
Vol.:(0123456789)1 3

Marine Biology         (2020) 167:166  
https://doi.org/10.1007/s00227-020-03779-7

ORIGINAL PAPER

Ingestion and elimination of anthropogenic fibres and microplastic 
fragments by the European anchovy (Engraulis encrasicolus) of the NW 
Mediterranean Sea

Alessandro Capone1 · Mario Petrillo1 · Cristina Misic1 

Received: 27 March 2020 / Accepted: 29 September 2020 
© The Author(s) 2020

Abstract
This study analysed the anthropogenic microparticles in the stomach content of the European anchovy (Engraulis encrasico-
lus) in the Ligurian Sea (NW Mediterranean). The results showed that 30–40% of the anchovies had ingested anthropogenic 
microparticles (on average, 0.34 ± 0.29 fibres  ind−1 and 0.12 ± 0.12 fragments  ind−1). The fibres were probably ingested via 
filtration, and were significantly correlated with the gut fullness. Fibres were mostly dark, but the presence of other colours 
was frequent, indicating a general lack of selectivity. Plastic fragments composed of polyethylene and polypropylene were 
prevalently transparent, suggesting active predation, especially for larger fragments resembling zooplankton. No significant 
differences were recorded for the frequency of fish containing particles among females, males, and undetermined individuals. 
The presence of, generally, only one anthropogenic item per fish, as observed for 95.8% of fish containing microparticles, 
indicated that the permanence of these particles in the stomachs was short, likely no more than 1 day, although it could also 
depend on low environmental concentrations. The evaluation of the intestinal lumen indicated that a portion of the plastic 
fragments found in the stomach could not be ejected. Hard fragments that were larger than the intestinal lumen could be held 
for longer times, but probably regurgitation, fragmentation, and embedding in a biological matrix may facilitate their quick 
elimination. It is pivotal to understand the processes that regulate the abundance and the residential time of anthropogenic 
particles in commercial organisms captured for human nutrition, given the potential biomagnification of toxic substances 
carried by ingested particles.

Introduction

Anthropogenic materials are distributed in all the oceans and 
seas, playing destructive roles in the ecosystem. Toxicity, 
gas exchange limitations, and mechanical forcing on organ-
isms are related to the presence of anthropogenic materi-
als, and, in recent years, plastic has gained a leading posi-
tion among these threats to the environment (Teuten et al. 
2009; Deudero and Alomar 2015; Jovanović 2017). More 
recently, natural and synthetic textile fibres have become a 
matter of concern. As both have been found to sorb chemical 

pollutants and potentially block feeding appendages or the 
passage of food, they can exert on the organisms the same 
deleterious effects of plastic fibres (Lusher et al. 2013; 
Ladewig et al. 2015; Remy et al. 2015).

Anthropogenic materials have been reported to be 
ingested by organisms (Anastasopoulou et al. 2013; Choy 
and Drazen 2013; Deudero and Alomar 2015; Romeo et al. 
2015). Ingestion may occur accidentally and/or deliberately 
(Davison and Asch 2011; Boerger et al. 2010). Despite fish 
have a gustatory system that allows them to separate food 
from inedible items (Lamb 2001), the presence of anthropo-
genic microparticles (particle dimension ranging from 1 µm 
to 5 mm, Barnes et al. 2009) in their stomachs suggest that 
this ability is somehow impeded; for instance, it could be 
due to the co-occurrence of microparticles and food that 
masks the inedibility of some microparticles (Ory et al. 
2018).

Analyses of the stomach contents of benthic fishes (Ana-
stasopoulou et al. 2013; Neves et al. 2015; Battaglia et al. 
2016; Bellas et al. 2016) and commercial pelagic fishes 
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(Nadal et al. 2016; Compa et al. 2018) have shown a vari-
able degree of contamination.

The ingested microparticles may have different shapes 
and colours. In the western Mediterranean, Rios-Fuster et al. 
(2019) found in four fish species (including pelagic fishes 
such as sardine and anchovy) a dominance of fibres (over 
90%) among anthropogenic particles, of which ca. 90% were 
microparticles (maximum size of 5 mm). Dark colours such 
as blue and black dominated over transparent ones (72% 
and 12%, respectively), although other colours were also 
observed. In the Portuguese Atlantic coastal water, Neves 
et al. (2015) found a dominance of fibres in the stomach 
content of several fish species, similar to what Lusher et al. 
(2013) found in the English Channel and Rochman et al. 
(2015) found in Californian fishes. Wright et al. (2013) and 
Claessens et al. (2011) reported that ca. 60% of micropar-
ticles in the environment (such as sediment and water) was 
synthetic fibres.

Recent studies highlight that there is no correlation 
between the number of ingested particles and the trophic 
level of the species (Güven et al. 2017), indicating that 
occurrence of particles in the gastrointestinal tract of fish 
is transitory (Jovanović 2017). Nevertheless, anthropogenic 
particles may cause severe mechanical damage in the gastro-
intestinal tract of organisms, such as blocking the digestive 
tract or decreasing the energy uptake and leading to starva-
tion (Cedervall et al. 2012; Nadal et al. 2016; Jovanović 
2017). Moderate to pronounced alterations of the distal 
intestinal epithelium have been observed in fish, depend-
ing on exposure time to anthropogenic particles (Pedà et al. 
2016).

Pollutants that are first adsorbed by the particles in the 
seawater or the chemical additives of the particle itself can 
be transferred to higher trophic levels. These substances 
are released in the fish gut and permanently assimilated by 
the organism (Oliveira et al. 2013; Koelmans 2015; Batel 
et al. 2016). The transfer of pollutants from the anthropo-
genic particles to the organism and the potential translo-
cation to liver or hemolymph of nanoparticles (less than 
1 µm in dimension, Cole and Galloway 2015) and micro-
particles (conventionally between 1 µm and 5 mm, Arthur 
et al. (2009)) depends on the time the particle remains in the 
digestive tract (Pedá et al. 2016; Jovanović 2017).

Given the toxic effect and the potential biomagnifica-
tion of harmful substances carried inside the organisms by 
anthropogenic particle ingestion, more studies are needed for 
the determination of particle abundance in the stomach and 
the residential time of these particles in the gastrointestinal 
tract of commercial organisms captured for human nutrition 
(Tanaka and Takada 2016; Jovanović 2017). The current sci-
entific literature points to a contamination of internal organs 
and liquids; less is known about contamination of the muscle 
content. Nevertheless, we cannot ignore the possibility of 

pollutant translocation in parts of the fishes that are gener-
ally eaten by humans, although often the whole organism is 
ingested by human consumers (Tanaka and Takada 2016).

The European anchovy Engraulis encrasicolus (Linnaeus 
1758) is an edible fish that is highly exploited in the Ligurian 
Sea (north-western Mediterranean Sea). The high level of 
contamination in the Mediterranean Sea by microplastics 
and other anthropogenic particles (Deudero and Alomar 
2015; van Sebille et al. 2015) indicates that this pelagic fish 
may be involved in microparticle ingestion and transfer of 
toxic compounds to higher consumers (such as humans).

The morphological characteristics of the Mediterranean 
Sea cause limited water exchange with the Atlantic Ocean; 
added to this, the high human population density and activity 
along the coasts make anthropogenic materials dispersion at 
sea a critical issue (Eriksen et al. 2014; Cózar et al. 2014; 
Suaria et al. 2016). About 80% of these materials are made 
of plastic, with a dominance of small-sized plastic (Fossi 
et al. 2017). In the north-western Mediterranean, previous 
studies have highlighted the presence of a surface-layer accu-
mulation site for microplastic in the eastern area of the Ligu-
rian Sea (Fossi et al., 2012). This area was also confirmed 
as a ‘hot spot’ for microplastics by Collignon et al. (2012), 
due to the peculiar hydrodynamic and wind characteristics. 
High concentrations of microplastic were also found in the 
northern Tyrrhenian Sea (Baini et al. 2018), whose water 
flows into the eastern Ligurian Sea at a rate dependant on 
meteo-climatic conditions (Astraldi et al. 1999).

The present paper determines the presence of anthro-
pogenic microparticles in the stomach content of the 
anchovy, focusing on characteristics of the microparticles 
such as typology, dimension, colour, and, when possible, 
composition during the spring of four consecutive years 
(2011–2014). To study the respective influence of micropar-
ticles and morphological features of anchovies, dimension, 
Fulton’s condition factor, and sexual maturity were deter-
mined. In particular, the lumen dimension of the intestine 
was measured in several specimens, to gather information 
on the possibility for the anchovies to expel anthropogenic 
microparticles.

Materials and methods

Study area

The Ligurian Sea is a deep sea with a limited continental 
shelf. The main current flows northerly, originating from the 
mixing of waters of the Tyrrhenian Sea and of the current 
that flows along the western coast of Corsica Island. When 
the main current reaches the Ligurian coast, it turns to the 
West, conditioned by the shape of the land. Local upwelling 
occurs due to the presence of marine canyons (Astraldi et al. 
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1999; Bakun and Agostini, 2001). Cold winter winds allow 
an increased transport of inorganic nutrients to the surface 
layer, enhancing primary production (Lacroix et al. 2001) 
and diatom blooms (Gómez and Gorsky 2003).

The Ligurian Sea shows oligo-mesotrophic features. The 
spring phytoplankton biomass accumulation peaks in March 
(Marty et al. 2002; Estrada and Vaqué 2014), allowing the 
consequent increase of zooplankton biomass and commu-
nity complexity, with a dominance of Copepods (Siokou-
Frangou et al. 2010).

Study object (E. encrasicolus)

The anchovy E. encrasicolus is a small pelagic fish, largely 
captured in the Ligurian Sea for human consumption. 
Depending on the climatic and wind-wave conditions, the 
fishing season starts in February and ends in October. In the 
Ligurian Sea, the main fishing gear is the purse seine. E. 
encrasicolus has a relatively short life cycle and shows fast 
growth during the early stages (Bonanno et al. 2016; Compa 
et al. 2018). The branchial apparatus of the juveniles and 
adults has a series of gill arches, which form a filtering net 
constituted by gill-rakers that increase in complexity with 
the growth of the fish. These structures allow the anchovy 
to express different feeding responses to food availability; 
they use: particulate-feeding on large zooplankton and filter-
feeding on diatoms and small zooplankton (Van der Lingen, 
1998). The choice of the feeding response depends, substan-
tially, on the prey presence, and it is not influenced by envi-
ronmental features such as light (Bulgakova 1993; James and 
Findlay 1989). More recent studies performed in the eastern 
Mediterranean Sea highlighted that anchovies show the fast-
est growth rates during spring and a slower growth during 
autumn, in accordance with the variation of zooplankton 
prey availability (Politikos et al. 2011). Van der Lingen et al. 
(2006), in a comparative study between anchovy and sardine 
trophodynamics, highlighted that the branchial apparatus of 
anchovy was relatively coarse, meaning that anchovies feed 
predominantly by particulate-feeding and have more efficient 
clearance rates than sardine for prey larger than 580 μm. 
Other metabolic abilities, such as an efficient assimilation of 
nitrogen from zooplankton and an excretion rate lower than 
50% of the ingested nitrogen, suggest that anchovies max-
imise their scope for growth on mesozooplankton. Neverthe-
less, anchovies can easily switch between the two feeding 
modes to maximise the energy intake; they can be opportun-
istic in relation to the changing environmental characteristics 
(Borme et al. 2009).

Sampling

Samples were collected during commercial fishing activities 
using the purse seine fishing gear (net mesh size of 14 mm). 

Sampling was performed during the night, from 0000 to 
0430 h. The sampling area was in the eastern part of the 
Liguria (Fig. 1), approximately from the Portofino prom-
ontory to the shelf area between Liguria and Tuscany. The 
bottom depth ranged between 55 and 120 m.

The spring months, from March to May, of 2011 to 2014 
were studied, except in 2014 when only March and April 
were sampled. Samples were collected a minimum of one to 
a maximum of five sampling dates for each month, depend-
ing on the wind-wave conditions and fishers activity, for a 
total of 32 sampling dates. For each sampling, 15.6 ± 4.3 
individuals were randomly isolated.

Laboratory analyses

The fishers provided the samples within 5 h after capture. 
Fish were stored in a clean cooler box, and brought to the 
laboratory within 2 h.

The fish were measured to the nearest 0.5  cm (total 
length) and weighed (wet weight, ± 0.1 g with a Kern PCB 
electronic balance). Fulton’s condition factor (K) was calcu-
lated using the following formula (Froese 2006):

The gut (oesophagus, stomach, and intestine) was care-
fully removed and fixed in 70% ethanol. A total of 100 intes-
tinal tracts, isolated in anchovies of different maturities, 

K = 100 × (weight∕total length3).

Fig. 1  Sampling area. a Position of the study area (eastern Ligurian 
Sea) in the W Mediterranean. b Sampling zone, the anchovies were 
captured in the dark grey area in the eastern part of the Ligurian Sea
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length, weight, and sex, were analysed for their diameter 
with a Leica Z16 APO stereomicroscope equipped with 
Leica application suite software.

Fish stomachs were weighed to the nearest 0.1 mg (wet 
weight, Mettler Toledo electronic balance), placed on a petri 
dish, and carefully cut longitudinally with a micro-dissect-
ing lancet. The stomach contents were transferred to a petri 
dish, carefully washing the stomach walls with 70% ethanol. 
The empty stomach was weighed again to calculate the net 
stomach-content weight.

Stomach contents were examined under the dissecting 
microscope (Zeiss Stemi DV4) at 8 × to 32 × magnification 
to differentiate fragments and fibres from other non-anthro-
pogenic particles such as zooplanktonic prey, following pre-
vious protocols (Lusher et al. 2013; Nadal et al. 2016). To 
avoid contamination, operators wore always a white 100% 
cotton lab coat, and all the tools were washed with ethanol 
and checked before use. All anthropogenic microparticles 
were counted, and their type (fragments and fibres) and col-
our were recorded. Fragment dimensions were measured 
with a Leica Z16 APO stereomicroscope equipped with 
Leica Application Suite software. All fragments were ana-
lysed with transmission Fourier Transform Infrared (FT-IR) 
spectroscopy (4000–700 cm− 1 PerkinElmer Spectrum 65) 
using commercial and custom-made spectral databases for 
microplastic identification. Using FT-IR, we discriminated 
natural (such as zooplankton fragments) and anthropogenic 
fragments (such as microplastics). The analyses on the fibres 
were not performed, due to the small dimension. Fibres 
were identified according to morphological characteristics 
and physical properties (e.g., response to physical stress, 
whether they were bendable or soft, and colour) as reported 
in Hidalgo-Ruz et al. (2012).

Gonads were removed to determine the sex of the speci-
mens. After determination, the gonads were weighed to the 
nearest 0.1 mg with a Mettler Toledo electronic balance (wet 
weight). The gonadosomatic index (GSI) was calculated as 
the percentage of the weight of the ovaries or testes with 
respect to the body weight of each fish (Cubillos and Clara-
munt 2009).

Statistical analyses

Univariate statistical analyses were performed with STA-
TISTICA software. Pearson correlation was used to test the 
significance of the relationships among the trends of the dif-
ferent variables. In particular, the anchovy characteristics 
were related to the incidence (%) of fish containing micro-
particles, and to the fibre and fragment content of the stom-
achs. We aimed at testing whether the dimensions (length 
and weight), the status (Fulton’s condition factor), the sexual 
maturation (gonad weight and GSI), and the feeding activity 
(stomach-content weight) of anchovies were related to the 

ingestion of microparticles. A one-way ANOVA, followed 
by a Tukey’s post hoc test, was used to verify the differences 
between samplings for the same variable. In particular, dif-
ferences between years and months were tested.

Multivariate analysis was performed using Primer 6 and 
PERMANOVA + β3 software, and Brodgar software (Brod-
gar 2.5.6 package, 2011, Highland Statistics Ltd.).

Anchovy characteristics and microparticle characteristics 
were analysed separately by distance-based permutational 
univariate analysis of variance (two-way PERMANOVA), 
with year and month nested in year as factors (Anderson 
et al. 2008).

Non-metric multi dimensional scaling analysis (nMDS) 
was applied separately on the data of anchovy characteris-
tics and microparticle characteristics, previously normalised 
and resembled with Euclidean distances (Clarke and Gorley 
2006).

Analysis of Redundance (RDA) was applied (Zuur et al. 
2007). RDA investigates the influence exerted by the vari-
ation of one set of variables (explanatory variables) on the 
variation of another set of variables (response variables). 
An automated forward selection model was applied to test 
the order of importance of the explanatory variables. In 
particular, the “conditional effects” that show the increase 
in total sum of eigenvalues after including a new variable 
during the forward selection, were calculated. Finally, a per-
mutation test was applied (number of permutations: 499) 
to test the null hypothesis that the explained variation is 
larger than a random contribution. The normalised data of 
the anchovy characteristics and microparticle characteristics 
were analysed separately. The two data sets were considered 
as response variables, while year and month as explanatory 
variables. The analysis was performed to test whether differ-
ences in the morphology, sexual maturation, and gut fullness 
of anchovies and in the microparticle characteristics were 
explained by years or months. A third RDA was performed 
using microparticle characteristics as response variables and 
anchovy characteristic as explanatory variables.

Results

E. encrasicolus characteristics

The entire data set, namely the average ± SD of the variables 
for each sampling date, is reported in appendix—Table 1. 
The nMDS plot (Fig. 2a) showed that the observations 
related to the different years were similar. In fact, the RDA 
(sum of all canonical eigenvalues: 0.32, eigenvalue axis 1: 
0.29, axis 2: 0.03) showed that the anchovy characteristics 
were explained by months, but not by years (Table 1). This 
is in agreement with the PERMANOVA analysis (Table 2) 
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that showed a significant difference between months but not 
between years.

Total length and weight (Fig. 3a) increased from March 
to May every year. The longest and heaviest individuals 
have been observed in 2011, while 2012, on average, had 
the shortest and lightest, despite the differences were not sig-
nificant. The Fulton’s condition factor (K) (Fig. 3b) showed 
slightly higher values for 2011 (0.65 ± 0.03) than for the two 

following years (2012: 0.60 ± 0.05; 2013: 0.63 ± 0.03) and 
year 2011 was significantly higher than 2014 [0.57 ± 0.02, 
one-way ANOVA, F (1.15) = 7.153, P = 0.017].

The stomach content (Fig. 3c) was generally highest in 
the last sampling dates of each year, namely May. April 2013 
and April 2014 were anomalous; more than a half of the 
analysed fish had stomach content greater than 0.5 mg.

The gonad weight of the fish (Fig.  3c) was small in 
March, except for the first sampling of 2011 and the second 
sampling of 2013. Similarly, the GSI (Fig. 3d) increased to 
3.0 ± 0.7% in May 2011 and 2.6 ± 1.1% in May 2013, while it 
only increased to 1.5 ± 0.4% in 2012. The small dimensions 
of the gonads prevented determination of the sex in many 
of these individuals. The undetermined individuals were 
abundant at the beginning of each sampling year (Fig. 3e), 
especially in 2011 (79.3 ± 35.6%). In 2012, there was a high 
number of undetermined individuals in March (52.2 ± 7.1%), 
April (85%) and in the first sampling of May (47%), in 
accordance with the small dimensions (length and weight) 
previously reported. In 2013, there was the lowest number 
of undetermined individuals in March (25.0 ± 35.4%). Adult 
females and males contributed differently to the sample (on 
average females 30.8 ± 20.4%, males 38.6 ± 18.7%), but 
not significantly. The year with the higher female contri-
bution was 2013 (55.7 ± 24.0%). The maximum contribu-
tion of males (45.2 ± 19.4% and 45.8 ± 22.4%, respectively) 
occurred in 2011 and 2014, respectively.

The diameter of the first (stomach-side) and last (anus-
side) tracts of the intestine in relation to fish length is 
shown in Fig. 3f. Increasing mean values of the lumen 
were observed, although the high variability of the results, 
as shown by the SD values, prevents significant differ-
ences among the lumen diameter. However, the anus-side 
lumen of the 9 cm-long anchovies was significantly smaller 
than the anus-side lumen of anchovies ranging from 12 
to 14.5 cm in length [one-way ANOVA, F (1.78) = 3.336, 
P = 0.024], and the stomach-side lumen in the 9-cm-long 
anchovy was significantly smaller than the dimensions of 

Table 1  Results of the forward 
selection model applied for the 
three RDAs: conditional effects

Increase increase in explained variation due to adding an extra explanatory variable

Response variables Explanatory variable Increase F-statistic P value

Anchovy characteristics Month 0.28 11.67 0.002
Year 0.04 1.59 0.186

mps Characteristics Year 0.18 6.49 0.002
Month 0.11 4.51 0.008

mps Characteristics Fulton’s 0.12 4.46 0.012
Stomach content 0.11 3.53 0.044
Gonad weight 0.02 0.91 0.386
Length 0.01 0.45 0.626
Weight 0.01 0.29 0.754
GSI 0.01 0.18 0.860

Fig. 2  nMDS plots for (a) anchovy characteristics, b microparticle 
characteristics
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Table 2  Results of the two-way 
PERMANOVA performed on 
the anchovy characteristics and 
microparticle characteristics

Df Sums of Sqs Mean Sqs F.Model R2 Pr(> F)

Anchovy 
character-
istics

Year 3 55.31 18.436 1.4167 0.09459 0.267
Month (year) 7 256.13 36.59 2.8118 0.43805 0.031
Residuals 21 273.27 13.013 0.46736
Total 31 584.71 1

Microparti-
cle charac-
teristics

Year 3 1052.6 350.86 1.2656 0.11557 0.359
Month (year) 7 2233.3 319.04 1.1508 0.24521 0.340
Residuals 21 5821.8 277.23 0.63922
Total 31 9107.7 1

Fig. 3  Dimensional and reproductive features of the anchovy in 
2011–2014. Averages ± SD for each month for: a total length (length, 
cm) and wet weight of the individuals (weight, g); b Fulton’s condi-
tion index (Fulton’s); c the wet weight of the stomach content (stom-
ach, g) and gonad wet weight (gonad, g); d gonadosomatic index 

(GSI, %); e contribution (%) of undetermined (undet.), female, and 
male individuals on the total number of fish; F) averages (mm) of the 
lumen of the intestine (stomach-side + SD and anus-side - SD) for 
size classes from 9.0 to 14.5 cm
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the longer anchovies (12–14.5 cm long) [one-way ANOVA, 
F (1.54) = 4.193, P = 0.009].

Microparticle abundance and typology 
in the individuals

The entire dataset, namely the average ± SD of the variables 
for each sampling date, is reported in appendix—Table 2. 
PERMANOVA showed that the incidence of microparticles 
in the individuals and the number of fibres and fragments per 
individual were not significantly different between years and 
months (Table 2). However, in the nMDS plot (Fig. 2b), the 
observations of the year 2011 were often separated from the 
others. In addition, RDA (sum of all canonical eigenvalues: 
0.29, eigenvalue axis 1: 0.21, axis 2: 0.08) pointed to a role 
of both years and months in the variability of the particle 
characteristics (Table 1).

Generally, the incidence of fish containing microparticles 
increased during the season (Fig. 4a). Year 2013 was an 
exception, showing a decreasing trend. This trend affected 
the significance of the difference between months, as shown 
by PERMANOVA. For each year, the number of individuals 
containing microparticles ranged between 29 ± 4% (2013) 
and 39 ± 12% (2014), with an average of 34 ± 4% across all 
years.

We observed a slightly higher incidence of microparticles 
for females (39 ± 23%) than for males (36 ± 19%) and unde-
termined specimens (24 ± 19%), but it was not significant 
due to the high variability (Fig. 4b).

The individuals containing anthropogenic materials 
showed generally only one microparticle each, although 
sometimes they contained 2 items (3.0% of the observations) 
or more than 2 items (1.2%).

The averages of microparticle content in the stomach of 
anchovies (fibres and fragments per individual) are reported 
in Fig. 4c. The abundance of fibres was the lowest in 2011 
(0.15 ± 0.03 fibres  ind−1) and increased in 2012 (reach-
ing the maximum value of 1.17 ± 0.41 fibres  ind−1 and an 
average of 0.48 ± 0.23 fibres  ind−1). The fibre abundance 
was significantly higher in 2012 than in 2011 [one-way 
ANOVA, F (1.20) = 17.973, P = 0.001], but it was similar 
for the years 2012, 2013, and 2014. This trend affected the 
significance of the difference between years, as shown by 
PERMANOVA. The abundance of fibres ranged between 
0.31 ± 0.06 fibres  ind−1 and 0.48 ± 0.06 fibres  ind−1 in 2013 
and 2014, respectively.

Fragments were more abundant in 2011 (0.25 ± 0.09 
fragments  ind−1) in particular during May, which had the 
highest values recorded (0.35 ± 0.07 fragments  ind−1), sig-
nificantly higher than the other months [one-way ANOVA, 
F (1.11) = 6.103, P = 0.031]. The values were below 0.1 
fragments  ind−1 in the other years. In 2011, the frag-
ment abundance was significantly higher than in 2012 

[one-way ANOVA, F (1.20) = 22.585, P < 0.001], 2013 
[F (1.17) = 9.128, P = 0.008] and 2014 [F (1.15) = 13.658, 
P = 0.002].

The RDA performed using the microparticle character-
istics as response variables and the anchovy characteristics 
as explanatory variables (sum of all canonical eigenvalues: 
0.27, eigenvalue axis 1: 0.17, axis 2: 0.10) showed that the 
Fulton’s condition factor and the weight of the stomach 
content had a role in the abundance and typology of micro-
particles in the individuals (Table 2). In fact, the fragment 

Fig. 4  Microparticles (mps) in the anchovies in 2011–2014. Averages 
(± SD when available) for each month for: a the incidence of indi-
viduals containing mps (%); b the incidence of undetermined indi-
viduals (undet.), females, and males containing microparticles (fibres 
and fragments) (%); c the abundance of fibres and fragments per indi-
vidual (n  ind−1 ± SD)
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content per individual was positively correlated to the Ful-
ton’s condition index (r = 0.42, N = 32, P < 0.05) (Fig. 5). In 
addition, the fragment content per individual was linked to 
the reproductive maturation of anchovies; it was positively 
correlated to gonad weight (r = 0.38, N = 32, P < 0.05) and 
with the gonadosomatic index (r = 0.38, N = 32, P < 0.05). 
The stomach-content weight was positively correlated to the 
fibre number per individual (r = 0.37, N = 32, P < 0.05). The 

incidence of fish containing microparticles was related to the 
increase in dimension and feeding activity; it was positively 
correlated with anchovy weight (r = 0.36, N = 32, P < 0.05) 
and with the weight of the stomach content (r = 0.43, N = 32, 
P < 0.05).

In 2011, a higher number of plastic fragments were found 
(41) than in the other years (four in 2012, six in 2013, and 
one in 2014). The fragments from 2011, analysed with 

Fig. 5  Significant relationships among microparticles (mps) and anchovy characteristics. The correlation information (coefficient, number of 
observations and P) is provided for each graph
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FT-IR, show a dominance of polyethylene (PE) (total of 31 
fragments, representing 71% of the total identified fragments 
in March, 87% in April and 73% in May), against polypro-
pylene (PP) (10 fragments) (Table 1). No other plastic types 
were found. The FT-IR analyses on the fragments of the 
other years confirmed the dominance of PE. Figure 6 shows 
photographs of representative fragments of typical shapes. 

The plastic microparticles often had very acute angles and 
were hard (Fig. 6a). Sometimes, they showed acute angles 
(Fig. 6b), and their morphology suggested that they can be 
due to the breaking of a larger particle into pieces. Never-
theless, some pieces showed irregular, rough, and thin sides 
as a result of progressive degradation (Fig. 6c). The embed-
ding of plastic items in a biological matrix (mainly lipidic) 
was observed only in three females longer than 14 cm and 
actively reproducing (one example, containing a fibre identi-
fied as low-density PE by FT-IR, is shown in Fig. 6d).

In 2011, the fragment dimensions ranged from 0.56 and 
7.70 mm in length and 0.25 and 5.5 mm in width; the aver-
age values for each month are reported in Table 1. In 2011, a 
large part of the 41 identified microplastic fragments showed 
dimensions larger than the stomach-side tract (19 micropar-
ticles, 41%) or the anus-side tract (23 microparticles, 56%). 
This led to average values generally larger than the average 
lumen diameter calculated for the stomach-side and anus-
side of the intestine (Table 3). Hypothetically, if the intes-
tine could increase its lumen by 50%, some months (March 
and April) would still have fragments larger than the lumen. 
These fragments were made of PP. The same happened also 
in the other years, especially in March 2013, but it was lim-
ited to a low number of fragments (only 1 of 11) (Table 3).

The most represented colours of fibres (Fig. 7a, the entire 
data set is reported as appendix—Table 3) were dark (black 
and blue), ranging from 73 ± 31% in 2012 to 80 ± 34% in 
2011 and 80 ± 21% in 2013. Nevertheless, coloured fibres 

Fig. 6  Examples of fragments characterised by: a acute angles (poly-
ethylene); b fragmentation of a single piece into three parts (polypro-
pylene); c fragment with eroded sides (polyethylene); d the sphere of 
biological material containing a large polyethylene fibre

Table 3  Monthly averages 
of the fragment dimensions 
(length ± sd and width ± sd), 
composition (PE polyethylene, 
PP polypropylene), and number 
of analysed fragments.

The mean fish length ± sd for the month is reported, in accordance with Fig. 2a, and the indication whether 
the mean value of the fragment length is larger than the mean lumen diameter of the stomach-side and/or 
anus-side (yes) or not (no). The same evaluation is done considering the aforementioned lumen dimensions 
increased of 50% (lumen*1.5)

Year Month Composition Number Length Width Mean fish length Larger 
than 
lumen

Larger than 
lumen*1.5

2011 March PE 10 2.3 ± 1.5 1.0 ± 0.8 11.7 ± 0.9 Yes No
PP 4 5.0 ± 2.8 1.2 ± 0.9 Yes Yes

April PE 13 2.7 ± 1.9 1.3 ± 0.9 12.8 ± 0.6 Yes No
PP 2 4.0 ± 2.3 2.2 ± 2.5 Yes Yes

May PE 8 3.0 ± 1.6 2.1 ± 1.6 13.1 ± 0.4 Yes No
PP 4 3.0 ± 0.9 0.8 ± 0.5 Yes No

2012 March PE 1 1.6 1.2 10.5 ± 0.2 No No
PP 0 – – – –

May PE 2 1.8 ± 0.5 1.4 ± 0.9 12.5 ± 0.4 No No
PP 1 3.0 0.8 Yes No

2013 March PE 2 1.8 ± 0.7 1.1 ± 0.8 10.3 ± 2.8 Yes No
PP 1 5.0 1.2 Yes yes

April PE 3 2.2 ± 1.1 1.1 ± 0.6 12.4 ± 1.1 Yes No
PP 0 – – – –

2014 April PE 1 1.6 0.8 13.3 ± 1.6 No No
PP 0 – – – –
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were also found, especially green and red. However, frag-
ments (Fig. 7b) were mainly white or transparent, i.e., not 
coloured (only one green fragment and a red fragment were 
found in the 4 years). In 2011, 27% of fragments were white 
and 57% were transparent. In the other years, the number of 
fragments was low: four in 2012 (0% white and 50% trans-
parent), seven in 2013 (29% white and 57% transparent), and 
one white fragment in 2014.

Discussion

Microparticles in the stomach content

A continuous feeding activity along the spring period is 
necessary for anchovies, due to the high-energy demand for 
fast growth, quick sexual maturation, and gamete production 
(Bonanno et al. 2016; Compa et al. 2018). In our samples, 
the statistical analyses related to anchovy characteristics 
highlighted significant differences between the months, 
determined mainly by the organism growth and sexual matu-
ration. In this species, the energy demand for reproduction 
depends on food intake rather than from energy reserves 
(Somarakis et al. 2004). In particular, females need to feed 

at a high rate to offset the high-energy costs of egg matu-
ration and serial spawning (James 1987); therefore, they 
could ingest more microparticles. However, no difference 
of microparticle abundance in the stomach among females, 
males, or undetermined specimens was found; the micropar-
ticles were found in females as well as the other two groups.

E. encrasicolus perform filter-feeding and particulate-
feeding, in this case selecting its prey from the zooplankton 
community (Van der Lingen et al. 2006; Rumolo et al. 2016). 
Plastic fragments, especially the transparent ones that have 
a size range similar to zooplankton (Collignon et al. 2014), 
may be mistaken for zooplanktonic organisms, (Boerger 
et al. 2010; de Sá et al. 2015), although some other species 
prefer dark colours, similar to their common prey (Ory et al. 
2018). Copepods have a smooth exoskeleton, often transpar-
ent and colourless, similar to plastic fragments or filaments. 
Nadal et al. (2016) found that bogues, a demersal semipe-
lagic species, misidentify microplastic as potential preys. 
Visual confusion has been demonstrated in predator fish that 
have ingested transparent, translucent, or white plastic items 
similar to gelatinous prey (Choy and Drazen 2013). Errone-
ous predation on transparent fragments is in agreement with 
our results, which showed a large dominance of these clean 
and white fragments over dark or coloured ones.

Fig. 7  Contribution of the 
different colours to: a the fibre 
abundance; b the fragment 
abundance. Dark blue and 
black, coloured red and green, 
no colour white and transparent
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Compa et  al. (2018) found an inverse relationship 
between the fibre contents and the Fulton’s condition 
factor for Sardina pilchardus but not for E. encrasicolus. 
In the Ligurian Sea, the correlation with the anchovy con-
dition factor was significant and positive for fragments, 
indicating that a dominance of individuals displaying a 
good ratio between body weight and length (higher Ful-
ton’s factor) was positively correlated to a higher inges-
tion of fragments.

Notwithstanding the difficulties to measure or properly 
estimate anchovy swimming speed, James and Findlay 
(1989) and Politikos et  al. (2011) suggested a reduc-
tion of this speed when anchovies feed by filtration and 
an increase during bite-predation. More energy can be 
devoted to feeding activity given that the prey, i.e., zoo-
plankton, is a superior food source (James et al. 1989). 
The correlation between fragments per individual and 
the Fulton’s condition factor seems in agreement with 
the previous observations by James and collaborators; 
namely, more energy may be used for active feeding when 
fish are in good condition, while when the Fulton’s factor 
is low, an increased energy cost of bite-predation may not 
be energetically favourable. However, anchovies in poorer 
condition can likely still increase their swimming speed 
to perform particle-feeding, as confirmed by the presence 
of some fragments in the stomach of anchovies of 2012 
and 2014, the 2 years showing the lowest mean values of 
the Fulton’s condition factor.

As shown by the significant positive correlations 
between the fragment content per individual and the 
gonad weight and GSI, the organisms that ingest frag-
ments were maturing for reproduction. They need extra-
energy inputs, such those provided by the predation of 
zooplanktonic organisms as opposed to filtration of detri-
tus or phytoplanktonic cells (James et al. 1989; Politikos 
et al. 2011). These anchovies may have mistaken anthro-
pogenic fragments with zooplankton while in search for 
food and can be more influenced than others by the detri-
mental effects of anthropogenic microparticles. Whether 
this possibility could affect the more active reproducers 
is not known. For the eastern Ligurian Sea, the commer-
cial load of anchovies has recently been characterised by 
smaller specimens than in the past (Piroddi et al. 2015); 
ingestion of anthropogenic microparticles could have a 
role in this decrease together with climatic changes, envi-
ronmental deterioration, and excessive fishing.

The significant correlation among the stomach-con-
tent weight and fibre content per individual suggests that 
fibres are not selected, but probably filtered passively; a 
higher the food intake correlates with higher fibre num-
bers. The presence of coloured and transparent fibres, 
along with the dominance of dark fibres, indicates a lack 
of selectivity.

Clearance of microparticles in the stomach–
intestine tract

The information related to the time needed by fishes, and 
particularly anchovies, to empty their stomach and intes-
tine is scarce (Lusher et al. 2013). Consequently, the time 
an anthropogenic microparticle remains inside the organ-
ism and causes deleterious effects is not fully understood 
(Jovanović 2017).

Some experiments have shown that some fish egest 
microplastics after several hours to a couple of days (Grigo-
rakis et al. 2017). For sardine, Van der Lingen (1998) found 
rates of gastric evacuation (R) ranging from 0.06 to 0.29 h−1 
in laboratory experiments, with substantially higher values 
when the diet was based on diatoms and lower values for 
zooplankton. Tudela and Palomera (1995) observed that 
the gastric evacuation rate obtained by Bulgakova (1993) 
(R = 1.05 h−1) was high; therefore, they suggested a rate 
of 0.423 ± 0.196 h−1. Studying fishes larger than anchovy, 
Lambert (1985) observed that adult mackerel (Scomber 
scombrus) cleared their stomachs of silversides (Menidia 
menidia) at a constant rate; the time to complete emptying 
was approximately 28 h and did not seem to be affected by 
either ration size or body weight. All of these observations 
highlight that the retention time for natural and anthropo-
genic materials in the stomach of pelagic fishes is generally 
less than a day.

If the microparticle is small enough to pass through the 
intestinal tract and all of its bottlenecks, the microparticles 
which we observed were likely ingested few hours to 1 day 
before, as observed by Jovanović (2017) for microplastics. 
Similarly, Güven et al. (2017) stated that microplastic occur-
rence in the gastrointestinal tract of fish is ephemeral. This 
is relevant, because this process highlights the possibility 
that the sedimentation of anthropogenic micro-items to the 
bottom via faecal matter is not sporadic, but continuous, 
and it may contribute significantly to the disappearance of 
low-density microplastic from the surface layers of the sea as 
observed for mesopelagic fishes (Cózar et al. 2014), whose 
faeces show a significant sedimentation velocity (Robison 
and Bailey 1981). Fibres and smaller fragments may follow 
this path without any mechanical damage for the fish, nor 
for the repletion feeling that may slow or stop the feeding 
activity (Nadal et al. 2016). However, despite being small, 
fibres may clump and could be hazardous if they block feed-
ing appendages or the passage of food (Lusher et al. 2013). 
The presence of only one item in the anchovy stomach could 
be due to a low concentration of the microparticles in the 
water coupled with longer residence times. In this case, the 
potential rate of storing microparticles in the deeper layers 
via faecal production would be decreased and the chemi-
cal threat to anchovies would be increased. Other negative 
effects may derive from the leaching of toxic substances 
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from the particles, such as stains, plastic components, or 
pollutants adsorbed during the particle residence time in the 
seawater (Oliveira et al. 2013; Koelmans 2015; Batel et al. 
2016; Tanaka and Takada 2016). In our case, the dominance 
of PE over PP and the absence of other plastic types is a 
negative signal, because PE more efficiently absorbs hydro-
phobic chemicals, such as polychlorinated biphenyls (PCBs) 
(Teuten et al. 2009). In addition, PE is mainly translocated 
into the livers of clupeid fish species such as E. encrasicolus 
(Collard et al. 2017), pointing to a threat that is not fully 
understood. However, the finding of significant concentra-
tions of phthalates in tissues of whales living around the 
Ligurian Sea (Fossi et al. 2012) indicates that all organisms 
that exhibit filter-feeding, including anchovies, could be sub-
ject to toxicological impact.

Problems arise especially when the particles are larger 
than the intestine tract. We considered the mean dimension 
of stomach-side and anus-side tracts for each body length 
class of anchovies, also assuming that the intestine can 
expand its lumen when a large particle passes through, but 
the real extension possibility of the tracts is not known. The 
plastic microparticles often had acute angles and were hard; 
therefore, they can damage the intestinal walls during their 
transit. In our study, a higher quantity of fragments in the 
anchovy stomach was found in the spring of 2011. Addition-
ally, in 2011, the colours of fragments were mainly transpar-
ent (no-colour type, Fig. 7), and in 2012, it showed a higher 
proportion of dark colours. The higher fragment presence 
was possibly due to the peculiar meteo-climatic features of 
that period. A North Atlantic Oscillation index lower than 
− 1 for the winter of 2010–2011 (https ://www.cpc.ncep.
noaa.gov) likely increased the inflow of potentially contam-
inated waters from the northern Tyrrhenian Sea (Astraldi 
et al. 1999; Baini et al. 2018). However, the higher Fulton’s 
condition factor of 2011 suggests that, besides a potentially 
higher fragment concentration in the seawater, anchovies in 
2011 could have been more efficient in particle-feeding due 
to their better condition.

In 2011, a large portion of the microplastic fragments 
showed dimensions larger than the stomach-side tract or the 
anus-side tract, sometimes falling in the mesoplastic size (4 
fragments larger than 5 mm, Barnes et al. 2009). This means 
that these microparticles could not exit the stomach and, 
even if they came to the intestinal tract, they could not be 
ejected. This event could easily occur for the shortest indi-
viduals (9 cm long, for instance), which showed stomach-
side and anus-side lumen significantly smaller than those 
of the larger organisms; but also the longest anchovies had 
often a lumen smaller than the fragments found in their 
stomachs.

Are these microparticles retained indefinitely by the 
organisms? In our samples, the very low abundance of 
organisms having more than one fragment in their stomach 

indicates that anchovies remove these particles easily, or that 
the concentration of fragments is low, despite that Fossi et al. 
(2012) and Collignon et al. (2014) identified the western side 
of our sampling area as a hotspot for surface microplastic. 
The first arrangement for anchovies to expulse microparti-
cles could be regurgitation, a practice that has been already 
identified in studies on the stomach content of anchovies of 
the southern Benguela region (James 1987).

Mechanical fragmentation is one of the main processes 
that microplastic is subjected to at sea (Cózar et al. 2014). 
Fragmentation can occur also inside the organisms, where 
chemical transformations take place. Sometimes, the micro-
plastic fragments which we found inside the stomach of 
anchovies were likely the product of the breaking of larger 
pieces. Some pieces, instead, showed irregular, rough, and 
thin sides, as a result of progressive degradation. How-
ever, we cannot define whether these pieces were somehow 
degraded inside the anchovy or the microplastic was sub-
jected to weathering and mechanical erosion before being 
eaten. Given that, for instance, PE is degraded following 
photodegradation and/or chemical degradation (Bonhomme 
et al. 2003; Wang et al. 2004), these particles were likely 
eroded before being ingested.

The embedding of plastic items in a biological matrix 
(mainly lipidic) was observed only in three females longer 
than 14 cm and actively reproducing. To include the anthro-
pogenic material in a biological sphere may give some 
advantages, such as smoothing eventual sharp edges and 
isolating the allochthonous material from the organism 
before being ejected, when possible. Therefore, fragmenta-
tion and, more rarely, embedding could be two methods to 
remove large plastic from the stomach and intestine, mixing 
the anthropogenic material with the faeces. 

Conclusions

In the Ligurian Sea, the European anchovy E. encrasicolus is 
one of the species that frequently encounters synthetic mate-
rial; indeed, 30–40% of the analysed specimens contained 
fibres or fragments in the stomach content. In our study, no 
significant differences could be observed among females and 
males, indicating that the ingestion of anthropogenic micro-
particles is a common activity. The presence of, generally, 
only one item in the stomach suggests that the residence 
time of these items is ephemeral, although some problems 
can arise when fragments larger than the lumen of the intes-
tine are found. In these cases, the fragment may be retained 
indefinitely in the stomach, exerting deleterious mechani-
cal effects and eventual toxic effects. However, anchovies 
can regurgitate, if necessary, the items unsuited for nutri-
tion and, sometimes, hard fragments can break inside the 
muscular stomach, reaching the appropriate dimensions to 

https://www.cpc.ncep.noaa.gov
https://www.cpc.ncep.noaa.gov
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be ejected. The rare recovery of plastic embedded in a bio-
logical matrix, preventing the contact of the microparticle 
with the organism, suggests that anchovies could use sev-
eral strategies to protect themselves from the accumulation 
of ineffective and deleterious microparticles. These meth-
ods will be even important, given the rising abundance of 
anthropogenic debris in the sea.
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