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1. Introduction 

Plastic pollution is threatening marine ecosystems worldwide. Increasing plastic 

concentrations are found in open-ocean surface waters due increasing plastic production and 

input into the environment, and their longevity (Gewert et al., 2015; Jambeck et al., 2015; 

Lebreton et al., 2018). However, the estimated total amount of floating plastic debris only 

accounts for less than 1 % of the total estimated plastic input (Van Sebille et al., 2015). 

Moreover, the size distribution of floating debris is skewed to larger particle sizes, while it would 

be expected that small particles are by far the most abundant, as without mass loss fewer large 

particles break down a larger number of smaller particles (Cózar et al., 2014). Especially plastics 

smaller than 1 mm, i.e. microplastics (Browne et al., 2007), are missing in ocean surface waters. 

This indicates the presence of extensive microplastics sinks (Law, 2017; Martí et al., 2017). 

Increasing microplastic concentrations, corresponding the increase of plastic production and 

consumption, have indeed been found in coastal sediment deposits (Brandon et al., 2019; Martin 

et al., 2020). Quantities of microplastics in coastal sediments are often closely related to human 

population density and the presence of sources such as wastewater treatment plants, indicating 

that the nearshore zone is an important sink for microplastics from local sources (Browne et al., 

2011).  

Most previous research has focused on monitoring microplastic accumulation and 

deposition, but the fundamental questions about how the plastics are transported, accumulated 

and removed remain largely unanswered (Zhang, 2017). Plastics with a higher density than 

seawater (e.g. due to biofouling) can sink and be deposited in sediments. This can cause them to 

accumulate in the nearshore zone due to wind and wave dynamics (Forsberg et al., 2020). These 

areas often support habitat-forming benthic organisms, which may accumulate and retain plastic 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



particles by either ingestion or adhesion to their surface (see e.g. Martin et al. 2019c; Seng et al. 

2020). Biogenic canopies are known to trap particles into the sediment as they reduce the bottom 

shear stress, hampering sediment resuspension under stormy conditions (Gacia and Duarte, 

2001). Given that high-density plastic particles behave similar to natural suspended particles, it 

can be deduced that, besides ingestion and surface adhesion, marine benthic organisms may also 

exacerbate the accumulation of plastic particles in the sediment by increasing particle deposition 

and retention. In a pioneer experiment, Agawin & Duarte (2002) calculated, using fluorescently-

labelled 1 µm diameter plastic beads, that a tropical seagrass meadow to trap as much as 70% of 

the suspended particles present within the canopy in less than an hour, with the bulk (95%) of the 

particles deposited in the sediments. Higher concentration of microplastics have indeed been 

found in seagrass meadows (Huang et al., 2020), and long-term microplastic sequestration has 

been observed (Dahl et al., 2021), but equal concentrations have also been found in seagrasses 

and macroalgae compared to adjacent bare sediment (Cozzolino et al., 2020).  

As of yet, to our knowledge, there are no studies investigating in situ the mechanisms of 

microplastics trapping in benthic structures and sediment under controlled flow conditions. This 

is necessary to be able to relate observations of microplastic accumulation to observed 

mechanisms on plastic particle and sediment transport in nearshore ecosystems. Experimental 

studies on plastic trapping mechanisms by benthic organisms are often conducted in laboratory 

mesocosms, which helped understand the mechanisms at play, as shown by flume experiments 

explaining high particles sedimentation rates in seagrass and macroalgal canopies (de los Santos 

et al., 2021; Hendriks et al., 2010, 2008; Lim et al., 2020). However, laboratory flume studies 

require transplantation of organisms which typically involves simplifications of the studied 

ecosystem, of which the consequences cannot always be quantified (de Smit et al., 2020). In this 
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study we therefore used a current-generating field flume (the TiDyFLOW, James et al. 2019) to 

measure the accumulation of two types of microplastics (2.5 mm particle size and 0.5 mm 

particle size) onto the canopies and sediment of three contrasting tropical biogenic coastal 

habitats (corals, seagrasses, and macroalgae) under a unidirectional flow regime.  

2. Methods 

Plastic trapping experiments were conducted on common species from three typical 

tropical nearshore biogenic habitats: 1) Enhalus acoroides, a seagrass species characterizing a 

benthic structure with a smooth surface, i.e., a coriaceous cuticle, and low architectural 

complexity (Figure S1A, Table S1, 3 replicates), 2) Padina pavonica, a brown macroalgae 

species with a rose-like shape creating benthic structures with a smooth surface, i.e., a 

membranous cuticle, and a more complex architecture (Figure S1B, Table S1, 4 replicates) and 

3) Stylophora pistillata, a hard coral species forming benthic structures with a rough surface, i.e., 

consisting of corallites, and complex architecture (Figure S1C, Table S1, 4 replicates for trapping 

in the benthic structure and 3 for trapping in the sediment). In addition, control measurements 

were conducted on bare sediment (4 replicates). The measurements were conducted in February 

2020 at two locations along the Red Sea coastline of the kingdom of Saudi Arabia: (22°19’36”; 

39°04’14”) for Padina pavonica, and (22°22’52”; 39°07’54”) for E. acoroides and S. pistillata. 

For E. acoroides the experiments were conducted in a natural, undisturbed meadow. Padina 

pavonica and S. pistillata specimens were surrounded by other species at the field sites. 

Therefore these specimens were reallocated to an adjacent patch of bare sediment in order to 

obtain isolated individuals in the field flume experiments. Individuals were selected for size to 

maintain a similar total aboveground structure volume or surface area between the replicates and 

species (Table S1). 
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2.1. Experimental set-up 

An in situ unidirectional flow channel (the TiDyFLOW, James et al. 2019) was used to 

generate constant hydrodynamic conditions under which microplastics transport and trapping 

was quantified. Two electrical boat propellers were used to generate turbulent flow (Figure 1A). 

A mixture of 2.5 mm and 0.5 mm microplastics was seeded into the flume at a constant rate for 

10 minutes and dispersed through the channel area through a 1-m closed section (Figure 1B). A 

0.5-m section with an open flume bottom contained the benthic structure and seafloor (Figure 

1C). A 2-m long plankton net with a 0.25-mm mesh was used to catch the plastic microspheres 

that were not retained to prevent polluting the study area (Figure 1D). The plankton net was 

attached to a second 1-m closed section behind the open flume section, which was added to 

avoid flow alteration inside the measurement section caused by deceleration and deflection of the 

flow as it enters the plankton net.  

The flow velocity was set at 0.15 m s
-1

,
 
corresponding to the peak tidal flow velocity in 

the study area (Gharbi et al., 2018), which is typical for a microtidal system. The free-stream 

flow velocity above the benthic structure was measured at 25 Hz with an Acoustic Doppler 

Velocimeter (ADV, Nortek
®
) to verify the 0.15 m s

-1
 flow velocity setting. A peak tidal flow 

velocity was used as 1) microplastics are mobile under these conditions, 2) more water flows 

through the benthic structure, increasing the likelihood of plastic trapping, and 3) this determines 

to which extent microplastics are potentially washed out of the benthic structure or retained 

during peak flow conditions. In this study only unidirectional flow is considered, as the studied 

biogenic habitats are sheltered from waves.  

A plastic mixture containing two size classes of polyethylene spheres (particle density 

1070 kg m
-3

) was used to investigate particle size dependency on plastic trapping both directly 
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by the benthic structure and indirectly by sedimentation. The plastic was biofouled prior to the 

experiments for a period of at least 4 weeks to obtain surface properties similar to that of 

microplastics in the marine environment (Lobelle and Cunliffe, 2011). The microplastics mixture 

consisted of 50 ml of 2.5 mm spherical polyethylene particles, amounting to approximately 540 

particles, and 14 ml of 0.5 mm polyethylene particles, amounting to approximately 20,000 

particles. These specific particle sizes were selected in order to include larger and smaller 

particles than the 1 mm size threshold for microplastics missing from surface waters, and 

polyethylene was chosen as material because this is the most commonly found plastic in the Red 

Sea (Martí et al., 2017). In order to easily distinguish the microplastics from each other and from 

environmental plastics, white 2.5 mm and bright red 0.5 mm particles were used. A much 

smaller number of 2.5 mm particles was used in order to keep the total volume of each size class 

within the same order of magnitude. Given the 0.15 m s
-1

 velocity inside the flume, which 

corresponds to a discharge of 15 L s
-1

, the concentration of 2.5 mm particles is 0.06 particles L
-1

 

and for the 0.5 mm particles this is 2.22 particles L
-1

. These concentrations are three orders of 

magnitude higher than typical concentrations found in the central Red Sea surface waters (Martin 

et al., 2019a). Floating plastics are however only a small fraction of plastics present in the marine 

environment, of which the majority is expected to sink. Therefore, the used concentrations are 

environmentally relevant. A side-viewing and top-viewing camera were used to observe the 

trapping mechanisms of the 2.5 mm plastic spheres and to count the number of particles that 

were retained on the sediment. The 0.5 mm particles were too small for detailed visual 

observation, and were therefore collected after the experiments with sediment corers. 

A second ADV was placed 2 cm above the seabed, inside the E. acoroides canopy and 

behind the P. pavonica and S. pistillata specimens, to measure the near-bed flow velocity and 
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turbulent kinetic energy (TKE) at 25 Hz. Near-bed TKE drives the retention and entrainment of 

sediment particles under benthic structures (Tinoco and Coco, 2018; Yang et al., 2016) and may 

thus drive the settlement and retention of plastic particles on the sediment. The TKE per unit 

volume (J m
-3

) was calculated from the turbulence-generated fluctuations in the flow velocity 

signal as (Soulsby, 1983): 

𝑇𝐾𝐸 =  
1

2
𝜌 (𝑢𝑥

′̅̅ ̅̅ 2
+ 𝑢𝑦

′̅̅ ̅̅ 2
+ 𝑢𝑧

′̅̅ ̅̅ 2
) 

where 𝑢𝑥′̅̅ ̅̅ , 𝑢𝑦′̅̅ ̅̅  and 𝑢𝑧′̅̅ ̅̅  (m s
-1

) are the root-mean-squares of the flow velocity fluctuations in x, y 

and z direction respectively, and ρ is the seawater density (1025 kg m
-3

). The velocity 

fluctuations were extracted from the flow velocity signal by applying a 0.1 Hz high-pass 5
th

 

order Butterworth filter to remove minor changes in the mean velocity during the measurement 

period, and a 10 Hz low-pass 5
th

 order Butterworth filter to remove frequencies where the signal 

was dominated by noise.  

2.2. Sample collection & processing 

After running the experiment, the P. pavonica and S. pistillata specimens with attached 

plastic particles were carefully removed from the flume and placed in sealed bags. The 

microplastics that were trapped inside the sediment were collected with three 10 cm diameter 

cores which were placed in the beginning, middle, and end of the measurement section. These 

cores also contained the E. acoroides specimens. After the specimens were removed from the 

flume and the cores were collected, the flume was set at maximum velocity (> 0.5 m s
-1

) for a 1 

minute period to remove any remaining plastic particles from the seabed and collect them in the 

plankton net. Because the seabed at the site with P. pavonica consisted of a thin (~ 5 cm) layer of 

sediment on top of hard substrate it was not possible to collect sediment samples without 
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resuspending the sediment and dispersing 0.5 mm particles. Therefore, the sediment samples 

from the P. pavonica experiments were excluded from the analyses. 

The sediment cores were sieved using 3 mm and 0.25 mm sieves in order to separate 

most of the sediment from the microplastics. Prior to sieving, the E. acoroides specimens were 

carefully removed from the sediment sample. The sediment samples were oven dried at 60 °C in 

order to loosen up the sediment and microplastics, and the amount of microplastics was counted 

directly from the sediment samples. The total fraction of 0.5 mm particles that was retained in 

the sediment of the measurement section was calculated by dividing the amount of 0.5 mm 

particles in the three sediment cores with the fraction of the measurement section covered by the 

sediment cores.  

The E. acoroides and P. pavonica specimens were oven dried at 60 °C for at least 24 h 

and subsequently grinded into small fragments in order to extract the microplastics from the 

aboveground structures. Similar to the sediment samples, the amount of microplastics was 

counted manually. The S. pistillata specimens were bleached and washed. During this procedure 

some small fragments broke off and some of the microplastics were washed out. These were 

collected and counted separately to be added to the number of particles that were attached to the 

coral.  

2.3. Morphological characterization of the studied species 

Given that organism height was nearly equal between the species and replicates (Table 

S1), differences in trapping rates are expected to be caused by species architecture. In order to 

determine the effect of species architecture on plastic retention by the aboveground structure of 

the benthic organisms, the total surface area and surface area to volume ratio were determined 
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(Table S1). Because the studied species were morphologically different, aboveground structure 

volume and surface area were estimated using different methods.  

For the E. acoroides canopy, the total volume was estimated by multiplying the canopy 

height, defined as the mean blade length, by the total area of the measurement section covered by 

seagrass blades, which was measured from photographs of the top-viewing camera using ImageJ 

Version 1.53A. The total surface area was measured by multiplying the total length of all blades 

with the average blade width, which was 1.1 ±0.1 cm. The surface area of the E. acoroides 

specimens inside the sediment cores was measured separately to obtain the surface area on which 

the counted plastic particles were trapped.  

For P. pavonica, the total volume was calculated as the total area covered by the 

specimen multiplied by its maximum height. The total surface area was determined by breaking 

the specimens up in small, flat pieces and measuring their total area from photographs. Because 

the P. pavonica specimens from the plastic trapping experiments contained microplastics, these 

could not be broken up without risking loss of particles. Therefore, the surface area to volume 

ratio was measured for 4 additional P. pavonica specimens with a similar size range as the ones 

used for the plastic trapping experiments. This was sufficient to yield a linear canopy volume – 

surface area relation (Figure S2),  which was used to calculate the total surface area and surface 

area to volume ratio of the P. pavonica specimens used in the plastic trapping experiments.  

The S. pistillata aboveground volume was measured following the same method 

described for the P. pavonica volume above. The surface area was quantified from 3-D models 

(Lavy et al., 2015). For all corals, at least 20 photographs, covering 360° of the colony, were 

taken. The images were then uploaded to the Autodesk ReCAP Version 5.0.5.58 software to 

calculate the surface area of each specimen.  
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2.4. Plastic stocks in the sediments of central Red Sea seagrass meadows 

Concentrations and stocks of environmental plastics in the sediments of four independent 

central Red Sea seagrass meadows were estimated in order to obtain information on the plastic 

loads that are naturally trapped in this region, to examine if long-term microplastic sequestration 

in sediments occurs, as predicted from the processes leading to microplastic retention 

investigated experimentally in this study. The sediments under macroalgal and scattered corals in 

the nearshore Central Red Sea are often thin layers over the carbonate bed rock, and are thus not 

appropriate for long-term burial. Sediment samples were collected and processed as described in 

Martin et al. (2020), using 1.7 m long corers with a 6.26 cm inner diameter. The sediment cores 

were sliced in 1 cm thick samples, and 5 random samples from the top 20 cm of each core were 

processed for microplastic extraction by density separation. Each sediment sample and 700 ml of 

a 1.5 g cm
-3

 Zinc Chloride solution were added into a Sediment-Microplastic Isolation Unit, 

manufactured based on the design proposed by Coppock et al. (2017), to allow separation of 

plastics from sediments by floatation. The supernatant was filtered through a 25 μm nylon mesh 

and screened under a dissecting microscope in search of plastic. The putative plastic particles 

were confirmed through chemical characterization using Fourier-Transform Infrared 

Spectroscopy. Fibers were not counted due to the challenge of confirming their polymeric nature 

through chemical characterization posed by their small diameter. Relying on a visual 

characterization only may cause overestimation of their concentrations (Laptenok et al., 2020; 

Suaria et al., 2020). Moreover, they have not been included in the field experiments either. In 

general, due to the detection limits of the methodology (see Martin et al. 2020), only plastic 

pieces larger than 200 μm were considered.  
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2.5. Statistical analyses 

ANOVAs were used to assess whether species had a significant effect on the retention of 

0.5 mm plastic particles in aboveground structures and sediments of the studied biogenic 

habitats. Before the ANOVAs, normality and homogeneity of variance were assessed using 

Shapiro-Wilks and Bartlett tests respectively to meet the ANOVA assumptions. Data was log 

transformed if any of the assumptions were violated and was tested again for both assumptions. 

The number of 0.5 mm particles in aboveground structures, TKE, and the number of 0.5 mm and 

2.5 mm particles in the sediment were log-transformed in order to obtain a normal distribution on 

the residuals and homogeneity of variance. Comparisons between species and species to control 

comparisons were assessed with a Tukey-Kramer HSD post hoc test.  

3. Results 

3.1. Plastic adhesion to the aboveground benthic structures 

The fraction of released 0.5 mm particles that were attached to the aboveground structure 

of the benthic organisms differed approximately one order of magnitude between the species 

(Figure 2A, ANOVA p = 0.012). E. acoroides trapped 0.02 % to 0.06 % of the released 0.5 mm 

particles, P. pavonica trapped 0.08 % to 0.43 %, and S. pistillata trapped 0.62 % to 2.82 % of the 

particles. A higher fraction of 0.5 mm particles was trapped on the P. pavonica specimens 

compared to the E. acoroides blades (p = 0.02), which are both highly flexible and have smooth 

surfaces. This indicates that species with a higher surface area to volume ratio (0.37 ±0.03 and 

0.06 ±0.01 for P. pavonica and E. acoroides respectively, Table S1) are able to retain a higher 

number of plastic particles than species with a low surface area to volume ratio. However, the 

amount of trapped 0.5 mm particles per m
2
 surface area is similar (Figure 2B, p = 0.99). The 
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increase particle trapping towards species with a more complex aboveground architecture, i.e., 

higher surface area to volume ratio, is thus caused by their larger exposed body surface 

compared to less architecturally complex organisms for a given seabed coverage, rather than 

differences in organism shape. 

A significant number of microplastics were observed to be entangled in S. pistillata 

corallites (Figure S3). Indeed, a higher fraction of 0.5 mm particles was trapped on the S. 

pistillata specimens compared to P. pavonica (p = 0.02), which are similar in architectural 

complexity (surface area to volume ratio of 0.29 ±0.08 and 0.37 ±0.03 for S. pistillata and P. 

pavonica respectively, Table S1). Given that both species also had similar total surface areas 

(1127 ±153 and 1160 ±458 cm
3
 for S. pistillata and P. pavonica respectively, Table S1), the 

number of 0.5 mm particles trapped per m
2
 surface area is significantly higher for S. pistillata 

(Figure 2B, p = 0.02). This indicates that surface properties, such as the presence of corallites for 

S. pistillata, influence microplastic retention in aboveground benthic structures.  

In most of the experimental runs no 2.5 mm were particles trapped in the benthic 

structure. Two E. acoroides replicates contained one 2.5 mm particle, resulting in an overall 

trapping rate of 0.1 ±0.12 % and one S. pistillata specimen contained seven, resulting in an 

overall trapping rate of 0.33 ±0.65 %. There was however no apparent relation with species 

identity or aboveground architectural characteristics.  

3.2. Plastic retention in the sediment 

In general, the fraction of 0.5 mm particles that was trapped in the sediment (0.81 – 7.86 

% for E. acoroides and 16.58 – 22.04 % for S. pistillata) was one to two orders of magnitude 

higher than the amount that was trapped in the aboveground structure (respectively 0.02 – 0.06 
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% and 0.62 – 2.82 %). This identifies the sediment as the main sink for microplastics in the 

studied biogenic habitats. The latter is confirmed by our measurements on environmental plastics 

> 200 μm, which were indeed found in the sediments of central Red Sea seagrass meadows at 

concentrations of 13.4 ± 6.0 items kg
-1

 (n = 20 processed samples). Particularly, a mean of 1450 

± 900 pieces of plastics m
-2

 (corresponding to 80 ± 70 mg m
-2

) are estimated stocked in the top 

20 cm of sediments in the four sampled meadows (Table S2).  

The fraction of 0.5 mm particles trapped in the sediment declines exponentially with 

increasing near-bed TKE (Figure 3A, R
2
 = 0.93). This decline is irrespective of the presence or 

absence of the studied species, as both the fraction of 0.5 mm particles trapped in the sediment 

for both the control experiments and E. acoroides and S. pistillata measurements follow the same 

relation with near-bed TKE. Thus, hydrodynamic conditions determine the extent to which 

microplastics may accumulate in the sediment. The near-bed TKE for E. acoroides and P. 

pavonica did not differ significantly from the near-bed TKE in the control experiments (Figure 

3B, p = 0.99 and 0.91 for E. acoroides and P. pavonica respectively). Neither did the fraction of 

0.5 mm particles trapped in the sediment (p = 0.99 for E. acoroides). In contrast, the near-bed 

TKE for S. pistillata was an order of magnitude lower than for the control experiments (means 

±SD respectively 0.14 ±0.09 and 1.36 ±1.08 J m
-3

, p = 0.01), and the amount of trapped 0.5 mm 

particles was an order of magnitude higher (p = 0.001) indicating that rigid benthic structures are 

able to significantly reduce hydrodynamic energy and thereby facilitate the trapping of 

microplastics in the sediment.  

No 2.5 mm plastic particles were present in the sediment of the control experiments, and 

the fraction of 2.5 mm particles that was trapped in the sediment for the benthic structure 

experiments was generally lower than the fraction of 0.5 mm plastic particles and highly variable 
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(Figure 4, p = 0.05). Similar to 0.5 mm particles, S. pistillata was able to trap a higher fraction 

than E. acoroides (means respectively 12.9 and 2.22 %, p = 0.03). While 0.5 mm particles were 

found lodged in the sediment matrix in all sediment cores, i.e., distributed over the entire length 

of the flume channel, the 2.5 mm particles were only observed to settle in the wakes of the S. 

pistillata specimens and E. acoroides shoots without entering the sediment matrix, rendering 

them prone to resuspension. The median sediment grain size at the experimental location for S. 

pistillata and E. acoroides was 0.89 mm, i.e. larger than the 0.5 mm particles but smaller than 

the 2.5 mm particles. This suggests that sediment grain size in relation to the size of 

microplastics plays a fundamental role in microplastic retention in the seabed.  

4. Discussion 

4.1. Controls on plastic accumulation on aboveground benthic structures 

This study provides experimental evidence that the potential of nearshore coastal 

biogenic habitats to serve as sinks for microplastics in the marine environment (see Figure 5 for a 

conceptual model of the mechanisms involved). Architectural complexity and species cuticle 

characteristics were identified as key contributors to plastic adhesion to benthic structures. 

Architecturally complex species, such as P. pavonica,  provide a larger exposed body surface for 

a given seabed coverage. Hence, they retain a higher number of plastic particles in their 

aboveground body compared species with a smaller aboveground body surface for the same 

seabed coverage, such as E. acoroides. The number of particles trapped per m
2
 of aboveground 

body area however did not change with architectural complexity, indicating that it does not 

influence plastic trapping efficiency. S. pistillata retained more microplastic particles in its 

aboveground body compared to P. pavonica, which is similar in size and architectural 
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complexity. Experiments were conducted during daytime, when polyps are generally retracted. 

This indicates that cuticle characteristics, in this case the presence of corallites, influence 

microplastic trapping efficiency by physical entanglement on the surfaces of benthic organisms. 

In this study only passive microplastic uptake by nearshore biogenic habitats is 

considered. Active uptake by suspension-feeding may however exacerbate plastic accumulation 

on benthic structures in addition to passive retainment, especially under high flow conditions 

which promotes microplastic ingestion and impairs surface adhesion due to frequent particle 

resuspension within the flow boundary layer (Lim et al., 2020). Previous studies have reported 

plastic ingestion rates of suspension-feeding benthic organisms ranging from 2 – 40 % of the 

removal rates due to surface adhesion (Arossa et al., 2019; Corona et al., 2020; Martin et al., 

2019c). However, given that the benthic structures only contained < 10 % of the total load of 

trapped microplastics, active uptake and adhesion likely only plays a minor role in total 

microplastic trapping (i.e., both on the aboveground structure and in the sediment) in habitats 

formed by suspension-feeding organisms. 

4.2. Controls on plastic accumulation in sediments 

Sediment was observed to be the major microplastic sink, trapping 1-2 orders of 

magnitude more microplastics than what was found in the aboveground portion of the studied 

organisms. Hydrodynamic conditions, and in particular the near-bed TKE, determined the 

settling of microplastics in the sediment. This confirms previously observed sediment-like 

behavior of plastic particles with considerably higher density than seawater in an unvegetated 

ecosystem (Forsberg et al., 2020). In the case of biogenic habitats, sediment settlement and 

entrainment is governed by the near-bed TKE (Tinoco and Coco, 2018; Yang et al., 2016), which 

in turn is affected by energy dissipation by physical obstacles represented by benthic organisms. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



Thus, the decreasing fraction of microplastics trapped in the sediment with increasing near-bed 

TKE observed in this study shows that plastic particles behave similarly to other natural 

suspended particles. While this study is limited to unidirectional currents, the prevailing process 

in biogenic habitats sheltered from waves, similar mechanisms are expected for wave exposed 

habitats given that the hydrodynamic processes leading to particle trapping and entrainment in 

biogenic habitats are similar (Tinoco and Coco, 2018; Yang et al., 2016). Net horizontal 

transport of particles in the near-bed zone is however limited to wave asymmetry induced 

particle transport or transport by residual currents. Therefore, even in wave exposed 

environments unidirectional currents are important for the transport and accumulation of 

microplastics. However, waves are generally more efficient in generating near-bed TKE than 

currents, especially under flexible canopies, reducing the flow velocity needed for particle 

resuspension (de Smit et al., 2020). Therefore, the addition of waves may reduce particle 

trapping rates by hampering sedimentation and increasing the likelihood of resuspension. 

Corals, and probably other rigid and architecturally complex aboveground structures, 

provide the largest near-bed TKE reduction and therefore retained the highest number of 

microplastics in the sediment. Sediments adjacent to coral reefs have indeed been identified as 

major microplastic sinks (Jeyasanta et al., 2020). In contrast, E. acoroides did not prompt 

increased microplastic retention in the sediment compared to the unvegetated control experiment, 

as the near-bed TKE was similar. Previous observations have indeed shown that seagrasses and 

macroalgae did not accumulate more microplastics in their sediments than adjacent unvegetated 

areas (Cozzolino et al., 2020), though a larger plastic accumulation in seagrass meadows 

compared to bare sediments has also been observed (Huang et al., 2020). This may be explained 

by the low seagrass density, 80 ±36 shoots m
-2

 in this study and 312 ±132 shoots m
-2

 in 
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Cozzolino et al., 2020, which impairs their near-bed flow attenuating effect. Indeed, 

concentrations of environmental microplastics > 200 µm in the seagrass meadows sampled in the 

central Red Sea and in those sampled by Cozzolino et al. (2020), were both very low (13.4 ±6 

and 2.8 ±1.0 items kg
-1

 excluding fibers, respectively). Denser seagrass meadows that are able to 

significantly reduce near-bed TKE may instead accumulate larger numbers of microplastics than 

less dense seagrass (de los Santos et al., 2021). The role of the canopy in reducing the near-bed 

TKE and enhancing plastic deposition and accumulation in sediments is further demonstrated by 

the large quantities of plastics found in the sediments of S. pistillata, that consistently reduced 

the near-bed flow velocity and TKE compared to the less rigid canopies of seagrasses and 

macroalgae. Structural complexity is a key trait for the nursery function of a coastal habitat 

(Heck et al., 2003; Lefcheck et al., 2019), and canopy stiffness is a key trait for coastal protection 

services (Bouma et al., 2005). Therefore, the most valuable ecosystems in terms of nursery and 

coastal protection services also are those with the highest potential of accumulating large 

amounts of microplastics, thereby removing them from the pelagic food web, although possibly 

accessible to infauna.  

4.3. Sediment as a permanent sink for microplastics 

A relatively high fraction of plastic particles was trapped considering that the portion of 

the seabed enclosed within the field flume was only 0.5 m in length. It is therefore likely that 

spatially extensive biogenic habitats are able to capture all microplastics present in the water 

flowing through their aboveground structure, under favorable hydrodynamic conditions. The 

accumulation of microplastics in biogenic habitats appears to be determined by 1) the likelihood 

that microplastics in the water column encounter an aboveground benthic structure, and 2) the 

capacity of biogenic habitats to trap particles in their aboveground structures and retain these 
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particles in their sediments. The former depends on flow dynamics. For example, a high flow 

velocity over a biogenic habitat may induce flow separation and reduce the frontal area of 

flexible benthic structures (Järvelä, 2005), thereby potentially reducing microplastic 

accumulation (de los Santos et al., 2021; Järvelä, 2005; Peralta et al., 2008). The results of this 

study suggest that the latter is a direct function of near-bed TKE reduction by the benthic 

structure and the sediment particle size in relation to the microplastic particle size, as a larger 

fraction of 0.5 mm particles was retained in the sediment compared to 2.5 mm particles.  

The observed influence of microplastic particle size on particle retention is likely the 

result of hiding-exposure mechanisms occurring in sediment mixtures consisting of multiple 

particle sizes. The smaller particles are sheltered, i.e. “hidden”, by larger particles, which in turn 

are exposed. Such sheltering increases the erosion resistance of the finer sediment fraction and 

decreases that of the coarser fraction (Einstein, 1950). Given that low-density particles such as 

microplastics by definition have a low erosion resistance, sheltering by larger sediment particles 

may be of pivotal importance to microplastic retention in the sediment, eventually leading to 

their burial. The assessment that seagrass sediments contained a mean of 80 ± 70 mg plastics m
-2

 

within the top 20 cm of sediments, provides evidence that the processes experimentally resolved 

in the field experiments are indeed in operation in the Red Sea, leading seagrass meadows to act 

as sinks for microplastics there. Indeed, 1 m
2 

of seagrass meadow contains as much microplastic 

stock within the top 20 cm as 8 ha of Red Sea surface waters, where the mean concentration is 

about 1 g km
-2

 (Martí et al., 2017). 

While the results of this study suggest that coarser sediment particles have a higher 

potential to retain smaller microplastic particles, other studies report either no differences in 

microplastic concentration with grain size, or a higher concentration in finer sediments or 
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sediments with high organic matter content (see Harris 2020 for a review). The in situ 

hydrodynamic control used in this study disentangles hydrodynamic conditions from sediment 

properties. In nature however, fine sediments and sediments with high organic matter content 

generally occur in depositional environments with calm hydrodynamic conditions. Hence, while 

these sediments have a lower microplastic retention potential, the hydrodynamic conditions 

promote microplastic settlement. On the other hand, coarse sediments have a higher microplastic 

retention potential but are often accompanied by higher flow or wave strength, preventing the 

settlement of microplastics even though they are favorable for microplastic retention from a 

purely sedimentary perspective. It is therefore crucial to consider both microplastic trapping 

mechanisms observed from controlled experiments, and observations on microplastic 

concentrations in the environment, combined with information on hydrodynamics, in order to 

correctly interpret the microplastic trapping and retention potential of nearshore biogenic 

habitats.  

4.4. Conclusions 

Biogenic habitats bring high value to coastal ecosystems, acting as sinks for organic 

carbon in their sediments, partly driven by the role of their canopies in trapping seston particles 

(Duarte et al., 2013). We experimentally demonstrated that seagrass, macroalgae and corals 

facilitate microplastic accumulation, and burial in the underneath sediment. This adds to the 

recently demonstrated role of mangroves as significant sinks for microplastics (Martin et al., 

2019b). The studied biogenic habitats facilitate microplastic trapping in two ways: 1) adhesion of 

particles to their canopy, which is positively correlated to architectural complexity and cuticle 

characteristics, and 2) promoting microplastic settlement on the sediment, which accounted for 

>90 % of the trapped particles and is positively related to the ability of the biogenic habitat to 
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reduce near-bed TKE. This settlement may result in permanent trapping when plastic particles 

are of similar size or smaller than the sediment grain size though hiding-exposure mechanisms. 

The most valuable biogenic habitats in terms of nursery and coastal protection surfaces are thus 

also the ones with the highest potential to accumulate large amounts of microplastics, mainly in 

their sediments, removing them from the pelagic food web.  
Jo

ur
na

l P
re

-p
ro

of

Journal Pre-proof



Acknowledgements 

This publication is based upon work supported by the King Abdullah University of 

Science and Technology (KAUST) Office of Sponsored Research (OSR) under Award No. OSR-

2019-CPF-4107.1. We thank Ramzi Aljahdali from the Coastal and Marine Resources Core Lab 

(CMOR) for logistical assistance, and Amr Gusti, Walid Aljahdali and Hassan Niazi for their 

assistance with the field flume experiments. Hanan Almahasheer, Vincent Saderne, Michael 

Cusack and Oscar Serrano are thanked for their assistance with collecting the sediment cores in 

seagrass meadows. Three anonymous reviewers are thanked for their constructive criticism 

which substantially improved the manuscript. Symbols of organisms used in the graphical 

abstract and Figure 1 and 5 are courtesy of the Integration and Application Network, University 

of Maryland Center for Environmental Science (ian.umces.edu/symbols/). The data and analyses 

of this study are available at dx.doi.org/10.4121/13469190.   

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



References 

Agawin, N.S.R., Duarte, C.M., 2002. Evidence of direct particle trapping by a tropical seagrass meadow. Estuaries 25, 1205–

1209. https://doi.org/10.1007/BF02692217 

Arossa, S., Martin, C., Rossbach, S., Duarte, C.M., 2019. Microplastic removal by Red Sea giant clam (Tridacna maxima). 

Environ. Pollut. 252, 1257–1266. https://doi.org/10.1016/j.envpol.2019.05.149 

Bouma, T.J., De Vries, M.B., Low, E., Peralta, G., Tánczos, I.C., Van De Koppel, J., Herman, P.M.J., 2005. Trade-offs related to 

ecosystem engineering: A case study on stiffness of emerging macrophytes. Ecology 86, 2187–2199. 

https://doi.org/10.1890/04-1588 

Brandon, J.A., Jones, W., Ohman, M.D., 2019. Multidecadal increase in plastic particles in coastal ocean sediments. Sci. Adv. 5, 

1–7. https://doi.org/10.1126/sciadv.aax0587 

Browne, M.A., Crump, P., Niven, S.J., Teuten, E., Tonkin, A., Galloway, T., Thompson, R., 2011. Accumulation of microplastic 

on shorelines woldwide: Sources and sinks. Environ. Sci. Technol. 45, 9175–9179. https://doi.org/10.1021/es201811s 

Browne, M.A., Galloway, T., Thompson, R., 2007. Microplastic-an emerging contaminant of potential concern? Integr. Environ. 

Assess. Manag. 3, 559–561. https://doi.org/10.1002/ieam.5630030412 

Coppock, R.L., Cole, M., Lindeque, P.K., Queirós, A.M., Galloway, T.S., 2017. A small-scale, portable method for extracting 

microplastics from marine sediments. Environ. Pollut. 230, 829–837. https://doi.org/10.1016/j.envpol.2017.07.017 

Corona, E., Martin, C., Marasco, R., Duarte, C.M., 2020. Passive and active removal of marine microplastics by a mushroom 

coral (Danafungia scruposa). Front. Mar. Sci. 7, 1–9. https://doi.org/10.3389/fmars.2020.00128 

Cózar, A., Echevarría, F., González-Gordillo, J.I., Irigoien, X., Úbeda, B., Hernández-León, S., Palma, Á.T., Navarro, S., García-

de-Lomas, J., Ruiz, A., Fernández-de-Puelles, M.L., Duarte, C.M., 2014. Plastic debris in the open ocean. Proc. Natl. 

Acad. Sci. U. S. A. 111, 10239–10244. https://doi.org/10.1073/pnas.1314705111 

Cozzolino, L., Nicastro, K.R., Zardi, G.I., de los Santos, C.B., 2020. Species-specific plastic accumulation in the sediment and 

canopy of coastal vegetated habitats. Sci. Total Environ. 723, 138018. https://doi.org/10.1016/j.scitotenv.2020.138018 

Dahl, M., Bergman, S., Björk, M., Diaz-Almela, E., Granberg, M., Gullström, M., Leiva-Dueñas, C., Magnusson, K., Marco-

Méndez, C., Piñeiro-Juncal, N., Mateo, M.Á., 2021. A temporal record of microplastic pollution in Mediterranean seagrass 

soils. Environ. Pollut. 273, 116451. https://doi.org/10.1016/j.envpol.2021.116451 

de los Santos, C.B., Krång, A.S., Infantes, E., 2021. Microplastic retention by marine vegetated canopies: Simulations with 

seagrass meadows in a hydraulic flume. Environ. Pollut. 269, 116050. https://doi.org/10.1016/j.envpol.2020.116050 

de Smit, J.C., Kleinhans, M.G., Gerkema, T., Timmermans, K.R., Bouma, T.J., 2020. Introducing the TiDyWAVE field flume: A 

method to quantify natural ecosystem resilience against future storm waves. Limnol. Oceanogr. Methods. 

https://doi.org/10.1002/lom3.10386 

Duarte, C.M., Losada, I.J., Hendriks, I.E., Mazarrasa, I., Marbà, N., 2013. The role of coastal plant communities for climate 

change mitigation and adaptation. Nat. Clim. Chang. 3, 961–968. https://doi.org/10.1038/nclimate1970 

Einstein, H.A., 1950. The bed-load function for sediment transportation in open channel flows. Tech. Bull. No. 1026, United 

States Dep. Agric. Washingt. D.C. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



Forsberg, P.L., Sous, D., Stocchino, A., Chemin, R., 2020. Behaviour of plastic litter in nearshore waters: First insights from 

wind and wave laboratory experiments. Mar. Pollut. Bull. 153, 111023. https://doi.org/10.1016/j.marpolbul.2020.111023 

Gacia, E., Duarte, C.M., 2001. Sediment retention by a Mediterranean Posidonia oceanica meadow: The balance between 

deposition and resuspension. Estuar. Coast. Shelf Sci. 52, 505–514. https://doi.org/10.1006/ecss.2000.0753 

Gewert, B., Plassmann, M.M., Macleod, M., 2015. Pathways for degradation of plastic polymers floating in the marine 

environment. Environ. Sci. Process. Impacts 17, 1513–1521. https://doi.org/10.1039/c5em00207a 

Gharbi, S.H., Albarakati, A.M., Alsaafani, M.A., Saheed, P.P., Alraddadi, T.M., 2018. Simulation of tidal hydrodynamics in the 

Red Sea using COHERENS model. Reg. Stud. Mar. Sci. 22, 49–60. https://doi.org/10.1016/j.rsma.2018.05.007 

Harris, P.T., 2020. The fate of microplastic in marine sedimentary environments: A review and synthesis. Mar. Pollut. Bull. 158, 

111398. https://doi.org/10.1016/j.marpolbul.2020.111398 

Heck, K.L., Hays, G., Orth, R.J., 2003. Critical evaluation of the nursery role hypothesis for seagrass meadows. Mar. Ecol. Prog. 

Ser. 253, 123–136. https://doi.org/10.3354/meps253123 

Hendriks, I.E., Bouma, T.J., Morris, E.P., Duarte, C.M., 2010. Effects of seagrasses and algae of the Caulerpa family on 

hydrodynamics and particle-trapping rates. Mar. Biol. 157, 473–481. https://doi.org/10.1007/s00227-009-1333-8 

Hendriks, I.E., Sintes, T., Bouma, T.J., Duarte, C.M., 2008. Experimental assessment and modeling evaluation of the effects of 

the seagrass Posidonia oceanica on flow and particle trapping. Mar. Ecol. Prog. Ser. 356, 163–173. 

https://doi.org/10.3354/meps07316 

Huang, Y., Xiao, X., Xu, C., Perianen, Y.D., Hu, J., Holmer, M., 2020. Seagrass beds acting as a trap of microplastics - Emerging 

hotspot in the coastal region? Environ. Pollut. 257. https://doi.org/10.1016/j.envpol.2019.113450 

Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R., Perryman, M., Andrady, A., Narayan, R., Law, K.L., 2015. Plastic waste 

inputs from land into the ocean. Science (80-. ). 347, 768–771. https://doi.org/10.1126/science.1260352 

James, R.K., Silva, R., Van Tussenbroek, B.I., Escudero-Castillo, M., Mariño-Tapia, I., Dijkstra, H.A., Van Westen, R.M., 

Pietrzak, J.D., Candy, A.S., Katsman, C.A., Van Der Boog, C.G., Riva, R.E.M., Slobbe, C., Klees, R., Stapel, J., Van Der 

Heide, T., Van Katwijk, M.M., Herman, P.M.J., Bouma, T.J., 2019. Maintaining tropical beaches with seagrass and algae: 

A promising alternative to engineering solutions. Bioscience 69, 136–142. https://doi.org/10.1093/biosci/biy154 

Järvelä, J., 2005. Effect of submerged flexible vegetation on flow structure and resistance. J. Hydrol. 307, 233–241. 

https://doi.org/10.1016/j.jhydrol.2004.10.013 

Jeyasanta, K.I., Patterson, J., Grimsditch, G., Edward, J.K.P., 2020. Occurrence and characteristics of microplastics in the coral 

reef, sea grass and near shore habitats of Rameswaram Island, India. Mar. Pollut. Bull. 160, 111674. 

https://doi.org/10.1016/j.marpolbul.2020.111674 

Laptenok, S.P., Martin, C., Genchi, L., Duarte, C.M., Liberale, C., 2020. Stimulated Raman microspectroscopy as a new method 

to classify microfibers from environmental samples. Environ. Pollut. 267, 115640. 

https://doi.org/10.1016/j.envpol.2020.115640 

Lavy, A., Eyal, G., Neal, B., Keren, R., Loya, Y., Ilan, M., 2015. A quick, easy and non-intrusive method for underwater volume 

and surface area evaluation of benthic organisms by 3D computer modelling. Methods Ecol. Evol. 6, 521–531. 

https://doi.org/10.1111/2041-210X.12331 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



Law, K.L., 2017. Plastics in the Marine Environment. Ann. Rev. Mar. Sci. 9, 205–229. https://doi.org/10.1146/annurev-marine-

010816-060409 

Lebreton, L., Slat, B., Ferrari, F., Sainte-Rose, B., Aitken, J., Marthouse, R., Hajbane, S., Cunsolo, S., Schwarz, A., Levivier, A., 

Noble, K., Debeljak, P., Maral, H., Schoeneich-Argent, R., Brambini, R., Reisser, J., 2018. Evidence that the Great Pacific 

Garbage Patch is rapidly accumulating plastic. Sci. Rep. 8, 1–15. https://doi.org/10.1038/s41598-018-22939-w 

Lefcheck, J.S., Hughes, B.B., Johnson, A.J., Pfirrmann, B.W., Rasher, D.B., Smyth, A.R., Williams, B.L., Beck, M.W., Orth, 

R.J., 2019. Are coastal habitats important nurseries? A meta-analysis. Conserv. Lett. 12, 1–12. 

https://doi.org/10.1111/conl.12645 

Lim, H.S., Fraser, A., Knights, A.M., 2020. Spatial arrangement of biogenic reefs alters boundary layer characteristics to increase 

risk of microplastic bioaccumulation. Environ. Res. Lett. 15. https://doi.org/10.1088/1748-9326/ab83ae 

Lobelle, D., Cunliffe, M., 2011. Early microbial biofilm formation on marine plastic debris. Mar. Pollut. Bull. 62, 197–200. 

https://doi.org/10.1016/j.marpolbul.2010.10.013 

Martí, E., Martin, C., Cózar, A., Duarte, C.M., 2017. Low abundance of plastic fragments in the surface waters of the Red Sea. 

Front. Mar. Sci. 4, 1–8. https://doi.org/10.3389/fmars.2017.00333 

Martin, C., Agustí, S., Duarte, C.M., 2019a. Seasonality of marine plastic abundance in central Red Sea pelagic waters. Sci. Total 

Environ. 688, 536–541. https://doi.org/10.1016/j.scitotenv.2019.06.240 

Martin, C., Almahasheer, H., Duarte, C.M., 2019b. Mangrove forests as traps for marine litter. Environ. Pollut. 247, 499–508. 

https://doi.org/10.1016/j.envpol.2019.01.067 

Martin, C., Baalkhuyur, F., Valluzzi, L., Saderne, V., Cusack, M., Almahasheer, H., Krishnakumar, P.K., Rabaoui, L., Qurban, 

M.A., Arias-Ortiz, A., Masqué, P., Duarte, C.M., 2020. Exponential increase of plastic burial in mangrove sediments as a 

major plastic sink. Sci. Adv. 6. https://doi.org/10.1126/sciadv.aaz5593 

Martin, C., Corona, E., Mahadik, G.A., Duarte, C.M., 2019c. Adhesion to coral surface as a potential sink for marine 

microplastics. Environ. Pollut. 255. https://doi.org/10.1016/j.envpol.2019.113281 

Peralta, G., van Duren, L., Morris, E., Bouma, T., 2008. Consequences of shoot density and stiffness for ecosystem engineering 

by benthic macrophytes in flow dominated areas: a hydrodynamic flume study. Mar. Ecol. Prog. Ser. 368, 103–115. 

https://doi.org/10.3354/meps07574 

Seng, N., Lai, S., Fong, J., Saleh, M.F., Cheng, C., Cheok, Z.Y., Todd, P.A., 2020. Early evidence of microplastics on seagrass 

and macroalgae. Mar. Freshw. Res. https://doi.org/10.1071/MF19177 

Soulsby, R.L., 1983. The bottom boundary layer of shelf seas. Elsevier Oceanogr. Ser. 35, 189–266. 

https://doi.org/10.1016/S0422-9894(08)70503-8 

Suaria, G., Achtypi, A., Perold, V., Lee, J.R., Pierucci, A., Bornman, T.G., Aliani, S., Ryan, P.G., 2020. Microfibers in oceanic 

surface waters: A global characterization. Sci. Adv. 6, 1–9. https://doi.org/10.1126/sciadv.aay8493 

Tinoco, R.O., Coco, G., 2018. Turbulence as the main driver of resuspension in oscillatory flow through vegetation. J. Geophys. 

Res. Earth Surf. 123, 891–904. https://doi.org/10.1002/2017JF004504 

Van Sebille, E., Wilcox, C., Lebreton, L., Maximenko, N., Hardesty, B.D., Van Franeker, J.A., Eriksen, M., Siegel, D., Galgani, 

F., Law, K.L., 2015. A global inventory of small floating plastic debris. Environ. Res. Lett. 10. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



https://doi.org/10.1088/1748-9326/10/12/124006 

Yang, J.Q., Chung, H., Nepf, H.M., 2016. The onset of sediment transport in vegetated channels predicted by turbulent kinetic 

energy. Geophys. Res. Lett. 43, 11,261-11,268. https://doi.org/10.1002/2016GL071092 

Zhang, H., 2017. Transport of microplastics in coastal seas. Estuar. Coast. Shelf Sci. 199, 74–86. 

https://doi.org/10.1016/j.ecss.2017.09.032 

 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



Figures 

 

Figure 1. The TiDyFLOW field flume set up used for the plastic trapping experiments. The flow 

chamber was slightly modified from James et al. (2019), to enable hosting a taller canopy and to 

be able to mount a plankton-net to the outflow side of the flume. A: flume engine with 2 

electrical boat propellers drive a 0.15 m s
-1

 flow. B: Plastics are seeded and dispersed in a 1-m 

closed section, here the channel height is increased to 0.5 m. C: Measurement section with open 

bottom contains the benthic structure and sediment. A downwards looking ADV probe measures 

average free-stream velocity, and a side-looking ADV measures near-bed flow and TKE. D: A 

plankton net attached to a 1-m closed section of the field flume catches plastic particles that were 

not retained by the benthic structure or trapped in the sediment.  
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Figure 2. A: total canopy surface area against the fraction of 0.5 mm particles that were trapped 

on the canopy. Circles represent individual measurements and dots + error bars represent the 

means ± maximum/minimum. B: Boxplot (whiskers are min-max, boxes are between 1
st
 and 3

rd
 

quantile, and lines are medians) of number of trapped 0.5 mm particles per m
2
 canopy surface 

area, asterisks indicate groups that are statistically similar.  

Figure size: 1 column (3.5×5 inch) 
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Figure 3. A: near-bed turbulent kinetic energy (TKE) against the fraction of 0.5 mm particles that 

were trapped on the sediment, colors correspond do species as indicated in B. B: boxplot of 

species specific effects on near-bed TKE. P-values between brackets are from Tukey HSD post-

hoc tests comparing the studied species with the control experiments on bare sediment. Asterisks 

indicate groups that are statistically similar. One outlier of S. pistillata (indicated with a black 

square) was excluded from the regression in A and statistical tests in B. In this replicate the 

specimens were less tall (see Table S1, replicate 4), hence the acoustic doppler velocimeter 

possibly measured the flow above the near-bed layer where TKE is strongly reduced. 

Figure size: 1 column (3.5×5 inch)  
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Figure 4. Boxplot (min-max, 1
st
 and 3

rd
 quantiles, and median) of the fraction of 0.5 mm and 2.5 

mm particles trapped in the sediment. 

Figure size: 1 column (3.5×2.5 inch)  
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Figure 5. Overview of plastic trapping and retention mechanisms in biogenic habitats and their 

underneath sediments.  

Figure size: 2 columns (5×5 inch) 
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Highlights 

- Biogenic habitats facilitate microplastic sequestration in coastal sediments 

- Plastic trapping mechanisms were studied in situ using a field flume 

- > 90 % of particles was trapped in bottom sediments 

- Microplastics sedimentation is exponentially related to near-bed TKE 

- Microplastics smaller than sediment particles are most likely to be retained 
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