative explanations to the patterns observed in this study 
exists. Results indicate that oxygen concentrations in the bottom water, which also de-
pends on water exchange, might have a substantial impact on the benthic community and 
thereby BQI. The conclusions from this study is therefore that organic material in the 
surface water may have an indirect effect on the benthic fauna since an excessive load of 
organic material can reduce the status of the benthic fauna due to eutrophication-induced 
hypoxia in the deeper bottoms. However limited water exchange can have a similar effect 
on the benthic fauna also with reduced status as a result.  
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Svensk sammanfattning 
Det är väl känt att artsammansättningen av bottenfauna speglar miljöförhållandena i ha-
vet. Faunan är mycket känslig för belastning av organiskt material, metaller och miljögifter 
och eftersom den är relativt stationär och kan ha livscykler som sträcker sig över flera år 
ses den som ett användbart miljöövervakningsinstrument. Det väletablerade bottenfauna 
indexet BQI (Benthic Quality Index) har använts under flera år för att klassa ekologisk 
status och har haft ett stort inflytande på den första statusklassificeringen i enlighet med 
EUs vattendirektiv. Användningen av BQI har dock indikerat vissa svårigheter varför ett 
fokusområde inom WATERS har varit att utveckla mer kunskap om olika arters känslig-
het och hur man skall ta hänsyn till den naturliga miljövariationen i exempelvis salthalt och 
bottensubstrat för att därefter testa indikatorn i ett större geografiskt område. Ett nytt sätt 
att beräkna de känslighetsvärden som ingår som faktor i BQI har föreslagits (Leonardsson 
et al. 2015) tillsammans med en modell för att justera för olika halter av salinitet och sub-
strat genom att använda sig av djupet som proxy (Leonardsson et al. 2016). Syftet med 
denna studie har varit att testa det förbättrade BQI indexet i två eutrofieringsgradienter 
och utvärdera indikatorns svar på eutrofieringsvariabler i ytvattnet. 

I Skagerrak utfördes studien i fem områden belägna i en gradient i fjordsystemet innanför 
Tjörn och Orust. I egentliga Östersjön studerades tre parallella gradienter belägna i Öster-
götland (Bråviken, Slätbaken och Kaggebofjärden). Varje gradient bestod av ett inre och 
ett mellan område samt ett område vid Kärrfjärden som tjänade som ett ytterområde till 
alla tre gradienterna. Provtagning utfördes i maj-juni 2012 och 2013 på båda kusterna och 
enligt standardmetodik för bottenfauna dvs med en huggare vars provtagningsyta motsva-
rade ca 0.1 m2. För att studera både djupa och grunda bottnar utfördes provtagningen 
inom olika djupintervallen de olika åren. Salthalt, siktdjup, totalkväve och totalfosfor prov-
togs i samma gradienter. 

Studien visar på flera korrelationer mellan BQI och uppmätta eutrofieringsvariabler i båda 
gradienterna. Eutrofieringsvariablernas inverkan på bottenfaunasamhället är indirekt och 
alternativa förklaringar till observerade mönster finns. Resultaten tyder på att syretill-
gången i bottenvattnet, som bland annat beror på hur ofta vattenutbyten sker i ett område, 
kan ha en stark påverkan på bottenfaunan och därmed BQI. Slutsatserna från denna stu-
die är därför att organiskt material i ytvattnet kan ha en indirekt effekt på bottenfaunan då 
en stor tillförsel av organiskt material kan minska status av bottenfauna på grund av över-
gödnings-inducerad syrebrist i de djupare bottnarna. Begränsat vattenutbyte kan dock ha 
en liknande effekt på bottenfaunan med minskad status som följd. 
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1. Introduction 
It is well known that the species composition of marine benthic fauna reflects the envi-
ronmental conditions at sea. The composition of the benthic faunal community changes 
according to the Pearson-Rosenberg's paradigm (Pearson and Rosenberg 1978), both in 
time and space, in relation to the strength of various environmental impacts, such as eu-
trophication, oxygen depletion, organic load and physical disturbance. According to Smith 
and Schindler (2009) eutrophication is understood to be one of the most prominent an-
thropogenic vectors that can change the state of all aquatic ecosystems from the Arctic to 
the Antarctic, with severe ecological and economic consequences. The definition of eu-
trophication suggested by Ferreira et al. (2011) states that eutrophication is the increased 
growth/ production that results from enhanced nutrient input, especially nitrogen and/or 
phosphorus, and it must be confirmed by an undesirable disturbance to the balance of 
organisms and seawater quality that may follow from increased production (increased 
growth, primary production and biomass of algae). 

To assess ecological status of coastal areas several indicators focusing on the seawater 
column or benthos has been used (Birk et al. 2012), however little effort has been made to 
examine the interaction between these two components of the ecosystem. This study is an 
attempt to investigate how benthic fauna in two coastal areas responds to nutrient inputs 
to the surface water. 

Status classification of coastal sedimentary habitats is in this report based on benthic 
macrofauna and more specifically on the benthic quality index (BQI). This indicator is 
generally well established and has had a great influence on the first status classification 
according to the EU Water Framework Directive (WFD) in Sweden.  

The original BQI index (Rosenberg et al. 2004) is comprised of three main components; 
the species sensitivity factor, species richness and species abundance. Species sensitivity or 
tolerance values are commonly used in various indices for assessing marine environmental 
quality as in the WFD, and more recently also within the Marine Strategy Framework 
Directive (MSFD). One of the most challenging aspects of benthic quality indices (e.g. 
AMBI: Borja et al. 2000; BQI: Rosenberg et al. 2004) has been to compile reliable 
measures of the species sensitivity and tolerance to various magnitudes and different kinds 
of disturbances. Sensitivity values and their uncertainties can be calculated, but a problem 
to cope with is that the results may depend on the actual proportion of samples from 
disturbed and undisturbed environments. We suggested in Leonardsson et al. (2015), a 
method to exclude species for which the uncertainty is outside predefined limits as a pre-
caution to reduce bias in the environmental status classification at the same time as we 
removed the species abundance factor from the calculation. In contrary to the calculated 
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sensitivity values used in BQI for samples from the Skagerrak gradient, sensitivity values 
for the species in the Baltic Sea is based on expert knowledge.  

A new method called pBQI, to be used for the Baltic Sea, has recently been suggested by 
Blomqvist and Leonardsson (2016). pBQI is the mean probability of finding a certain 
richness, sensitivity composition, total abundance and biomass within a sample. This 
means that the ecological status of an area is regarded as good if the mean pBQI-value of 
at least five samples is above a certain value.  

Another way to improve the accuracy of assessments based on BQI has been to account 
for variability due to environmental factors such as salinity and different sediment struc-
tures. Leonardsson et al. (2016) showed that the spatial variation in BQI was better ex-
plained by depth than by salinity or sediment structure and proposed an assessment 
method that uses the residuals from the regression model between BQI and depth. With 
this method the variance in BQI between samples was reduced by 50% to 75% in the 
majority of situations. 

Both the improved sensitivity values and the new method to base assessment on residuals 
from the regression model have been used in this report in the Skagerrak gradient. How-
ever, the old sensitivity values based on literature and expert knowledge has been used for 
calculating BQI in the Baltic Sea according to Leonardsson et al. (2009).  

The aim of this study was to test how the benthic quality index (BQI) responded to 
coastal gradients using data sets of surface eutrophication variables and benthic fauna 
collected in gradients in Swedish coastal parts of the Skagerrak and the Baltic Sea.  

This study is also part of the joint WATERS gradient study where all WFD biological 
quality elements were sampled together with physical and chemical data in the same areas 
to see how they all interact.  

  



WATERS: RESPONSE OF BQI TO EUTROPHICATION INDUCED IMPACTS 

 13 

 

 

 

 

2. Material and methods 

2.1 Study areas 
The studies were performed in two different coastal areas; one in Skagerrak and one in the 
Baltic Sea (Figure 1). The areas consisted of five and seven subareas with different levels 
of nutrient load, creating gradients in eutrophication status, were the inner parts were 
predicted to be more eutrophic. The areas were also selected to allow for sampling of all 
WFD biological quality elements (phytoplankton, macroalgae and angiosperms, benthic 
invertebrate fauna and fish).  

2.1.1 Skagerrak gradient 
The subareas in Skagerrak consists of five fjord areas (Byfjord, Havstensfjord, Askerö-
fjord, Hake fjord and Marstrandsfjord) located in a gradient from the inner to the outer 
archipelago fjord system east and south of the islands Orust and Tjörn. Narrow straits 
with shallow sills connect the fjords to each other. The northern part of the system is 
known for its seasonal and almost permanent hypoxic basins due to a strong two-layer 
stratification with the halocline normally found just below sill depth. The large temporal 
variability of density in the coastal water, in combination with weak vertical mixing in the 
system, leads to a long residence time for the basin water below sill level. Renewal of the 
bottom water takes place several times a month in southern Havstensfjord, however it 
occurs only once or twice per year in the northern part, while Byfjord is ventilated about 
every three years. These areas are heavily influenced by weather conditions and wind di-
rection that determines in- and outflows of the basins (Hansson et al. 2013). The inner 
area is also influenced by the outflow from the river Bäveån and the city Uddevalla while 
the municipality Stenungsund influences the middle area. Local rivers such as Bäveån 
transport organic material into the fjord basins. As organic material sinks to the bottom it 
starts to decay, consuming oxygen in the process. Run-off from land is the major input of 
nitrogen and phosphorus in all areas within the gradient, except for Marstrandsfjord 
where atmospheric deposition and point sources, such as a sewage treatment plant and an 
herring factory, constitutes the largest part of the nitrogen input. 
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2.1.2 Baltic Sea gradient 

The subareas in the Baltic Sea consist of seven archipelago areas in Östergötland on the 
east coast of Sweden. These subareas are situated in three different inner to outer archi-
pelago gradients: Bråviken, Slätbaken and Kaggebofjärden (north to south). Each of these 
three parallel gradients consisting of two sub-areas, located in the inner and the middle 
archipelago, respectively. Additionally, one sub-area in the outermost archipelago 
(Kärrfjärden) was included to serve as reference area.  

Bråviken is a rather narrow bay with a steep shore on the north side and a flat shore on 
the southern side. The inner part, with a large city and industries, has a strong freshwater 
inflow from the river Motala Ström resulting in comparatively large salinity fluctuations. 
There are no shallow sills or narrow straits in Bråviken, which allows for a large wind-
driven water exchange and the bay has a turnover rate of about a month. Transport of 
saltier water from the Baltic Sea and in to the bay occurs along the deep, north shore, 
while less salty surface water is transported out from the bay along the shallow south 
shore (Fejes et al. 2002). 

Inner parts of Slätbaken are surrounded by agricultural plains with nutritious soils and 
have large inflows of fresh water, as well as heavy loads of nitrogen and phosphorous, 
mainly from the river Söderköpingsån (Fejes et al. 2002). The inner part (Inner Slätbaken) 
has a limited water exchange due to several narrow straits and shallow sills, with a turno-
ver rate of about six months. In deeper parts the bottoms are lifeless, with oxygen deplet-
ed and sulphurous sediments. The outer part (Trännöfjärden) is not as enclosed and has a 
turnover time of only 20-30 days (Arheimer et al. 2015). 

Kaggebofjärden inner part is less influenced by freshwater than the inner parts of the two 
other gradients but it also has limited water exchange due to straits and sills similar to the 
Slätbaken gradient. The outermost subarea, Kärrfjärden, is situated east of the middle 
gradient Slätbaken. Despite the relatively open location, dense outlying islands shelter it 
from the open sea. The complicated topography, with deep basins and a plethora of small 
islands, has resulted in areas with oxygen depleted bottom waters within Kärrfjärden 
(Jonsson and Persson 1996). 
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Figure 1. Waters gradient study areas on the Swedish west coast (left) and east coast (right). 
The gradient subareas in the west coast were BYF (Byfjord), HAV (Havstensfjord), ASK (Askerö-
fjord), HAK (Hakefjord) and MAR (Marstrandsfjord). The gradient subareas on the east coast 
were IB (Inner Bråviken), OB (Outer Bråviken), IS (Inner Slätbaken), TF (Trännöfjärden), KRF 
(Kärrfjärden), KAF (Kaggebofjärden) and LD (Lindödjupet). 
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2.2 Physical and chemical data 
The benthic fauna surveys were supplemented by registration of hydrographical and 
chemical parameters. These surveys were performed in 2012 and 2013 in both gradients. 
Data were collected at three stations regarded to be representative for each study area 
(Figure 2) during June, July and August at six occasions in Skagerrak and three occasions 
in the Baltic Sea with approximately two or four weeks interval (Table 1). Data were joint-
ly sampled in the WATERS gradient studies in cooperation with regular on-going moni-
toring programmes and research programmes in order to improve data coverage. On the 
west coast WATERS cooperated with the regional monitoring program run by Bohuskus-
tens vattenvårdsförbund (http://www.bvvf.se) and the BOX-project in Byfjord 
(www.marsys.se) that was funded by the Swedish EPA. On the east coast WATERS co-
operated with the regional monitoring program run by Motala Ströms vattenvårdsförbund 
(www.motalastrom.org).  

 

  

Figure 2. Sampling stations for physical and chemical data. Red circles represents stations sam-
pled by the WATERS project, green squares were sampled by the BOX-project, brown triangles 
were sampled by Bohuskustens vattenvårdsförbund and small black dots indicate stations sam-
pled by Motala Ströms vattenvårdsförbund. 
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Surface values of salinity, total phosphorus, total nitrogen and the optical components 
chlorophyll a and coloured dissolved organic matter (CDOM) where used as predictors 
for BQI. Secchi depth was used as a proxy for the attenuation of light in the water col-
umn. Measurements of suspended particulate matter (SPM) and its organic (SPOM) and 
inorganic (SPIM) fractions were also made in order to evaluate the relative importance of 
the factors explaining the Secchi depth, CDOM, SPM and chlorophyll a, within each area. 
Physical and chemical analysis methods are described in Appendix 1.  

2.2.1 Skagerrak area 
There was a clear gradient in Secchi depth, with the highest values in MAR and the lowest 
values in BYF (Figure 3). This gradient corresponds to gradients in Chlorophyll a and 
CDOM, which explained 31 and 25 % of the variation in Secchi depth (Figure 5). The 
amount of total phosphorous and total nitrogen was lower in the outermost area MAR 
and higher in the innermost area BYF, The other areas HAK, ASK and HAV had only 
small differences without clear gradients in the respective nutrient concentrations. No 
clear gradient in salinity between areas could be detected. However there was a considera-
ble variation between years in both physical and chemical values, especially in salinity. This 
variation might be due to different weather conditions between years. According to the 
SMHI weather station at Henån, Orust there was a difference in the amount of rain dur-
ing summer, with higher values in 2012 (276 mm) then in 2013 (173 mm). This could also 
explain the generally lower Secchi depth values and the higher values of nutrient concen-
trations, chlorophyll a and CDOM in 2012. Oxygen data from the regional monitoring 
program run by Bohuskustens vattenvårdsförbund (www.bvvf.se) indicate concentrations 
of oxygen below 2 ml/l in the deeper parts of BYF and HAV which might be a result of 
limited water exchange and high amounts of organic material. 

2.2.2 Baltic Sea area 
This area is complex since there are three different inner to outer archipelago gradients. 
No clear differences between years could be seen (Figure 4) with exception for salinity 
and total phosphor. Salinity seemed to be higher in 2012 than 2013 in most areas, with 
exception for IB that is highly influenced by the fresh water outflow from Motala ström. 
The amount of rain in summer 2012 was according to SMHI weather station in Börrum 
higher than in 2013, which indicates that other factors than precipitation are of im-
portance for the salinity in the Baltic Sea gradients. Salinity levels increased slightly from 
around 4 in the inner subareas to around 6 PSU in the outer subareas in the Baltic Sea 
area. The inner subareas, IB and IS, had the lowest and most variable salinity. The salinity 
of the third inner subarea KAF, was relatively high, only slightly lower than that of the 
outermost subarea KRF. Of the intermediate subareas, salinity was lowest in OB, whereas 
LD had a salinity level similar to the outermost subarea KRF. Secchi depth was lowest in 
the inner three subareas IB, IS, KAF and surprisingly also in the intermediate subarea OB. 
The other two intermediate subareas TF and LD had higher values of Secchi depth, how-
ever still relatively poor compared to the outermost subarea KRF. The low value of Secchi 
depth in OB indicates large water exchange from inner to outer Bråviken. Chlorophyll a 
was highest in IS followed by IB. OB, TF, KAF, LD and KRF had comparable but lower 
values of chlorophyll a. Both total nitrogen and CDOM followed the chlorophyll a values 
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indicating that chlorophyll a related well to both total nitrogen (r2 = 0.62, p<0.01) and 
CDOM (r2 = 0.53, p<0.01) in these subareas. Both total nitrogen and CDOM were by far 
highest in IS whereas SPM, with low organic content, was highest in IB and OB. SPM was 
also comparatively high in IS but here organic content was much higher. Lowest SPM but 
highest organic content in SPM was found in the outer region KRF. Total phosphorus 
showed a strong difference between years where concentrations in IS 2012 were by far the 
highest, also IB and TF were relatively high in 2012. The high value in TF are probably 
influenced by the high concentration in IS. The clear difference between years for total 
phosphorus might be explained by higher rates of phosphorus rich upwelling in 2012 
rather than precipitation since the relationship between salinity and total phosphorus was 
weak (r2 = 0.078, p<0.01) (Figure 5). CTD investigation performed by the County Admin-
istrative Board of Östergötland indicated concentrations of oxygen below 2 mg/l in the 
deeper parts of IS, TF and KRF. These findings are also supported by oxygen data from 
the regional monitoring program run by Motala Ströms vattenvårdsförbund 
(www.motalastrom.org). The low concentrations of oxygen in IS and TF are probably the 
result of high amounts of organic material from the river Söderköpingsån but also to 
some extent due to the limited water exchange, especially in the innermost area IS. The 
low values of oxygen found at one of three stations in KRF is likely due to the areas com-
plicated topography.  
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Figure 3. Physical and chemical surface data from the summer months (June-August) of two 
years in the west coast subareas. Each box shows the first and third quartile with a horizontal 
line at the second quartile (median). The whiskers represent minimum and maximum values. 
CDOM and SPM were not measured in BYF in 2012. The number of measurements in each 
subarea and year are listed in table 1. 
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Figure 4. Physical and chemical surface data from the summer months (June-August) of two 
years in the east coast subareas. Each box shows the first and third quartile with a horizontal 
line at the second quartile (median). The whiskers represent minimum and maximum values. 
The number of measurements in each subarea and year are listed in Table 1. 
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Figure 5. Relationships between physical and chemical data in the west (upper matrix plots) and 
east (lower matrix plots) coast subareas. Left matrix plots shows correlations between predictors 
used in this report and right matrix plots shows correlations between optical components affect-
ing Secchi depth. Transparency makes overlapping dots darker. Linear regression lines are 
shown in red in the lower panels and n, r, r2 and p for the regressions are shown in the upper 
panels in each matrix plot. 
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Table 1. Number of physical and chemical surface summer data values in each study area. 

Gradient Area Year Salinity Secchi TotP TotN Chla CDOM SPM 

Skagerrak BYF 2012 3 6 6 6 6 0 0 

Skagerrak BYF 2013 9 9 9 9 9 9 9 

Skagerrak HAV 2012 18 21 21 21 21 18 18 

Skagerrak HAV 2013 9 9 9 9 9 9 9 

Skagerrak ASK 2012 17 18 18 18 18 18 18 

Skagerrak ASK 2013 9 9 9 9 9 9 9 

Skagerrak HAK 2012 18 18 18 18 18 18 18 

Skagerrak HAK 2013 8 9 9 9 9 9 9 

Skagerrak MAR 2012 17 18 18 18 18 17 18 

Skagerrak  MAR 2013 9 9 9 9 9 9 9 

Baltic Sea IB 2012 9 9 9 9 6 3 3 

Baltic Sea IB 2013 9 9 9 9 9 3 3 

Baltic Sea OB 2012 9 9 9 9 7 3 3 

Baltic Sea OB 2013 9 9 9 9 9 3 3 

Baltic Sea IS 2012 9 9 9 9 9 2 2 

Baltic Sea IS 2013 9 9 9 9 9 3 3 

Baltic Sea  TF 2012 9 9 9 9 8 2 2 

Baltic Sea TF 2013 9 9 9 9 9 3 3 

Baltic Sea  KAF 2012 9 8 9 9 9 3 3 

Baltic Sea KAF 2013 9 9 9 9 9 3 3 

Baltic Sea LD 2012 9 9 9 9 9 2 3 

Baltic Sea LD 2013 9 9 9 9 9 2 2 

Baltic Sea KRF 2012 9 8 9 9 9 2 2 

Baltic Sea KRF 2013 9 9 9 9 9 3 3 
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2.3 Benthic fauna data 
Samples of benthic macrofauna were collected two years in a row in May within the five 
areas in Skagerrak and the seven areas in the Baltic Sea (Figure 7, Table 2). Benthos data 
was also achieved from the Baltic Deepwater Oxygenation (BOX) –research project and the na-
tional monitoring program, financed by the Swedish Environmental Protection Agency 
and the Swedish Agency for Marine and Water Management. Further benthos data was 
achieved from the regional monitoring program run by Motala Ströms vattenvårdsför-
bund in the Baltic areas. 

2.3.1 Benthic fauna sampling sites 
In 2012, 15 samples were collected randomly below the halocline within the depth interval 
of 25 to 45 m in each subarea in the Skagerrak area, with the exception of Byfjord where 
only nine samples were taken within the depth between 20 to 42 m. In the Baltic Sea area, 
15 samples were collected in each subarea within the depth range of 10 to 58 m. In 2013 
sampling where located to more shallow subareas to avoid areas with hypoxia. Ten sam-
ples where therefore collected randomly within the same subareas as in the previous year, 
but the depth range for sampling differed. Samples in the Skagerrak area were taken with-
in the depth range 10 to 15 m and in the Baltic Sea area the depth interval for sampling 
ranged between 5 and 10 m. From here on data sampled 2012 are referred to as the deep-
er communities and data sampled in 2013 as the shallower communities. 

2.3.2 Benthic fauna sampling methods 
Sampling was performed according to standardised methods (Leonardsson, 2004) and the 
fauna was collected using a Smith-McIntyre grab (0.1m2) in Skagerrak areas and a Van 
Veen grab (0.1m2) in Baltic Sea areas (Figure 6). Collected samples were sieved in the field 
by using a 1 mm sieve and preserved in formalin. In the laboratory the animals were re-
moved from the remaining sediment by a multifractional sieve with 1 mm mesh size as the 
smallest fraction. Species, abundance and biomass (wet weight) were documented for each 
sample and animals were preserved in 70 % ethanol for future storage. 

 

Figure 6. Sampling in the Baltic Sea gradient. Photo: Roger Huononen. 
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Figure 7. Benthic fauna sampling stations in the Skagerrak (1; left map) and the Baltic Sea sub-
areas (2; right map). Deeper stations sampled in 2012 are illustrated with circles and shallower 
stations sampled in 2012 are illustrated with triangles. 
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Table 2. Number of benthic macrofauna samples, sampled each year in each subarea. The 
depth interval is also presented. 

 

 

  

Skagerrak     Sampling year and depth interval 

     2012 2013 

Subarea   Code 25-45 m  10-15 m 

Byfjord   BYF 9* 10 

Havsstenfjord  HAV 15 10 

Askeröfjord  ASK 15 10 

Hake fjord  HAK 15 10 

Marstrandsfjord   MAR 15 10 

Total number of benthic 
macrofauna samples   69 50 

* Depth interval in 2012 for Byfjord was 20-42 m 
  

 Baltic Sea     Sampling year and depth interval 

     2012 2013 

Subarea   Code 10-58 m  5-10 m 

Inner Bråviken 

	  
IB 14 10 

Inner Slätbaken 

	  
IS 12 10 

Kaggebofjärden 

	  
KAF 14 10 

Outer Bråviken 

	  
OB 14 10 

Trännöfjärden 

	  
TF 15 10 

Lindödjupet 

	  
LD 13 10 

Kärrfjärden 

	  
KRF 15 10 

Total number of benthic 
macrofauna samples   97 70 
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2.4 Indicator 
The indicator tested in the Skagerrak area is the refined version of the benthic quality 
index BQI. The refinements consist, as mentioned earlier, of a new way of calculating the 
sensitivity value (Leonardsson et al. 2015) and also a new way to account for natural varia-
bility such as salinity and different types of sediment structures by using the transformed 
residuals from a model (Leonardsson et al. 2016) and will in this report be referred to as 
BQI2015. 

In the Baltic Sea area the BQI is calculated according to Leonardsson et al. (2009). The 
recently suggested method pBQI is applied on our gradient study data in Blomqvist and 
Leonardsson (2016) and are not included in this report. An overview of the BQI and its 
components is presented in Figure 8. 
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Figure 8. BQI and its components, i is the taxa number, s is the total number of taxa in the sam-
ple, sclassified is the number of taxa with sensitivity values, ni is the number of individuals of taxa i 
in the sample and n the total number of individuals in the sample (0.1m2). Taxa not given a sen-
sitivity value are excluded from the sensitivity factor but included in the total number of species 
when calculating BQI. The abundance factor (N/(N+5) is not included in BQI2015. 
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2.5 Statistical analyses  
In the Skagerrak area a 2-factorial analysis of variance (ANOVA) was applied in order to 
analyse if BQI differed between subareas, depth interval and the interaction subar-
ea*depth interval. A Levene´s test for heterogeneity of variances was used and data was 
transformed to homogenize variances when necessary. A posteriori multiple mean com-
parison test (Unequal N HSD) was used to detect differences between individual means 
for parameters that displayed significant differences. These test were performed using the 
Statistica software package Version 11 (Stat Soft Inc., 2012) 

In the Baltic Sea area where data did not meet assumptions for ANOVA, ANOSIM (anal-
ysis of similarity), a nonparametric test was used to analyse differences in BQI between 
subareas within the same depth interval and the differences in BQI between different 
depth intervals but within the same subarea. ANOSIM is usually based on multivariate 
species data but here we have used it with BQI as a single variable per sample and Bray-
Curtis similarities based on this single value in each sample have been calculated for each 
combination of sample pairs. In six samples there were no fauna, i.e. BQI was 0, and since 
Bray-Curtis cannot handle 0 well when there is only one variable per sample, we have 
substituted 0 with 0.001 to get meaningful similarities when one or both samples in a pair 
had the value 0. In ANOSIM a global test is performed to show if any differences occur 
between analysed groups of samples. If this test shows significant result pairwise tests are 
done in order to evaluate where differences occur. ANOSIM gives p-values showing sig-
nificance levels and R-values showing if differences occur between any of the groups of 
samples tested. The R-value normally falls between 0 – 1. If it is 1 this shows that all sam-
ples within a group are more similar to each other than any samples from different 
groups, i.e. the groups differ. On the contrary, if the R-value is 0 this shows that similari-
ties within and between tested groups of samples are the same on average and no differ-
ence can be seen. If the R-value is above 0.5 the difference is considered as high. 

In addition to ANOVA and ANOSIM a multivariate similarity percentage analysis (SIM-
PER) was used to investigate which species contributed the most to explain multivariate 
differences in species composition between subareas and depth interval. The SIMPER 
analysis was based on a Bray-Curtis index of similarity calculated on square root trans-
formed species abundance data within each sample. Software used for ANOSIM and 
SIMPER was the PRIMER software package Version 6.1.1.2 (PRIMER-E Ltd., Plymouth, 
UK, Clarke and Gorley 2006). Graphical comparisons between areas and depth intervals 
were obtained using multidimensional scaling (MDS).  

The relationship between BQI and physical chemical data were analysed by correlation 
analyses for each depth interval in each coastal area separately. Pearson correlation coeffi-
cients were calculated based on either simple subarea means or bootstrapped subarea 
means. Simple subarea means resulted in five (Skagerrak) or seven (Baltic) data pairs and 
did not account for variation within each subarea. By bootstrapping we included variation 
between different samples within each subarea and also obtained confidence estimates for 
the results. In each bootstrap run a subarea mean value was obtained by random sampling 
with replacement from all samples within the subarea. The mean value was computed 
based on the same number of samples as the number of observations in the subarea. Both 
the BQI values and the physical chemical values were bootstrapped resulting in one data 
pair of means for each subarea for each bootstrap run. Pearson coefficients were calculat-
ed based on these data pairs and stored and the process was repeated 1000 times making it 
possible to calculate a mean correlation coefficient with a 95 % confidence interval. 
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3. Results 

3.1 Benthic fauna in the Skagerrak area 

3.1.1 Description of communities 

A total of 179 benthic macrofaunal species and around 29 000 individuals were recorded 
in the Skagerrak area during the two years that sampling was performed. 143 taxa were 
observed in the deeper parts (25-45 m) and 113 taxa were recorded in the shallower parts 
(10-15 meters) (Table 3). Of the total amount of taxa, 75 were found in both shallow and 
deep waters. Species that dominated in abundance in the deeper parts were the mussel 
Abra nitida and the brittle star Amphiura filiformis, however these were only seen in the 
southern subareas (ASK, HAK and MAR) with exception of four individuals in HAV. 
The polychaete Capitella capitata was the dominant species in the northern subareas BYF 
and HAV, but was not found in the other subareas. The polychaete Chaetozone setosa was 
also among the dominant species in HAV, but only one or two individuals were found in 
the other subareas. Highest mean abundance per station (0.1 m2) was found in HAK, 
followed by ASK, MAR, HAV and BYF, where the number of individuals found in BYF 
was a tenth of what was found in HAK. Species numbering more than 300 individuals in 
the whole area are reported in Table 4. 

The dominant species in the shallow parts (10-15 m) sampled in 2013 was the horseshoe 
worm Phoronis muelleri. It was found in all areas but at very high densities only in BYF (280 
ind./0.1m2) and at somewhat lower densities in HAV (83 ind./0.1m2). Other species 
where more than 300 individuals in total could be found were the mussels Corbula gibba 
and Abra alba and the polychaete Nepthys incisa. These were frequent in all areas but had 
the highest abundances in ASK and HAK. Two other mussels that were found in abun-
dances above 300 individuals were Nucula nitidosa and Mysella bidentata. N. nitidosa was only 
found in ASK, HAK and MAR with highest abundances in ASK, whereas M. bidentata was 
found in all subareas but also with the highest abundance in ASK. M. bidentata was the 
only species recorded with over 300 ind./0.1m2 in both years. Highest abundance for the 
shallower parts was found in BYF followed by ASK, MAR, HAK and HAV, where the 
number of individuals found in BYF was two-three times higher than found in the other 
subareas. 

Species dominant in biomass in 2012 were the two brittle stars A. filiformis and A. chiajei 
mainly found in HAK and MAR, followed by the two mussels A. nitida and N. nitidosa 
found in HAV, ASK HAK and MAR but with the highest biomass in ASK. Dominant 
species in biomass in BYF was C. capitata and in HAV Thyasira flexuosa, Scalibregma inflatum, 
Thyasira sarsi and C. setosa. Biomass of the sea urchin Brissopssis lyrifera in HAK and MAR 
and the mussel Arctica islandica in ASK was also high, however they were represented by 
few but large individuals. 



WATERS: RESPONSE OF BQI TO EUTROPHICATION INDUCED IMPACTS 

 29 

Large individuals of A. islandica were also the most dominant species in biomass found in 
the shallow parts (10-15 m) in 2013 with exception of MAR. Dominant species in biomass 
in MAR was the crustacean Upogebia deltaura, followed by N. incisa, Ophiura albida and A. 
filiformis. Biomass of N. incisa was also dominant in ASK and HAV subareas. P.muelleri had 
the second highest biomass in the Skagerrak area, however it was only found in BYF and 
HAV. Hediste diversicolor was found in high densities in mainly ASK and HAK during 2013. 

Multivariate statistics has been used to compare abundance and biomass of the benthic 
fauna community in the different subareas and depth intervals. Multidimensional scaling 
(MDS), which illustrates similarities between samples in a graph where the distance be-
tween samples reflects the similarity between them, has been used to illustrate the out-
come of data. Data has been transformed using square root, and Bray-Curtis index of 
similarity was applied prior to analyses. The result of the MDS (Figure 9) indicates that the 
benthic communities, based on both abundance and biomass, were divided into three 
main groups; deeper subareas of BYF and HAV sampled 2012 forms one group, and 
deeper subareas of ASK, HAK and MAR form another, where each subarea is quite well 
defined. The third group consists of all fauna from the depth interval 10-15 m sampled in 
2013. This group is not as well defined as the two others and samples are a bit scattered. 
However it is possible to see some patterns within the group; BYF and HAV at one end 
and ASK and HAK at the other with MAR scattered over all of them. Fauna from the 
shallow parts was also more similar to fauna from the deeper parts in ASK, HAK and 
MAR than the deeper parts in BYF and HAV.

 
Figure 9. MDS (multidimensional scaling) plot for species abundance in the Skagerrak area. 
The distance between samples reflects the similarity between them. Data has been transformed 
using square root and Bray-Curtis index of similarity was applied prior to analyses. Red symbols 
illustrate inner subareas, orange; middle subareas and green the outermost subarea. Filled 
symbols are sampled 2012 in deeper parts and unfilled symbols are sampled 2013 in shallower 
parts. 

 
 
 

Transform: Square root

Resemblance: S17 Bray Curtis similarity

2D Stress: 0.12 OMRÅDESKAGERRAK GRADIENT; ABUNDANCE
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Table 3. Description of mean number of species, individuals and amount of biomass per 0.1 m2 
found at each station in each subarea and depth interval in the Skagerrak area. 

 

Table 4. Mean abundance (no/0.1 m2) for each subarea, of species numbering more than 300 
individuals in the Skagerrak area. Grey column (Total) contains the total number of individuals of 
each species found across the whole Skagerrak area.  

Depth 25-45 m; Abundance       

Species BYF HAV ASK HAK MAR Total  

Abra nitida 
  

155 95 2 3769 

Amphiura filiformis 
  

18 105 126 3734 

Hyala vitrea 
 

2 26 39 35 1527 

Capitella capitata 68 52 
   

1396 

Scalibregma inflatum 1 7 33 42 
 

1250 

Nucula nitidosa 
 

1 40 27 1 1050 

Thyasira flexuosa 
 

26 28 12 
 

996 

Mysella bidentata 
  

5 31 21 865 

Chaetozone setosa 
 

52 
   

789 

Amphiura chiajei 
  

6 12 30 732 

Pholoe baltica 
  

13 11 7 461 

       
 

Depth 10-15 m; Abundance       

Species BYF HAV ASK HAK MAR Total 

Phoronis muelleri 280 83 15 5 
 

3828 

Corbula gibba 7 8 20 36 6 763 

Nephtys incisa 11 12 18 17 5 625 

Mysella bidentata 2 1 39 7 1 487 

Nucula nitidosa 
  

21 12 2 350 

Abra alba 2 2 12 10 8 336 

       
 

Skagerrak   Species richness 
(no/0.1m2) 

Abundance 
(no/0.1m2) 

Biomass      
(g/0.1m2) 

Subarea Code 25-45m  10-15m  25-45m  10-15m  25-45m 10-15m 

Byfjord BYF 3.2 13.8 72 368 0.2 19.0 

Havsstenfjord HAV 8.5 9.9 189 121 2.2 9.9 

Askeröfjord ASK 29.3 17.0 403 135 8.0 21.7 

Hake fjord HAK 26.5 17.9 422 125 7.8 14.0 

Marstrandsfjord MAR 23.7 21.7 265 135 7.4 2.2 
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3.1.2 Differences in BQI2015 between subareas and depth intervals 

BQI displayed significant differences for “subarea”, “depth interval” and the interaction “sub-
area*depth interval” (Table 5). There was a difference between inner and outer subareas for 
BQI2015 in data from deeper communities, with low values in BYF and HAV and higher 
values in ASK, HAK and MAR. A similar pattern, however much weaker, could also be 
seen for data from shallower communities (Figure 10 and Table 6). A significant differ-
ence in BQI2015 could also be seen between different depth intervals in the areas BYF, 
HAV and ASK with significantly higher BQI2015 values in shallower parts.  

 

Table 5. Models of tested BQI2015 in the Skagerrak area.  

SKAGERRAK  Df BQI2015  	  	  
  	  	   MS-value F-value P-value 

Subarea 1 386.97 53.257 0.000 

Depth interval 1 761.14 104.796 0.000 

Subarea*Depth interval 4 55.40 7.624 0.000 

Residuals 109       

 

 

Table 6. Post-hoc test for BQI2015 in the Skagerrak area. Subareas that differ significantly (p 
<0.05) are marked in red. 

 

Unequal N HSD; variable BQI2015 depth adjusted (boxcox transformed)
Approximate Probabilities for Post Hoc Tests
Error: Between MSE = 7.2661, df = 109.00

BYF HAV ASK HAK MAR BYF HAV ASK HAK MAR
BYF 0,9254 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002
HAV 0,9254 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002
ASK 0,0002 0,0002 0,9999 1,0000 0,9958 0,6489 0,0114 0,8793 0,1119
HAK 0,0002 0,0002 0,9999 0,9999 0,9389 0,3549 0,0432 0,9852 0,2887
MAR 0,0002 0,0002 1,0000 0,9999 0,9964 0,6620 0,0107 0,8710 0,1067
BYF 0,0002 0,0002 0,9958 0,9389 0,9964 0,9906 0,0005 0,3148 0,0078
HAV 0,0002 0,0002 0,6489 0,3549 0,6620 0,9906 0,0002 0,0261 0,0003
ASK 0,0002 0,0002 0,0114 0,0432 0,0107 0,0005 0,0002 0,4657 0,9985
HAK 0,0002 0,0002 0,8793 0,9852 0,8710 0,3148 0,0261 0,4657 0,9254
MAR 0,0002 0,0002 0,1119 0,2887 0,1067 0,0078 0,0003 0,9985 0,9254
Mean 0.83645  2.6131 11.694  12.222  11.670  10.594  9.3669  16.179  13.532  15.217

Depth 
interval Area 25 - 45 m  10 - 15 m

 2
5 

- 4
5 

m
10

 - 
15

 m
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Figure 10. BQI2015 in the Skagerrak area.  Deeper parts were sampled in 2012 and shallower 
parts in 2013. Each box shows the first and third quartile with a horizontal line at the second 
quartile (median). The whiskers represent minimum and maximum values. 
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Multivariate similarity percentage analysis (SIMPER) based on species abundance was 
performed to investigate which species contributed the most to differences in species 
composition between subareas within depth intervals (Table 7). The result shows that the 
dissimilarity between deeper parts in the northern subareas BYF and HAV and the south-
ern subareas ASK, HAK and MAR is 92-100%, which means that the deep benthic com-
munity in BYF and HAV is almost completely different from deeper parts in ASK, HAK 
and MAR. Benthic fauna in the shallow community is on the contrary much more similar 
between subareas. A. filiformis,  A. nitida,  and C. capitata contributed most to the faunal 
differences between the deeper subareas  sampled in 2012 while P. muelleri was contrib-
uting the most to the differences between shallow parts sampled in 2013.  

 

 

Table 7. SIMPER analysis of species abundance shows the average dissimilarity between sub-
areas within depth intervals (top part) and which species contributed the most to explain the 
differences (lower part). Values in the grey diagonal represent dissimilarities between depth 
intervals in the same subareas. 

  

SIMPER One-Way Analysis
Species abundance
Resemblance: S17 Bray Curtis similarity
Cut off for low contributions: 90.00%

BYF HAV ASK HAK MAR

BYF 97.1 64.0 98.2 98.5 99.7

HAV 64.5 97.2 92.2 93.7 96.3

ASK 77.1 66.2 78.1 53.2 67.8

HAK 78.8 69.6 58.1 79.8 54.0

MAR 84.4 79.3 73.8 70.6 83.0

BYF HAV ASK HAK MAR

BYF
P. muelleri 22 %    
C. capitata 16 %   

C. capitata 31%     
P. ciliata 10 %

A. nitida 13 %        
C. capitata 9 %

A. filiformis 12 %     
A nitida 10 %

A. filiformis 17 %   
C. capitata 12 %

HAV
P. muelleri 23 %     
T. multisetosa 6 %

P. muelleri 18 %    
C. capitata 14 %   

A. nitida 13 %        
N. nitidosa 6 %

A. filiformis 11 %    
A. nitida 9 %

A. filiformis 15 %    
A. chiajei 8 %

ASK
P. muelleri 17 %    
M. bidentata 7 %

P. muelleri 14 %    
M. bidentata 10 %

A. nitida 13 %        
N. nitidosa 5 %

A. nitida 8 %          
A. filiformis 8 %

A. nitida 12 %        
A. filiformis 8 %

HAK
P. muelleri 17 %    
C. gibba 6 %

P. muelleri 15 %    
C. gibba 8 %

M. bidentata 9 %   
N. nitidosa 7 %

A. filiformis 11 %    
A. nitida 9 %

A. nitida 11 %        
N. nitidosa 6 %

MAR
P. muelleri 18 %     
T. multisetosa 5 %

P. muelleri 16 %     
A. alba 4 %

M. Bidentata 8 %   
P. muelleri 5 % 

C. gibba 7 %          
N. incisa 4 %

A. filiformis 13 %    
A. chiajei 7 %

Species that contributed the most to the dissimilarity above between areas in depth stratum 25-45 m (black text) 
respectively 10-15 m (blue text).

Average dissimilarity between areas for the deeper communities (black text) respectively the shallower 
communities (blue text).
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3.1.3 Correlation between BQI2015 and eutrophication variables  

Two types of correlations have been done, one using the subarea mean of BQI versus 
subarea mean of physical chemical values per sampling and one using 1000 bootstrapped 
pairwise means based on each station for BQI and each station and sampling occasion for 
physical chemical data. The bootstrap method was used to include the variation within 
subareas in the analysis. BQI2015 for the deeper benthic fauna communities were signifi-
cantly related to SPOM (Figure 11), were BQI2015 decreased with an increasing content of 
SPOM, note though that SPOM were not measured in BYF when the deep fauna was 
sampled in 2012. Six other correlations were revealed when including the variation within 
each area in the analysis using bootstrapped data. BQI2015 for the deeper benthic fauna 
communities were then positively related to Secchi depth but negatively correlated to 
TotP, TotN, CDOM and SPOM (Figure 12). Only one significant correlation could be 
seen for the shallow areas were BQI2015 was negatively correlated with CDOM. No signif-
icant correlations in either deep or shallow parts could be seen between BQI2015 and chlo-
rophyll a, SPM, SPIM, salinity or temperature. 

 

Figure 11. Correlation between the BQI2015 and SPOM in the Skagerrak area, green colour for 
deeper parts sampled in 2012 and yellow for shallow parts sampled in 2013. The graph show 
average values per subarea and depth interval ± one standard deviation, with regression lines 
for averages per year where the regression was significant (p<0.05). Note that SPOM were not 
measured in BYF 2012. 
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Figure 12. Correlations between BQI2015 and measured hydrographical and chemical parameters 
sampled in the Skagerrak area, green colour for deeper parts sampled in 2012 and yellow for 
shallow parts sampled in 2013. The graph shows average values per subarea and depth inter-
val, and a significant positive or negative correlation exists if the 95 % confidence interval has no 
over-lap with the dotted zero line. Salt is an abbreviation for salinity. 
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3.2 Benthic fauna in the Baltic Sea area 

3.2.1 Description of communities 
The species richness in the Baltic Sea area is not as high as in the Skagerrak area and there 
is no clear difference in richness between shallow and deep parts of the areas as was seen 
on the west coast. However a total of 32 benthic macrofaunal species and around 21 600 
individuals was recorded in the Baltic Sea area. 21 taxa were observed in the deeper parts 
(10-58 m) in 2012 and 28 taxa were recorded at 5-10 meters in 2013 (Table 8). Species that 
dominated in abundance (Table 9) were the Baltic tellin Macoma balthica and the introduced 
polychaete Marenzelleria sp. These two species/genera were found at all depths in all sub-
areas in high abundances with exception of the subareas IS and TF for M. balthica and IS 
for Marenzelleria sp., where only single individuals were found. Other species such as the 
amphipods Monoporeia affinis and Pontoporeia femorata were also found in high densities, 
however they were mainly seen in the deeper parts of OB subarea the first year. The pria-
pulid Halicryptus spinulosus was also more or less frequent and could be found in all subare-
as with the exception of IS. High densities (>150 ind./0.1 m2) of the blue mussel Mytilus 
edulis were also recorded, however mainly in OB and KRF and at 5-10 m. The amphipod 
Corophium volutator is another species that was found mainly in shallow parts and had the 
highest abundance in the OB subarea. The mudsnail Peringia ulvae and the polychaete He-
diste diversicolor were the only two species that had relatively high abundances and were not 
found in any of the deeper parta sampled in 2012. P. ulvae was mainly found in KRF while 
H. diversicolor could be seen in all subareas with the exception of IS, however it was most 
abundant in KRF, OB and LD. 

The species that by far dominated in biomass was M. baltica, which was found in high 
biomass in all subareas with the exception of deeper parts of IS and TF in 2012, where the 
biomass was significantly lower. Another dominant species was M. edulis, however this 
species was mainly found in KRF and OB with the highest biomass in shallower parts. 
The sand gaper Mya arenaria was also found at high biomasses but mainly in shallower 
parts sampled in 2013 with the exception of IB. Dominant species for the polychaetes was 
Marenzelleria sp. This species was found in all subareas in both years, followed by the pria-
pulid H. spinulosus and the polychaete H. diversicolor. H. spinulosus was observed both years 
in all subareas with exception of IS, and H. diversicolor was noted only in shallower parts in 
all subareas with exception of IS. 

MDS plots (Figure 13) indicates that both abundance and biomass can be divided into 
four main groups; deeper parts of TF and KRF sampled in 2012 form one group, shallow 
parts of IS and TF form another. The third group consists of fauna from deeper parts of 
IB, OB, KAF and LD sampled in 2012 and the last remaining group consists of mainly 
shallower parts of KRF and OB sampled in 2013, and also some of the deeper stations 
from KRF 2012. The stress value for abundance MDS plot is 0.12 which means that it can 
be considered as a representative illustration. The MDS plot for biomass has a stress value 
below 0.1 which also indicates that the plot is scientifically sound and its representative-
ness is considered to be good. 
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Figure 13. MDS (multidimensional scaling) plot for species abundance and biomass in the Baltic 
Sea area, in which the distance between samples reflects the similarity between them. Data has 
been transformed using square root and a Bray-Curtis index of similarity was applied prior to 
analysis. Red symbols illustrate inner subareas, orange; middle subareas and green the outer-
most subarea. Filled symbols are sampled 2012 in deeper parts and unfilled symbols are sam-
pled 2013 in shallower parts. 

  

Transform: Square root

Resemblance: S17 Bray Curtis similarity

2D Stress: 0.12 OMRÅDEBALTIC SEA GRADIENT; ABUNDANCE

Transform: Square root

Resemblance: S17 Bray Curtis similarity

2D Stress: 0.09 OMRÅDEBALTIC SEA GRADIENT; BIOMASS
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Table 8. Description of mean number of species, individuals and amount of biomass found in 
each subarea and year in the Baltic Sea area. 

 

Table 9. Mean abundance (no/0.1 m2) for each subarea, of species numbering more than 100 
individuals in the Baltic Sea area. Grey column (Total) contains the total number of individuals of 
each species found across the whole Baltic Sea area. 

Depth 10-58 m; Abundance              
 

Species IB IS KAF KRF LD OB TF Total 

Marenzelleria sp. 88 1 19 9 41 156 6 4443 

Macoma balthica 67 
 

50 48 81 50 1 4122 

Monoporeia affinis 2 
  

4 
 

52 
 

814 

Pontoporeia femorata 
    

36 
 

506 

Halicryptus spinulosus 8 
 

6 1 6 5 
 

361 

         

 

 Depth 5-10 m; Abundance             

 Species IB IS KAF KRF LD OB TF  Total 

Mytilus edulis 

   

150 

 

289 10 4499 

Macoma balthica 54 12 63 76 65 54 38 3613 

Marenzelleria sp. 13 7 9 17 9 19 27 1015 

Peringia ulvae 

   

70 

 

2 

 

721 

Corophium volutator 

 

2 

 

4 

 

16 3 247 

Hediste diversicolor 

  

1 7 3 4 1 154 

Halicryptus spinulosus 4 

 

1 1 1 3 1 108 

         

Baltic Sea   Species richness 
(no/0.1m2) 

Abundance 
(no/0.1m2) 

Biomass       
(g/0.1m2) 

          

Subarea Code 10-58m  5-10m  10-58m 5-10m 10-58m 5-10m 

Inner Bråviken IB 4.3 3.9 166 72 22.5 12.8 

Inner Slätbaken IS 0.8 3.2 1 29 0.1 1.6 

Kaggebofjärden KAF 3.4 3.1 76 74 29.6 10.2 

Outer Bråviken OB 6.4 10.2 312 410 30.0 70.3 

Trännöfjärden TF 7.3 4.7 8 81 0.3 12.9 

Lindödjupet LD 3.5 4.6 129 80 18.1 19.1 

Kärrfjärden KRF 5.3 8.6 73 347 13.8 33.9 
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3.2.2 Differences in BQI2009 between subareas and depth intervals 

An increase in mean BQI2009 towards the open sea can be seen in all three gradients 
(Figure 14). Differences in BQI2009 between subareas within depth intervals and between 
depth intervals within subareas has been analysed using ANOSIM. R- and P- value for the 
global test shows that differences do occur (R=0.355, p=0.001) and pairwise tests to iden-
tify which subareas within depth intervals that differ have been done (Table 10). SIMPER 
analyses of species abundance were also performed to investigate which species contribut-
ed the most to explain the differences in species composition between subareas within 
depth intervals and within subareas between depth intervals (Table 11). Results for each 
Baltic Sea gradient are discussed in more details below. 

 

 

 

Figure 14. BQI2009 in the Baltic Sea gradient. Deeper parts (green) were sampled in 2012 and 
shallower parts (yellow) in 2013. Each box shows the first and third quartile with a horizontal line 
at the second quartile (median). The whiskers represent minimum and maximum values. Subar-
eas are sorted in the order inner, middle and outer and from north to south within each group. 
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Table 10. Analysis of similarities (ANOSIM) for tested indicator (BQI2009) in the Baltic Sea gradi-
ents between subareas within depth intervals (white squares = deep subareas sampled in 2012; 
blue squares= shallow subareas sampled in 2013). Subareas that differ are marked with either 
red or green text depending on if the R-value is below (green) or above (red) 0.5. Subareas with 
an R-value <0.5 are more similar to each other than subareas with a R-value of >0.5. Values in 
the grey diagonal represent differences between depth intervals within each subarea. 

 

.  

Global Test; BQI2009

Sample statistic (Global R): 0.355
Significance level of sample statistic: 0.001
Pairwise Tests

IB IS KAF OB TF LD KRF

R=0.103 R=0.730 R=0.038 R=0.670 R=0.642 R=0.192 R=0.237

P=0.076 P=0.001 P=0.161 P=0.001 P=0.001 P=0.016 P=0.001

R=0.126 R=0.468 R=0.726 R=0.737 R=0.400 R=0.710 R=0.482

P=0.025 P=0.001 P=0.001 P=0.001 P=0.001 P=0.001 P=0.001

R=0.215 R=0.038 R=0.243 R=0.776 R=0.540 R=0.018 R=0.285

P=0.018 P=0.181 P=0.011 P=0.001 P=0.001 P=0.272 P=0.001

R=0.940 R=0.632 R=0.964 R=-0.057 R=0.821 R=0.822 R=0.125

P=0.001 P=0.001 P=0.001 P=0.832 P=0.001 P=0.001 P=0.007

R=-0.033 R=0.052 R=0.118 R=0.735 R=0.488 R=0.512 R=0.297

P=0.637 P=0.124 P=0.073 P=0.001 P=0.001 P=0.001 P=0.002

R=-0.069 R=0.094 R=0.162 R=0.924 R=-0.062 R=0.000 R=0.286

P=0.926 P=0.038 P=0.041 P=0.001 P=0.925 P=0.384 P=0.001

R=0.495 R=0.368 R=0.712 R=0.207 R=0.299 R=0.466 R=-0.041

P=0.002 P=0.001 P=0.001 P=0.014 P=0.007 P=0.002 P=0.676

IB

IS

KAF

OB

TF

LD

KRF
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Table 11. SIMPER analysis of species abundance shows the average dissimilarity between 
subareas within depth intervals (top part) and which species contributed the most to explain the 
differences (lower part). Values in the grey diagonal represent dissimilarity’s between depth 
intervals in the same subareas. 

 

 
  

SIMPER One-Way Analysis
Species abundance
Resemblance: S17 Bray Curtis similarity
Cut off for low contributions: 90.00%

IB IS KAF OB TF LD KRF

IB 32.7 91.8 28.3 41.9 77.7 24.5 57.2

IS 55.1 85.4 89.3 94.3 68.4 91.3 87.3

KAF 26.2 54.3 27.3 51.9 69.5 20.6 52.9

OB 55.5 73.4 58.9 60.4 85.0 46.7 66.1

TF 34.0 56.6 35.9 56.0 73.7 74.8 72.0

LD 28.2 58.0 24.4 55.5 36.5 31.4 53.3

KRF 56.9 76.1 55.5 56.3 58.5 53.3 65.1

Species that contributed the most to the dissimilarity above between areas in depth interval 25-45 m (black text) respectively 10-15 m (blue text).

IB IS KAF OB TF LD KRF

IB
Marenzelleria 45 % 
M. balthica 21 %

Marenzelleria 36 % 
M. balthica 38 %

Marenzelleria 45 % 
M.balthica 22 %

M. affinis 25 % 
Marenzelleria 25 % 

M. balthica 40 % 
Marenzelleria 32 %

Marenzelleria 41 % 
M. balthica 26 %

Marenzelleria 32 % 
M.balthica 22

IS
M. balthica 35 % 
Marenzelleria 20 %

M. balthica 42 % 
Marenzelleria 19 %

M. balthica 49 % 
Marenzelleria 27 %

Marenzelleria 31 % 
M. balthica 20 %

Marenzelleria 42 % 
Chironomidae 20 %

M. balthica 50 % 
Marenzelleria 30 %

M. balthica 33 % 
Chironomidae 15

KAF
Marenzelleria 28 % 
M. balthica 27 %

M. balthica 47 % 
Marenzelleria 17 %

Marenzelleria 34 % 
H. spinulosus 26 %

Marenzelleria 30 % 
M. affinis 26 %

M. balthica 54 % 
Marenzelleria 19 %

M. balthica 36 % 
Marenzelleria 33 %

M. balthica 27 % 
Marenzelleria 19 %

OB
M. edulis 31 %       
C. volutator 11 %

M. edulis 26 %      
M. balthica 13 % 

M. edulis 30 %      
C. volutator 12 %

M. edulis 22 % 
Marenzelleria 18 %

Marenzelleria 28 % 
M. affinis 20 %

M. affinis 26 % 
Marenzelleria 25 %

Marenzelleria 29 % 
M. affinis 16 %

TF
M. balthica 24 % 
Marenzelleria 23 %

Marenzelleria 26 % 
M. balthica 25 % 

Marenzelleria 30 % 
M. balthica 24 % 

M. edulis 30 %       
C. volutator 11 %

M. balthica 44 % 
Marenzelleria 21 %

M. balthica 53 % 
Marenzelleria 24 %

M. balthica 36 % 
Chironomidae 13 %

LD
M. balthica 22 % 
Marenzelleria 18 %

M. balthica 40 % 
Marenzelleria 15 %

Marenzelleria 25 % 
H. diversicolor 19 %

M. edulis 31 %      
C. volutator 11 %

Marenzelleria 23 % 
M. balthica 22 %

Marenzelleria 33 % 
H. spinulosus 17 %

M. balthica 27 % 
Marenzelleria 25 %

KRF
M. edulis 19 %       
P. ulvae 15 %

M. balthica 20 %      
M. edulis 16 %

M. edulis 20 %         
P. ulvae 17 %

M. edulis 27 %       
P. ulvae 11 %

M. edulis 19 %       
P. ulvae 15 %

M. edulis 20 %         
P. ulvae 16 %

M.edulis 17 %         
M. balthica 15 %

Average dissimilarity between areas for the deeper communities (black text) respectively the shallower communities (blue text).



WATERS: RESPONSE OF BQI TO EUTROPHICATION INDUCED IMPACTS 

 42 

3.2.2.1 Bråviken (IB, OB, KRF) 

BQI2009 in the deeper parts was significantly higher in OB than in IB with an R of 0.670 
(p=0.001). Also, deeper parts in the outermost subarea KRF differed significantly from 
deeper parts in IB, however R is under 0.5, which indicates only a weak difference. 
BQI2009 in the shallower parts was also significantly different from OB than in IB with an 
R of 0.940 (p=0.001).  According to SIMPER analysis of species abundance, M. affinis, 
Marenzelleria sp. and M.balthica contributed most in explaining the differences in the deeper 
parts, while M. edulis, P. ulvae and C. volutator were important in explaining the differences 
in the shallower communities. 

3.2.2.2 Slätbaken (IS, TF, KRF) 

BQI2009 in the deeper parts differed significantly between IS and TF, and between IS and 
KRF. BQI2009 increased with distance to the innermost subarea (IS). Similar changes can 
be seen in the shallower parts of this gradient with exception of IS not being significantly 
different from TF. Minor differences between depth intervals in the same subarea, were 
seen in both IS (R=0.468, p=0.001) and TF (R=0.488, p=0.001). According to SIMPER 
analysis of species abundance, Marenzelleria sp., and M. balthica were the species that to-
gether with the group Chironomidae contributed the most in explaining the differences in 
species composition in the deeper parts, while Marenzelleria sp., M. balthica, M. edulis and P. 
ulvae were important in explaining the differences in the shallower communities.  

3.2.2.3 Kaggebofjärden (KAF, LD, KRF) 

There was no difference in BQI2009 for deeper parts between KAF and LD, however they 
both differed slightly when compared with the outermost subarea KRF (RKAF=0.285, 
pKAF=0.001; RLD=0.286, pLD=0.001). Much the same pattern was seen for BQI2009 in shal-
lower parts with exception of higher R between KAF and KRF (R=0.712, p=0.001) and 
no difference between KRF and LD (R=0.466, p=0.002). There was no difference in 
BQI2009 when comparing shallow and deep parts within subareas. According to SIMPER 
analysis of species abundance, Marenzelleria sp., M. balthica and M. affinis were the species 
that contributed the most in explaining the differences in species composition in the 
deeper parts, while Marenzelleria sp., M. edulis, P. ulvae and H. diversicolor were important in 
explaining the differences in the shallower communities.  
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3.2.3 Correlation between BQI2009 and eutrophication variables  

BQI2009 in the shallower benthic fauna communities were negatively related to TotP 
(Figure 15). The bootstrap analysis revealed several other correlations. BQI2009 in the 
deeper benthic fauna communities were positively correlated to SPM and SPIM but nega-
tively correlated to TotP, TotN, chlorophyll a, CDOM and SPOM (Figure 16). The same 
correlations could be seen for the shallow parts with the exception of SPM that revealed 
no correlation at all. No significant correlations could be seen for Secchi depth and salinity 
in the deeper parts and Secchi depth and SPM in shallower parts. 

 

 

Figure 15. Correlation between BQI2009 and TotP in the Baltic Sea area, green colour for deeper 
parts sampled in 2012 and yellow for shallow parts sampled in 2013. The graph shows average 
values per subarea and depth interval ± one standard deviation, with regression lines for aver-
ages per year where the regression was statistically significant (p<0.05).  

 

 

Figure 16. Correlations between BQI2009 and measured hydrographical and chemical parameters 
sampled in the Baltic Sea gradients, green colour for deeper parts sampled in 2012 and yellow 
for shallower parts sampled in 2013. The graph shows average values per subarea and depth 
interval, and a significant positive or negative correlation exists if the 95 % confidence interval 
has no over-lap with the dotted zero line. Salt is an abbreviation for salinity.  
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4. Discussion 
Eutrophication affects the composition of the benthic faunal communities in several ways. 
Increased load of organic material to the seafloor will initially enhance growth and in-
crease species diversity and biomass as described by the Pearson-Rosenberg (1978) para-
digm. Accordingly, this will lead to a change in community structure that favours suspen-
sion feeders and burrowing detritus feeders. As a result reduction in species diversity and 
biomass will follow at progressively higher levels of organic load, and opportunistic spe-
cies will be favoured. As the degradation of organic material is in progress, the oxygen at 
the bottom will decline and cause oxygen depletion that may lead to further reduction in 
species diversity, and eventually mass mortality of most organisms due to the production 
of H2S in sediments. In oligotrophic systems, most of the will be mineralised in the water 
column, whereas in more eutrophic systems, as in the present study, a greater proportion 
of the organic material will accumulate at the seabed. 

In the Skagerrak area the strongest physical chemical surface water gradient was seen for 
Secchi depth and its associated variables CDOM and chlorophyll a, i.e. there was mainly a 
gradient in pelagic organic material with higher values in inner subareas and lower in outer 
subareas. The BQI showed an opposite pattern with lower values in inner subareas and 
higher in outer subareas both in shallow and deep water. In shallow water the pattern was 
not clear and there was large variation for BQI in the outer subareas, especially the outer-
most subarea that probably could be explained by a large variation in sediment composi-
tion between stations in addition to local point sources. The possibility to find correlations 
between the pelagic surface water variables and shallow water BQI will probably be re-
duced by this large variation in BQI in the outer subareas. Accordingly the only significant 
correlation in shallow waters was between BQI and CDOM while we in deeper waters 
also could see significant correlations between BQI and Secchi depth, SPOM, TotN and 
TotP (Table 12). It should be noted though that CDOM and SPOM was not measured in 
the inner subarea in 2012, i.e. the correlation with BQI in deeper waters for these variables 
is only based on the four outer subareas. 

In the more complex Baltic area where we had three different inner to outer gradients 
with varying levels of physical chemical surface water gradients in each of the three gradi-
ents we have not analyzed each gradient separately but rather saw them as representing 
seven different subareas and analyzed them together. The results showed significant corre-
lations between BQI and most surface water eutrophication related variables except for 
Secchi depth (Table 12). Interestingly there was a negative correlation for organic sus-
pended matter (SPOM) but a positive for inorganic suspended matter (SPIM). This result 
was mainly driven by Bråviken with high values of BQI and SPIM but low values in 
SPOM and inner Slätbaken with low values of both BQI and SPIM but high values in 
SPOM. The variation in BQI for the deeper parts in the outermost area Kärrfjärden was 
quite high which probably can be explained by the complicated topography, with deep 
basins and a plethora of small islands, resulting in sheltered deep areas with hypoxic bot-
tom waters (Jonsson and Persson 1996) despite that this subarea had the lowest values for 
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most surface water eutrophication variables. The correlations between surface water pe-
lagic variables and BQI were similar for both shallow and deep-water fauna in the Baltic 
subareas. 

The observed negative correlations between surface water eutrophication variables and 
the benthic fauna could be affected by low water exchange rates that will reduce oxygen 
levels and enhance the production of H2S in the sediment with negative effects on the 
fauna in some subareas. This process could also be affected by lateral transport of organic 
material that, according to Graf (1992), could be two to eight times greater than the verti-
cal transport. We know we have areas with low water exchange rates and also surrounding 
areas rich in organic material (e.g. rooted plants and hard substrate algae) but to what 
extent this affects the correlations is unknown. 

 
Table 12. Overview of correlations between surface water physical chemical variables and BQI 
in deep and shallower parts in the Baltic Sea (B) and Skagerrak (S) area. +/- indicates if it is a 
positive or negative correlation. All shown correlations were significant when based on boot-
strapped subarea means. Correlations that were also significant based on simple subarea 
means are marked with an asterisk (*). 

 

  

CORRELATIONS Secchi TotP TotN Chla CDOM SPM SPOM SPIM Salinity
S8+ S8: S8: S8: S8:8*

B8: B8: B8: B8: B8+ B8: B8+
S8:

B8:8* B8: B8: B8: B8: B8+

BQI
Deep

Shallow
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5. Conclusions 
BQI is a well-established indicator for benthic fauna that has been evaluated in relation to 
several known spatial and temporal disturbances (Josefson et al. 2009). The use of BQI has 
revealed a number of issues and the objectives of this WP has therefore been to develop 
more knowledge on species sensitivity, how to account for natural environmental variabil-
ity, and then testing the BQI in a larger geographic domain. This study of how BQI re-
sponds to coastal eutrophication gradients is part of that task. 

The aim of this study was to test how the benthic quality index (BQI) responded to 
coastal gradients using data sets of surface eutrophication variables and benthic fauna 
collected in gradients in Swedish coastal parts of the Skagerrak and the Baltic Sea. 

Several correlations were found between BQI and surface water eutrophication variables 
in both the Skagerrak and Baltic areas. The conclusions from this study is that high levels 
of organic material in the surface water has a negative effect on the status of the benthos 
and that hypoxia due to limited water exchange in the deeper bottoms can enhance this 
effect. 
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Appendix 1. Analysis methods for physical and 
chemical data in WATERS gradient studies 
All west coast samples were analysed at the SMHI oceanographic laboratory in Gothen-
burg (accredited according to Swedac, Swedish Board for Accreditation and Conformity 
Assessment). Nutrients and chlorophyll a was analysed according to standard methods 
(HELCOM 2015). Secchi depth, SPM and CDOM were analyzed with the methods de-
scribed below. 
 
On the east coast nutrient and salinity samples were all analyzed at the Stockholm Univer-
sity laboratory (accredited by Swedac) by the standard methods used in the National ma-
rine monitoring. Chlorophyll a analyses were done by Alcontrol Linköping (SS028146-1, 
one liter of water filtered, actone extraction). As a quality check, 14-15 chlorophyll sam-
ples each year were analyzed in parallel by Laboratoriet Marin Ekologi, Dept. Ecology, 
Environment and Plant sciences, at Stockholm University, according to HELCOM 
(2015). No systematic discrepancy between the laboratories was found. Secchi depth, SPM 
and CDOM were analyzed at the Stockholm University laboratory with the methods de-
scribed below.  
 
To determine Suspended Particulate Matter (SPM) particulate matter was filtered onto 
dry, pre-weighed glass fibre filters (WHATMAN GF/F). Filters were weighed again after 
filtering and drying. The difference in weight was used to calculate SPM. Suspended Par-
ticulate Inorganic Matter (SPIM) was measured by weighing the filters again after remov-
ing organic matter at 450 °C. Three to four replicate samples was filtered for SPM. 
Coloured Dissolved Organic Matter (CDOM) was analyzed according to Kratzer and Tett 
(2009). The water was filtered through 0.2-µm membrane filters and measured spectro-
photometrically. The optical density (OD), i.e., absorbance, at 440 nm was corrected for 
the OD at 750 nm, and g440, the absorption coefficient for CDOM at 440 nm, was de-
rived as follows: 
g440 = ln(10) * (OD440 – OD750) / L (m-1) 
where L is the path length of the cuvette in meters (in this case 0.1 m). 
The Secchi depth was measured using a standard 30-cm white Secchi disk. A water tele-
scope was used to avoid the influence of reflectance at the sea surface having an effect on 
the viewer’s reading. 



 

 

  

 

 

 

 

Response of the benthic quality index 
(BQI) to eutrophication induced impact 
in two Swedish coastal areas 

 

Benthic fauna is sensitive to exposure of organic matter, metals and environmental toxins. 
It is well known that benthic species composition reflects the environmental conditions in 
the sea and it is therefore considered to be a suitable tool for assessment of ecological 
status according to the WFD. The BQI (Benthic Quality Index) has been used in Sweden 
to classify ecological status for several years.  

The aim of this study was to test how BQI responded to coastal gradients using data sets 
of surface eutrophication variables and benthic fauna collected in gradients in Swedish 
coastal parts of the Skagerrak and the Baltic Sea. 

Our results indicate several correlations between BQI and surface water eutrophication 
variables in both the Skagerrak and Baltic areas. The conclusions from this study is that 
high levels of organic material in the surface water has a negative effect on the status of 
the benthos and that hypoxia due to limited water exchange in the deeper bottoms can 
enhance this effect. 
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