
 

 

 

A PROBABILITY BASED INDEX FOR 
ASSESSMENT OF BENTHIC         
INVERTEBRATES IN                     
THE BALTIC SEA 

 
 
Mats Blomqvist, Kjell Leonardsson 

 

 
WATERS Report no. 2016:3  

 



 

  



 

 

WATERS Report no. 2016:3 
Deliverable D3.1-4 

 

 

A probability based index for             
assessment of benthic invertebrates in 
the Baltic Sea 
 

 

Mats Blomqvist, Hafok AB 

Kjell Leonardsson, Department of Wildlife, fish and environmental studies, Swedish University of 
Agricultural Sciences, UMEÅ 

 

 

 

 

 

 

 

 

WATERS partners: 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WATERS: Waterbody Assessment Tools for Ecological Reference conditions and status in Sweden 
 
WATERS Report no. 2016:3. Deliverable D3.1-4 
Title: A probability based index for assessment of benthic invertebrates in the Baltic Sea 
Publisher: Havsmiljöinstitutet/Swedish Institute for the Marine Environment,  
P.O. Box 260, SE-405 30 Göteborg, Sweden  
Published: May 2016  
ISBN 978-91-983101-4-6 
 
Cover photo: Bengal rose stained isopods Saduria entomon.. Photo Annica Gammeltoft. 
 
Please cite document as:  
Blomqvist, M., Leonardsson, K. 2016. A probability based index for assessment of benthic inverte-
brates in the Baltic Sea. Deliverable D3.1-4, WATERS Report no. 2016:3 Havsmiljöinstitutet, Swe-
den. 
 
http://www.waters.gu.se/rapporter 



 

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. macrophytes, benthic invertebrates, 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 
benthic fauna in coastal waters. The report presents a novel approach for assessment of 
ecological status based on benthic fauna in the Baltic Sea.  

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 
The ecological status of benthic fauna in Swedish marine waters is assessed by means of 
the Benthic Quality Index (BQI) based on species richness, species sensitivities and abun-
dance. On the east coast the status classification seems to be sensitive to “natural” fluctua-
tions in the benthic community. In the northern Bothnian Bay the index has also classified 
the environment as less than good in apparently unpolluted areas. This calls for a revision 
of the index. In this study we have re-analysed the components of BQI and also evaluated 
biomass as an additional component in the index. Prior to the analysis we have adjusted 
the components with a method based on sampling depth and sample volume to reduce 
the variation and the dependency of depth and sediment characteristics, i.e. to reduce the 
effects of where in a water body samples are taken. 

We have developed a novel way to combine the components in an indicator based on a 
conversion of the components to probabilities approximated from reference frequencies 
derived from a baseline dataset. The resulting index is named probability based BQI, 
pBQI, and is calculated as the arithmetic mean of the four component probabilities. The 
old BQI and pBQI are compared by analyses of their stability in baseline areas, their re-
sponse to pressures in recipients and the power to detect trends. The results were mainly 
in favour of the pBQI. 

Analyses of the effects of an increased taxonomic resolution of midge larvae (family Chi-
ronomidae) were also conducted. The effects on the behaviour of the indices were small and 
the main argument for making species determination of midge larvae a standard method 
would be that it makes indices more robust rather than changing index behaviour radical-
ly. 

A method for setting of WFD status class boundaries with focus on the good-moderate 
and high-good boundaries is presented and exemplified within a complete assessment 
procedure resulting in a final water body benthic status classification with likelihood esti-
mates for each of the five status classes. 
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Svensk sammanfattning 
Ekologisk status för bottenfauna i svenska marina vatten bedöms idag med hjälp av Bent-
hic Quality Index (BQI) vilket baseras på artrikedom, arternas känslighet och individantal. 
Det finns dock ett behov av att göra en översyn av indexet på ostkusten eftersom status-
klassificeringen där ibland verkar vara känslig för naturliga förändringar i bottenfaunasam-
hället, sådana som inte orsakats av mänsklig påverkan, och för att miljön ibland även har 
klassificerats som sämre än god i till synes oförorenade områden (norra Bottenviken). I 
denna studie har vi analyserat komponenterna i BQI genom att se på deras stabilitet i 
regionala referensområden och deras svar på påverkan i recipienter. Vi har också på 
samma sätt utvärderat biomassa som en möjlig ytterligare komponent i indexet. För att 
minska variationen och beroendet av djup och sedimentegenskaper, det vill säga för att 
minska effekterna av var i en vattenförekomst proverna tas, justerades komponenterna 
först med en metod baserad på provtagningsdjup och provvolym. 

Vi har i denna rapport utvecklat ett nytt sätt att kombinera komponenterna i en indikator 
så som till exempel BQI. Genom att omvandla komponenterna till sannolikheter som 
uppskattats från referensfrekvenser framtagna från ett referensdataset har vi modifierat 
BQI till ett sannolikhetsbaserat (probability) BQI, pBQI. Detta beräknas som det aritme-
tiska medelvärdet av de fyra ingående komponenternas sannolikheter. Vi har sedan jäm-
fört BQI och pBQI genom att analysera deras stabilitet i regionala referensområden, deras 
svar på påverkan i recipienter och styrkan att upptäcka trender. Resultaten av analyserna 
var i huvudsak till förmån för pBQI. Vi rekommenderar att basera indexet på alla fyra 
komponenterna, det vill säga inklusive biomassa, snarare än tre eftersom det då innehåller 
fler variabler som kan svara på förändringar i miljön. 

Analyser av effekterna av en ökad taxonomisk upplösning av mygglarver (familjen Chiro-
nomidae) gjordes också. Effekterna på beteendet hos indexen var små och det viktigaste 
argumentet för att göra artbestämning av mygglarver till standardmetod i miljöövervak-
ning skulle vara att indexen när de baseras på mer information, blir mer robusta snarare än 
radikalt förändrade.  

I rapporten presenterar vi en metod för framtagning av vattendirektivets klassgränser med 
fokus på gränserna för god-måttlig och hög-god status. Detta exemplifieras i en komplett 
bedömningsmetod för klassificering av status för bottenfauna i en vattenförekomst med 
en uppskattad sannolikhet för var och en av de fem statusklasserna.  
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1. Introduction 
The ecological status of benthic fauna in Swedish marine waters, coast and offshore, is 
assessed within the European Water Framework Directive (WFD) by means of a standard 
operating procedure called BQI (Anon 2013a). The BQI is calculated based on species 
richness, a weighted average of the species sensitivity values, and the total abundance of 
animals in single grabs. The same index formulation is used for the Swedish east (Baltic) 
and west coast. The only thing that differs in the index between the east and the west 
coast is the origin of the sensitivity values. For the west coast the sensitivity values are 
calculated using a standardized method (Leonardsson et al. 2009), and recently a modifica-
tion of the method was suggested in order to reduce the uncertainty in the sensitivity val-
ues (Leonardsson et al. 2015). In contrast, the sensitivity values for the east coast are based 
on published information on sensitivity to disturbance and expert knowledge (Leonards-
son et al. 2009). In a recent analysis of the BQI for the west coast it was shown that the 
uncertainty in the BQI could be reduced further by excluding the abundance factor and by 
depth adjusting the BQI (Leonardsson et al. 2016). These analyses only covered the BQI 
for the west coast where the number of species is much greater than in the Baltic and also 
the salinity gradient is much more pronounced on the west coast. In the Baltic the status 
classification using BQI seems to be sensitive to “natural” fluctuations in the benthic 
community. Another issue with BQI in the Baltic has been the poor status classification in 
the unpolluted northernmost part of the Bothnian Bay. For these reasons there is a need 
to revise the BQI for the Baltic, and there is a potential for doing so now since there are 
more data available for the Baltic compared to when the BQI was first formulated. 

The aim here is to re-analyse the different components of BQI for the Swedish east coast 
in order to reduce the variation and to remove as much as possible of the variation intro-
duced by depth, sediment characteristics, and salinity. In order to improve BQI for the 
Baltic we also include biomass as a potential candidate for the index. Here we used recal-
culated values from wet weight to ash free dry weight. Biomass has successfully been used 
as a basis for a benthic indicator in eastern parts of the Baltic Sea (Lauringson et al. 2012). 
Another aim was to investigate the potential of increasing the taxonomic resolution of 
chironomids. The current BQI only accounts for the chironomids as a group with sensi-
tivity value 1, which correspond to disturbed environments. The reason for opening up 
for higher taxonomic resolution in the chironomids is that several of the species in the 
Baltic are highly sensitive to eutrophication (low oxygen content) (e.g. Armitage et al. 
1995). 
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2. Material and methods 

2.1 Study areas 
Benthic data from coastal areas in the Bothnian Bay and the Northern Baltic Proper from 
the years 1995 to 2015 were used as examples in the analyses in this report (Figure 1 and 
Figure 3). All samples were collected with a 0.1 m2 van Veen grab and sieved on a 1 mm 
mesh. Data consist of 2 987 samples originating from regional and recipient monitoring as 
well as the data collected within the Waters research program, representing in total 437 
stations. All samples were collected within depths between 3 and 60 meters. Conversion 
of biomass from the measured wet weights to ash free dry weight was done with conver-
sion factors from literature (Rumohr et al. 1987, Armitage et al. 1995, and Ricciardi & 
Bourget 1998).  

Most of the stations in the Bothnian Bay were situated in the Swedish WFD typology type 
22 (Coastal waters of Bothnian Bay, inner parts) but the stations outside Skellefteå were 
situated in type 23 (Coastal waters of Bothnian Bay, outer parts) and some even in the 
open sea. 

For a subset of the data (1 119 samples) in the Bothnian Bay (Table 1) the group chiron-
omids (midge larvae) were determined to higher taxonomic resolution than family Chiron-
omidae in an earlier separate study (Mattsson et al. 2013). In these data chironomids were 
determined to the lowest possible taxonomic level but not always to the species level. 62% 
of the 1 119 samples contained chironomids. 
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Figure 1. Map of the sampling sites from which the data used in the northern study are-
as in Bothnian Bay was collected. Green symbols represent regional monitoring and red 
(inner) and yellow (outer) symbols represent recipient monitoring. Each recipient moni-
toring area is enlarged in smaller maps to the right to show the separation of inner and 
outer areas. 

 

Table 1. Overview of the Bothnian Bay areas and years with increased taxonomic reso-
lution of chironomids. 

Area 1995 1996 1997 1998 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

REG6 X X X X X X X X X X X X X X 
   

REG7 X X X 
          

X 
   

REG8 X X X X X X X X X X X X X X 
   

REG9 X X X 
          

X 
   

Kalix 
        

X X X X X X X 
  

Luleå 
         

X X X X X 
   

Piteå 
        

X X X X X X X X X 

Skellefteå 
         

X X X X X 
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The recipient monitoring areas in the Bothnian Bay are all affected, but to varying degrees, 
by outflow from large rivers. The separation of each recipient monitoring program to an 
inner and outer part was done pragmatically specifically for this report. Our intention was 
to capture effects of different levels of pressures within these areas by this separation. The 
depths in the regional clusters and the different recipient areas are illustrated in Figure 2. 
In general, the inner recipient areas are shallower and the Skellefteå areas are significantly 
deeper than the other areas. 

 

    
Figure 2. Depths (m) of the benthic monitoring stations in the Bothnian Bay. The hori-
zontal lines show the median, the box the 25th and 75th percentiles and whiskers are 1.5 
times the height of the boxes. 

 

Inside the inner Kalix area there are industrial ports and an industry producing paper and 
pulp. The Kalix river outflow runs through the entire area.  Inside the inner Luleå area 
there are large ports, a steel industry and a sewage treatment plant. In the Piteå inner area 
there are ports, saw mills and paper mills and it is located in the outflow from the Pite 
river inside a narrow strait and thus influenced by the river. The outer Piteå area Vargö-
draget is not connected to the inner area but has high concentrations of metals in the 
sediment (Pettersson & Strömberg 2007) and is a recipient for a paper mill in Piteå via a 
long tube. The Skellefteå area is more open towards the sea compared to the other recipi-
ents, especially the outer area which represents open sea conditions. Inside the inner area 
there is a large port, a sewage treatment plant, a metal smelter and a recycling plant. To 
what extent all these potential stressors affect the benthic community in each area is not 
quite clear. 
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Figure 3. Map of the sampling sites from which the data used in the study areas in the 
Northern Baltic Proper was collected. Green symbols represent regional monitoring and 
coloured symbols north of REG Askö represent recipient monitoring in the Him-
merfjärden study area. Coloured symbols inside REG St Anna and REG Gryt represent 
areas from the benthic sampling in the Waters gradient study. The Himmerfjärden areas 
and the Waters gradient study areas are enlarged in smaller maps to the right. Black 
dots in the Waters gradient study station symbols indicate stations below 10 meters 
depth (10 – 58 m sampled in 2012) and stations without black dots shallow stations (5-
10 m sampled in 2013). 

 

Most of the stations in the Northern Baltic Proper were situated in the Swedish WFD 
typology type 12 (Östergötland and Stockholm archipelago, middle parts) but the stations 
in REG Askö were situated in the type 14 (Östergötland, outer coastal waters) and sta-
tions in Waters gradient study areas IB and IS were situated in type 13 (Östergötland inner 
archipelago). 

The depths in the regional clusters, the Himmerfjärden study areas and the Waters gradi-
ent study areas are illustrated in Figure 4. 
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Figure 4. Depths (m) of the monitoring stations in the Northern Baltic Proper. The hori-
zontal lines show the median, the box the 25th and 75th percentiles and whiskers are 1.5 
times the height of the boxes. 

 

The Himmerfjärden area is influenced by a large sewage treatment plant in the inner part 
of Himmerfjärden Inner North area. The innermost area Näslandsfjärden is situated up-
stream from the plant and is affected by the outlet from the plant at 25 m depth by coun-
ter currents to the outflow of water from lake Mälaren through Näslandsfjärden. The 
outflow of water from lake Mälaren runs through the city of Södertälje upstream from 
Näslandsfjärden. The Himmerfjärden sewage treatment plant has participated in a large 
scale experiment manipulating the nitrogen removal from the plant (for more information 
see e.g. Anon 2013b, Boesch et al. 2006) resulting in differences in yearly nitrogen load 
from the plant to the recipient (Figure 5). Assuming that these changes in nitrogen load 
have an effect on the benthic fauna it is possible to test temporal effects with this dataset. 
The benthic fauna samples were collected in the autumn in this study. 

 

 

Figure 5. Load of nutrients from the Himmerfjärden sewage treatment plant. Nitrogen 
removal from the sewage was progressively introduced from 1993 but was deliberately 
reduced in 2001-2002 and 2005-2006 and completely turned off in 2007-2008. Vertical 
lines indicate benthic sampling occasions. Data from Ulf Larsson Stockholm University. 

 

In Water’s gradient study (see Magnusson et al. 2016) three different spatial gradients were 
sampled in 2012 and 2013. As a reference area data from the regional cluster REG St 
Anna was used. In the northernmost rather open and well ventilated gradient Bråviken the 
inner area is situated outside the city of Norrköping with a large harbour, industries and 
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the outflow of the river Motala ström. The gradient Slätbaken is situated south of 
Bråviken and is more enclosed, with long turnover time. This gradient has no direct point 
sources but receives large loads of nutrients and fresh water from the river Göta kanal to 
the inner area. The southernmost gradient Kaggebofjärden has no direct point sources 
and receives comparable loads of nutrients but less fresh water than Bråviken. 

 

2.2 Sediment characteristics 
The sediment classification for each station was based on a transformation of static ma-
rine geological maps to seafloor surface sediments made by Hallberg et al. (2010) (Table 
2). The underlying data for the marine geological maps are of different quality since inves-
tigation methods have developed over time resulting in better quality in parts of the 
northern Baltic Proper and local areas in the Gulf of Bothnia compared to southern and 
central parts of the Baltic Proper and major parts of the Gulf of Bothnia.  

 

Table 2. Description of sediment classes according to Hallberg et al. 2010. Number of 
stations per sediment class in Bothnian Bay (BB) and N. Baltic Proper (NBP). 

Sediment	class	 Description	 BB	 NBP	
K1	 Cobbles,	boulders	and	bedrock	(rock)	 	 6	
K2	 Pebbles,	cobbles	and	boulders	 46	 	
K3	 Sand,	coarse	sand,	gravel,	shell	gravel	and	pebbles	 9	 126	
K4	 Sand	 2	 	
K5	 Fine	sand	 13	 	
K8	 Soft	mud	 71	 160	
K9	 Anthropogenic	sediments,	dredged	material	etc.	 	 1	
KNA	 Not	possible	to	assign	a	sediment	class	 10	 	
 
The sediment classes are not always matching sediment information associated with each 
benthic sample, e.g. free text sediment description or sample volume. Since objective ways 
of classifying sediments from each benthic sample generally are lacking in Swedish moni-
toring data, e.g. data of grain size or organic content, the surface sediment map is usually 
the only way to achieve a sediment classification for all stations. However in the areas 
selected for the analyses in this report sample volume is given for most of the samples and 
has initially been used as a proxy for sediment characteristics since the volume of sedi-
ment in the grab will be higher in soft sediments and lower in sandy or stiff sediments. 
Sample volume is also less prone to quality and integration errors in the marine geological 
maps and better reflects local conditions as well as temporal changes in sediment charac-
teristics. Moreover, if samples have been collected in areas with coarse sediment according 
to the geological map it is likely that the successful samples originated from local spots 
with softer sediments than expected from the map. The reason for this is that samples 
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from coarse sediments have a high rejection rate due to low sample volumes. That is, new 
samples are collected until the minimum volume limit is reached. In the following search 
for ways to reduce spatial variation both the sediment class of the station and the sample 
volume was used but in the final analyses only sample volume was used. 

 

2.3 Salinity 
The salinity varies seasonally and therefore a single salinity measurement from the time of 
benthic fauna sampling is not necessarily relevant as a descriptor of the benthic communi-
ty. We used the median salinity from nearby depths and areas during the period April – 
June, five years prior to benthic sampling, as a representative salinity value for each ben-
thic sample. Measured salinity data (www.smhi.se) and salinity measured at benthic sam-
pling was primarily used. If such data were lacking for a sampling occasion, modelled 
salinity data from SMHI (vattenweb.smhi.se) was used, or as a last option salinity from the 
EUSeaMap project (jncc.defra.gov.uk/page-5020) were used. Selecting the median salinity 
during the five year period prior to benthic sampling was done to overcome differences in 
hydrographic sampling efforts between areas and years. The months April through June 
were chosen since they generally represent the lowest salinity values during the year. Dif-
ferent species and life stages might be affected by different values (min, max, median, 
range, etc.), but the choice of the median was because it is less sensitive to the number of 
values available. 

 

2.4 Making the index independent of depth, salinity, and sediment 
characteristics 
The spatial variation in the benthic community contributes to variation in the components 
of BQI and thereby also to the variation in the BQI values. There are two possible ways 
of reducing the influence from this type of variation. One way is to stratify the sampling 
such that samples are collected from each stratum and then weighted to an average for the 
water body. This approach requires several samples from each stratum in order to have a 
final BQI for the entire water body. Another way is to remove as much as possible of the 
variation by means of regression models or by other means. With this approach stratifica-
tion is not necessary since the index will be adjusted for the specific environment in which 
the sample was collected. For the BQI on the west coast it was possible to reduce much 
of the variation by applying a regression model with depth as the only independent varia-
ble (Leonardsson et al. 2016). With depth in the regression model, salinity and sediment 
type did not improve the BQI any further. However, when it comes to the Baltic the vari-
ation in BQI does not seem to show any clear relationships with depth, salinity or sedi-
ment characteristics (Figure 6 and Figure 7). Although there is a strong correlation be-
tween number of species and salinity in the salinity gradient from south to north in the 
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Baltic (e.g. Bonsdorff 2006), there is no clear correlation at the scale of a single water body 
or even within the same water type (Figure 6 and Figure 7). Also the relationship between 
the components of BQI and depth and between BQI and sediment is weak within water 
bodies as well as within water types (Figure 6 and Figure 7). 

 

	 	 	 	

	 	 	 	

	 	 	 	

	 	 	 	

	 	 	  
Figure 6. Relationships between richness, sensitivity factor, N, AFDW, BQI and depth, 
salinity and sample sediment volume in all samples in this study from the Bothnian Bay. 
Each dot represents biological and volume data from each benthic sample and a fixed 
station depth, sediment class or median salinity. Overlaps between dots produce darker 
colours. BQI and the sensitivity factor are calculated according to Leonardsson et al. 
(2009). 
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Figure 7. Relationships between richness, sensitivity factor, N, AFDW, BQI and depth, 
salinity and sample sediment volume in all samples in this study from the Northern Bal-
tic Proper. Each dot represents biological and volume data from each benthic sample 
and a fixed station depth, sediment class or median salinity. Overlaps between dots 
produce darker colours. BQI and the sensitivity factor are calculated according to 
Leonardsson et al. (2009). 

 

The relationships between the components of BQI and the environmental variables 
shown in Figure 6 and Figure 7 are difficult to capture with regression models. But, it is 
possible to split the data into groups in order to remove some of the variation caused by 
depth, salinity, and or by sediment. Such procedure will also make the variation more 
homogenous between these groups. However, difficulties in assigning a representative 
salinity value for each station make this variable less useful for reducing the variation in 
any of the components of the BQI. Hence, the remaining environmental variables to be 
used are depth and sediment. Adjusting the components of BQI by this approach will 
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make samples from different depths and sediment types more similar. In other words, the 
assessment of the ecological status using an adjusted BQI will be more reliable than an 
unadjusted BQI since the average result for a water body will be less dependent on where 
the samples were collected. 

 

2.4.1 Depth and sediment adjustment 

The identification of break points for reducing the variation due to depth by splitting the 
samples into shallow and deep samples was performed by using a number of different 
depth limit break points to separate shallow from deep samples. For any given break point 
the average response values were calculated for the shallow (above the depth limit break 
point) and for the deep samples respectively. The ratio between the averages from the 
shallow and the deep samples (!"#$% = '()*++,-/'/001) was then used to adjust the 
response values from the deep samples by multiplying the ratio by each of the deep re-
sponse values. Thereafter the coefficient of variation was calculated for all samples. This 
procedure was repeated for many different depth limit break points to produce a graph 
like Figure 8. The coefficient of variations generally display a curve with a minimum and 
selecting the minimum somewhere in the central region of the “low” values should make 
it less sensitive to influence from single stations, as shown by the dashed line in Figure 8. 

 

 
Figure 8. Coefficient of variation in shell free ash free dry weight (AFDW) for all samples 
from the regional clusters Askö, Gryt, Misterhult and St Anna after adjusting the AFDW 
in samples collected deeper than the depth limit break point. The adjustment was made 
by multiplying the ratio between the mean AFDW from samples above the depth limit 
and the mean AFDW from samples below the depth limit. The dashed line shows a 
smoothed curve, fitted by eye, to have a more robust estimate of the “global” minimum 
compared to the specific minimum indicated by the available data. 

 

The next step in the procedure is to do the corresponding adjustment for a break point 
with respect to the sample volume as a proxy for sediment characteristics (Figure 9). 
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Figure 9. Coefficient of variation in shell free ash free dry weight (AFDW) for all samples 
from the regional clusters Askö, Gryt, Misterhult and St Anna after adjusting the AFDW 
in samples with a sample volume greater than the volume limit break point. The adjust-
ment was made by multiplying the ratio between the mean AFDW from samples with 
less volume than the limit and the mean AFDW from samples with more sediment than 
given by the volume limit. The dashed line shows a smoothed curve, fitted by eye, to 
have a more robust estimate of the “global” minimum compared to the specific minimum 
indicated by the available data. 

 

2.5 Probability based BQI  
The idea behind the original BQI is to combine the three components, species richness, 
species sensitivities and total abundance, into a single index as these three variables follow 
a pronounced pattern in gradients of disturbance (Rosenberg et al. 2004 and Leonardsson 
et al. 2009). While the BQI index seems to function well in species rich environments like 
on the Swedish west coast, it has turned out to be sensitive to abundance variation in 
areas with low diversity. In BQI the main component is the sensitivity factor (abundance 
weighted mean species sensitivities). This component is adjusted upwards if there are 
more, and downward if there are less, than nine species in the sample by the richness fac-
tor (log10[S+1]). Finally the index is adjusted downwards if there are less than 20 individ-
uals in the sample by the abundance factor (N/N+5). Including more components in the 
index for the east coast may be one way of stabilizing the index.  

It is not obvious how to combine different benthic fauna variables into a single index 
since there are different currencies and one of the difficulties is how to weight the differ-
ent variables in relation to each other. One way to solve this issue is to convert the fauna 
variables to probabilities, which can then be combined by for example taking the arithme-
tic average of the probabilities for each of the variables. The probabilities for each variable 
can be approximated by the cumulative frequencies given that a sufficiently large baseline 
dataset is available to produce those reference frequencies (probabilities). A low probabil-
ity value for any of the variables means that few observations are present in the baseline 
data with lower values than the observed. If all the variables´ “probabilities” are low for a 
single sample then the average will be low and it is unlikely that the sample with such 
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composition can be classified as coming from an environment with an ecological status 
comparable of that in the baseline data. Hence, unlike the original BQI index there is an 
intuitive interpretation of the value from this new probability based index, pBQI. Even if 
it should be possible in theory to deal with humped shaped responses for single variables, 
the assumption made here is that a deteriorated environment in most cases will result in 
low response values. The most crucial part for a well-functioning pBQI will be a baseline 
dataset that is comparable in terms of the environment in relation to those samples that 
are to be compared with the baseline data. Given that a proper baseline data is available 
for the assessment of a given water body, the assessment will provide an answer on how 
likely it is that the ecological status is similar to that in the baseline data. For this to work 
properly the baseline dataset needs to reflect a benthic community that is expected for the 
type of environment from which the samples originate.  

2.5.1 Baseline data 

The ideal situation would be to have a baseline dataset for each type of waterbodies such 
that the depth conditions, water exchange with the open sea, run off, salinity gradients, 
etc. are similar. However, the uniqueness of many water bodies would result in a huge set 
of baseline datasets. This would also result in baseline datasets based on few samples, 
which will counteract the idea of the baseline data. Still there need to be some unifying 
properties of the samples that enter one and the same baseline dataset. A first step would 
be to use data from national and regional monitoring that have been collected within the 
same water type. It might be possible to join data from more than one water type into a 
single baseline dataset, but then it should be statistically tested to verify that a joint base-
line data is motivated. One type of test that can be used is that recommended by Ekström 
(2005). This test compares the median of a sample with a given percentile, e.g. the 5th 
percentile of bootstrapped medians of the baseline data. When following this procedure it 
is important that the same number of samples is used to create the bootstrapped distribu-
tion of medians as to calculate the median that is to be compared with the distribution. 
We used five samples from different sampling sites from the same year as a minimum to 
have at least some spatial representativity. This allows a balanced bootstrap design to 
include both the spatial and the temporal, between year, variation in the baseline results. 

2.5.2 eCDF 

Before the final pBQI can be calculated for a single sample, the empirical cumulative dis-
tribution functions (eCDF) need to be compiled for each of the components (Figure 10). 
The empirical cumulative distribution functions are derived from bootstrapping among all 
the single samples in the baseline data. Since the baseline data most likely will consist of 
data from different sampling clusters and where the time series lengths may differ be-
tween the clusters, the compilation of the eCDF needs to be done using nested boot-
straps. The nested bootstrap is performed in the order cluster, year, sampling station, 
replicate with one sample from each level and with replacement. The first step will result 
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in a sample from one of the available clusters and it will include data from all years within 
the cluster. In the next step all the data from one of the years is sampled. In the third step 
all the data from one of the available stations within that year is sampled. In the last step 
one replicate from the selected station is sampled, in the case of more than one sample. 
Loop back four times to randomly select a new station and replicate within that station, 
cluster, and year. This entire procedure is repeated many times, for example 100 000 
times, in order to cover as much as possible of the different combinations in the data. The 
number of bootstrap loops needed depends on the size and on the complexity of the da-
taset, but a rule of thumb to be used is that the information is sufficient when the eCDF-
curve no longer changes or is displaying only minor changes, while increasing the number 
of loops. In the examples in this report we have used 25 000 bootstrap loops. Once the 
cumulative distributions have been derived they can be stored and be re-used to simplify 
the future retrieval of the eCDF-values.  The compiled eCDF information can be stored 
in a table with four columns, water type, variable, response value, and cumulative frequen-
cy. Hence, there is no need to redo the nested bootstrap each time an assessment is to be 
made since the “p-values” can be retrieved directly from the table. In practice these tables 
can be published in the assessment method making the calculation of pBQI quite simple. 

 

   
 

   
Figure 10. Empirical cumulative distribution functions for each of the four BQI compo-
nents, Ash free dry weight (AFDW), number of taxa (species richness, S), sensitivity 
factor, and the total abundance (N) in single grabs. The eCDF’s are based on depth and 
sample volume adjusted response values. 
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For a single component’s response value the empirical cumulative distribution function 
has an associated percentile, which can be interpreted as a probability value from the 
“baseline” distribution. For this reason we also suggest to name the new index pBQI ra-
ther than BQI since this new pBQI can be interpreted as the probability that the value 
comes from an environment with good or high ecological status. The final pBQI-value of 
a single sample is calculated as the arithmetic average of the four component’s p-values. 
This will give each component equal weight which is in contrast to the BQI where the 
dominating sensitivity factor is adjusted by multiplication with the richness and abundance 
factors. Since the pBQI is calculated as the arithmetic average of the four p-values there is 
a possibility to weight the components differently. This option is not as simple in the orig-
inal BQI as the factors are multiplied. Finally, the pBQI-value used for the assessment is 
the average of five independent samples from a water body, i.e. from five different sites 
(stations) within the water body. 

In the analyses we have also calculated the probability for each of the four components 
and named them pBQI followed by R for richness, S for the sensitivity factor, N for the 
total abundance or B for ash-free dry weight biomass. 

 

2.6 Assessment of ecological status in a water body 

2.6.1 Boundary setting 

Also the GM-boundary can be derived from the baseline data by a nested resampling, 
similar to when compiling the data for the eCDF-curves. The first step in the resampling 
is to sample one of the available clusters in the baseline data. The next step is to sample a 
year within the cluster that was selected in the first step. The third step is to sample one 
station within the data sampled so far, and the fourth step is to resample a single sample 
from that station. The p-values from the four eCDF’s are collected for that single sample 
and the average p-value is calculated and stored. Loop back to step number three and 
resample one more station from the cluster and year that was selected in the first place. 
Proceed to resample a single sample and calculate the average of the four p-values. This 
loop needs to be repeated until there are five average p-values. Calculate an average of 
these five average p-values. Store this average p-value based on five samples. Repeat the 
entire procedure from step one until there is a large number (in this report we used 
25 000) of average p-values available. The GM-boundary is found at the 5th percentile 
among the stored average p-values. This method of deriving the GM-boundary follows 
similar principles as described in Leonardsson et al. (2016).  The same principle can also be 
followed for the HG-boundary (boundary between high and good status), i.e. from the 
95th percentile of the stored average p-values. For the boundaries below the GM-
boundary we lack knowledge on how to set the boundaries. Our suggestion is therefore to 
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follow the same rule as that used for the original BQI, i.e. to separate the distance from 0 
to the GM-boundary in three equidistant parts. 

 

2.6.2 Assessment procedure 
When assessing the ecological status the average p-value is calculated from the five sta-
tions’ p-values, one single sample per station, which is then compared with the different 
boundaries. When there are data from more than five stations there is a need to bootstrap 
the data to select one sample from each of five different stations within the water body. 
When there are data from more than one year, for example when making the assessment 
within the WFD or MFSD, the data should be grouped by station and a single sample 
from each of five stations is bootstrapped to calculate a single five-station average p-value. 
Repeat this procedure many times and calculate the overall median to be compared with 
the GM-boundary and each of the other boundaries. The distribution of p-values resulting 
from the bootstrap is used to extract the percentiles at each of the boundaries. These per-
centiles will be a measure of the uncertainty in the status assessment. For example, if the 
percentile at the GM-boundary is 0.15 this can be interpreted as if the outcome of the 
assessment is at least good with 85 % (100*(1-0.15)) confidence. Using this type of calcu-
lation for each boundary it will be possible to have likelihood estimates for each of the 
five status classes, e.g. 0 % bad, 0 % poor, 15 % moderate, 80 % good, 5 % high. Another 
way to get the same answer would be to calculate the differences between the percentiles 
at nearby boundaries, which corresponds to the approach suggested in the guidance doc-
ument no. 13 (Common Implementation Strategy for the Water Framework Directive, 
2000/60/EC). The distribution of p-values corresponds to the distribution of means that 
are used to calculate the confidence intervals, in the guidance document, except that we 
allow all values to be included in the uncertainty declaration, not only the values between 
the 95 % limits. Moreover, the distribution derived for pBQI is not necessarily normally 
distributed, which our calculation of uncertainty accounts for, while the approach using a 
95 % confidence interval based on the standard error returns the uncertainty based on a 
normal distribution. 
 

2.7 Sensitivity values for chironomids 
In the analysis of the potential of increasing the taxonomic resolution of chironomids we 
have used an unpublished sensitivity classification for the chironomids. This classification 
was made by the Swedish chironomid expert Yngve Brodin at the Swedish Museum of 
Natural History specifically for this report. In this classification each species has been 
given a sensitivity class according to the same principles as used by Leonardsson et al. 
(2009) for the Baltic Sea. When literature data was not available the classification repre-
sents an expert opinion based on an unpublished compilation of species presence in rela-
tion to nutrient concentrations in fresh water and presence of species in the Baltic Sea. 

Since we, in the available dataset with high taxonomic resolution for chironomids, still 
have several observations on taxonomic levels higher than species (see Figure 11) it was 
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necessary to derive sensitivity values for higher taxa also. For several groups all lower taxa 
had the same sensitivity values and then the same sensitivity value was applied for the 
group. In the other cases, when lower taxa had varying sensitivity values, the sensitivity 
class closest to a simple average of the sensitivity values of lower taxa was used. A list of 
the sensitivity values used for testing the effect of higher taxonomic resolution of chiron-
omids in this report can be found in Appendix 1. Sensitivity values for taxa other than 
chironomids followed Leonardsson et al. (2009). BQI and the sensitivity factor were calcu-
lated according to Leonardsson et al. (2009). 

 

 
Figure 11. Ratio of sum of individuals of each rank divided by total number of individuals 
of Chironomidae in the dataset with higher taxonomic resolution of chironomids. Note 
the strong dominance of the rank genera. 

 

2.8 Statistical power to detect linear trends over time 
Since one of the aims with the benthic monitoring is to detect potential trends over time, 
we calculated the statistical power for the regional clusters that were part of the baseline 
data. REG7, REG9 and REG Misterhult were omitted in these analyses since these clus-
ters had no continuous time-series longer than three years of data. For three of the clus-
ters there were at least 20 years of data which means that there might be trends already 
present within the data. To reduce the impact of such trends the data was partitioned into 
six-year overlapping periods, i.e. with one-year offsets. Each six-year period was analysed 
by bootstrapping the data. In order for the results to be comparable despite different 
number of stations in the clusters, the bootstrap was defined to randomly select five sta-
tions from each cluster per year. This was performed 10 000 times per cluster and the 
median trend that could be detected with 80 % power was found by iterating the magni-
tude of the trend. In addition, a corresponding bootstrap analysis was performed without 
partitioning the data into 6-yr periods, i.e. the entire time series were analysed.  
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The power to detect trends was calculated in Mathematica ver. 10.3 (Wolfram, 2015) using 
the function: 

Power = 100 ∗ (1 − CDF[NoncentralStudentTDistribution[M − 2,	

P M(−1 + MR)

200 3CV
], Quantile[StudentTDistribution[M − 2],1 − X 2]]) 

 

Where T is the number of years for which the trend is to be detected, q is the magnitude 
of the trend in percent, CV is the coefficient of variation over time in the response varia-
ble, and α is the type-I error for which we used 0.05.  
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3. Results and discussion 

3.1 Depth and sediment adjustment  
For the coastal areas, northern Baltic Proper and Bothnian Bay, used as examples in this 
report, depth adjustments reduced the variation for all variables except for the sensitivity 
factor in the Bothnian Bay (Table 3). Adjustments for sample volume did not improve the 
precision in the sensitivity factor in the northern Baltic Proper. In samples from the 
Bothnian Bay, adjustments for sample volume were only improving the precision in the 
total abundance. As a consequence of the depth and the sample volume adjustment, the 
coefficient of variation in the data from the northern Baltic Proper could be reduced by 
21-42 % for each variable, while the improvement for the Bothnian Bay data was much 
lower, 0-14 %. 

 

Table 3. Break points for the depth and the sample volume limits and ratios for each of 
the four BQI components used to adjust data from the coastal areas of northern Baltic 
Proper and Bothnian Bay. AFDW is the ash free dry weight (shell-free) and N is the total 
abundance in each sample. A zero limit means that no adjustment is necessary and the 
ratio used to multiply with the observed value of the given variable is therefore 1. DCV 
denotes the reduction in the coefficient of variation, calculated for all baseline data, due 
to the depth and sample volume adjustments. 

Coast Variable 
Depth 

limit 
Depth 

ratio 
Volume 

limit 
Volume 

ratio 
DCV 
(%) 

Northern Baltic Proper AFDW 24 1.84 14 1.45 -23 

 
Species richness	 30 1.53 19 1.25 -21 

 
Sensitivity factor	 30 0.62 0 1.00 -27 

 
N	 19 3.42 10 1.65 -42 

      
 

Bothnian Bay	 AFDW 17 10.23 0 1.00 -2 

 
Species richness	 8 1.90 0 1.00 -12 

 
Sensitivity factor	 0 1.00 0 1.00 0 

 
N	 16 6.32 18 0.79 -4 

 1Species richness 8 2.37 0 1.00 -14 
1Adjustment for sampling depth and sample volume in species richness with species determined chironomids  
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An example of adjustment, before and after, is shown in Figure 12 for the ash-free dry 
weight in samples from the northern Baltic Proper. Before the adjustment the variation 
was larger in shallow areas than in deep areas, but after the adjustment the differences in 
variation was less conspicuous. Note that the absolute variation increased by scaling up 
the values from the deep samples. However, for the coefficient of variation it does not 
matter if the values from the deep bottoms are scaled up or if the values from the shallow 
bottoms are scaled down. Besides from reducing the coefficient of variation, this more 
homogenous variation in relation to depth will make it less influential from which depth 
the samples for the assessment are collected. 

 

   
Figure 12. Variation in ash free dry weight (AFDW) in relation to depth before (A) and 
after depth and sample volume adjustment. The data comes from the regional clusters 
Askö, Gryt, St Anna, and Misterhult. 

 

3.2 Comparison between the probability based BQI and the original 
BQI 
To evaluate the performance of the probability based BQI (pBQI) and compare it with 
the original BQI we have applied both of them to all data used in this report. A useful 
indicator should have a rather stable development over time in unaffected areas but re-
spond to stress in the affected areas. The performances of pBQI and BQI as well as of 
each of the four components in pBQI were analysed. In all analyses and for all indicators 
we used depth and sample volume adjusted values of richness, the sensitivity factor, total 
abundance and biomass (ash-free dry weight).  

3.2.1 Influence of the components on the index value 

The richness and abundance factors introduce a large variation in BQI in the northern 
Bothnian Bay. Even small changes at low richness and low total abundance will have large 
effects due to the construction of the index. This unwanted effect was not observed when 
the index was constructed, i.e. Leonardsson et al. (2009). In the Bothnian Bay the BQI 
abundance and richness factors also have a tendency to co-vary (Figure 13). These nega-
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tive effects are not present in the more diverse northern Baltic Proper where especially the 
abundance factor rarely has any influence (often close to one). 

 

 
Figure 13. Pairwise relationships between components of the BQI in the regional clus-
ters of the Bothnian Bay and the Northern Baltic Proper. 

 

In the pBQI the abundance and biomass components have a tendency to co-vary (Figure 
14). Also the richness component sometimes co-varies with abundance and biomass 
components but not as pronounced as the abundance and biomass components (Figure 
14). In many cases it seems that the four components tell different stories why a combina-
tion of all four of them will include more aspects of the environment into the assessment. 

 

  
Figure 14. Pairwise relationships between components of the pBQI in the regional clus-
ters of the Bothnian Bay and the Northern Baltic Proper. 
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3.2.2 Indicator stability in baseline areas 

Several time series can be compiled from data from the regional monitoring clusters 
(Figure 15).  

 

  

  
Figure 15. Time series of BQI and pBQI in the regional monitoring areas assumed to be 
unaffected by local stress. For BQI bootstrapped means and the 20th percentiles are 
given (following Leonardsson et al. 2009) and for pBQI the means and bootstrapped 
95% confidence limits are given. 

 

To evaluate the stability over time for the indicators we calculated the coefficient of varia-
tion based on yearly means for each indicator in each cluster (Figure 16). 

 

       
Figure 16. Coefficient of variation calculated from yearly means per regional monitoring 
cluster (black dots) and also, as a comparison, from the recipient monitoring clusters 
(grey dots). The four components of pBQI, pBQI and BQI are illustrated. The four com-
ponents of pBQI are R for richness, S for the sensitivity factor, B for biomass (ash-free 
dry weight) and N for total abundance. 
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In the Bothnian Bay clusters the BQI had higher coefficient of variation than pBQI and 
each component of pBQI also had higher variation then pBQI in most cases; richness was 
the component with smallest variation. In the northern Baltic Proper the difference be-
tween BQI and pBQI was smaller. Also here the components of pBQI generally had 
higher variation than pBQI; biomass was the component with smallest variation. Overall 
the index with the lowest variability was the pBQI with all four components. 

3.2.3 Indicator response to pressure 

A desired property of a useful indicator is that it responds to anthropogenic pressure. 
Spatial and temporal behaviour of the indicators BQI and pBQI and the components of 
pBQI in the four recipient monitoring areas in the Bothnian Bay can be seen in Figure 17 
and Figure 18.  

In the Kalix area, where the inner area is closer to potential sources of disturbance, the 
pBQI components abundance and biomass were higher in the inner area while richness 
and the sensitivity factor showed small differences between the inner and outer areas. 
Together this makes pBQI higher in the inner area while BQI displayed small differences 
between the inner and outer areas.  

In the Luleå area, where the inner area is closer to potential sources of disturbance, all 
pBQI components except the sensitivity factor were higher in the inner area. The sensitiv-
ity factor had similar values for the inner and outer area. Together this makes pBQI higher 
in the inner area while BQI were more similar between the inner and outer areas. 

In the Piteå area the inner area is situated almost inside the river close to potential sources 
of disturbance and the outer area has no connection to the inner area but has high con-
centrations of metals in the sediments and is a recipient for a paper mill (Pettersson & 
Strömberg 2007). The pBQI components richness and biomass were higher in the outer 
area and the sensitivity factor and total abundance showed only small differences between 
the inner and outer areas. Together this makes pBQI and also BQI slightly higher in the 
outer area. 

In the more open Skellefteå area where the inner area is closer to potential sources of 
disturbance and the outer area is situated more or less in the open sea the sensitivity fac-
tor, total abundance and biomass were higher in the outer area while richness was more 
similar between the inner and outer areas. Together this makes pBQI and also BQI higher 
in the outer area. 
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Figure 17. Variation between clusters in the four recipient monitoring areas in the Both-
nian Bay. The four components of pBQI, pBQI and BQI are illustrated in separate 
graphs. The four components of pBQI are R for richness, S for the sensitivity factor, B 
for biomass (ash-free dry weight) and N for total abundance. The horizontal lines show 
the median, the box the 25th and 75th percentiles and whiskers are 1.5 times the height 
of the boxes. Data from all years are included in the plots. 

 

The temporal variation was generally higher in BQI than in pBQI and was especially high 
in the Kalix, Luleå and Skellefteå inner areas (Figure 18, see also Figure 16). For all four 
areas the line connecting the means crosses each other for inner and outer areas for BQI 
while this only occurs in the Piteå area for pBQI. The spatial variation between stations 
within years (estimated from the confidence limits) seems to be largest for BQI in Luleå 
inner and largest in Luleå and Skellefteå outer for pBQI. 

 

  

  
Figure 18. Time series of BQI and pBQI in the recipient monitoring clusters in the Both-
nian Bay. For BQI bootstrapped means and the 20th percentiles are given (following 
Leonardsson et al. 2009) and for pBQI the means and bootstrapped 95% confidence 
limits are given. 
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Spatial and temporal behaviour of the indicators BQI and pBQI and the components of 
pBQI in the Himmerfjärden study area can be seen in Figure 19 and Figure 20. All four 
components of pBQI, BQI and the pBQI showed a clear spatial gradient from inner to 
outer areas. The pBQI component richness was quite low in the three innermost areas but 
higher in the two outermost. The pBQI components the sensitivity factor and total abun-
dance increased throughout the gradient with the exception that Himmerfjärden outer had 
somewhat lower total abundance than expected. The biomass component had a hump-
shaped distribution with highest values in the middle area. 

 

    

    
Figure 19. Variation between the five monitoring areas in the Himmerfjärden study area 
(ordered inner to outer with the innermost area Näslandsfjärden to the left and outer-
most area Svärdsfjärden to the right). The four components of pBQI, pBQI and BQI are 
illustrated in separate graphs. The four components of pBQI are R for richness, S for 
the sensitivity factor, B for biomass (ash-free dry weight) and N for total abundance. 
The horizontal lines show the median, the box the 25th and 75th percentiles and whisk-
ers are 1.5 times the height of the boxes. Data from all years are included in the plots. 

 

The temporal changes in the five areas in the Himmerfjärden study area seems to be ra-
ther synchronous and small. The spatial order, inner to outer, of BQI and pBQI seems to 
be constant over time with small exceptions in 2011 for BQI and 2000, 2003 and 2006 for 
pBQI. Reducing or stopping the nitrogen removal at the Himmerfjärden sewage treat-
ment plant, i.e. reducing the load of nitrogen to the recipient, did not have any obvious 
effects in the benthic indicators. 

 



WATERS: A PROBABILITY BASED INDEX FOR BENTHIC ASSESSMENT IN THE BALTIC SEA 

 
 

 

36 

  

  

  
Figure 20. Time series of BQI, pBQI and the four components of pBQI in the five moni-
toring areas in the Himmerfjärden study area (ordered inner to outer with the innermost 
area Näslandsfjärden [red] at the bottom and outermost area Svärdsfjärden [blue] at the 
top). The years with reduced (grey) or completely stopped (black) nitrogen removal at 
the Himmerfjärden sewage treatment plant is marked with a bar at the bottom of the 
graph. For BQI bootstrapped means and the 20th percentiles are given (following 
Leonardsson et al. 2009) and for pBQI the means and bootstrapped 95% confidence 
limits are given. 

 

For the Waters gradient study areas the spatial distribution of the indicators BQI and 
pBQI and the components of pBQI can be seen in Figure 21. All components of pBQI as 
well as BQI and pBQI were higher in the outer areas of Bråviken and Slätbaken but more 
similar in the inner and outer areas of Kaggebofjärden. For the pBQI component biomass 
the inner area of Kaggebofjärden had higher values than the outer area. 

  



WATERS: A PROBABILITY BASED INDEX FOR BENTHIC ASSESSMENT IN THE BALTIC SEA 

 
 

 

37 

    

    
Figure 21. Spatial difference between clusters in the three gradients in the Waters gra-
dient study. The four components of pBQI, pBQI and BQI are illustrated in separate 
graphs. The four components of pBQI are R for richness, S for the sensitivity factor, B 
for biomass (ash-free dry weight) and N for total abundance. The horizontal lines show 
the median, the box the 25th and 75th percentiles and whiskers are 1.5 times the height 
of the boxes. Data from both years are included in the plots. 

 

When considering the results from all gradients the responses of the indices are somewhat 
contradictory. The expected response should have been that the index values increased 
outwards in the gradient. However, this expectation is based on the assumption that the 
gradients have a decreasing benthic load along the gradient that will cause declining index 
values. Without true independent data on the benthic load, the response of the indices will 
be difficult to interpret. However, it is well known that the benthic fauna responds to 
severe eutrophication by reduced abundance and diversity, favouring a few opportunist 
species (e.g. Pearson & Rosenberg 1978). This type of response will lead to low pBQI and 
BQI values since this situation is not part of the baseline data, i.e. for pBQI this will mean 
a value below 0.05. 

3.3 Increased taxonomic resolution in chironomids 
We have evaluated the effect of increasing the taxonomic resolution in chironomids in a 
similar manner as above, i.e. to see the effect on stability in time series and the response to 
pressures. The increased taxonomic resolution will only affect richness and the sensitivity 
factor of BQI and pBQI. Total abundance and biomass remains the same. This will lower 
the effect in areas where abundance and/or biomass drives the response of the indicators. 
In the dataset with increased taxonomic resolution in chironomids 62% of the samples 
contained chironomids. In the samples with chironomids 30% had only one chironomid 
species which means the same number of taxa (richness) with or without grouping. More-
over, in the samples with chironomids 18 % received the same sensitivity factor value as 
with grouping of the chironomids, i.e. one. In 84 % of the chironomid samples the rich-
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ness and/or the sensitivity factor was higher compared to when grouping the chirono-
mids. The ratio of the number of individuals of chironomids in relation to total abun-
dance varied from zero to 100 % but was generally below 50% in the different areas 
(Figure 22). 

 

 
Figure 22. The ratio of chironomid abundance to total abundance in all samples in the 
dataset with higher taxonomic resolution in chironomids. 

 

The grouped family Chironomidae has a sensitivity value of one and in the sensitivity list 
used when chironomids are not grouped; several of the taxa have higher sensitivity values 
(Appendix 1 and Figure 23). The effect of increasing the taxonomic resolution in chiron-
omids was therefore none, an increase in richness, and or an increase in the sensitivity 
factor. The effect on BQI is also always an increase if the value was not the same with and 
without grouping of chironomids. However for pBQI the effect of the increased taxo-
nomic resolution can be either a higher or a lower value due to different depth adjust-
ments with and without species determined chironomids and/or that the baseline dataset 
was different for the two versions of pBQI (Figure 23).  
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Figure 23. Relationships between richness, the sensitivity factor, BQI and pBQI with 
and without chironomids grouped. Overlaps between dots produce darker colours. 

 

3.3.1 Indicator stability in baseline areas 

To evaluate the stability over time (Figure 24) for the indicators with and without group-
ing of the chironomids to the family level we have calculated the coefficient of variation 
based on yearly means for each indicator in each cluster but including only those clusters 
and years when chironomids were determined to higher taxonomic resolution than family 
Chironomidae (Figure 25). There seems to be lower variation between years when the chi-
ronomids are not grouped to family level than with grouping for both BQI and pBQI in 
the regional clusters. For some of the recipient areas there seems to be an increase in the 
variation between years (Figure 25). 
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Figure 24. Time series of BQI and pBQI with and without grouping (_Chir = without 
grouping) of the chironomids in the regional monitoring areas in the Bothnian Bay. For 
BQI bootstrapped means and the 20th percentiles are given (following Leonardsson et 
al. 2009) and for pBQI the means and bootstrapped 95% confidence limits are given. 

 

 
Figure 25. Coefficient of variation calculated from yearly means per regional monitoring 
cluster (black dots) and also, as a comparison, from the recipient monitoring clusters 
(grey dots). The pBQI and BQI with and without grouping (_Chir = without grouping) of 
the chironomids are illustrated. 

 

3.3.2 Indicator response to pressure 

Spatial and temporal behaviour of the indicators BQI and pBQI with and without group-
ing of the chironomids in the four recipient monitoring areas in the Bothnian Bay can be 
seen in Figure 26 and Figure 27. Generally there are small spatial effects of the use of 
higher taxonomic resolution of the chironomids (Figure 26). For BQI the spatial variation 
increased in most areas and in Kalix and Luleå the inner areas got higher medians than the 
outer areas with higher taxonomic resolution of chironomids. For pBQI the spatial varia-
tion also increased, especially in the Skellefteå inner area, but no obvious changes in medi-
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an values with the use of higher taxonomic resolution of chironomids can be seen. The 
temporal changes between the indicators with and without the use of higher taxonomic 
resolution of chironomids were also small (Figure 27). 

 

 

 
Figure 26. Spatial difference between clusters in the four recipient monitoring areas in 
the Bothnian Bay. The pBQI and BQI with and without grouping (_Chir = without group-
ing) of the chironomids are illustrated in separate graphs. The horizontal lines show the 
median, the box the 25th and 75th percentiles and whiskers are 1.5 times the height of 
the boxes. 
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Figure 27. Time series of BQI and pBQI with and without grouping (_Chir = without 
grouping) of the chironomids in the recipient monitoring clusters in the Bothnian Bay. 
For BQI bootstrapped means and the 20th percentiles are given (following Leonardsson 
et al. 2009) and for pBQI the means and bootstrapped 95% confidence limits are given. 

 

In conclusion, the effect on the index of increasing the taxonomic resolution of the chi-
ronomids was small. The main argument for suggesting species determination of chiron-
omids would therefore be that it makes the index more robust, not that it changes things 
radically. Before introduction in standard monitoring there is a need to develop a new 
morphologically based key for species/genera determinations of chironomids. This can 
preferably be done with the aid of modern bar-coding techniques. 

 

3.4 Assessment of ecological status 
We have applied the principles of setting the boundaries and assessing status in four water 
bodies from regional monitoring areas, two in the northern Bothnian Bay, Gussöfjärden 
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and Bergöfjärden, situated within the cluster “REG8, coast, Råne-Harufjärden” and two 
in the northern Baltic Proper, Krabbfjärden and Kärrfjärden, coinciding with the clusters 
“Reg Askö” and “REG St Anna”. The four regional clusters in each basin were used as 
baseline data. The status in all four water bodies was good with a high confidence in the 
classification (see Table 4 and Figure 28). 

 

Table 4. Examples of assessment results from four regional monitoring water bodies for 
the assessment period 2009-2014. Table shows the number of stations within each 
water body, the GM-boundary derived from the baseline dataset, the median from 
100 000 bootstraps (used for assignment of the status class) and in the last two col-
umns the probability of having at least good and high status. 

Water body Stations GM Median p > GM p > HG 

Gussöfjärden 
1 7 0.26 0.36 93.4 0.0 

Bergöfjärden 6 0.26 0.43 97.8 0.0 

Krabbfjärden 
2 20  0.28 0.65 100.0 9.7 

Kärrfjärden 9 0.28 0.42 98.0 0.0 
1 only 4 stations 2014 
2 21 stations in total, 20 each year since one station was moved the year 2012 and onwards due to cables at the 
seafloor 

 

  

  
Figure 28. Examples of assessment results from four regional monitoring water bodies 
for the assessment period 2009-2014. Each histogram shows the relative frequency of 
150 000 bootstrapped pBQI values. The colours show the five WFD status class 
boundaries derived from the baseline dataset (high = blue, good = green, moderate = 
yellow, poor = orange and bad = red). The black marker shows the median value used 
for assignment of the status class. 
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3.5 Statistical power to detect linear trends over time 
When partitioning the data into 6-year periods, the magnitude of the trends that can be 
detected in pBQI and BQI over a 10-year period varied somewhat between the clusters. 
The magnitudes of the trends that can be detected were below 10 % for pBQI in all clus-
ters (Table 5). When the data were partitioned into 6yr periods, the trends that can be 
detected were below 5 % per year. For BQI the magnitude of the trends were much larger 
in the Bothnian Bay clusters compared to in the northern Baltic Proper clusters. In four 
out of the five clusters pBQI performed better than BQI, and in the cluster (REG Askö) 
where BQI was superior to pBQI the difference was at most 1.3 %. These comparisons 
corresponded to the situation with grouped chironomids. The chironomids where deter-
mined to higher taxa during 14 of the 20 years of sampling in the Bothnian Bay, but taking 
the chironomids into account did not change the possibility to detect trends. At most the 
difference in trend that could be detected differed by 0.4 % compared to when chirono-
mids were grouped. 

 

Table 5. The magnitude of a yearly linear trend in pBQI, and in brackets BQI adjusted 
for depth and sample volume, that can be detected with 80 % statistical power in the 
regional clusters that formed the baseline data. REG7, REG9 and REG Misterhult were 
excluded due to few years of data. 

 

Cluster Trend (%) based on 6-year-windows Trend (%) based on all years 

REG Askö 2.0 (1.5) 6.3 ( 5.0) 

REG Gryt 3.2 (3.4) 4.4 ( 5.6) 

REG St Anna 4.5 (4.8) 6.4 ( 7.1) 

REG6 1.7 (6.2) 5.7 (18.7) 

REG8 2.8 (8.7) 9.5 (30.7) 
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4. Conclusions 
When comparing different aspects of the two indices pBQI and BQI, much of the results 
speaks in favour of pBQI. We have compiled the results from such a comparison in Table 
6. pBQI is based on four components rather than three (1), which is an advantage since 
there will be more variables that can respond to environmental changes. Covariation be-
tween the components causes redundancy and reduces the potential for the index to re-
spond to environmental changes. For pBQI there was covariation between one out of six 
variable pairs, while there was covariation between one out of three variable pairs in BQI 
(2). The potential to detect trends was generally higher for pBQI (3). The response of the 
indices to anthropogenic pressure was opposite to expected for pBQI in the northern 
Bothnian Bay, but followed the expected pattern in the southern Bothnian Bay, as well as 
in the Himmerfjärden gradient and in Water’s gradient study. Overall the pattern was the 
same for BQI, except that no response could be detected in the two northern gradients (4 
and 5). 

One aspect that is in favour of pBQI is the intuitive understanding of the index score as a 
probability value of the environment being as good as in the areas from which the base-
line data was collected (6). Another aspect in favour of pBQI is the simple method to 
define the boundaries for Good-Moderate and High-Good (7). Increasing the taxonomic 
resolution of the chironomids did not improve any of the indices considerably.  However, 
it may make the assessment more robust since there will be more information on sensitivi-
ty values available that will be more correct than using a single sensitivity value of 1 for all 
chironomids despite the fact that some species may have a sensitivity value of 15. There is 
a slight advantage of increasing the taxonomic resolution of the chironomids in pBQI 
compared to in BQI since the species richness influence pBQI more than BQI (8). As the 
scientific evidence accumulate on how the benthic fauna responds to pressure it may be 
motivated to weigh one or more of the components of the index and this is simple to do 
in pBQI, but more difficult in BQI since the components are multiplied by each other (9). 
For the same reason, including more components in the index is easier to do in pBQI 
than in BQI (10). One aspect that should be of interest to evaluate is the potential of hav-
ing a measure of the size structure in the index. An example on how that could be made is 
to use the average size of the individuals in the sample, e.g. calculated from the biomass 
divided by the number of individuals.  

One major advantage of pBQI compared to BQI is that if an environment (water body) 
has been classified as less than good ecological status it is easy to evaluate the p-values for 
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each component of pBQI to find out which contributed most to the low pBQI. Even if 
this would be possible for BQI the interpretations are made more difficult due to the 
transformed scaling factors (11). 

 

Table 6. Comparison between different properties of pBQI and BQI that are in favour of 
(+) or against (-) each index. 

Property of the index pBQI BQI 

1. Number of variables + - 

2. Co-variation between variables + (1 out of 6) (+) (1 out of 3) 

3. Potential to detect trends + - (in Bothnian Bay) 

4. Response to pressure Bothnian Bay +/- +/0 

5. Response to pressure Baltic Proper (+) + 

6. Intuitive understanding of the index score + - 

7. Method for setting of boundaries + - 

8. Chironomids (+) (-) 

9. Weighting of components + - 

10. Including more components + ? 

11. Component effect interpretation possibilities + - 
 

In summary pBQI have several clear advantages over BQI. However an important aspect 
of a useful index is that it should respond to anthropogenic pressure and this is so far the 
weakest part of the pBQI as there are no independent data on benthic pressure load avail-
able for test. The analyses made of the pressure response in this report were inconclusive 
and based on the assumption that the benthic load decreases from the inner to the outer 
parts in recipient gradients. More thorough analyses are needed on how the indices re-
spond to anthropogenic pressure. There is also a need to await the new monitoring pro-
gram with higher spatial resolution before taking decision about how to proceed with the 
application of pBQI to the whole Swedish east coast. 

As an assessment method pBQI is much more general than BQI since pBQI can directly 
be applied also to other quality factors as long as there are plenty of data to form appro-
priate baseline data. This should apply to pelagic data on nutrients and chlorophyll. If 
pBQI is to be applied for these variables, the p-values should rather be 1-p since higher 
concentrations than in the baseline data will be interpreted as if the environment is less 
good. Moreover, the Good-Moderate boundary for the pelagic need not be 0.05 but can 
be set higher if there is knowledge available that tells us that the baseline data does not 
consist of 95 % good or high values, but 90 or 80 %. It would be interesting to apply this 
approach to the pelagic data to find out if this could be a way forward for the assessment 
of the pelagic as well. 
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Appendix 1 Sensitivity list Chironomidae 
The Dyntaxa taxonID represents a unique identifier from the Swedish taxonomic standard database Dyntaxa (http://dyntaxa.se). Taxon names rank and author are 
derived from Dyntaxa (version 2013-06-26). The logic behind the assignment of a sensitivity class to each taxon is described in the text at page 26. 

 

Dyntaxa		
taxonid	

Taxon	 Rank	 Author	 Sensitivity	
value	given	by	
Yngve	Brodin	

Sensitivity	
value	
group	

Sensitivity	
value	aver-
age	of	low-
er	taxa	

Comments	from	
Yngve	Brodin	

2001302	 Chironomidae	 Family	 		 		 		 5	 		

1009974	 Chironominae	 Subfamily	 		 		 		 5	 		

1009975	 Chironomini	 Tribus	 		 		 		 5	 		

1009301	 Chironomus	 Genera	 Meigen,	1803	 		 1	 		 		

235223	 Camptochironomus	 Subgenera	 Kieffer,	1918	 		 1	 		 		

235224	 Chironomus	pallidivittatus	 Species	 Edwards,	1929	 1	 		 		 Very	common	in	the	
Baltic	Sea.	Able	to	
endure	extremely	eu-
trophic	and	also	oth-
erwise	polluted	condi-
tions.	
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Dyntaxa		
taxonid	

Taxon	 Rank	 Author	 Sensitivity	
value	given	by	
Yngve	Brodin	

Sensitivity	
value	
group	

Sensitivity	
value	aver-
age	of	low-
er	taxa	

Comments	from	
Yngve	Brodin	

235225	 Chironomus	tentans	 Species	 Fabricius,	1805	 1	 		 		 Common	in	the	Baltic	
Sea.	Strong	preference	
for	eutrophic	and	even	
extremely	eutrophic	
and	polluted	condi-
tions.	

235228	 Chironomus	 Subgenera	 Meigen,	1803	 		 1	 		 		

235234	 Chironomus	annularius	 Species	 Meigen,	1818	 1	 		 		 Rather	common	in	the	
Baltic	Sea,	easily	con-
fused	with	several	
other	Chironomus	
species	bout	as	larvae	
and	adults.	

235235	 Chironomus	anthracinus	 Species	 Zetterstedt,	1860	 1	 		 		 Common	north	of	
Åland,	otherwise	less	
common	in	the	Baltic	
Sea.	Mainly	found	
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Dyntaxa		
taxonid	

Taxon	 Rank	 Author	 Sensitivity	
value	given	by	
Yngve	Brodin	

Sensitivity	
value	
group	

Sensitivity	
value	aver-
age	of	low-
er	taxa	

Comments	from	
Yngve	Brodin	

below	the	littoral.	
Prefers	less	strongly	
eutrophic	conditions	
than	C.	plumosus	and	
C.	aprilinus.	

235236	 Chironomus	aprilinus	 Species	 Meigen,	1818	 1	 		 		 One	of	the	most	com-
mon	and	most	tolerant	
chironomid	species	of	
the	Baltic	Sea.	Mainly	
in	brackish	or	slightly	
marine	conditions.	
Good	indicator.	

233431	 Chironomus	plumosus	 Species	 (Linnaeus,	1758)	 1	 		 		 Very	common	below	
the	littoral	in	the	Baltic	
Sea.	One	of	the	most	
low-oxygen	tolerant	
chironomid	species.	
Excellent	trophic	con-
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Dyntaxa		
taxonid	

Taxon	 Rank	 Author	 Sensitivity	
value	given	by	
Yngve	Brodin	

Sensitivity	
value	
group	

Sensitivity	
value	aver-
age	of	low-
er	taxa	

Comments	from	
Yngve	Brodin	

ditions	indicator.	

235269	 Chironomus	riparius	 Species	 Meigen,	1804	 1	 		 		 Common	or	very	
common	in	the	Baltic	
Sea,	easily	confused	
with	Chironomus	
pseudothummi.	

235270	 Chironomus	salinarius	 Species	 Kieffer,	1915	 1	 		 		 Almost	exclusively	in	
brackish	or	marine	
waters.	Common	in	
the	Baltic	Sea.	

6000579	 Chironomus	larval	form	semire-
ductus	

Morphotype	 		 		 1	 		 		

1009977	 Cladopelma	 Genera	 Kieffer,	1921	 		 5	 		 		

235292	 Cladopelma	viridulum	 Species	 (Linnaeus,	1767)	 5	 		 		 Common	in	the	Baltic	
Se.	Probably	mainly	
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Dyntaxa		
taxonid	

Taxon	 Rank	 Author	 Sensitivity	
value	given	by	
Yngve	Brodin	

Sensitivity	
value	
group	

Sensitivity	
value	aver-
age	of	low-
er	taxa	

Comments	from	
Yngve	Brodin	

predatory.	Not	living	in	
the	bottom	sediments.	

1009978	 Cryptochironomus	 Genera	 Kieffer,	1918	 		 5	 		 		

235300	 Cryptochironomus	supplicans	 Species	 (Meigen,	1830)	 5	 		 		 Common	in	the	Baltic	
Sea.	Probably	mainly	
predatory.	Not	living	in	
the	bottom	sediments.	
Note	very	high	indica-
tor	value	for	trophic	
conditions.	

1009979	 Cryptotendipes	 Genera	 Beck	&	Beck,	1969	 		 		 		 		

1009982	 Demicryptochironomus	 Genera	 Lenz,	1941	 		 		 		 		

235312	 Demicryptochironomus	vulneratus	 Species	 (Zetterstedt,	1838)	 		 		 		 Confused	with	Demi-
cryptochironomus	
ploenensis	Lenz	1960.	
Common	in	the	Baltic	
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Sea	with	a	very	wide	
tolerance	to	trophic	
conditions,	likely	sensi-
tivity	level	2-5.	

1009983	 Dicrotendipes	 Genera	 Kieffer,	1913	 		 		 5	 		

235316	 Dicrotendipes	nervosus	 Species	 (Staeger,	1839)	 1	 		 		 Larva	rather	easy	to	
identify	morphologi-
cally.	Very	common	in	
the	Baltic	Sea.	

235318	 Dicrotendipes	pulsus	 Species	 (Walker,	1856)	 5	 		 		 Larva	rather	easy	to	
identify	morphologi-
cally.	Very	common	in	
the	Baltic	Sea.	

1009984	 Einfeldia	 Genera	 Kieffer,	1924	 		 		 		 This	is	probably	Ein-
feldia	pagana.	
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235321	 Einfeldia	pagana	 Species	 (Meigen,	1838)	 		 		 		 Less	common	in	the	
Baltic	Sea.	Can	be	
found	in	extremely	
eutrophic	conditions	
but	most	freqent	in	
mesotrophic	and	
moderately	eutrophic	
conditions.	

1009985	 Endochironomus	 Genera	 Kieffer,	1918	 		 		 5	 		

235324	 Endochironomus	albipennis	 Species	 (Meigen,	1830)	 5	 		 		 Common	in	the	Baltic	
Sea.	Can	be	found	in	
extremely	euthrophic	
conditions	but	more	
frequent	in	less	eu-
trophic	conditions.	
Larvae	on	and	in	
plants.		
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235327	 Endochironomus	tendens	 Species	 (Fabricius,	1775)	 1	 		 		 Common	in	the	Baltic	
Sea.	Frequent	in	ex-
tremely	euthropic	
conditions.	Larvae	on	
and	in	plants.	

235328	 Fleuria	lacustris	 Species	 Kieffer,	1924	 		 		 		 Probably	not	in	the	
Baltic	Sea	(larvae	and	
adults	easily	identified)	

1009987	 Glyptotendipes	 Genera	 Kieffer,	1913	 		 1	 		 		

235329	 Glyptotendipes	 Subgenera	 Kieffer,	1913	 		 1	 		 		

235337	 Glyptotendipes	barbipes	 Species	 (Staeger,	1839)	 1	 		 		 Common	in	the	Baltic	
Sea.	Mainly	in	brackish	
or	slightly	marine	con-
ditions.		
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235338	 Glyptotendipes	cauliginellus	 Species	 (Kieffer,	1913	 1	 		 		 Common	in	the	Baltic	
Sea,	Found	also	in	
extremely	euthrophic	
conditions,	but	gener-
ally	with	a	lower	pref-
erence	for	eutrophic	
conditions	than	G.	
pallens	an	G	paripes.	

235340	 Glyptotendipes	pallens	 Species	 (Meigen	1804)	 		 		 		 Less	common	in	the	
Baltic	Sea.	Tolerant	to	
extreme	eutrophic	and	
oxygen	conditions	i.e.	
sensitivity	level	1-5.	

235341	 Glyptotendipes	paripes	 Species	 (Edwards,	1929)	 		 		 		 Less	common	in	the	
Baltic	Sea.	Tolerant	to	
extreme	eutrophic	and	
oxygen	conditions	i.e.	
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sensitivity	level	1-5.	

1009988	 Harnischia	 Genera	 Kieffer,	1921	 		 		 		 		

235344	 Harnischia	curtilamellata	 Species	 (Malloch,	1915)	 		 		 		 Less	common	in	the	
Baltic	Sea.	No	distinct	
preference	for	any	
trophic	conditions	and	
thus	rather	low	value	
for	pollution	indices.	

1009993	 Microchironomus	 Genera	 Kieffer,	1918	 		 1	 		 		

235354	 Microchironomus	tener	 Species	 (Kieffer,	1918)	 1	 		 		 Very	common	in	the	
Baltic	Sea	Tolerates	
extreme	eutrophic	
conditions	if	oxygen	
concentrations	are	not	
to	low.	Mainly	preda-
tory.	
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1009994	 Microtendipes	 Genera	 Kieffer,	1915	 		 1	 		 		

235360	 Microtendipes	pedellus	 Species	 (De	Geer,	1776)	 1	 		 		 One	of	the	most	com-
mon	chironomid	spe-
cies	in	the	Baltic	Sea.	
Very	freqent	in	all	
kinds	of	trophic	condi-
tons	but	for	ultraoligo-
trophic	ones,	thus	
restricted	indicator	
value.	

235361	 Microtendipes	rydalensis	 Species	 (Edwards,	1929)	 		 		 		 		

1009997	 Pagastiella	 Genera	 Brundin,	1949	 		 10	 		 This	is	Pagastiella	
orophila	(there	is	only	
one	species	of	Pa-
gastiella	in	Europe).	



WATERS: A PROBABILITY BASED INDEX FOR BENTHIC ASSESSMENT IN THE BALTIC SEA 

 
 

 

62 

Dyntaxa		
taxonid	

Taxon	 Rank	 Author	 Sensitivity	
value	given	by	
Yngve	Brodin	

Sensitivity	
value	
group	

Sensitivity	
value	aver-
age	of	low-
er	taxa	

Comments	from	
Yngve	Brodin	

235364	 Pagastiella	orophila	 Species	 (Edwards,	1929)	 10	 		 		 Less	common	in	the	
Baltic	Sea,	when	pre-
sent	probably	indicat-
ing	oligotrophic	or	
mesotrophic	condi-
tions.	Only	one	species	
of	Pagastiella	in	Eu-
rope.	

1009998	 Parachironomus	 Genera	 Lenz,	1921	 		 1	 		 		

235365	 Parachironomus	arcuatus	 Species	 (Goetghebuer,	1919)	 1	 		 		 Common	in	the	Baltic	
Sea.	Frequently	found	
in	extremely	eutrophic	
conditions.	Probably	
predatory.	Found	
above	the	sediment	
surface.	

1009999	 Paracladopelma	 Genera	 Harnisch,	1923	 		 		 		 		
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235381	 Paracladopelma	laminatum	 Species	 (Kieffer,	1921)	 		 		 		 		

1010000	 Paralauterborniella	 Genera	 Lenz,	1941	 		 		 		 This	is	Paralauter-
borniella	nigrohal-
teralis	(there	is	only	
one	species	of	Paralau-
terborniella	in	Eu-
rope).	

235384	 Paralauterborniella	nigrohalteralis	 Species	 (Malloch,	1915)	 		 		 		 		

1010001	 Paratendipes	 Genera	 Kieffer,	1911	 		 5	 		 		

235385	 Paratendipes	albimanus	 Species	 (Meigen,	1818)	 5	 		 		 Common	in	the	Baltic	
Sea.	Less	frequent	in	
extremely	eutrophic	
conditions.	

1010002	 Phaenopsectra	 Genera	 Kieffer,	1921	 		 5	 		 		
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235389	 Phaenopsectra	flavipes	 Species	 (Meigen	1818)	 5	 		 		 Common	in	the	Baltic	
Sea.	Sometimes	found	
in	extremly	eutrophic	
conditions,	but	most	
frequent	in	meso-
trophic	and	oligo-
trophic	conditions.	

1010003	 Polypedilum	 Genera	 Kieffer,	1912	 		 		 5	 		

235406	 Polypedilum	bicrenatum	 Species	 Kieffer,	1921	 5	 		 		 Common	or	rather	
common	in	the	Baltic	
Sea.	Most	common	in	
mesotrophic	to	mod-
erately	eutrophic	con-
ditions,	sometimes	
common	also	in	the	
extremely	eutrophic	
conditions.	
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235412	 Polypedilum	convictum	 Species	 (Walker,	1856)	 		 		 		 		

235401	 Polypedilum	laetum	 Species	 (Meigen,	1818)	 		 		 		 		

235402	 Polypedilum	nubeculosum	 Species	 (Meigen,	1804)	 1	 		 		 Common	or	very	
common	in	the	Baltic	
Sea	also	in	extreme	
eutrophic	conditions.	
Toleratetes	very	low	
oxygen	concentrations	
but	not	as	low	as	C.	
plumosus	and	C.	aprili-
nus.	

1010006	 Sergentia	 Genera	 Kieffer,	1922	 		 10	 		 		

235419	 Sergentia	coracina	 Species	 (Zetterstedt,	1850)	 10	 		 		 Not	common	in	the	
Baltic	Sea,	and	only	
found	in	northern	are-
as,	Important	indicator	
of	oligothrophic	or	
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mesotrophic	condi-
tions	in	lakes.	

1010008	 Stictochironomus	 Genera	 Kieffer,	1919	 		 		 		 		

235427	 Stictochironomus	crassiforceps	 Species	 (Kieffer,	1922)	 		 		 		 Mainly	in	mesotrophic	
to	moderately	eu-
trophic	conditons.	

1010014	 Pseudochironomus	 Genera	 Malloch,	1915	 		 5	 		 This	is	Pseudochi-
ronomus	prasinatus	cf.	
below	(there	is	only	
one	species	of	Pseudo-
chironomus	in	Europe).	

235439	 Pseudochironomus	prasinatus	 Species	 (Stæger,	1839)	 5	 		 		 Rather	common	or	
common	in	the	Baltic	
Sea.	Easily	morpholog-
ically	identified	as	
larvae	or	adults.	Found	
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in	all	kinds	of	trophic	
conditions	and	thus	a	
less	good	indicator.	

1010015	 Tanytarsini	 Tribus	 		 		 		 5	 		

1010016	 Cladotanytarsus	 Genera	 Kieffer,	1921	 		 		 5	 		

235441	 Cladotanytarsus	atridorsum	 Species	 Kieffer,	1924	 5	 		 		 Common	in	the	Baltic	
Sea.	Found	in	all	kinds	
of	trophic	conditions	
but	somewhat	less	
frequnet	in	extremly	
eutrophic	conditions.	

235446	 Cladotanytarsus	lepidocalcar	 Species	 Kieffer,	1938	 		 		 		 Possibly	just	a	subspe-
cies	of	Cladotanytarsus	
mancus	(Walker,	1856)	
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235447	 Cladotanytarsus	mancus	 Species	 (Walker,	1856)	 1	 		 		 Very	common	in	the	
Baltic	Sea	and	charac-
teristic	of	muddy	litto-
ral	areas.	Found	fre-
quently	in	all	kinds	of	
trophic	conditions	
even	extremelty	eu-
trophic	ones.	

1010024	 Constempellina	 Genera	 Brundin,	1947	 		 10	 		 		

235563	 Constempellina	brevicosta	 Species	 (Edwards,	1937)	 10	 		 		 Not	common	in	the	
Baltic	Sea.	A	probably	
good	indicator	of	oli-
gotrophic	or	meso-
trophic	conditions.	
Rarely	found	in	strong-
ly	eutrophic	condi-
tions.	
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1010018	 Micropsectra	 Genera	 Kieffer,	1908	 		 		 		 		

1010020	 Paratanytarsus	 Genera	 Thienemann	&	Bause,	
1913	

		 		 10	 		

235493	 Paratanytarsus	inopertus	 Species	 (Walker,	1856)	 5	 		 		 One	of	the	most	com-
mon	chironomid	spe-
cies	in	the	Baltic	Sea.	
Mainly	littoral.	Pre-
dominantly	in	meso-
trophic	to	moderately	
eutrophic	conditions,	
rarely	in	extreme	eu-
trophy.	

235498	 Paratanytarsus	natvigi	 Species	 (Goetghebuer,	1933)	 10	 		 		 Very	common	or	
common	species	in	the	
Baltic	sea,	almost	ex-
cusively	in	brackish	
waters.	Rare	in	strong-
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ly	eutrophic	condi-
tions.	

1010025	 Stempellina	 Genera	 Thienemann	&	Bause,	
1913	

		 5	 		 		

235565	 Stempellina	bausei	 Species	 (Kieffer,	1911)	 5	 		 		 Less	common	in	the	
Baltic	Sea.	The	species	
has	a	wide	occurance	
in	relation	to	trophic	
conditions	but	mainly	
in	oligotrophic	and	
mesotrophic	condi-
tions.	

1010026	 Stempellinella	 Genera	 Brundin,	1947	 		 		 		 		

1010022	 Tanytarsus	 Genera	 van	der	Wulp,	1874	 		 		 10	 		
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235513	 Tanytarsus	brundini	 Species	 Lindeberg,	1963	 10	 		 		 Common	in	the	Baltic	
Sea.	Predominantly	in	
oligotrophic	to	meso-
trophic	conditions,	not	
common	in	extremely	
eutrophic	condions.	

235558	 Tanytarsus	usmaensis	 Species	 Pagast,	1931	 5	 		 		 Among	the	most	
common	chironomid	
species	of	the	Baltic	
Sea,	found	less	fre-
quently	in	extreme	
eutrophic	conditions.	

1010029	 Diamesinae	 Subfamily	 		 		 		 		 		

1010033	 Potthastia	 Genera	 Kieffer,	1922	 		 		 		 		

235600	 Potthastia	longimanus	 Species	 Kieffer,	1922	 		 		 		 		
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1010039	 Protanypus	 Genera	 Kieffer,	1906	 		 		 		 		

1010040	 Orthocladiinae	 Subfamily	 		 		 		 		 		

1010050	 Chaetocladius	 Genera	 Kieffer,	1911	 		 		 		 		

235672	 Clunio	balticus	 Species	 Heimbach,	1978	 		 		 		 Probably	only	in	the	
most	southerpart	of	
the	Baltic	Sea.	Toler-
ance	to	eutrophy	not	
known.	

235673	 Clunio	marinus	 Species	 Haliday,	1855	 		 		 		 		

1010054	 Cricotopus	 Genera	 van	der	Wulp,	1874	 		 		 		 		

235693	 Cricotopus	annulator	 Species	 Goetghebuer,	1927	 10	 		 		 Common	in	the	Baltic	
Sea.	Predominantly	in	
oligotrophic	to	
mesostrophic	condi-
tions,	rather	uncom-
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mon	in	extremely	eu-
trophic	conditions.	

235695	 Cricotopus	bicinctus	 Species	 (Meigen	1818)	 5	 		 		 One	of	the	most	com-
mon	chironomid	spe-
cies	of	the	Baltic	Sea.	
Mainly	among	plants.	
Not	uncommon	in	
extremely	eutrophic	
conditions.	

235728	 Cricotopus	intersectus	 Species	 (Staeger,	1839)	 5	 		 		 Common	in	the	Baltic	
Sea.	Mauch	more	fre-
quent	in	eutrophic	
conditions	than	meso-
trophic	and	oligo-
trophic.		Mainly	among	
plants.	
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235733	 Cricotopus	ornatus	 Species	 (Meigen,	1818)	 5	 		 		 Common	in	the	Baltic	
Sea.	Mainly	in	brackish	
water	conditions.	

235742	 Cricotopus	sylvestris	 Species	 (Fabricius,	1794)	 1	 		 		 One	of	the	most	com-
mon	chironomid	spe-
cies	in	littoral	areas	of	
the	Baltic	Sea.	Fre-
quent	in	extremely	
eutrophic	condition.		

1010063	 Halocladius	 Genera	 Hirvenoja,	1973	 		 5	 		 		

235774	 Halocladius	variabilis	 Species	 (Stæger,	1839)	 5	 		 		 Very	common	in	the	
Baltic	Sea.	Exclusively	
in	brackish	or	marine	
conditions.	

235775	 Halocladius	varians	 Species	 (Stæger,	1839)	 5	 		 		 Common	in	the	Baltic	
Sea.	Excusively	in	
brackish	or	marine	
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conditions.	

235778	 Heterotanytarsus	apicalis	 Species	 (Kieffer,	1921)	 		 		 		 Not	common	in	the	
Baltic	Sea,	and	possibly	
only	found	in	the	
northernmost	part.	

235781	 Heterotrissocladius	grimshawi	 Species	 (Edwards,	1929)	 15	 		 		 Not	common	in	the	
Baltic	Sea.	When	
found	below	the	litto-
ral	indicating		nutrient-
poor	conditions..	

235783	 Heterotrissocladius	marcidus	 Species	 (Walker,	1856)	 		 		 		 Not	common	in	the	
Baltic	Sea.	Indicating		
nutrient-poor	condi-
tions	and	sensitivity	
level	10-15.	
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235785	 Heterotrissocladius	subpilosus	 Species	 (Kieffer,	1911)	 15	 		 		 Not	common	in	the	
Baltic	Sea.	When	
found	below	the	litto-
ral	indicating		nutrient-
poor	conditions.	

235819	 Mesocricotopus	thienemanni	 Species	 (Goetghebuer,	1940)	 		 		 		 Not	common	in	the	
Baltic	Sea.	When	
found	probably	indi-
cating		nutrient-poor	
conditions	and	sensi-
tivity	level	12-15.	

235840	 Nanocladius	dichromus	 Species	 (Kieffer,	1906)	 10	 		 		 		

1010077	 Orthocladius	 Genera	 van	der	Wulp,	1874	 		 10	 		 		

235863	 Orthocladius	thienemanni	 Species	 Kieffer,	1906	 		 		 		 		

235875	 Orthocladius	oblidens	 Species	 (Walker,	1856)	 10	 		 		 Common	in	the	Baltic	
Sea,	probably	rather	
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oxygen	demanding.	

1010079	 Paracladius	 Genera	 Hirvenoja,	1973	 		 		 		 		

235908	 Parakiefferiella	triquetra	 Species	 (Pankratova,	1970)	 		 		 		 		

1010091	 Psectrocladius	 Genera	 Kieffer,	1906	 		 5	 		 		

235951	 Psectrocladius	sordidellus	 Species	 (Zetterstedt,	1838)	 		 		 		 		

235945	 Psectrocladius	limbatellus	 Species	 (Holmgren,	1869)	 5	 		 		 Common	to	rather	
common	in	the	Baltic	
Sea.	Often	confused	
with	other	species	of	
Psectrocladius	and	
taxonomy	of	the	genus	
rather	unsolved.	

236028	 Tvetenia	calvescens	 Species	 (Edwards,	1929)	 		 		 		 		

1010106	 Zalutschia	 Genera	 Lipina,	1939	 		 		 		 		
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236037	 Zalutschia	tatrica	 Species	 (Pagast,	1935)	 		 		 		 		

236039	 Zalutschia	zalutschicola	 Species	 Lipina,	1939	 		 		 		 		

1010115	 Monodiamesa	 Genera	 Kieffer,	1922	 		 10	 		 		

236048	 Monodiamesa	bathyphila	 Species	 (Kieffer,	1918)	 10	 		 		 Less	common	in	the	
Baltic	Sea.	Common	in	
oligotrophic	lakes	but	
rare	en	very	eutrophic	
lakes.	

236051	 Prodiamesa	olivacea	 Species	 (Meigen,	1818)	 		 		 		 		

1010114	 Prodiamesinae	 Subfamily	 		 		 		 		 		

1010118	 Tanypodinae	 Subfamily	 		 		 		 5	 		

236055	 Apsectrotanypus	trifascipennis	 Species	 (Zetterstedt,	1838)	 		 		 		 		

1010125	 Macropelopia	 Genera	 Thienemann,	1916	 		 		 		 		
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236057	 Macropelopia	nebulosa	 Species	 (Meigen,	1804)	 		 		 		 		

1010130	 Ablabesmyia	 Genera	 Johannsen,	1905	 		 5	 		 		

236064	 Ablabesmyia	longistyla	 Species	 Fittkau,	1962	 5	 		 		 Rather	common	or	
common	in	the	Baltic	
Sea.	Not	very	good	
indicator	as	it	occur	
frequently	in	all	kinds	
of	trophc	conditionss	
also	including	exreme-
ly	eutrophic	ones.	

236065	 Ablabesmyia	monilis	 Species	 (Linnaeus,	1758)	 5	 		 		 Common	in	the	Baltic	
Sea.	Not	very	good	
indicator	as	it	occur	
frequently	in	all	kinds	
of	trophc	conditionss	
also	including	exreme-
ly	eutrophic	ones.	
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1010131	 Arctopelopia	 Genera	 Fittkau,	1962	 		 		 		 		

1010132	 Conchapelopia	 Genera	 Fittkau,	1957	 		 		 		 		

1010129	 Pentaneurini	 Tribus	 		 		 		 		 		

1010151	 Procladius	 Genera	 Skuse,	1889	 		 1	 		 		

		 Procladius	choreus	 Species	 		 1	 		 		 Common	or	very	
common	in	the	Baltic	
Sea.	One	of	the	most	
tolerant	chironomid	
species	to	extreme	
eutrophic	conditions	
and	low	oxygen	condi-
tions.	

236114	 Procladius	culiciformis	 Species	 (Linnaeus,	1767	 1	 		 		 Common	or	very	
common	in	the	Baltic	
Sea.	One	of	the	most	
tolerant	chironomid	
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species	to	extreme	
eutrophic	conditions	
and	low	oxygen	condi-
tions.	

236129	 Procladius	rufovittatus	 Species	 (van	der	Wulp,	1874)	 		 		 		 		

236133	 Tanypus	punctipennis	 Species	 Meigen,	1818	 1	 		 		 Common	in	the	Baltic	
Sea.	Frequent	in	ex-
tremly	eutrophic	con-
ditions,	rare	in	oligo-
trophic	conditions.	
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A probability based index for assessment of 
benthic invertebrates in the Baltic Sea 
The ecological status of benthic fauna in Swedish marine waters is assessed by means of 
the Benthic Quality Index (BQI) based on species richness, species sensitivities and abun-
dance. On the east coast the status classification seems to be sensitive to “natural” fluctua-
tions in the benthic community. In the northern Bothnian Bay the index has also classified 
the environment as less than good in apparently unpolluted areas. This calls for a revision 
of the index. In this study we have re-analysed the components of BQI and also evaluated 
biomass as an additional component in the index. Prior to the analysis we have adjusted 
the components with a method based on sampling depth and sample volume to reduce 
the variation and the dependency of depth and sediment characteristics, i.e. to reduce the 
effects of where in a water body samples are taken. 

A method for setting of WFD status class boundaries with focus on the good-moderate 
and high-good boundaries is presented and exemplified within a complete assessment 
procedure resulting in a final water body benthic status classification with likelihood esti-
mates for each of the five status classes. 

 

 

 


