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1 EXECUTIVE SUMMARY 

An ecological survey of the inter-tidal area extending for approximately 1.5 km either side 

of the Iggesund Paperboard effluent pipeline was undertaken over spring tides by 

surveyors from Ecospan Environmental Ltd from the 22nd –25th July 2020.  The survey 

comprised of three elements to determine the nature and scale of any impact from the 

mill’s effluent and also to demonstrate that the extent of protected habitat is not declining.  

These were: 

• The mapping of the Sabellaria reef in the vicinity of the outfall  

• A quantitative and semi-quantitative assessment of the epi-fauna and flora of the 

cobbles, pebbles and rock of the mid and low shore  

• A quantitative assessment of the benthic macrofauna of the inter-tidal sediments 

within the vicinity of the pipeline  

Following a substantial increase in the size of the Sabellaria reefs in 2017 (some of which 

was a function of tidal height) and a more modest increase in 2018, the extent has 

remained more or less the same since with the differences observed probably being 

within the error of the method. 

Uni-variate and multi-variate analysis of the rocky shore data showed that in 2020 there 

was no evidence of any impact due to the mill’s effluent on either the mid or low shore 

communities.  Differences observed between transects were attributed to differential 

settlement of mussel spat and the growth of bladder wrack as well as some physical 

differences in how well drained the substrate was. 

The lack of a demonstrable impact at transects close to the outfall on the low shore is 

consistent with the results from 2017 and 2018, but in contrast to those in 2015 and 2019 

where there appeared to be a depression in an area extending up approximately 200 m 

either side of the pipeline.  A temporal analysis of the data from 2015 to 2020 showed 

that the principal factors affecting the rocky shore communities were temporal and also 

spatial (particularly on the low shore) rather than due to any impact from the mill’s 

effluent. The analysis also showed that in years where an impact has been suggested, the 

effect is less than naturally occurring temporal variation in the rocky shore communities. 

It can be concluded from the analysis of the benthic macrofauna data that some tentative 

evidence exists within the uni-variate analysis of an impact of the works effluent at 

stations close to the outfall as observed in 2018 but not 2019.  However, these potential 

impacts are not evident in the multi-variate data and, therefore, if there is any impact on 

these stations, then it is very slight. 

Multi-variate analysis of the whole benthic macrofauna dataset showed that temporal 

variation appears to be the predominant factor in the determination of the benthic 

macrofauna communities.  This suggests that the effluent is not affecting the benthic 

communities in the vicinity of the outfall and that any effect is not consistent from year to 

year.  Additionally, in years that an impact may be present, this is less than naturally 

occurring differences observed from year to year. 
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Based on the analysis of the survey data to date, due to the subtle nature of any effects 

seen and the limited area affected, it is not considered that the effluent has any discernible 

impact on the integrity of any nearby protected areas (such as the Solway Firth SAC). 

The importance of maintaining a baseline has been underlined by the temporal analysis 

of both the rocky shore and benthic macrofauna data sets.  It is therefore recommended 

that the monitoring regime is continued so that any improvements (or deterioration) 

caused by changes at the plant can then be more reliably judged. 

2 INTRODUCTION 

The Iggesund Paperboard (Workington) Mill is a large integrated pulp and paperboard 

mill that employs approximately 320 people at Siddick, just outside Workington.  The Mill 

discharges approximately18,000 m3 of aqueous effluent per day into the Irish 

Sea/Solway Firth via a pipeline that is situated on the extreme low water mark of the 

inter-tidal zone.  Currently the effluent undergoes primary treatment before discharge.   

The site has a number of planned improvements including a new primary treatment plant 

and new biological pre-treatment of the most COD-rich feed to the primary treatment.  

However, the current situation is not considered Best Available Technology as concluded 

under the BREF legislation [1]. As part of the environmental improvement plan, the 

potential impact of the mill’s discharge on the receiving waters is being assessed 

Data from the routine chemical analysis of the site’s effluent by Iggesund [2] indicates that 

the effluent does not contain significant amounts of chemicals that are persistent or listed 

under the Water Framework Directive.  Average COD concentration has remained stable 

despite the increased production rate and reduced water consumption.  The reduction in 

the water use has been achieved without increasing the levels of suspended solids in the 

effluent.  The tidal flow on this part of the coastline is exceptionally high (9.0 m tides being 

relatively common), which leads to very good dispersion of the effluent.  

Regular surveys of the foreshore had been undertaken up until 2010 [3].  In 2015 a new 

set of robust inter-tidal surveys [4] was initiated in support of the BREF permit review.  

The 2015 survey provided a habitat map of the inter-tidal area which showed that, as well 

as rocky foreshore, there were relatively large areas of sandy habitat within the survey 

area.  Since the benthic macrofauna of sandy sediments are known to be sensitive 

indicators of pollution (particularly organic enrichment) [5], it was recommended that 

these were assessed in future surveys.  This was first undertaken in 2017, but the sample 

size was thought to be too small and consequently was greatly increased for subsequent 

surveys [6]. 

The survey data from 2015 onwards have usually shown a limited impact on low shore 

rocky areas within 200 to 400 m of the pipeline [4, 6 7], but this has not been seen in all 

years [8].  Similarly, some surveys have suggested that the effluent may be exerting a 

limited effect on the sand dwelling communities potentially as far as 300 m from the 

outfall [8], whilst this wasn’t observable in others [7]. 
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In 2018 the Habitat types present on the foreshore were re-assessed from which it was 

concluded that the distribution and extent of the inter-tidal habitats present within the 

survey area had remained similar from 2015 to 2018.  Some changes in the habitat types 

at the extreme south of the survey area were observed which it was concluded were 

annual variations due to the relative abundance of sand, ephemeral algae and Fucus 

vesiculosus.   The distribution of Sabellaria alveolata reef (a Habitat of Principle 

Importance) also appeared to have increased in some areas. 

In 2020, Ecospan Environmental Ltd was contracted to undertake the next annual inter-

tidal survey of both the rocky and sandy habitats within the vicinity of the pipeline to 

enable an assessment of the ecological impact of the effluent to be made. 

3 AIMS 

The principal aims of this survey were to: 

• Determine the impact (if any) of the paper mill’s effluent on the inter-tidal epi-

fauna of the hard substrates (rocks, stones and cobbles) and the benthic 

macrofauna within sediments in the vicinity of the outfall   

• Assess both the magnitude and spatial extent of any impacts 

• Ascertain whether any temporal changes (e.g. due to improvements made at the 

mill) have occurred by a comparison with the data from previous surveys. 

• Map the extent of Sabellaria alveolata reefs close to the end of the pipeline and 

determine whether there has been any change in the extent of these. 

4 METHODS 

4.1 Survey dates 

The survey was conducted by working two periods of low water per day over spring tides 

from 22nd to the 25th July 2020. 

4.2 Marking the extent of the Sabellaria alveolata reefs 

The extent of the Sabellaria reefs on the low shore in the vicinity of the outfall were 

mapped by walking around the perimeter of the reef with a hand held GPS in the tracking 

mode.  The tracks were then compared to those from previous years to determine 

whether the extent of the reefs had changed. 

4.3 Quantitative sampling of the epi-fauna on rocky habitats 

4.3.1 Transect locations 

The transects sampled in 2020 are shown in Fig. 1 together with the habitat types that 

were assigned in 2018.  Grid co-ordinates are shown in Table A1 of the Appendix.  Some 

transects (N5L, N4L and SL2) were moved slightly due to the incursion of sand (N5L) to 

obtain more representative fauna (N4L) and the encroachment of Sabellaria alveolata and 

Fucus vesiculosus (SL2).  Transect N3L was not sampled as it had been completely 



ER20-449 Impact assessment of the Iggesund paper mill effluent on the inter-tidal area in 

the vicinity of their pipeline at Siddick: 2020 

Page 7 of 56 
 

ER20-449 

inundated with sand resulting in the target Habitat type no longer being present in this 

area. 

Fig.1. Chart of the survey area showing the target locations of each transect and 

the habitat types assigned in 2018. 

 

The five transects that were established in 2015 on both the mid and low shore at 

approximately 110 m, 250 m, 500 m, 1 km and 1.5 km from the pipeline in both directions 

were surveyed.  Additional stations were added in 2017 at a target distance of thirty 

meters either side of the pipe on the low shore to improve the resolution.  These two were 

positioned within the same habitat type as the other stations on the lower shore 
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(HLR.MusB.Sem.LitX- Semibalanus balanoides and Littorina spp. on exposed to 

moderately exposed eulittoral boulders and cobbles).  Since this habitat type does not 

occur very close to the outfall itself, the distance from these to the end of the pipe was 

considerably further (Table 1).  Therefore, in total, twenty-one stations were surveyed.   

All positioning was determined using a handheld Garmin GPS78 dGPS which is typically 

accurate to within 5 m in the horizontal plane.  The sampling co-ordinates of either end 

of each transect are shown in Table A1 of the Appendix and the distances of each from the 

end of the pipeline shown in Table 1. 

Table 1.  Distances of each epi-fauna transect from the outfall (end of pipe) 

 

4.3.2 Sampling protocol 

At each station, five randomly placed 1 m2 quadrats were assessed for epi-fauna and flora 

along a 20 m transect.  Random placement along each transect was achieved using 

random number tables.  The stations at each tidal height were placed on areas of the same 

or similar habitat type (HLR.MusB.Sem.LitX for low shore transects and habitat type 

LLR.F.Fves - Fucus vesiculosus on a mixture of bedrock and boulders for mid shore 

transects). 

Quadrats were only assessed on hard substrates.  If a randomly placed quadrat fell on an 

area of sediment on the transect, the next random number was used so that all five 

quadrats were on a suitable substrate.  The number of quadrats falling on unsuitable 

substrate was also recorded.  Additionally, to ensure that the occurrence of less abundant 

taxa were recorded, a five minute timed search was undertaken at each station and the 

abundance of the fauna and flora recorded using the well-known semi-quantitative 

SACFOR scale. 

As far as possible the fauna and flora were identified in situ.  However, where this was not 

possible, specimens were taken back to the laboratory for identification, or, if thought 

appropriate, the identity was determined from a digital photograph. The exact 

Tidal 

height

Transect 

No.

Distance 

from 

outfall 

(m)

Tidal 

height

Transect 

No.

Distance 

from 

outfall (m)

N5M 1520 N5L 1362

N4M 1111 N4L 875

N3M 662 N3L 588

N2M 496 N2L 192

N1M 443 N1L 163

Outfall 0 N0L 146

S1M 430 Outfall 0

S2M 481 S0L 138

S3M 566 S1L 156

S4M 924 S2L 226

S5M 1616 S3L 439

S4L 649

S5L 1640

Mid 

shore 

stations

Low 

shore 

stations
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coordinates of each transect and each quadrat were recorded together with a digital 

photograph, notes on substrate type, degree of sedimentation and other pertinent 

information as required by the ISO guideline on marine biological surveys of littoral and 

sublittoral hard bottoms [9]. 

4.4 Quantitative assessment of the sediment benthic macrofauna. 

4.4.1 Station location 

Sediment samples were taken on suitable habitat (habitat type LSa.FiSa.Po – polychaetes 

on littoral fine sand) on the lower shore both to the north and south of the pipeline.  

Sediment samples were taken at 9 stations in total (Fig. 2). 

Fig. 2. Chart of the survey area showing the location of each benthic macrofauna 

station. 

 

The exact distances from the pipeline were not the same on both sides of the pipe due to 

the availability of suitable habitat.  The original target distances set in 2017 were 110, 

250, 500, 1000 and 1500 m to the north of the pipeline and 110, 700 and 1000 and 1500 
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m south of the pipeline.  However, the actual sample sites varied as the survey team 

selected the most suitable site within the area (in terms of sediment depth etc).  In 2020 

exactly the same stations were surveyed as in 2018 and 2019 except station M1 which 

moved approximately 50 m NE, M6 which was moved 20m E and M9 which was moved 

30 m E.  These stations were moved as the target stations were no longer on sand (M1 

and M6) or were underwater M9.  The grid co-ordinates (OSGB 36) and the distances from 

the outfall (rather than the pipeline) are shown in Table 2. 

Table 2. Grid co-ordinates (OSGB 36) and distances of each macrofauna station 

from the outfall (end of pipe) 

 

4.4.2 Sampling protocol 

All sampling followed the ISO guidelines for quantitative sampling and sample processing 

of marine soft-bottom macrofauna [10].  Sampling was also consistent with the 

Environment Agency’s methodology [11] for sampling macrobenthos and the JNCC 

Monitoring Guidance for Littoral Sediment [12].  Following the recommendations from the 

2017 report [6], the sample volume was increased from 0.01 m 2 cores to 0.0625 m2 cores 

as in all subsequent years.  At each of the 9 stations, three replicate cores were taken for 

benthic fauna analysis and a further sample taken for sediment granulometry (PSA). 

Benthic macrofauna were separated from the sediment through 1.0 mm mesh and the 

retained fauna preserved in 10% buffered formalin following Ecospan Environmental Ltd 

SOP ES-08.  The retained fauna in each replicate core were fully identified and 

enumerated at Ecospan’s laboratory following SOP ES-04.   

Sediment granulometry at each station was determined using a combination of dry 

sieving and analysis using laser diffraction following SOP LAB-22. 

  

East North

M1 300718 532791 1696

M2 300334 532407 1153

M3 299884 531929 498

M4 299784 531736 306

M5 299737 531568 230

Outfall 299510 531601 0

M6 299539 531528 79

M7 299378 531096 522

M8 299231 530641 999

M9 298830 530371 1406

Station 

No.

Co-ordinates (BUG)

Distance 

from 

outfall (m)
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5 RESULTS 

5.1.1 Extent of the Sabellaria alveolata reef  

The extent of the Sabellaria reef close to the outfall as mapped from 2017 to 2020 has 

been super-imposed on the aerial photograph with the habitat map from 2015 (Fig. 3).   

Fig. 3. Extent of the Sabellaria alveolata reef close to the pipe from 2015 to 2020. 

 

The area of Sabellaria mapped in each year is shown in Table 3.  It can be seen from Fig. 

3 and Table 3 that the extent of Sabellaria reef close to the outfall appeared to have 

increased in size from 2015 to 2017, but has remained more or less constant since.  The 

majority of this increase is probably an artefact due to the lower spring tides surveyed in 

2017 to 19 compared to 2015.  This has resulted in a large expanse being mapped in an 

area that was covered by water in 2015 both north and south of the outfall.  However, 

there has probably been a modest increase in the area of Sabellaria on the mid to low 

shore regions on both sides of the pipeline.  The slight decline in 2020 from 2019 was 

almost certainly due to the fact that the tides were larger in 2019 than in 2020 as much 

of the difference is on the seaward side of the reef (Fig. 3). 

Table 3. Area of Sabellaria mapped from 2015 to 2020 

 

North South

2015 26155 26155

2017 5071 71568 76639 193

2018 11637 76263 87900 15

2019 10028 74010 84038 -4

2020 10425 70712 81137 -3

Area (m2)

Year Total

Difference 

(%)
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It is known that inter-tidal Sabellaria alveolata reefs are often unstable and frequently 

appear to be a cycle of development and decay over periods of up to around five years [13].  

The observed expansion in the reef is therefore likely to be due to natural processes 

rather than due to any improvements in the effluent. 

In 2020, as in previous surveys, substantial colonies of Sabellaria alveolata were observed 

growing on the end of the pipeline which strongly suggests that the effluent doesn’t 

negatively impact this feature.  

5.2 Quantitative sampling of the epi-fauna on rocky habitats 

The full quantitative abundance data for the epi-fauna observed in each quadrat at each 

station are shown in Tables A2 and A3 of the Appendix.  Where a taxon’s abundance was 

recorded as ‘present’ (i.e. < 1%) a score of 1% has been assigned.  To reduce the influence 

of very abundant taxa, the quadrat data was subjected to a square root transformation 

prior subsequent multi-variate statistical analysis. 

The fauna abundance data from the 5-minute timed search at each station is shown in 

Table A4 of the Appendix.  Prior to further analysis, the timed search data was converted 

from the SACFOR scale to a numeric value by assigning a value of 6 to 1 for each category 

(6 for superabundant taxa and 1 for rare taxa). No further transformation of the data was 

carried out prior to subsequent statistical analysis as the SACFOR scale is essentially a log 

transformation of the data. 

The MDS plot [14] of community similarities between transects (based on the square root 

transformed quadrat data) is shown in Fig. 4.   

Fig. 4. MDS plot of similarities in mean community structure between 

transects. 

 

Vertical zonation of inter-tidal communities is an almost universal phenomenon and has 

been reflected in the differences between the community structure at each tidal height in 

Non-metric MDS
Transform: Square root

Resemblance: S17 Bray-Curtis similarity

Tidal height
Mid

Low

S1M

S2M

S3M

S4M

S5M

N1M

N2M

N3M

N4M

N5M

S0L
S1L

S2L

S3L

S4L

S5L

N0L

N1L

N2L

N4L

N5L

2D Stress: 0.07
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previous years.  As in previous surveys, transects at the same tidal height were generally 

fairly similar in terms of their community structure except for transects N5M and S4M on 

the mid shore and S2L and N5L on the low shore.  This was due to a relatively high 

abundance of Fucus spiralis at N5M and Ascophylum nodosum at S4M.  In 2019, the 

abundance of Fucus vesiculosus was also relatively high at station S2L and increased 

further in 2020 resulting in the epifauna and flora at this transect moving closer to those 

of the mid shore transects. The chief difference in community structure at transect NL5 

was the high proportion of juvenile winkles and also a higher prevalence of lugworm 

(Arenicola marina) 

The fauna and flora that were responsible for the major proportion of similarities at 

stations/transects within each tidal height and their % contributions to those similarities 

(as determined using the SIMPER routine in PRIMER [15]) for both the timed search data 

and the quadrats are shown in Tables 4 and 5. 

Table 4. Taxon contributions to the mean community similarities for 

stations/transects on the mid shore (timed search and quadrat data) 

 

It can be seen from Table 4 and the abundance Table (A2) that mid shore station 

communities were primarily composed of the wracks Fucus vesiculosus and Ascophyllum 

nodosum, limpets Patella vulgata, winkles Littorina littorea and Littorina obtusata, and 

gammarids.  Shore crabs (Carcinus maenas) were also prominent in the timed search data.   

Low shore station communities (Table 5 and A3), however, were composed primarily of 

winkles Littorina littorea and Littorina saxitilis, barnacles (primarily Austrominius 

modestus in 2020), dogwhelks (Nucella lapillus) and gammarids.  Mussel (Mytilus edulis) 

spat was also very evident on some lower shore transects in 2020.  

  

Taxon Av.Abund Av.Sim Sim/SD Contrib% Cum.%

Fucus vesiculosus 4.9 12.7 2.2 18.0 18.0

Patella vulgata 4.2 12.0 8.0 17.0 35.0

Littorina obtusata 2.9 8.7 6.5 12.3 47.4

Littorina littorea 2.6 6.5 1.8 9.2 56.6

Carcinus maenas 2.4 6.4 7.5 9.1 65.7

Ascophyllum nodosum 2.6 4.0 1.1 5.7 71.4

√Av.Abund Av.Sim Sim/SD Contrib% Cum.%

Fucus vesiculosus 7.0 19.6 2.3 32.9 32.9

Patella vulgata 3.4 9.1 4.0 15.3 48.2

Ascophyllum nodosum 2.9 5.1 1.3 8.6 56.8

Gammaridae 1.8 4.8 2.9 8.0 64.8

Littorina obtusata 1.3 4.2 6.7 7.1 71.9

Data type

Average similarity: 70%

Timed 

search

Average similarity: 60%

Quadrat 

data
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Table 5. Taxon contributions to the mean community similarities for 

stations/transects on the low shore (timed search and quadrat data). 

 

The quantitative data from the quadrats has been analysed to give a number of statistics 

for each station such as the number of taxa, number of individuals and various indices 

(such as Margalef’s species richness and the Shannon Weiner diversity index) that give a 

measure of the diversity/quality of the communities at each station.  The uni-variate 

results for each individual quadrat as well as the mean values for each transect are shown 

in Table A5 of the Appendix.  The differences in mean values for each index between 

stations have also been statistically tested using a two tailed t-test (Tables A6 and A7 of 

the Appendix). 

5.2.1 Mid shore stations 

5.2.1.1 Uni-variate analysis 

The summary data for each of the mid shore station transects are shown graphically in 

Fig. 5.  It can be seen from Fig. 5 and the T-test results in Table A6 that there is no evidence 

of an impact from the outfall at stations on the mid shore.  The t-test results show that 

there are relatively few significant differences in most of the metrics calculated with the 

exception of transects S2M S4M and N5M.  S2M had less of a covering of bladder wrack 

than many of the other mid shore stations which might account for the higher statistics 

than other stations. In line with previous surveys, S4M had a very dense canopy of 

Ascophylum nodosum.  N5M is the most distant northerly transect with quite low-lying 

pebbles and rock compared to other transects.  It is thought that these differences are 

therefore due to naturally occurring physical variation between the transects. 

  

Av.Abund Av.Sim Sim/SD Contrib% Cum.%

Littorina littorea 4.0 12.4 5.6 20.1 20.1

Austrominius modestus 3.6 9.8 2.1 15.8 35.9

Carcinus maenas 2.5 6.9 1.9 11.1 47.1

Nucella lapillus 2.7 6.6 1.4 10.7 57.8

Gammaridae 2.3 6.2 4.3 10.1 67.9

Littorina saxatilis 2.2 4.9 1.3 8.0 75.8

√Av.Abund Av.Sim Sim/SD Contrib% Cum.%

Littorina littorea 5.6 17.6 3.1 30.4 30.4

Austrominius modestus 4.4 13.3 2.3 23.0 53.4

Littorina saxatilis 2.1 5.4 1.8 9.3 62.7

Nucella lapillus 2.1 4.2 1.1 7.3 70.0

Mytilus edulis spat 2.8 3.4 0.6 5.9 75.9

Data type

Average similarity: 62%

Timed 

search

Average similarity: 58%

Quadrat 

data

Taxon
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Fig. 5.  Summary uni-variate statistics (error bars depicting the standard error) 

for transects on the mid shore.  

 

It is not valid to calculate the diversity indices for the semi-quantitative timed search data.  

Consequently, only the number of taxa and number of individuals are shown in Fig. 6 for 

the mid shore stations.  The cumulative SACFOR values on each transect show little 

variation between transects.  Since there is no replication of timed search data, it is not 

possible to statistically test the minor differences shown in Fig. 6.  However, since there 

are no clear trends moving towards or away from the pipeline, it can be concluded that 

these small differences are very unlikely to be due to any effect of the effluent. 

5.2.1.2 Multi-variate analysis 

The data from mid shore stations has also been analysed using multi-variate methods.  

These are usually considered to provide a more sensitive measure of community change 

than uni-variate methods [14], since all the data are analysed collectively with no loss of 

information such as that which occurs when reducing the data to a single number or uni-

variate statistic.   

Pipeline c. 1.5 km Nc. 1.5 km S Pipeline c. 1.5 km Nc. 1.5 km S
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Fig. 6. Histograms showing the number of taxa and the number of individuals 

observed during the timed searches on mid shore stations.  Numbers 

represent cumaltive SACFOR abundances. 

 

The results of the multi-variate analyses of the mid shore transects are presented as a 

two-dimensional MDS plot of the similarities between stations where the distance 

between the points infers the degree of similarity in fauna type/community structure. 

(Fig. 7).  The bubbles represent the number of taxa per quadrat on each transect (S), the 

mean species richness (d) and the mean number of individuals (N).  It is evident from this 

plot that there is no clear correlation between the differences in the uni-variate statistic 

and the transect’ s position on the MDS. 

Fig. 7. MDS of similarities in community structure at quantitative stations on the 

mid shore. 

 

Similarly, by plotting the distance from the outfall onto the MDS (Fig. 8) it can be seen that 

there is no correlation in community structure with the distance from the outfall 

(Spearman’s Rank correlation of 0.01). 

The transects have been clustered based on their community similarities (using the 

CLUSTER routine in PRIMER) and those clusters determined to be significantly indistinct 
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grouped together using SIMPROF.  These groups have been super-imposed on the MDS 

plot (Fig. 8). 

Potential reasons for the different community structures of S2M, S4M and N5M have 

already been discussed.  It is thought that N1M and N4M probably group slightly 

separately due to a moderate covering of Ascophyllum nodosum observed at both of these 

transects. 

Fig. 8 MDS of similarities in community structure at quantitative stations on the 

mid shore with bubbles representing the distance (m) from the outfall and 

contours representing the groups determined to be significantly indistinct 

using the SIMPROF routine. 

 

Taken collectively, these plots show that there is no evidence of any impact on the mid-

shore transects as those stations closest to the pipeline do not group separately and there 

is no transition in community structure with increasing distance from the outfall. 

A statistical examination of the differences between station transects based on the 

individual quadrat data using the ANOSIM routine in PRIMER shows that the community 

structure at all transects is significantly different from each other except for between 

transects S3M and N4M.  The probable explanation is that although the transects are 

similar to each other (as seen in Fig. 8) they remain statistically different due to the 

inherent patchiness of inter-tidal rocky communities. 

The MDS plot from the timed search data is shown in Fig. 9 with bubbles representing the 

distance from the outfall.  The respective cluster plot is shown in Fig. 10.  The MDS plot is 

entirely consistent with the results of the quadrat data (Fig. 8) with transects S4M and 

N5M and S2M separating from the other stations at about the 50% similarity level whilst 

the remainder of the mid shore stations separate into two groups at the 60% level.  As 

with the quadrat data, the main reason for the differences between transects is the 

relative proportions of the wracks Fucus vesiculosus, Fucus spiralis, Fucus serratus and 

Ascophyllum nodosum (Fig. 11).   
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Fig. 9. MDS of similarities in community structure from timed search data at 

stations on the mid shore with bubbles representing the distance (m) 

from the outfall and contours of the similarity between stations. 

 

Fig. 10. Cluster analysis of mid shore transect timed search data with the 

significance of the clusters determined using SIMPROF (black lines 

indicate significantly distinguishable groups). 

 

The cluster plot (Fig.10) shows that only S4M, N5M and S2M are significantly 

distinguishable from the other transects.  
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Fig. 11. MDS plot of similarities in community structure at each transect 

based of the timed search data with bubbles representing the 

proportions of A. nodosum, F. serratus and F. spiralis and A. nodosum. 

 

The similarity in the community structure between the majority of transects, the fact that 

outlying transects are not close to the outfall and that there is no correlation between 

distance from the outfall and the community structure observed; supports the conclusion 

from the quadrat data that the mill’s effluent is not having an impact on the fauna and 

flora of the mid shore. 

5.2.2 Low shore stations 

5.2.2.1 Uni-variate analysis 

The summary uni-variate statistics for each of the low shore transects are shown 

graphically in Fig. 12.  It can be seen from this figure that there is some variability in some 

of these statistics at the transects assessed.  However, none of these statistics appear to 

be lower at stations close to the outfall and there does not appear to be any trends in the 

data with increasing distance from it.  This suggests that the mill’s effluent is not having 

an impact on these stations.  This is consistent with the data from 2017 [6] and 2018 [8] 

but not with that from 2015 [4] and 2019 [7].  In 2015 and 2019 the uni-variate statistics 

suggested a slight impact up to approximately 200m either side of the pipeline but 

potentially extending further (to the south in 2015 and to the north in 2019). 

Reference to the results of the t-tests between station transects on the low shore (Table 

A7) shows that the majority of these differences are not statistically significant at the 5% 

level.  None of the transects close to the outfall show significantly reduced statistics 

compared to the majority of transects.  The most obvious difference is that transect N5L 

generally has significantly higher values for most statistics than the other stations.  This 

is because this transect has the highest number of taxa and a relatively low number of 

individuals. One reason potential reason for this is that this transect was poorly drained 
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compared to many of the other transects enabling a larger range of organisms to survive 

the exposure between tides (Fig. 13). 

Fig. 12. Summary uni-variate statistics (error bars depicting the standard error) 

for transects on the low shore.  

 

Fig. 13.  Photograph showing a well-drained quadrat from S3L compared to a 

typical quadrat from N5L 
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The uni-variate summary statistics for the 5-minute timed search of station transects on 

the low shore are shown in Fig. 14.  It can be seen from this figure that, as with the quadrat 

data, there are no clear trends with distance from the pipeline.  It is also evident that 

transect N5L is more similar to other transects with respect of the abundance of 

individuals and number of taxa present.  This is probably a reflection of the greater area 

examined during the timed searches (thereby incorporating some wetter or drier areas) 

and also the fact that the SACFOR scale is analogous to a log transformation of the 

abundance data which has the effect of reducing the influence of different numbers of 

individuals.  The timed search uni-variate data are therefore consistent with the quadrat 

data and suggests that is not affecting communities on the low shore.  

Fig. 14. Histograms showing the number of taxa and the number of individuals 

observed during the timed searches on low shore stations.  Numbers 

represent cumulative SACFOR abundances.  

 

5.2.2.2 Multi-variate analysis 

The MDS of similarities in community structure between transects on the low shore is 

shown in Fig. 15 with bubbles representing the distance from the outfall and contours 

representing the SIMPROF groups.  It can be seen from this figure that N5L is quite widely 

separated from the other groups and the group containing S2L and S5L is also quite 

different from the other two groups that are similar.  It is also apparent that there is no 

correlation in community structure with distance from the outfall 

The mean number of taxa per quadrat, mean Margalef’s species richness for each transect 

and the mean number of individuals is shown in Fig. 16.  Further analyses using the 

CLUSTER routine in PRIMER show that most of the transects show a greater than 60% 

similarity (Fig. 17) with the exception of N5L and the group containing S2L and S5.  

Although N2L and N4L exhibit a high degree of similarity with other stations in the main 

group, they are nevertheless statistically separated using the SIMPROF routine.  

It is thought that, as previously discussed, how well the substrate is drained may account 

for some of these differences, with less well drained stations having fewer barnacles and 

a wider variety of other taxa.  However, other factors such as the proportions of mussel 

spat (which was substantial on some transects in 2020), bladder wrack (which had 
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become much more prevalent on some transects than in previous years), barnacles and 

winkles also contribute to these differences (Fig. 18). 

Fig. 15. MDS bubble plots showing the similarity in community structure 

between quantitative transects on the low shore (from quadrat data). 

 

Fig. 16. MDS bubble plots showing the similarity in community structure at 

stations on the lower shore with bubbles representing selected uni-

variate statistics (from quadrat data). 
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Fig. 17. Cluster diagram of similarities in community structure with the 

significance of the clusters determined using SIMPROF (dotted red lines 

indicate significantly indistinguishable groups) 

 

Fig. 18. MDS plot of community similarities (based on the quadrat data) on the 

low shore with the 60% similarity contour shown with the proportions 

of mussel spat, bladder wrack, winkles and barnacles shown as bubbles. 

 

It can be concluded from lack of a correlation between distance from the outfall and 

community structure combined with the fact that the groups seem to be determined by 

natural variation (e.g. in the fall of mussel spat) and that most transects show a high 

similarity to each other; that, based on the multi-variate quadrat data, the Iggesund 

effluent is not having an impact on the low shore transects. 

The timed search data from each low shore transect are summarised in the MDS plot 

shown in Fig. 19.  This plot is extremely similar to that obtained from the quadrat data. 
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Fig. 19. MDS plot of transect similarities on the low shore based on the timed 

search data with the SIMPROF groups overlain. 

 

A SIMPROF analysis of the cluster diagram showed that there were two main groups of 

stations which although statistically separated by SIMPROF had greater than 60% 

similarity with transects S2L, S5L and N5L not grouping with any other transects (Fig. 

20). 

Fig. 20. Cluster diagram of similarities in community structure with the 

significance of the clusters determined using SIMPROF (dotted red 

lines indicate significantly indistinguishable groups) 

 

The influence of this year’s mussel spat settlement and also of the increased abundance 

of bladder wrack is illustrated by the MDS bubble plot (Fig. 21). 
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Fig. 21. MDS bubble plot of similarities in community structure on low shore 

stations with bubbles representing the proportions of mussel spat 

and bladder wrack (timed search data). 

 

The multi-variate analysis of the timed search data for low shore transects is very 

consistent with the multi-variate analysis of the quadrat data and shows that there is no 

evidence of an impact from the Iggesund effluent on low shore communities. 

5.2.3 Time series analysis of the rocky shore data 

5.2.3.1 Uni-variate analysis 

To investigate the temporal variation in the rocky shore epifauna within the survey area, 

the data has been combined for each year to provide the mean No. of taxa, number of 

individuals, Margalef’s species richness and the Shannon Weiner diversity index per 

transect have been calculated for the whole area.  The results are shown in Fig. 22. 

It can be seen from Fig 22, that the number of taxa present within the survey area is 

relatively consistent from year to year.  On the mid shore this has averaged 24 taxa but 

has ranged from 20 (in 2018) to 28 in 2019.  Similarly, on the lower shore the lowest no 

of taxa was observed in 2015 (20) but has been very consistent since. 

The mean number of individuals per transect has varied much more during this period 

which is probably due to natural variability in recruitment from year to year.  The highest 

numbers were found on the mid shore in 2015 and were primarily due to high numbers 

of winkles (Littorina littorea) and also seashore springtails (Anurida maritima) in that 

year. 

Data from the surveys undertaken to data have shown a potential impact on stations on 

the low shore in some years (e.g. 2015 and 2019), but not in others (2017, 2018, and 

2020).  For this reason the data from all the survey years has been combined for each 

transect to see whether any impact is observed when the data is aggregated in this way.  
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This has the effect of effectively increasing the replication at each transect, although it 

excludes year to year variation).  The results are shown in Fig. 23. 

Fig. 22. Mean uni-variate statistics per transect for the survey area from 2015 

to 2020. 

 

Fig. 23. Mean uni-variate statistics per transect using aggregated data from 

2015 to 2020. 
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No trend with increasing distance from the outfall is observable in the aggregated data 

from 2015 to 2020 on either the upper or lower shore. 

5.2.3.2 Multi-variate analysis 

To determine whether there has been any changes in community structure over time and 

to determine the potential effects of the works effluent, the data set for each year has been 

separated into groups for both the mid and low shore stations for each year.  Since any 

potential effects of the outfall have only been shown in any surveys to generally effect 

those stations closet to the outfall (nominally up to 250 m from the pipeline in each 

direction i.e., transects N0, N1, N2 and S0, S1, S2) have been put into one group  with the 

remaining transects put into either a north or south group depending on their 

geographical position with respect to the pipeline.  As previously, the data have then been 

square root transformed and the resulting MDS for the mid shore transects is shown in 

Fig. 24 whilst that for the low shore transects is shown in Fig. 25. 

Fig. 24. MDS plot of similarities in community structure at transects within 

the three assigned groups from 2015 to 2020 on the mid shore. 

  

Initially it appears from the MDS plot (Fig. 24) that the outfall might be affecting those 

stations close to it, as these appear to separate out into a distinct group on the top left-

hand side of the plot.  However, it can be seen from the SIMPROF contour that is super-

imposed on the MDS plot, that this grouping is not statistically separated from the other 

groups that can be seen when a CLUSTER analysis is undertaken.  This is because the 

average Bray Curtis similarity between stations is over 70%.  The fact that transects in 

the outfall group appear closer to each other from one year to the next is probably a 

reflection of the fact that transects within this group are geographically in closer 

proximity to those in the other groups. 

It can be concluded from the time series data that there is no evidence of the mill’s effluent 

impacting the rocky shore at mid shore transects. 
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Fig. 25. MDS plot of similarities in community structure at transects within 

the three assigned groups from 2015 to 2020 on the low shore. 

 

The MDS plot for the low shore groups shows that there is some statistical separation of 

the transects as determined by the SIMPROF routine (Fig. 25).  However, it is evident that 

the principal factor effecting these communities is temporal variation from year to year 

(as the differences between years are generally much greater than the differences within 

years.  The importance of the geographical position of the groups is aloes illustrated in 

this plot with a progression from left to right on the plot as you progress south down the 

survey area (i.e. northern transects followed by outfall transects and then southern 

transects) for each year except 2015.  In 2015, the multi-variate analysis of the data set 

by individual transects suggested a limited impact on the low shore at stations within this 

group [4]. 

The multi-variate data for the low shore groups suggest that the mills effluent may have 

had a limited impact in 2015 on the transects within the outfall group, but this is not 

evident in any other year.  It is also apparent that any impact is less than naturally 

occurring year to year variation.  

5.3 Quantitative assessment of the sediment benthic macrofauna 

5.3.1 Sediment granulometry 

Sediment particle size distribution is known to exert a major influence upon the 

composition of sediment dwelling fauna communities [16].  For this reason, samples were 

taken for sediment granulometry.  Any potential changes in biological community 

structure can therefore be related to environmental change rather than merely a change 

in the sediment type. 

The distribution of a sediment sample (% by weight) across 12 defined particle size 

bands, ranging from pebbles (4 - 64 mm) to clay (<4 µm) for stations on the foreshore are 
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shown in Table 6.  These particle size bands constitute the Wentworth scale of particle 

sizes [17]. 

Table 6. Sediment granulometry at macrofauna stations 

 

It can be seen from this Table that the sediments over the survey area are fairly 

homogenous being composed primarily of fine sand with a smaller proportion of medium 

and very fine sand.  A comparison with the data from to 2019 shows that the sediments 

have not changed substantially. 

5.3.2 Benthic macrofauna 

5.3.2.1 Uni-variate analysis 

The full macrofauna abundance table for each replicate is shown in Table A8 of the 

Appendix.  The summary mean uni-variate statistics for each of the macrofauna stations 

are shown graphically in Fig. 26.  

Differences in the uni-variate data between fauna stations have been statistically tested 

using a two tailed t-test.  The results are shown in Table A9 of the Appendix.  It should be 

noted that a considerable degree of caution should be applied when interpreting the 

results because the number of replicates at each station was very low (3).  This 

dramatically increases the chances of both Type 1 (false positive) and Type 2 (false 

negative) statistical errors. 

It can be seen from the t-test results and Fig. 26 that there is a suggestion that some of the 

stations closest to the outfall (M4, M6 and M7) generally had a lower number of taxa and 

individuals than more distant stations.  Some of these results are significant at the 5% 

level (e.g. M4 has a significantly lower number of taxa than M1, M3, M8 or M9, M6 has 

significantly M1, M3, M8 or M9 and M7 has fewer taxa than M1, M3, M8 or M9).   

These results tend to suggest that, as observed in 2018, there may be some evidence of a 

limited impact at stations close to the pipeline.  However, the evidence is not strong and 

the trend not clear.  Also, station M5 (closest to the pipeline to the north) does not show 

these reductions, but this may possibly be because it is located further up the shore and 

therefore not directly in the line of fairly concentrated effluent at low tide (Fig.2). 
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M5 0.26 0.00 0.28 0.28 31.29 61.71 6.18 0.00 0.00 0.00 0.00 0.00

M6 0.00 0.00 0.00 0.17 11.79 71.86 16.18 0.00 0.00 0.00 0.00 0.00

M7 0.00 0.00 0.00 0.70 27.54 65.06 6.70 0.00 0.00 0.00 0.00 0.00

M8 0.00 0.00 0.21 0.37 7.80 75.54 16.09 0.00 0.00 0.00 0.00 0.00

M9 0.00 0.00 0.00 0.10 13.73 75.68 10.49 0.00 0.00 0.00 0.00 0.00

Station
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Fig. 26. Histogram the summary uni-variate statistics at each macrofauna 

station 

 

5.3.2.2 Multi-variate analysis 

To reduce the influence of more abundant taxa on the subsequent analysis, all data was 

subjected to a square root transformation prior to analysis.  The resulting MDS together 

with the SIMPROF groupings of all replicates are shown in Fig. 27. 

The variability between replicates at each station is evident from this plot as is the fact 

that only replicates from M7 are significantly separated from other replicates.  In 2020, 

this station had a very low number of taxa and individuals.  Although this station is 

reasonably close to the outfall and in the direct line of the plume, the fact that other 

stations closer to the outfall (such as M6 and M4) did not group separately suggest that 

this may be due to some factor other than the effluent. 

  

Pipeline c. 1.5 km Sc. 1.5 km N
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Fig. 27. MDS plot of community similarities for all replicates together with the 

SIMPROF groups. 

 

An analysis of the Bray Curtis similarity between replicates at each station show mean 

similarities of between 9 and 60% with an overall mean for all replicates of just 38%.  This 

is similar to previous years is a reflection on the low abundance and diversity of fauna 

within the sediments and shows that at some stations there is a high degree of sampling 

error.  For this reason and to facilitate the interpretation of the data, the mean data per 

station has been used for further analysis.  The MDS plot of community similarities from 

the mean data at each station is shown in Fig. 28 together with the SIMPROF groups and 

bubbles representing the distance of each station from the outfall. 

Fig. 28. MDS plot of the community similarities at each station together with 

the SIMPROF groups and bubbles representing the distance from the 

outfall. 
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The uni-variate diversity indices have been superimposed on this MDS (Fig. 29) to enable 

an assessment of the diversity of the fauna communities to be made against the position 

of each station on the MDS plot.  The number of taxa present (S) in this figure is the total 

number of taxa present at each station rather than the mean number per replicate. 

Fig. 29. MDS plot of mean benthic macrofauna community similarities at 

stations north and south of the pipeline. 

 

To determine whether variations in sediment granulometry are influencing the benthic 

macrofauna over the survey area, the proportions of the three principle fractions 

(medium, fine and very fine sand) have been overlaid on the MDS plot (Fig. 30).   

Fig. 30. MDS plot of the similarities in the community structure of the benthic 

macrofauna at each station with bubbles representing the proportion 

of the principal fractions of sediment. 
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No pattern is apparent from this and further analysis using the BIOENV routine in 

PRIMER shows that there is almost no correlation between community structure and 

sediment granulometry or with distance from the outfall (the best correlation (0.26) was 

with the proportions of medium sand). 

Taken together, the multi-variate analyses show that there is little evidence of any impact 

of the mill’s effluent on the benthic macrofauna present within sediments near to the 

outfall with the possible exception of station M7.  However, since only this station and not 

other stations close to the outfall separates from other stations, it is thought that this is 

more likely due to other factors (such as chance, stability of the sediments etc). 

It can be concluded from the analysis of the benthic macrofauna using uni-variate 

techniques that there is some tentative evidence of an impact of the works effluent at 

stations close to the outfall.  However, with the exception of station M7, these potential 

impacts are not evident in the multi-variate data and, therefore, if there is any impact on 

these stations, then it must be very slight. 

5.3.2.3 Temporal analysis of the benthic macrofauna 

Initially, the survey methodology for sampling the benthic macrofauna involved using a 

0.01 m2 box core.  However, due to the low numbers of taxa and species observed, this 

was changed to using a 0.0625 m2 quadrat in subsequent years.  Therefore, the differences 

between the data from 2017 and subsequent years may well reflect this reduced sampling 

effort.  These differences are illustrated in the combined data for all stations per year (Fig. 

31).  For this reason, the data for 2017 has been excluded from sub-sequent uni-variate 

analyses. 

Fig. 31. Total number of taxa recorded and the mean number of individuals 

per replicate from 2017 to 2020. 

 

The time series data in Fig. 31 illustrates the variability in both the total number of taxa 

recorded in each year and the mean number of individuals per replicate. 
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As was done during the analysis of the transects from the rocky shore, the data from each 

year (excluding 2017) at each station has been combined to see if this enables any trends 

to be seen in the data.  The total number of taxa and the mean number of individuals per 

replicate following this aggregation are shown in Fig. 32. 

Fig. 32. Total number of taxa recorded and the mean number of individuals 

per replicate from aggregated data at each station (2018 – 2020). 

 

No clear trend is apparent from this aggregated data, which suggests that if any impacts 

are observed close to the outfall, these are obscured by the inter annual variability in the 

benthic macrofauna. 

The MDS plot of the analysis of the whole data set (averaged by station by year) is shown 

in Fig. 33. 

Fig. 33. MDS of station similarities in community structure from 2017 - 2020 

 

This figure is consistent with the analysis of the uni-variate data in that the effect of the 

small sample size in 2017 is clearly visible and that temporal variability seems to be 

exerting more of an effect on the benthic macrofauna than the geographical location of 
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each station.  The exception to this is station M7 which is separated from the main group 

of stations in all years. 

To examine the data more closely, the data for station M7 and for 2017 has been excluded 

and the analysis repeated.  The resulting MDS together with the groups as determined by 

SIMPROF are shown in Fig. 34. 

Fig. 34. MDS of station similarities excluding all the data from 2017 and from 

station M7. 

 

It can be seen from this figure that the groups (as determined by SIMPROF) contain 

stations both close to the outfall and distant from it.  Temporal variation appears to be 

the predominant factor in the determination of the benthic macrofauna communities.  

This suggests that the effluent is not affecting the benthic communities in the vicinity of 

the outfall and that any effect is not consistent from year to year.  Additionally, in years 

that an impact may be present, this is less than naturally occurring differences observed 

from year to year. 

6 DISCUSSION AND CONCLUSIONS 

6.1 Sabellaria reefs 

The mapping of the inter-tidal habitats of the foreshore in 2015 and 2018 revealed the 

presence of Sabellaria alveolata reefs which are Habitats of Principle Importance.  It can 

be seen from the extent of the reefs (Fig. 3) and the areas covered (Table 3) that following 

a substantial increase in the size of the reefs in 2017 (some of which was undoubtably a 

function of a lower tide) and a more modest increase in 2018, the extent has remained 

more or less the same since and the differences observed are probably within the error 

of the method. 
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In 2020, as in previous surveys, substantial colonies of Sabellaria alveolata were observed 

growing on the end of the pipeline.  It can therefore be concluded that the site’s effluent 

is not adversely affecting the Sabellaria reefs that are present on the foreshore. 

6.2 Potential impact of the effluent on the inter-tidal rocky areas 

6.2.1 Mid shore stations 

The analysis of both the quadrat and timed search data for each of the transects on the 

mid shore was very consistent.  Some stations had significantly different uni-variate 

statistics from others, but these were not related to distance from the outfall, rather due 

to variations in the cover of wracks (particularly Ascophyllum nodosum) or in substrate. 

The multi-variate analysis of both data sets showed that the same stations (N5M, S2M and 

S4M) that showed significant differences in the uni-variate statistics were also 

significantly separated from other stations.  Additionally, two other stations were 

separated from the main group (N4M and N1M) which it is thought was probably due to 

moderate amounts of A. nodosum at these stations.  Further analysis of the data using the 

BIOENV routine showed that there was no correlation between the distance from the 

outfall and the community structure present. 

Taken collectively, the analysis of both the quantitative (quadrat) and semi-quantitative 

(timed search) data using both multi-variate and uni-variate statistical techniques 

demonstrates that there is no evidence of any impact of the work’s effluent on the rocky 

fauna and flora that inhabit the mid-shore region of the survey area. 

6.2.2 Low shore stations  

As in previous years, some variation in the uni-variate statistics between transects was 

apparent.  However, there were no trends with distance from the outfall and most of the 

differences were not statistically significant at the 5% level.  The chief exception to this 

was transect N5L which had a more diverse community which it is thought was probably 

due to this transect being relatively poorly drained in 2020.  This difference was much 

less obvious in the timed search data because the timed search data examines a larger 

area of foreshore (thereby incorporating some wetter areas) and also the abundance 

scale is effectively a log transformation. 

Multi-variate analysis of both the timed search and quadrat data was consistent with the 

uni-variate data in that transect N5L was well separated from the majority of stations, but 

also showed that there were three statistically separated groups.  Two of these groups 

were similar (>60%) to each other (that containing N2L and N4L with that containing all 

other transects except N5L, S2L and S5L).  It is thought that the chief reason for the most 

obvious differences are the draining of the substrate (N5L), variable settlement of mussel 

spat (particularly S5L) and increased colonisation by Fucus vesiculosus (particularly 

evident in S2L).  No correlation between community structure and distance from the 

outfall was apparent. 
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It can be concluded from lack of a correlation between distance from the outfall and 

community structure combined with the fact that the groups seem to be determined by 

natural variation (e.g., in the fall of mussel spat) and that most transects show a high 

similarity to each other; that, based on both the uni-variate and multi-variate data, in 

2020 the Iggesund effluent is not having an impact on the low shore transects. 

The lack of a demonstrable impact at stations close to the outfall is consistent with the 

results from 2017 and 2018, but in contrast to those in 2015 and 2019 where there 

appeared to be a depression in an area extending up approximately 200 m either side of 

the pipeline.  The fact that an impact is only detected in some years suggest that, when 

this occurs, if not due to chance, then the effect is subtle, limited in extent and not 

changing the structure of the benthic communities substantially in most years. 

6.2.3 Analysis of the temporal rocky shore data set 

To date there have been five surveys that have used the same basic methodology and 

stations for determining potential impacts on the rocky shore.  Consequently, the whole 

data set was examined to see if any further conclusions could be made.  The number of 

taxa identified over the survey area as a whole has varied slightly from year to year with 

a larger variability in the mean number of individuals per transect.  This is as would be 

expected and reflects variable recruitment from year to year.  Since an impact on the low 

shore has been detected in some years, but not others, the data from each year was 

combined for each station.  The resulting analysis showed that there were no obvious 

trends in the uni-variate data on either the mid or lower shore.  This shows that in years 

where an impact has been suggested, the effect is less than naturally occurring variation 

in the rocky shore communities. 

Multi-variate analysis of the data aggregated by location and by year (i.e. outfall, north 

and south) showed that there were no significant differences between these groups as 

determined using the SIMPROF routine on the mid shore and that the mean similarity was 

above 70% (Fig. 24).  As has been concluded from the analysis of the data from each 

survey, this demonstrates that the mill’s effluent is not having an impact at transects on 

the mid shore. 

Multi-variate analysis of the data from these groupings of transects on the lower shore 

showed that there was some statistical separation of the transects as determined by the 

SIMPROF routine (Fig. 25).  However, it is evident that the principal factor effecting these 

communities is temporal variation from year to year.  The importance of the geographical 

position of the groups was also highlighted in the MDS plot with a progression from left 

to right on the plot as you progress south down the survey area for each year except 2015.  

Interestingly, 2015 was the only year in which an impact of the outfall on the low shore 

stations was suggested by the multi-variate data. 

The multi-variate data for the low shore groups suggest that the predominant factors 

affecting the communities on the lower shore are temporal and geographical rather than 

any impact of the mill’s effluent.  However, the data set also infers that the mill’s effluent 

may have had a limited impact in 2015 on the transects within the outfall group, but this 
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is not evident in any other year.  It is also apparent that any impact is less than naturally 

occurring year to year variation.  

6.3 Potential impact of the effluent on the benthic macrofauna 

An analysis of the uni-variate benthic macrofauna data showed that some of the stations 

closest to the outfall generally had a lower number of taxa and individuals than more 

distant stations.  Some of these results were significant at the 5% level. These results 

tended to suggest that, as observed in 2018 but not 2019, there may be some evidence of 

a limited impact at stations close to the pipeline.  However, the evidence is not strong and 

the trend not clear.  Also, station M5 (closest to the pipeline to the north) does not show 

these reductions, but this may possibly be because it is located further up the shore and 

therefore not directly in the line of fairly concentrated effluent at low tide. 

However, a multi-variate statistical analysis of the data did not show this with all stations 

(except M7) being grouped together using SIMPROF.  Furthermore, there was no 

correlation with distance from the outfall or with sediment granulometry. 

It can be concluded from the analysis of the benthic macrofauna data that some tentative 

evidence exists within the uni-variate analysis of an impact of the works effluent at 

stations close to the outfall.  However, these potential impacts are not evident in the multi-

variate data and, therefore, if there is any impact on these stations, then it must be very 

slight. 

6.3.1 Temporal analysis of the benthic macrofauna 

A temporal analysis of the benthic macrofauna dataset showed that there has been 

considerable fluctuation in both the number of taxa observed and the mean number of 

individuals per station replicate from year to year.  As would be expected, given the much 

lower sample size in 2017, lowest numbers were recorded in that year. 

As with the rocky shore data, the uni-variate data was aggregated for each station (from 

2018 – 2020) to determine whether any impact of the effluent was evident above the 

inter-annual variability.  No clear trends were evident. 

Multi-variate analysis of the whole dataset showed that temporal variation appears to be 

the predominant factor in the determination of the benthic macrofauna communities.  

Groupings as determined using SIMPROF contained stations both close to and distant 

from the outfall.  This suggests that the effluent is not affecting the benthic communities 

in the vicinity of the outfall and that any effect is not consistent from year to year.  

Additionally, in years that an impact may be present, this is less than naturally occurring 

differences observed from year to year. 

6.4 Potential impacts on protected areas 

The data shows that the effluent did not affect the epifauna and flora on the rocky areas 

within the survey area in 2020 and has not done so in any of the surveys undertaken since 

the instigation of the present design of the survey in 2015.  Data from 2020 does not 
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suggest any impact of the effluent on low shore stations.  A temporal analysis of the data 

set reveals that in years where an impact has been suggested this is less than naturally 

occurring temporal variation.   Similarly, although there was some suggestion from the 

uni-variate analysis of an impact on the benthic macrofauna at stations close to the outfall 

in 2020, this was not observed in the multi-variate analysis and was not observable when 

the data from each station was grouped over the years. 

Based on the analysis of the survey data to date, due to the subtle nature of any effects 

seen and the limited area affected, it is not considered that the effluent has any discernible 

impact on the integrity of any nearby protected areas (such as the Solway Firth SAC). 

7 RECOMMENDATIONS 

In 2020 some changes were evident on the rocky shore habitats within the survey area. 

These were largely evident at some areas of the low shore where there had been a 

considerable spatfall of mussels and also in the increase in the abundance of bladder 

wrack in some areas.  It is possible that these two factors may be related as the mussel 

spat may displace or smother some of the herbivores enabling the bladder wrack to 

establish a foothold.  Whether these changes are a temporary phenomenon, lead to the 

establishment of mussel beds or change the habitat type on some areas of the low shore 

remains to be seen.  This highlights the importance of maintaining a baseline as it is not 

static but can change.  

The importance of having a baseline has also been underlined by the temporal analysis of 

both the rocky shore and benthic macrofauna data sets.  This analysis has shown that in 

years where a potential impact has been suggested, that the scale of the impact is less 

than annually occurring variability. 

It is therefore recommended that the monitoring regime is continued so that any 

improvements (or deterioration) caused by changes at the plant can then be more reliably 

judged by considering the data within the baseline variation.   
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9 GLOSSARY OF TERMS 

Abundance Total number of all animals (individuals) in a sample 

ANOSIM Multi-variate statistical procedure that tests the 

significance of differences between two groups of data 

BIOENV Multi-variate statistical technique for examining the 

correlation of community structure with environmental 

variables 

Bray Curtis similarity A method for determining the similarity (%) in 

community structure between stations/groups 

CLUSTER Multi-variate routine that provides a hierarchical 

clustering of samples based on their similarities 

Community A collection of fauna (or flora) cohabiting in and 

characteristic of an area of the environment 

Community analysis Statistical technique used to identify areas with a similar 

biological community 

LS.LCS.Sh.BarSh Habitat type: Barren littoral shingle 

LS.LSa.FiSa.Po Habitat type: Polychaetes in littoral fine sand 

LR.LBR.Sab.Salv Habitat type: Sabellaria alveolata reefs on sand-abraded 

eulittoral rock 

LR.FLR.Eph.EphX Habitat type: Ephemeral green and red seaweeds on 

variable salinity and/or disturbed eulittoral mixed 

substrata 

LR.HLR.MusB.Sem.LitX Habitat type: Semibalanus balanoides and Littorina spp. 

on exposed to moderately exposed eulittoral boulders 

and cobbles 

LR.MLR.BF.PelB Habitat type: Pelvetia canaliculata and barnacles on 

moderately exposed littoral fringe rock 

LR.MLR.BF.FspiB Habitat type: Fucus spiralis on exposed to moderately 

exposed upper eulittoral rock 

LR.LLR.F.Asc.FS Habitat type: Ascophyllum nodosum on full salinity mid 

eulittoral rock 

LR.LLR.F.Fves Habitat type: Fucus vesiculosus on moderately exposed to 

sheltered mid eulittoral rock 

LR.LLR.F.Fves.X Habitat type: Fucus vesiculosus on mid eulittoral mixed 

substrata 
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LR.LLR.F.Fserr.FS Habitat type: Fucus serratus on full salinity sheltered 

lower eulittoral rock 

Margalef’s species 
richness 

A uni-variate statistic of the diversity of fauna in a 

sample 

MDS plot A two-dimensional representation of similarities in 

community structure in which the distance between the 

points infers the degree of similarity. 

Multi-variate statistics Powerful statistical techniques for analysing data with 

many variables simultaneously to identify patterns & 

relationships 

Shannon Weiner 
diversity index 

Another index that is commonly used to characterize 

species diversity in a community. As with e Simpson's 

index, Shannon's index accounts for both abundance and 

evenness of the species present 

SIMPER Multi-variate statistical routine used to examine the 

species contributions to similarities and differences in 

community structure between groups. 

SIMPROF Multi-variate statistical routine which tests for evidence 

of structure in an a priori unstructured set of samples 

(i.e. whether the difference in clusters of samples is 

significant) 

Simpson’s index Another index of fauna diversity, increases with fauna 

diversity 

Taxon A grouping of the fauna, may be a species or, if different 

species are indistinguishable, it may be based on a higher 

taxonomic group such as the genus or family 

Uni-variate statistic Statistics that describe the fauna in terms of a single 

number 
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10 APPENDIX 

Table A1.  Transect end co-ordinates of the epi-fauna rocky transects (OSGB 1936 

BUG). 

 

East North East North

Low 300453 532584 300442 532568

Mid 300738 532496 300752 532513

Low 300137 532211 299651 531758

Mid 300415 532245 300435 532246

Low 300028 531877 300050 531877

Mid 300128 531836 300146 531850

Low 299637 531744 299644 531748

Mid 300003 531651 300014 531669

Low 299667 531643 299681 531658

Mid 299945 531522 299954 531540

Low 299649 531558 299655 531578

Low 299613 531510 299600 531494

Low 299579 531462 299592 531477

Mid 299829 531312 299840 531327

Low 299519 531375 299532 531391

Mid 299709 531163 299727 531177

Low 299453 531166 299463 531182

Mid 299600 531042 299617 531055

Low 299348 530973 299360 530990

Mid 299387 530685 299388 530705

Low 298853 530098 298833 530095

Mid 299180 530019 299189 530037

S2

S3

S4

S5

N3

N2

N1

N0

S0

S1

Transect

Tidal 

height

Start Finish

N5

N4
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Table A2.  Fauna/flora abundance table within each quadrat on the mid-shore transects to the south of the pipeline 

 

A B C D E A B C D E A B C D E A B C D E A B C D E

Anurida maritima Count 1 20 5 5 20

Actinia equina Count 2 2

Cereus pedunculatus Count

Lineus Count

Eulalia viridis Count

Arenicola marina Count

Sabellaria alveolata % cover 1 1 3 40 1 1 1 1 1 25 90 15 1 1 1

Lanice conchilega Count

Semibalanus balanoides % cover 1 1 1 1 1 15 3 20 15 15 1 1 1 1 1 1 1 1 1 1 1 1 1

Austrominius modestus % cover 1 1 1 1 1 2 1 2 1 1 1 1 1 1 1

Gammaridae Count 5 3 50 5 3 1 2 1 10 2 2 1 20

Idotea Count 1 1

Carcinus maenas Count 1 1 2 1 2 1

Patella vulgata Count 14 11 12 14 7 36 7 56 47 33 27 29 23 21 8 1 6 8 17 33 1 6 7 1 1

Steromphala cineraria Count

Steromphala umbilicalis Count 1

Littorina juv Count

Littorina littorea Count 4 8 15 17 65 7 10 1 2 1 2 1 2 2 2

Littorina obtusata Count 2 2 3 2 1 7 1 1 1 1 1 4 2 2 2 1 1 2 2 2 1 3

Littorina saxatilis Count 1 1

Nucella lapillus Count 2

Mytilus edulis spat % cover

Lipophrys pholis Count

Porphyra purpurea % cover

Rhodothamniella floridula % cover 1

Corallina officinalis % cover

Corallinaceae crust % cover 1 1 2 5 1 1 1 1 3 5 3 5 2 10 20 3 1 1

Mastocarpus stellatus % cover

Chondrus crispus % cover 1 1 11 1 1 1 1 1 1 1 1 1 3 1 7 3 3

Vertebrata lanosa % cover 1 1 1

Ascophyllum nodosum % cover 10 10 10 5 5 3 10 5 10 5 7 1 95 94 80 60 90 2 1 20

Fucus serratus % cover 1 2 5 15 1

Fucus spiralis % cover

Fucus vesiculosus % cover 85 85 80 75 70 25 30 10 5 55 65 80 80 60 95 1 2 4 10 2 80 65 80 90 60

Ulva intestinalis % cover 1 5 35 5 10 10 1 1 1 3 10 10 10 3 1 2 7 4 1

Ulva lactuca % cover 1 1 1 1 1 1

Cladophora rupestris % cover 1

Taxon Qualifier

S1M S2M S3M S4M S5M
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Table A2 (CTD).  Fauna/flora abundance table within each quadrat on the mid-shore transects to the north of the pipeline 

  

A B C D E A B C D E A B C D E A B C D E A B C D E

Anurida maritima Count

Actinia equina Count 1 1 1

Cereus pedunculatus Count

Lineus Count

Eulalia viridis Count

Arenicola marina Count

Sabellaria alveolata % cover 75 5 10 1 5

Lanice conchilega Count

Semibalanus balanoides % cover 1 1 1 1 5 1 1 1 3 2 1 1 1 1

Austrominius modestus % cover 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Gammaridae Count 1 1 3 1 1 2 1 25 1 1 3 4 7 2 5 1 5 3 3 7 1

Idotea Count

Carcinus maenas Count 2 1 1 1 1 1 1 1 1

Patella vulgata Count 2 5 4 3 9 3 11 7 23 3 31 27 21 19 17 6 11 3 2 7 1 6 21 1 4

Steromphala cineraria Count

Steromphala umbilicalis Count

Littorina juv Count

Littorina littorea Count 1 1 1 2 2 7 3 1 1

Littorina obtusata Count 2 1 2 6 2 1 2 1 1 1 2 4 6 1 3 2 2 4 1 1

Littorina saxatilis Count 2 4

Nucella lapillus Count 1

Mytilus edulis spat % cover

Lipophrys pholis Count

Porphyra purpurea % cover

Rhodothamniella floridula % cover 1

Corallina officinalis % cover

Corallinaceae crust % cover 1 1 15 20 1 1 1 3 1

Mastocarpus stellatus % cover

Chondrus crispus % cover 1 2 1

Vertebrata lanosa % cover

Ascophyllum nodosum % cover 5 30 2 5 1 5 1 5 5 1 60 45 15 8

Fucus serratus % cover 75 60 85 45 80 35 5 5 5 5 25 50 25

Fucus spiralis % cover 8 65 55 50 25

Fucus vesiculosus % cover 20 10 10 45 19 65 90 95 95 85 70 95 90 90 90 85 35 30 30 65 90 10 5 45 45

Ulva intestinalis % cover 1

Ulva lactuca % cover 1 1 10 1 1 1 1 1 1 1

Cladophora rupestris % cover 1

N4M N5M

Taxon Qualifier

N1M N2M N3M
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Table A3.  Fauna/flora abundance table within each quadrat on the low-shore transects to the south of the pipeline 

  

A B C D E A B C D E A B C D E A B C D E A B C D E A B C D E

Anurida maritima Count

Actinia equina Count 2 1 1 2 2 4

Cereus pedunculatus Count

Lineus Count 1 1

Eulalia viridis Count 2

Arenicola marina Count 1

Sabellaria alveolata % cover 1 1 1 1 1 1 3 7

Lanice conchilega Count 2

Semibalanus balanoides % cover 15 25 20 5 20 10 10 10 20 30 1 1 1 1 5 2 3 2 2 2

Austrominius modestus % cover 10 15 30 25 40 30 20 20 30 40 20 1 2 2 2 10 15 40 30 20 20 30 20 15 20 15 18 7 4 3

Gammaridae Count 5 3 30 100 5 30 20 5 1

Idotea Count

Carcinus maenas Count 2 4 1 1 1 1 1 1 1 1 1 1 1 2

Patella vulgata Count 2 1 1 7 2 5 3 2 1 1 1 9 5

Steromphala cineraria Count

Steromphala umbilicalis Count 1 1 7 5 23 17 13

Littorina juv Count

Littorina littorea Count 35 40 29 37 15 48 21 25 31 48 11 48 2 9 4 53 34 46 35 23 26 21 29 32 42 11 7 3 6 12

Littorina obtusata Count 1 12 3 1 2 3 1 4

Littorina saxatilis Count 11 11 11 5 28 3 4 13 7 2 2 1 5 8 1 14 8 5 1 2 2 1 3

Nucella lapillus Count 4 3 2 2 11 3 4 2 4 1 9 2 10 6 4 3 3 1 1 1 3 3 4 26 22

Mytilus edulis spat % cover 30 35 30 15 15 1 1 1 1 5 3 10 1 80 80 90 95 90

Lipophrys pholis Count 1

Porphyra purpurea % cover 2 1 1 1 1 1 1 30 15 5 3 1

Rhodothamniella floridula % cover

Corallina officinalis % cover

Corallinaceae crust % cover 1

Mastocarpus stellatus % cover

Chondrus crispus % cover

Vertebrata lanosa % cover

Ascophyllum nodosum % cover

Fucus serratus % cover

Fucus spiralis % cover

Fucus vesiculosus % cover 1 1 1 1 1 1 99 85 65 50 1 1 1 1 1 1 1 1 7 5 7 20 20

Ulva intestinalis % cover

Ulva lactuca % cover

Cladophora rupestris % cover

S3L S4L S5L

Taxon Qualifier

S0L S1L S2L
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Table A3 (CTD).  Fauna/flora abundance table within each quadrat on the low-shore transects to the north of the pipeline 

  

A B C D E A B C D E A B C D E A B C D E A B C D E

Anurida maritima Count

Actinia equina Count 1 1

Cereus pedunculatus Count 1

Lineus Count 1

Eulalia viridis Count

Arenicola marina Count 1 2 1 4 2 2

Sabellaria alveolata % cover 1 5 1 1 1

Lanice conchilega Count 3 2 3 1

Semibalanus balanoides % cover 10 10 10 10 15 4 20 10 10 10 40 45 35 60 50

Austrominius modestus % cover 20 15 20 35 30 35 15 15 20 20 40 50 50 55 45 25 30 25 15 10 1 1 2 10 5

Gammaridae Count 1

Idotea Count

Carcinus maenas Count 1 1 1 1 1 1 1 2 1 1

Patella vulgata Count 1 1 1 1 1 1 1 1 1 2 1 2 4 1

Steromphala cineraria Count 4

Steromphala umbilicalis Count 2 6 6 2

Littorina juv Count 100 200 75 70 150

Littorina littorea Count 42 36 67 39 37 40 31 23 11 24 37 53 18 42 105 31 44 38 18 34 84 59 32 37 26

Littorina obtusata Count 1 1 1

Littorina saxatilis Count 10 5 13 15 3 2 9 4 5 5 18 23 22 5 5 6 1

Nucella lapillus Count 3 1 1 8 23 22 17 24 12 27 41 37 15 15 2 1 2 4

Mytilus edulis spat % cover 5 25 15 35 35 5 35 70 80 65 5 2 2 2 5

Lipophrys pholis Count

Porphyra purpurea % cover 1 1 1 1 1 1

Rhodothamniella floridula % cover

Corallina officinalis % cover 1

Corallinaceae crust % cover

Mastocarpus stellatus % cover 1

Chondrus crispus % cover 1 1 2 1 1 2

Vertebrata lanosa % cover

Ascophyllum nodosum % cover

Fucus serratus % cover

Fucus spiralis % cover

Fucus vesiculosus % cover 1 3 1 5 1 5 20 20 10 1 1 5 2 1 1 5

Ulva intestinalis % cover

Ulva lactuca % cover

Cladophora rupestris % cover 1

N4L N5L

Taxon Qualifier

N0L N1L N2L
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Table A4.  Timed search fauna/flora abundance table (SACFOR) for each transect  

 

S1M S2M S3M S4M S5M N1M N2M N3M N4M N5M S0L S1L S2L S3L S4L S5L N0L N1L N2L N4L N5L

Anurida maritima F R

Actinia equina R R F R O R R O O

Lineus R R R R R

Eulalia viridis R

Arenicola marina R R F

Sabellaria alveolata R O R O R R O R R R R F O O

Lanice conchilega O R

Semibalanus balanoides R F R R R R R R R R C C R O C A

Austrominius modestus R R R R R R R R R C A R C C O C C A C O

Gammaridae O R R F R R R O O O O F F O O O O C R O

Idotea R

Pagurus bernhardus

Cancer pagurus R

Carcinus maenas F O O O O F C O O O O F O F F F F F F O

Lepidochitona cinerea R R

Patella depressa

Patella vulgata C C A A C C F A C C R R O O R O R R C

Steromphala cineraria

Steromphala umbilicalis R R C F

Littorina littorea C F F F O F F O F C C F C C F C C A C A

Littorina obtusata F O F F F F F F F F F

Littorina saxatilis R F F F F O O F O C O

Nucella lapillus O R F F F R C C R F C C

Mytilus edulis C R O S C A O

Mytilus edulis

Lipophrys pholis R R R R

Porphyra purpurea R R F R

Rhodothamniella floridula R R

Corallina officinalis R R

Corallinaceae crust R R R O R O R R R R

Gracilaria gracilis

Mastocarpus stellatus R

Chondrus crispus R R R R R R R R R R

Vertebrata lanosa R R

Ascophyllum nodosum C O R S R C R R S

Fucus serratus O R A R R A

Fucus spiralis S

Fucus vesiculosus A F A R S A S S S S R R S R R F O O R R O

Ulva intestinalis O R O R R R R

Ulva

Ulva lactuca R R R R R R

Transect No.

Taxon
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Table A5.  Uni-variate fauna/flora statistics for each quadrat 

 

  

Transect Quadrat

No. Taxa      

(S)

Number of 

individuals 

(N)

Margalef's 

species 

richness 

(d)

Pielou's 

eveness 

(J)

Shannon 

Weiner 

diversity

H'(log10)

Simpson's 

diversity 

index          

(1-

Lambda)

A 11 125 2.07 0.50 0.52 0.52

B 11 115 2.11 0.44 0.45 0.44

C 13 179 2.31 0.62 0.69 0.71

D 12 129 2.26 0.58 0.62 0.63

E 8 147 1.40 0.49 0.45 0.58

Mean 11 139 2.03 0.53 0.55 0.58

A 10 125 1.86 0.85 0.85 0.83

B 10 133 1.84 0.75 0.75 0.78

C 9 105 1.72 0.67 0.64 0.67

D 8 102 1.51 0.73 0.66 0.72

E 12 145 2.21 0.73 0.79 0.78

Mean 9.8 122 1.83 0.75 0.74 0.76

A 12 111 2.34 0.53 0.57 0.60

B 10 131 1.85 0.52 0.52 0.57

C 11 120 2.09 0.48 0.50 0.52

D 14 108 2.78 0.58 0.67 0.65

E 10 122 1.87 0.40 0.40 0.38

Mean 11.4 118.4 2.18 0.50 0.53 0.55

A 13 134 2.45 0.40 0.45 0.46

B 11 210 1.87 0.50 0.52 0.62

C 13 139 2.43 0.61 0.68 0.65

D 10 118 1.89 0.67 0.67 0.70

E 13 158 2.37 0.52 0.58 0.62

Mean 12 151.8 2.20 0.54 0.58 0.61

A 7 88 1.34 0.24 0.20 0.17

B 11 91 2.22 0.49 0.51 0.48

C 9 104 1.72 0.43 0.41 0.40

D 6 101 1.08 0.28 0.22 0.20

E 8 107 1.50 0.59 0.53 0.62

Mean 8.2 98.2 1.57 0.41 0.38 0.38

S1M

S2M

S3M

S4M

S5M
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Table A5 (CTD).  Uni-variate fauna/flora statistics for each quadrat 

 

  

Transect Quadrat

No. Taxa      

(S)

Number of 

individuals 

(N)

Margalef's 

species 

richness 

(d)

Pielou's 

eveness 

(J)

Shannon 

Weiner 

diversity

H'(log10)

Simpson's 

diversity 

index          

(1-

Lambda)

A 10 109 1.92 0.47 0.47 0.49

B 7 108 1.28 0.60 0.51 0.61

C 7 106 1.29 0.41 0.34 0.35

D 8 123 1.45 0.72 0.65 0.72

E 8 133 1.43 0.59 0.53 0.59

Mean 8 115.8 1.47 0.56 0.50 0.55

A 10 193 1.71 0.61 0.61 0.70

B 12 122 2.29 0.44 0.48 0.45

C 9 118 1.68 0.36 0.34 0.34

D 8 125 1.45 0.37 0.34 0.39

E 7 121 1.25 0.47 0.40 0.47

Mean 9.2 135.8 1.68 0.45 0.43 0.47

A 6 109 1.07 0.51 0.40 0.51

B 8 135 1.43 0.45 0.40 0.47

C 10 134 1.84 0.52 0.52 0.52

D 11 139 2.03 0.55 0.58 0.56

E 11 123 2.08 0.42 0.44 0.45

Mean 9.2 128 1.69 0.49 0.47 0.50

A 8 103 1.51 0.36 0.33 0.32

B 8 117 1.47 0.62 0.56 0.64

C 9 113 1.69 0.68 0.64 0.73

D 9 102 1.73 0.59 0.56 0.66

E 5 106 0.86 0.66 0.46 0.56

Mean 7.8 108.2 1.45 0.58 0.51 0.58

A 6 106 1.07 0.34 0.26 0.27

B 5 88 0.89 0.57 0.40 0.44

C 9 90 1.78 0.55 0.52 0.57

D 6 105 1.07 0.57 0.45 0.59

E 9 83 1.81 0.57 0.54 0.62

Mean 7 94.4 1.33 0.52 0.43 0.50

N1M

N2M

N3M

N4M

N5M



ER20-449 Impact assessment of the Iggesund paper mill effluent on the inter-tidal area in 

the vicinity of their pipeline at Siddick: 2020 

Page 51 of 56 
 

ER20-449 

Table A5 (CTD).  Uni-variate fauna/flora statistics for each quadrat 

 

  

Transect Quadrat

No. Taxa      

(S)

Number of 

individuals 

(N)

Margalef's 

species 

richness 

(d)

Pielou's 

eveness 

(J)

Shannon 

Weiner 

diversity

H'(log10)

Simpson's 

diversity 

index          

(1-

Lambda)

A 12 114 2.32 0.75 0.81 0.81

B 11 138 2.03 0.76 0.79 0.80

C 7 124 1.24 0.86 0.72 0.80

D 8 91 1.55 0.73 0.66 0.73

E 8 104 1.51 0.78 0.70 0.77

Mean 9.2 114.2 1.73 0.78 0.74 0.78

A 7 121 1.25 0.73 0.62 0.73

B 8 61 1.70 0.75 0.68 0.75

C 5 61 0.97 0.82 0.57 0.70

D 9 102 1.73 0.73 0.70 0.77

E 10 131 1.85 0.63 0.63 0.72

Mean 7.8 95.2 1.50 0.73 0.64 0.74

A 9 53 2.01 0.77 0.73 0.78

B 11 179 1.93 0.54 0.57 0.62

C 9 133 1.64 0.55 0.53 0.56

D 11 113 2.12 0.62 0.65 0.64

E 12 118 2.31 0.69 0.74 0.74

Mean 10.4 119.2 2.00 0.63 0.64 0.67

A 6 173 0.97 0.60 0.46 0.57

B 6 55 1.25 0.58 0.45 0.55

C 7 97 1.31 0.58 0.49 0.61

D 7 73 1.40 0.58 0.49 0.61

E 7 62 1.45 0.76 0.64 0.74

Mean 6.6 92 1.28 0.62 0.51 0.61

A 7 64 1.44 0.75 0.63 0.72

B 8 88 1.56 0.67 0.61 0.72

C 7 86 1.35 0.77 0.65 0.76

D 7 63 1.45 0.69 0.58 0.67

E 9 74 1.86 0.57 0.54 0.61

Mean 7.6 75 1.53 0.69 0.60 0.70

A 8 149 1.40 0.67 0.61 0.66

B 11 136 2.04 0.60 0.63 0.62

C 7 118 1.26 0.49 0.41 0.41

D 9 165 1.57 0.62 0.59 0.63

E 10 164 1.76 0.66 0.66 0.66

Mean 9 146.4 1.60 0.61 0.58 0.60

S0L

S1L

S2L

S3L

S4L

S5L
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Table A5 (CTD).  Uni-variate fauna/flora statistics for each quadrat 

 

  

Transect Quadrat

No. Taxa      

(S)

Number of 

individuals 

(N)

Margalef's 

species 

richness 

(d)

Pielou's 

eveness 

(J)

Shannon 

Weiner 

diversity

H'(log10)

Simpson's 

diversity 

index          

(1-

Lambda)

A 8 90 1.56 0.72 0.65 0.71

B 8 96 1.53 0.77 0.70 0.76

C 7 127 1.24 0.71 0.60 0.67

D 8 141 1.41 0.80 0.72 0.79

E 7 122 1.25 0.77 0.65 0.76

Mean 7.6 115.2 1.40 0.75 0.66 0.74

A 7 90 1.33 0.66 0.55 0.65

B 6 115 1.05 0.90 0.70 0.79

C 9 145 1.61 0.70 0.67 0.71

D 7 143 1.21 0.68 0.58 0.64

E 9 140 1.62 0.72 0.69 0.73

Mean 7.6 126.6 1.36 0.73 0.64 0.70

A 7 108 1.28 0.69 0.58 0.70

B 6 136 1.02 0.73 0.57 0.69

C 7 106 1.29 0.71 0.60 0.70

D 4 144 0.60 0.95 0.57 0.72

E 6 186 0.96 0.64 0.50 0.61

Mean 6 136 1.03 0.74 0.56 0.68

A 7 92 1.33 0.73 0.62 0.73

B 5 117 0.84 0.72 0.51 0.68

C 5 102 0.86 0.73 0.51 0.68

D 5 52 1.01 0.82 0.58 0.72

E 7 64 1.44 0.65 0.55 0.65

Mean 5.8 85.4 1.10 0.73 0.55 0.69

A 15 257 2.52 0.59 0.69 0.72

B 12 316 1.91 0.44 0.47 0.55

C 13 169 2.34 0.63 0.71 0.72

D 15 201 2.64 0.63 0.74 0.75

E 13 251 2.17 0.51 0.57 0.59

Mean 13.6 238.8 2.32 0.56 0.63 0.67

N0L

N1L

N2L

N4L

N5L



ER20-449 Impact assessment of the Iggesund paper mill effluent on the inter-tidal area in 

the vicinity of their pipeline at Siddick: 2020 

Page 53 of 56 
 

ER20-449 

Table A6. T-test probabilities for the differences between means at stations on 

the mid shore.  Significant differences (p<0.05) have red text. 

 

Statistic S2M S3M S4M S5M N1M N2M N3M N4M N5M

S1M 0.29 0.73 0.37 0.05 0.02 0.17 0.20 0.02 0.01

S2M 0.15 0.04 0.18 0.07 0.60 0.62 0.08 0.03

S3M 0.56 0.02 0.01 0.09 0.11 0.01 0.00

S4M 0.01 0.00 0.03 0.04 0.00 0.00

S5M 0.85 0.43 0.46 0.73 0.35

N1M 0.27 0.31 0.83 0.35

N2M 0.22 0.25 0.10

N3M 0.28 0.12

N4M 0.49

S1M 0.26 0.12 0.53 0.01 0.10 0.87 0.40 0.03 0.01

S2M 0.71 0.13 0.03 0.54 0.43 0.56 0.15 0.02

S3M 0.60 0.01 0.71 0.28 0.20 0.08 0.00

S4M 0.01 0.06 0.48 0.19 0.03 0.01

S5M 0.03 0.03 0.00 0.07 0.54

N1M 0.23 0.15 0.24 0.02

N2M 0.02 0.10 0.03

N3M 0.01 0.00

N4M 0.04

S1M 0.34 0.54 0.44 0.11 0.02 0.18 0.21 0.03 0.02

S2M 0.12 0.07 0.28 0.06 0.48 0.54 0.09 0.06

S3M 0.16 0.05 0.01 0.07 0.09 0.01 0.01

S4M 0.03 0.00 0.04 0.06 0.01 0.01

S5M 0.68 0.70 0.68 0.64 0.39

N1M 0.37 0.37 0.91 0.53

N2M 0.34 0.37 0.22

N3M 0.37 0.22

N4M 0.63

S1M 0.00 0.61 0.80 0.14 0.64 0.21 0.39 0.43 0.91

S2M 0.00 0.01 0.00 0.02 0.00 0.00 0.03 0.00

S3M 0.36 0.23 0.42 0.38 0.75 0.26 0.77

S4M 0.13 0.83 0.20 0.35 0.60 0.75

S5M 0.12 0.59 0.27 0.08 0.20

N1M 0.17 0.29 0.77 0.61

N2M 0.11 0.11 0.31

N3M 0.18 0.57

N4M 0.42

S1M 0.01 0.82 0.63 0.08 0.50 0.14 0.20 0.62 0.14

S2M 0.01 0.03 0.00 0.01 0.00 0.00 0.01 0.00

S3M 0.04 0.10 0.64 0.18 0.28 0.77 0.18

S4M 0.04 0.26 0.06 0.08 0.35 0.06

S5M 0.19 0.52 0.29 0.17 0.52

N1M 0.37 0.59 0.89 0.38

N2M 0.47 0.33 0.99

N3M 0.51 0.62

N4M 0.33

S1M 0.01 0.65 0.61 0.07 0.77 0.21 0.17 0.96 0.35

S2M 0.00 0.01 0.00 0.02 0.00 0.00 0.05 0.01

S3M 0.11 0.11 0.93 0.35 0.39 0.69 0.57

S4M 0.04 0.47 0.10 0.04 0.74 0.18

S5M 0.13 0.40 0.19 0.10 0.28

N1M 0.37 0.45 0.78 0.56

N2M 0.36 0.28 0.76

N3M 0.31 0.98

N4M 0.42

Shannon 

Weiner 

diversity 

index

Simpson's 

diversity 

index

Margalef's 

species 

richness

Pielou's 

eveness 

No. Taxa        

No. 

Individuals
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Table A7.  T-test probabilities for the differences between means at stations on the 

low shore.  Significant differences (p<0.05) have red text. 

 

Statistic S1L S2L S3L S4L S5L N0L N1L N2L N4L N5L

S0L 0.31 0.32 0.03 0.17 0.87 0.15 0.20 0.02 0.01 0.00

S1L 0.04 0.22 0.84 0.31 0.83 0.85 0.22 0.08 0.00

S2L 0.00 0.00 0.17 0.00 0.01 0.00 0.00 0.01

S3L 0.07 0.01 0.02 0.16 0.35 0.18 0.18

S4L 0.12 1.00 1.00 0.05 0.02 0.00

S5L 0.10 0.17 0.01 0.01 0.00

N0L 1.00 0.03 0.01 0.00

N1L 0.08 0.05 0.00

N2L 0.79 0.00

N4L 0.00

S0L 0.29 0.82 0.39 0.00 0.03 0.94 0.38 0.23 0.08 0.00

S1L 0.37 0.91 0.23 0.02 0.29 0.12 0.91 0.62 0.00

S2L 0.38 0.07 0.25 0.86 0.75 0.52 0.19 0.01

S3L 0.46 0.05 0.35 0.19 0.13 0.80 0.80

S4L 0.00 0.01 0.00 0.00 0.45 0.00

S5L 0.04 0.19 0.56 0.00 0.01

N0L 0.45 0.27 0.09 0.00

N1L 0.62 0.03 0.00

N2L 0.03 0.01

N4L 0.00

S0L 0.39 0.26 0.06 0.38 0.61 0.14 0.14 0.02 0.02 0.04

S1L 0.04 0.26 0.87 0.64 0.58 0.52 0.26 0.09 0.00

S2L 0.00 0.01 0.06 0.00 0.00 0.00 0.00 0.10

S3L 0.07 0.08 0.29 0.54 0.14 0.26 0.26

S4L 0.67 0.26 0.27 0.01 0.02 0.00

S5L 0.21 0.21 0.01 0.02 0.01

N0L 0.80 0.03 0.06 0.00

N1L 0.08 0.14 0.00

N2L 0.71 0.00

N4L 0.00

S0L 0.29 0.02 0.14 0.08 0.00 0.45 0.41 0.61 0.25 0.00

S1L 0.09 0.04 0.39 0.02 0.57 0.99 0.04 0.97 0.01

S2L 0.76 0.34 0.63 0.03 0.15 0.15 0.09 0.21

S3L 0.19 0.85 0.01 0.08 0.08 0.03 0.03

S4L 0.13 0.15 0.48 0.42 0.38 0.04

S5L 0.00 0.05 0.06 0.02 0.35

N0L 0.67 0.88 0.51 0.00

N1L 0.87 0.98 0.02

N2L 0.84 0.02

N4L 0.01

S0L 0.03 0.10 0.00 0.00 0.01 0.07 0.04 0.00 0.00 0.11

S1L 0.95 0.01 0.25 0.24 0.46 0.96 0.01 0.02 0.92

S2L 0.04 0.42 0.32 0.68 0.93 0.12 0.09 0.90

S3L 0.04 0.22 0.00 0.02 0.17 0.29 0.29

S4L 0.62 0.07 0.36 0.17 0.11 0.58

S5L 0.11 0.29 0.76 0.58 0.43

N0L 0.51 0.01 0.01 0.61

N1L 0.07 0.05 0.95

N2L 0.65 0.22

N4L 0.17

S0L 0.03 0.03 0.00 0.02 0.01 0.11 0.03 0.00 0.00 0.03

S1L 0.15 0.01 0.21 0.02 0.92 0.30 0.01 0.06 0.15

S2L 0.34 0.57 0.29 0.17 0.48 0.72 0.61 1.00

S3L 0.08 0.76 0.01 0.07 0.10 0.07 0.07

S4L 0.10 0.25 0.85 0.73 0.86 0.57

S5L 0.02 0.08 0.12 0.09 0.29

N0L 0.34 0.10 0.11 0.17

N1L 0.58 0.69 0.48

N2L 0.81 0.72

N4L 0.61

No. Taxa         

No. 

Individuals

Margalef's 

species 

richness

Pielou's 

eveness

Shannon 

Weiner 

diversity 

index

Simpson's 

diversity 

index
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Table A8. Benthic macrofauna abundance table for each replicate: 2020. 

 

  

a b c a b c a b c a b c a b c a b c a b c a b c a b c

Bathyporeia elegans 1 1 1 1 1

Bathyporeia guilliamsoniana 1 1 1 1

Bathyporeia pilosa 1 1 1 1

Bathyporeia sarsi 3 5 1 1

Bodotria scorpioides 1

Capitella capitata 1 1 1 1 1 2 1

Carcinidae 1 2 1 2 1 1 1

Crangon 3 1 1 1 1 1

Crangon crangon 1 1 1 1

Cumopsis goodsiri 1 1

Eteone longa 1 1 1 1 1 1 1

Eurydice pulchra 1

Fabulina fabula 2 3 2 2 6 5 5 2

Glycera 1 1 1 1 1 2

Glycera tridactyla 1 1 3 1 1 1 1 1

Haustorius arenarius 1

Iphinoe trispinosa 1 2

Lagis koreni 2 1 1

Magelona johnstoni 2 1 17 2 4 1 1

Nephtys 1 1 3 2 1 1 4 2 2 2 1 1 1 2 2

Nephtys cirrosa 2 1 3 1 3 1 5 5 2 4 6 4 1 3 4 4 5 2 3 6

Nephtys hombergii 1 1 1 1 1 1 1

Ophiuroidea 1

Owenia fusiformis 1

Phyllodoce groenlandica 1 1

Portumnus latipes 1 2 1

Pygospio elegans 3 1

Scalibregma inflatum 3

Scolelepis (Scolelepis) squamata 1 1 1

Scoloplos armiger 2 12 9 1

Spiophanes bombyx 2 1 1 1 1

Tubificoides benedii 1

M9M1 M2 M3

Taxon

M4 M5 M6 M7 M8
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Table A9. T-test probabilities for differences in the uni-variate statistics between 

benthic macrofauna stations.  Significant differences (p<0.05) have red 

text. 

 


