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Abstract  

 

In many parts around the world, important marine ecosystems are threatened and are disappearing 

at an alarming rate. Seagrass meadows are one example of such an ecosystem. They support a high 

biodiversity, stabilize the sediment, trap suspended particles and are one of the most productive 

ecosystems in the oceans. Each year, seagrass meadows decrease by 7% and even though projects 

are trying to protect and restore these ecosystems, only 37% of restoration attempts succeed. In 

view of this, a new method called sand-capping is being developed on the west coast of Sweden. 

Sand-capping aims to increase the light conditions for Zostera marina (eelgrass) by decreasing the 

turbidity in the water. This is done by adding coarse sand on top of the natural clay sediment. The 

purpose of this project was to evaluate this new method by comparing bedload transport, erosion, 

turbidity and attenuation between sand-capping sand and glacial clay using a hydraulic flume. In 

addition to this, sediment samples from sand-capping sand and natural sediment were analyzed to 

determine if there was an impact on infaunal species. The results show no erosion or sediment 

transport of either sediment type. The main taxa found in the sediment samples were Annelida, 

Bivalvia and Gastropoda, and there was no significant impact of sand-capping sand on these 

organisms. In one location, there was a significantly higher amount of Cyathura carinata 

(Crustacea) in the samples from sand-capping sand compared to the natural sediment. Concerning 

turbidity, it was higher in glacial clay compared to sand-capping sand. Combined, these results 

suggest that sand-capping would have a positive effect on eelgrass restoration because of the 

decrease in turbidity. However, although the main taxa were not affected by sand-capping, some 

species might be and this needs to be taken into account.  

 

Keywords:  Seagrass · Restoration · Sand-capping · Turbidity · Infauna  

 

I många delar av världen är viktiga marina ekosystem hotade och försvinner med en alarmerande 

hastighet. Sjögräsängar är ett exempel på ett sådant ekosystem. Sjögräsängar är viktiga på grund 

av deras många ekosystemtjänster. För att nämna ett fåtal så kan de upprätthålla en hög 

biodiversitet, de stabiliserar bottensedimentet, de förbättrar vattenkvalitén genom att fånga 

suspenderade partiklar och de är ett av de mest produktiva ekosystemen som finns. Varje år 

försvinner sjögräsängarna med 7%. Även om många projekt försöker att restaurera ekosystemen 

så lyckas endast 37% av försöken. På grund av detta, utvecklas en ny metod som kallas ”sand-

capping” på Sveriges västkust. Målet med sand-capping är att förbättra ljusförhållandena för ålgräs, 

Zostera marina, genom att minska mängden suspenderade partiklar i vattnet. Detta görs genom att 

dumpa grov sand ovanpå bottensedimentet, som ofta utgörs till stor del av lera. Målet med denna 

studien var att utvärdera metoden genom att mäta vågdämpning och att jämföra erosion, 

sedimenttransport och turbiditet mellan sand-capping sand och blålera. Dessutom så analyserades 

sedimentprover tagna från sand-capping sanden och från det naturliga sedimentet för att avgöra om 

metoden påverkar infaunan. Resultaten visar att ingen erosion eller sedimenttransport kunde 

uppmätas. De huvudsakliga taxa som hittades i sedimentproverna var Annelida, Bivalvia och 

Gastropoda, och de påverkades inte av sand-cappingen. På en plats hittades Cyathura carinata 

(Crustacea), i prover från båda sedimenttyperna, men antalet organismer var signifikant högre i 

sand-capping sanden. Turbiditeten visade sig vara högre i experimenten med blålera jämfört med 

experimenten med sand-capping sand. Sammanfattningsvis tyder resultaten från denna studie på 

att sand-capping kan ha en positiv effekt på ålgräsrestaurering på grund av den minskade 

turbiditeten. Även om de huvudsakliga taxa som påhittades inte påverkades av sand-cappingen, 

kan vissa arter påverkas och detta bör hållas i åtanke när framtida restaureringsprojekt planeras. 
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1. Introduction 

1.1 Background 

Seagrasses are flowering plants that have adapted to an aquatic environment (Short & Wyllie-

Echeverria, 1996). They form meadows and like angiosperms on land, they are ecosystem 

engineers and create key habitats for countless marine species (Duarte, 2002; van der Heide et al., 

2007; Duffy, 2006). Seagrasses grow in soft, shallow bottoms in both temperate and tropical waters 

and are globally distributed (Duarte, 1991). They are considered to be one of the most productive 

ecosystems on the planet (Orth et al., 2006; Duffy, 2006). In addition, seagrasses are often found 

growing in the vicinity of other important ecosystems such as mangroves and salt marches, between 

which many important cross-habitat interactions occur (Orth et al., 2006).  

Other significant aspects of seagrass meadows, except for sustaining a high biodiversity, are the 

many necessary ecosystem services they provide. Just to name a few, they act as a carbon sink, 

stabilizes the sediment, protect the coastline from erosion by attenuating waves and currents and 

increase the water quality by trapping suspended particles (Barbier et al., 2011; Short & Wyllie-

Echeverria, 1996). 

Since the seagrass meadows support a high biodiversity, there are a high number of infaunal and 

epifaunal species along with different types of fish and crustaceans that resides within and near the 

meadow (Webster et al., 1998; Orth et al., 1984). Between these different organisms, important 

interactions occur which makes up an extensive trophic web. These interactions are important 

because they affect each other, and if one species would be lost, it could trigger a cascade of events 

effecting many different organisms (Duffy, 2006). Regarding infaunal species such as Annelida 

and Nematoda, a higher shoot density in the meadow could support a higher diversity. The reason 

behind this is that the complexity of the environment is increased which produces a higher number 

of niches that can be occupied (Webster et al., 1998). It also produces protection for macrofauna in 

the area between the leaves, among the rhizomes or around the bases of the shoots (Webster et al., 

1998). 

Seagrass meadows, as well as many other marine ecosystems, are today threatened. In many parts 

of the world they are disappearing and every year the global loss rate of seagrass is approximately 

7% (Waycott et al., 2009). There are multiple reasons for their disappearance since seagrass 

meadows experience not only local stressors but are also affected by regional and global changes 

(Orth et al., 2006). There are often many stressors that simultaneously affect the seagrass, although 

eutrophication has been classed as one of the single major causes for their decline (Burkholder et 

al., 2007; Waycott et al., 2009). Eutrophication is the result of over-enriched water reaching coastal 

waters through rivers and land run-off, which contributes to a higher concentration of mainly 

phosphorus and nitrogen in the costal water. This increase in nutrients promotes the growth of 

filamentous macroalgae, epiphytes and phytoplankton which could use a large proportion of the 

light that would otherwise be available to the seagrass (Hauxwell et al., 2003). In combination with 

other physical disturbances like dredging and boat motor activity which increase the turbidity 

(amount of suspended particles), in the water, the light available for the seagrass will decrease 

(Burkholder et al., 2007; Cardoso et al., 2004). Seagrasses require a particularly high light 

availability, compared to other plant groups, to survive and are therefore outcompeted by different 

types of algae (Orth et al., 2006). 

In many cases, cultural eutrophication and other human activities that have a negative effect on the 

survival of seagrass meadows, drives the system to a tipping point. This causes a regime shift to an 

alternate stable state (Figure 1). An example of a process that leads to a regime shift is the positive 

feedback loop between seagrass, sediment and light (SSL) (Adams et al., 2018). Essentially, light 

availability is decreased, as mentioned before by human activities as eutrophication, and the 

seagrass density will decrease. If the density of the meadow reaches below a crucial level it will 
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disappear completely. Thus, when the meadow is gone, there will be higher wave and current 

velocities at the bottom. This will resuspend the top layer of the sediment which increases the 

turbidity even more. This turns into a positive feedback loop, each step reinforcing the next. The 

outcome of these interactions would evidentially lead to a state where it is impossible for the 

seagrass to repopulate this particular area (Adams et al., 2018). 

 

 

 

 

 

 

 

 

 

 

 

Because of the importance of seagrass meadows, many projects around the world are trying to 

restore these habitats but the success rate is low, around 37% (van Katwijk et al., 2016). The reason 

for the low success rate is that it is difficult to reverse the process when the ecosystem already has 

changed. As the success rate is low, new methods for restoration are needed.  

On the northwest coast of Sweden, the loss of Zostera marina (eelgrass), a temperate seagrass 

species, has been substantial. Since the 1980’s, an area of 125km2 of eelgrass meadows have 

disappeared, a loss of about 60% (Baden et al., 2003; Nyqvist et al., 2009). Because of this major 

loss, new methods are being developed and tested in this area.  

This project is a part of a larger, ongoing project funded by Länstyrelsen in cooperation with the 

University of Gothenburg where a new method called “sand-capping” is being developed. Sand-

capping aims to reduce the turbidity in areas where the it is high because of resuspension of fine 

sediments. By placing coarse sand (0-8mm) on top of the clay or mud, the amount of resuspended 

particles would decrease and therefore the conditions for eelgrass restoration would improve. In 

2018, sand-capping was tested in four bays in Hakefjorden. Eight tons of sand was deployed in 

different testing plots with a height of 10 centimeters. Another possible positive effect of sand-

capping could be that the eelgrass would prefer to grow in the sand-capping sand instead of for 

example glacial clay, that can be found in various locations along the coast.  

1.2 Aim of this study 

The purpose of this study was to evaluate sand-capping as a method to reduce sediment 

resuspension to improve restoration success of eelgrass. This was done through various 

experiments using a hydraulic flume where sand-capping sand was compared to glacial clay in 

terms of turbidity, erosion, bedload transport and wave and current attenuation. Additionally, the 

impact of sand-capping on infauna was assessed by analyzing sediment samples collected from 

sand-capping sand and natural sediment at different locations.  

1.2.1 Hypotheses 
Sand-capping reduces sediment resuspension   

-Higher turbidity with glacial clay than with sand-capping sand.  

Low light availability 

Low resuspension 
High resuspension 

Figure 1. Illustrates a regime shift where seagrass is lost, and the system is later dominated by macroalgae and 
sediment resuspension which reduce light availability and prevents plant survival.  

High light availability 
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-Turbidity will decrease with an increasing density of eelgrass. 

-Higher wave and current attenuation with high density of eelgrass independent of sediment type.   

-More bedload transport and erosion with sand-capping sand than with glacial clay.  

-With a high number of eelgrass plants and a high waterflow, erosion will increase until the 

eelgrass density is high enough to reduce erosion. 

-Increased bedload transport with high water velocity and low eelgrass density. 

Sand-capping does impact infauna 

-There will be a difference in composition and number of species between sand-capping sand and 

natural sediment. 

 

2. Methods and Materials  

2.1 Resuspension, Erosion and Bedload transport 

The experiments (Figure 2) were carried out in a hydraulic flume at Kristineberg Marine Research 

Station. The flume was 8 meters long including a test section with the dimensions of 

200x37x16(cm). The factors that were changed in the experiments were eelgrass density, sediment 

type and water velocity and type (waves and currents). Variables that were measured were 

turbidity, attenuation, erosion and sediment transport. 

 

 

 

 

 

 

 

Prior to the experiment, eelgrass was collected from the shallow part of Bökevik, in Fiskebäckskil, 

by snorkeling. The plants were picked one by one by hand, with some distance apart. For these 

experiments, the plant height was around 20cm. The eelgrass was prepared for being planted in the 

flume by cutting off roots and rhizome, leaving one internode. Each plant was then attached by the 

rhizome to a wooden stick of about 5cm with a cable tie for facilitating the planting and for 

stabilization. Between experiments, the plants were kept in water tanks with circling surface water. 

To measure erosion, 14 metal pins were marked with tape every centimeter for 10cm. The pins 

were later placed with 5 markings above and 5 markings below the sediment. To measure wave 

amplitude and peak period (for wave attenuation), pressure gauges (HR-Wallingford) were placed 

10cm before and 10cm after the test section. Wave attenuation was then calculated as a percentage 

of reduction. Sand-capping sand were bought from Dunnebackens Naturgrus and glacial clay was 

collected by hand in a shallow bay at Lilla Asekrön. The flume was calibrated to identify the current 

settings necessary to generate flow velocities of 5, 10, 15 and 20cm/s and 5 different types of waves 

were determined. The waves ranged between short amplitude-high frequency and long amplitude-

low frequency (Table 1).  

Moving on, the test section in the flume was filled with sand-capping sand. Since the sand-capping 

sand influences the water column in the environment, an extra 4 centimeters of sand was added 

Sediment 

Waves  
Currents 

Eelgrass density 

Transport 

Erosion 

Turbidity 

Figure 2. Illustration of the experimental setup in the flume. Factors are shown in bold and variables in italics.  

Attenuation 
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a) 

 

b) 

 

above the floor to simulate this effect. One pair of erosion pins were placed in the sediment every 

25cm, 20cm apart. Surface water from the fjord was used to fill up the flume to a depth of 20cm.  

 

Setting 
Water velocity 

(cm/s) Approximate wave height (cm) 

1: 175-200 1  3 

2: 150-200 7  6 

3: 120-200 12  8 

4: 100-200 14  9 

5: 60-200 13  10 

 
 

   

Setting (rpm) 
Water velocity 

(cm/s) 

 

24 5  

43 10  

63 15  

82 20  

 

The experiments using sand-capping sand started with wave setting 1 and 0 plants/m2. An acoustic 

doppler velocimeter (ADV) was placed in the middle of the test section, 11cm from the bottom, to 

measure water velocity for 3 minutes. Initial turbidity was measured, 3 times, before the waves 

were turned on. The waves were set for 15 minutes after which turbidity, erosion and sediment 

transport were measured. Turbidity was measured, also 3 times, using a YSI ProDSS Multi-

parameter Water Quality Meter in the water after the test section. Sediment transport was defined 

as how far the sediment had been transported outside of the test section both in the front and in the 

back, which was measured using a ruler. Erosion was measured by observing the erosion pins. 

Wave settings in the flume were then changed and the experiment was repeated as previously 

described. All 5 wave settings were run before eelgrass density was increased (Table 2).  

Eelgrass plants were placed randomly by pressing down the sticks in the sediment by hand in the 

test section. Between every new eelgrass density, the water in the flume was changed and if 

necessary, sediment adjusted and flattened. When every wave setting for the different eelgrass 

densities were done, plants were removed, water was emptied, and the flume was rearranged for 

currents.  

Thereafter, the flume was filled up with 15cm of water. The difference in water height for these 

experiments compared to the experiments with waves was because higher current velocities were 

reached in less water. The pressure gauges were removed and the ADV was placed before the test 

section, 6cm above the bottom. The current was set to 5cm/s and was turned on for 15 minutes, 

during which the ADV recorded velocity for 3 minutes. Turbidity, sediment transport and erosion 

were measured when the current was turned off the same way as previously explained. The ADV 

was then placed after the test section and the current was turned on again for 15 minutes. Water 

velocity was measured by the ADV for 3 minutes with the purpose of being able to calculate if, 

and how much, the current velocity was reduced by the eelgrass canopy. Turbidity, sediment 

transport and erosion were measured when the current was turned off.  

When all current velocities had been run, eelgrass was planted (Table 1), the same way as 

mentioned before, and water replaced. This process was repeated for all eelgrass densities and 

current velocities in Table 1. When the experiments with waves and currents for every eelgrass 

density were done for sand-capping sand, the water flume was emptied from water and sediment. 

Table 1. Flume settings for a) waves b) 

currents with corresponding water 
velocities. The settings for waves show 
the distance from where the paddle starts 
and stops.  
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a) 

 

b) 

 

Thereafter, glacial clay was added without the extra 4cm of sediment like in the experiments with 

sand-capping sand. The flume was then changed back to generate waves and the experiment was 

carried out the same way as with the sand-capping sand.   

Due to time limitations, it was not possible to preform replicates of the experiments and 

consequently, the results could not be statistically analyzed. The results presented in this thesis 

should therefore be considered preliminary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Infauna 

2.2.1 Collection of samples 
To determine if sand-capping sand has an impact on the infauna, sediment samples were collected 

at four different locations (Figure 3). At every location, samples were taken from natural sediment 

and from sand-capping sand in a test plot nearby, both in deep and shallow water. Two samples 

were pooled for every replicate, and three replicates were taken at every location, depth and 

sediment type.  

 

 

 

 

 

 

 

 

 

 

Eelgrass 
density 

Wave 
type  

 Eelgrass 
density 

Water velocity 
(cm/s) 

0 plants/m2 1  
 0 plants/m2 5 

 2  
 

 10 

 3  
 

 15 

 4  
 

 20 

 5  
 300 plants/m2 5 

300 plants/m2 1  
 

 10 

 2  
 

 15 

 3  
 

 20 

 4  
 200 plants/m2 5 

 5  
 

 10 

200 plants/m2 1  
 

 15 

 2  
 

 20 

 3  
 100 plants/m2 5 

 4  
   10 

 5  
   15 

100 plants/m2 1  
   20 

  2  
 

  

  3 
 

 
  

  4  
 

  

  5  
 

  

Figure 3. Map showing the different 

locations where the sediment samples 
were collected.  

1. Ryskärsfjorden 

2. Lökebergs kile 

3. Källsnäs 

4. Askerön 

 

 

 

 

 

© Google 

4. 
…egdfe

3. 

2. 

1. 5 km 

Orust 

Kungälv 

Table 2.  Experiment schedule 

starting with a) waves followed 
by b) currents.  
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The samples were taken by Per Moksnes among others, in October 2018, three months after the 

sand-capping sand was deployed. The samples were collected using a sediment core with a 

diameter of 8cm. The core was pushed 20cm down in the sediment and the content were placed in 

Ziploc-bags. In total, 48 bags were collected and stored in the freezer prior to analysis.  

2.2.2 Identification of infauna 
To separate organisms from the sediment, the content was placed in a bucket that was afterwards 

filled with water. By stirring the water, organic material was suspended, and the water including 

the organic content, was poured through a sieve with the mesh size of 500µm. This process was 

repeated until the water was clear and no more apparent organic material was suspended in the 

water. The content in the sieve was placed in a tray and the organisms found were conserved in 

vials filled with 95% ethanol. Organisms too big to fit in the vials were identified and documented 

before being stored in the freezer. The sediment in the bucket was later placed on the tray for a 

more thorough search for organisms that were possibly missed.  

The organisms found in the sediment samples were identified to lowest taxa possible using a stereo 

microscope along with various material for identification provided by Fredrik Pleijel at Tjärnö 

Marine Research Station and a handbook by Hayward and Ryland (2017).  

Concerning statistical analysis of the data, the main taxa found in the sediment, Annelida, Bivalvia 

and Gastropoda, were used as dependent variables in a 3-factor analysis of variance (ANOVA) 

using depth (fixed factor), treatment (fixed factor) and location (random factor) as independent 

variables. Homogeneity was tested prior to analysis using Cochran’s c-test. Heterogenic data was 

sqrt(x) transformed. In Ryskärsfjorden, location 1, Cyathura carinata, was found. A 2-factor 

ANOVA with treatment and depth (fixed factors) as independent variables were carried out to see 

if there was a significant difference in abundance between sand-capping sand and natural sediment. 

Gastropoda was later excluded from the statistical analysis due to not being infaunal species. Also, 

because there were no gastropods in location 1, and an ANOVA could not be performed because 

of this.  

 

3. Results  

3.1 Resuspension 

Regarding turbidity, the result show that in the experiments with sand-capping sand, the mean 

turbidity is higher when using waves compared to currents with all densities except for 100 

plants/m2 where the mean turbidity is higher with currents (Figure 4). Using both waves and 

currents, the mean turbidity is highest without eelgrass (Figure 4), with maximum values of 20.6 

Nephelometric Turbidity Unit (NTU) for waves, 6.7 NTU for currents. In the experiments with 

currents, the turbidity is almost the same with 100 plants/m2 and with 300 plants/m2, and the 

turbidity is lowest with 200 plants/m2 (Figure 4b). In the experiments with waves, the turbidity is 

lowest with 100 plants/m2, followed by 200 plants/m2 and then 300 plants/m2 (Figure 4a). There 

seems to be a relationship between increasing turbidity and increasing current velocities (Figure 

4b). The same relationship, but with waves, can be seen initially but the turbidity then decreases at 

wave setting 3-5 (Figure 4a). Error bars (±SE) are missing for experiments with waves and sand-

capping sand. The reason for this is that only one measurement was taken.  

The results from the experiments with glacial clay show that the mean turbidity increases more 

with waves than with currents (Figure 5). The lowest mean turbidity is without eelgrass (5.9 NTU) 

when using waves, unlike in the experiments using currents where the turbidity is highest without 

eelgrass (15.7 NTU). The mean turbidity increases with a higher current velocity and wave height 

in all eelgrass densities but 300 plants/m2, as with the experiments using sand-capping sand (Figure 
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4, Figure 5). The highest mean turbidity, 30.5 NTU, is reached with an eelgrass density of 100 

plants/m2 and at wave setting 5 (Figure 5a).  
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Comparing the two sediment types, the results show that the mean turbidity is higher using glacial 

clay compared to sand-capping sand with both waves and currents except in the experiment with 

glacial clay and 0 plants/m2 with waves (Figure 4, Figure 5).

3.2 Erosion & Bedload transport 

In the experiments with both sand-capping sand and glacial clay, there was no bedload transport or 

erosion regardless of eelgrass density and water velocity/wave height. This could be explained by 

that the water velocities were too low, or that the running time of the experiments, 15 minutes, was 

not enough for the sediment to erode and be transported.  

3.3 Attenuation 

In general, the results show that current velocity reduction is higher in the experiments with sand-

capping sand compared to the ones with glacial clay (Figure 6b, Figure 7b). There does not seem 

to be an apparent relationship between velocity reduction and initial water velocity or eelgrass 

density for either sediment type (Figure 6b, Figure 7b.). With both sediment types, the current 

velocity reduction is lowest without eelgrass (Figure 6b, Figure 7b). For experiments with glacial 

clay without eelgrass, the result show that current velocity reduction is about -5,3%, which suggests 

there is an increase in velocity after the test section (Figure 7b). In the experiments with an eelgrass 

density of 300 plants/m2 and sand-capping sand, the velocity reduction reaches 111,7%, which 

means that the current velocity is negative, i.e. it changes direction (Figure 6b). 

 

 

 

 

The wave attenuation is about 4 times as high in sand-capping sand than in glacial clay for all wave 

settings and eelgrass densities (Figure 6a, Figure 7a). With sand-capping sand, the wave attenuation 

is around 1-2% lower in the experiments without eelgrass compared to the other densities (Figure 

6a). Except from this, the wave attenuation does not seem to be affected by an increasing eelgrass 
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density or increased wave amplitude (Figure 6a, Figure 7a). Initially, wave attenuation decreases 

between wave setting 1 and 2 for sand-capping sand, and between wave setting 1 and 3 for glacial 

clay with all eelgrass densities (Figure 6a, Figure 7a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4 Infauna 

The main taxa that were found in the sediment samples were Annelida (ringed worms), Bivalvia 

(Mollusca) and Gastropoda (Mollusca) in both sand-capping sand and natural sediment (Table 4). 

Regarding Annelida and Bivalvia, there was no significant impact of sand-capping sand on mean 

number of organisms per square meter (Figure 8, Table 3). Although, concerning Annelida, the 

results show that sand-capping could have a positive effect on the mean number of organisms per 

square meter, p=0.059 (Figure 10b, Table 3b) but to confirm this, additional sediment samples 

needs to be analyzed. In total, 217 organisms were found, whereof 131 were Annelida. The highest 

number of taxa was in Lökebergs kile with 9 taxa found in both sand-capping sand and natural 

sediment (Table 4). In Ryskärsfjorden, Cyathura carinata (Crustacea), were found in both sediment 

types but the number of organisms per square meter was significantly higher in sand-capping sand, 

p=0.004 (Figure 9, Table 5). In all locations, except for Askerön, the number of taxa was higher in 

sand-capping sand compared to natural sediment (Table 4). There was a significantly higher 

abundance of organisms in samples taken in shallow water compared to samples taken in deep 

water in all locations, p=0.043 (Figure 10, Table 6).   
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Figure 7. Percentage of how much the a) initial wave height b) initial current velocity was reduced by different 

eelgrass densities in the experiments with glacial clay. 
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Variables df Mean Square F p 

Treatment 1 63,955 0,476 0,54 

Depth 1 1,131 0,039 0,857 

Location 3 68,236 0,576 0,684 

Treatment * Depth 1 7,565 0,167 0,71 

Treatment * Location 3 134,255 2,969 0,198 

Depth * Location 3 29,33 0,649 0,635 

Treatment * Depth * Location 3 45,222 1,485 0,237 

Variables df Mean Square F p 

Treatment 1 1099626,583 8,828 0,059 

Depth 1 90999,31 4,425 0,126 

Location 3 37624,053 0,343 0,802 

Treatment * Depth 1 206,348 0,006 0,944 

Treatment * Location 3 124565,193 3,517 0,165 

Depth * Location 3 20565,982 0,581 0,667 

Treatment * Depth * Location 3 35423,012 0,613 0,611 

a) 

Figure 8. The difference in mean number of a) Bivalvia b) Annelida per square meter (±SE) at the four different 

locations between sand-capping sand and natural sediment.  

 

 

Table 3. Three-factor ANOVA of a) Bivalvia b) Annelida using treatment (fixed factor), depth (fixed factor) and 
location (random factor) as independent variables. a) Bivalvia was square root transformed to homogenize variance. 

b) 

a) b) 
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  Ryskärsfjorden Lökebergs kile Kjällsnäs Askerön 

  Sand Natural Sand Natural Sand Natural Sand  Natural 

Total number of taxa 3 5 9 9 5 6 8 4 

           

Annelida          

Class: Polychaeta          

Family: Nereididae          

Alitta virens   x    x   

Nereididae sp. x x x x   x x 

           

Family: Nephtyidae          

Nephtys sp.   x       

           

Family: Onuphidae          

Hyalinoecia tubicola        x 

           

Unidentified polychaete sp.   x x x x x   

Unidentified annelid sp.   x x x x    

           

Mollusca          

Class: Gastropoda          

Family: Cerithiidae          

Bittium reticulatum       x   

           

Family: Turritellidae          

Turritella communis      x  x 

           

Family: Nassariidae          

Tritia nitida   x x x x x   

           

Unidentified gastropod sp.    x x     

           

Class: Bivalvia          

Family: Cardiidae          

Cerastoderma edule   x   x    

Cerastoderma glaucum   x       

Cerastoderma sp.  x  x      

           

Family: Semelidae          

Abra sp. x x  x x x x   

           

Family: Veneridae          

Table 4. Species list, including total number of taxa, for the 4 different locations in sand-capping sand and natural 

sediment.  
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Polititapes aureus       x   

           

Unidentified bivalve sp.  x x x      

Unidentified mollusc sp.       x x 

          

Arthropoda          

Subphylum: Crustacea          

Order: Isopoda          

Family: Anthuridae           

Cyathura carinata x x        

           

Order: Sessilia          

Family: Balanidae          

Balanus crenatus       x         

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Variables df Mean Square F p 

Depth 1 29714,06 1,385 0,273 

Treatment 1 330156,227 15,385 0,004 

Depth x Treatment 1 52824,996 2,462 0,155 

Figure 9. Mean number of Cyathura carinata per square 

meter (±SE) in the different sediment types at location 1, 
Ryskärsgjorden. Asterisk (*) above bars indicate 
significant difference in mean number of organisms per 
square meter between sand-capping sand and natural 
sediment at p<0.05.  

 

 

Table 5. Three-factor ANOVA of mean number of Cyathura carinata per square meter using treatment (fixed factor), 

depth (fixed factor) and location (random factor) as independent variables.  

 

Table 4 continued.  
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4. Discussion  

The aim of this study was to evaluate sand-capping as a method for increasing restoration success 

of Zostera marina by reducing the amount of suspended particles in the water column. Sand-

capping sand were compared to glacial clay in terms of resuspension, bedload transport and erosion 

using a hydraulic flume. In addition to this, sediment samples were analyzed to determine if the 

sand-capping has an impact on infauna. The results from this study suggest that sand-capping 

would improve eelgrass restoration because of the decrease in turbidity (Figure 4, Figure 5). 

Furthermore, the sand-capping does not have an impact on the most commonly found organisms 

in the sediment samples. However, even if these organisms were not affected by sand-capping, 

some species might be, e.g. Cyathura carinata (Figure 9, Table 5) and this needs to be further 

researched and taken into account when planning for future restoration projects.  

  

Variables df Mean Square F p 

Treatment 1 1255419,052 7,695 0,069 

Depth 1 82539,057 11,538 0,043 

Location 3 110327,206 0,8 0,595 

Treatment * Depth 1 0 0 1 

Treatment * Location 3 163152,202 5,025 0,109 

Depth * Location 3 7153,385 0,22 0,877 

Treatment * Depth * Location 3 32465,362 0,49 0,692 

Figure 10. Mean number of organisms per square meter (±SE). Annelida, Gastropoda and Bivalvia pooled at every 

location compared at different depth. Asterisk (*) above bars indicate significant difference between the depths at 
p<0.05. 

Table 6. Mean number of Annelida, Gastropoda and Bivalvia per square meter. Three-factor ANOVA using 

treatment (fixed factor), depth (fixed factor) and location (random factor) as independent variables.  

 

* 
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4.1 Resuspension, Erosion and Bedload transport  

In 2019, turbidity, wave height and velocity were measured in a shallow bay at Askerön (Möller, 

2019). In this bay, glacial clay is found and pilot studies testing sand-capping are being carried out. 

The maximum wave height was approximately 13cm and water velocities up to 40cm/s were 

recorded (Möller, 2019). Turbidity was measured up to 9 NTU (Möller, 2019). In the present study, 

the turbidity was at least twice as high in most of the experiments with glacial clay compared to 

the experiments with sand-capping sand (Figure 4, Figure 5). This suggests that by sand-capping 

on a larger scale in this bay and in locations with similar conditions the turbidity could be reduced 

with around 50%. 

To confirm this, additional replicates of the experiments in the flume should be done to be able to 

statistically analyze the results. Besides, since the same sediment was used for all the tests, the 

resuspended sediment was flushed out every time the water was changed. Because of this, the 

turbidity might not have increase as much as it should have if the sediment was replaced. To 

eliminate this potential error in future studies, the sediment should be replaced when the water in 

the flume is being changed. Another possible error that could have affected the results is seen in 

the experiments with glacial clay without eelgrass plants (Figure 5a). As the graph show, the 

turbidity is lowest without plants compared to the other densities. In the other experiments the 

turbidity is highest without plants (Figure 5b, Figure 4). The reason behind this could be that this 

was the first experiment done with glacial clay. Just after the clay was added, the clay was compact, 

and the top layer was smooth and flattened and therefor there was almost no resuspension. After 

the eelgrass was planted, the clay was not as compact and the top layer was loosened, and more 

particles were able to resuspend.   

Since seagrasses require a high light availability compared to other plant groups, they are easily 

affected by worsened water quality (Orth et al., 2006). Where eutrophication is the major reason 

for seagrass decline, e.g. Modego Estuary in Portugal, it has been shown that by decreasing the 

water residence time in the bay, i.e. increasing the circulation of freshwater, the nutrient 

concentrations gets lower which is beneficial for the seagrass meadow (Ferreira et al., 2007). On 

the other hand, studies have also shown that an increase in water residence time could improve the 

health of the seagrass meadow by increasing the light conditions (Adams et al., 2018). A longer 

water residence time gives the suspended particles time to settle in the meadow. Therefore, in areas 

where eutrophication is not the major cause of seagrass loss, but resuspension of sediment is, a 

longer water residence time could be beneficial for the meadow.  

Such areas are found along the west coast of Sweden, where lots of eelgrass meadows have 

disappeared. Since the 1980’s, nitrogen concentrations have been declining and water sight depth 

has improved. Nevertheless, wind-driven resuspension of sediment and coverage of algae still 

hinder eelgrass to spread (Moksnes et al., 2018). The loss of eelgrass increases the resuspension 

and the SSL feedback loops makes it difficult for the ecosystem to recover after a regime shift as 

previously described (Adams et al., 2018). In such areas, sand-capping could be suitable because 

it will decrease the turbidity which will increase the water quality and by this, increase the chance 

of survival for the planted eelgrass. The eelgrass meadow could later attenuate the water velocity 

which will increase the water residence time in the canopy which would increase the water quality 

even more.  

However, the results from this study are not consistent regarding how the eelgrass canopy 

attenuates wave and current velocities. In Figure 6, the wave attenuation seems affected by an 

increasing eelgrass density, but looking at Figure 7, this does not seem to be the case. This could 

be explained by the fact that the sand-capping sand was 4 cm higher than the glacial clay in the 

flume, so it affected the hydrodynamics in a different way compared to in the experiment with 

glacial clay. On the other hand, not only the results from this study are inconsistent, but similar 

studies also show different results concerning the effect of seagrass density on wave and current 



 

17 

 

attenuation. In a study by Fonseca et al., (2019) the results show no significant effect of eelgrass 

density on flow reduction. Contrary to this, a study by Chen et al., (2007) showed that the seagrass 

density would in fact have an impact on current attenuation. And in addition to this, Dijkstra and 

Uittenbogaard (2010) investigated how seagrasses with different shoot stiffness would affect water 

flow reduction. The results from their study show that the stiffness of the seagrass had a bigger 

impact on flow reduction than shoot density. Since there are varied results on how the seagrass 

canopy effects the water velocity the initial hypothesis that an increasing eelgrass density would 

increase the velocity reduction cannot be confirmed. Because of this, and that many studies show 

conflicting results, further studies are needed on both how density and shoot flexibility effects 

velocity reduction. 

Moving on, no erosion or sediment transport were measured on either sediment type in any 

velocity. Possible reasons for this could be that too low water velocities were used in the flume, or 

that 15 minutes was not enough time for the sediment to erode. There might be erosion and 

sediment transport if the experiments were carried out for a longer amount of time, and/or in higher 

velocities and this could be interesting to investigate in future studies.  

4.2 Infauna 

There was no significant impact of sand-capping on the most commonly found infaunal organisms 

in the sediment samples (Figure 8, Table 3), which rejects the initial hypothesis suggesting there 

would be a difference in composition and number of species between the sediment types. This 

finding encourages the continued evaluation of this method. Similar results, but investigating the 

effect of dumping on infaunal communities, has been shown in Hong Kong, where the benthic 

infauna had fully recovered after the dumping activity and were comparable to the infauna found 

at reference sites after 3.5-6.5 years (Qian et al., 2003). In the experiment, 4-7m of sediment were 

dumped in different locations, and the result showed that there was immigration, recruitment and 

vertical migration (Qian et al., 2003). In the present study, 10cm of sand were deployed on top of 

the natural sediment, and therefor the recovery time would presumably be faster. 

In location 1, Cyathura carinata was found which is a key species in numerous European costal 

ecosystems (Ferreira et al., 2007). This species was positively affected by sand-capping because 

the number of individuals per square meter was significantly higher in sand-capping sand compared 

to in the natural sediment (Figure 9, Table 5). Since eelgrass plants are later supposed to be planted 

in the sand-capping sand, the impact on Cyathura carinata found in this study may not be relevant 

because the isopod is not as abundant in seagrass meadows as in unvegetated ecosystems (Ferreira 

et al., 2007). On the other hand, the same study also shows that the isopod is negatively affected 

by strong water currents. If a seagrass meadow would be present and reduce the velocities, this 

could be positive for Cyathura carinata populations and similar species because of the protection 

provided by the meadow. 

As the sediment samples that were analyzed were taken a few months after that the sand-capping 

sand was deployed in the field, the long-term effect on the infauna was not included in this study. 

Long term monitoring of how the infaunal community develops in sand-capping sand could be 

included in future studies. Considering Annelida, the main phylum found in the sediment samples, 

a possible positive impact of sand-capping can be seen in the results (Figure 8b, Table 3b) and with 

long term monitoring it would be possible to see how the organisms adapt to the new sediment and 

if the species will be more abundant. As well as effecting infauna, deploying sand-capping sand 

could have an impact on epifaunal species such as larger crustaceans and gastropods, therefore, 

studies regarding this would be valuable. 

4.3 Conclusion 

Sand-capping can be a valuable part in future seagrass restoration projects in areas where 

resuspension of sediment is the main reason for seagrass decline. The results from this study shows 
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that by sand-capping fine bottom sediment, turbidity decreases drastically, resulting in 

considerably improved water quality which will be beneficial for the seagrass. The results from 

this study also show that the infaunal community can recover after a sand-capping event and 

regarding some species, e.g. Cyathura carinata, the abundance is higher in the sand-capping sand 

compared to in the natural sediment.  The long-term impact on infaunal species and other organism 

groups should be monitored in the continued development of the restoration method.  
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