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Abstract 

 

With the implementation of the European Water Framework Directive there has been a 

growing demand for reliable biotic indices that can successfully communicate pollution 

related changes in the benthic fauna. Spatial heterogeneity in soft bottom benthos is widely 

documented and influences the species composition and abundance of the benthic 

macrofauna. Consequently, spatial variability is also likely to affect the performance of biotic 

indices.  

This study aimed to investigate the effects of natural variability in index performance within 

an area with an approximately uniform pollution impact. Eight commonly used biotic indices 

(H‟, ES100, ISI, NQI1, NQI2, IQI, DKI and BQI) were investigated and compared. The 

sampling area was located in the inner Oslofjord. In total 10 stations, covering a wide range of 

different soft bottom habitat, were sampled using van Veen grab. 5 replicates were sampled at 

each station. In order to quantify spatial heterogeneity 14 environmental variables were 

measured. SPI photos were also taken to enable the calculation of the BHQ index.  

Significant differences were calculated between stations for all the investigated biotic indices, 

with the exception of ES100. The NQI1, NQI2 and DKI indices classified all stations within 

the same ecological quality class, while for the other indices the classification ranged between 

two classes. An even higher level of variation was found between replicates within a station, 

where the ecological quality ranged up to 3 classes. The majority of the indices reflected 

environmental heterogeneity to a smaller extent when the media grain diameter was relatively 

low (<53μm). 

The large degree of variability in the distribution of the abundant polychaete Pseudopolydora 

paucibranchiata appeared to contribute highly to the observed variability in index value for 

NQI1, NQI2, DKI, IQI and H‟. For many of the indices, their differences in response to 

heterogeneity could be partly explained by the variance in sensitivity values between indices.   

The variation of total carbon within the sites in the study area appeared to be low and the 

influence of the total carbon on the indices relatively even. Consequently, the observed 

heterogeneity in index value was most likely caused by changes in other parameters. The 

majority of the indices responded to changes in grain size related variables. Median grain 

diameter and mud content was correlated with the highest number (6) of indices. Ecological 

quality appeared to increase with the increasing presence of finer particles.  
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With the exception of BQIs, which did not appear to perform well under Norwegian 

conditions, the ISI (1) and ES100 (2) showed the lowest response to natural environmental 

factors. The H‟ index was significantly associated with the highest number of environmental 

variables (7).  
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Introduction 
 

The Water Framework Directive 
 

The increasing anthropogenic impact on the coastal zone of Europe has brought about the 

need to measure degradation and implement restoration. Focus on pollution of the coastal 

zone has been achieved through the implementation of The European Water Framework 

Directive (WFD) in December 2000 by the European Union (EU). The WFD aims to prevent 

further deterioration of coastal waters by protecting and improving the status of the water 

resources, promoting sustainable water use, and increasing the protection of the aquatic 

environment (Borja 2005). The final and overall objective is to achieve „Good‟ ecological 

status for all costal water bodies by 2015 (Kroencke & Reiss 2010). Within the WFD the term 

costal water encompasses the water masses within one nautical mile of the shore (Borja 2005) 

 

The WFD requires quality to be defined in an integrative way, by estimating an Ecological 

Quality Status (EcoQ) based on the status of biological, hydromorphological and physio-

chemical quality elements (Borja 2005). Within coastal waters the biological elements 

considered for calculating the EcoQ are phytoplankton, macroalgae, benthic 

macroinvertebrates and angiosperms (Borja et al. 2009a). The importance of the biological 

quality elements when determining EcoQ has changed the aims of management of coastal 

water from pollution control to ensuring ecosystem integrity as a whole. This implies that 

rather than monitoring changes in physical and chemical variables, the response of the biota is 

used to measure deterioration and improvement of ecological quality (Hering et al. 2010). 

 

Another alteration compared to previous management is that EcoQ of a water body within the 

WFD is determined in comparison to reference conditions (undisturbed conditions) (Hering et 

al. 2010). This makes it possible to unravel potential artificial trends due to natural changes in 

the environment. This reference may either correspond to expert judgement, modelling, 

historical data or data collected at a reference (undisturbed) site (Fleischer et al. 2007). This 

information is used to estimate an ecological quality ratio (EQR). The EQR is given as a 

numerical value between 0 and 1, where „High status‟ is characterized by values close to 1, 

whilst „Bad status‟ values lie close to 0. The range is divided into five ES classes, High, 

Good, Moderate, Poor and Bad (Borja et al. 2009). High status should correspond to 

unpolluted sites, Good status to slightly polluted sites, Moderate status to moderate polluted 

sites, Poor status to heavily polluted sites and Bad status to extremely polluted sites  
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(Simboura et al. 2005). The normative definitions of the classes according to the WFD are 

listed in table. 

 

Table1.1 Normative definitions of EcoQ classes according to the WFD 

(Milijøverndepartementet 2007) 

EcoQ Definitions 

High “The level of diversity and abundance the range normally associated with 

undisturbed conditions. All the disturbance sensitive taxa associated with 

undisturbed conditions are present” 

Good “The level of diversity and abundance of invertebrate taxa is slightly outside the 

range associated with undisturbed conditions. Most of the sensitive taxa of the 

type specific community are present‟ 

Moderate The level of diversity and abundance of invertebrate taxa is moderately outside 

the range associated with undisturbed conditions. Most of the sensitive taxa of 

the type specific community are absent. ” 

Poor  “Water showing evidence of major alterations to values of the biological quality 

elements of the surface water body type, in which the relevant biological 

community deviate from substantially from those normally associated with the 

surface body type under undisturbed conditions.” 

Bad “Water showing evidence of severe alterations in which large proportions of 

relevant biological communities normally associated with the surface water 

body type under undisturbed conditions are absent.” 

 

The border between „Good‟ and „Moderate status‟ is particularly important within the WFD 

as it marks the point where a community goes from an acceptable to an unacceptable state. If 

a water body falls beneath „Good status‟, action plans should be implemented to improve 

Ecological quality status. The difference between „Good‟ and „Moderate‟ should correspond 

to distinct changes in functioning of the system. It is therefore important that this boundary is 

established with high precision, as „Moderate‟ or lower conditions may call for costly 

remediation actions (Josefson et al. 2009). 

 

The ES class boundaries are intercalibrated to ensure that the results of the environmental 

assessments are comparable between the member states of the EU (Borja et al. 2007). As 

indices usually are developed for local geographical regions, and often within specific 

habitats within that region, they are to a large degree dependant on the local species 

compositions and reference conditions (Borja et al. 2009).  
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The European maritime area has been dived into four eco-regions: (i) the Atlantic/North Sea 

Eco-region Complex comprising the Northeast Atlantic Ocean, North Sea, Norwegian Sea 

and Barents Sea; (ii) the Baltic Sea Eco-region, (iii) the Mediterranean Sea Eco-region and 

(iv) the Black Sea. These regions form the foundation for intercalibration groups, which aims 

to harmonize the process of water quality assessment across the large variety of marine 

habitats across Europe (Borja et al. 2009). 

 

Diversity indices and benthic pollution monitoring 
 

In order to detect and monitor effects of human inference on marine ecosystems, it is 

necessary to somehow quantify the level of disturbance. According to the WFD the effects of 

pollution should be monitored by investigating the effects on the fauna (Hering et al. 2010). 

Benthic fauna has been suggested to be better suited for this purpose than many other 

biological groups that could be monitored (Bilyard 1987; Borja 2005). A large proportion of 

the pollution load will ultimately end up on the seabed. Contaminants may also accumulate 

and persist in mud and clay, while the concentration in the overlaying water remains 

relatively low. Consequently, monitoring the benthic fauna is efficient and makes it possible 

to trace the initial effects of pollution (Olsgard 1994; Rosenberg et al. 2004). As many 

benthic species live for several years, monitoring these groups also integrate water/sediment 

quality conditions with time (Borja et al. 2000). Therefore, benthic fauna is frequently used to 

assess the effects of impacts such as physical disturbance, organic loading and chemical 

contamination on the marine environment (Teixeira et al. 2010) 

 

The suitability of benthic macrofauna for pollution monitoring purposes is founded on the 

differences in sensitivity levels of benthic species to pollution. Some species are tolerant to 

pollution (e.g. Lomia medusa)(Llanso & Diaz 1994) or are able to quickly colonize an area 

after a disturbance event (Opportunists) (e. g. Heteromastus and Polydora). Others are 

sensitive species that are rarely encountered in polluted areas (Aphrodiata aceualta, 

Terrebellides stroemi) (Pearson 1983; Gray 1989). Due to the sedentary nature of the benthic 

fauna, organisms that do not tolerate pollution induced stress will perish when the level of 

pollution increases (Bilyard 1987; Kroencke & Reiss 2010). Thus the benthic species 

composition will change along a gradient of pollution (Pearson & Rosenberg 1978).  

 

An unpolluted benthic community is typically characterized by a large number of rare species, 

many species with moderate abundances and only a few species with high abundances(Gray 

1989) . Gross perturbation will lead to a general decline in diversity, abundance and biomass  
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(Pearson & Rosenberg 1978), often resulting in the dominance of a few „Opportunistic‟ 

species (Gray 1989)Thus, quantifying the diversity can provide information on environmental 

degradation. Diversity indices have been frequently used in ecology for the assessment of 

environmental quality (Rosenberg et al. 2004). They provide a useful management tool as 

they are an intuitive way of measuring and communicating success in managing the marine 

environment (Borja et al. 2009b).  

 

According to Whittaker (1972) “diversity in the strict sense is richness in species, and is 

approximately measured as the number of species in a sample of standard size”. However, the 

incorporation of abundance intuitively improves the measure of diversity (McCune & Grace 

2002). Simple indices like the Shannon-Wiener index and Hulberts rarefaction is founded on 

information on species richness and abundance. This type of simple indices has been 

commonly used in the past (Fleischer et al. 2007) 

 

Standard indices do not incorporate any information on species identity and consequently two 

samples with an entirely different species composition can generate the same index value 

(Kaiser et al. 2005). In order to deal with this problem, indices incorporating information on 

the taxonomic diversity of a sample, functional feeding group or depth beneath sediment 

surface has been proposed (Kaiser et al. 2005; Borja et al. 2009b). However, neither of these 

indices directly relates a species tolerance to pollution. This is achieved through sensitivity 

indices (Borja et al. 2009b), examples of which are ISI and AMBI.  

 

A third type of indices that includes the required parameters specified in the WFD has gained 

popularity with the implantation of the WFD. These indices are multimetric and include a 

measure of composition and abundance of invertebrate taxa and the proportion of disturbance-

sensitive and tolerant taxa. There are currently 12 different indices accepted by European 

member states (Borja et al. 2009b). Examples of these types of indices that combine several 

measures of community response into a single index are BQI, DKI, IQI and NQI1. 

 

Biological indices represent an extreme in terms of data reduction as their computation 

involves transforming the whole dataset into a single number. This approach to environmental 

monitoring has been criticized by many for being too simplistic (Olsgard 1994). However, the 

use of biological indices is greatly favored within the WFD due to the ease of translating these 

indices into EcoQ status (Fleischer et al. 2007). 
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Due to the bewildering array of biological indices, several authors have communicated the 

need to focus on the evaluation and validation of exiting indices prior to the development of 

new ones (Diaz et al. 2004; Borja et al. 2009b). It is important to ensure that these indices are 

sensitive to anthropogenic action both degenerative and restorative (Borja & Dauer 2008). 

Through index validation, the precision and accuracy of an index is critically evaluated (Borja 

et al. 2009b). Borja and Dauer (2008) has suggested the following guidelines for the 

validation process of an index: “(i) the validation should test index performance on data 

independent of those used to develop (calibrate) the index and be performed by scientists 

other than those proposing the index (ii) classification criteria for acceptance should be set a 

priori, (iii) and alternatively or additionally include a strong a posteriori justification based on 

best professional judgment.” 

 

Natural variation and biological indices 
 

The development of such a wide array of indices is probably partly due to the difficulty 

associated with the development of an index that can accommodate for large scale 

geographical variation. Natural communities often illustrate differences in species 

composition and natural parameters at a variety of spatial scales (Fraschetti et al. 2005; 

Tataranni & Lardicci 2010). Most diversity indices are based on the assumption that 

individuals are randomly distributed (e.g. Pielou (1966). However, large-scale patterns of 

distribution in benthic organisms are believed to be decided by physical environmental factors 

such as water depth, currents and sediment type. Within these patterns spatial heterogeneity 

exist at a variety of different scales, forming a mosaic of patches (Morrisey et al. 1992). 

Consequently, the distribution of benthic organisms is not random but often patchy. As the 

diversity indices are dependent on the composition of the benthic fauna they are also likely to 

reflect spatial variability. This was observed by (Tataranni & Lardicci 2010) who found that 

replicate grab samples differed highly in EcoQ classification.  

 

Though many studies have focused on evaluating the accuracy and precision of biological 

indices in detecting pollution (Borja et al. 2003; Borja et al. 2004; Bigot et al. 2008; Josefson 

et al. 2009), few studies have investigated performance of biotic indices with regard to natural 

variation of the macrobenthic community (Morrisey et al. 1992; Tataranni & Lardicci 2010). 

Biotic indices should reflect pollution, rather than natural variation and habitat type, and it is 

important that the influence of these factors on the accuracy of index performance is 

investigated (Borja et al. 2009b). A large sampling effort within a small geographical area 

provides the necessary detail needed to investigate the effects of small scale spatial 
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heterogeneity on index values. However, this has seldom been attempted (Tataranni & 

Lardicci 2010).  

 

 

In this thesis I aim to address the following questions: 

 

1 To what extent are the index values sensitive to natural environmental features of the 

different communities?  

 

2 Does this sensitivity differ among the indices?  

 

3 Can differences in the response of the various indices be explained by their 

dependence on different fauna features? 

 

4 Is the classification of stations into EcoQ class consistent between indices? 
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Location description 
  

The Oslofjord is located in the southern part of Norway and stretches approximately 100 km 

inland from the coastal waters of Skagerrak to the city of Oslo (Josefson et al. 2009). It 

consists of several deeper basins separated by shallow sills. The Drøbak sill, which rises to a 

depth of 19.5m below the surface, separates the inner and the outer fjord and greatly 

influences the water exchange between the two sections. The Inner Oslofjord consists of two 

main basins, Vestfjorden and Bunnefjorden, which are separated by a sill at a depth of 50m. 

Due to the small tidal range of the Oslofjord the water exchange is largely driven by pressure 

cycles, wind speed and wind direction (Gade 1967).  

 

The Oslofjord suffers under high levels of anthropogenic pressure due to the population of 

approximately 1 million people which inhabits its surrounding areas (Josefson et al. 2009). 

Influences on the inner Oslofjord include municipal wastewater discharges, industrial 

activities, boat traffic and drainage from industrial areas through small rivers. As a 

consequence organic enrichment, high sediment levels of copper, PAHs, PCB and other 

pollutants have been registered (Baalsrud & Magnusson 2002; Josefson et al. 2009). The 

main agents that structure the benthic fauna in the Oslofjord have been suggested to be 

oxygen concentrations and heavy metals (Olsgard 1994). The Oslofjord naturally experiences 

low levels of water exchange, and thus is particularly sensitive to organic enrichment (Berge 

et al. 2010).   

 

Since the beginning of the 20
th

 century the Oslofjord has been affected by municipal sewage 

discharges. In 1930s the entire Oslofjord was found to be affected by sewage. It was not until 

the 1970s that phosphorous was removed from the sewage discharges, and the removal of 

nitrogen was not attempted until the 1990s. There are now 3 big treatment plants for 

municipal wastewater in the Oslofjord. The largest plant, VEAS, is located in Vestfjorden 

(Baalsrud & Magnusson 2002).  

  

The conditions in Vestfjorden were found to have improved considerably from the 1970s to 

2009 (Berge et al. 2010). The concentration of both phosphorous and nitrogen has shifted 

from „Poor‟/‟Moderate status‟ to „Moderate‟/‟Good status‟ (fig.2.1 and 2.2). The reduction of 

phosphorous has been significant, while the improvement in nitrogen concentrations has been 

more variable. The oxygen concentrations in the bottom water ranged between „Good‟ and 
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„Medium‟ status (fig. 2.3). SPI photos from Vestfjorden indicated the bottom conditions to be 

„Good‟ to „Moderate‟ (Berge et al. 2010). 

 

 

Figure 2.1: Winter observations of total nitrogen in Vestfjorden at 0.4 and 8m depth from the 

years 1973-2009. The development is compared to Klifs classification system for water 

quality. Source:Berge et al. (2010). 

 

 

 

Figure 2.2. Winter observations of total nitrogen in Vestfjorden at 0.4 and 8m depth from the 

years 1973-2009. The development is compared to Klif‟s classification system for water 

quality. Source:Berge et al. (2010). 
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Figure 2.3 . Development in oxygen concentrations in Vestfjorden at 80-90m depth, from 

1933 to 2010. Source:Berge et al. (2010) 
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Methods  

 

Description and choice of study site 
 

The study area was located in the Inner Oslofjord (Vestfjorden) at a location called 

Stuteberget (fig. 3.1). This thesis is linked to an ongoing PhD project the aim of which is to 

study the suitability of large scale seabed mapping methods as descriptors for soft bottom 

community structure and biodiversity. The sampling area was chosen as detailed information 

describing the benthic habitat existed for this area through the PhD project. The area 

encompassed a wide range of different habitats which in total covered an area of 1 by 1 km. It 

was also desirable that the study site was placed in an area with some distance to the main 

shipping lane and the center of Oslo, as this area is largely affected by physical disturbance, 

eutrophication and other pollutants (Baalsrud & Magnusson 2002; Josefson et al. 2009) 

(fig.3.1). 

 

According to the EU water framework directive, measures are only called for when the status 

falls below the „Good status‟ (Josefson et al. 2009). It would therefore be preferable to have 

stations which were between the „Good‟ and „Moderate‟ class, as correct classification is 

extremely important within this range. Benthic monitoring using multimetric biological 

indices has only recently been included in the monitoring program for the Oslofjord and no 

results are yet available. However, oxygen concentrations (fig.2.3) and Benthic habitat quality 

values (BHQ) for Vestfjorden (Berge et al. 2010) indicates that this area may be a suitable 

place for investigating the successes of biological indices within the range between „Good‟ 

and „Moderate‟.  
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Figure 3.1: Map of the inner Oslofjord, the study site is indicated by a square (bottom left) 

location of stations and (bottom right) detailed picture of the study site. Source: T. van Son 



19 

 

 

Sampling 

 

Sampling was carried out in March and April 2009 using the vessel R/V Trygve Braarud. In 

total 10 stations (tab.3.1) were selected and 5 grab samples were taken at each of these 

stations, giving a total of 50 samples. The stations (which had to coincide with the stations 

used in the PhD project) were chosen to cover different habitats. The depths ranged between 

36 and 77m and sediment types represented were sandy silt, silt and pebbles/boulders. 

 

Table 3.1. Location and characteristics of stations. 

Station Utm easting Utm northing Depth(m) Habitat Bottom type 

1 585200.83 6630884.22 69 Broad depression with 

open bottom 

Sandy silt 

2 585036.70 6630603.05 54 Narrow crest Sandy silt 

3 584968.00 6631435.11 54 Shallow flat silt 

4 585282.25 6631109.41 66 Deep flat silt 

5 585656.30 6631122.14 40 Shallow open slope silt 

6 584764.44 6630617.05 60 Deep open slope silt 

7 585550.03 6631381.82 36 Crest pebbles/boulders 

8 585219.77 6630748.19 77 Depression silt 

9 584828.24 6631106.85 43 Flats silt 

10 584985.15 6631118.80 41 Slopes silt 

 

A 0.1 m
2
 van Veen Grab was used for sampling following the procedures of the international 

standard NS-EN ISO 16665. The speed of the grab was reduced to 20cm sec
-1 

5-10m before 

reaching the bottom. This prevented the formation of a front wave that could disperse surface 

sediment. Grabs that was less than 2/3 full were rejected.
 

 

After retrieval, the samples were immediately transferred to a washing table where the 

sediment was washed through a 5mm and a 1mm sieve using seawater. The sieve sizes were 

according to the international standard for sampling of marine soft bottom macrofauna (NS-

EN ISO 16665). The washing table was designed in such a way that the mesh of the sieves 

where constantly submerged in water baths. This minimized damage to the more fragile 

animals. Larger objects where picked out of the sample during sieving to avoid damage to the 

animals.   

 

The material and fauna retained on the sieves were transferred into buckets and fixed with 70 

percent ethanol and Rose Bengal stain was added to increase sorting efficiency. The volume  
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of ethanol in the buckets was always higher or equal to the volume of sediment. The buckets 

were turned well to ensure good preservation, a process which was repeated the following 

day. 

 

To obtain information on the particle size, the percentage of total carbon and the percentage 

of total nitrogen, a Gemini corer were used to collect samples in the upper 2 cm of the 

sediment. Stations with sediment too coarse for the Gemini corer was sampled using a 0.1 m
2
 

van Veen grab. These samples were placed in plastic containers and stored at -18°C.  

 

Identification  

 

In the laboratory the samples were rinsed with freshwater to remove as much sediment and 

alcohol as possible. The fauna was then separated from the remaining sediment and sorted in 

to main taxa (Polychaeta, Mollusca, Echinodermata, Crustacea and varia) using a stereo 

microscope, before they were conserved in 70% ethanol. The polychaetes, mollusks and 

echinoderms where identified to species level or lowest taxon possible and faunal abundance 

was noted for each sample. The identification was conducted by F. Melsom and me.  

 

Identification of juveniles was not attempted, and juvenile individuals were not included in 

the data. The crustaceans were stored in glasses that were not sealed properly. This resulted in 

desiccation of a high proportion of the crustaceans which made identification of this group 

impossible. Therefore all crustaceans were excluded from further analyses, as including the 

ones remaining would greatly bias the analyses. However, the number of crustaceans was 

low, approximately between 0 and 5 individuals per sample. Based on the remaining 

crustaceans it appeared that the diversity was also low. The group was mainly represented by 

ostracods, and a few amphipods. Identification of the varia group was due to time restrictions 

not attempted, but from a brief overview it mainly consisted of nemerteans and a few 

anthozoans. The nemerteans were quite numerous at some stations, while the anthozoans were 

only observed occasionally. „ 
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Environmental variables  

Bottom current 
 

Values for maximum and median bottom current speed was provided by the Norwegian 

institute for water research (NIVA). Current measurements were estimated using an ocean 

current model current model with 15m resolution that was based on measurements of 

differences in water level.  

Grain size analysis 
 

Before determining grain size the samples were thawed.  The particle size of the sediment was 

determined by wet-sieving through successively smaller sieves. Wet sieving was preferred to 

dry sieving as it preserves the faecal pellets and sediment aggregates which are present in the 

samples. Thus the wet sieved sediment better represents the conditions experienced by the 

fauna (Olsgard 1995). The mesh size of the sieves were 2000, 1000, 500, 250 and 63 μm 

(Wentworth 1922). Each of the 6 fractions obtained from the sieving was dried at 70°C, 

weighed and calculated as a proportion of dry weight (Bale & Kenny 2005). Sediment grain 

size statistics were estimated by T. van Son using Gradistat version 4 (Blott & Pye 2001), and 

comprised the following variables: 

 

Median grain diameter (Mdϕ)= the value of the middle point (50%) to the cumulative % 

weight curve (Nøland et al. 2010). The value is an estimate of the sieve mesh size that divides 

the sample in two equal parts (Olsgard 1995) 

 

Sorting (standard deviation) (SDϕ) provides a measure of the degree of spread around the 

median grain size. Sorting illustrates the degree of sediment sorting. Homogenous sediment 

mainly contains grains of similar size, while heterogeneous sediment consists of grains with 

different sizes. A high value indicates that the sediment is poorly sorted (heterogeneous) 

(Olsgard 1995).  

 

Skew (Skϕ) describes the level of symmetry in the grain size distribution in relation to the 

median grain size (Mdϕ). For a completely symmetrical distribution Skϕ= 0, negative values 

indicates a shift in the distribution curve towards coarser sediment, and a positive Skϕ 

indicates a shift towards finer sediment (Nøland et al. 2010).  
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Kurtosis (Kϕ) is a measure to what extent the grain size distribution is normally distributed 

and is a measure of the “peakedness” of the distribution curve. A distribution with a tall peak 

around the median value and narrow tails results in high values for Kϕ, low values indicates a 

flatter top and wider tails. For a normal distribution the Kϕ value would be 1.00 (Olsgard 

1995). 

 

Table 3.2 Interpretations and descriptions of grain size characteristics. 

 Index value Interpretation 

Sorting (standard deviation)(SDϕ) <0.35 Very highly sorted 

 0.35-0.5 Highly sorted 

 0.50-0.70 Moderately highly sorted 

 0.70-1.00 Moderately sorted 

 1.00-2.00 Poorly sorted 

 2.00-4.00 Very poorly sorted 

 >4.00 Extremely poorly sorted 

Skew(Skϕ) +1.00 to +0.30 Very finely skewed 

 +0.30 to +0.10 Finely skewed 

 +0.10 to -0.10 Symmetrical 

 -0.10 to -0.30 Coarsely skewed 

 -0.3 to -1.00 Very coarsely skewed 

Kurtosis(Kϕ) <0.67 Very platykurtic 

 0.67 to 0.90 Platykurtic 

 0.90 to 1.11 Mesokurtic 

 1.11 to 1.50 Leptokurtic 

 1.50-3.00 Very leptokurtic  

 

Determination of organic matter in the sediment 
 

Total carbon and total nitrogen was estimated by B. Kaasa at the University of Oslo using a 

Thermo Finnigan Flash EA1112. A small proportion of sediment from each sample was 

placed in a glass bottle and dried at room temperature (18-20°C). The dried samples were 

ground to fine mass and stored in airtight glass bottles. 2-4mg of sediment was placed in tin 

capsules and the exact weight of the sampled sediment was noted. Before the analyses the 

apparatus was calibrated by combustion of calcium carbonate standard with known carbon 

content. The samples were burned at 900 ° C in an oxygen atmosphere so that any carbon 

present would turn into CO2 and nitrogen turned into the gas phase N2. The mass of the 

gasses (CO2 and N2) were converted to weight percentages of total carbon (TC) and total 

nitrogen (TN) based on the dry sample weight.  

 

Because the samples were not acidified, inorganic carbonate was not removed. Thus the 

analysis provided values for total carbon instead of the more common measure total organic 

carbon (TOC). Total carbon analysis was also run on samples obtained by J. Krajczyk from 

the Inner Oslofjord a few days after our samples were taken. In order  to determine whether 

the TC values differed highly from TOC values, these analyses was rerun using acidified 

samples. The result indicated that the TC and TOC values were close to identical, the largest  
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difference between two was 0.19%. Thus the values in this thesis are treated as if they were 

TOC values. 

 

To enable classification of organic content according to the Climate and Pollution Agency, 

the TOC-values must be corrected for the contents of fine particles in the sediment (% 

<63μm). This was achieved using the formula 

 

Normalised TOC = measured TOC+18(1-F),  

 

where F equals the proportion of fine particles (Movær et al. 1997) 

Sediment profile imaging 
 

Sediment profile images (Rhoads & Cane 1971) were taken using a Sediment Profile Imagery 

(SPI) device (fig. 3.2). Though presented already in the 1970, the method was not commonly 

used not until the 1990s when digital cameras and image analysis software were introduced. 

The efficiency and relatively low coast of this method has made it a frequently used benthic 

monitoring tool. It has been used to investigate effects of among others hypoxia, trawling, 

dredging and dumping on soft bottom benthos (Nilsson 2006).  

 

The SPI equipment consists of a camera mounted vertically above a 45 degree prism. The 

prism of the camera penetrates through the sediment like an inverted periscope and takes 

insitu 2-dimentional pictures of the upper decimetres. This produces a picture about 17 cm 

wide and 26 cm high, with a high level of detail in sediment structures and colourings of the 

top sediment (Nilsson 2006). After deployment the images was transferred to a laptop. From 

these images the depth of the apparent redox potential discontinuity (RPD) layer were 

measured by B. Beylich at NIVA.  
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Figure 3.2. Diagram of sediment profile imagery device  in operation. A) the sediment profile 

imagery device just above the surface B)  The prism has penetrated the surface and a 

photograph is taken. The sediment surface (SS) and redox potential discontinuity (RPD) is 

marked in line drawing (Rosenberg 2006). 
 

Other environmental variables 
 

Distance from the effluent of the sewage treatment plant VEAS was calculated in GRASS 6.4 

(http://grass.fbk.eu) by T. van Son using the module r.grow.distance calculating Euclidean 

distances. The slope was estimated by T. van Son using GRASS 6.4.  

 

Choice of indices  

The choice of indices was based on the following criteria: 

1) The indices should be commonly used for environmental monitoring in Norway or 

within the North East Atlantic Geographical Intercalibration group (NEAGIG). 

2) All indices should be classified in relation to the WFD 

3) Indices that are not commonly used in Norway should be developed for a country with 

relatively close geographical proximity to Norway. 

 

This resulted in the choice of 9 indices. The Norwegian quality index version 1  and 2 (NQI1, 

NQI2),  the ISI sensitivity index (ISI), Hulberts rarefaction (ES100) and Shannon-Wiener 

(H‟) diversity are recommended for environmental monitoring in Norway according to the 

WFD (Vannportalen 2009). The benthic habitat quality index (BHQ) was also included as it is 

a simple, quick and low cost method commonly used in environmental monitoring (Nilsson 

2006). The Danish index (DKI), the Swedish index (BQI) and the index used in the UK and 

Ireland (IQI) were also included.  
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Description of indices 

Shannon-Wiener diversity index (H’) 
 

The Shannon-Wiener index (Shannon & Weaver 1963)) is the most commonly used index in 

benthic ecology. The index incorporates species richness as well as equitability (Kroencke & 

Reiss 2010) and was calculated according to the formula 

 

                    

 

where    =   /N is the proportion of the ith species in the sample. The minimum value for H‟ 

is 0 and is obtained when one species is present. H‟ is undefined if there are no species 

present (McCune & Grace 2002). 

 

Pielous evenness (J’) 
 

J‟ (Pielou 1966) was calculated as a support parameter in order to improve the understanding 

of the differences between stations. It provides a measure of how evenly the individuals in a 

sample are distributed among species. J‟ is defined between 0 and 1 where 0 represents a 

community consisting of only 1 species and 1 represent a community with equal number of 

each individual species. The index was calculated according to the formula 

 

  
  

      
 

where H‟ is Shannon-Wiener diversity and S is the total number of species in the sample. 

 

Hulberts diversity index (ES100) 
 

Hurlberts index (Hulbert 1979) is based on the  rarefaction technique of Sanders (1968). The 

expected number of species (ES) is calculated among a certain number of individuals, 

individuals e.g. 100 individuals (ES100) (Kroencke & Reiss 2010).The index was calculated 

according to the formula 
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where ES100= expected number of species among 100 randomly chosen individuals in a 

sample with N individuals, S species and    individuals of the ith species. 

ISI sensitivity index 
 

ISI (Rygg 2002) is a sensitivity index which uses the occurrence or absence of indicator 

species to measure stress levels (e.g. pollution impact). Species which frequently occur in 

high-diversity samples, but not in low diversity samples, are classified as sensitive species. 

The presence of many sensitive species in a community indicates a healthy environment. The 

sensitivity value for each of the 200 taxa was determined by obtaining the five lowest ES100 

values for the taxon in question among all samples where this taxon occurred, and calculating 

the average of these 5 values. The average of the 5 lowest ES100 was defined as the 

sensitivity value of the taxon and referred to as ES100     .The sensivity values can be 

found in Rygg (2002). The development of these values was based on data from 1080 samples 

from Norwegian soft-bottom fauna, collected between 1975 and 2001. 

The index was calculated according to the formula 

 

     
                        

 
 

 

where the index value of a sample is defined as the average of sensitivity values 

(ES100    ) of taxa occurring in the sample. Taxa/species which occur in the sample, but 

have no sensitivity values assigned to them, are ignored in the calculation of ISI. Only 

presents/absence data of the taxa, not their abundance is considered. Additional species 

belonging to the same taxon are ignored (Rygg 2002).  

 

The Applied Marine Biotic Index (AMBI) 
 

The AMBI (Borja et al. 2000)index  is commonly used as element in multimetric indices. The 

index establishes a disturbance classification according to 5 ecological groups (EG) of species 

(Puente & Diaz 2008): 

Group I “Species very sensitive to organic enrichment and present under polluted conditions 

(Initial state)”. 
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Group II “Species indifferent to organic enrichment, always present in low densities with non-

significant variations over time (from initial state to slight unbalanced)”. 

Group III “Species tolerant to excess organic matter enrichment. These species may occur 

under normal conditions, but their populations are stimulated by organic enrichment (slight 

unbalanced situations).” 

Group IV “Second order opportunistic species (slight to pronounced unbalanced situations), 

mainly small sized polychaetes.”  

Group V “First-order opportunistic species (pronounced unbalanced situation).” (Borja et al. 

2000).  

 

The AMBI index was calculated using AMBI version 4.0 (www.azti.es) according to the 

formula 

 

     
{                                               }

   
 

 

where GI- GV corresponds to group 1 to 5 listed above. %G indicates the percentage of the 

total number of species belonging to this group.  The AMBI index increase with the level of 

disturbance, a value of 0 represents the highest obtainable status, while a status below 6 is 

characterized as azoic (Borja et al. 2003). 

  

Norwegain quality index version 1 (NQI1) 

 
The official index for the WFD in Norway is the NQI1 (Rygg 2006), which is intercalibrated 

with the other indices in the NEAGIG (Vannportalen 2009). It is a multimetric index which 

includes AMBI as a measure of sensitivity and the diversity component is described by a 

factor SN (Rygg 2006). Both AMBI and SN are normalised to attain values between 0 and 1. 

The diversity component is modified by a factor to compensate for low densities (Josefson et 

al. 2009). The normalised sensitivity and diversity components are weighted equally.  

The index was calculated according to the formula 

     [    (  
    

 
)      (

  

   
)  (

 

   
)] 

 

SN=lnS/ln(lnN)) 

Where S = number of species and N = number of individuals 

 

http://www.azti.es/
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The Norwegian quality index version 2 (NQI2) 
 

NQI2 (Rygg 2006) is identical to NQI1 except the diversity component consists of Shannon-

Wiener diversity (H‟) which is normalised to attain values between 0 and 1. (Vannportalen 

2009). The normalised sensitivity and diversity components are weighted equally.  

The equation is 

    

     *    (  
    

 
)      (

  

 
)+ 

The Danis index (DKI) 
 

The Danish index (DKI) (Borja et al. 2007) is a multimetric index consisting of a sensitivity 

component (AMBI), a diversity component (Shannon-Wiener diversity) and a factor 

including species number and number of individuals to compensate for low densities and 

species numbers (Borja et al. 2007) The diversity component (H‟) and the sensitivity 

component (AMBI) are both normalised to attain a value between 0 and 1, and the diversity is 

normalised against the highest diversity observed in the area . As the area did not include any 

undisturbed sites, H‟max was set to 5 following Borja et al. (2007). All variables are weighted 

equally in this approach. 

 

The index was calculated according to the formula 
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where H‟ is the Shannon-Wiener index with log base 2, and H‟max is the highest value that H 

reaches in undisturbed condition, S is the number of taxa and N is the number of individuals 

in the sample. DKI can attain values between 0 and 1. If S=1 and N=1 then DKI=0.  
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Infaunal quality index (IQI) 

 
The IQI index (Dr. A. Miles, Environmental agency, Peterborough, UK, version 1, still 

undergoing development, unpublished) is used in UK and Ireland. It is a multimetric index, 

which consists of the sensitivity element (AMBI), a diversity element (Simpsons index) and a 

factor including number of taxa and number of individuals. The index was calculated 

according to the formula 

 

    (
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 )       

 
)  
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Where   is Simpsons index, S is the number of taxa and N is the number individuals. 

  

Benthic quality index (BQI ) 

 
The Swedish index (BQI) (Rosenberg et al. 2004)) is a multimetric index. The sensitivity 

element of the index is like in the ISI index based on Hulberts diversity index. However, 

ES50 is used instead of ES100 to enable the use of samples with abundances between 50 and 

100, which is useful in disturbed areas. The most tolerant species are likely to be associated 

with the lowest ES50 values. Rosenberg et al. (2004) selected that 5% of the population 

would be associated to this category, and defined this value as the species tolerance 

value        . As sensitivity values were calculated both based on Swedish and Norwegian 

faunistic data, the index was calculated separately for the two types of sensitivity. The indices 

were denoted BQIs for Swedish values and BQIn for Norwegian values. 

 

The index was calculated according to the formula 

 

    (∑ 
  

    

 

   

           )              (
 

   
) 

 

Where    is the abundance of individuals of species i at the considered station,      is the 

sum of the abundance of individuals of all species for which it is possible to compute 

an        ,           is          of species , S is the total number of species at the 

considered station and N is the total number of individuals. 
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The tolerance value (          of each species found at a stations is multiplied with the mean 

relative abundance (A) of species   to put weight on common species in relation to rare 

species. Furthermore, the sum is multiplied with a 10 logarithm for 1 plus the number of 

species (S) at the station, as high species diversity is related to high environmental quality 

(Rosenberg et al. 2004 (Leonardsson et al. 2009). 

 

Benthic habitat quality index (BHQ) 
 

The Benthic habitat quality index (BHQ) (Nilsson & Rosenberg 1997) is founded on the 

principles of Pearson and Rosenberg (1978) model of benthic succession along a gradient of 

pollution (fig.3.3). The index is calculated using information obtained from the SPI pictures. 

Information on sediment habitat structures like tubes, burrows, voids, pits and mounds are 

along with the depth of the RPD layer summarized into an index that provides information on 

benthic habitat quality. Biogenic structures caused by activities of the fauna on sediment 

surface, within sediment and the mean vertical depth distribution of the RPD layer are all 

given a score between 0 and 5 resulting in an index that ranges between 0 and 15 (Rosenberg 

et al. 2009). In order to assess EcoQ according to the EU Water Framework Directive the 

index is divided into 5 groups (Rosenberg et al. 2004).   

 

 

The index was calculated according to the formula 

 

    ∑  ∑    

where A = surface structures, B = subsurface structures and C = mean sediment depth of 

apparent redox potential discontinuity (RPD) layer (Nilsson & Rosenberg 2000). The BHQ 

index was calculated by B. Beylich at NIVA. 
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Figure 3.3. A model of the changes in the fauna from undisturbed sediment with with rich, 

deep going fauna (high ecological status) to disturbed sediment with shallow living, poor 

fauna (bad ecological status). Sediment profile images are shown in the top,  brown colored 

sediment indicate oxygen rich, bio turbated sediments while black colored sediment indicate 

oxygen depleted sediments. BHQindex for water depths down to 20m and below 20m is 

according to the guidelines from the Water Framework Directive Source: Nilsson (2006). 

 

Calculation of EQR and class boundaries 

To classify sites according to the WFD the class boundaries given by the Norwegian 

classification guide was used (Vannportalen 2009) for the Norwegian indices (NQI, NQI2, 

H‟, ES100 and ISI). The NQI1 class boundaries were determined through intercallibration 

with the other indices in the NEAGIG, and the reamaing indices used in Norway were 

intercalibrated with NQI1 (Rygg 2011). 

 

The UK boundaries (IQI) have been derived from an anthropogenic pressure gradient, 

matching infaunal communities with the normative definitions provided for each status class. 

The Danish index (DKI) class boundaries were set though intercalibration with IQI, while 

reference value was set as to  Hmax  (~5)  (Borja et al. 2007). The Swedish indices have been 

dived into 5 equal parts assuming that the part with the highest value corresponds to High 

status. For the Swedish index the reference value was set as the highest BQI value observed 

(Rosenberg et al. 2004). (Rosenberg et al. 2004) suggested that the classification of BHQ 
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index should be changed from 4 to 5 classes to fulfill the requirements of the WFD. However, 

no information was given on how the new class boundaries were set.  

 

Table 3.3. Reference values and class boundaries for all investigated indices. 

 

Indicative 

parameter 

Reference 

value 

Ecological classes  

  Very good Good Moderate Poor High 

NQI1 0.78 >0.72 0.72-0.63 0.63-0.49 0.49-0.31 <0.31 

NQI2 0.73 >0.65 0.65-0.54 0.54-0.38 0.38-0.20 <0.20 

    4.4 >3.8 3.8-3.0 3.0-1.9 1.9-0.9 <0.9 

ES100 32 >25 25-17 17-10 10-5 <0.5 

ISI 9.0 >8.4 8.4-7.5 7.5-6.1 6.1-4.2 <4.2 

IQI N.A. >0.75 0.75-0.63 0.63-0.41 0.41-0.20 <0.20 

BQI 20 ≥16 <16-12 <12-8 <8-4 <4 

DKI Hmax (~5) >0.72 0.72-0.58 0.35-0.58 0.35-0.16 <0.16 

BHQ 15 15- >11 11- >7 7- >4 4- >2 2-0 

 

Assessing the success of an index 
 

Borja and Dauer (2008) have suggested that in the validation process of an index the 

classification criteria for acceptance should be set a priori. In my study an index was 

considered successful if it 1) was not correlated with any environmental variables that was not 

related to pollution and 2) did not vary significantly between stations, unless this variation 

could be accounted to variation in pollution impact.  

 

Statistical analyses 

Environmental variables 
 

A principal component analysis (PCA) (Chatfield & Collins 1980) was used to visualize the 

relationships between the environmental variables. In total 14 abiotic variables were included 

in the PCA analyses:  

 bottom slope,  

 median bottom current,  

 maximum bottom current, 

 total sediment nitrogen,  
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 total sediment carbon,  

 standardized total sediment carbon,  

 carbon to nitrogen ratio, 

 mean grain diameter, 

 sediment grain sorting, 

 grain size distribution skew, 

 grain size kurtosis,  

 mud content (fraction <63μ), 

 water depth  

 distance to VEAS sewage treatment plant.  

 

In order to obtain reliable results from the PCA analyses, the environmental variables should 

be normally distributed (Clarke & Warwick 2001). Normality of the variables was 

investigated with a Lillifors normality test (Lilliefors 1967), which concluded that there was 

no significant deviation from normality for any of the variables. 

  

The PCA analysis was run on a normalised Euclidean similarity matrix. The data was 

normalised to eliminate bias in the analyses which can be introduced by differences in scale 

between the variables. By normalising the data the variance became equal for all variables, 

making all variables potentially equally important in determining the principle components. 

 

To get a more accurate impression of the relationship between TC and TN, and the abiotic 

variables included in the PCA analysis, Pearsons correlations was used. Pearsons correlations 

were also run between TC and TN and the depth of the RPD layer. The RPD layer depth was 

not included in the PCA analysis due to missing values at some stations. The relationship 

between TC and TN was investigated particularly because elevated levels for these variables 

in some cases can be related to pollution (Gray et al. 2002). 

 

Faunal assemblage and environmental variables 
 

A non-metric multidimensional scaling ordination analysis (NMDS) (Shephard 1962; Kuskal 

1964) was run on the species data to visualize similarities in species composition between the 

stations. The data from replicates were summarised for each station and then square root 

transformed to down weight the effect of the most abundant species, so that less abundant 

species would also influence the analysis. The NMDS was run on a Bray-Curtis similarity 

matrix, which is the most commonly used measure of similarity used in ecology (Clarke & 
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Warwick 2001). For easy visualisation the multidimensional pattern was projected in two 

dimensions. The analysis was run 100 times to avoid local minima, which occurs when the 

optimal solution has not been found. A suboptimal solution produces a higher stress value, 

then the optimal solution. The stress measures the success of the NMDS in preserving the 

rank order of the similarity matrix in two dimensions. A stress value <0.05 indicates an 

excellent representation of the data, stress <0.1 corresponds to a good ordination with no real 

prospects of misleading information, stress <0.2 still gives a useful 2-dimentional picture, 

stress >0.3 indicates that the points are close to be randomly placed (Clarke & Warwick 

2001). 

 

Relationships between the species composition and the environmental variables were 

investigated by superimposing the environmental vectors obtained in the PCA analysis on the 

NMDS plot. Pearsons correlation analyses were run between the vectors and the two NMDS 

axes to identify variables that were correlated with changes in fauna composition.   

 

Index relationships 
 

Similarities between the biotic indices were visualized using a NMDS ordination. For this 

analysis all replicate values were included. Because the indices operated on different scales 

and with different class boundaries all values were standardised before the analysis was 

conducted. The indices that did not attain values between 0 and 1 were divided by the 

reference value to obtain EQR, following the recommendations (Rosenberg et al. 2004) of  

The indices were then standardized so that 0.7 constituted the boundary between „Good‟ and 

„Moderate‟ for all indices.  

 

Pearsons correlations were used to identify relationships between different variables. This 

type analysis was used in order to: 1) identify relationships between BHQ and the other biotic 

indices 2) investigate to what extent the biotic indices were influenced by environmental 

variables. The correlations between BHQ and the biotic indices and environmental variables 

were run on station averages. The significance level was set to 0.05. 

 

In order to generate reliable correlations, the variables must be close to normally distributed 

(Moore & McCabe 2003). A Lilliefors normality test (Lilliefors 1967) was used to investigate 

normality, which suggested that all variables but IQI did not deviate significantly from 

normally distribution. However, no form of transformations appeared to improve the 

normality of IQI. Though the assumptions could not be fully achieved for all variables, it was 

decided to use the same type of correlation for all to ensure consistency between the analyses.  
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Spearmans rank order correlations were used to investigate the relationship between the biotic 

indices/index component and species numbers and biotic indices/index components and 

number of individuals. These analyses were run on the full dataset and not station averages. It 

was necessary to use a non-parametric method since normality could not be achieved for 

several of the indices or their components when all replicate values were included. Because 

the AMBI index and Simpsons index indicates a decrease in ecological quality with an 

increase in index value the correlation for these diversity measures were run on 1-AMBI and 

1- . 

Investigation of differences between stations 
 

Analysis of variance is often used to investigate whether observed differences in means 

between samples are real or could be due to chance. In order to identify whether there was an 

actual difference in index value between the stations, each index was investigated using a one-

way ANOVA. However, the BHQ index could not be investigated due to unequal and low 

number of replicates at several stations.  

 

In order to run a valid ANOVA, certain assumptions must be fulfilled by the data. The 

residuals should show a normal distribution and there should be no patterns in residual 

variance (McCune & Grace 2002). Normality of residual variance was examined using QQ-

plots and by investigating histograms of residuals. Heterogeneity of variance was explored by 

plotting residuals against predicted values (appendix fig.6.1-6.7). For some indices there were 

slight deviations from the assumptions. A non-parametric Kruskal-Wallis test was therefore 

run on the data. However, this test confirmed the findings from the parametric ANOVA. The 

results from the ANOVA are presented in this thesis. In order to identify significantly 

different stations a 95% confidence interval was used.  

 

One-way Similarity Percentage analysis (SIMPER) was used to identify differences in species 

composition between stations that were indicated to differ significantly in biotic index value. 

The station with the lowest values was compared to a group including all stations from which 

it differed significantly. The second lowest station was also included when it differed 

significantly from all the same stations as the lowest. The SIMPER analyses were conducted 

using the Bray-Curtis dissimilarity.  

 

The SIMPER analyses works by computing an average dissimilarity between inter-group 

samples (in this case the group including station with low values, against the station with high 

values), and then breaking this average down into separate contributors for each species. The 
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abundances for ISI and BQIn were transformed to presents/absence data, as these indices 

were not significantly influenced by the number of individuals. 

 

The multivariate analyses and SIMPER analysis were conducted using PRIMER-E (Plymouth 

Routines In Multivariate Ecological Research) version 6 (Clarke 1993; Clarke & Warwick 

2001; Clarke & Gorley 2006). The remaining calculations were carried out using Statistica 

version 8.0 (Statsoft.com).  
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Results 
 

Environmental variables 
 

The stations investigated in this study represented different habitat types, including slopes, 

crests, flats and depressions. Characteristics for each station are given in table 4.2. The 

sediment was classified as sandy silt, silt and pebbles/boulders. At all stations the sediment 

was extremely poorly sorted, which indicates a high degree of variation in grain size. The 

median grain diameter ranged between 26.15μm and 63.92μm. A medium level of kurtosis 

was observed (0.76 to 1.3), indicating that the grain size distribution was quite close to 

normal. The sediment grain size distribution ranged between finely and coarsely skewed (-

0.27 to 0.29), which is indicative of some stations experiencing a slight skew towards coarser 

or finer particles. The mud content ranged between 39.44 and 78.76 %.  

 

The median bottom current velocity did not differ much between stations, and varied between 

0.01 and 0.02 m/s. A larger degree of variation was observed for maximum bottom current 

velocity which ranged from 0.03 to 0.06 m/s. Total nitrogen (TN)  and total carbon (TC) 

attained values in the range 0.26% to 0.45% and 2.95% to 4.68% respectively. Based on the 

classification of TOC suggested by Climate and Pollution Agency (Movær et al. 1997), the 

standardized TC values were classified between „Poor‟ and „Very poor‟ conditions. The C:N 

relationship ranged between 6.50 and 14.61. The apparent redox potential discontinuity 

(RPD) indicates the thickness of the oxygenated layer of the sediment. The RPD showed a 

high degree of similarity between the stations, ranging from 2.22 to 3.45 cm. 

 

The two dimensional PCA of station similarity in values of 14 explanatory variables produced 

eigenvalues of 5.33 and 2.79, with the cumulative % proportion of 44.6 and 67.8. Thus the 

two dimensional PCA ordination only related 67.8 % of the total variation in the data. Some 

caution must therefore be taken when interpreting the relationships between sites and 

variables and between variables. 

 

Median and maximum bottom current velocity, total nitrogen and median grain size were all 

positively correlated. This indicated that a weak maximum current was associated with a 

small median grain diameter and low values of nitrogen. 
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Depth and percentage mud content was negatively correlated with total carbon and the angle 

of the slope. This indicated that the mud content decreased with the angel of the slope and that 

higher values of total carbon were associated with increasing depth. 

 

The ordination indicated that the environmental conditions were more similar at some stations 

than others, but no distinct clusters were formed. Strongest deviation from the common 

conditions was found at station 7 and 8 and partly also station 6. The environmental 

conditions did not appear to be similar within habitat type. 

 

Correlations were used to get a more accurate impression of the relationship between the 

environmental variables and TC and TN. TN was significantly negatively correlated with C:N 

and kurtosis and positively with median grain diameter. TC was significantly correlated with 

depth and negatively correlated with mud content and skew. P values are listed in appendix  

 

Table 4.1. Pearsons correlations between TN and TC and the environmental variables, where. 

slope=angel of the slope (°), bot_max= maximum bottom current (m/s), bot_med= median 

bottom current (m/s), C:N= carbon to nitrogen ratio, mudcont= mud content (%) , kurt= 

kurtosis, depth= depth of the water column (m), VEASdist= distance to the sewage treatment 

plant VEAS, median=median grain diameter (μm) and RPD= the depth of the apparent redox 

discontinuity potential. The table lists the correlation coefficient.  N=10, df=8, for all but RPD 

where N=8, df=6 

 TN TC 

slope 0.62 0.15 

botmax -0.03 0.20 

botmed 0.34 0.39 

C:N -0.74 0.39 

sorting 0.24 -0.27 

skew -0.60 -0.79 

kurt -0.70 -0.40 

mudcont -0.51 -0.82 

depth 0.13 0.66 

VEASdist -0.47 -0.41 

median 0.81 0.42 
RPD -0.29 -0.16 
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Figure 4.1 PCA ordination of all stations on basis of 14 environmental variables, where 

TC=total carbon (%), slope= angel of the slope (°), TN= total nitrogen (%), Ntoc= TC values 

standardized for the content of mud (<63μm), C:N= carbon to nitrogen ratio, median=median 

grain size diameter (μm), bot_med= median bottom current(m/s), bot_max= maximum 

bottom current (m/s), depth= depth of the water column (m), mudcont= mud content (%), 

kurt= kurtosis, VEASdist=Distance to the VEAS sewage treatment plant (m). All variables 

are normalized and the PCA is run on Euclidean distances. Explained variation along axis 1 

and 2 is 44.6 and 23.2 % respectively. 
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Table 4.2. Description of station characteristics, where  slope= angel of the slope (%), bot-max= maximum bottom current (m/s), bot-med= median bottom 

current (m/s), TC=total carbon (%), TN= total nitrogen (%), C:N= carbon to nitrogen ratio, TCc= Total carbon classification where M=‟Moderate‟, P=‟Poor‟ and 

V.P=‟Very poor‟, RPD=depth of the apparent redox discontinuity (cm), median=median grain diameter (μm), sort=sorting, kurt= kurtosis, mudcont= mud 

content (%), depth= depth of the water column (m), VEAS dist= distance from the VEAS sewage treatment plant (m) , and sed. type=sediment type. 

 
St. slope Habitat 

type 

Bot-

max 

Bot-

med 

TN TC C:N TCc RPD median sort skew kurt mudcont depth VEAS 

dist 

Sed. type Description 

1 4.05 depression 0.05 0.02 0.38 4.00 10.58 V.P. 3.45 32.73 4.53 0.19 0.94 69.29 68.93 1471 Sandy- 

silt 

Extremely poorly 

sorted, finely skewed 

2 14.70  crest 0.03 0.01 0.45 2.95 6.50 P. N.A 52.42 4.74 0.11 0.76 75.81 54.25 1212 Sandy- 

silt 

Extremely poorly 

sorted, finely skewed 

3 0.25 flat 0.03 0.01 0.30 3.24 10.68 P. 2.79 29.54 4.22 0.20 0.97 73.77 54.10 2043 silt Extremely poorly 

sorted, finely skewed  

4 0.90 flat 0.06 0.02 0.26 3.80 14.61 V.P. 3.24 36.86 4.89 0.19 0.90 65.89 66.05 1694 silt Extremely poorly 

sorted, finely skewed 

5 5.75 slope 0.04 0.02 0.31 3.24 10.52 P. 2.22 26.15 4.70 0.29 1.30 78.76 39.70 1769 silt Extremely poorly 

sorted, finely skewed 

 6 8.21 slope 0.05 0.02 0.40 4.54 11.50 V.P. 2.97 44.22 4.32 -0.07 0.81 54.34 60.10 1307 silt Extremely poorly 

sorted, symmetrical  

7 4.13 crest 0.06 0.02 0.45 3.62 8.05 V.P. N.A 63.92 5.73 0.11 0.81 54.54 35.81 1985 Pebbles/ 

boulders 

Extremely poorly 

sorted, very finely 

skewed 

8 13.64 slope 0.04 0.02 0.41 4.68 11.28 V.P 2.36 64.33 4.37 -0.27 0.93 39.44 77.38 1334 silt Extremely poorly 

sorted, coarsely  skewed 

9 1.36 flat 0.04 0.01 0.33 3.74 11.25 V.P 3.26 27.06 4.12 0.21 1.06 76.44 43.91 1749 silt Extremely poorly 

sorted, finely skewed 

10 6.37 depression 0.05 0.02 0.26 2.95 11.33 M 3.41 26.97 4.82 0.28 1.29 76.73 41.98 1728 silt Extremely poorly 

sorted, finely skewed 
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Basic faunal description  
 

In total 6532 individuals were identified representing 97 species, along with 20 taxa that were 

only identified to genus, family, class or genera. The most abundant phylum was Annelida 

which accounted for 70.2 % of the individuals, followed by Mollusca (27.4%) and 

Echinodermata (2.3%). The most abundant species was the bivalve Ennucula tenuis (14.9%), 

followed by the 4 polychaete species, Spiophanes kroeyeri, Pseudopolydora  

paucibranchiata, Heteromastus filiformis and Prionospio cirrifera (tab 4.3). 

 

Several species occurred in close to all samples (tab. 4.4). The most frequently observed was 

Goniada maculata, which was observed in 98% of the samples, followed by Spiophanes 

kroeyeri, Lumbrineris fragilis, Glycera alba and Pista cristata which all were found in at least 

90% of the samples. Based on the AMBI classification the majority of the species in the 

studied area belonged to disturbance indifferent species, disturbance tolerant species and 

second order opportunistic species. 

 

Table 4.3. List of the 10 most abundant species, giving abundance, percentage abundance and 

cumulative abundance. 

 
Class Species Number % Cum% 

Bivalvia Ennucula tenuis 974 14.91 14.91 

Polychaeta Spiophanes kroeyeri 970 14.85 29.76 

Polychaeta Pseudopolydora pauchibranciata 655 10.03 39.79 

Polychaeta Heteromastus filifomis 345 5.28 45.07 

Polychaeta Prionospio cirrifera 280 4.29 49.36 

Bivalvia Thyasira sp. 252 3.86 53.21 

Polychaeta Anobotherus gracilis 224 3.43 56.64 

Polychaeta Chaetazone setosa 196 3.00 59.64 

Polychaeta Lumbrineris fragelis 192 2.94 62.58 

Polychaeta Goniada maculata 168 2.57 65.16 
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Table 4.4 List of the 10 most frequently observed species. % frequency accounts for the 

percentage of grab samples where the species were registered 

 
Class Species % frequency 

Polychaeta Goniada maculata 98 

Polychaeta Spiophanes kroyeri 96 

Polychaeta Lumbrineris fragilis 94 

Polychaeta Glycera alba 92 

Polychaeta Pista cristata 92 

Bivalvia Thyarasira equalis 88 

Polychaeta Typosyllis cornuta 84 

Polychaeta Anobotherus gracilis 78 

Polychaeta Heteromastus filiformis 78 

Polychaeta Chaetazone setosa 76 
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Relationship between multivariate community analyses and environmental 
variables 

 
The NMDS ordination of the stations produces a solution with a stress of 0.07, which 

indicated  that a good representation of the real similarity between the stations were achieved 

(fig. 4.2). The NMDS ordination placed the stations in the ordination diagram on basis of 

similarities in species composition and abundance. Stations that were located close together in 

the diagram were similar in fauna composition. The NMDS created two groups (1, 2, 3, 4, 6, 

and 8) and (9, 5 and10) and placed stations 7 by itself.  

 

The NMDS produced groups to a much higher extent than the PCA. This indicated that even 

though the environmental conditions differed between stations, some stations still experienced 

a relatively high level of similarity in fauna composition. At station 8 the environmental 

conditions were relatively different from the remaining stations. However, this was not 

reflected in species composition. Only station 7 deviated clearly from the others both in 

environmental conditions and fauna composition. This is the only station with sediment 

characterized as pebbles/boulders. 

 

The environmental variables were linked to patterns in faunal composition by superimposing 

a vector biplot of the environmental variables on the NMDS ordination. The variables were 

then correlated with the NMDS axis. High positive correlations were observed between 

NMDS axis 1 and sorting, skew, kurtosis and distance from VEAS (tab. 4.5) and high 

negative correlations was found with depth. Median grain size, total nitrogen, sorting and 

median bottom current were highly positively correlated with NMDS axis 2, while kurtosis, 

mud content and the carbon to nitrogen ratio were strongly negatively correlated with NMDS 

axis 2 (tab. 4.5). A correlation above 0.5 was considered as high. The length of the 

environmental vectors indicates the correlation with the NMDS akses. A vector that reaches 

the circle correlates 100 percent with the NMDS axeses. 
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Figure 4.2. NMDS ordination of 10 stations (all replicates are summarized to station) run on a 

Bray-Curtis similarity matrix based on square root transformed data. Environmental vectors 

have been superimposed. TC=total carbon (%), Ntoc= total carbon normalized for mud 

content (%), C/N= carbon to nitrogen ratio, slope= angel of the slope (°), TN= total nitrogen, 

median=median grain diameter (μm), bot_med= median bottom current (m/s), bot_max= 

maximum bottom current (m/s), depth= depth of the water column (m), mudcont= mud 

content (%), kurt= kurtosis and VEASdist= distance to the sewage plant VEAS (m) . 
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Table 4.5. Pearson correlations between the environmental variables and NMDS axis 1 and 2, 

where slope=angel of the slope (°), bot_max= maximum bottom current (m/s), bot_med= 

median bottom current(m/s), TN= total nitrogen (%), TC=total carbon (%),  NTOC= TC 

values standardized for the content of mud (<63μm), C:N= carbon to nitrogen ratio, 

median=median grain diameter (μm), kurt= kurtosis, mudcont= mud content (%), depth= 

depth of the water column (m), VEASdist=Distance to the VEAS sewage treatment plant (m) 

 

 

Variable NMDS1 NMDS2 

slope -0.25 0.31 

botmax 0.29 0.16 

botmed 0.05 0.54 

TN -0.13 0.72 

TC -0.49 0.06 

NTOC -0.46 0.19 

C:N -0.26 -0.60 

median -0.15 0.81 

sorting 0.57 0.60 

skew 0.51 -0.40 

kurt 0.51 -0.67 

mudcont 0.31 -0.51 

depth -0.92 0.04 

VEASdist 0.58 0.00 
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Classification of indices into Ecological quality (EcoQ) class  

 
As the stations were assumed to be impacted relatively similar levels of pollution, the indices 

were expected to place all stations within the same EcoQ class. Consistent classification was 

achieved to higher degree by some indices than others (tab 4.6). The NQI1, NQI2 and DKI 

placed all stations in the same ecological quality class (EcoQ); IQI was also reasonably 

successful “misplacing” one station. Three stations were placed in a different EcoQ class by 

ES100, BQIs and BQIn. The least “successful” indices were H‟ and ISI, “misplacing” 4 and 5 

stations respectively.  

 

The NMDS ordination of the indices (figure 4.3) indicated which indices were most similar to 

each other across all stations. The stress of the ordination was 0, indicating that the 2D 

ordination gave a very good representation of the real relationship between the indices. The 

ordination did to a great extent reflected similarities in classification between the indices, with 

a gradient from high to low classification from the left to the right. ES100 and H‟ were the 

only indices that classified some stations as „High‟ and were found on the left side of the 

ordination. NQI2 and DKI grouped close together in the midrange, followed by NQI1 and 

IQI. The two BQI indices classified some stations as „Moderate‟ and grouped together in the 

lower classification range. The ISI indices were placed all the way to the right in the 

ordination. Though this index also classified several stations as „Moderate‟, ISIs placement in 

the ordination appears to reflect its difference to the other indices to a higher extent rather 

than its actual numeric value as BQIn was the index that indicated the lowest overall 

classification 

 

Table 4.6. The table lists the average values for each index for the different stations. The 

averages are colored according to EQR class, where blue=‟High‟, green=‟Good‟ and 

yellow=‟Moderate‟, S=Species richness, N= abundance and J= Pielous evenness 

Index S N J NQI1 NQI2 DKI IQI ES100 ISI H‟ BQIs. BQIn BHQ 

1 27.4 188.8 0.48 0.69 0.61 0.66 0.7 22 7.5 3.4 13 12 9 

2 29.2 152 0.54 0.68 0.61 0.66 0.68 25 7.8 3.7 13 11 N.A 

3 28.6 113.6 0.61 0.69 0.65 0.7 0.7 26 7.6 4.1 12 12 8 

4 24.6 90 0.63 0.71 0.65 0.7 0.72 24 7.4 3.8 11 10 10 

5 26.2 76.4 0.67 0.68 0.65 0.7 0.68 26 7.5 4.2 10 10 10 

6 24.2 121.2 0.58 0.68 0.61 0.65 0.69 22 7.3 3.5 12 10 8 

7 34 238.8 0.47 0.64 0.55 0.59 0.59 25 7.2 3.4 12 9 N.A 

8 26 180.8 0.53 0.66 0.57 0.61 0.65 21 7.2 3.3 12 12 7 

9 22.2 56.6 0.72 0.69 0.64 0.69 0.7 22 7.7 4 11 10 9 

10 26.8 88.2 0.66 0.69 0.64 0.69 0.69 27 7.3 4 12 11 8 
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Figure 4.3. NMDS ordination on Bray-Curtis similarities illustrating the level of similarity in 

index value between the different indices.  

 

SPI registrations and BHQ 
 

In general the quality of the SPI photos was poor. Due to the steep angle of the slope at 

several stations the camera moved after penetrating the sediment which disrupted the photos. 

Several stations were also influenced by lumps of clay that attached to the glass plate in front 

of the camera and altered the sediment profile. At station 7 the sediment was too coarse for 

successful deployment of the SPI camera. As a consequence of these factors, the BHQ index 

is based on an unequal number of replicates (2-4 replicates per station, 22 index values in 

total), no values were obtained for 2 stations and the quality of the analysis is not optimal.   

 

The BHQ indicated all the stations to be in the „Good‟ EcoQ class (tab.4.6). However, if the 

number of decimals was increased by one, station 8 was classified as Moderate. Lower values 

at station 8, appeared to be associated with absents of infauna and a low number burrows in 

some of the replicates. The BHQ index was significantly correlated with NQI1, NQI2, DKI 

and IQI. P-values are given in appendix table 6.5. 
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Table 4.7: Pearsons correlations between BHQ and the other investigated indices. Significant 

correlations (p<0.05) are marked in bold. N=8, df=6 

 
Index Correlation 

NQI1 0.79 

NQI2 0.78 

DKI 0.75 

IQI 0.78 

ISI 0.59 

ES100 0.45 

H’ 0.53 

BQIs -0.41 

BQIn -0.32 

 

Relationships between indices, total abundance, and number of species 

  
The indices H‟, DKI, NQI1, NQI2, the NQI1 component SN and the IQI component 1-   were 

all significantly negatively correlated with observed abundance, while ES100 was positively 

correlated with the number of species. BQIs illustrated a significantly positive relationship 

with both abundance and the number of species, and IQI and 1-AMBI were both significantly 

negatively correlated with both abundance and species numbers. P-values are given in 

appendix table 6.4. 

 

Table 4.8. Spearman rank order correlations between indices/ index components and 

abundance (N) and species number (S). Significant correlations (p<0.05) are marked in bold. 

n=50, df=48 

 
Index S N 

SN 0.22 -0.51 

ES100 0.55 -0.25 

Shannon -0.01 -0.63 

1-AMBI 0.56 0.46 

NQI1 -0.21 -0.59 

NQI2 -0.32 -0.76 

DKI -0.23 -0.73 

1-  0.31 0.75 

IQI -0.52 -0.69 

ISI -0.03 -0.22 

BQIs 0.56 0.46 

BQIn 0.06 -0.18 
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Similarity within stations 
 

The NMDS ordination of the all the replicate grab samples produces a 2D ordination diagram 

with a stress value of 0.19 (fig. 4.4). This is somewhat high, but the 2D projection of the 

results should still give an adequate representation of the similarity pattern. A generally high 

degree of similarity in species composition was observed among replicates from the same 

station, with exception of station 7 and 8.  The largest dissimilarity was observed at station 9, 

though this was due to one sample deviating from the cluster of the other replicates.  

 

The high variation on species composition at station 7 was reflected in the classification of H‟ 

and NQI2 into EcoQ class. However, for  most cases it appears that high level of variability in 

fauna composition  did not result in high variability in EcoQ class (Appendix fig. 6.6). The 

highest level of variation in EcoQ classification within a station was observed for, NQI2 and 

H‟ where 3 the classification ranged between 3 EcoQ classes within one station. For the 

remaining indices the variability did not exceed 2 EcoQ classes within a station.  
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Figure 4.4. NMDS ordination of all grab replicates from the 10 stations on basis of fauna 

similarities. The data were square root transformed and the ordination was run on a Bray 

Curtis similarity matrix.  

 

Variability in index value between stations 

 
Though several indices classified all stations to the same EcoQ class, significant differences 

in index values between stations were found for all indices, with the exception of ES100 

(tab.4.9). When stations were classified according to the WFD the number of decimals was 

reduced to the number used in the literature. In some cases this resulted in a change in EcoQ 

class in comparison to the actual station mean presented in the figures 4.5-4.11. 

 

Table 4.9. One-Way ANOVAs on differences in index values among stations. Significant 

between-station differences (p < 0.05) are shown in bold. N=50 

 
Index df MS F p 

NQI1 9 0.00178 2.93 0.00908 

NQI2 9 0.00641 3.87 0.00136 

DKI 9 0.00722 3.58 0.00241 

IQI 9 0.00647 4.46 0.00044 

ISI 9 0.242 2.16 0.04601 

ES100 9 20.13 1.985 0.06695 

H’ 9 3.604 0.5493 0.00230 

BQIn 9 4.903 4.128 0.00082 

BQIs 9 4.675 5.849 0.00004 

 

 

For the H’ index stations 7 and 8 appeared to be significantly lower than station 3 and 5, and 

the 95% confidence interval includes values from the range „High‟ to „Moderate‟ (fig.4.5).  

Transform: Square root
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Figure 4.5. Plot of the mean value of H‟ (H'log2) per station with 95% confidence intervals. 

EcoQ class are highlighted in different colors, blue=‟High‟, green=‟Good‟ and 

yellow=‟Moderate‟. N=50, df=9  

 

 

ES100 was the only index to not differ significantly in index value between stations (tab.4.9). 

The 95% of the confidence interval included values from „High‟ to „Good‟ (fig.4.6).  
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Figure 4.6. Plot of the mean value of ES100 per station with 95% confidence intervals. EcoQ 

class are highlighted in different colors, blue=‟High‟, green=‟Good‟ and yellow=‟Moderate‟. 

N=50, df=9 
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Increasing the number of decimals for the ISI index resulted in a lower EcoQ class for one 

station. Most stations were now classified as „Moderate‟, though station 1 to 3 and 10 were 

still classified as „Good‟ (fig.4.7).  The index generally showed less variation in average index 

value between stations, though station 2 was suggested to be significantly higher than station 

7 and 8. The 95% confidence interval included the classes „Good‟ and „Moderate‟ 

 

 

Figure 4.7. Plot of the mean value of ISI per station with 95% confidence intervals. EcoQ 

class are highlighted in different colors, blue=‟High‟, green=‟Good‟ and yellow=‟Moderate‟. 

N=50, df=9 
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The NQI1 classified all station in EcoQ class‟ Good‟, but the mean index value differed 

significantly between stations (tab.4.9). The station plot (fig.4.8) suggested that station 7 were 

significantly lower than station 1 and 3 and that station 7 and 8 were significantly lower than 

station 4. Although all station values were within the „Good ecological status‟, the range in 

the 95% confidence intervals included values from the „High‟ to the „Moderate‟ class. 

 

 

Figure 4.8. Plot of the mean value of NQI1 per station with 95% confidence intervals. EcoQ 

class are highlighted in different colors, blue=‟High‟, green=‟Good‟ and yellow=‟Moderate‟. 

N=50, df=9  
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When including more than two decimals in the station average for NQI2, two stations shifted 

from status from „Good‟ to „High status‟. The station plot suggested that station 7 where 

significantly lower than stations 3, 4, 5, 9 and 10 and that station 8 was significantly lower 

than stations 3 and 4 (fig.4.9). All classes from „High‟ to „Moderate‟ were represented within 

the 95% confidence interval.  

 

 

Figure 4.9. Plot of the mean value of NQI2 per station with 95% confidence intervals. EcoQ 

class are highlighted in different colors, blue=‟High‟, green=‟Good‟ and yellow=‟Moderate‟. 

N=50, df=9 
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For the DKI the station plot (fig.4.10) suggested that station 7 were significantly lower than 

stations 3, 4, 5, 9, 10 and that station 8 were significantly lower than station 3, 4 and 5.  All 

classes between „High‟ and‟ Moderate‟ were included within the 95% confidence interval.  

 

 

Figure 4.10. Plot of the mean value of DKI per station with 95% confidence intervals. EcoQ 

class are highlighted in different colors, blue=‟High‟, green=‟Good‟ and yellow=‟Moderate‟. 

N=50, df=9  

 

 

For IQI station 7 appeared to be significantly different from all station with the exception of 

station 8 (fig.4.11). The 95% confidence interval included all values from „High‟ to 

„Moderate‟. 
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Figure 4.11. Plot of the mean value of IQI per station with 95% confidence intervals. EcoQ 

class are highlighted in different colors, blue=‟High‟, green=‟Good‟ and yellow=‟Moderate‟ 

N=50, df=9 
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An increase in the number of decimals in the BQIs resulted in 3 stations changing from 

„Good‟ to „Moderate status‟. Station 4 and 5 appeared to be significantly lower than station 1 

and 2 and station 4 also seemed to be significantly lower than station 3, 6 and 8 (fig.4.12).  

 

Figure 4.12. Plot of the mean value of BQIs per station with 95% confidence intervals. EcoQ 

class are highlighted in different colors, green=‟Good‟ and yellow=‟Moderate‟. N=50, df=9 
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The BQIn responded to an increase in decimal numbers and 3 stations changed from „Good‟ 

to „Moderate‟. The 95% confidence interval included values from the range „Good‟ to „Poor‟. 

A very low average value was observed for station 7, which appeared to be significantly 

lower than station 1, 2, 3, 8 and 10 8 (fig.4.12).  

 
Figure 4.12. Plot of the mean value of BQI with Norwegian values per station with 95% 

confidence intervals. EcoQ class are highlighted in different colors, green=‟Good‟ and 

yellow=‟Moderate‟, orange=‟Poor‟.  N=50, df=9 

 

The lowest mean index value for H‟, ES100 and ISI was observed at station 8, while station 7 

was the second lowest. The variability between stations was relatively low for ES100 and ISI, 

while a higher level of variability was observed in H‟. The indices NQI1, NQI2, DKI and IQI 

generally indicated very similar values for most stations and all suggested that the poorest 

environmental conditions were found at station 7, closely followed by station 8.   

 

The lowest mean index value for BQIs was observed at station 5; station 4 was the second 

lowest. Generally the mean index values differed highly from the averages of the other 

indices. BQIn was more similar to NQI1, NQI2, DKI and IQI and identified station 7 as the 

lowest. However, station 8 was given a high mean value. 

 

 
 

 



60 

 

 

 

Correlations between indices and environmental variables  
 

All indices except the BQIs, correlated significantly with one or more of the environmental 

variables (tab.4.10). H‟ was influenced by the environmental variables to the greatest extent 

as it correlated significantly with 7 of them. This index correlated positively with skew, 

kurtosis and mud content, and negatively with median grain diameter, total nitrogen, total 

carbon and median bottom current.  

 

NQI1 and NQI2 correlated positively with mud content and negatively with median grain 

diameter and total carbon. NQI2 also showed a significant positive correlation with skew. 

DKI was significantly positively correlated with median bottom current, total carbon and 

median grain diameter, and negatively with mud content and skew. IQI was significantly 

negative correlated with total carbon, median grain size and sorting. ISI were significantly 

positively correlated with mud content.ES100 was significantly positively correlated with 

skew and negatively with total nitrogen. The BQIn index was significantly positively 

correlated with sorting and depth.  

 

H‟ and DKI correlated significantly with 5 of the same environmental variables. This was the 

highest level concordance observed in this study. NQI2 and DKI and H‟ and IQI also 

illustrated significant relationships with many of the same variables (4). The BQIs index was 

not correlated with any of the environmental variables, while both ISI and BQIs significantly 

reflected one environmental variable that was found to significantly correlate with another 

index.  

 

Neither of the indices showed a significant relationship with slope, maximum bottom current, 

the carbon to nitrogen ratio or distance to the sewage plant VEAS. The grain size related 

variables were correlated with the highest number of indices. Median grain diameter and mud 

content were significantly correlated with 6 environmental variables, followed by skew and 

total nitrogen (5). P values for all correlations can be found  in appendix table.6.7. 
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Table 4.10. Pearsons correlation between index values and environmental variables, where RPD= depth of the apparent redox discontinuity layer (cm), TC=total 

carbon, slope= angel of the slope (°), TN= total nitrogen (%), median=median grain diameter (μm), botmed= median bottom current (m/s), botmax= maximum 

bottom current (m/s), depth= depth of the water column (m), mudcont= mud content (%), kurt= kurtosis and VEAS dist= distance from the sewage treatment 

plant(m). Significant correlations (p<0.05) level are marked in bold, underlined values indicate values close to significant. N=10, df=8. RPD correlations N=8 

df=6 

 
 slope botmax botmed TN TC C:N RPD median sorting skew kurt mudcont depth VEASdist 

NQI1 -0.48 -0.09 -0.35 -0.74 -0.28 0.55 0.60 -0.79 -0.45 0,57 0.28 0.64 0.18 0.07 

NQI2 -0.49 -0.29 -0.62 -0.83 -0.39 0.51 0.26 -0.9 -0.53 0,63 0.52 0.74 -0.07 0.22 

DKI -0.5 -0.31 -0.64 -0.83 -0.46 0.46 0.21 -0.9 -0.49 0,67 0.55 0.77 -0.14 0.27 

IQI -0.32 -0.22 -0.44 -0.67 -0.09 0.58 0.60 -0.76 -0.66 0,37 0.27 0.52  0.33 -0.13 

ISI -0.05 -0.51 -0.51 0.04 -0.46 -0.36 0.25 -0.38 -0.39 0,42 -0.12 0.68 -0.09 -0.12 

ES100 -0.24 -0.08 -0.32 -0.47 -0.88 -0.1 -0.08 -0.38 0.36 0,69 0.48 0.63 -0.63 0.56 

H’ -0.46 -0.37 -0.73 -0.74 -0.64 0.21 -0.09 -0.79 -0.28 0,71 0.70 0.78 -0.53 0.52 

BQIs  0.45 -0.17 0.31 0.55 0.07 -0.48 0.35 0.36 -0.02 -0,29 -0.52 -0.17 0.46 -0.51 

BQIn  0.18 -0.62 -0.26 -0.13 0.02 0.09 0.07 -0.23 -0.66 -0,11 0.04 0.13 0.64 -0.34 

BHQ -0.74 0.40 0.05 -0.59 -0.62 0.22 0.21 -0.76 0.42 0.82 0.31 0.76 -0.43 0.50 
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Relationship between classification and NMDS  

 
The NMDS plot illustrated the similarities between stations in faunal composition. Some indices reflected the changes in faunal composition to a higher extent 

than others. The H‟ index (Figure 4.13b) reflected the NMDS pattern best, followed by ES100 (Figure 4.13a) and BQIs (Figure 4.13e). BQIn (Figure 4.13f) 

indicated the same classification for all stations in the NMDS group that included station 9, 5 and 10. Only the IQI index (Figure 4.13d) highlighted the 

difference between station 7 and the other stations observed in the NMDS. The ISI (Figure 4.13c) classification did not reflect the groups in the ordination. NQI1, 

NQ2 and DKI classified all stations in the same class and did therefor not reflect the patterns of the ordination. 
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c)                                                                                                                                   d) 
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e)                                                                                                                                  f) 

 
 

Figure 4.13. NMDS ordination of 10 stations (all replicates are summarized to station) run on a Bray-Curtis similarity matrix based on square root transformed 

data. Environmental vector has been superimposed. Toc=total carbon (%), Ntoc= total carbon normalized for mud content (%), C/N= carbon to nitrogen ratio, 

slope= angel of the slope (°), ton= total nitrogen, mean=median grain size diameter (μm), bot_med= median bottom current (m/s), bot_max= maximum bottom 

current (m/s), depth= depth of the water column (m), mudcont= mud content (%) and kurt= kurtosis. Stations are divided into EcoQ class in the indices (a) H‟ (b) 

ES100 (c) ISI (d) IQI (e) BQIs and f) BQIn , where blue=‟High‟, green=‟Good‟ and yellow=‟Moderat‟
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Relationships between species and indices 
 

The SIMPER function in PRIMER was used to identify which species had the strongest 

influence on index values. The SIMPER function identified species that largely account for 

the dissimilarities in faunal composition between the significantly different stations. 

 

In general the strongest contributor to the difference in index values between the significantly 

different stations was P. paucibranchiata. This species accounted for 33% of the index value 

dissimilarity in NQI1 (appendix tab.6.9). A. gracilis, S. kroeyeri and E. tenuis each accounted 

for more than 5% of the NQI1 dissimilarity, while the remaining species were less influential. 

IQI was influenced by the same species as NQI1 (appendix tab.6.11). 

 

The same pattern was observed for NQI2 and DKI (appendix tab.6 10). P. paucibranchiata 

contributed to 38 % of the dissimilarity, followed by A. gracilis being the only other species 

that contributed more than 5% to the dissimilarity. 

 

P. paucibranchiata accounted for 21% of the dissimilarity in H‟ values, followed by H. 

filiformis, S. kroeyeri, E. tenuis, P. cirrifera and A. gracilis each contributing with more than 

5% of the dissimilarity (appendix tab.6.13). As ISI does not take into account species 

numbers, the SIMPER analysis was run on presence/absence data. All top ten species 

accounted for between 2 and 3 % of the dissimilarity each (appendix tab.6.12).  

  

The SIMPER analysis for BQIn was also run on presents/absence data, as the index was not 

correlated with species abundances. T. sarsi, C. gibba, G. lapidum, P. paucibranchiata, S. 

armiger and T. equalis all accounted for 1 to 2 % of the dissimilarity(appendix tab.6.15). 

 

E. tenuis (20%) was to a high degree responsible for the dissimilarity in species composition 

in BQIs. S. kroeyeri, C. gibba and H. filiformis also contributed to the dissimilarity and all 

accounted for more than 5% each (appendix tab.6.14).  

 

For NQI1, NQI2, IQI, DKI and H‟ the same species largely contributed to the dissimilarity 

between the significantly different stations, though for H‟ P. paucibranchiata was not as 

dominant as in the other indices. A high number of species contributed approximately equally 
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to the dissimilarity between significantly different stations in ISI and BQIn. The dissimilarity 

in BQIs was largely due to the same species that were responsible for the dissimilarities in H‟, 

except for P. paucibranchiata was not included. 
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Discussion 

 

Classification 
 

The results of this study indicated that the indices showed large discrepancies in classification 

of stations into EcoQ classes. For some stations the classification ranged between 3 classes 

depending on the employed index (tab.4.6). Several studies have reported that the 

classification of a given station depends on the applied biotic index (Labrune et al. 2006; 

Simboura & Reizopoulou 2008; Kroencke & Reiss 2010). The WFD and the application of 

biotic indices to establish ecological quality have a short history within the EU (Borja et al. 

2011b). Consequently, there has been a limited time for addressing the reliability and analyze 

the uncertainties of the indices (Leonardsson et al. 2009). It is therefore not surprising to find 

that indices from different countries behave differently when applied in various environmental 

conditions (Borja et al. 2007; Perus et al. 2007). 

 

A high degree of similarity in classification was observed between the commonly used 

diversity indices H‟ and ES100 which both classified most stations as „Good‟ and the 

remaining as High. This is consistent with a previous investigation of benthic fauna in the 

Oslofjord, where Shannon-Wiener and ES100 produced highly similar diversity(Olsgard 

1995).  

 

The ISI index classified half the stations as „Good‟ and half as „Moderate‟. Rygg (2002) 

observed that the ISI index generally indicated lower diversity values than the H‟ diversity 

values within several fjords in southern Norway. This is consistent with the results obtained in 

this study. ISI was also suggested to provide a more accurate classification of environmental 

quality than H‟. Whether this is also true for our study is uncertain.  

The ISI index is purely based on sensitivity of selected species/taxa and does not take into 

account the abundance of species or the total species richness. The ISI index was influenced 

by frequently observed species with low sensitivity values such as Goniada maculata, 

Glycera alba and Heteromastus filiformis, and with high values such as Lumbrineris fragilis 

and Pista cristata. 
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AMBI is the most commonly used measure of sensitivity within the WFD. The indices based 

on AMBI gave the highest classification among the indices that included a sensitivity 

component and were highly consistent in classification. DKI, NQI1 and NQI2 placed all 

stations in the „Good‟ class, while IQI classified one station in the „Moderate‟ class; the 

remaining was classified as „Good‟. The high level of similarity in classification between 

NQI1, NQI2, DKI and IQI is not surprising as they were based on the same sensitivity 

measure and have been intercalibrated to ensure similar classification (Borja et al. 2007; 

Vannportalen 2009). Previous studies have also indicated a high degree of correspondence 

between several of these indices (Borja et al. 2007) 

 Borja et al. (2011a) observed a high degree of similarity between NQI1 and IQI values when 

studying soft benthos macrofauna in the Oslofjord, which is consistent with our findings. Our 

study also indicated DKI and NQI2 as highly similar. This was somewhat expected since the 

two formulas are close to identical, with the exception that DKI includes a factor that 

compensate for low species numbers and abundances. For the DKI index the H‟max, should be 

set as the actual maximum value of the environment . However, this was not possible in our 

study as no unpolluted stations were included. The H‟max was therefore set to 5 following the 

intercalibration exercise of  Borja et al. (2007). If this value instead had been set to 7 as in 

NQI2, an even higher degree of similarity in index value would have been obtained. 

All indices that included AMBI were significantly negatively influenced by high abundances 

of individuals (tab.4.8). This was probably caused both by AMBI and the diversity 

components which indicated reduced environmental conditions with an increase in the 

number of individuals. The negative relationship between 1-AMBI and abundance was 

probably a result of the typically opportunistic life history, and consequently low sensitivity 

group, of abundant species. AMBI is also highly influenced by pollution tolerant species as 

the percentage species of each tolerance group is multiplied by a factor. This factor increases 

by 1.5 for each ecological group, which results in pollution tolerant species being weighted 

highly. 

More surprisingly, the index values also decreased as the number of species increased, a 

pattern which was significant for IQI. However, though a reduction in the number of species 

intuitively suggests reduced environmental quality, this is not necessarily the case. 

Intermediate levels of disturbance can promote an increase in diversity (Connell 1978), as 

both climax and opportunistic species can be found within a slightly disturbed area. In our 



69 

 

study station 7 was classified as the station with the highest level of disturbance by all the 

indices that included AMBI, yet the highest number of species was found at this station 

(tab.4.6). 

Previous studies have indicated that BQI can successfully identify pollution impact and 

recovery and is thus suitable for assessing benthic habitat quality within the WFD (Rosenberg 

et al. 2004; Leonardsson et al. 2009). In our study the classification did to a large extent 

depended on whether the Norwegian or Swedish sensitivity values were used. The use of 

Swedish values resulted in the highest classification, with 7 stations classified as „Good‟ and 3 

as „Moderate‟. The opposite was the case when using Norwegian values, 7 stations were 

classified as „Moderate‟, 3 as „Good‟ (tab.4.6).  Previous studies have also indicated that the 

BQI index is highly dependent on sensitivity values, but that it also to a lesser extent reflects 

species abundance and total number of individuals (Leonardsson et al. 2009) 

The BQIs index showed a significant positive relationship with abundance (tab.4.8). This 

biotic index incorporates dominance and thus weight abundant species higher than rare 

species (Stilling 2002; Labrune et al. 2006).  For BQIs to increase with abundance, abundant 

species must typically be classified as sensitive. Out of the ten most abundant species six were 

classified as sensitive, three were lacking sensitivity values and one was classified as medium 

sensitive. Abundant species tend to dominate under disturbed conditions (Gray 1989) and 

consequently tend to be given low sensitivity values. The fact that this was not reflected in 

BQIs sensitivity values makes them questionable. BQIs sensitivity values were missing for 

the abundant Paucibranchiata. paucibranchiata which was given a low sensitivity value by 

the other indices. The exclusion of this species probably also contributes to the positive 

relationship between BQIs and abundance.  

BQIn did not reflect abundance to a significant degree, even though abundance was 

incorporated in the formula. This suggests that either both sensitive and tolerant species were 

abundant within the same grab, or typically abundant species were given medium sensitivity 

values. As a high level of variation in sensitivity values were observed among the ten most 

abundant species, the former suggestion appears most likely. The high degree of dissimilarity 

in index value between BQIn and BQIs can be accounted to the fact that BQIn included 

several abundant species with low sensitivity values, while none of the 10 most abundant 

BQIs species were given low sensitivity values. BQIs was also missing sensitivity values for 

several common Norwegian species. 
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In short the classification of the stations highly depended on the choice of index, simple 

indices indicated the highest EcoQ, while indices where sensitivity values were derived from 

Hulberts diversity index (ES100) gave the lowest classification.  

 

Is natural spatial heterogeneity reflected in index values? 

 
Natural patchiness in the distribution of benthic organisms and sediment related variables 

such as sediment particle size and pollution is commonly recognized (Morrisey et al. 1992; 

Fraschetti et al. 2005). In order to ensure a valid interpretation of index values it is important 

to determine to what extent heterogeneity is influencing the indices and classification of sites 

into EcoQ classes. 

 

ES100 was the only index for which no significant difference was observed between stations 

(tab. 4.9). The classification of ES100 ranged 2 classes between stations and 3 classes within 

station. However, the high level of variability in classification between stations was partly 

caused by the close proximity of the index values to the boundary between „Good‟ and 

„High‟. The high degree of variability in index value within station was probably also part of 

the reason why no significant differences was found between the stations.   

 

For the H‟ index the level of variation in EcoQ class within and between stations was the 

same as for ES100. However, the differences observed between stations for the H‟ index were 

significant. Several authors have found this index to be highly influenced by equitability 

(Olsgard 1995; Tataranni & Lardicci 2010). The variability in species abundances was much 

higher than the variability in species numbers (tab.4.6), thus a high level of inconsistency in 

classification was observed in this index. Due to high dependence on equitability, species 

abundances had a higher influence on the H‟ index than on ES100. ES100 has also previously 

been suggested to reflect pollution more accurately than H‟ (Borja et al. 2011a). 

 

 

The SIMPER analysis indicated that especially P. paucibranchiata, but also S. kroeyeri, E. 

tenuis and H. filiformis contributed highly to the dissimilarity in species composition between 

the significantly different stations. These were all abundant species that were encountered 

frequently at the station with the lowest index values. It is likely that the high proportion of 
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these species at some stations to a high degree accounted for the observed variability in the 

index (tab.6.13). 

 

The ISI index was found to differ significantly between stations and varied between two 

classes in classification both within and between stations. This index does not consider the 

abundance of a species (Rygg 2002). Consequently, the heterogeneity in classification 

between stations must be due to alterations in the proportion of tolerant to sensitive species. 

However, the SIMPER analysis was not able to identify the most influential species. As 

abundance was not included, many rare species contributed almost equally to the dissimilarity 

(tab.6.12).  

Based on previous studies, the multimetric indices were expected to perform better than the 

univariate indices (Puente & Diaz 2008; Kroencke & Reiss 2010; Borja et al. 2011b). 

However, this was not fully consistent with our findings. Even though some of the 

multimetric indices were more successful in placing stations into similar EcoQ class, all the 

multimetric indices still varied significantly between stations.  

 

All the indices that included AMBI were highly successful in placing stations into similar 

EcoQ class (tab.4.6). Within replicates there was more variation, NQI2 ranged between 3 

EcoQ classes within station and remaining indices between 2 classes (tab. 4.6,6.6). The higher 

degree of variability in NQI2 in comparison to the other AMBI indices could be related to the 

inclusion of the variable H‟ diversity in the formula. Though DKI is close to identical to NQI2 

in formula, it includes a factor that compensates for low densities and species numbers which 

probably stabilizes the index. 

The heterogeneity observed in these indices appeared mainly to be caused by differences in 

abundance between stations and by heterogeneously distributed species with high or low 

sensitivity values. In particularly P. paucibranchiata, but also to a certain extent A. gracilis, 

E. tenuis and S. kroeyeri were the species that contributed the greatest to the dissimilarity 

between the significantly different stations (tab.6.9-6.11). The two former species were 

classified as second order opportunistic species and were highly abundant at the station with 

the lowest index values, but practically absent from the stations with the highest values. For 

reasons explained in the previous section pollution tolerant species influence the AMBI index 
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to a high extent. From this we can infer that P. paucibranchiata contributed highly to the low 

index value observed at station 7, both through AMBI and the diversity measures.  

Heterogeneity was also reflected in the BQI. Both types showed significant differences 

between stations (tab.4.9). Station classification and replicate classification ranged between 2 

classes for both types of BQI(tab. 4.6,6.6). However, BQIn and BQIs did not indicate the 

same stations as significantly different. As the two types of BQI are based on the same 

formula, the sensitivity component must be held responsible for this. As mentioned in the 

previous section the sensitivity values differed highly between the two BQI types. Differences 

in sensitivity values between BQIn and BQIs i further discussed later in this thesis. 

 

The heterogeneity in BQIs was mainly caused by unequally distributed, abundant species with 

high or low sensitivity values. E. tenuis was to a high degree responsible for the dissimilarity 

in species composition in BQIs, but also S. kroeyeri, C. gibba, H. filiformis were influential 

(tab.6.14).  All these species received relatively high sensitivity values and were mainly found 

at the stations with the highest index values, with the exception of C. gibba. However, it is 

likely that the absents of species that were abundant and sensitive, rather than just the presents 

of tolerant species, was responsible for the low index values at station 5. 

 

Due to reason discussed in the previous section BQIn was not significantly influenced by 

abundance. Thus heterogeneity was caused by differences in the proportion of sensitive to 

tolerant species. Consequently many species contributed close to equally to the overall 

dissimilarity in species composition (tab.6.15). Each species explained a maximum of 2%. 

The most important species were T. sarsi, C. gibba, G. lapidum and P. paucibranchiata. It is 

worth noting that even when presence/absence data were investigated P. paucibranchiata was 

one of the best discriminatory species. However, the majority of the 9 remaining species did 

not possess sensitivity values that consistently contributed to separating high and low stations. 

  

The variation in classification of indices listed above is based on station averages. 

Leonardsson et al. (2009) suggested that a measure of variability should be included in the 

classification of a station, due to the high level heterogeneity often observed between 

replicates. When a 95% confidence interval was included several of the indices investigated in 
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our study ranged between 3 EcoQ classes (fig.4.5-4.12). However, the choice of a 95% 

confidence interval can be regarded as highly conservative. Leonardsson et al. (2009) 

suggested that the use of an 80% confidence interval would be sufficient.   

 

At present few studies have investigated the influence of spatial heterogeneity on index values 

and classification. However, our results are in accordance with the investigation of spatial 

variability in biotic indices (e.g. H‟ and AMBI) conducted by Tataranni and Lardicci (2010). 

They observed significant differences between indices .among samples separated by a few 

meters up to several thousand meters. However, these changes was not necessarily reflected in 

changes in the EcoQ classes Our results also indicated that index value often varied just as 

much or even more between replicates as between stations. High variability in index value on 

a small scale (replicate grab samples a few meters apart) was also reported by Quintino et al. 

(2006) 

 

Index values varied significantly between stations for all investigated biotic indices with the 

exception of ES100. However, high levels of variability within the replicates of ES100 could 

be responsible for the lack of significance between stations in this index. Thus it could not 

be concluded that this index performed better than the other indices. For several of the 

indices variability in classification within replicates was high and sometimes exceeded the 

level of variability among stations. P. paucibranchiata appeared to be highly responsible for 

the observed heterogeneity in H’, NQI1, NQI2, DKI and IQI. BQISs were also influenced 

by abundant species but not as much as the former. The ISI and BQIn were not highly 

influenced by any particular species.    

 

Sensitivity values 
 

Several authors have highlighted the problems related to the lack of consensus between 

different types of sensitivity measures in assigning species to relevant ecological group (Borja 

et al. 2004; Salas et al. 2004; Marin-Guirao et al. 2005; Muniz et al. 2005; Albayrak et al. 

2006; Labrune et al. 2006; Bigot et al. 2008; Tataranni & Lardicci 2010). This lack of 

consensus was also apparent in our study. High variation in sensitivity values were observed 

for several of the most common species. There were for instance discrepancies in the 
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classification of the common polychaete Prionospio cirrifera. This species was suggested to 

represent high quality by AMBI and both types of BQI, but indicated medium quality for ISI. 

 

Though the BQIs and BQIn sensitivity values both were calculated according to the same 

methodology, the Swedish BQI values were generally higher than the Norwegian. For 

instance Anobothrus gracilis was classified as tolerant by BQIn, but was indicated to be 

sensitive by BQIs. Despite the fact that the Norwegian and Swedish data were gathered in 

locations that were quite close geographically (the vest coast of Sweden vs. the southern part 

of Norway), the sensitivity values were highly different. 

 

The BQI sensitivity values and ISI sensitivity values were both empirically derived from a 

large dataset using Hulberts rarefaction. In spite of the similarity in methodology (and for 

BQIn similarity in data material) there were still influential differences. Leonardsson et al. 

(2009) argued the BQI sensitivity values were calculated in a more reliable way than ISI 

values. They reasoned that because only the 5 lowest ES100 values are used to set the 

sensitivity value in ISI there is a possibility that a sensitive species is represented by one or 

few individuals in samples where otherwise tolerant species dominate. The sensitivity value 

for such a species will then be low.The BQI sensitivity values are based on the 5% lowest 

ES50 values which Leonardsson et al. (2009) suggested to be a more successful approach.   

 

Differences in sensitivity values could also be due to the nature of the data that was used in 

determining the values Leonardsson et al. (2009) brought to attention the fact that the 

successional processes during recovery and disturbance often differ. He argued that one 

should include both communities that are recovering and that are degraded when determining 

sensitivity values. 

The AMBI index places species in groups rather than assigning an individual sensitivity 

value. Leonardsson et al. (2009) noted that there was a high level of agreement between the 

species sensitivity values of AMBI and BQIs in relation to Group V “first order opportunistic 

species”, but there was a wide overlap for species in the other groups. Few species in our 

study were assigned to the Group V, thus our study mainly included species from groups for 

which the agreement in sensitivity values between AMBI and BQIs was low.  
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Currently there is no agreement in method for determining sensitivity values. Muxika et al. 

(2005) stated that AMBI was appropriate to use for European coastal environments 

independently of longitude and latitude because it is founded on general ecological principles 

and paradigms. However, several authors have noted that the sensitivity level of several 

species should be altered (Albayrak et al. 2006; Labrune et al. 2006; Bigot et al. 2008).   

Leonardsson et al. (2009) argued that species indicative of disturbance might differ between 

sea areas. As a result he believed it necessary to calculate sensitivity values for each sea area, 

rather than basing the sensitivity purely on ecological principles. Clearly there is e is a need to 

further evaluate the sensitivity of marine species to different types of pollution (Quintino et al. 

2006; Leonardsson et al. 2009). 

In conclusion there is a high level of variability in species sensitivity values used in the 

different indices. Even when the exact same criteria were used for determining sensitivity 

values in two areas that were situated relatively close geographically (e.g. Norway and 

Sweden) large discrepancies were observed.  

 

Effects of class boundaries and number of decimals 
 

Several of the indices changed EcoQ classification when the number of decimals in the index 

values was reduced down to what was listed in the literature. This problem was particularly 

apparent in BQI, but also observed in NQI2. For both types of BQI 3 stations changed from 

„Moderate‟ to „Good status‟ when reducing the decimals down to the number suggested by 

the literature (tab.4.6, fig.4.11). (Leonardsson et al. 2009) stated that there would be small 

consequences of misclassifying a „Moderate‟ area as „Good‟, if the values were located close 

to the border between the two. He argued that condition would still be close to „Good‟ and 

that there should be no environmental catastrophe due to the classification mistake.  

A confusing aspect is the large variation in class boundaries suggested by the literature for the 

different indices. The classification of all indices is highly dependent on the choice of class 

boundaries. For instance the class boundary between „Good‟ and „Moderate‟ for DKI has 

been suggested to be in the range between 0.40-0.65 (Borja et al. 2007; Josefson et al. 2009). 

In this study I have chosen to operate with reference conditions and class boundaries set based 

on the country of origin. However, as many index values were just within the class boundaries 
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of an EcoQ class (fig.4.5-4.12), choosing different boundaries would have greatly influenced 

the classification of stations suggested in this study. 

This study was able to identify changes in classification based on the number of decimals 

included. This was particularly prominent in the BQI indices. 

 

Pollution impact of the studied area 
 

Only low fluctuations were observed in TC values, which largely confirmed our assumption 

that pollution was evenly distributed with the study area (tab.4.2). The classification for TOC 

suggested by the Climate and Pollution suggested Moderate to Very poor conditions for all 

investigated stations. All TC values observed in this study also succeed the threshold suggest 

by Magni et al. (2009) (28 mg/g) above which benthic quality is likely to be reduced. 

However, the multivariate analyses did not indicate a high influence of TC on the faunal 

community. The depth of the apparent redox potential discontinuity (RPD) layer represents 

the transition from oxygenated to anoxic sediment. TC and the depth of the RPD were not 

significantly related in our study (tab.4.1). Thus the level of TC in the sediment did not appear 

to influence the depth of the oxygenated layer.  

 

A possible explanation for this could be found in the quality of the TC. The high C:N 

(C:N>10) ratios obtained for the majority of stations indicated a significant terrestrial 

component in the organic material (Ruttenberg & Goni 1997). Gray et al. (2002) stated that 

high levels of organic material in the sediment will not lead to negative effects if the material 

is has a high C:N ratio and therefore is difficult to break down. 

 

Do the indices reflect pollution? 
 

The need to investigate the effects of natural variability on the index values and to separate 

between the effects of pollution and natural variability has been highlighted by several authors 

(Quintino et al. 2006; de Paz et al. 2008; Borja et al. 2009a). Our results indicated that the 

majority of indices investigated varied significantly in index value within the studied area. 

ES100 and H‟ were the only indices that were significantly correlated the amount of carbon in 

the sediment (Fitch & Crowe 2010) (fig.4.10). Hulberts diversity index (ES50) has also 
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previously been indicated to correlate with organic matter in the sediment (Puente & Diaz 

2008) 

Organic matter in the sediment provides a source of nutrients for benthic communities, but 

elevated levels of organic matter in bottom sediments can also result in hypoxic or even 

anoxic conditions (Gray et al. 2002). Consequently organic matter is one of the primary 

factors affecting benthic community structure (Rodil et al. 2009). As most biotic indices have 

been developed in relation to a gradient in organic enrichment the indices are expected to 

discriminate such conditions well (Borja et al. 2000; Puente & Diaz 2008). In our study only 

the single metric indices changed significantly in relation to the content of TC in the 

sediment. However, the variability in TC values was low and due to its high C:N ratio might 

largely unavailable for the benthic organisms. Thus, it is surprising that any of the indices 

related these changes successfully. However, there is a significant level of correlation 

between TC and skew and TC and mud content (tab.4.1). Consequently the response in index 

value might be caused by grain size characteristics. 

 

NQI1, NQI2, IQI, DKI, H‟ were significantly related to the percent total nitrogen (Bigot et al. 

2008) in the sediment, while neither of the indices showed a significant relationship with the 

C:N ratio (4.10). The multivariate analysis indicated that both TN and C:N ratio influenced 

the faunal composition. However, the NMDS axis that was correlated with these variables 

was also highly related to grain size characteristics. Thus, it is possible that the change in the 

fauna composition was caused by variability in grain size characteristics.  

 

The depth of the RPD has been considered a successful measure of habitat quality as it is 

directly related to the contents of oxygen in the sediment (Nilsson & Rosenberg 1997). 

However, none of the indices were significantly related to this variable, though the 

correlations with NQI1 and IQI were relatively high. One problem related to the RPD is the 

lack of objectiveness in its determination. This may explain the low correlations observed 

between RPD depth and the indices. However, it is also possible that the correlation was low 

because the indices were influenced by variables that were not pollution related. 

 

The simple indices ES100 and H’ were the only indices that responded significantly to the 

TC content of the sediment. However, the TC was of low quality and the variability in TC 

was low. Thus it is surprising that any of the indices would relate changes in this 
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parameter. NQI1, NQI2, IQI, DKI, H’ were significantly related to the percent of total 

nitrogen in the sediment. Both TC and TN were significantly correlated with grain size 

characteristics. It appears likely that variability in index value was not caused by the minor 

changes observed in TN and TC, but by dissimilarities in grain size characteristic. 

 

Relationships between index value and grain size characteristics 
 

The NMDS analyses suggested that the grain size characteristics highly influenced the faunal 

composition (tab.4.5). All indices, except BQIs, were significantly influenced by at least one 

sediment related variable (tab.4.10). Several authors have highlighted the importance of grain 

size characteristics in determining the distribution and abundance of the macrobenthic fauna 

(Pearson & Rosenberg 1978; Beukema 1988; Patricio et al. 2009). The most striking pattern 

was the increase in index value in relation to the content of finer particles. Some indices were 

significantly positively correlated with the percentage of mud in the sediment (NQI1, NQI2, 

DKI, H‟ and ISI), others with skew (DKI, NQI2, ES100 and H‟) and some were negatively 

correlated with median grain diameter (NQI1, NQI2, DKI, IQI and H‟). High values of skew 

indicated that the grain size distribution was skewed towards finer particles. 

 

The highest correlations were observed between indices and median grain diameter. In their 

review of habitat choice in marine invertebrates (Meadows & Campbell 1972) found the 

finest sediments to be richest both in numbers of species and number of individuals. All of the 

indices in my study that were correlated with median grain diameter included a component 

that measured species richness or abundance. 

 

The negative relationship between IQI and median grain diameter was in accordance with the 

response in IQI observed by Fitch and Crowe (2010) in intertidal habitats, but contradict the 

results of Blanchet et al. (2008) who observed that coarser sediment experienced higher 

quality for IQI. Our results also differs from the observations of Puente and Diaz (2008) who 

found no significant correlations between mud content H‟, ES50 or AMBI in the 

Mediterranean. They also noted that BQI illustrated a significant relationship with mud 

content. Consequently, the influences of environmental variables on the indices appear not to 

be consistent between different locations. In order to minimize the effects of grain size 
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distribution Fitch and Crowe (2010) suggested calibrating biotic indices for particular habitat 

types. 

 

The H‟ index was positively correlated with kurtosis and BQIn and IQI was positively 

correlated with sorting. Both of these indicated higher environmental quality for large 

variations in sediment size. Gray (1989) observed higher levels of biodiversity in mixed and 

heterogeneous sediment in comparison to homogeneous sediment. He argued that 

heterogeneous sediment provide complex habitats with a larger range of available niches.   

 

Our data indicated a significant negative relationship between TC and mud content and no 

significant relationship between median grain diameter and TC (tab.4.1). This is not 

consistent with previous findings (Dernie et al. 2003; Muniz et al. 2005; Fitch & Crowe 

2010). An increase in the percentage of mud in the sediment is generally accepted to be 

directly related to an increase in organic material .The ability of finer sediment to retain more 

organic material than the coarser sediment has been suggested to be caused by the 

granulometric and physiochemical characteristics of mud (Muniz et al. 2005).  

 

The TC values have in our study been treated as TOC. However, the TOC values are lower 

than the TC values and the TC to TOC ratio may not be consistent between stations. This 

could also explain the lack of correlation between TC and mud content.  

 

In this study significant relationships between the majority of biotic indices and grain size 

characteristics were demonstrated. The indices typically indicated higher values with an 

increase in finer particles. Also the variable sorting and kurtosis influenced some of the 

indices.  

 

Relationships between indices and current and depth 
 

DKI and H‟ were both significantly negatively correlated with median bottom current. The 

sediment regime of an area is highly dependent on the hydrodynamic processes and 

topography of the seabed. In areas that are highly influenced by physical processes (water 

flow and wave effects) the substrata tend to consist of coarse particles, while finer sediment is 

found in less physically perturbed areas (Kaiser et al. 2005). Despite the fact that most indices 
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in some way were influenced by grain size characteristics, only 2 indices in our study 

illustrated a significant relationship with median bottom current and none were significantly 

influenced by maximum bottom current. However, the current velocity estimates were based 

on differences in water level at the surface. It is unlikely that these estimates are able to 

provide detailed information on bottom current velocities for each station. 

 

Depth was the variable that was correlated with the NMDS axes to the highest degree 

(tab.4.5). BQIn was the only index that correlated significantly with depth. As BQIs did not 

correlate with depth, the relationship with depth must be caused by the Norwegian sensitivity 

values. Changes in fauna communities with depth are often consequence of variation in 

several other variables and interactions between these variables.  

 

Generally current speed did not significantly correlate with index values, with the exception 

of median bottom current which showed a significant relationship with H’ and DKI. BQIn 

were the only index that was significantly influenced by depth. 

 

Relationships between indices and environmental variables 
 

The PCA ordination indicated that the environmental conditions at station 7 and 8 were highly 

different from the remaining stations (fig.4.1). The indices that were significantly correlated 

with grain size obtained the lowest index for these stations (tab.4.6). The sediment at the two 

stations was coarse, with low percentage mud content. For all indices but H‟ and BQIs, the 

only station to differ significantly from the other stations were the stations 7 and 8 (fig.4.5-

4.12). From this we can infer that the indices reflect spatial heterogeneity to a lower extent 

when the median grain diameter is below the values observed for stations 7 and 8 (<53μm). 

 The indices based on AMBI and BQIn obtained the lowest index values for station 7. The 

NMDS analysis also suggested that this station differed highly to the remaining stations in 

fauna composition. The AMBI based indices and BQIn both incorporated a measure of 

species sensitivity and thus reflects the dissimilarity in fauna composition highly.   

ES100 and H‟ indices suggested that the poorest environmental conditions were found at 

station 8. However, the NMDS indicated that station 8 does not differ highly in fauna 
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composition in relation to the other stations. However, H‟ and ES100 does not take into 

account the dissimilarity in species composition as it does not include species specific 

information.  

BQIs was not correlated with any environmental variables and indicated station 5 as having 

the lowest environmental condition. However, significant differences were still observed 

within this index. It is likely that the variability was caused by the sensitivity values. I have 

previously discussed the high level of disagreement between BQIn and BQIs sensitivity 

values. It appears that BQIs sensitivity values were not representative for Norwegian 

conditions. Also sensitivity values were missing for common species. Therefore, this index 

cannot be called successful, even though it does not correlate with any of the environmental 

variables. 

 

Relationship between BHQ and the other indices 

 

In contrast to the other indices investigated in this study the BHQ index does not incorporate 

species information. Instead the EcoQ is based on information on sediment structures, depth 

of the RPD layer, biological structures (e.g. polychaete tubes) and activity (e.g. burrows and 

feeding pockets) obtained from SPI photos (Nilsson & Rosenberg 1997). Consequently 

species specific information is lost, while information on organism- sediment relationship is 

gained (Nilsson & Rosenberg 2000).  

Several previous studies have reported that SPI has proven useful in demonstrating changes in 

benthic habitats connected with organic enrichment (Nilsson & Rosenberg 1997) and is useful 

in benthic habitat quality assessment (Valente et al. 1992). Though several of the SPI pictures 

intended for the BHQ calculation were deemed unfit for analyses, the index still appeared to 

perform well. The BHQ index suggested that all stations should be placed in the „Good‟ EcoQ 

class, a classification that was highly similar to that suggested by the indices based on AMBI 

(tab.4.6). Significant correlations were in deed found between BHQ and these indices 

(tab.4.7). However, no value was obtained for station 2 and 7. At station 7 the sediment was 

too coarse for the SPI camera to be deployed successfully. This station was identified to have 

the lowest index value by several of the other indices. It is therefore unfortunate that no value 

could be obtained for this station.   
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The BHQ was, as the AMBI based indices, typically related to sediment characteristics 

(tab.4.10). The index was significantly negatively correlated with slope and median grain 

diameter and positively correlated with skew and mud content. The amount of finer particles 

is typically reduced with the angle of the slope. It appeared that also BHQ increased with the 

content of finer particles.  

Though the AMBI based indices were calculated based on fauna characteristics and BHQ 

mainly reflected structures in the sediment, they produced a highly similar result and 

correlated with many of the same environmental factors. This indicates that there were 

differences in the sediment and community features that was not related to pollution, and that 

several of the indices is highly influenced by these differences.  

This study has demonstrated that the BHQ index produced highly similar results as the 

AMBI based indices and also correlated with the same environmental variables. The fact 

that such differently derived indices support each other provides greater confidence in their 

classification and in the fact that there is an actual change in the fauna community with 

the content of finer particles.  

 

Possible improvements in methodology 
 

The identification of species was conducted by students with limited experience within this 

field. If the identification had been conducted by someone with a higher level of expertise it is 

likely that the taxonomic resolution would have improved. The lack of resolution did in some 

cases lead to taxa not being assigned sensitivity values as sensitivity values were not provided 

for this level of classification. This could have influenced the index value of the indices that 

included a sensitivity component. However, the species that were not identified were rare 

species and it is unlikely that including these species would have significantly altered the 

results. 

Due to desiccation of the animals belonging to the Crustacea, these individuals were not 

possible to identify. In our study both abundance and species richness appeared to be very low 

within the crustaceans. It is therefore unlikely that the inclusion of these species would have 

greatly altered the results.  
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The varia group was also excluded from the analyses. This group mainly consisted of 

individuals from the phylum Nemertea. The nemerteans are difficult to identify and would 

have been included in the results as one species. This phylum was at some stations quite 

abundant. It is possible that the inclusion of Nemertea would have lowered the evenness and 

thereby the H‟ index.  ES100 is likely to have been less affected. It is unlikely that inclusion 

the nemerteans would have had a high impact on BQI as Nemertea was given a medium 

sensitivity value and the index only reflect abundance to a low degree. Though the nemerteans 

were given a low sensitivity value in ISI, this index does not reflect abundance. Thus it is 

unlikely that the inclusion would have had a great effect.  The AMBI index classified 

nemertean in group 3, so the inclusion of Nemertea would probably not influence AMBI ta a 

large extent. However, the indices that included AMBI also included a diversity component 

that could be affected.  

 

Commonly formaldehyde is used for preserving samples, but due to suspected negative 

effects on human health ethanol was chosen as an alternative. The ethanol generally preserved 

the samples quite well, but it appeared the quality of samples with a high content of fine 

particles was reduced. Especially the quality of small tube dwelling polychaetes was lowered. 

The same pattern was observed by Krajczyk (2011). This could have biased the analyses, as 

the level of identification may have been lower in samples with a high content of mud.  

 

The level of pollution and stress in this study was based on TOC values at each station. 

However, measuring the levels of TOC only provides an indication of the stress influencing 

the area (Magni et al. 2009) therefore it could have been useful to measure the redox 

potential. Negative redox potential values are related to reduced conditions in the sediment as 

a consequence of the degradation of organic matter by chemical and biological processes, and 

can serve as a guide to the biological condition of the sediment (Peason & Stanley 1979).The 

RPD depth provided a replacement for the redox potential, but as discussed previously the 

RPD depth is not derived objectively.   

 

A measure of the porosity of the sediment could also have provided valuable information. 

Sediments with a high porosity will have greater exchange of oxygenated water, which will 
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increase the depth within the substratum which free living animals can exist (Kaiser et al. 

2005).  

 

TOC and TN were the only possible pollutants measured in this study. However, other 

pollutants may also be present in concentrations high enough to influence the fauna. Previous 

studies have indicated that copper (Cu)  influences fauna of the Oslofjord (Trannum et al. 

2004). Olsgard (1999) stated that high Cu-levels (200±2000 mg kgÿ1 dry weight, ppm) in the 

sediment are known to be toxic to aquatic animals including meio- and macrofauna. He 

observed that P. paucibranchiata, C. setosa, T. sarsi and Ophiura were negatively correlated 

with increased sediment Cu-content. All these species were common species in our study 

area, which indicate that our area was not highly affected by Cu. 

 

The vast majority of stations in this study were from areas where the median grain diameter 

was quite low. A broader spectrum of sediment types (coarse – fine) would have provided a 

better foundation for investigating the relationship between index values and grain size. There 

was also an unexpected negative correlation between mud content and TC. A higher number 

of stations could have clarified whether this was in fact a real pattern or simply due to chance. 

 

It was unlikely that the exclusion of Crustacea greatly altered the results. A larger source of 

inconsistency is probably related to misclassification of common species and the omission 

of the varia group. 
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Conclusions 
 

This study demonstrated a high level of inconsistency in classification into EcoQ class 

between the different indices. However, the AMBI based indices were high consistent in 

classification. 

 

Significant differences in index value between stations within an environmentally 

heterogeneous area were also documented. The only index that was not significantly 

influenced by spatial heterogeneity was ES100. However, due to the high level of variability 

in index value between replicates, no conclusions could be made regarding whether it 

performed better than the other biotic indices. The majority of the indices reflected 

environmental heterogeneity to smaller extent when the median grain diameter was relatively 

low (<53μm).  

 

The indices sensitivity to environmental factors was variable. However all indices, except 

BQIs, significantly reflected at least one grain size distribution related variable. The H‟ index 

was significantly correlated with the highest number of environmental variables. With the 

exception of BQIs, which did not appear to perform well under Norwegian conditions, the ISI 

and ES100 showed the lowest response to natural environmental factors. ISI and ES100 were 

significantly related to 1 and 2 environmental variables respectively. Neither one of the 

indices fulfilled the assumptions for a successful index set a priori. In fact this study indicates 

that the majority of indices could classify a „Good‟ station as „Moderate‟ due to differences in 

grain size characteristics, and thus leading to the implementation of restorative measures. 

 

The heterogeneity in index value for H‟, BQIs and the AMBI based indices NQI1, NQI2, DKI 

and IQI could to a large extent be accounted to the presents of highly abundant species at 

some stations. The ISI and BQIn did were not significantly influenced by abundance, and thus 

heterogeneity was not caused by a particular species.  

 

To decrease the effect of spatial variability within an area the WFD uses fixed sample stations 

(Borja et al. 2009a). In order to determine EcoQ of an area using AMBI, two stations has 

been suggested to be adequate (Tataranni & Lardicci 2010). However, our study has 

illustrated that the level of variability between replicates from one station is just as high as or 

even higher than variability between stations. Based on the findings of this study it appears 
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that following these recommendations would allow the EcoQ class to be highly influenced by 

spatial heterogeneity. In order to reduce this impact a higher number of stations must be 

sampled, or the indices must be standardized for the effect of grain size characteristics.  
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Appendix 
 

Complete species list 
 

Table 6.1. Soft bottom macrofuana identified in Vestfjorden Mach/April 2009 with a 0.1 m
2
 

van Veen grab. The values given in the table is the sum of 5 replicate grab samples which 

were taken at each station. 

 st.1 st.2 st.3 st.4 st.5 st.6 st.7 st.8 st.9 st.10 

ANNELIDA           

Polychaeta           

Polychaeta indet - 2 4 - - - 4 1 - 1 

Aphrodita aculeata 1 3 - 1 3 1 2 1 - 4 

Polynoidae indet - 1 1 - 1 - - - 1 1 

Chaetoparia nilssoni 1 1 - - - 1 - 1 1 - 

Eteone cf. longa - - - - - - 1 - - - 

Eumida sanguinea - - - - - - 2 - - - 

Phyllodoce groenlandica - - - - - - - 1 - - 

Phyllodoce rosea - - 1 1 - 2 - - - - 

Phyllodoce sp - - - - 1 - - - - - 

Phyllodocidae indet - - - - - - - 2 1 1 

Pirakia punctifera - 2 - - - - - - - - 

Sige fusigera - 2 - - - - - 1 - - 

Pholoe baltica 3 1 10 5 1 2 4 - - 1 

Pholoe pallida - 1 1 - - - - - - 1 

Pholoe sp - - 1 - 2 - 4 - 3 - 

Gyptis rosea - 1 - - - - - - - - 

Hesionidae indet - 1 - - 1 - - - - - 

Nereimyra punctata 4 - - - - - - - 1 - 

Ophiodromus flexuosus 3 - - - - - - - 1 2 

Syllidia armata - 1 1 1 - - - - 1 2 

Syllidae indet - 3 - 2 - - 3 1 - - 

Typosyllis cornuta 21 11 21 11 10 7 10 13 7 6 

Sphaerodorum flavum - - - - - - 2 - - 1 

Glycera alba 22 14 19 11 12 22 16 8 9 8 

Glycera lapidum - 6 - - - - 11 5 1 - 

Glycera rouxii - - 1 - - - - - - - 

Glycera sp - - 1 - - 1 1 1 - - 

Goniada maculata 15 17 25 13 15 8 26 21 10 18 

Eunice pennata - - - - - - 4 - - - 

Scoletoma fragilis 35 10 27 18 9 21 20 23 20 9 

Scoletoma magnidentata 1 - 1 1 - - - 2 1 6 

Orbinia sertulata - - - - - 1 - 1 - - 

Scoloplos armiger - - - - - - 18 7 - - 

Laonice bahusiensis - 1 1 - 2 1 2 - - 5 
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Prionospio cirrifera 6 87 82 14 2 3 24 58 3 1 

Prionospio fallax 1 43 43 2 1 9 5 2 3 - 

Prionospio sp - 1 - - - - 1 1 - - 

Pseudopolydora paucibranchiata 1 1 - - 13 4 598 - - 38 

Spionidae indet 1 3 - - - - 1 - 1 - 

Spiophanes kroeyeri 293 120 46 49 33 91 7 195 38 98 

Spiochaetopterus typicus 6 1 11 2 4 4 1 5 17 8 

Chaetozone cf. setosa 15 51 13 7 3 55 9 28 12 3 

Cirratulidae indet - - - 1 - - 7 5 11 - 

Cirratulus cirratus - - - - - - 1 2 - - 

Cirratulus filiformis - 2 - - - - - - - - 

Cirriformia tentaculata - - - - - 1 - - - - 

Cossura longocirrata 1 2 - - - - - 1 - - 

Brada sp - 1 1 - - - - 1 - 1 

Diplocirrus glaucus 8 7 7 7 11 7 3 2 9 9 

Flabelligeridae indet - 1 - - - - 2 - - 9 

Pherusa plumosa - - - - - - 2 - - - 

Polyphysia crassa 1 15 11 1 42 10 30 12 15 17 

Scalibregma inflatum 2 1 - - - 1 2 2 - - 

Ophelina acuminata - - - - - 1 - 2 - 1 

Capitellidae indet - 2 - 1 1 - - - 3 1 

Heteromastus filiformis 19 55 11 4 7 23 17 183 21 5 

Maldane sarsi 15 - - - - 1 9 - 2 - 

Maldanidae indet - - - - 1 - 7 - - - 

Rhodine loveni - - - - - - 2 - - - 

Myriochele sp - - - - - - 1 - - - 

Ampharetidae indet a 2 3 3 1 1 5 8 2 1 1 

Amphicteis gunneri - - 2 - - - - - 1 - 

Anobothrus gracilis 16 9 2 2 28 9 113 4 14 27 

Melinna cristata 12 5 5 5 1 2 7 1 4 2 

Amaeana trilobata 3 - - 3 2 2 3 - 1 - 

Eupolymnia nebulosa - - - - - - 2 - - - 

Pista cristata 19 25 11 2 14 12 15 20 13 10 

Pista lornensis 1 1 1 1 - 1 - 1 2 - 

Polycirrus cf. norvegicus 19 5 13 11 13 6 7 3 3 6 

Polycirrus medusa 2 3 3 1 5 23 4 1 6 - 

Polycirrus sp - - - - - - - - - 1 

Streblosoma bairdi 2 1 - - - - - - 3 - 

Streblosoma intestinalis - - - - - - 1 - - - 

Terebellidae indet 2 2 1 2 3 - 9 1 - - 

Terebellides stroemi 34 7 24 8 3 13 19 3 5 13 

Trichobranchus glacialis - 1 9 2 3 2 - - 1 1 

Trichobranchus roseus - 1 2 3 - - - - - 1 

Sabellidae indet - - - - - - 15 4 - 2 

MOLLUSCA           

Bivalvia           
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Ennucula tenuis 244 160 77 123 2 177 4 186 1 - 

Ennuclua pernula - - - - - - - - - 1 

Mytilus edulis - - - - - 1 - - - - 

Pseudamussium septemradiatum - 1 1 - 2 - 4 - - 4 

Thyasira equalis 42 24 25 29 17 35 2 27 8 43 

Thyasira flexuosa 19 - 12 47 2 12 5 20 1 - 

Thyasira gouldi 1 - 1 3 - - - 5 - - 

Thyasira sarsi 13 7 13 18 4 16 - 16 - 7 

Thyasira sp 3 1 4 5 2 - - 9 2 2 

Montacuta ferruginosa - 1 - - - - - - - - 

Astarte elliptica 1 6 - - - 1 - - - - 

Astarte montagui 13 10 4 5 1 6 6 - 8 4 

Astarte sulcata - - - - - - - 1 - - 

Parvicardium minimum - - - - - - 1 - - - 

Corbula gibba - - 1 1 57 - 24 - 7 30 

Hiatella arctica - - - - - - 7 - - 2 

Cuspidaria cuspidata - - - - 1 - - - - - 

Antalis entale - - 1 - - - - - - - 

Macoma calcarea 3 - 6 14 - - 1 1 - - 

Abra nitida 7 - 1 6 8 - 5 3 - 4 

Arctica islandica - 1 - - 2 - - - - 1 

Mya truncata - 1 - - - - 2 - - 1 

Gastropoda           

Aporrhais pespelecani - 1 - - - - - - - - 

Philine scabra 2 - - - - - 2 - - - 

Buccinum sp - 3 - - - - - - - - 

Buccinum undatum 1 - 2 - - - - 1 - - 

Diaphana minuta - - 1 - - - - - - - 

Euspira montagui - - - 1 - - - - - - 

Lepeta caeca - - - - - - 25 - - - 

Caudofoveata            

Caudofoveata indet - - - - - - - 3 - - 

ECHINODERMATA           

Ophiuroidea           

Amphipholis squamata - - - - - - - - - 2 

Amphiura chiajei - 1 2 - 10 - 4 - 5 5 

Amphiura filiformis - 2 - 2 10 - 1 1 4 6 

Ophiura affinis 6 5 - 2 11 1 31 2 1 4 

Ophiura albida 1 1 - - 2 5 4 - - 1 

Ophiura robusta - - - - 1 - 4 1 - 1 

Echinoidea           

Brissopsis lyrifera - 1 1 - - - - - - - 

Echinocardium cordatum - - - - - - - - - 2 

Echinocardium flavescens 1 - - 1 2 - - - - - 
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Abundant species 

 
Table 6.2. List over the 5 most numerous species at station 1 to 10. The most abundant 

species per station is highlighted in grey. The table list for each taxon: number of individuals 

(N), contribution to total number of individuals (%) and cumulative contribution (% cum). 
 

Stasjon Nummer Species N %  % cum 

1 1 Spiophanes kroyeri 293 29.5 29.5 

1 2 Ennucula tenuis 244 24.5 54.0 

1 3 Thyasira equalis 42 4.2 58.2 

1 4 Scoletoma fragilis 35 3.5 61.8 

1 5 Terebellides stroemi 34 3.4 65.2 

2 1 Ennucula tenuis 160 21.1 21.1 

2 2 Spiophanes kroyeri 120 15.8 36.8 

2 3 Prionospio cirrifera 87 11.4 48.3 

2 4 Heteromastus filiformis 55 7.2 55.5 

2 5 Cheatazone setosa 51 6.7 62.2 

3 1 Prionospio cirrifera 82 14.4 14.4 

3 2 Ennucula tenuis 77 13.6 28.0 

3 3 Spiophanes kroyeri 46 8.1 36.1 

3 4 Prionospio fallax 43 7.6 43.7 

3 5 Scoletoma fragilis 27 4.8 48.4 

4 1 Ennucula tenuis 123 27.3 27.3 

4 2 Spiophanes kroyeri 49 10.9 38.2 

4 3 Thyasira flexousa 47 10.4 48.7 

4 4 Thyasira equalis 29 6.4 55.1 

4 5 Scoletoma fragilis 18 4.0 59.1 

5 1 Corbula gibba 57 14.9 14.9 

5 2 Polyphysia crassa 42 11.0 25.9 

5 3 Spiophanes kroyeri 33 8.6 34.6 

5 4 Anoboterus gracilis 28 7.3 41.9 

5 5 Thyasira equalis 17 4.5 46.3 

6 1 Ennucula tenuis 177 29.2 29.2 

6 2 Spiophanes kroyeri 91 15.0 44.2 

6 3 Cheatazone setosa 55 9.1 53.3 

6 4 Thyasira equalis 35 5.8 59.1 

6 5 Heteromastus filiformis 23 3.8 62.9 

7 1 Pseudopolydora 

pauchibranciata 

598 50.1 50.1 

7 2 Anoboterus gracilis 113 9.5 59.5 

7 3 Ophiura affinis 31 2.6 62.1 

7 4 Polyphysia crassa 30 2.5 64.7 

7 5 Goniada maculata 26 2.2 66.8 

8 1 Spiophanes kroyeri 195 21.6 21.6 

8 2 Ennucula tenuis 186 20.6 42.1 



99 

 

8 3 Heteromastus filiformis 183 20.2 62.4 

8 4 Prionospio cirrifera 58 6.4 68.8 

8 5 Cheatazone setosa 28 3.1 71.9 

9 1 Ennucula tenuis 160 21.1 21.1 

9 2 Spiophanes kroyeri 120 15.8 36.8 

9 3 Prionospio cirrifera 87 11.4 48.3 

9 4 Heteromastus filiformis 55 7.2 55.5 

10 1    Spiophanes kroyeri 98 22.2 22.2 

10 2 Thyasira equalis 43 9.8 32.0 

10 3 Pseudopolydora pauchibranciata 38 8.6 40.6 

10 4 Corbula gibba 30 6.8 47.4 

10 5 Anoboterus gracilis 27 6.1 53.5 
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Correlations and significance 
 

Table 6.3. Pearsons correlations between TN and TC and the environmental variables, where. 

TC=total carbon (%), C:N= carbon to nitrogen ratio, slope= angel of the slope (°), TN= total 

nitrogen, median=median grain size diameter (μm), bot_med= median bottom current (m/s), 

bot_max= maximum bottom current (m/s), depth= depth of the water column (m), mudcont= 

mud content (%) ,kurt= kurtosis and RPD= the depth of the apparent redox discontinuity 

potential. The table lists the correlation coefficient and the p value.  N=10, df=8, for all but 

RPD where N=8, df=6 

 TN TC 

slope 0.6217 0.1534 

 p=0.055 p=0.672 

botmax -0.0339 0.1997 

 p=0.926 p=0.580 

botmed 0.3358 0.3950 

 p=0.343 p=0.259 

C:N -0.7355 0.3888 

 p=0.015 p=0.267 

median 0.8072 0.4163 

 p=0.005 p=0.231 

sorting 0.2355 -0.2743 

 p=0.512 p=0.443 

skew -0.5951 -0.7854 

 p=0.070 p=0.007 

kurt -0.7041 -0.4034 

 p=0.023 p=0.248 

mudcont -0.5077 -0.8192 

 p=0.134 p=0.004 

depth 0.1264 0.6601 

 p=0.728 p=0.038 

VEASdist -0.4673 -0.4104 

 p=0.173 p=0.239 

rpd -0.2918 -0.1585 

 p=0.483 p=0.708 
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Table 6.4. Spearmans rank order correlations between species richness(S), abundance(N) and 

biotic indices and components.  

Variables N Spearman 

R 

t(N-2) p-level 

S     & SN 50 0.232083 1.65305 0.104847 

S     & ES100 50 0.655827 6.01885 0.000000 

S     & H’ 50 0.144732 1.01340 0.315949 

S     & 1-AMBI 50 -0.480911 -3.80014 0.000408 

S     & NQI1 50 -0.090903 -0.63241 0.530119 

S     & NQI2 50 -0.128651 -0.89879 0.373253 

S     & DKI 50 -0.034040 -0.23598 0.814456 

S     & 1-  50 -0.046125 -0.31991 0.750427 

S     & IQI 50 -0.385952 -2.89854 0.005636 

S     & ISI 50 0.018826 0.13045 0.896754 

S     & BQIs 50 0.625246 5.55059 0.000001 

S     & BQIn 50 0.236555 1.68678 0.098136 

N     & SN 50 -0.602334 -5.22785 0.000004 

N     & ES100 50 -0.060684 -0.42121 0.675484 

N     & H’ 50 -0.559798 -4.68050 0.000024 

N     & 1-AMBI 50 -0.279209 -2.01454 0.049574 

N     & NQI1 50 -0.401297 -3.03540 0.003873 

N     & NQI2 50 -0.647791 -5.89120 0.000000 

N     & DKI 50 -0.612584 -5.36953 0.000002 

N     & 1-  50 -0.657493 -6.04576 0.000000 

N     & IQI 50 -0.454131 -3.53147 0.000924 

N     & ISI 50 -0.158453 -1.11184 0.271743 

N     & BQIs 50 0.732757 7.46034 0.000000 

N     & BQIn 50 0.167583 1.17771 0.244720 
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Table 6.5. Pearsons correlations between BHQ and the biotic indices giving the correlation 

coefficient and p value.. N=8, df=6 

 BHQ 

NQI1 0.7880 

 p=0.020 

NQI2 0.7780 

 p=0.023 

DKI 0.7537 

 p=0.031 

IQI 0.7765 

 p=0.023 

ISI 0.5853 

 p=0.127 

ES100 0.4456 

 p=0.268 

Shannon 0.5268 

 p=0.180 

BQIs -0.4053 

 p=0.319 

BQIn -0.3244 

 p=0.433 
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Table 6.7. Pearsons correlations between environmental variables and indices. The table lists correlation coefficients and p values. N=10, df=8 

for all except correlations with RPD or BHQ where N=8 and df=6. 

 slope botmax botmed TN TC C:N median sorting skew kurt mudcont depth VEASdist RPD 

NQI1 -0.4850 -0.0892 -0.3526 -0.7449 -0.2820 0.5517 -0.7937 -0.4460 0.5696 0.2816 0.6408 0.1846 0.0682 0.5940 

 p=0.155 p=0.807 p=0.318 p=0.013 p=0.430 p=0.098 p=0.006 p=0.196 p=0.086 p=0.431 p=0.046 p=0.610 p=0.852 p=0.120 

NQI2 -0.4935 -0.2859 -0.6234 -0.8289 -0.3949 0.5060 -0.9023 -0.5316 0.6321 0.5230 0.7395 -0.0729 0.2205 0.2681 

 p=0.147 p=0.423 p=0.054 p=0.003 p=0.259 p=0.136 p=0.000 p=0.114 p=0.050 p=0.121 p=0.015 p=0.841 p=0.540 p=0.521 

DKI -0.4968 -0.3061 -0.6396 -0.8322 -0.4629 0.4584 -0.9041 -0.4896 0.6696 0.5520 0.7710 -0.1358 0.2733 0.2081 

 p=0.144 p=0.390 p=0.046 p=0.003 p=0.178 p=0.183 p=0.000 p=0.151 p=0.034 p=0.098 p=0.009 p=0.708 p=0.445 p=0.621 

IQI -0.3236 -0.2180 -0.4425 -0.6707 -0.0921 0.5849 -0.7600 -0.6566 0.3716 0.2686 0.5216 0.3297 -0.1335 0.5993 

 p=0.362 p=0.545 p=0.200 p=0.034 p=0.800 p=0.076 p=0.011 p=0.039 p=0.290 p=0.453 p=0.122 p=0.352 p=0.713 p=0.116 

ISI -0.0539 -0.5118 -0.5071 0.0449 -0.4589 -0.3563 -0.3783 -0.3937 0.4168 -0.1224 0.6838 -0.0884 -0.1221 0.2500 

 p=0.882 p=0.131 p=0.135 p=0.902 p=0.182 p=0.312 p=0.281 p=0.260 p=0.231 p=0.736 p=0.029 p=0.808 p=0.737 p=0.550 

ES100 -0.2376 -0.0812 -0.3240 -0.4677 -0.8781 -0.1555 -0.3841 0.3577 0.6887 0.4794 0.6257 -0.6314 0.5604 -0.0778 

 p=0.509 p=0.824 p=0.361 p=0.173 p=0.001 p=0.668 p=0.273 p=0.310 p=0.028 p=0.161 p=0.053 p=0.050 p=0.092 p=0.855 

H’ -0.4606 -0.3713 -0.7324 -0.7435 -0.6441 0.2186 -0.7939 -0.2815 0.7122 0.6997 0.7777 -0.5295 0.5207 -0.0917 

 p=0.180 p=0.291 p=0.016 p=0.014 p=0.044 p=0.544 p=0.006 p=0.431 p=0.021 p=0.024 p=0.008 p=0.116 p=0.123 p=0.829 

BQIs 0.4506 -0.1689 0.3116 0.5540 0.0733 -0.4792 0.3566 -0.0227 -0.2948 -0.5247 -0.1714 0.4551 -0.5085 0.3505 

 p=0.191 p=0.641 p=0.381 p=0.097 p=0.840 p=0.161 p=0.312 p=0.950 p=0.408 p=0.119 p=0.636 p=0.186 p=0.133 p=0.395 

BQIn 0.1850 -0.6192 -0.2551 -0.1339 0.0182 0.0930 -0.2296 -0.6555 -0.1089 0.0410 0.1260 0.6393 -0.3362 0.0663 

 p=0.609 p=0.056 p=0.477 p=0.712 p=0.960 p=0.798 p=0.523 p=0.040 p=0.764 p=0.910 p=0.729 p=0.047 p=0.342 p=0.876 

BHQ -0.7388 0.4 0.0525 -0.5921 -0.5419 0.2181 -0.7587 0.4236 0.8211 0.3094 0.7575 -0.4257 0.5045 0.2068 

 p=0.036 p=0.326 p=0.902 p=0.122 p=0.165 p=0.604 p=0.029 p=0.296 p=0.012 p=0.456 p=0.029 p=0.293 p=0.202 p=0.623 
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Classification of replicate grab samples 
 

Table 6.6.  Classification of replicate of replicate grab samples into EcoQ class, blue=‟High‟, 

green=‟Good‟, Yellow=‟Moderate‟ and Orange=‟Poor‟ 

Station Grab ES100 H’ NQI1 NQI2 DKI IQI ISI BQIs BQIn 

1 G1 20 3.2 0.68 0.6 0.64 0.7 7.1 12 11 

1 G2 23 3.5 0.69 0.61 0.65 0.69 7.8 13 12 

1 G3 22 3.3 0.7 0.62 0.66 0.72 7.8 13 12 

1 G4 23 3.3 0.7 0.6 0.65 0.69 7.5 14 13 

1 G5 23 3.5 0.71 0.63 0.68 0.71 7.5 14 10 

2 G1 25 4 0.65 0.6 0.66 0.65 7.5 13 11 

2 G2 26 3.8 0.7 0.64 0.69 0.71 8.1 13 13 

2 G3 26 3.6 0.68 0.6 0.65 0.67 8 13 10 

2 G4 26 4.1 0.66 0.61 0.67 0.65 7.9 13 12 

2 G5 20 2.8 0.71 0.59 0.62 0.69 7.6 12 11 

3 G1 27 4.2 0.68 0.65 0.7 0.69 7.5 13 13 

3 G2 23 3.9 0.71 0.67 0.71 0.73 8.1 11 11 

3 G3 28 3.9 0.66 0.6 0.65 0.64 7.5 12 12 

3 G4 25 4.2 0.72 0.68 0.73 0.73 7.7 11 11 

3 G5 27 4.3 0.69 0.67 0.73 0.71 7.3 13 13 

4 G1 23 4.1 0.69 0.66 0.71 0.72 7.7 11 11 

4 G2 28 4.2 0.72 0.67 0.73 0.72 7.6 11 11 

4 G3 22 3.6 0.72 0.66 0.7 0.74 7 10 10 

4 G4 26 3.6 0.72 0.64 0.68 0.72 7.5 12 11 

4 G5 23 3.5 0.7 0.62 0.66 0.71 7.1 10 10 

5 G1 32 4.4 0.69 0.65 0.71 0.67 7.2 11 11 

5 G2 24 4 0.68 0.64 0.69 0.69 7.4 9 10 

5 G3 22 3.8 0.68 0.64 0.68 0.71 8.2 10 10 

5 G4 28 4.4 0.68 0.66 0.71 0.68 7.3 11 10 

5 G5 25 4.3 0.67 0.64 0.7 0.67 7.2 10 10 

6 G1 17 3.4 0.64 0.6 0.63 0.69 7.1 10 9 

6 G2 25 3.4 0.71 0.62 0.66 0.7 7.1 13 11 

6 G3 22 3.7 0.68 0.63 0.67 0.7 7.4 12 10 

6 G4 25 3.7 0.67 0.6 0.65 0.67 7.1 13 10 

6 G5 21 3.4 0.67 0.6 0.64 0.69 7.9 12 11 

7 G1 18 2.5 0.59 0.45 0.48 0.51 6.9 11 7 

7 G2 28 4.3 0.69 0.67 0.72 0.7 7.2 11 11 

7 G3 22 2.6 0.61 0.45 0.49 0.5 7.3 12 8 

7 G4 27 3.4 0.66 0.54 0.59 0.59 7.1 12 8 

7 G5 27 4 0.67 0.62 0.67 0.67 7.5 12 10 

8 G1 25 3.1 0.68 0.56 0.6 0.63 7.2 14 14 

8 G2 20 3.5 0.68 0.63 0.66 0.71 7 11 11 

8 G3 24 3.9 0.66 0.61 0.66 0.67 7.3 12 12 
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8 G4 14 2.6 0.61 0.5 0.53 0.61 6.8 11 9 

8 G5 23 3.4 0.65 0.56 0.61 0.63 7.6 13 13 

9 G1 20 4 0.72 0.68 0.72 0.74 7.7 10 10 

9 G2 24 3.9 0.68 0.63 0.68 0.69 7.9 12 11 

9 G3 23 4.2 0.67 0.63 0.67 0.66 8.2 11 11 

9 G4 19 3.9 0.69 0.65 0.69 0.71 7.4 10 11 

9 G5 25 4.1 0.68 0.63 0.68 0.67 7.2 11 9 

10 G1 29 4.4 0.72 0.68 0.74 0.71 7.3 11 11 

10 G2 29 3.9 0.69 0.62 0.67 0.67 7.4 13 12 

10 G3 26 4 0.68 0.63 0.68 0.69 7 11 11 

10 G4 21 3.5 0.65 0.58 0.62 0.65 6.7 11 10 

10 G5 28 4.2 0.71 0.66 0.71 0.7 7.8 12 10 
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ANOVA normality evaluation 
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Figure 6.1. Investigation of ANOVA assumptions for NQI1, (top, left) residual plot (top, 

right) QQ plot of residuals and (bottom) residuals vs. predicted values. 
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Histogram of Raw Residuals
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Figure 6.2. Investigation of ANOVA assumptions for NQI2, (top, left) residual plot (top, 

right) QQ plot of residuals and (bottom) residuals vs. predicted values. 

 

 

 

 

 

 

 

 

 



109 

 

Histogram of Raw Residuals
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Figure 6.3. Investigation of ANOVA assumptions for DKI, (top, left) residual plot (top, right) 

QQ plot of residuals and (bottom) residuals vs. predicted values. 
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Histogram of Raw Residuals

Dependent variable: IQI
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Figure 6.4. Investigation of ANOVA assumptions for IQI, (top, left) residual plot (top, right) 

QQ plot of residuals and (bottom) residuals vs. predicted values. 
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Histogram of Raw Residuals
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Figure 6.5. Investigation of ANOVA assumptions for ISI, (top, left) residual plot (top, right) 

QQ plot of residuals and (bottom) residuals vs. predicted values. 
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Histogram of Raw Residuals

Dependent variable: ES100
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Figure 6.6. Investigation of ANOVA assumptions for ES100, (top, left) residual plot (top, 

right) QQ plot of residuals and (bottom) residuals vs. predicted values. 
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Histogram of Raw Residuals

Dependent variable: H'(log2)
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Figure 6.7. Investigation of ANOVA assumptions for H‟, (top, left) residual plot (top, right) 

QQ plot of residuals and (bottom) residuals vs. predicted values. 
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SIMPER analyses 
 

Table 6.9. List of the taxa contribution to the difference between the significantly different stations () in NQI1 determined by a one-way 

SIMPER analysis on a Bray- Curtis similarity matrix. The table list average abundances for the stations with high (3, 4 and 1) and low (7) index 

value, average dissimilarity, percentage contribution and cumulative percentage contribution. 

Species Av.Abund low Av.Abund 

high 

Av.Diss Diss/SD Contrib% Cum.% 

Pseudopolydora paucibranchiata 119.6 0.07 27.26 1.46 33.22 33.22 

Ennucula tenuis 0.8 29.6 8.13 1.81 9.91 43.13 

Spiophanes kroeyeri 1.4 25.87 6.38 1.04 7.78 50.91 

Anobothrus gracilis 22.6 1.33 6.34 1.52 7.73 58.64 

Prionospio cirrifera 4.8 6.8 2.15 0.78 2.62 61.26 

Polyphysia crassa 6 0.87 2.04 0.88 2.48 63.75 

Ophiura affinis 6.2 0.53 1.79 2.15 2.19 65.93 

Thyasira equalis 0.4 6.4 1.78 1.33 2.17 68.1 

Corbula gibba 4.8 0.13 1.4 1.41 1.71 69.81 

Thyasira flexuosa 1 5.2 1.39 0.92 1.69 71.5 
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Table 6.10. List of the taxa contribution to the difference between the significantly different stations () in NQI2 and DKI determined by a one-way SIMPER 

analysis on a Bray- Curtis similarity matrix. The table list average abundances for the stations with high (3, 4, 5, 9, 10) and low (7) index value, average 

dissimilarity, percentage contribution and cumulative percentage contribution. 

Species Av.Abund low Av.Abund 

high 

Av.Diss Diss/SD Contrib% Cum.% 

Pseudopolydora 

paucibranchiata 

119.6 2.04 29.72 1.49 38.19 38.19 

Anobothrus gracilis 22.6 2.92 6.61 1.43 8.49 46.69 

Spiophanes kroeyeri 1.4 10.56 3.05 1.18 3.92 50.61 

Ennucula tenuis 0.8 8.12 2.78 0.76 3.57 54.18 

Ophiura affinis 6.2 0.72 1.99 2.09 2.55 56.74 

Polyphysia crassa 6 3.44 1.98 0.82 2.55 59.28 

Prionospio cirrifera 4.8 4.08 1.93 0.87 2.48 61.76 

Corbula gibba 4.8 3.84 1.65 1.14 2.12 63.89 

Thyasira equalis 0.4 4.88 1.58 1.09 2.03 65.92 

Lepeta caeca 5 0 1.34 0.72 1.72 67.64 
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Table 6.11. List of the taxa contribution to the difference between the significantly different stations () in IQI determined by a one-way SIMPER analysis on a 

Bray- Curtis similarity matrix. The table list average abundances for the stations with high (1, 2, 3, 4, 5, 6, 9 and 10) and low (7) index value, average 

dissimilarity, percentage contribution and cumulative percentage contribution. 

Species Av.Abund 

low 

Av.Abund 

high 

Av.Diss Diss/SD Contrib% Cum.% 

Pseudopolydora paucibranchiata 119.6 1.43 28.18 1.46 35.53 35.53 

Anobothrus gracilis 22.6 2.68 6.22 1.44 7.84 43.37 

Ennucula tenuis 0.8 19.6 5.69 1.04 7.17 50.54 

Spiophanes kroeyeri 1.4 19.2 5.08 1.13 6.41 56.96 

Prionospio cirrifera 4.8 4.95 1.92 0.76 2.42 59.37 

Polyphysia crassa 6 2.8 1.85 0.83 2.34 61.71 

Ophiura affinis 6.2 0.75 1.84 2.04 2.31 64.03 

Thyasira equalis 0.4 5.58 1.66 1.06 2.09 66.12 

Corbula gibba 4.8 2.4 1.53 1.2 1.93 68.05 

Lepeta caeca 5 0 1.26 0.71 1.59 69.64 
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Table 6.12.  List of the taxa contribution to the difference between the significantly different stations () in ISI determined by a one-way SIMPER analysis on a 

Bray-Curtis similarity matrix. The table list average abundances for the stations with high (2) and low (7 and 8) index value, average dissimilarity, percentage 

contribution and cumulative percentage contribution. 

Species Av.Abund 

low 

Av.Abund high Av.Diss Diss/SD Contrib% Cum.% 

Astarte montagui 0.3 1 1.3 1.48 2.89 2.89 

Scoloplos armiger 0.7 0 1.22 1.46 2.72 5.61 

Polyphysia crassa 0.8 0.2 1.16 1.4 2.58 8.19 

Glycera lapidum 0.6 0 1.05 1.19 2.34 10.53 

Melinna cristata 0.4 0.8 1.02 1.1 2.27 12.8 

Diplocirrus glaucus 0.4 0.8 1.02 1.09 2.26 15.06 

Ophiodromus flexuosus 0 0.6 1.01 1.19 2.26 17.32 

Amaeana trilobata 0.2 0.6 0.97 1.1 2.15 19.47 

Polycirrus cf. norvegicus 0.5 1 0.93 0.98 2.07 21.54 

Abra nitida 0.4 0.6 0.92 1.01 2.05 23.59 
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Table 6.13.:  List of the taxa contribution to the difference between the significantly different stations () in Shannon-Wiener determined by a one-way SIMPER 

analysis on a Bray-Curtis similarity matrix. The table list average abundances for the stations with high (3 and 5) and low (7 and 8) index value, average 

dissimilarity, percentage contribution and cumulative percentage contribution. 

Species Av.Abund  

low 

Av.Abund 

high 

Av.Diss Diss/SD Contrib% Cum.% 

Pseudopolydora paucibranchiata 59.8 1.3 14.83 0.74 20.62 20.62 

Spiophanes kroeyeri 20.2 7.9 7.49 0.82 10.41 31.03 

Ennucula tenuis 19 7.9 5.59 0.76 7.76 38.79 

Heteromastus filiformis 20 1.8 4.91 0.55 6.83 45.62 

Prionospio cirrifera 8.2 8.4 4.07 0.91 5.66 51.28 

Anobothrus gracilis 11.7 3 3.79 0.91 5.27 56.55 

Corbula gibba 2.4 5.8 2.27 0.94 3.15 59.7 

Polyphysia crassa 4.2 5.3 2.01 0.95 2.8 62.5 

Thyasira equalis 2.9 4.2 1.54 1.37 2.14 64.65 

Prionospio fallax 0.7 4.4 1.44 0.73 2 66.64 
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Table 6.14. List of the taxa contribution to the difference between the significantly different stations () in BQIs determined by a one-way SIMPER analysis on a 

Bray-Curtis similarity matrix. The table list average abundances for the stations with high (1, 2, 6 and 8) and low (5) index value, average dissimilarity, 

percentage contribution and cumulative percentage contribution. 

Species Av.Abund 

low 

 Av.Abund high Av.Diss Diss/SD Contrib% Cum.% 

Ennucula tenuis     0.40     37.53   14.78    2.32    20.22 20.22 

spiophanes kroeyeri     6.60     35.63   11.92    1.50    16.31 36.52 

Corbula gibba    11.40      0.00    5.05    2.68     6.90 43.42 

Heteromastus filiformis     1.40     14.68    4.35    0.61     5.95 49.37 

Prionospio cirrifera     0.40      8.05    3.16    0.62     4.32 53.70 

Polyphysia crassa     8.40      1.95    3.15    1.50     4.31 58.01 

Chaetozone cf. setosa     0.60      7.53    3.01    0.83     4.12 62.13 

Thyasira equalis     3.40      6.63    1.90    0.90     2.59 64.72 

Anobothrus gracilis     5.60      1.95    1.76    1.41     2.40 67.13 

Lumbrineris fragilis     1.80      4.68    1.29    1.39     1.76 68.89 
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Table 6.15. List of the taxa contribution to the difference between the significantly different stations () in BQIn determined by a one-way SIMPER analysis on a 

Bray-Curtis similarity matrix. The table list average abundances for the stations with high (1, 2, 3, 8 and 10) and low (7) index value, average dissimilarity, 

percentage contribution and cumulative percentage contribution. 

 

Species Av.Abund 

low 

Av.Abund high Av.Diss Diss/SD Contrib% Cum.% 

Thyasira sarsi     0.00     0.92    1.51    3.11     2.86  2.86 

Corbula gibba     1.00     0.24    1.25    1.72     2.37  5.23 

Glycera lapidum     0.80     0.16    1.19    1.50     2.26  7.49 

Pseudopolydora paucibranchiata     1.00     0.28    1.19    1.55     2.26  9.75 

Scoloplos armiger     0.80     0.12    1.19    1.58     2.25 12.00 

Thyasira equalis     0.40     1.00    1.01    1.20     1.92 13.92 

spiochaetopterus typicus     0.20     0.64    0.97    1.16     1.84 15.76 

Lepeta caeca     0.60     0.00    0.94    1.20     1.79 17.54 

Ophiura affinis     1.00     0.44    0.94    1.11     1.78 19.32 

Hiatella arctica     0.60     0.04    0.93    1.18     1.77 21.09 
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