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Abstract 15 

 16 

Marine litter loads in sea compartments are an emergent issue due to their ecological 17 

and biological consequences. This study addresses microplastic quantification and 18 

morphological description to test spatial differences along an anthropogenic gradient 19 

of coastal shallow sediments and further on to evaluate the preferential deposition of 20 

microplastics in a given sediment grain fraction. Sediments from Marine Protected 21 

Areas (MPAs) contained the highest concentrations of microplastics (MPs): up to 0.90 ± 22 

0.10 MPs/g suggesting the transfer of microplastics from source areas to endpoint 23 

areas. In addition, a high proportion of microplastic filaments were found close to 24 

populated areas whereas fragment type microplastics were more common in MPAs. 25 

There was no clear trend between sediment grain size and microplastic deposition in 26 

sediments, although microplastics were always present in two grain size fractions: 2 27 

mm > x > 1 mm and 1 mm > x 0.5 mm.  28 

 29 

 30 

 31 

 32 

 33 

 34 

 35 
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 37 
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 40 
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1. Introduction 48 

 49 

Microplastics (MPs) (< 5 mm) are ubiquitous, man-made particles distributed 50 

throughout all sea compartments including sediment. The first recordings of MPs in 51 

surface water date back to the 1970s (Carpenter et al., 1972), however evaluations of 52 

MPs in sediments weren’t reported until the beginning of this century (Thompson et 53 

al., 2004).  The most prominent types of MPs identified in the marine environment 54 

include spheres, 54 pellets, irregular fragments and fibres (Wright et al., 2013) of which 55 

can be classified as primary or secondary MPs.  56 

 57 

Primary MPs are intentionally produced at a microscopic scale through the process of 58 

extrusion or grinding, either as precursors to other products (e.g. plastic pellets; Costa 59 

et al. 2010) or for direct use as abrasives in cleaning products or rotomilling (Brown, 60 

2015). On the other hand, secondary MPs result from the degradation of macroplastics 61 

due to mechanical, photolytic and/or chemical degradation processes in the marine 62 

environment (Mathalon and Hill, 2014). Therefore, MPs enter the marine environment 63 

via multiple pathways, such as water and wastewater being discharged into the sea or 64 

through the degradation of macroplastic marine debris. Macroplastic marine debris is 65 

transported to the sea from landfills or recycling points as a result of adverse weather 66 

conditions and/or the direct dumping of macroplastics into the sea.  67 

 68 

Plastics with a density that exceeds that of seawater (1.02 g cm-3) will sink and 69 

accumulate in the sediment (Woodall et al., 2015), while low-density particles tend to 70 

float on the sea surface (Suaria and Aliani, 2014) or in suspension in the water column 71 

(Fossi et al., 2012). However, through density-modification, even low-density plastics 72 

can reach the seafloor (Van Cauwenberghe et al., 2015). Biofouling ranging from 73 

prokaryotes, eukaryotes and invertebrates can lead to an increase in density resulting 74 

in the sinking of MPs (Andrady, 2011; Reisser et al., 2013; Zettler et al., 2013; Jorissen 75 

2014). In addition, sediments are suggested to be long term-term sinks for MPs (Cózar 76 

et al., 2014; Morét-Ferguson et al., 2010) and have a potential to accumulate this type of 77 

marine debris (Fries et al., 2013; Nuelle et al., 2014).  78 

 79 

Grain size could influence MPs deposition in sediment as it has been seen to determine 80 

the content and distribution of substances such as organic carbon, total nitrogen, 81 

biogenic opal, carbohydrates and lignin in sediments (Bergamaschi et al., 1996; 82 

Chakraborty et al., 2015).  An increase of organic carbon with decreasing grain size was 83 

seen (Bergamaschi et al., 1996) and variation of mercury and Total Organic Carbon 84 

(TOC) increased with decreasing grain size of the sediments (Chakraborty et al., 2015). 85 

Following these chemical interactions/observations it could be thought that 86 

microplastic concentrations vary with sediment grain size showing different 87 

deposition in sediments and accumulation according to grain size, therefore having 88 

implications in benthic organisms and across the food web. 89 

 90 

The impacts of MPs in marine biota are currently under investigation and widespread 91 

ecological impacts are expected from these rather than macroplastics (Rochman et al., 92 

2013). The small size of MPs facilitates organisms’ intake compared to macroplastics 93 

(Lusher et al., 2013). Particles accumulated in sediment are accessible to benthic 94 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 3 

suspension and deposit feeders (Van Cauwenberghe et al., 2015; Deudero et al., 2014) 95 

and to other sediment-dwelling organisms (Moore, 2008; Wright et al 2013). Particles 96 

smaller than 20 µm have been seen to be actively ingested by small invertebrates (e.g. 97 

Thompson et al. 2004) but also egested (e.g. Lee et al. 2013). For example, exposure 98 

experiments have demonstrated significant biological effects including weight loss, 99 

reduced feeding activity, increased phagocytic activity and transference to the 100 

lysosomal (storage) system in some invertebrates (Lusher, 2015). In addition, Rochman 101 

suggested that microplastics ranging from 2–5 mm could take longer to pass from the 102 

stomachs of organisms and could be retained in the digestive system, potentially 103 

increasing the exposure time to adsorbed toxins. Therefore, more studies, especially 104 

field studies, are needed to further understand microplastic uptake, translocation and 105 

retention or egestion in marine species compromising all trophic levels and investigate 106 

if the transfer of MPs across the food web implies bioaccumulation and 107 

biomagnification (Lusher, 2015).   108 

 109 

Reports of MPs in marine sediments worldwide are emerging, remarking the large 110 

spatial distribution of this contaminant (Van Cauwenberghe et al., 2015) and therefore 111 

the possible implications which MPs might have in marine habitat food webs. High 112 

quantities of macroplastics have already been reported in both deep seafloor and 113 

offshore sea surface areas of the Mediterranean (Deudero and Alomar, 2015), however 114 

the microplastic fraction in coastal shallow marine sediments has been less researched 115 

(Graham and Thompson, 2009).  116 

 117 

The Balearic Islands, located in the western Mediterranean are exposed to human 118 

stressors that impact coastal habitats (Deudero et al., 2015). These activities include 119 

commercial and recreational boating routes, which increase during the summer season, 120 

as well as dense population and urbanization along the coastline that, directly or 121 

indirectly, impacts the marine environment (Alomar et al., 2015), possibly increasing 122 

microplastic loads from large metropolitan areas (Galgani et al 2000). Martinez-Ribes et 123 

al. (2007) suggested a strong relationship between litter characteristics and local-based 124 

origins during winter and summer months in 32 beaches on the Balearic Islands. In 125 

addition, mean values of litter around these beaches consisted of approximately 36 126 

items/m with a mean weight of 32 ± 25 g/m in summer.  127 

 128 

Due to the global distribution and implications of MPs and the early stages of studies 129 

dealing with MPs deposition in coastal shallow sediments the following research aims 130 

at: 131 

 132 

1. Quantify and give a morphological description of MPs in coastal shallow 133 

sediments under a gradient of anthropogenic pressures from populated coastal 134 

zones to Marine Protected Areas and the assessment of spatial differences 135 

2. Analyse MP concentrations with regard to sediment granulometry in order to 136 

determine MPs preferential deposition in a particular sediment size. 137 

 138 

 139 

 140 

 141 
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2. Material and methods 142 

 143 

2.1. Sampling area 144 

 145 

Sediment samples were obtained during the autumn of  2013 in coastal shallow waters 146 

of Mallorca Island and Cabrera Island (Balearic Islands, western Mediterranean) (Fig. 147 

1). Three sampling locations were chosen for microplastic analyses: Andratx situated in 148 

Mallorca and Es Port and Santa Maria located in Cabrera (Fig. 1). All of the locations 149 

are situated in enclosed bays with different degrees of anthropogenic pressures. 150 

Andratx is located off a coastal urbanized and populated area with a recreational port 151 

exposed to human activities and sewage inputs from both adjacent urban coastal areas 152 

and boating activities (Alomar et al., 2015), while Es Port and Santa Maria, are located 153 

in the Cabrera Archipelago National Maritime-Terrestrial Park. Es Port is situated in 154 

the Marine Protected Area (MPA) of this park and Santa Maria is located in the no take 155 

area of this MPA. Es Port lies in a sheltered bay with limited and restricted uses where 156 

boat access is controlled, whereas Santa Maria is free of sewage or inorganic inputs and 157 

no boat traffic or any other type of activities are permitted (Alomar et al., 2015). 158 

 159 

2.2. Field work 160 

 161 

Sediment samples were obtained at the three different locations: Andratx, Santa Maria 162 

and Es Port. At each location two sites were sampled: A1 and A2 in Andratx (Mallorca 163 

Island), S1 and S2 in Santa Maria and P1 and P2 in Es Port (Cabrera Island). Two 164 

replicate samples of superficial sediments (0 – 3.5 cm) were collected at each site by 165 

scientific scuba divers using core tubes (length: 30 cm; diameter: 3.5 cm). Replicates of 166 

the same site were separated by 1.5 m and collected between 8 and 10 m depth from 167 

sandy patches next to Posidonia oceanica seagrass meadows. All samples were frozen 168 

prior to laboratory analyses at -16 ºC. Prior to sampling at sea, core tubes had been 169 

deep cleaned with distilled water and checked for any type of particles under 170 

stereomicroscope.  171 

 172 

2.3. Laboratory analysis 173 

 174 

Once in laboratory, sediments were sieved and MPs for each grain size fractions were  175 

quantified and morphologically described. Sediment core samples were dried at 50ºC 176 

during 48 hours prior to sieving. The sieve stack consisted of stainless steel sieves with 177 

mesh diameters of: 2, 1, 0.5, 0.25, 0.125 and 0.063 mm. From each sample, a variable 178 

amount of sediment (ranging from 142.37 and 879.18 g, and depending on sediment 179 

characteristics) was placed in the stack and shaken for 15 minutes. Sediment retained 180 

in each sieve was weighed for grain size determination according to sieve fractions.  181 

 182 

Once the sediment was separated into the different fractions, MPs retained in each 183 

fraction were extracted by means of a density separation method. Lighter plastic 184 

particles were separated from heavier sediment grains by mixing the sediment with 185 

distilled water and shaking for another 15 minutes. Those particles with a lower 186 

density were removed from the water and analyzed under stereomicroscopic 187 

observation (Euromex NZ 1903-S) with optical enhancement from 6.7x to 40.5x. Images 188 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 5 

of MPs were taken with a CMEX 3.0 MP camera attached to the microscope and 189 

measured using a special calibration software, ImageFocus® 4.0. (Euromex software). 190 

Microplastics were classified into filament or fragment type (rounded, subrounded, 191 

angular and subangular) according to the Marine Strategy Framework Directive 192 

technical subgroup on marine litter (Galgani et al., 2013). In addition, MPs colour was 193 

identified and MPs per gram of dry sediment were given.   194 

 195 

Measures to avoid (airborne) contamination were adopted while handling and 196 

processing samples (Woodall et al., 2015). A day prior to the start of laboratory 197 

analyses, glass petri dishes were left in the laboratory as a control for MPs. After 24 198 

hours, petri dishes were carefully checked for any type of particles under the 199 

stereomicroscope but none were seen. During the analyses procedure, two glass petri 200 

dishes were placed at each side of the steromicroscope and checked for MPs before and 201 

after each sample but any type of airborne contamination was observed. All material 202 

used was rinsed twice before use with distilled water and alcohol and all working 203 

surfaces were cleaned with alcohol. A 100% cotton lab coat was worn at all times 204 

during all analysis procedures. 205 

 206 

2.4. Data analysis 207 

 208 

To test objectives 1 and 2 regarding spatial differences in microplastic concentrations in 209 

coastal shallow sediments and grain size preference for MPs deposition,  210 

permutational multivariate ANOVAs were carried out. The similarity matrices were 211 

calculated using the Bray–Curtis index and the log (x + 1) transformation for MPs/g dry 212 

sed. and untransformed data for sediment grain size. The experimental design 213 

incorporated two factors: ‘Location’ (fixed) with three levels: Andratx, Santa Maria and 214 

Es Port and ‘Site’ (random and nested within the factor ‘Location’) with six levels: A1, 215 

A2, P1, P2, S1 and S2. All statistical analyses were performed using PRIMER v.6 and its 216 

add-on package PERMANOVA+ (Anderson et al., 2008). 217 

 218 

Non-parametric multidimensional scaling (MDS) analyses were used as the ordination 219 

method for exploring differences in sediment grain size according to sites. The 220 

similarity matrices were used to construct the bivariate MDS plots and MPs per gram 221 

of dry sediment (MPs/g dry sed.) regarding the different sieve fractions that were 222 

linked to this MDS. The percentage similarities (SIMPER) procedure was then used to 223 

calculate the contribution of each sieve size fraction to the similarity within sites and 224 

dissimilarity between locations for both variables (sediment grain size and MPs per 225 

gram of dry sediment). Finally, to examine if sediment sieve fractions alter microplastic 226 

concentrations a LINKTREE analysis (Clarke et al., 2008) was performed setting as the 227 

variable the transformed MPs/g dry sed. and as the factor the sieve size fraction. 228 

 229 

3. Results 230 

 231 

3.1 Microplastic concentrations in sediment  232 

 233 

Lower mean values of MPs were found in both Cabrera MPA locations but no 234 

significant differences were found amongst locations (Table 1; PERMANOVA, p < 235 
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0.01). However, Es Port had lower values (P1: 0.10 ± 0.06 MPs/g dry sed. and P2: 0.10 ± 236 

0.03 MPs/g dry sed.) compared to Santa Maria MPA no take area (S1: 0.90 ± 0.10 MPs/g 237 

dry sed. and S2: 0.24 ± 0.03 MPs/g dry sed). Mean values of MPs/g dry sed. in the 238 

coastal populated area of Andratx was 0.16 ± 0.09 in A1 and 0.12 ± 0.10 in A2.  239 

 240 

SIMPER analyses showed that sediments of sites in Es Port were more similar in 241 

microplastic concentrations (SIMPER average similarity: 61.45%) than sites in Andratx 242 

(SIMPER average similarity: 31.85%) (Table 2). SIMPER analyses revealed 243 

dissimilarities of microplastic concentrations higher than 65% amongst all locations. In 244 

this sense, most differences were found between Andratx and Es Port (SIMPER 245 

average dissimilarity: 70.94%), whereas Es Port and Santa Maria, both protected 246 

locations, showed an average dissimilarity of 67.16% (Table 3).  247 

 248 

3.1.1 Microplastic morphology 249 

 250 

According to the MPs morphological description, in Andratx, more than 60% of the 251 

MPs identified were filaments, whereas in Es Port and Santa Maria, more than 60% of 252 

the MPs had a fragmented structure (Fig. 2). According to colour, MPs found were 253 

mostly black or blue in colour (Fig. 3). There were no red or transparent fragments 254 

(Table 4).  255 

 256 

3.2 Sediment grain size 257 

 258 

Sediment grain size was determined in order to assess whether microplastic sediment 259 

concentrations are more closely linked to sediment granulometry or to spatial 260 

differences among locations in an anthropogenic gradient. Coastal shallow sediments 261 

were characterized by particles ranging from granules to very fine sand according to 262 

Udden-Wentworth grain-size classification (Table 5). The A2 site was characterized by 263 

a very high percentage (73.77%) of granule particles. In addition, most of the sediment 264 

at the S1 site (93%) was characterized by very coarse to medium sand particles 265 

(diameter between 2 mm and 0.25 mm), whereas fine and very fine sand particles were 266 

very low (7%). In contrast, the A1 site in Andratx presented a large proportion of 267 

medium to very fine sand particles (66.70%; diameter smaller than 0.5 mm) (Table 5).  268 

 269 

Significant differences were found amongst sites (Table 1; PERMANOVA, p < 0.01) but 270 

not between locations. Sediment grain size in Andratx showed a large separation 271 

among each site (A1 and A2), however samples of the same site were closely grouped 272 

together in the MDS indicating similar class sizes. In addition, all sediment samples in 273 

Es Port had similar grain sizes as indicated by being closely packed together (Fig. 4). 274 

Additionally, SIMPER analyses corroborated that sediment grain sizes were the most 275 

similar within samples of Es Port (Table 2; SIMPER average similarity: 85.92%). 276 

Controversially, SIMPER revealed an average similarity of 47.44% within samples of 277 

Andratx (Table 2). Finally, the greatest differences were observed between the 278 

sediment grain size of Santa Maria and Andratx (Table 3; SIMPER average 279 

dissimilarity: 50.08%) whereas the sediment grain size of Es Port and Santa Maria in 280 

the same island were more similar (Table 3; SIMPER average dissimilarity: 34.43%).  281 

 282 
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3.2.1 Microplastic concentrations in sediment sieve fractions 283 

 284 

MPs were present in all sediments in Santa Maria with a diameter larger than 2 mm 285 

showing high values (> 0.48 ± 0.09 MPs/g dry sed.), although the highest values were 286 

found in the grain size fraction range from 0.25 mm > x > 0.125 mm at the S1 site (Table 287 

6).  MPs were also present at all of the sampling sites in Andratx but with lower mean 288 

values (Fig. 4a). Interestingly, MPs were present in all sampled sediments ranging from 289 

2 mm to 0.5 mm (Fig4b,c), while no MPs/g dry sed. were observed in the smallest sieve 290 

fraction (0.125 mm > x > 0.063 mm) of P2, P1, S2 and A1 (Fig. 4d).  291 

 292 

For MPs/g dry sed., the LINKTREE analysis results show that the sieve fraction factor 293 

separates both samples of site A2 and a sample of site S1 from the rest of the samples 294 

(Fig. 5). These three samples, have an average dissimilarity of 98% with  the  rest of the 295 

sites. The three lowest sieve fractions, 0.5 mm > x > 0.25 mm, 0.25 mm > x > 0.125 mm 296 

and 0.125 mm > x > 0.063 mm, signify the split of S1, A2 and A2 from the rest (Fig. 5).  297 

However, the high R value (0.94) indicates a high separation between levels of our 298 

factor (site) within this group.  The grain size fractions of x > 2 mm and 1 mm > x > 0.5 299 

mm separate the sample of Santa Maria, S1, from the rest of samples with a 300 

dissimilarity of 63.6% (Fig. 5).  301 

 302 

4. Discussion  303 

 304 

It has been demonstrated that deep sea areas and submarine canyons are sinks for MPs 305 

(Pham et al., 2014; Woodall et al., 2014) but this study reports MPs in marine coastal 306 

shallow sediments as well.  Microplastics, which are dumped directly or indirectly into 307 

the sea or discharged indirectly via wastewaters, sewage pipelines and terrestrial run-308 

off (Derraik, 2002), would be expected in higher quantities in populated areas such as 309 

Andratx rather than naturally pristine areas of MPAs such as Es Port and Santa Maria. 310 

Controversially, the highest microplastic concentrations in this study were 311 

encountered in the Cabrera MPA despite the existing policies controlling boating and 312 

other activities. This could suggest the transfer of contaminants from distant areas to 313 

deposition zones (Suaria and Aliani, 2014) and the transport of MPs from sea surface 314 

areas to deep and shallow sediments.   315 

 316 

Quantified microplastic concentrations in this study are comparable to those 317 

determined worldwide, although the wide array of existing techniques and 318 

quantification units limits the comparison of results. However, contrary to our results, 319 

most studies are reporting high microplastic concentrations in sediments close to 320 

densely populated areas (Van Cauwenberghe et al. 2015). In this study, higher values 321 

ranging from 100.78 ± 55.49 MPs/Kg of dry sed. (P1; Es Port in Cabrera) to 897.35± 322 

103.31 MPs/Kg of dry sed. (S1; Santa Maria in Cabrera), were obtained in pristine areas 323 

far-away from densely populated areas. Mean values in the no take MPA of Santa 324 

Maria (S1: 897.35 ± 103.31 and S2: 244.01 ± 33.46 MPs/Kg of dry sed.) were higher than 325 

those observed by Claessens et al. (2011) in a harbour area of Belgium (166.7 items/kg 326 

dry sediment). Instead, reported values in this harbour area of Belgium were similar to 327 

values obtained in Andratx which is close to a port (A1: 163.68 ± 93.02 and A2:  122.80 ± 328 

98.18 MPs/Kg of dry sed). In addition, reported values at the S1 site were similar to 329 
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those identified in subtidal sediments of a coastal lagoon in Venice, located near an 330 

industrial zone (Vianello et al., 2013; 672-2175 items/kg dry sediment). All sampled 331 

sites in this study showed higher values than continental shelf sediments sampled off 332 

the Belgium coast (Claessens et al., 2011; 97.2 items/kg dry sediment) and all except for 333 

S1, are in range with samples from the infralittoral zone in Slovenia (Laglbauer et al., 334 

2014; 170.4 items/kg dry sediment). Regardless of the limited knowledge on MPs, this 335 

study provides evidence indicating that natural pristine areas are not excluded from 336 

microplastic contamination.   337 

 338 

According to the type of MPs observed, more than 60% of the MPs found in Andratx 339 

were filaments. This type of MPs is indicative of sewage origin and synthetic garments 340 

from the textile industry is an important source of microplastic contamination (Browne 341 

et al., 2011). In addition, Browne et al. (2011) concluded that up to 1900 fibres can be 342 

released into the environment from washing a single piece of clothing. Therefore, MPs 343 

contamination in the populated area of Andratx could be attributed to sewage input 344 

rather than fragmentation of large plastic particles into smaller ones. Contrarily, in 345 

Santa Maria, more than 60% of the identified particles were fragmented (rounded, 346 

subrounded, angular, subangular shaped) which is linked to fragmentation processes 347 

of bigger plastics (Wagner et al., 2014). On several occasions during the sampling 348 

process for this study and other research studies, macroplastics were seen floating on 349 

the sea surface in Santa Maria (personal communication). Strong currents and winds 350 

may transport litter, especially the more buoyant, far away from its source (Oliveira et 351 

al., 2015). Consequently, accumulation occurs in areas of complex geomorphology and 352 

where hydrodynamic conditions are more favourable (Galgani et al., 1995; 1996, 2000; 353 

Pham et al., 2014) and eventually macroplastics breakdown into smaller particles due 354 

to light, heat, chemical or physical processes (Andrady, 2011; Barnes et al., 2009) and 355 

sink to the seafloor.  356 

  357 

As sediments have a potential to accumulate marine debris (Browne et al., 2010; 358 

Claessens et al., 2011; Avio et al., 2015), quantified MPs in Santa Maria may be 359 

suggesting transferred contamination from adjacent waters to the no take MPA. In this 360 

sense, Atlantic water flows through the Gibraltar strait, across the Alboran Sea and 361 

enters the Algerian basin following the North African coast, forming the Algerian 362 

Current (Rodriguez et al., 2013). The Algerian Current has an unstable character which 363 

sometimes leads to the generation of cyclonic and anticyclonic eddies (Millot, 1985, 364 

1999). Anticyclonic eddies have a lifetime of weeks to months, move freely within the 365 

Algerian Basin and some of them reach the Balearic Islands (Font et al., 2004; Millot, 366 

1987). In addition, a thermohaline front, the Almeria–Oran front, is formed by the 367 

convergence of surface Atlantic waters, less saline and Mediterranean surface waters, 368 

more saline (Tintore et al., 1991). Therefore, plastic litter from elsewhere could be 369 

transported by these currents, fronts and eddies determining the distribution and 370 

abundance of MPs in the Balearic Sea. This reinforces the need to move forward the 371 

combination of models combining oceanographic factors along with biotic and abiotic 372 

factors to determine microplastic distribution.  373 

 374 

From our results, MPs concentrations do not increase with decreasing sediment grain 375 

size as it is the case for organic material and other contaminants (Bergamaschi et al., 376 
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1996 ; Chakraborty et al., 2015). Browne et al (2010) also did not observe any clear 377 

relationship between microplastic (< 1 mm) abundance and the proportion of clay in 378 

the analyzed sediments and argued that other processes such as aggregation with 379 

organic material might play a more important role in the movement of MPs (Van 380 

Cauwenberghe et al., 2015). Accordingly, Strand et al (2013) demonstrated that there 381 

was a strong association between microplastic abundance and both organic (%TOC) 382 

and the fine sediment fraction (<63 µm) highlighting the importance to relate MPs with 383 

other parameters. 384 

 385 

In this study, only sites A2 and S1 show higher MPs/g dry sed. in the smallest sediment 386 

fractions. However, there are two grain size fractions (2 mm > x > 1 mm and 1 mm > x 387 

0.5 mm) which contain MPs at all sampled sites. MPs in these sedimentary habitats will 388 

be available to deposit- and detritus- feeding organisms (Wright et al., 2013). Amongst 389 

these organisms, benthic holothurians are generally scavengers adopting a non-390 

selective feeding strategy; however, experimental work has shown both random and 391 

selective feeding methods (Graham and Thompson, 2009). Preliminary work on MPs 392 

quantification in faecal pellets of Holothuria (Panningothuria) forskali Delle Chiaje, 1823 393 

conducted during this research showed that MPs were only present in two out of 35 394 

analyzed faecal pellets. From these preliminary results, no evidence and conclusive 395 

remarks of ingestion or egestion of MPs by H. forskali can be done. However,  given the 396 

fact that there is experimental evidence of ingestion on MPs by holothurians (Graham 397 

and Thompson, 2009) further studies are needed to understand whether H. forskahli are 398 

not ingesting MPs in their natural environment or there is ingestion and MPs are 399 

retained in their bodies and not excreted. Setälä et al. (2014) carried out experimental 400 

work on microplastic ingestion and demonstrated that all studied taxa (Mysid shrimps, 401 

copepods, cladocerans, rotifers, polychaete larvae and ciliates) ingested microspheres, 402 

possibly having implications in the food web. The knowledge gap on this topic 403 

indicates the need for further research to fully understand the interaction of MPs and 404 

species and the transfer of MPs across the food web.  405 

 406 

Although scientific research has already demonstrated that all marine environments 407 

are exposed to microplastic contamination affecting marine biota from lower to higher 408 

trophic levels (Deudero and Alomar, 2015), there are new approaches that need to be 409 

done. Results presented in this study represent a baseline for microplastic research in 410 

coastal shallow sediment compartments and ecosystems in the western Mediterranean 411 

Sea. In addition, more efforts should be addressed in achieving consistency in 412 

sampling techniques and taking into account the importance of analyzing the shape 413 

and chemical composition of MPs to understand the sink and sources of this emergent 414 

and priority contaminant in the environment and biota.   415 

 416 
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Table 1- Results of two-factor multivariate PERMANOVA for sediment grain 

size and microplastics in sediment.  

Table 2- SIMPER analysis of sediment grain size and microplastics in sediment 

within locations. Average abundance of each sieve fraction in the specified 

locations. Percentage contribution (%) refers to the percentage similarity 

explained by the average abundance of a given sieve fraction.  

Table 3-SIMPER analysis of sediment grain size and microplastics in sediment 

between locations. Average abundance of each sieve fraction in the specified 

locations. Percentage contribution (%) refers to the percentage dissimilarity 

explained by the average abundance of a given sieve fraction. 

Table 4- Percentage (%) breakdown of microplastic types and colour according 

to sampling sites. Codes for sampling sites are the same as in Fig. 1 and 

between brackets, number of microplastics. 

Table 5- Percentage of sediment grain particles with a diameter smaller than 

the sieve size fraction indicated for each site. Below each sieve size fraction, the 

Udden-Wentworth grain size classification. Between brackets, number of 

replicates 

Table 6- Microplastics per gram of dry sediment (MPs/ g dry sed.) in each sieve 

fraction of sediment according to sites sampled. Between brackets, number of 

replicates 
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Table 1. 

                

Source of variation  Sediment grain size  Microplastics in sediments  

  df MS Pseudo-F   df MS Pseudo-F 

Location=Lo 2 2083.4 0.63 n.s  2 5611.4 1.32 n.s 

Site = Si(Lo) 3 3336 18.98**  3 4274.1 3.68 * 

Residual  8 175.76     8 1161.6   

        

n.s = no significant differences. 

* p < 0.05. 

**P < 0.001. 
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Figure 1- Map of the Balearic Islands showing the sampling locations: A1 and 

A2 in Andratx (Mallorca), P1 and P2 in Es Port and S1 and S2 in Santa Maria 

(Cabrera MPA).  

Figure 2- Overall percentage of microplastic types observed in each site 

according to locations. Microplastics classified into filaments (■) and fragments 

(■). Error bars represent Standard Deviation (SD). Codes for sampling sites are 

the same as Fig 1. Number of replicates: A1 (2), A2 (2), P1 (2), P2 (2), S1 (2) and 

S2 (2).  

Figure 3- Microplastics found in marine coastal shallow sediments. 

Figure 4- Two-dimensional MDS plot for sediment grain size: A1 and A2 in 

Andratx, P1 and P2 in Es Port and S1 and S2 in Santa Maria. Bubble size 

represents MPs/ g dry sediment according to different sieve size fractions: x > 

2mm (a), 2 mm > x > 1 mm (b), 1 > mm x > 0.5 mm (c) and 0.125 mm > x> 0.25 

mm (d). 

Figure 5- LINKTREE analysis for all sediment core samples based on the 6 sieve 

size fractions. Five groups (A to E) are shown based on the %B value (which 

gives an absolute measure of group difference). At the bottom of the figure, the 

R value (which is a measure of the degree of separation in the two groups), B% 

and the sieve size fractions responsible for each trait are given.  
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 

 

 

 

A: R=0.94; B%=98; 0.125 > x > 0.063 mm > 2.77(<0) or 0.25 > x > 0.125 mm > 2.3 (<1.03) or 0.5 > x > 0.25 mm >0.839 (<0.38) 

B: R=0.58; B%=64; x > 2 mm < 0.435 (> 1.75) or 1 > x > 0.5 mm < 0.3 (>0.735)  

C: R=0.63; B%=53; 0.25 > x > 0.125 mm > 0.322 (< 0.174) 

D: R=0.75; B%=41; 1 > x > 0.5 mm > 0.18 (< 0.125) or x > 2 mm > 0.122 (< 4.19 E-2) 

E: R= 1; B%=25; 2 > x > 1 mm < 0.185 (> 0.363) or 1 > x > 0.5 mm < 0.194 (> 0.27) or 0.25 > x > 0.125 mm < 0 (> 9.38 E-2) 
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• MPs loads are greater in marine protected areas than in the urbanized coastal zone 
• Filaments are found in areas close to urbanization 
• MPs are present in all sediment grain sizes of 2 mm > x > 1 mm and 1 mm > x 0.5 mm 
• There is spatial variability in MP deposition in shallow coastal sediments  

 

 

 

 
 
 
 

 
 
 


