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[bookmark: _Toc518744283][bookmark: _Toc521486893]Abstract
Coastal soft-sediment habitats are some of the most valued ecosystems due to their high productivity, sustaining coastal food webs. However, coastal soft-sediment habitats are under pressure due to human activity and sea level rise. To preserve or restore soft-sediment habitats different management strategies are tested, like tidal flat nourishments and groins.  The tidal flat of Knuiterhoek located in the Westerschelde (The Netherlands), has eroded till an un-erodible peat layers low in benthic life. Groins were constructed to reduce flow velocities stimulating sedimentation in order to creating a mud layer full of benthic species which serve as food for waders. This research describes the ecological state of this tidal flat just after implementation of the groins. Benthic samples were taken at the area under influence of the groins (project area) and a reference area. At this stage, a lower species richness, abundance and biomass is expected in the project area compared to the reference area just after completion of the groins. Monthly low water bird counts are executed to give insight in changes in habitat use. The research showed that the current ecological state of the project area harbours less benthic macrofauna, has a lower diversity, and lower abundance. This is reflected in less waders foraging in this area. No relations between benthic macrofauna and abiotic parameters and benthic macrofauna and wading birds were found. Long-term monitoring is needed to test if groins can improve the quality of the tidal flat in terms of macrofaunal community and feeding ground for waders. 
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1. [bookmark: _Toc507498578][bookmark: _Toc508796627][bookmark: _Hlk516666751][bookmark: _Toc521486894]Introduction
Coastal soft-sediment habitats such as intertidal flats are productive systems that harbour high biomass of benthic organisms which makes them some of the most valued ecosystems that sustain coastal food webs (Costanza et al. 1997). They are an important foraging area for waders that feed on the benthic macrofauna. However, coastal soft-sediment habitats are under heavy pressure from human activity such as dredging, shipping, land reclamation and alterations to flow regimes, which has led to a dramatic depletion of habitat and species (Poff et al. 1997; Lotze et al. 2006; Cozzoli et al. 2017). Furthermore, rising sea level due to climate change threatens to alter current coastal habitats even further, reducing foraging areas for waders (Austin & Rehfisch, 2003). 
To protect threatened species and habitats, areas are designated by national governments to be developed and maintained under Natura 2000 legislation (European Commision, 2016). The Westerschelde estuary (figure 1) is classified as habitat type H1130 of which it is one of two left in the Netherlands (Feringa, 2016). One of the habitats that have declined in the Netherlands are the low-dynamic intertidal areas. The flow regime of the Westerschelde estuary has been altered since the middle ages when tidal flats were reclaimed for agricultural, industrial, and urban developments (Meire et al. 2005), and is still altered regularly by maintenance activities with regards to keeping the navigation channel accessible, such as dredging, dumping of sediments, and land reclamation (de Vriend et al. 2011). Dredging and land reclamation, combined with sea level rise, can influence the tidal regime which is already observed in the tidal amplitude. Near Antwerp, the tidal amplitude is about twice as much than at the mouth. This also influences discharge of the river and can lead to increases in flow velocities (Meire et al. 2005).
Currently, valuable low-dynamic intertidal areas are under pressure in the Westerschelde due to human activities. Benthic life is usually poor in high-dynamic intertidal areas as not much animals are adjusted to the circumstances. The low-dynamic intertidal areas have a relatively low flow velocity (<0.8 m s-1), and therefore provide the opportunity for fine sediments such as silt to settle. They also provide an attractive environment for benthic species, such as macro-invertebrates and algae. These species are preyed upon by several species of fish and birds. Examples of benthic species common to low-dynamic intertidal areas (according to Bouma et al. 2005) are Cerastoderma edule, Limecola balthica, Mya arenaria, Peringia ulvae, Corophium sp., Bathyporeia sp., Crangon crangon, Arenicola marina, Scoloplos armiger, Pygospio elegans, Nepthys hombergii, and Lanice conchilega. Mussel beds (Mytilus edulis) and oyster reefs (Crassostrea gigas) form eco-elements in the system. The actual composition of species is dependent on several factors including flow velocity, soil characteristics, and inundation time. The population of birds using the intertidal areas also dependents on a multitude of factors such as quality of the food, inundation time, disturbances but also the availability of other habitats such as breeding area or resting places during high-tide. 
By changing the environment, and therefore the benthic community, oyster reefs can attract birds. Some birds tend to prefer foraging near the oyster reefs, especially birds with specific prey requirements. Birds that are more general feeders tend to more uniformly forage in the available area (van der Zee et al. 2012). The oyster reefs can provide shelter for epi-fauna such as Littorina littorea and Carcinus maenas, which can be a source of prey for birds. 
At Knuitershoek, a location in the Westerschelde, the intertidal area can be characterised as high dynamic with flow velocities exceeding 0.8 m s-1. These high flow velocities have led to the exposure of an organic peat layer low in benthic biodiversity and abundance. To restore low-dynamic intertidal areas, two breakwaters were enlarged, and one was introduced at Knuitershoek (Provincie Zeeland, 2018). Due to the breakwaters, a reduction in tidal flow is expected, resulting in low dynamic intertidal area with flow velocities below 0.8 m s-1. Sediment accumulation is expected to occur. The breakwaters were constructed in 2017 and the project area is monitored for at least 5 years to increase knowledge on the development of such areas (Geerts, 2015). It is expected that changes in flow regime will result in a macro-benthic community comparable to other low-dynamic intertidal areas in the Westerschelde. This study is focussed on the macro-invertebrate occurrence and the use of the area by birds.
The aim of the research is to create insight in the current macro-benthic species composition and abundance as well as its relation to birds in the area at Knuitershoek in the Westerschelde, the Netherlands. The effects of sedimentation on the area, in particular on the oyster reefs, and its development due to the introduction of breakwaters is monitored. The purpose is to increase knowledge on the development of this particular area that can be used to examine similar areas elsewhere. The use of the area by wading birds is of particular interest as some species are in decline or near threatened (IUCN, 2017). The development of the oyster reefs and the use of these reef areas by wading birds is studied to assess their ecological importance for the area. This research is the start of a long-term monitoring which will provide insight on the long-term development of this area. 




2. [bookmark: _Toc507498582][bookmark: _Toc508796630][bookmark: _Toc521486895]Theoretical framework
2.1 [bookmark: _Toc507498583][bookmark: _Toc509395723][bookmark: _Toc521486896]Geomorphological and hydrodynamic development
Sediment accumulation or depletion is mainly caused by littoral transportation of sediments (Birben et al. 2007). Net erosion occurs when the total energy in the environment is high (Jones & Jaffe, 2013). Breakwaters have the capacity to reduce the hydraulic energy emanating from currents and waves, although the porosity of the design can have implications for the effectiveness (Widagdo, et al., 2015). Callaghan et al. (2010) have shown that wind-driven waves have a higher impact on the bed sediment than tidal- or wind-driven currents. Due to the reduction of hydraulic energy from breakwaters, the opportunity arises for sediment to settle. Therefore, implementation of off-shore breakwaters is a strong countermeasure for coastal erosion (Birben et al. 2007). 
Marine sediments on an underlying peat layer are characterised by extremely low contents of sand and coarse silt while, in contrast, the contents of middle- and fine silt as well as clay are rather high (Giani & Giani, 1990). Grain size can differ between locations within an area, because of the influence that hydrodynamics has on the sedimentation or erosion process (Jones & Jaffe, 2013). The altitude of the seabed influences the shear stress resistance as well as the grain size. Both parameters are found to decrease according to the elevation of the seabed in relation to the shore (Ponsero et al. 2016). Hydrodynamic forcing also decreases by a significant amount when getting closer to the shore (Callaghan et al. 2010). There is an interaction between sediment dynamics, biology, and hydrodynamics. A relation between micro-Phyto benthos and sediment stability is shown by Brouwer et al (2000). 

2.2 [bookmark: _Toc507498584][bookmark: _Toc509395724][bookmark: _Toc521486897]Ecological development
2.2.1 [bookmark: _Toc507498585][bookmark: _Toc509395725][bookmark: _Toc521486898]Benthic macro-invertebrates
Benthic macro-invertebrate species are a link between primary producers and predators on top of the food chain (Hairston et al. 1960). They also have a profound effect on the condition of the benthos by influencing various processes such as bioturbation, denitrification, benthic respiration, and nutrient fluxes. These processes are related to the abundance of benthic animals (Braeckman et al. 2010) of whom the buried ones are usually clustered (Dias et al. 2009; van der Wal et al. 2017). A variety of benthic macro-invertebrate species feed on phytoplankton, however, a reduction in biofilm, which forms the base of the mudflat community food-web (Cheverie et al. 2014), due to changes in sedimentation did not have a negative effect on the communities on a mudflat in the Westerschelde (Brouwer et al. 2000). This suggests that food scarcity is not the limiting factor for benthic macro-invertebrate communities near the research location. Decreasing salinity has a negative effect on the abundance, biomass, and diversity of benthic species in the Westerschelde. The abundance of species is dominated by deposit feeders, while suspension feeder abundance tends to decrease relatively with decreasing salinity (Ysebaert et al. 2003). 
Sediment dynamics can have a serious impact on the benthic macro-invertebrate communities. At sites with moderate or low disturbance, there is less dominance by structural species over other species present at these locations (Diaz & Puente, 2008). Not all species can easily adapt to these changes. Therefore, the means of adaptation a species utilizes, has a major influence on the survival during regime shifts (Lytle & Poff, 2004). Sediment characteristics, such as mud or sand content, effects benthic macro-invertebrate species composition as well (Ysebaert et al. 2003). 

2.2.2 [bookmark: _Toc507498586][bookmark: _Toc509395726][bookmark: _Toc521486899]Waders 
Waders feed on benthic macro-invertebrates in inter-tidal areas. Their foraging behaviour can result in a top-down control on the ecosystem by reducing the number of herbivores and, therefore, increasing the abundance of primary producers (Hairston et al. 1960). However, this is not always the case as shown by Cheverie et al. (2014). The foraging area is not evenly distributed between species as certain species tend to forage at specific patches in the area (Ponsero et al. 2016). This could also be the result of sediment composition and prey speciality of the wader (Quammen, 1982). A shift in benthic species composition or size in an area does not necessarily result in a decrease of waders present, as they tend to adapt by changing to other prey available to them. However, some species are not capable of adjusting to other prey if the preferred prey is not available (Bowgen et al. 2015). Specialist behaviour can occur within species as well, as is the case with black-tailed godwits (Limosa limosa), with individuals specializing on bivalves or polychaetes (Catry et al. 2014). Therefore, it is difficult to draw conclusions based on the species present. Even though, the benthic composition can be an important indicator for expected waders because of the preferred prey they might have (Roomen et al. 2012).
Waders face a large variation in the supply of prey between season and years. Although it is species dependent, winter biomass of benthic macro-invertebrates is about half of that in summer. Other difficulties arise for waders foraging in winter because of decreased activity of macro-invertebrates. Therefore, waders tend to prefer warmer sites for foraging (Zwarts & Wanink, 1993). Foraging effectiveness is based on prey availability and activity and tends to be lower on a restored mudflat compared to an already existing mudflat as the area might not be colonized to its fullest yet by benthic macro-invertebrate species (Mander et al. 2013). 





3. [bookmark: _Toc507498587][bookmark: _Toc508796635][bookmark: _Toc521486900]Research questions
Several questions are to be answered to achieve the desired product. The main question is:
What is the current ecological state of the intertidal area just after the adjustment of existing and implementation of new breakwaters at Knuitershoek, located in the Westerschelde estuary?
The hypothesis is that the ecological state is better in the reference area than in the project area in terms of diversity and abundance of benthic macro-invertebrates and waders. 
The following questions are to be answered to answer the main question:
Is there a difference in the benthic macro-invertebrate composition between the project area and the reference area?
The hypothesis is that the macro-faunal composition will vary greatly between the project area and reference area due to differences in sedimentation rate and current velocity.
Is there any correlation between organic carbon fraction, and chlorophyll-a content and species abundance?
The hypothesis is that there is a positive relation between the organic carbon fraction, chlorophyll-a content and macro-invertebrate abundance.
Are there differences in wader foraging on the project area and the reference area? And how will the populations be affected by the changes in habitat?
The hypothesis is that the abundance and diversity of waders differs between the project area and reference area. Furthermore, an increase in abundance and diversity is expected at the project area, because new habitats are created within the area with differences in prey composition, availability, and abundance, facilitating the foraging needs of different species.
What is the effect of sedimentation on the oyster reefs?
The hypothesis is that the oyster reefs will not be able to keep up with sedimentation rates and will therefore disappear over time.





4. [bookmark: _Toc521486901]Methods
[bookmark: _Toc521486902]4.1 Study area
The Westerschelde, located in the South-west of The Netherlands, is the Dutch part and lower estuary of the River Scheldt which is connected to the North Sea (figure 1). It is a funnel shaped coastal plain estuary with tidal flats, marshes, artificial rocky shore habitats (dikes, groins), deep gullies, and shallow water areas. The estuary is a multi-channel system with a main (navigation) channel. The Westerschelde morphology displays a consistent pattern of mutually evasive meandering ebb channels and straight flood channels. Subtidal and intertidal shoals separate these channels which are linked by connecting channels. It has a length of approximately 60 km and a width of approximately 6 km at the mouth of the estuary and 2 km at the border with Belgium. The tidal range increases from 3.5 m near the mouth to 5 m near the border. The Westerschelde is a meso-tidal system with an average discharge of roughly 100 m3 s-1 (de Vriend et al. 2011). Water retention time in the estuary is between 2 to 3 months, depending on the river discharge (Zwolsmana & van Eck, 1999). Salinity varies between approximately 5.7 and 31.6 with Knuitershoek being in the transition zone between polyhaline (average salinity >18) and mesohaline (average salinity 10-18 and 5.5-10, respectively) (Ysebaert et al. 2003).

[image: https://ars.els-cdn.com/content/image/1-s2.0-S0304420399000262-gr1.gif]
Figure 1 The Scheldt river with the Westerschelde estuary. Studie area indicated by red regtangle. Image retrieved from Zwolsmana & van Eck (1999)
The Westerschelde is currently one of the busiest waterbodies worldwide (Zeeland Seaports, 2018) and an access route to various harbours, of which the port of Antwerp (Belgium) is the largest. In 1970 the navigation channel was deepened for the first time by 2.5 m. A second deepening was carried out in 1997/1998 during which the depth was increased by 1-1.5 m. This has led to an increase in maintenance dredging from less than 0.5 million m3 y-1 to volumes in the range of 7-10 million m3 y-1 (de Vriend et al. 2011). 
[image: ]
Figure 2 A top view of the Westerschelde showing the location of Knuitershoek within the estuary. Images retrieved from: https://www.satellietdataportaal.nl/
Estuarine intertidal flats are high productive areas. Herman et al. (2001) cite research by Underwood and Kromkamp (1999) showing primary production by benthic microalgae in the sediment surface to typically be in the order of 100g C m-2 yr-1. Spring blooms of phytoplankton decrease the lithogenic elements such as trace metals (for example Cu, Zn, and Ag) in favour of biogenic elements such as POC (Particulate Organic Carbon), nitrogen and phosphorus due to dilution of mineral particles by phytoplankton which has lower levels of trace metals (Zwolsmana & van Eck, 1999). Phytoplankton forms a benthic biofilm which is the basis of the food web (Cheverie et al. 2014). As such, the processes of sedimentation and erosion are important for benthic life as they influence the flux of organic content to and from the ecosystem (Herman et al. 2001). [image: ]Figure 3 Study area with sample locations. The reference area consists of compartments 1 and 2, and the project area of compartments 3, 4, and 5. Breakwaters adjusted or implemented are indicated by the blue lines. Monitoring locations for oyster reef conditions are indicated by green dots. Original image retrieved from https://www.satellietdataportaal.nl/

Sediment in the estuary is mainly sandy, although on parts of the intertidal areas mud can be found. Sand mining in the estuary in recent decades as well as sea level rise have led to a loss in sediment as the import of sediments at the mouth of the estuary cannot keep up with the losses (de Vriend et al. 2011). Partially due to the loss of sediment in the estuary some intertidal flats have eroded to a peat layer which, due to compression of the previously deposited sediment on top, has become unerodable (Koster et al. 2018). This peat layer is poor in benthic life as the organisms are unable to penetrate the dense material because of their body size (Anderson, 1988). 
Estuaries serve as important life-supporting systems as they are some of the most productive biomes of the world (Meire et al. 2005). The Westerschelde is an important feeding area of migratory birds due to the high primary production on intertidal areas (Underwood & Kromkamp, 1999) during spring and summer which constitute the transfer of organically unavailable nutrients higher up the food-chain. 
To increase the productivity of such intertidal areas, breakwaters are implemented to reduce the flow dynamics and trap sediment, creating low dynamic intertidal areas. Knuitershoek and Baalhoek are examples of locations with high current velocities. Groins are constructed to lower the current velocities to create low dynamic intertidal area, which is characterised by high benthic live. 
The top soil layer at Knuitershoek consisted mainly of peat which was exposed by erosion due to high flow velocities. These high flow velocities affect the benthic species abundance and composition, in turn affecting the entire ecosystem. 
This study focus is on the current ecological state of the intertidal flat of Knuitershoek (Figure 2). The study area is divided in two parts, a project area and a reference area (Figure 3) which are subdivided in 5 compartments.  In the project area two breakwaters are changed and one is implemented. The reference area is expected to not be influenced by the implementation of the breakwaters. 
[bookmark: _Toc521486903]4.2 Data collection 
[bookmark: _Toc509395729][bookmark: _Toc521486904]Macro-invertebrates
To investigate the abundance, species richness and biomass of the benthic community, benthic macro-invertebrate samples were taken according to the MWTL method (Dekker, 2010) at 21 sampling stations in the project area (figure 3). Within 1m2, three cores (10cm ) were taken from the top 35cm of the sediment and sieved over a 1mm sieve. Samples were stored in bottles, labelled, and brought to the lab where they were fixed with formaldehyde. 
In the laboratory, samples were coloured with Bengali red to colour the animal protein an hour prior to further processing of the samples. The samples were subsequently washed over a set of sieves with mesh sizes of 1mm, 500µm, and 100µm and sorted. The species in the samples were either immediately identified or stored in a small sampling bottle with ethanol to preserve them for later identification. Identification was done with the use of binoculars or, if necessary, a microscope. The main key used for identification was Marine Species Identification Portal, an online key (ETI Bioinformatics, n.d.). Other keys were used as additional support.
The number of species present in the sample was determined by counting the heads per species. The wet weight was determined by weighing all body parts after adsorption of excess water on a piece of cloth. Biomass, which is the total wet weight converted to the total ash free dry weight in g m-2, was determined by using species specific conversion factors as described in Craeymeersch and Escaravage (2014). The abundance was then converted to g m-2. 
[bookmark: _Toc521486905]	Flow velocity and sediment characteristics	
Flow velocity was measured by Deltares with the KnuBa model based on the hydrodynamical properties of the Westerschelde in April 2016. This data was used and includes the breakwaters in their current form. 
Sediment dynamics were measured daily by NIOZ (Netherlands Institute for Oceanic Research) with SED-sensors at set locations spread throughout the project area. The sensitivity of these sensors was 2mm (Geerts, 2015). Furthermore, sediment characteristics (%silt and bulk density) was determined.

[bookmark: _Toc509395732][bookmark: _Toc521486906]Sediment organic carbon
Organic carbon content in the sediment was determined according to ASTM D 2974-87 method C (ASTM, 1993). Sediment samples were taken and bottled in the field, after which they were freeze dried. Heat resistant cups were placed in a desiccator with activated silica for an hour to assure they are dry. The cups were then weighed on an analytical balance (0.0001g accuracy). A minimum of 4g of each sample was transferred to a heat resistant cup and dried in a stove at 70 °C for at least 24 hours. After the drying process the cups were placed in a desiccator with activated silica gel to cool for approximately 1 hour. The cups were weighed again to determine the dry weight. Afterwards the cups are placed in a muffle furnace at 440 °C for at least 2 hours. After cooling for an hour, the ash-free dried weight (AFDW) was measured with the analytical balance. Organic carbon content was calculated with the following formula:

where DWcup is the dry weight of the cup filled with sediment, AFDWcup the ash-free dry weight of the cup filled with sediment, and Wcup the weight of the cup.

[bookmark: _Toc521486907]Waders
The counting of birds was carried out by volunteers of the bird working group “De Steltkluut”. The birds were counted per compartment twice a month, once with low tide and once with high tide, over the period August 2017 – March 2018. Counting during high tide was to examine if the birds were using the high water resting places. However, the resting use of the area by birds is not of interest for this study, therefore, only the data from counting with low tide was used.

[bookmark: _Toc508796642][bookmark: _Toc521486908]Oyster reef development
Sedimentation on the oyster reefs 
[image: ]Oyster reefs were monitored for a period of approximately 6 weeks at three locations within the area between two breakwaters. The monitoring locations are shown on figure 3. These locations were selected based on their placement and the expected sediment dynamics within the area. At each of these locations three sticks were placed in the ground and the distance of the sediment to the top of the stick was measured to indicate the sediment accumulation or depletion at the location (figure 4). The length above the sediment of 10 oysters near each stick was measured to see if the oysters can keep up with the sedimentation. The top layer of the reef (shells visible above the sediment) within a 0.25 m2 quadrant was collected to determine the condition of individual oysters within the reef. Figure 4 Measuring of sediment accumulation on top of the oyster reefs

Condition and diversity of the oyster reefs
The condition of 20 oysters per sampling location was determined to give an indication of the reefs general health. This attributes to the adaptability of the reefs to the environmental changes due to the breakwaters. After collection the oysters were placed in a freezer for conservation. The shell length, width and height were measured in mm. The shell is air-dried over a period of 24 hours and the weight was measured in g. The condition index (CI) was calculated according to Lawrence and Scott (1982) with the following formula:

in which AFDW is the ash-free dry weight and ICV the internal cavity volume. The oysters were dissected by separating the flesh from the shell. The flesh was dried at 70 °C until a constant weight was achieved. The ash-free dry weight was determined by weighing the samples at room temperature after incinerating the flesh at 540 °C for 4 hours. The shells of the oyster are submerged in water while pushing the valves tightly together. This allows the empty shell to retain water. The retained water was transferred to a container and weighed in g. Afterwards it was translated to the internal volume of the oyster shell cavity in ml (Walles et al. 2016). 
The biodiversity on the oyster reefs was examined within 50 by 50 cm quadrants (n=3) representable for the location. The species within this quadrant were counted and collected when unknown to identify in the laboratory. This was done in triplicate at each location to provide proper insight in epi-fauna present on these reefs. 
[bookmark: _Toc521486909]4.3 Data analysis
Data analysis was carried out with Microsoft Excel (Office 365). Correlations were tested with the independent two-tailed T-test. Standard errors were calculated with the following formula: 



5. [bookmark: _Toc521486910]Results
5.1 [bookmark: _Toc521486911]Benthic macro-invertebrates
Thirty-two species of macro-invertebrates were found in the samples taken at Knuitershoek of which 7 species occur in more than half of the samples (figure 5). Species richness and total abundance per sampling point are visualized in figure 6. The most common species are polychaetes and bivalves. Crustaceans occur less often within both the reference area and project area. The project area and reference area show significant difference in the species richness (p = 0.03). Though not significant, mean abundance (p = 0.61) and biomass (p = 0.24) were lower in the project area compared to the reference area (figure 7). 
[image: ]
Figure 5 Occurrence of species in reference area (blue) and project area (orange) based on total abundance in the two areas. Samples were taken in autumn 2017.
[image: ][image: ]
Figure 6 Ecological richness and total abundance/density (ind. m-2) of macro-invertebrates per sampling station in autumn 2017.
 
[image: ][image: ][image: ]
Figure 7 Species richness (mean ± se), abundance (ind.m-2 mean ± se) and biomass (g m-2 mean ± se) differed between the project area (n=10) and the reference area (n=11) (Species richness, p = 0.03; abundance, p = 0.61; biomass, p = 0.24).


5.2 [bookmark: _Toc521486912]Abiotic parameters
Percentage organic content was higher and bulk density lower in the project area, however not significantly different from the reference area (figure 8). Bulk density (p = 0.23) and organic content (p = 0.29) do not show a significant relation. 
[image: ] [image: ]
Figure 8 Percentage organic content and bulk density at the reference area (n=11) and project area (n=10).
Average flow velocity occurring at least 50% of the time is higher in the reference area than in the project area (figure 9). Peak flow velocities are quite similar between the reference area and the project area. 
[image: ]
Figure 9 Average flow velocity and percentage of time this velocity occurs within the area when water is present, calculated with the KnuBa model from Deltares. Hydrodynamical properties of the Westerschelde in April 2016 were used for this simulation.

5.3 [bookmark: _Toc521486913]Waders
There were 16 species of birds observed at Knuitershoek between August 2017 and March 2018 (figure 10). The area was highly dominated in presence by Haematopus ostralegus (Eurasian oystercatcher) which occurs in over 80% of the counting’s done per area and has the highest abundance per ha (figures 10 and 11). Numenius arquata (Eurasian curlew) has the highest occurrence in the area; they are the species that is observed most often during counting. Most species are observed occasionally and are present in low densities.
[image: ]
Figure 10 Low water counts of the occurrence per compartment over the counting campaign based on the total occurrence in the study area of target bird species at reference area and project area of Knuitershoek.
[image: ]
Figure 11 Average abundance (mean± se) during low water counts of abundance of the target bird species at reference area and project area of Knuitershoek. The abundance is averaged over the entire counting period (August 2017 – March 2018).
Birds were counted in five compartments (figure 3). Characteristics of the five compartments are presented in figure 12. The abundance of birds as well as the biomass of benthic macro-invertebrates seems to be higher in the reference area (compartments 1 and 2) than in the project area (compartments 3,4 and 5). The abundance of birds per compartment does not show a relation with the density of benthic macro-invertebrates within that compartment. Organic content and bulk density also do not show any relation with the abundance of birds. 
[image: ][image: ]
[image: ][image: ]
[image: ]
Figure 12 Characteristics of the compartments at Knuitershoek. Compartment 4 shows large variation in error bars (n=2).
5.4 [bookmark: _Toc521486914]Oyster reef development
Sedimentation
The oyster reefs at Knuitershoek are subjected to rapid sedimentation and are being buried at some locations (figure 13). The accumulation of sediment occurs in the areas where the largest changes in flow velocity were predicted by the Deltares KnuBa model.
[image: ]
Figure 13 Accumulation of sediment, measured in cm, on oyster reefs in compartment 4 at Knuitershoek. Measurements were done 6th of March and 19th of April 2018.

Biodiversity
The abundance of most species on the oyster reefs has decreased between the 6th of March and 19th of April 2018 (figure 14). However, Amphipoda sp. tend to be present in higher abundance on the oyster reefs after sediment accumulation increased. Measuring station 1 had no visible reef left to sample biodiversity on the 19th of April due to sediment burial (figure 16).[image: ]
Figure 14 Development of biodiversity on the oyster reefs at Knuitershoek between 6th of March and 19th of April 2018.
Condition index
The condition of the oysters within the oyster reefs in compartment 4 improved between 6th of March and 19th of April 2018 (figure 15). 
[image: ]
Figure 15 Condition index of individual oysters in compartment 4 at Knuitershoek, Westerschelde. Per sampling station 20 oysters were dissected and analysed. 

[image: ]1[image: ]2[image: ]3
Figure 16 Top view images of the oyster reefs sampled at Knuitershoek. Pictures are taken per measuring station (1, 2, and 3) with the left top and bottom pictures taken on the 6th of March and the right top and bottom pictures taken on the 19th of April 2018. 



6. [bookmark: _Toc521486915]Discussion
Knuitershoek in the Westerschelde, the Netherlands, is currently a fast-changing area due to the implementation of a new breakwater and the adjustment of the two already existing ones. This results in an extremely dynamic system in which it can be considered very difficult for species to settle and maintain themselves. It is expected that the ecological state of the area, with regards to macro-invertebrates and wading birds, will improve when the system stabilizes over time. 
The benthic macro-fauna community significantly differed in species richness between the reference area and project area. Abundance and biomass between the reference area and the project area did not snow any significant differences. However, biomass seems to be higher in the reference area than in the project area. An explanation for this could be that the reference area has established communities in a stable system whereas the project area is changing at a rapid rate, disturbing the existing benthic communities.
The abundance of polychaetes was higher than the abundance of bivalves. Suspension feeders dominate in the polyhaline zone and abundance decreases with decreasing salinity (Ysebaert et al. 2003). Knuitershoek is influenced by discharge from the Scheldt river and tends to have a lower salinity than further downstream of the Westerschelde. This could explain the higher occurrence of polychaetes than bivalves in the area. Also, Cerastoderma edule (common clam), a bivalve that buries itself relatively shallow with regards to Mya arenaria and Limecola balthica (Zwarts & Wanink, 1993), occurs more in the reference area than in the project area. This is probably due to the high rates of sedimentation in the project area as well as the lower bulk density, increasing the difficulty for individuals to maintain themselves in the top soil layer. 
Bulk density seems to be slightly lower in the project area compared to the reference area. This could be because of fine sediments trapped in the project area. These fine sediments tend to hold high water contents due to the very slow settling rates driven by current velocities. The construction of the breakwaters was finished in July 2017. Therefore, the newly deposited fine sediment in the project area did not have sufficient time to subside and create a dense substrate.
Waders tend to forage more in the reference area than in the project area. Macro-invertebrates in the project area often were smaller in body size than those in the reference area. Birds tend to forage on larger prey because of higher profitability (Zwarts & Wanink, 1993) which could be a reason for the higher abundance of birds in the reference area.
Oyster reefs in the project area are partially being buried by sedimentation processes. However, condition index of individual oysters at the sampled locations which are not fully buried suggest that individual oysters are not influenced heavily by the high rates of sedimentation. As such, it is more likely that the condition of individual oysters has improved due to seasonal influences such as increased availability of food and temperature. 
Amphipoda sp. are present in higher abundance at the disappearing oyster reefs than elsewhere in the area. This could be due to higher protection from predation within the oyster reefs. It was noticed during sampling in the area that foraging by birds on the oyster reefs was limited to a few individuals of the species Larus argentatus (European herring gull) which prefers larger prey. Species living on the oyster reefs were crustaceans and bivalves. Species of these classes are preyed upon by Calidris alpina and Haematopus ostralegus (Bowgen et al. 2015), as well as Larus argentatus. However, these species are capable of feeding on other prey as well (Bowgen et al. 2015). Therefore, disappearance of the oyster reefs is not expected to have a large effect on the bird populations at Knuitershoek. 
Chlorophyll-a content was not analysed in time to be considered for this research. As an indicator of primary production, chlorophyll-a content is an important parameter to understand the ecosystem. It could have been helpful in examining the condition of oysters as well as the differences between the reference area and the project area at a fundamental level.



7. [bookmark: _Toc521486916]Conclusion
The benthic macro-invertebrate composition at separate locations in the area at Knuitershoek tends to be uniform with some species being sporadically present only at one sampling location. 
The current ecological state of the intertidal area after the adjustment of existing and implementation of new breakwaters at Knuitershoek, located in the Westerschelde estuary, is currently poorer in the project area than in the reference area in terms of diversity and abundance of benthic macro-invertebrates and waders. This is indicated by the use of the area by wading birds. Sedimentation is observed, and long-term monitoring should provide more insight in the changes occurring in the area.

8. [bookmark: _Toc521486917]Recommendations
This research has been carried out at the start of a five-year monitoring project. Therefore, seasonal influences as well as migration patterns could not be considered. A longer period of monitoring could improve the reliability of the results of this type of research. Sampling locations were not representative for the entire area as some parts were not safely reachable. Sampling locations more evenly distributed throughout the area could improve the knowledge on the benthic macro-invertebrate communities. Also, benthic macro-invertebrate composition was determined only based on the samples collected on the 12th of September 2017 which can only serve as an indication of the composition of this community as it does not provide detailed information on the year-round composition or on the changes due to the implementation of the breakwaters. It is recommended that additional samples over time are analysed to provide insight in changes in the area. At last, chlorophyll-a content could provide essential knowledge about the ecosystem at Knuitershoek but was not determined in time to be considered for this research. It is therefore recommended to consider chlorophyll-a content in future studies.
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[bookmark: _Toc521486921]I Data collection – oyster condition index
Note that this is just a fraction of the total dataset used for determining the condition index.
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[bookmark: _Toc521486922]II Data collection – Occurrence of waders
Note that this is just a fraction of the data used to analyse the occurrence of waders.
[image: ]

[bookmark: _Toc521486923]III Data collection – Abiotic parameters
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U (flow velocity in m/s) occurring 1%, 5%, 10%, and 50% of the time while submerged (wet).



[bookmark: _Toc521486924]IV Data collection – benthic macro-invertebrates
Note that this is just a fraction of the total data collected.
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[bookmark: _Toc521486925]V Data analysis – biomass and abundance of benthic macro-invertebrate species per area 
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Date LocationOyster no.Length (mm)Width (mm)Depth (mm)Cavity volume (ml)Dwshell (g)CupIDWcup (g)Wwflesh+cup (g)Wwflesh (g)Dwflesh+cup (g)Dwflesh (g)AshWflesh+cup (g)AshWflesh (g)afdw (g)organic content (%)CI (g/ml) Remarks

6-3-2018 1 1 114,23 53,04 24 25,67 39,18 30 42,2413 54,4274 12,1861 43,1749 0,9336 42,6112 0,3699 0,5637 60,37917738 21,95948578

6-3-2018 1 2 89,75 56,13 24,74 19,54 39,21 8 38,0895 46,9228 8,8333 38,8672 0,7777 38,3384 0,2489 0,5288 67,99537097 27,06243603

6-3-2018 1 3 103,86 47,81 26,17 11,01 29,37E6 32,8699 43,2363 10,3664 33,6052 0,7353 33,0755 0,2056 0,5297 72,03862369 48,11080836

6-3-2018 1 4 90,42 27,73 19,67 7,06 14,75A5 33,6863 37,2252 3,5389 33,9929 0,3066 33,8166 0,1303 0,1763 57,50163079 24,97167139

6-3-2018 1 5 108,11 42,27 26,82 22,67 28,52 90 33,0127 45,3331 12,3204 33,6276 0,6149 33,2131 0,2004 0,4145 67,40933485 18,28407587

6-3-2018 1 6 67,44 36,11 17,98 9,82 14,98 4 37,7613NA NA NA NA NA NA NA NA empty shell

6-3-2018 1 7 87,46 35,98 18,38 14,35 16,7X6 37,569 43,7779 6,2089 37,9125 0,3435 37,7043 0,1353 0,2082 60,61135371 14,5087108

6-3-2018 1 8 81,29 41,69 24,94 16,58 19,83 16 42,695 48,6694 5,9744 43,2179 0,5229 42,8918 0,1968 0,3261 62,36374068 19,66827503

6-3-2018 1 9 99,11 46,17 30,58 22,23 38,44 26 42,8192 53,2777 10,4585 43,5433 0,7241 43,1382 0,319 0,4051 55,94531142 18,22312191

6-3-2018 1 10 121,89 41,35 27,34 21,52 49,36 32 43,48 51,6043 8,1243 44,1622 0,6822 43,6924 0,2124 0,4698 68,86543536 21,83085502

6-3-2018 1 11 109,18 47,23 23,32 13,92 26,5N2 43,0245 52,4524 9,4279 43,7301 0,7056 43,2112 0,1867 0,5189 73,54024943 37,27729885

6-3-2018 1 12 80,74 42,81 34,77 15,77 21,53 65 35,9551 42,5092 6,5541 36,5503 0,5952 36,2283 0,2732 0,322 54,09946237 20,41851617

6-3-2018 1 13 77,49 37,95 27,33 15,59 23,19 124 33,7427 41,6183 7,8756 34,2877 0,545 33,9027 0,16 0,385 70,64220183 24,69531751

6-3-2018 1 14 76,15 30,73 22,44 8,61 15,88 117 33,1198 36,2945 3,1747 33,397 0,2772 33,1813 0,0615 0,2157 77,81385281 25,05226481

6-3-2018 1 15 79,19 38,45 15,76 11,16 20,27 607 33,5322 38,1374 4,6052 33,8563 0,3241 33,6746 0,1424 0,1817 56,06294354 16,28136201

6-3-2018 1 16 60,39 42,79 25,56 11,28 14,13 39 38,4347NA NA NA NA NA NA NA NA empty shell

6-3-2018 1 17 78,05 61,77 27,67 13,79 29,73 71 36,4715 44,4761 8,0046 37,0663 0,5948 36,6337 0,1622 0,4326 72,73032952 31,37055838

6-3-2018 1 18 67,07 38,4 23,2 9,06 14,97A7 33,6222 39,6021 5,9799 33,96 0,3378 33,7714 0,1492 0,1886 55,83185317 20,81677704

6-3-2018 1 19 118,29 41,9 39,23 21,07 46,38 87 33,2497 39,7986 6,5489 33,8738 0,6241 33,4618 0,2121 0,412 66,01506169 19,55386806

6-3-2018 1 20 89,06 47,83 27,5 17,38 35,05 18 41,8049 50,2117 8,4068 42,6853 0,8804 41,9659 0,161 0,7194 81,71285779 41,39240506


image29.emf
Area CompartmentDate surface area (m2)Dutch name scientific name Target speciesNumberAbundance (ind./ha)

reference 1 26-8-2017 53000kleine zilverreiger Egretta garzetta no 1 0,188679245

reference 1 26-8-2017 53000grote zilverreiger Ardea alba no 1 0,188679245

reference 1 26-8-2017 53000scholekster Haematopus ostralegus yes 72 13,58490566

reference 1 26-8-2017 53000kokmeeuw Chroicocephalus ridibundus no 486 91,69811321

reference 1 26-8-2017 53000zilvermeeuw Larus argentatus no 11 2,075471698

reference 1 26-8-2017 53000visdiefje Sterna hirundo no 4 0,754716981

reference 1 26-8-2017 53000wulp Numenius arquata yes 34 6,41509434

reference 1 26-8-2017 53000regenwulp Numenius phaeopus yes 3 0,566037736

reference 2 26-8-2017 36000kleine zilverreiger Egretta garzetta no 8 2,222222222

reference 2 26-8-2017 36000scholekster Haematopus ostralegus yes 164 45,55555556

reference 2 26-8-2017 36000kokmeeuw Chroicocephalus ridibundus no 337 93,61111111

reference 2 26-8-2017 36000zilvermeeuw Larus argentatus no 4 1,111111111

reference 2 26-8-2017 36000wulp Numenius arquata yes 29 8,055555556

reference 2 26-8-2017 36000groenpoot ruiter Tringa nebularia yes 2 0,555555556

reference 2 26-8-2017 36000witgatje Tringa ochropus yes 8 2,222222222

reference 2 26-8-2017 36000houtduif Columba palumbus no 1 0,277777778

reference 2 26-8-2017 36000grutto Limosa limosa yes 1 0,277777778

reference 2 26-8-2017 36000rosse grutto Limosa lapponica yes 2 0,555555556

reference 2 26-8-2017 36000tapuit Oenanthe oenanthe no 4 1,111111111

project 3 26-8-2017 13000aalscholver Phalacrocorax carbo no 1 0,769230769

project 3 26-8-2017 13000blauwe reiger Ardea cinerea no 3 2,307692308

project 3 26-8-2017 13000scholekster Haematopus ostralegus yes 22 16,92307692

project 3 26-8-2017 13000steenloper Arenaria interpres yes 2 1,538461538

project 3 26-8-2017 13000kokmeeuw Chroicocephalus ridibundus no 27 20,76923077

project 3 26-8-2017 13000zilvermeeuw Larus argentatus no 6 4,615384615

project 3 26-8-2017 13000groenpoot ruiter Tringa nebularia yes 2 1,538461538

project 4 26-8-2017 7000scholekster Haematopus ostralegus yes 4 5,714285714

project 4 26-8-2017 7000kokmeeuw Chroicocephalus ridibundus no 5 7,142857143

project 4 26-8-2017 7000zilvermeeuw Larus argentatus no 9 12,85714286

project 4 26-8-2017 7000wulp Numenius arquata yes 3 4,285714286

project 5 26-8-2017 3000scholekster Haematopus ostralegus yes 3 10

project 5 26-8-2017 3000kokmeeuw Chroicocephalus ridibundus no 16 53,33333333

project 5 26-8-2017 3000zilvermeeuw Larus argentatus no 17 56,66666667

project 5 26-8-2017 3000wulp Numenius arquata yes 7 23,33333333

reference 1 10-9-2017 53000scholekster Haematopus ostralegus yes 94 17,73584906

reference 1 10-9-2017 53000grutto Limosa limosa yes 8 1,509433962

reference 1 10-9-2017 53000rosse grutto Limosa lapponica yes 1 0,188679245

reference 1 10-9-2017 53000wulp Numenius arquata yes 33 6,226415094

reference 1 10-9-2017 53000witgatje Tringa ochropus yes 1 0,188679245

reference 1 10-9-2017 53000kokmeeuw Chroicocephalus ridibundus no 295 55,66037736

reference 1 10-9-2017 53000zilvermeeuw Larus argentatus no 21 3,962264151

reference 1 10-9-2017 53000kauw Corvus monedula no 7 1,320754717

reference 1 10-9-2017 53000zwarte kraai Corvus corone no 3 0,566037736

reference 2 10-9-2017 36000kleine zilverreiger Egretta garzetta no 1 0,277777778

reference 2 10-9-2017 36000scholekster Haematopus ostralegus yes 70 19,44444444

reference 2 10-9-2017 36000grutto Limosa limosa yes 6 1,666666667

reference 2 10-9-2017 36000wulp Numenius arquata yes 27 7,5

reference 2 10-9-2017 36000kokmeeuw Chroicocephalus ridibundus no 231 64,16666667

reference 2 10-9-2017 36000stormmeeuw Larus canus no 2 0,555555556

reference 2 10-9-2017 36000zilvermeeuw Larus argentatus no 10 2,777777778

project 3 10-9-2017 13000scholekster Haematopus ostralegus yes 4 3,076923077

project 3 10-9-2017 13000wulp Numenius arquata yes 1 0,769230769

project 3 10-9-2017 13000kokmeeuw Chroicocephalus ridibundus no 2 1,538461538

project 3 10-9-2017 13000zilvermeeuw Larus argentatus no 5 3,846153846

project 4 10-9-2017 7000oeverloper Actitis hypoleucos yes 1 1,428571429

project 4 10-9-2017 7000kokmeeuw Chroicocephalus ridibundus no 1 1,428571429

project 4 10-9-2017 7000zilvermeeuw Larus argentatus no 6 8,571428571

project 5 10-9-2017 3000zilvermeeuw Larus argentatus no 2 6,666666667

project 5 10-9-2017 3000boerenzwaluw Hirundo rustica no 3 10

reference 1 7-10-2017 53000scholekster Haematopus ostralegus yes 280 52,83018868


image30.emf
Sampling IDArea compartmentorganic content (%)bulk density (g/cm3)U 1% wet (m/s)U 5% wet (m/s)U 10% wet (m/s)U 50% wet (m/s)

KH_ref_1 reference 2 13,32547901 0,768518078 0,186 0,162 0,146 0,075

KH_ref_2 reference 2 6,083248038 1,216463455 0,344 0,285 0,254 0,112

KH_ref_3 reference 2 5,345860477 1,104389142 0,466 0,365 0,321 0,142

KH_ref_4 reference 2 2,397817665 1,747369699 0,571 0,447 0,371 0,18

KH11 reference 2 13,31070985 0,690862375 0,574 0,424 0,359 0,071

KH12 reference 1 4,252812729 1,274517115 0,552 0,448 0,4 0,178

KH13 reference 1 1,575204485 1,566728839 0,695 0,542 0,475 0,219

KH13B reference 1 3,215346796 1,556161817 0,487 0,428 0,385 0,183

KH14 reference 1 3,570037453 1,52138592 0,512 0,454 0,403 0,161

KH15 reference 1 3,672717388 1,287909949 0,416 0,372 0,333 0,171

KH16 reference 1 5,01388287 1,237402615 0,159 0,117 0,1 0,036

KH_prj_1 project 5 0,917823953 1,581837731 0,295 0,247 0,209 0,052

KH_prj_2 project 4 13,22673696 0,835996526 0,895 0,676 0,514 0,062

KH2 project 5 5,016412159 1,200141953 0,363 0,242 0,195 0,113

KH2BB project 5 1,515471363 1,572293848 0,117 0,02 0,015 0,003

KH3 project 5 5,292967538 1,265622844 0,432 0,332 0,257 0,071

KH4B project 4 12,78228652 0,799986367 0,155 0,132 0,121 0,05

KH7B project 3 9,547001134 1,241922832 0,555 0,406 0,328 0,064

KH8B project 3 12,21226369 0,670302155 0,576 0,437 0,346 0,107

KH9BB project 3 7,172207004 0,961685623 0,737 0,538 0,388 0,047

KHII project 3 8,503277145 0,807608481 0,659 0,481 0,374 0,052
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Area

CompartmentScientific name n weight (g)

reference 2Heteromastus filiformis 82 0,65

reference 2Scrobicularia plana 4 16,43

reference 2Crangon crangon 2 0,03

reference 2Limecola balthica 3 0,02

reference 2Cirratulidae spec 10 0,02

reference 2Cyathura carinata 6 0,08

reference 2Pygospio elegans 11 0,01

reference 2Nereis spec 3 0,01

reference 2Nereis (Hediste) diversicolor 4 0,25

reference 2Hypereteone foliosa 1 0,00

reference 2Scrobicularia plana 2 0,01

reference 2Heteromastus filiformis 64 0,88

reference 2Nereis (Hediste) diversicolor 2 0,11

reference 2Pygospio elegans 54 0,04

reference 2Cirratulidae spec 21 0,03

reference 2Crangon crangon 1 0,01

reference 2Cyathura carinata 7 0,06

reference 2Eteone spec 1 0,00

reference 2Polydora cornuta 4 0,01

reference 2Heteromastus filiformis 19 0,51

reference 2Cirratulidae spec 20 0,03

reference 2Crangon crangon 1 0,02

reference 2Limecola balthica 8 0,77

reference 2Pygospio elegans 5 0,01

reference 2Cerastoderma edule 1 0,00

reference 2Nereis (Neanthes) succinea 1 0,12

reference 2Nereis spec 1 0,00

reference 2Bivalve spec + 0,17

reference 2Streblospio benedicti 1 0,00

reference 2Crangon crangon 6 0,06

reference 2Limecola balthica 1 0,10

reference 2Ensis spec 3 0,04

reference 2Cirratulidae spec 23 0,04

reference 2Pygospio elegans 14 0,02

reference 2Corophium arenarium 4 0,01

reference 2Heteromastus filiformis 5 0,06

reference 2Scoloplos armiger 1 0,11

reference 2Polydora cornuta 1 0,00

reference 2Spio martinensis 1 0,00

reference 2Lanice conchilega 1 0,14

reference 2Nephtys hombergii + 0,03

reference 2Nemertea 1 0,00

project 3Heteromastus filiformis 50 0,78

project 3Crangon crangon 4 0,02

project 3Cyathura carinata 1 0,01

project 3Cirratulidae spec 17 0,02

project 3Nereis (Hediste) diversicolor 20 0,71

project 3Limecola balthica 3 0,01

project 3Cerastoderma edule 2 0,00

project 3Pygospio elegans 1 0,00

project 3Streblospio benedicti 2 0,00

project 3Nereis spec 4 0,02

project 3Scrobicularia plana 5 0,01

project 5Heteromastus filiformis 149 3,52

project 5Cirratulidae spec 75 0,22

project 5Nereis (Hediste) diversicolor 1 0,02

project 5Hypereteone foliosa 1 0,00

project 5Crangon crangon 3 0,03

project 5Limecola balthica 6 0,16

project 5Phyllodoce mucosa 2 0,01

project 5Streblospio benedicti 7 0,01

project 5Heteromastus filiformis 45 1,19

project 5Nereis (Hediste) diversicolor 7 0,45

project 5Crangon crangon 1 0,01

project 5Bathyporeia pilosa 1 0,00

project 5Capitella capitata 1 0,00
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afdw (g/m2) abundance (ind./m2)

Species Reference areaProject area Reference areaProject area

Arenicola marina 16,5552106 0 42,44131816 0

Bathyporeia pilosa 0 0,426438481 0 297,0892271

Bivalve spec 2,925811527 0,046993998 0 42,44131816

Capitella capitata 0 0,017002841 0 42,44131816

Cerastoderma edule 41,89431747 0,003999245 91,95618934 84,88263632

Cirratulidae spec 8,773017714 8,330653552 1761,314704 1164,778398

Corophium arenarium 0,255126647 0 127,3239545 0

Crangon crangon 5,457927201 3,457869049 94,31404035 103,0717727

Cyathura carinata 3,709644529 0,12240925 325,3834392 42,44131816

Ensis spec 0,459395014 0,210909584 127,3239545 0

Eteone spec 0,14688346 0 70,73553026 0

Heteromastus filiformis 1330,87759 178,7666327 2531,045883 3154,80465

Hypereteone foliosa 0,013506525 0,060779363 42,44131816 42,44131816

Kurtiella bidentata 0,170563169 0,010389635 42,44131816 42,44131816

Lanice conchilega 19,15897528 0 127,3239545 0

Limecola balthica 53,12912857 5,257155151 148,5446136 120,2504014

Melita palmata 0 0,014604058 0 42,44131816

Melita spec 0 0,03797055 0 42,44131816

Mya arenaria 0 0,030527191 0 42,44131816

Nemertea 0,077637054 0 42,44131816 0

Nephtys hombergii 12,74676778 7,223118495 42,44131816 42,44131816

Nereis (Hediste) diversicolor 26,75894213 41,79091005 230,3957271 275,868568

Nereis (Neanthes) succinea 6,180294564 0 106,1032954 0

Nereis spec 0,82734087 0,343754305 261,721462 113,1768484

Oligochaeta 0 0,094776132 0 169,7652726

Phyllodoce mucosa 0,494770701 0,142786176 212,2065908 84,88263632

Polydora cornuta 0,602293234 0,004950355 246,1596453 0

Pygospio elegans 4,696237109 0,059404264 1527,887454 42,44131816

Scoloplos armiger 3,570810489 0 63,66197724 0

Scrobicularia plana 411,465388 56,40422663 141,4710605 95,49296586

Spio martinensis 0,043865649 0 42,44131816 0

Streblospio benedicti 0,094056752 0,189763622 127,3239545 141,4710605
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