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ABSTRACT

Dredging for the lugworm Arenicola spp. has been found to affect the intertidal benthic 

community in the Dutch Wadden Sea. However, studies have found contradicting results 

regarding the recovery rates of targeted and non-targeted macrozoobenthic species; meiobenthic 

species have been neglected in these studies. This study explores the short-term effects of 

dredging on both the macrofauna and the meiofauna community using a morphological and 

molecular approach. Benthic samples were taken before and after dredging at both control and 

fished transects. MDS ordinations showed significant differences between the control and fished 

transects for both approaches, especially during the first spring season.  Opportunistic species, 

such as Pygospio and Capitella, thrived in the fished transects during both the first and second 

spring/summer after dredging whereas recovery for long-lived species, such as Arenicola, was 

slower. Both approaches showed comparable results, however, the molecular approach was 

able to detect effects for a larger set of benthic taxa compared to the morphological approach, 

respectively 98 versus 40 OTU’s.
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INTRODUCTION

Intertidal soft-sediment systems provide wide-ranging ecosystem services (Levin et al., 2001). 

The international Wadden Sea along the Dutch, German and Danish coast, is the largest and 

one of the last relatively undisturbed remaining intertidal areas in the world and therefore on 

UNESCO’s list of world heritage sites. The Wadden Sea is a shallow coastal region with large areas 

consisting of tidal flats covered by productive soft sediment, mainly driven by benthic primary 

and secondary production (Christianen et al., 2017; Compton et al., 2013). On these mudflats, 

the lugworm Arenicola marina and in smaller percentages, A. defodiens, are widespread and 

dominant burrowing polychaetes engineering the sediments (Luttikhuizen & Dekker, 2010). Adult 

specimens grow up to 10 to 20 cm with an age of at least six years (Bijkerk & Dekker, 1991). The 

lugworms live in a 20-40 cm deep U-shaped burrow with a funnel shaped shaft through which 

surface sediment slides down, the sediment particles get ingested by the worm and defecated 

back to the surface. The species is a known key species for the benthic community on mudflats 

as they are a major source of bioturbation and bioirrigation on the intertidal mudflats of the 

Wadden Sea (Volkenborn et al., 2007).

The lugworm Arenicola spp. is harvested as bait for sport fishing both by hand and in some 

areas also mechanically. Mechanical dredging involves the digging of gullies of 0.4 m depth 

and 1 m width for 200-500 meter length around high tide. The retrieved sediment is mixed 

with water and sieved, the bigger organisms are taken on board and the smaller organisms are 

discarded in and around the gullies (Beukema, 1995; Heiligenberg, 1987 and Leopold & Bos, 

2009). Especially, this mechanical lugworm digging affects benthic communities, including both 

the lugworms as well as non-targeted species. Lugworm biomass and abundance at digging sites 

are lower shortly after mechanical harvesting (van Heiligenberg, 1987). Different post-harvest 

recovery rates for the lugworm Arenicola spp. as well as for other macrozoobenthic species 

have been found (Beukema, 1995; McLusky et al., 1983; van Heiligenberg, 1987). Effects on the 

benthic communities caused by digging could either come from the relocation and disturbance 

of sediment and smaller species or by the complete removal of lugworms at the dredged area. 

As the lugworm affects its surrounding by bioturbation of the sediment, effects of the complete 

removal of this species are not always straight forward. Volkenborn & Reise (2006) showed a 

positive effect on the biomass of several other benthic species shortly after removal. However, 

in the long-term lugworm presence is found essential for a sustainable community (Volkenborn 

& Reise 2006 and Volkenborn et al., 2007).

Research into the effects of lugworm digging so far have focused solely on macrozoobenthic 

species and yielded contradicting results. Drent (2013) reported no differences in 

macrozoobenthos between dredged areas and reference areas at the Vlakte van Kerken, but 
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Beukema (1995) found that biomass in dredged areas only recovered after several years in the 

Balgzand area. However, macrozoobenthos might not be the best indicator. Meiofauna species 

are key species in the marine food web and known to be good indicators of ecosystem health 

(Balsomo et al., 2012; Zeppilli et al., 2016). With the new metabarcoding techniques it is feasible 

to expand the scope of this research and to include also meiofauna. Including this part of the 

community might give a better insight into the recovery rates of the local benthic community 

as a whole and the restoration of its services and the processes lying ahead of this. The effects 

of lugworm digging on the surrounding benthic community can possibly model the effects of 

species removal from such a community.

This study explores the short-term effects of mechanical lugworm digging on the benthic 

meiofauna and macrofauna communities. For this study, benthic samples and sediment 

samples for grainsize analysis were taken before and after digging in both fished areas 

and at control (non-impacted) sites. Species composition of the samples was analysed 

both morphologically and following a molecular (metabarcoding) approach. The aims of 

the study were (1) to examine whether mechanical Arenicola spp. dredging affects the 

benthic communities; (2) to explore recovery rates of lugworms abundances as well as the 

non-targeted fauna and (3) to compare morphological and molecular approaches in their 

ability to detect environmental change and recovery after an anthropogenic disturbance. 

METHODS

Field sampling

An experimental plot was created at tidal flats in the western part of the Dutch Wadden Sea, 

north-east of the isle of Texel. The plot comprised 18 sampling stations, divided over three 

control transects and three experimental transects (Figure 4.1). All stations were sampled once 

before the experimental transects were fished by the company Arenicola B.V. (T0) and another 

16 times (T1-T16) after the disturbance in a temporal range of 1.5 years (Table 4.1). During each 

sampling event, all transects were photographed and three cores were taken at each station, one 

bigger core (177 m2 surface area, 25-30 cm depth) for the traditional morphological identification 

of macrofauna and two smaller cores (5.60 cm2 area, 10 cm depth); one for the molecular 

identification and one for grainsize analysis. Grainsize analysis was performed following Compton 

et al. (2013) and Klunder et al. (2019).
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Morphological identification

Samples for morphological identification were washed in the field over a 1-mm mesh sieve. Sieve 

residues were stored in a cool and dark place and processed within 36 h after sampling. Species 

in the sieve residue were sorted by hand and identified based on morphological characteristics 

while alive by an experienced taxonomist. Molluscs, crustaceans and polychaetes were identified 

to the genus level, whereas Oligochaeta were identified to the phylum level.

 

Figure 4.1 | Map of Texel and a graphical description of the sampling transects. Round sampling points 
resemble the control transects, triangles resemble the fished transects.

4
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Table 4.1 | Sampling codes and their corresponding sampling date. Arenicola fishing was executed between 
T00 and T01.

T_code Date

T00 20-03-2016

T01 21-03-2016

T02 31-03-2016

T03 05-04-2016

T04 11-04-2016

T05 20-04-2016

T06 09-05-2016

T07 23-05-2016

T08 06-06-2016

T09 04-07-2016

T10 31-08-2016

T11 14-11-2016

T12 13-03-2017

T13 09-05-2017

T14 23-05-2017

T15 06-06-2017

T16 26-06-2017

Molecular identification

For molecular identification, laboratory procedures and bioinformatic analysis followed the 

procedures as described in Chapter 3. To summarize, DNA was extracted from the sediments 

after samples were rinsed with a saturated phosphate-buffer, cryodesiccated and grounded. 

The F04 and R22 primer pair (Sinniger et al., 2016) was used to amplify a 450 base pair part of 

the 18S gene. Amplicons were submitted for sequencing at Useq (Utrecht, Netherlands) on an 

Illumina MiSeq using the 2x 300bp V3 kit.

Raw sequences were quality filtered, dereplicated and clustered at a 98% similarity cut-off. 

OUT-clusters were taxonomically assigned using the RDP Classifier against the SILVA 18S rRNA 

database (release 128, Pruesse et al., 2007) and our local reference database (Klunder et al., 

2019). Taxonomic assignment was performed at a 0.8 and 0.5 minimum confidence threshold. 

OTUs identified as to comprise macrofauna taxa were extracted from the 0.8 dataset, the rest 

were extracted from the 0.5 dataset. Raw Illumina sequences were deposited in the European 

Nucleotide Archive (ENA accession number: XXXX)
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Data analysis

Silt content was compared between fished and control sites using ANOVA including the paired-

transects as random effect. For the morphological approach, abundance (counts) per taxonomic 

genus per sample were calculated at the operational taxonomic unit (OTU) level of genus, 

resulting in a total abundance per taxonomic genus per sample. Large variations were found for 

the count data of both Oligochaeta and Urothoe were found. Variations were found to relate to 

sampling and observer bias and were removed from the community analysis. For the molecular 

approach, the relative read abundance (RRA) data per OTU was used as measure for abundance. 

This transformation was chosen over rarefaction as it preserves valid read abundance data 

(McMurdie & Holmes, 2014; Lanzén et al., 2016). Also, the RRA approach was chosen over a 

frequency of occurrence approach (FOO) as the sampled environment was very homogeneous 

resulting in an over 90% presence for many abundant species. This homogeneity would hinder 

the FOO approach in detecting differences between fished and control sites (Deagle et al., 2019). 

Both the count data for the morphological approach and the RRA were Hellinger transformed 

(Legendre and Gallagher, 2001) and dissimilarity distances were calculated using the Bray-Curtis 

equation. An analysis of variance (Permanova) was used to determine the effect of fishing 

on the benthic community and a Simper analysis to determine which taxa were responsible 

for this effect. All statistical analyses and data visualisations were performed in R 3.5.2. 

4
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RESULTS

Field observations

A selection of the photos taken of each transect during the sampling events is shown in Figure 

4.2. A clear gully could be seen in the experimental transects immediately after mechanical 

dredging (T01). The gully filled quite quickly and was covered by a layer of diatoms for the first 

two months (spring-season) (T04 & T06). The gully remained visible as wet transects within the 

mudflats throughout the summer season (T08). Although only vaguely visible in the picture, 

the layer of diatoms appeared again the year after in the spring seasons (T13). Unfortunately, 

porosity of the sediment was not measured although observations during sampling suggest a 

difference in porosity between the fished and control transects. All control transects consisted 

of solid sediment whereas the sediment in the fished transects felt looser during sampling 

up to T13. It was not possible to stand on the fished transects for the entire first year. The 

average percentage of silt for all samples within either the controlled or fished transects for 

each sampling event are shown in Figure 4.3. Silt content was related to treatment when time 

was considered in the formula (ANOVA, F
1,16 = 2.02, p = 0.01).

Figure 4.2 | Photographs of the most southern fished transect taken at T01, T04, T06, T08 and T13 respectively. 

Figure 4.3 | Sediment composition compared between control and fished transects. Boxplots for percentage 
of silt for all sampling points within one experimental setup. Percentages of silt for the control transects 
are shown in dark grey, for the fished transects in light grey.
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Community analysis

Benthic community composition was explored using MDS ordinations based on the count data 

per taxon from the morphological approach and the relative abundance of reads for OTU’s from 

the molecular approach (Figure 4.4 and S4.1-S4.2). The ordinations from both approaches for 

T00 showed no difference in composition between the control and the fished transects when 

assessed by Permanova analysis (Table 4.2). Significant differences in composition at T01, T05, 

T06 and T07, in contrast, were found using the morphological approach; and using the molecular 

approach from T01 up to T06.

Simper analysis for the samples in the morphological approach showed that the main drivers for 

the difference at T01 were a higher abundance of Scoloplos in the fished transects as opposed 

to a lower abundance of Tharyx. Later, at T05, T06 and T07 a higher abundance of Capitella and 

Pygospio in the fished transects was found. For the molecular approach, Simper analysis showed 

that the differences in community composition were mainly due to meiofauna taxa. At T01, 

this was the higher relative read abundance of the meiofauna arthropod taxa Podocopida and 

Harpacticidae. For T02 up to T06; the lower relative read abundance for several nematode taxa 

within the fished transects were the main drivers of the difference of community composition.

Figure 4.4 | Selection of MDS-ordinations based on the benthic community composition for the morpho-
logical approach (top) and molecular approach (bottom). The control transects are shown with the dark 
round points, the fished transects with the lighter triangle points. MDS-ordinations for all sampling events 
are shown in figure S1 and S2.
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Table 4.2 | Morphological and molecular analysis of benthic diversity. Results of Permanova analysis 
on MDS-ordinations for each sampling event. Permanova analysis tested for a difference in community 
composition between control and fished transects. Significant effects are shown in bold.

Time Morpho Molecular

F p F p

T00 2.1373 0.088 0.8460 0.886

T01 2.2356 0.038 2.1582 0.003

T02 1.2021 0.315 2.1408 0.007

T03 1.7589 0.099 1.6812 0.005

T04 1.8543 0.090 2.4205 0.001

T05 2.1988 0.035 1.4550 0.046

T06 2.4038 0.046 1.4748 0.003

T07 2.3629 0.047 0.9647 0.502

T08 1.2927 0.245 1.0453 0.323

T09 0.7163 0.656 1.0732 0.254

T10 0.7189 0.621 0.8401 0.844

T11 0.4503 0.719 0.7161 0.965

T12 0.4907 0.776 1.1266 0.209

T13 0.4428 0.837 0.9007 0.662

T14 0.9427 0.431 0.9241 0.604

T15 0.8886 0.550 0.9732 0.465

T16 1.4913 0.168 0.9941 0.404
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Taxonomic composition

Annelida taxa were the predominantly taxa recovered within the morphological approach, 

arthropod (mainly Urothoe and Crangon) and mollusc (mainly Limecola) taxa were detected 

less frequently (Table S4.1). No pattern could be discerned in the detection of the arthropod 

and molluscan taxa. The abundance of adult specimens of Arenicola, the targeted species 

within the experimental fishing transects, is lower in the fished transect (Wilcoxon, W = 10, 

p < 0.005) (Figure 4.5 and S4.3). Although abundances were already lower at T00, this 

difference doubled between T03 and T07. Contrary, the abundance of juvenile specimens of 

Arenicola was higher in the fished transects at all sampling times in the first year (Wilcoxon, 

W = 7.5, p < 0.005) whereas this abundance was higher in the control transects at T00. This 

effect was still present in the second year (T14, T16) (Figure 4.5 and S4.4). Other smaller taxa, 

such as Capitella and Pygospio showed increased abundances within the fished transects 

(Wilcoxon, respectively, W= 16.5, p < 0.05 and Z = 15, p < 0.05). Both taxa showed the largest 

difference in abundance between May and July in both years (respectively T6-T9 and T13-T16). 

Figure 4.5 | Morphological analysis of benthic biodiversity: selection of barplots based on abundance 
data for Annelida. Barplots for all sampling events can be found in Figure S3 and S4. C = control, F = fished, 

TXX = sampling moment.

4
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With the molecular approach, OTU’s assigned to the phyla Nematoda, Arthropoda and Annelida 

contributed most to the total number of reads (Figure 4.6 and S4.5-S4.7). The overall relative 

abundance of reads within the phylum Nematoda was lower for the fished transects compared 

to the control transects (Wilcoxon, W = 25, p < 0.05). However, none of the taxonomic orders 

separately showed a significant decline. In the first two months mainly Chromadorida and 

Monhysterida had a lower relative read abundance (T2-T5), later on in the summer also the 

Araeolaimida (T5-T7). Contrary, the relative read abundance of all arthropod taxa was higher in 

the fished transects, especially Podocopida (Wilcoxon, respectively, W = 21, p < 0.05 and W = 0, 

p < 0.0005). Also, the relative read abundance within the Annelida phyla increased in the fished 

transects (Wilcoxon, W = 23, p < 0.05). Again, none of the taxa separately showed a significant 

difference, however, mainly the relative read abundance of Orbiniidae (Scoloplos) as well as 

Polynoidae were higher in the first two months in the fished transects.

Figure 4.6 | Molecular analysis of benthic biodiversity: selection of barplots based on relative read abun-
dance for Annelida (top), Arthropoda (middle) and Nematoda (bottom) obtained via metabarcoding. Bar-
plots for all sampling events can be found in Figure S5 – S7. C = control, F = fished, TXX = sampling moment.
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Morphological versus molecular approach

The molecular approach recovered a larger number of OTU’s than the morphological approach, 

respectively 98 versus 40. A large part of the extra OTU’s detected were taxonomically assigned 

to meiofauna taxa (i.e., Nematoda, Platyhelminthes and small Arthropoda). However, 51 

taxa were taxonomically assigned as macrofauna for the molecular approach, 11 more than 

detected with the morphological approach. Macrobenthic taxa which were not detected 

with the morphological approach included Exogone, Pectinaria and Crassostrea. Both 

approaches show comparable patterns with respect to the effects of Arenicola dredging 

but not with respect to time and seasonality. For instance, the total abundance of Annelida 

in the morphological approach and the total relative abundance of reads for this phylum 

are higher in the fished transects in the first spring season (T6-T8). However, the relative 

abundance of reads within this season is lower than at the sampling times before it, whereas 

the total abundance in the morphological approach is higher than at the earlier sampling times. 

DISCUSSION

The present study applied both a morphological and a metabarcoding approach to analyse the 

short-term effects of mechanical digging for Arenicola marina, a bioturbating lugworm, on the 

locally present benthic community. In line with previous research (Heiligenberg, 1987; Leopold 

& Bos, 2009), the effect was hypothesized to be due to complete removal of lugworms from the 

sediments as well as the physical relocation and disturbance of the sediments. The combined use 

of the two methodological approaches allowed for direct comparisons between the methods 

(Cowart et al., 2015; Lejzerowicz et al., 2015).

Effects of mechanical dredging

Mechanical dredging for Arenicola marina caused prominent digging tracks within the intertidal 

mudflats. These tracks remained, although slightly, visible for at least 1.5 years. Unfortunately, 

we do not have records beyond that time-range. Grainsize patterns were measured as percentage 

silt for both the tracks as well as the control samples. The silt content was, with percentages 

between 2.5 and 6.9 percent, relatively low compared to samples in the entire intertidal Wadden 

Sea (Klunder et al., 2019). Significant differences in grainsize patterns could be measured between 

the control and fished samples. The percentage of silt seems to be more varying in the fished 

samples compared to the control samples, especially in the second year; an effect which has 

been described before versus after cockle dredging (Piersma et al., 2002). Benthic species 

are influenced by sediment characteristics but also have an effect on these characteristics 

themselves; for example, by bioturbation. The removal of Arenicola, a taxon which contributes 

4
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highly to the bioturbation of the sediments, might be the cause of the patterns found in the 

sediment here, including the high porosity long after dredging (Volkenborn et al., 2007).

The most prominent differences in species composition between the fished and control transects 

were found from April through July, the spring/summer season. MDS ordinations for both the 

morphological and molecular approaches showed significant differences in April and May of 

the first year, whereas trends in abundances for both approaches also showed differences 

from April through July in the second year. Life cycles of intertidal marine benthic species in 

(cold) temperate seas, such as the Wadden Sea, are known to follow distinct seasonal patterns, 

including hibernation in winter and an increased activity in spring/summer due to a higher 

availability of food resources (Beukema, 1974; Coma et al., 2000). The biggest effects of fishing 

for both years were found within the spring/summer season, the season with increased activity, 

suggesting recovery rates within the disturbed environment are influenced by the spring/summer 

activity of the species present (Arntz & Rumohr, 1982).

The taxa studied within this experiment showed different recovery rates; taxa adapted to rapid 

colonization - opportunistic species - can recover more quickly than long-lived and slow-growing 

species (Newell et al., 1988). Within this study, an increased abundance of these opportunistic 

taxa such as Pygospio, Capitella and Hediste, was observed within the first spring/summer season 

in the morphological approach as well as an increased relative abundance of reads of Spionidae 

and Capitellidae. These increased abundancies shortly after fishing follow recolonization 

characteristics described before (Newell et al., 1988; Savidge & Taghon, 1988; Shull, 1997). 

However, also the second spring/summer season showed a higher abundance of these species in 

the fished tracks compared to the control tracks. This oscillating behaviour in species abundances 

after succession has been shown before within the first two years after recolonization (Arntz & 

Rumohr, 1982), who showed that, while oscillations were in phase with the seasonal oscillations, 

this only became regular in the third year.

Recovery rates for long-lived and slow-growing species, such as Arenicola, were slower compared 

to the other annelid taxa. Both count numbers of adult specimens and the relative abundance 

of reads for Arenicolidae were lower in the fished transects until 1.5 years after impact at nearly 

all sampling moments. This trend of prolonged suppression of lugworm numbers after dredging 

was also found in earlier studies (Heiligenberg, 1987; Beukema, 1995). Moreover, also higher 

recruitment of juvenile specimens in the fished transects was found here (Heiligenberg, 1987). 

Within the molecular approach it is not (yet) possible to distinguish between juvenile and adult 

specimens; the relative read abundance is a rough measure for biomass (Chapter 3, Lamb et 

al., 2019). Adult specimens attribute more to the total biomass than as juvenile specimens. 
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Therefore, relative read abundance will be more a measure of abundance for adults rather 

than juveniles.

Explanations for the differences in recovery rates and colonization mechanisms have been 

discussed widely, covering both passive and active transport mechanisms and recruitment (e.g., 

Arntz & Rumohr 1985; Newell et al., 1988; Savidge & Taghon, 1988; Shull, 1997). Taxa with larval 

recruitment (e.g. Capitella) or mobile taxa (e.g. Pygospio and Podocopida) are able to colonize a 

disturbed area rapidly (Savidge & Taghon, 1988; Shull, 1997). Once settled, these taxa can grow 

and reproduce fast due to the absence of competition with bigger, slow-growing taxa (Newell 

et al., 1988). Field observations and photographs showed a higher abundance of diatoms within 

the fished transects during spring. This higher abundance is possibly related to a higher nutrient 

availability resulting from decaying organisms and/or increased sediment oxidation. This in turn 

might provoke the increased spring-summer abundances in these fished transects (Newell et al., 

1988). Especially meiofauna taxa such as Chromadorida, Desmodorida and Podocopida show a 

quick increase in relative read abundance directly after fishing; possibly advancing from higher 

food availability (Boyd et al., 2000).

Comparison between methods

Both the morphological approach and the molecular approach showed an effect of Arenicola 

spp. fishing. However, there was a difference regarding the time-range in which this effect was 

found. The effect found using the molecular approach was slightly earlier than the effect found 

using the morphological approach. The most obvious reason for this difference would be the 

difference in communities sampled (Elbrecht et al., 2017; Chapter 2). The meiofauna community 

is included with the molecular approach but omitted with the morphological approach. The 

effect on the meiofauna community might have been ahead of the effect in the macrofauna 

community either due to the detection of larvae and/or juvenile specimens of macrofauna taxa 

within the molecular approach before the morphological approach was able to detect them. 

Another explanation could be the more rapid response in true meiofauna taxa such as Nematoda 

and small Arthropoda because of their shorter life cycles (Balsamo et al., 2012; Boyd et al., 2000; 

Fonseca et al., 2014). A third explanation can be sought in the power of the Permanova analysis. 

A larger number of OTU’s was obtained with the molecular approach, reflecting a bigger sampling 

effort, hence, more power for the multivariate analysis (Anderson & Santana-Garcon, 2015). The 

p-values at T03 and T04 derived from the Permanova analysis for the morphological approach 

(Table 4.2) are non-significant, however, still relatively low whereas the molecular approach 

showed a significant effect. In other words, the difference in these outcomes could be due to a 

difference in sampling effort (Anderson & Santana-Garcon, 2015).

4
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All taxa detected within the morphological approach were also detected at the family-level 

within the molecular approach. However, relative quantities between the taxa differed. For the 

Annelida taxa, Capitella was the most abundant taxon in the first spring-summer season in the 

morphological data; however relative abundance of reads of Capitellidae was low compared to 

other Annelida families. Possible explanations for this are; firstly, that the relative abundance 

of reads is more directly related to biomass than species counts (Lamb et al., 2019; Chapter 3). 

Secondly, the amount of DNA found in the sediment is highly influenced by ecological factors 

driving the release and dispersion of DNA (Barnes & Turner, 2016; Stewart, 2019). Nevertheless, 

patterns found within one taxon are comparable between the methods for most taxa. For 

example: a lower abundance of adult Arenicola, Capitella or Pygospio in either the fished or 

control transects compared to the other transects in the morphological approach is reflected 

in a lower relative abundance of reads of, respectively, Arenicolidae, Capitellidae or Spionidae 

in the same transects in the molecular approach.

CONCLUDING REMARKS

The effects of mechanical fishing for Arenicola spp. were found to last at least 1.5 year after 

fishing at the fished transects. Small opportunistic taxa were found to thrive during the 

spring-summer seasons within the fished transects; whereas bigger, long-lived taxa showed 

a lower abundance after fishing. Both the morphological approach and the molecular 

approach were able to detect these changes but the power of the latter appeared to be larger. 
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SUPPORTING INFORMATION

Table S4.1 | number of detections per genus, per sample for the morphological approach. Total number 
of samples was 18 x 17 = 306.

Phylum Taxon Presence Phylum Taxon Presence

Annelida Arenicola_adult 216 Arthropoda Bathyporeia 1

Arenicola_juvenile 89 Bodotria 1

Aricidea 1 Carcinus 4

Capitella 252 Crangon 75

Eteone 94 Cumacea 1

Glycera 1 Gammarus 4

Hediste 45 Mysida 1

Heteromastus 81 Praunus 2

Lanice 7 Urothoe 172

Magelona 8

Malacoceros 1 Mollusca Cerastoderma 2

Marenzelleria 91 Ensis 8

Nephtys 8 Hydrobia 1

Oligochaeta 79 Kurtiella 7

Phyllodoce 7 Limecola 37

Polydora 2 Mya 5

Polynoidea sp 34 Tellina 1

Pygospio 126

Scoloplos 288

Spio 5

Spiophanes 9

Tharyx 111

4
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Figure S4.1 | MDS ordinations for all sampling events for the morphological approach. The control transects 

are shown in dark round points, the fished transects with the ligher triangle points. 

Figure S4.2 | MDS ordinations for all sampling events for the molecular approach. The control transects 
are shown in dark round points, the fished transects with the ligher triangle points. 
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Figure S4.3 | Barplots based on the abundance data from the morphological approach for large Annelida 
species for all sampling events

Figure S4.4 | Barplots based on the abundance data from the morphological approach for small Annelida 

species for all sampling events

4
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Figure S4.5 | Barplots based on the relative read abundance data from the molecular approach for Annelida 

species for all sampling events

Figure S4.6 | Barplots based on the relative read abundance data from the molecular approach for  
Arthropoda species for all sampling events



79

Wadden Sea

Figure S4.7 | Barplots based on the relative read abundance data from the molecular approach for  

Nematoda species for all sampling events
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