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Abstract :   
 
Plastic debris is ubiquitous in the hydrosphere. Yet, we lack an understanding of contamination among 
deep-sea species and primarily how each trait can influence microplastic intake. We investigated 
microplastic contamination in the digestive tract of hyper-abundant mesopelagic lanternfishes (n = 364 
individuals) from the Southwestern Tropical Atlantic, captured from 90 to 1000 m depth. Overall, 
microplastics were detected in most individuals analysed (frequency of occurrence = 68 %). Large 
microplastics, mostly of a filamentous shape were the most frequent, followed by smaller fragments and 
foams. Microplastics made of high-density polymers (PET, PVC, PA, SBR rubber) were more prevalent 
than low-density ones (PE, EVA and PBD rubber), especially under deeper layers. Larger microplastics 
were detected in lanternfishes captured off the northeastern Brazilian coast (mean 0.88 ± SE 0.06 mm) 
compared to those from around the Rocas Atoll and Fernando de Noronha Archipelago (0.70 ± 0.07 mm; 
p ≤ 0.05), ~350 km from the continent. Moreover, lanternfish that migrate from the upper mesopelagic 
(200–500 m) to the epipelagic layers (<200 m) had simultaneously the highest intake and the smallest 
particles (1.65 ± 0.17 particles individual-1 and 0.55 ± 0.07 mm; p ≤ 0.05). Biological mediated transport of 
microplastics from the epipelagic to the mesopelagic waters was evinced, but fishes foraging in shallower 
layers had the lowest intake (1.11 ± 0.10 part. ind.-1; p ≤ 0.05). Furthermore, the jaw length was positively 
associated with an increment in microplastic intake (Incidence Rate Ratio = 1.1; p ≤ 0.05). The 
lanternfishes that preferably prey upon fish larvae are more prone to microplastic intake than their 
counterparts, which forage mostly on crustaceans and gelatinous zooplankton (p ≤ 0.05). 
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Graphical abstract 
 

 
 
 

Highlights 

► High-density microplastics were more abundant in mesopelagic fishes. ► The size of microplastics 
was inversely associated with the continental distance. ► Biological mediated transport of plastic debris 
to the deep sea was evinced. ► Niche partitioning was the primary predictor of the microplastic intake 
rates. ► The jaw length of lanternfishes was positively correlated to microplastic intake rates. 
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1. INTRODUCTION 

The mesopelagic ocean zone (200–1000 m) encompasses habitats where solar 

radiation does not support primary production. Despite being one of the most remote 

environments in the biosphere, organisms inhabiting the mesopelagic zone are 

vulnerable to several anthropogenic impacts. For instance, mesopelagic fishing activity 

and deep-sea mining are emerging alternatives to satisfy the growing demand for animal 

protein and minerals (Drazen et al., 2020; Gillard et al., 2019; Morato et al., 2006). In 

addition, as most plastics are fossil carbon-based, the world energy matrix is associated 

with substantial plastic waste production (Hopewell et al., 2009), menacing even to the 

deep sea.  

Of the 400 million metric tons of plastics manufactured yearly, only 9% are 

estimated to be recycled (Geyer et al., 2017; PlasticsEurope, 2020), which makes the 

circular economy of plastics far from being achieved. Although plastics are mainly used 

in land-based applications, plastic residues can undergo long-range transport (Mishra et 

al., 2019; Onink et al., 2019). Between 1 and 12 million metric tons of mismanaged 

plastic waste (particles > 5 mm) are estimated to be introduced into the ocean annually 

(Boucher and Friot, 2017; Geyer et al., 2017; Lebreton et al., 2017), although these 

estimates have recently been questioned and are suspected to be several orders of 

magnitude lower than presumed (Weiss et al., 2021). Regardless of the high durability, 

plastics are susceptible to weathering by environmental and biological factors, 

continuously fragmenting into ever smaller particles (microplastics, MPs < 5 mm; 

nanoplastics, NPs < 1 µm), favouring dispersion (Enfrin et al., 2020; Gewert et al., 

2015). 

More than half of the manufactured polymers are positively buoyant (Andrady, 

2011). However, MPs are estimated to remain in surface waters for up to a few years 

(~2.4 years) (Weiss et al., 2021). Then MPs are dispersed downward to the ocean layers 

(e.g., increased density through oxidation and transfer by marine biota) or fragmented 

below the typical cut-off of sampling devices (150–300 µm) (Karlsson et al., 2018; 

Justino et al., 2022). Additionally, biofouling and incorporating marine snow 

(aggregates larger than 200 µm) increase the sinking rates of particles, including those 

of positively buoyant polymers (Kvale et al., 2020; Porter et al., 2018).  

Marine snow mainly consists of particulate organic matter (POM), including 

faecal pellets, phytoplankton, bacteria, and protists, which increase sinking rates due to 
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increased aggregation (Newell et al., 2005; Porter et al., 2018). This mechanism 

associated with the bottom currents has been acknowledged as the main pathway for the 

final fate of MPs in the seabed (Courtene-Jones et al., 2017; Egger et al., 2020; Kane et 

al., 2020; Kanhai et al., 2018; Liu et al., 2020). Likewise, allochthonous sources are the 

main energy supply to the mesopelagic layers through the advective transport of organic 

matter from surface waters (Davison et al., 2013).  

Marine biota is highly susceptible to ingesting MPs (Savoca et al., 2021; 

Wootton et al., 2021), and contamination has been reported throughout the ocean basins 

in deep-sea species (Choy and Drazen, 2013; Pereira et al., 2020; Sathish et al., 2020; 

Esposito et al., 2022). MP intake is linked to the development of several sub-lethal 

effects and can result in the uptake of chemical additives and pollutants adsorbed from 

the water column (Bhagat et al., 2020; Lei et al., 2018; Rochman et al., 2014; Senko et 

al., 2020; Wang et al., 2020). The environmental abundance (particles.m
-3

) of MPs and 

the ecological behaviour (migratory and feeding strategy) of species influence the intake 

of MPs (Ferreira et al., 2019; Fossi et al., 2018; McNeish et al., 2018; Pazos et al., 2017; 

Wootton et al., 2021).  

MPs are abundant throughout the deep sea (Vega-Moreno et al., 2021), and 

species can intake particles while foraging and drinking water for homeostatic 

regulation (Roch et al., 2020). In addition, many species residing at mesopelagic depths 

are also susceptible to MP intake from the epipelagic layers when ascending to feed in 

near-surface waters at night (Ferreira et al., 2022; Justino et al., 2022; Wieczorek et al., 

2018). The diel variability in light intensity triggers indeed a vertical migratory response 

in several deep-sea organisms, inducing them to swim upwards to the productive 

shallow waters and forage at nighttime (Eduardo et al., 2020; 2021; Sutton, 2013). This 

diel vertical migration of zooplankton and fishes can contribute up to half of the carbon 

from the passive sinking to the deep sea (Davison et al., 2013; Steinberg and Landry, 

2017).  

Biomass of about 10 billion metric tons is estimated for mesopelagic fishes 

(Irigoien et al., 2014). Among these, the family Myctophidae (lanternfishes) includes 

some of the most abundant species, regardless of the ocean basin and vertical 

mesopelagic strata (Catul et al., 2011; Eduardo et al., 2021; Irigoien et al., 2014). These 

species play a significant role in energetic pathways by consuming zooplankton and 

providing forage for numerous epipelagic (e.g., tuna, mammals, squids, and diving 
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seabirds) and deep-sea (e.g., viperfish, lancetfish, and moonfish) predators (Eduardo et 

al., 2021; Gjösæter, 1973; Hernandez-Gonzalez et al., 2018; Olaso et al., 2005).  

Lanternfishes are crucial for connecting epipelagic and deep-sea ecosystems, 

acting as a potential vector of carbon and MPs. Therefore, several species were 

investigated for MP contamination (Bernal et al., 2020; Boerger et al., 2010; Davison 

and Asch, 2011; Justino et al., 2022; Lusher et al., 2016; McGoran et al., 2021; Romeo 

et al., 2016; Wieczorek et al., 2018). However, most of these surveys focus on the 

species level, often lacking replicates and quality assurance procedures. Moreover, the 

influence of the ecological roles and niches of lanternfishes in MP intake has been 

overlooked so far. This study aims to improve knowledge of the relationship between 

plastic and the poorly known deep-sea biota, by studying MP intake in one of the most 

abundant fish taxa in mesopelagic waters. We tested the hypothesis that MP 

contamination in Myctophidae from the Southwestern Tropical Atlantic (SWTA) is 

associated with (i) niche partitioning and (ii) spatial variability.  

2. METHODS 

2.1 Study area 

 Data collection was performed along the SWTA during the austral autumn of 

2017 (Figure 1). Samplings were conducted off the northeastern Brazilian coast, 

including oceanic islands (Rocas Atoll and Fernando de Noronha Archipelago) ~350 

km from the coastal zone and seamounts of the Fernando de Noronha Ridge, which is 

considered an Ecological and Biological Significant Area (CBD, 2014). The 

seamounts and off northeastern Brazil surface layers (0 to 70 m) are controlled by the 

North Brazil Current (NBC) and North Brazil Undercurrent (NBUC), whereas the 

Rocas Atoll and Fernando de Noronha Archipelago surface layers are controlled by 

the South Equatorial Current (SEUC) and the central branch of the South Equatorial 

Current (cSEC) (Assunção et al., 2020; Costa da Silva et al., 2021). 

2.2 Sample collection and preparation 

 The lanternfishes were collected by micronekton trawls (30 min at 2–3 kt, 40 

mm body mesh and 10 mm cod-end mesh) during the multidisciplinary research cruise 

ABRACOS2 (Acoustics along the BRAzilian COaSt 2) onboard the French RV Antea 

(Bertrand, 2017). The micronekton net (colour: wheat) has a 24 x 24 m size mouth 

composed of 40 mm thermoplastic polyamide elastomer (TPA) body mesh and 10 mm 
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polyamide (PA) cod-end mesh, to increase the size range of captured specimens 

(Bertrand, 2017; Eduardo et al., 2022).  

Samplings were carried out between 9
th

 April and 6
th

 May 2017 (autumn) 

during day and night, encompassing different depth strata (90 to 1000 m), and 11 

stations were selected for the study due to the abundance of individuals (Figure 1, 

Table S1). Daytime samplings occurred between one hour after sunrise to one hour 

before sunset, and nighttime samplings were performed one hour after sunset until 

one hour before sunrise. Conductivity, temperature, depth and dissolved oxygen 

profiles were acquired by a CTD Seabird SBE911plus and auxiliary sensors (Bertrand, 

2017; Eduardo et al., 2020). 

On board the cruise, the lanternfishes were firstly fixed in a 4% formalin 

solution and then preserved in a 70% ethanol solution. In the laboratory, species were 

identified according to Nafpaktitis et al. (1977). Voucher specimens from the survey 

were deposited in the Fish Collection of the Instituto de Biodiversidade e 

Sustentabilidade, Universidade Federal do Rio de Janeiro (NPM, Macaé, Brazil). The 

most dominant Myctophidae species in the study area were selected for MP 

contamination (Eduardo et al., 2021).  

For each specimen, weight (nearest 0.0001 g) and morphological features 

(nearest 0.01 mm of total length, jaw length, eye diameter and the longest axis of the 

dorso-nasal photophore were registered. All measurements were taken from the left 

side. Stomach-inverted specimens were excluded from the analysis to avoid airborne 

contamination and/or loss of particles. All methods were conducted following the 

Brazilian Ministry of Environment under authorization number SISBIO: 47270–5. 

2.3 Microplastic analysis 

In the research cruise precautionary measurements to avoid airborne MP 

contamination were not implemented. Therefore, at the laboratory specimens were 

meticulously rinsed with filtered (0.7 µm pore size glass fibre filters) distilled water to 

remove any particles attached to the outermost tissue. Specimens were eviscerated, 

and their digestive tracts (stomach and intestine) were removed and thoroughly washed 

with filtered distilled water. Then, the digestive tracts were submitted to chemical 

digestion through sodium hydroxide (NaOH 1 mol L
-1

) to decompose proteins, easing 

the identification of MPs (Ferreira et al., 2022; Justino et al., 2022). The use of 

NaOH is a cost-effective method and does not imperil plastic integrity for polymer 

investigation (Budimir et al., 2018).  
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Each sample (digestive tract of a given individual: 1.66 ± 0.07 g) was placed 

into a 50 mL beaker, filled with sodium hydroxide solution, covered by a glass lid 

and placed into a laboratory oven (60 ºC) for 24 h to increase the reaction rate. 

Samples were mixed with a glass stick two times during the incubation period to 

homogenise the solution. The outputs of the chemical digestion were filtered through 

glass fibre filters (Whatman: GF/F 0.7 µm pore size) using a laboratory vacuum set-up. 

The glass fibre filters with the digestion residues were then placed in covered Petri 

dishes and oven-dried at 60 ºC for 24 h. 

The resulting samples were then visually examined using a stereomicroscope 

(Zeiss Stemi 508) coupled to a camera device (Axiocam 105 Color), under the highest 

magnification available, with a detection limit of 0.02 mm. Particles suspected to be 

made of plastic were photographed, counted and measured (length of the longest axis) 

using digital microscopy software (Zeiss ZEN 3.2).  

Particles ≤ 5 mm were considered microplastics (MPs) and categorised 

according to morphological and optical characteristics into five different shapes: fibres 

(filamentous shape), fragments (thick with an irregular shape), film (flat with an 

irregular shape), foam (soft with an irregular shape), and beads (spherical shape); and 

five colours (black, blue, green, red, and white) (Lusher et al., 2017). Additional colours 

of the visible spectrum and unsaturated colours were included close to their bands (e.g., 

purple was included in the blue category, and orange and yellow were included in the 

red category). 

 A random sub-sample (10.8 %; 50 particles) of the detected particles was 

identified through Laser Direct Infrared analysis (LDIR) to access the polymer 

composition, following the recommendations proposed by (Hanke et al., 2013). An 

Agilent 8700 LDIR Chemical Imaging System was used to perform at least 7 scans for 

each particle in the wavelength ranging from 975 to 1800 cm
-1 

(Ourgaud et al., 2022).
 

The outputs were compared with the Microplastics Starter 1.0 library reference spectra, 

and the polymer of a given particle was asserted when the polymer identification match 

was superior to 70% (Eo et al., 2021; Ferreira et al., 2022; Justino et al., 2022). Since 

the polymer composition was accessed in a sub-sample of the detected particles, it is 

important to notice that, to a certain degree, non-plastic particles could also have 

been accounted for as MPs. 
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2.4 Laboratory Quality assurance/Quality Control 

 The protocol implemented for MP extraction followed methodological steps to 

mitigate airborne contamination of samples (Song et al., 2021). Analyses were 

conducted in an isolated subsection of the main laboratory to limit flow in the 

workstation. Disposable latex gloves and 100% cotton lab coats were used during all 

procedures. All work surfaces were thoroughly cleaned with 70% filtered ethanol, and 

handling equipment was made exclusively of metal and glass. Before use, handling 

equipment, beakers and Petri dishes were rinsed with filtered distilled water and 

checked for adhered particles under a stereomicroscope. 

To avoid airborne contamination, reagent preparation and sample handling were 

performed under a fume hood cabinet. Any solution used for MP extraction (distilled 

water and sodium hydroxide) was filtered over a 47 mm glass fibre filter (GF/F 

0.7µm Whatman). Two observers performed MP identification to reduce 

identification variance (overestimation and/or underestimation). 

A procedural blank was run for each sample batch, which consisted of an 

average of 15 samples (sample = stomach and intestine of a given individual).  

Procedural blanks were submitted to the same procedures as samples. Whenever MPs 

were observed within blanks, particles with the same characteristics (shape and 

colour) were removed from the corresponding sample batch. Four contaminations 

were registered out of the thirty procedural blanks implemented during the analysis: 

two green fragments, one green film and one black fibre identified as cellulosic.    

2.5 Data analysis 

To investigate the regional scale of MP contamination in lanternfishes 

(frequency of occurrence, number and size of particles), the sampling stations were 

divided according to the main surface currents into Areas 1 and 2. Area 1 encompasses 

the sampling stations off northeastern Brazilian coast and seamounts northward in the 

study area, whereas Area 2 represents the sampling stations around the ocean islands 

(Rocas Atoll and Fernando de Noronha Archipelago) (Figure 1) (Assunção et al., 2020; 

Eduardo et al., 2021). The vertical scale of MP contamination was investigated through 

the main depth strata where fishes were captured [epipelagic layer (0–200 m), upper 

mesopelagic layer (200–500 m) and lower mesopelagic layer (500–1000 m)].  

MP contamination was also investigated according to species and from an 

ecological perspective. To investigate the influence of ecological patterns on MP intake, 

nine sampled species (Bolinichthys distofax, Diaphus brachycephalus, D. garmani, D. 
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fragilis, D. perspicilatus, D. splendidus, Hygophum taaningi, Lampanyctus nobilis, and 

Lepidophanes guentheri) were categorised into different niches based on migration 

behaviour and feeding strategy, according to carbon and nitrogen isotopes proposed by 

Eduardo et al. (2021) in the study area (Table S2).  

The migratory behaviour comprised species that inhabit mainly (i) the upper 

mesopelagic (UM.Mig; 200–500 m) and (ii) the lower mesopelagic (LM.Mig; 500–

1000 m) layers and perform diel vertical migration towards the epipelagic waters to 

forage, and (iii) non-vertical migrant (Non:Mig), which forage in the lower mesopelagic 

waters. The feeding strategy of lanternfishes included three main zooplanktivore 

patterns [F I: species foraging mainly on Abylopsis tetragona, Euphausia gibboides and 

fish larvae ranging from 15 to 20 mm; F II: species foraging mostly on Soestia zonaria, 

Salpa spp. and fish larvae ranging from 5 to 10 mm; F III: species foraging mainly on E. 

gibboides, two groups of fish larvae, ranging from 5 to 10 mm and 15 to 20 mm] 

(Eduardo et al., 2021) (Table S2).  

Only the vertical migrants were selected to investigate the influence of the 

feeding strategy on MP ingestion (species that forage in the epipelagic zone). Therefore, 

the non-migrants were not included in the feeding strategy analysis. Additionally, MP 

polymer densities correspond to pristine particles from Osswald and Oberbach (2006). 

One-way analyses of variance were performed to assess whether the number (particles 

individual
-1

) and size (particle length individual
-1

) of detected MPs (regardless of shape 

and colour) varied among categorical variables (depth strata, area, diel period, species, 

migration behaviour, and feeding strategy).  

Since only the lower mesopelagic migrants were captured in the epipelagic 

waters, this group was omitted from the ANOVA regarding the migratory behaviour. 

Hence, the migratory behaviour analysis included only fish captured within mesopelagic 

waters (including non-migrants and upper and lower mesopelagic migrants).  

Two-way analyses of variance allowed us to investigate the interaction between 

habitat features (area vs. depth strata and diel period vs. depth strata). Data were 

previously Box-Cox transformed (Box and Cox, 1964) and normality was tested using 

Levene’s and Bartlett’s tests (Table S3) (Levene, 1960; Underwood, 1997). Whenever 

significant differences were observed, the post hoc Tukey test was applied to detect the 

source of variance.  

Generalised Linear Models were proposed to investigate the influence of 

morphological features of fish, environmental drivers, and ecological patterns 
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(categorical and continuous variables) on the number of detected MPs (response 

variable). Firstly, collinearity was checked and exploratory data analyses were 

performed on the response variables to propose the fit distribution and link function of 

the models. The number of detected MPs (particles individual
-1

) was analysed through 

the Poisson distribution (log link). The Akaike Information Criterion was used to check 

the goodness of fit of models, while stepwise procedures (backwards method) were 

performed in the full model. All exploratory variables were included (with interactions), 

and non-significant variables were progressively excluded to achieve the model with the 

best fit (Table S4) (McCullagh and Nelder, 2019). To validate the selected model, the 

null and residual deviance were evaluated, as well as the normal probability plot of the 

residual components of the deviance, and the chi-squared value of the deviance was 

assessed to verify whether the models provided an adequate fit (Figure S1, Tables S4 

and S5) (McCullagh and Nelder, 2019). All statistical analyses were carried out using R 

3.6 (R Core Team, 2020) and performed at a significance level of 0.05. 

3. RESULTS 

From the 11 trawls, 364 individuals from nine species of Myctophidae were 

investigated for MP intake. The standard length of specimens ranged from 25.18 to 

92.74 mm and jaw length from 4.85 to 19.26 mm. A total of 462 MP particles were 

detected in 248 contaminated individuals (digestive tract), representing a frequency of 

occurrence of 68% (Figure 2, Table S2). MPs were detected in all depths of capture, 

regardless of species. On average, 1.27 MP particles per individual (Standard error ± 

0.07) were detected in lanternfishes with an average particle size of 0.81 mm (SE ± 

0.04) (Table 1). The size of particles ranged from 0.044 mm (blue film) to 4.991 mm 

(white fragment), particles larger than 5 mm were not detected. Additionally, up to 15 

foam particles were detected in a single individual of D. splendidus, captured in the 

epipelagic waters. 

3.1 Environmental characterisation 

The environmental features showed moderate variability between the 

northeastern Brazilian coast and the oceanic islands (Area 1 and 2, respectively). The 

mixed layer where floating MPs can sink due to surface forcing extended up to 50 m. 

Salinity and fluorescence increased (36.00 to 36.25, and 0.25 to 0.60 mg m
-3

, 

respectively) from the surface towards the upper thermocline limit (~ 40 m). On the 
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other hand, temperature and dissolved oxygen (DO) slightly decreased from 29 to 25 ºC 

and from 4.5 to 4.25 mg L
-1

 (Figure 2).  

Environmental drivers had the greatest variability within the thermocline (~ 40 

to 150 m), where the lanternfish from the epipelagic waters were captured (Table S1). 

Salinity, temperature, and fluorescence progressively decreased toward the lower 

thermocline limit (35.25; 13 ºC; 0.1 mg m
-3

, respectively) (Figure 2). Dissolved oxygen 

sharply decreased from 4.25 to 2.75 mg L
-1

, but at 100 m depth, DO oscillated. 

Likewise, DO fluctuated within the upper mesopelagic waters (200–500 m) and 

increased within the lower mesopelagic water (500–1000 m) from 2.75 to 3.75 ml L
-1

. 

Temperature and salinity progressively decreased from the lower thermocline limit to 

the lowest capture depth (from 35.25 to 34.50 and from 13.0 to 4.4 ºC; 900 m, 

respectively), whereas fluorescence remained roughly steady (Figure 2, Table S1). 

3.2 Microplastic contamination and niche partitioning 

Whatever their shape and colour, the number of detected MPs in lanternfishes 

did not vary significantly depending on the sampling area (Area 1: 1.24 ± 0.11 part. 

ind.
-1

, and Area 2: 1.31 ± 0.1 part. ind.
-1

). However, MPs detected in fishes from Area 1 

were larger (0.88 ± 0.06 mm; F= 5.223; p≤0.05) than those from Area 2 (0.70 ± 0.07 

mm) (Figure 3, Tables S6 and S7). Regarding the depth strata, lanternfishes sampled 

from the epipelagic zone had the lowest number of MPs (1.11 ± 0.10 part. ind.
-1

; F= 

9.155; p≤0.05), but the size of those particles did not vary significantly (epipelagic: 0.81 

± 0.06 mm; upper mesopelagic: 0.54 ± 0.12 mm; lower mesopelagic: 0.86 ± 0.08 mm) 

(Figure 3, Tables S6 and S7).  

MP contamination according to the diel period showed that fishes trawled during 

the daytime had the highest number of MPs (1.48 ± 0.14 part. ind.
-1

; F= 5.68; p≤0.05). 

However, the diel period did not influence the size of detected particles (daytime: 0.81 ± 

0.11 mm; nighttime: 0.80 ± 0.05 mm) (Figure 3, Tables S6 and S7).  

Interactions between diel period vs. depth strata and area vs. depth strata 

indicated significant effects on the number of MPs ingested but not on their size (Table 

1 and S7). The number of detected MPs was lowest in fishes captured in the epipelagic 

layer during nighttime (1.11 ± 0.10 part. ind.
-1

; F=6.128; p≤0.05) and in the epipelagic 

layer within Area 2 (1.01 ± 0.15; F=5.886; p≤0.05) (Tables 1 and S7).  

 

Table 1. (single column fit) Detected microplastics in lanternfishes (Myctophidae) 

from the Southwestern Tropical Atlantic according to spatial-temporal variability 
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expressed in frequency of occurrence (FO%), number (particles individual
-1

) and size 

(mm) of particles (mean ±SE). [No sampling (–)]. 

 
FO% Number of MPs  Size of MPs 

Day trawl 

Epipelagic – – – 

Upper mesopelagic 84.61 1.81 ±0.25 0.54 ±0.12 

Lower mesopelagic 76.59 1.29 ±0.15 0.99 ±0.15 

Night trawl 

Epipelagic 63.35 1.11 ±0.10 0.82 ±0.07 

Upper mesopelagic – – – 

Lower mesopelagic 71.43 1.54 ±0.17 0.76 ±0.09 

Area 1 

Epipelagic 63.92 1.15 ±0.13 0.85 ±0.07 

Upper mesopelagic – – – 

Lower mesopelagic 78.84 1.52 ±0.17 0.98 ±0.09 

Area 2 

Epipelagic 62.91 1.01 ±0.15 0.74 ±0.14 

Upper mesopelagic 84.61 1.81 ±0.25 0.54 ±0.12 

Lower mesopelagic 69.23 1.38 ±0.16 0.75 ±0.13 

Myctophidae  68.13 1.27±0.07 0.81 ±0.04 

 

All the Myctophidae species evaluated depicted high rates of contamination 

(FO%), ranging from 55% in L. guentheri to 93% in D. perspicillatus (Table S2). Of the 

nine species studied, L. nobilis exhibited the lowest number of detected MPs (0.71 ± 

0.11 part. ind.
-1

; F= 3.088; p≤0.05), whereas in D. brachycephalus and B. distofax the 

smallest and largest MPs were detected, respectively (0.4 ± 0.06 mm, and 1.09 ± 0.13 

mm; F= 3.618; p≤0.05) (Table S2 and S7).  

The analyses of detected MPs according to the vertical migratory behaviour of 

Myctophidae species indicated that the upper mesopelagic migrants had the highest MP 

intake (1.65 ±0.17 part. ind.
-1

; F= 4.673; p≤0.05) and the smallest size of particles (0.55 

±0.07 mm; F= 7.212; p≤0.05) (Figure 3, Tables S6 and S7). The feeding strategy of 

lanternfishes is also reflected in the number of detected MPs; specimens belonging to 

the feeding strategy III had the highest number of particles (1.69 ±0.15 part. ind.
-1

; F= 

5.306; p≤0.05), followed by feeding strategy II (1.23 ±0.16 part. ind.
-1

) and I (0.97 

±0.09 part. ind.
-1

) (Figure 3, Table S7).  

The generalised linear model results indicated that the feeding strategy, depth of 

capture and jaw length were the best predictors of the number of detected MPs in 

lanternfish from the SWTA (Table S4). The analysis of deviance of the fitted 

generalised linear model suggested that the variations observed in the number of 

detected MPs with the depth of capture were significant (Table S5). Likewise, the 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

13 

 

number of detected MPs varied significantly between feeding strategies of lanternfishes, 

which explained 14.8% of data variability (Table S5).  

The lanternfish species grouped into feeding strategies I and II were negatively 

related to the number of detected MP in the digestive tract (stomach and intestine). Both 

groups had respectively, 82% and 51% (Incidence Rate Ratio= 0.18 and 0.49; 95% 

Confidence Interval= 0.08–0.37 and 0.33–0.71, respectively; p≤0.05) fewer chances of 

MP intake than lanternfishes from feeding strategy III (Table 2). The jaw length of 

lanternfishes was positively correlated with the number of detected MPs; thus, each 

one-unit increase in the size of the jaw was associated with a 10% increase in the 

incidence rate ratio of MP intake (IRR= 1.1; 95% CI= 1.05–1.16; p≤0.05) (Table 2). 

The depth of capture had a slightly positive influence on the number of detected MPs 

(p≤0.05) (Figure 4, Table 2). Similarly, the predicted number of MPs in the digestive 

tract increased more rapidly towards greater capture depths and in fish with longer jaws 

(Figure 4).  

Table 2. (single column fit) Coefficients from the generalised linear models fitted to 

the number of detected microplastics in lanternfishes (Myctophidae) from the 

Southwestern Tropical Atlantic. SE– standard error; IRR– Incidence Rate Ratio; CI– 

95% Confidence Interval; * p < 0.05. 

Coefficient Estimate SE z-value IRR CI   p-value 

Microplastics 
       

Intercept -0.7276 0.3199 -2.27 
  

* 0.0229 

Depth of capture 0.0013 0.0004 2.71 1 1 – 1 * 0.0067 

Jaw length 0.0952 0.0251 3.78 1.1 1.05 – 1.16 * 0.0001 

Feeding Strategy I -1.7193 0.3999 -4.29 0.18 0.08 – 0.37 * 0.0001 

Feeding Strategy II -0.7111 0.1927 -3.69 0.49 0.33 – 0.71 * 0.0001 

        
Null deviance 286.55 on 189 df 

     
Res. Deviance 242.89 on 185 df 

     
R

2
 Nagelkerke 0.264 

      
AIC 528.08             

 

3.3 Microplastic characterisation  

A myriad of colours was identified among the detected MPs, but blue was the 

most prevalent, representing 49% of particles, followed by white (35%), red (8%), black 

(7%) and green (1%). Moreover, blue and white particles prevailed throughout the 

spatial (depth strata and area) and temporal scale (Figure S1). Of the different shapes of 

detected particles, fibres were the most prevalent accounting for 65% of particles (0.83 
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± 0.05 part. ind.
-1

), followed by fragments (15%; 0.19 ± 0.02 part. ind.
-1

), foam (10%; 

0.12 ± 0.05 part. ind.
-1

), film (6%; 0.06 ± 0.01 part. ind.
-1

) and beads (4%; 0.05 ± 0.01 

part. ind.
-1

) (Figure S1, Table S8).  

 Regarding the size of MP shapes, fibres were the largest particles identified in 

the digestive tracts of lanternfishes (1.03 ± 0.05 mm) and ranged from 0.05 to 4.99 mm, 

prevailing among all size ranges (0.5 mm break interval), except between the smallest 

interval (range: 0.1–0.5 mm) and from 2 to 2.5 mm. Fragments (0.35 ± 0.11 mm) had 

the broadest size range (from 0.03 to 4.99 mm) and were followed by foams (range: 

0.1–1.2 mm; mean: 0.46 ± 0.06 mm), films (0.04–0.34 mm; 0.09 ± 0.01 mm) and beads 

(0.07–0.37 mm; 0.05 ±0.01 mm) (Figure 5, Table S9).  

 The polymer composition was accessed in a subsample that comprehended 

10.8% of the detected particles (50 particles). Within the analysed subset, LDIR 

successfully identified the plastic polymer composition of 53% of particles, including 

twelve different plastic polymers (Figure S2). Biopolymers comprehended 11% of 

tested particles, including cellulose acetate. Non-identified particles included two 

groups, 15% of the total analysed resembled plastic polymers but were below the 

cutoff point (scoring between 60 and 69.9% of similarity with the reference spectrum), 

and 21% of particles did not resemble any spectra from the accessed library (Figure 

S2). As the LDIR is still a novel technique used to identify MP, the number of 

available reference spectra for virgin and weathered polymers constantly increases, 

reducing the rate of non-identified particles in future studies. 

Within the successfully identified plastic polymers, polyethylene (PE) and 

polyethylene terephthalate (PET) were the most abundant (17%, each), followed by 

polyamide (PA: 14%), styrene-butadiene (SBR rubber: 14%), polyvinyl chloride 

(PVC: 10%), acrylonitrile butadiene styrene (ABS: 7%), alkyd varnish (7%), ethylene-

vinyl acetate (EVA: 3%), polycarbonate (PC: 3%), and polybutadiene rubber (PBD 

rubber: 3%). Two additional subclasses were identified within the PE particles: low-

density polyethylene (LDPE) and chlorinated polyethylene (Figures 6 and S2).  

The theoretical (relative to pristine material) high-density polymers (> 1.02 g 

cm
-3

) prevailed over the low-density materials (75% and 25%, respectively). LDPE 

(0.92–0.96 cm
-3

) was identified in fishes captured in the epipelagic zone, except for a 

blue fibre extracted from an upper mesopelagic migrant captured at 230 m (Figure 6). 

On the other hand, the higher density polymers PET (1.34 cm
-3

; 95–800 m depth), 

SBR (0.94–1.04 cm
-3

; sampling depth: 95–680 m), PA (1.02-1.14 cm
-3

;
 
95–800 m 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

15 

 

depth), PVC (1.42-2.2 cm
-3

;
 
90–900 m depth) and alkyd varnish (1.42-2.22 cm

-3
;
 
95–

630 m depth) were identified throughout the water column. Furthermore, concerning 

the non-migrant lanternfish solely, three high-density polymers were identified (SBR, 

PET, and alkyd varnish) (Figure 6). 

4. DISCUSSION 

Deep-sea species are presumably less vulnerable to MP contamination than 

those inhabiting surface waters (Fossi et al., 2018; Pereira et al., 2020; Sathish et al., 

2020) due to the buoyant characteristic of most plastic polymers and the greater distance 

from the major input sources, where surface currents and wind friction generate 

accumulation zones (Lima et al., 2021; van Sebille et al., 2015) in the uppermost layers 

(Kanhai et al., 2018; Reisser et al., 2015). Greater MP abundance in the water leads to 

higher contamination and intake rates (occurrence and quantity of particles) in fish, but 

this association has been evinced mostly in semi-enclosed water bodies (Ferreira et al., 

2018; Pazos et al., 2017; Savoca et al., 2021; Wootton et al., 2021; Wright et al., 2013). 

Nevertheless, our findings showed a high frequency of occurrence of MPs in every 

species evaluated throughout the regional and vertical scales.  

Regardless of species, the intake rates were at least an order of magnitude higher 

than measured in lanternfishes from other basins, including those from areas beneath 

major accumulation zones (Bernal et al., 2020; Davison and Asch, 2011; Lusher et al., 

2016; Romeo et al., 2016). Our intake rates data were, however, comparable to those 

measured in lanternfishes from the North Atlantic (1.8 vs. 1.27 particles individual
-1

 

detected in this study) (Wieczorek et al., 2018), where higher abundances of floating 

MPs are estimated when compared to our study area (Lebreton et al., 2012; Lima et al., 

2021).  

Within the mesopelagic zone, deep-sea currents are the main factor inducing MP 

dispersion (Kane et al., 2020; Liu et al., 2020; Vega-Moreno et al., 2021) and the 

abundance of particles in deeper layers is not straightforwardly correlated to the 

abundance in surface waters (Liu et al., 2020; Zhao et al., 2022).  Moreover, the feeding 

strategy of species might be more prominent than the abundance of particles to explain 

MP contamination in the deep layers (Ferreira et al., 2022; Wootton et al., 2021). 

Overall, the number of detected MPs in lanternfish from the study area did not 

differ on a regional scale. Yet, regardless of depth, the area in which fishes were 

captured significantly affected the size of detected particles, with larger particles being 
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detected in individuals inhabiting waters off the northeastern Brazilian coast and 

seamounts (Area 1). The continental vicinity of Area 1 might influence the size of 

available MPs and consequentially lead to the intake of larger fractions. Indeed, 

continental distance also negatively influenced the size of MPs ingested by lanternfishes 

in the subtropical Indian Ocean (Bernal et al., 2020).  

Regardless of the sinking rate, MPs are also transported offshore by the ocean 

currents, the horizontal dispersion varies according to the current speed. MPs have a 

higher horizontal dispersion within the surface ocean whereas the wind-driven currents 

are stronger than the thermohaline circulation in the deep sea (Kane et al., 2020; Lima et 

al., 2021). The Area 1 surface waters are controlled by the western boundary current 

system (Assunção et al., 2020), which is an important transport route for MPs from 

South America, acknowledged as the main input source to the south Atlantic (Lebreton 

et al., 2012). On the other hand, Area 2 surface waters (Rocas Atoll and Fernando de 

Noronha Archipelago) are influenced by the SEUC and cSEC that transport MPs from 

offshore sources (Assunção et al., 2020; Costa da Silva et al., 2021; Lebreton et al., 

2019). We assume that MPs from offshore are most likely to have a longer residence 

time in the environment and thus are more prone to fragmentation due to a longer 

weathering time (Meides et al., 2021; Qin et al., 2022).     

The diel cycle and depth of capture influenced the number of detected MP but 

not their size. During daytime, lanternfishes have a higher MP intake rate due to 

different foraging depths (vertical migration) and distinct prey uptake. For instance, 

Tanaka et al. (2013) pointed out that Diaphus chrysorhynchus increased the 

contribution of fish over euphausids in their diet during daytime. Surveys on MP 

abundance within mesopelagic waters are scarce worldwide, and the study area has not 

been evaluated to date. Within epipelagic waters (nighttime), lanternfishes forage 

preferably in the fluorescence peak within the thermocline, which has been revealed a 

contrasting role in MP retention regarding the different size fractions (Choy et al., 2019; 

Eo et al., 2021; Kanhai et al., 2018; Vega-Moreno et al., 2021).  

Interestingly, the notorious ascension of lanternfishes to the epipelagic waters 

during nighttime towards greater prey availability is associated with the lowest MP 

frequency of occurrence and intake rates observed in this survey. Particularly for fishes 

captured within the epipelagic waters (nighttime) around the Rocas Atoll and Fernando 

de Noronha Archipelago (Area 2), which might be associated with a lower abundance of 

plastic particles and/or better prey detection, resulting in MP avoidance. Higher prey 
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availability may diminish active ingestion of MPs (Santos et al., 2021) since fish tend to 

have lower MP intake rates when food is supplied under controlled laboratory 

environments (Roch et al., 2020). 

MPs float on the surface and gradually disperse through deeper layers (Cozar et 

al., 2014; Pabortsava and Lampitt, 2020; Weiss et al., 2021), increasing the likelihood 

of intake by marine biota. Biological meditated transport has been evidenced in various 

taxa (Choy et al., 2019; Ferreira et al., 2022; Justino et al., 2022; Katija et al., 2017; 

Lusher et al., 2016); we verified that lanternfishes from the SWTA can intake MPs 

while foraging in the epipelagic layers (nighttime) and possibly transport particles to the 

mesopelagic zone (daytime).  

Indeed, given the great biomass of this group, Savoca (2021) estimated that 

lanternfishes could transport up to 10
9 

particles (worldwide) to the deep layers daily. 

Given that the most abundant mesopelagic vertical migrants (Eduardo et al., 2021, 

2020; Irigoien et al., 2014) alongside marine snow enhance the sinking of contaminants 

(Justino et al., 2022; Kvale et al., 2020; Lusher et al., 2016; Porter et al., 2018), the 

ocean carbon cycle might be a key factor for MPs dispersion in the deep sea, in 

conjunction with the physical forcings (Kane et al., 2020). However, the intake rates 

were considerably lower among fish captured in the upper layer. Hence, vertical 

transport is not straightforwardly correlated with increased MP intake.  

Despite the fish from the ocean islands’ (Area 2) epipelagic waters (90 m) 

registering the lowest MP intake rates, a considerable number of particles were detected 

in the digestive tracts of this group, averaging one particle per individual. Even though 

depicting much lower concentrations than in the accumulation zones (Mountford and 

Morales Maqueda, 2019), remote environments have been reported with relevant MP 

abundances in the water column, which can even exceed the most abundant fish larvae 

species (Lima et al., 2016), increasing the likelihood of MP intake by local biota 

(Eriksson and Burton, 2003; Garnier et al., 2019). 

It is important to address that for vertical migrant species, the comparison 

between day and night trawls may not accurately reflect prey uptake within the 

circadian cycle and the precise depth where they were assimilated, especially regarding 

MPs. The higher MP intake observed during daytime and on individuals captured in 

mesopelagic depths may be associated with a momentary build-up of particles. 

Knowledge of MP behaviour within the digestive tract of species evaluated here is 

absent, but for other myctophids, the evacuation rate (i.e. digested amount of the 
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consumed food in a certain time) has been estimated between 0.1 to 0.52 h
-1

 (Clarke, 

1978; Tanaka et al., 2013). 

Laboratory studies on model species (e.g., Danio rerio and Carassius auratus) 

evinced that small MPs (< 0.1 mm) had a considerable residence time within the 

digestive tract, remaining for up to two days before egestion (Hoang and Felix-Kim, 

2020; Lu et al., 2016). Moreover, larger particles remain longer in the digestive tract 

and may even surpass prey retention since the passage of larger MPs can be hindered 

through the pyloric sphincter (Grigorakis et al., 2017; Ory et al., 2018). 

 Most lanternfish species ascend vertically, seeking greater prey availability 

within epipelagic waters. However, to avoid interspecific competition, species adapted 

to perform distinct migratory patterns, including those with similar feeding strategies 

(Catul et al., 2011; Eduardo et al., 2021; Sutton, 2013). Additionally, lanternfishes are 

asynchronous migrants; hence the entire population does not migrate at once (Eduardo 

et al., 2021), and individuals that remain in the deep also forage, which results in 

different prey compositions (Tanaka et al., 2013). 

Among the specimens captured within the mesopelagic zone (below 200 m 

depth), the upper mesopelagic migrants had the highest MP intake rates. In contrast, 

those inhabiting the deep sea (non-migrants and lower mesopelagic migrants) had fewer 

particles in the digestive tract. In our study area, Justino et al. (2022) observed a similar 

pattern in hatchetfishes (Sternoptychidae), where species that preferably inhabit the 

upper mesopelagic waters (Eduardo et al., 2020) exhibited the highest MP intake. In 

addition, the smallest particles were detected in the upper mesopelagic migrants, mostly 

on those captured below the lower thermocline limit, which had a higher contribution of 

small microplastics (< 0.1 mm). Indeed, larger particles are more prone to be retained 

within density gradients; on the other hand, small microplastics seem to be less 

influenced by water stratification (Zhao et al., 2022) 

The feeding strategy of lanternfishes plays an important role in MP 

contamination, which might be associated with prey composition and the foraging 

approach (Ferreira et al., 2016; McGoran et al., 2021; McNeish et al., 2018; Peters et 

al., 2017). Euphausiids, for instance, are one of the most important resources for all the 

Myctophidae species evaluated (Eduardo et al., 2021). In the North Pacific upper 

mesopelagic waters, euphausiids ingested MPs within the same size range as detected 

herein (Desforges et al., 2015), but the number of particles identified was up to orders of 

magnitude higher in fishes evaluated in this study. 
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The size range of detected MPs in our samples, including the non-migrant B. 

distofax, was similar to the one reported for lanternfishes in the North Atlantic (Lusher 

et al., 2016; Wieczorek et al., 2018) and for fish with similar body sizes (Cheung et al., 

2018; Herrera et al., 2019). Moreover, the majority of particles overlapped with the 

main size distribution of lanternfish prey (Battaglia et al., 2016; Figueiredo et al., 2020; 

Pusch et al., 2004) and the MPs from deep waters (Eo et al., 2021), where particles 

smaller than 1.5 mm represented half of the MPs (Egger et al., 2020).   

The different feeding strategies did not influence the size of particles but led to 

distinct intake rates. Lanternfishes that preferably prey upon fish larvae are more prone 

to MP intake than their counterparts, principally while using deeper water resources. 

Amongst zooplankton, fish larvae are more prone to ingest MPs (Amin et al., 2020). 

Therefore, the trophic transfer might be a meaningful pathway for particles intake, 

similarly to the Myctophidae from the northwest Atlantic (Wieczorek et al., 2018) and 

fishes from shallower ecosystems (Au et al., 2017; Eriksson and Burton, 2003; Ferreira 

et al., 2016; Nelms et al., 2018). Nonetheless, the bioaccumulation and biomagnification 

concepts describing the body burden of persistent pollutants could not be applied to the 

size range of particles detected herein.  

The mouth size is a crucial factor to outline the feeding strategy of fish, setting 

prey upper limit and regulating the volume of water sucked during prey capture 

(Alexander, 1967; Dabrowski and Bardega, 1984). Indeed, we observed that the intake 

rates of MPs increased towards specimens with longer jaws. Fish can take MPs actively 

in through ingestion when they are mistaken for prey but also passively, especially 

fibres, while protruding the mouth to feed or breathe (Hoang and Felix-Kim, 2020; Li et 

al., 2021; Roch et al., 2020). Laboratory experiments suggest that planktivorous fish are 

more prone to take MPs in passively when particles are in the vicinity of prey 

aggregates. Moreover, when MPs are co-captured with the prey, they are less likely to 

be spit out by the fish (Ory et al., 2018).    

Fibres accounted for two-thirds of the detected particles in this study and are the 

prevailing MP shape detected in fish regardless of the ecosystem evaluated (Acharya et 

al., 2021; Müller, 2021), likely due to being the most abundant MP shape on the 

shorelines, seafloor, surface and deep ocean (Barrows et al., 2018; Browne et al., 2011; 

Vega et al., 2021; Liu et al., 2020; Ross et al., 2021; Woodall et al., 2014). Ultimately, 

the input coupled with sinking rate reflect MPs abundance within different depth strata, 

in addition to the water and polymer density, the sinking rate is mainly influenced by 
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particle size and shape. Spheroids particles (beads), for instance, have a considerably 

faster sinking velocity than the cylindrical-elongated (fibres) due to a smaller surface 

area to volume ratio, hence are more prone to settle on the seabed (Khatmullina and 

Isachenko, 2017; Kowalski et al., 2016). 

 In particular, fishing lines are estimated to represent the largest share of marine 

litter (from micro- to megaplastics) floating in the open ocean worldwide, although the 

continents are still addressed as the main source of litter to the aquatic ecosystems 

(Morales-Caselles et al., 2021). Land-based fibres mostly originate from the abrasion of 

textiles during domestic laundry (de Falco et al., 2019; Jones, 1995; Napper and 

Thompson, 2016; Ross et al., 2021). The primary fibre colour (blue) and plastic 

polymers (PE, PA and PET) identified in fishing gear and textiles (Int-Veen et al., 2021; 

Morishige and McElwee, 2012) prevailed in the digestive tract of lanternfishes. 

However, Wieczorek et al. (2018) detected only PE, and McGoran et al. (2021) 

identified mostly biopolymers fibres in deep-sea biota, including lanternfish. 

Nonetheless, both PA and PET are also commonly applied to manufacture textile 

products (Acharya et al., 2021), and a single laundry cycle can generate from a thousand 

to a million fibres depending on the garment specificities (de Falco et al., 2019; 

Sillanpää and Sainio, 2017). 

Although PE and PP account for more than half of the world’s plastic production 

(Geyer et al., 2017), the low-density polymers represented only one-quarter of the 

identified particles. The high-density MPs, specifically PET, PVC, PA, and Alkyd, were 

the most abundant in the lanternfishes from the SWTA. Similarly, high-density 

polymers overcome the low-density ones in surveys encompassing the MPs abundance 

in the mesopelagic zone (Eo et al., 2021; Zhao et al., 2022). Therefore, the deep-sea 

biota might be more susceptible to intake high-density MPs due to the faster sinking 

rates of those particles. 

Weathering is enhanced in the surface layer due to photooxidation (Meides et al., 

2021), but even under absent UV conditions MPs can fragment into nanoplastics and 

release plasticisers, metal, and other plastic additives, as well as impurities incorporated 

during the manufacturing (Fauvelle et al., 2021; Qin et al., 2022). Differently from 

larger plastics that can lead to death due to gut perforation or impaction (Wilcox et al., 

2018), MPs are mostly linked to sub-lethal effects, impairing swimming capabilities, 

growth, and reproduction rates (Bhagat et al., 2020; Malafaia et al., 2022; Salerno et al., 

2021). 
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We emphasise that the diel vertical migrant biota should be considered in 

models estimating the MP dispersion pathways within the epipelagic/mesopelagic 

interface. In that sense, the lanternfishes are excellent to be used as marine litter 

sentinels, since these species fit the criteria proposed by Fossi et al. (2018) displaying 

important ecological and sampling logistical advantages. First, lanternfishes consume 

zooplankton and provide forage for numerous epipelagic and deep-sea predators, acting 

as a proxy for other important trophic levels in pelagic ecosystems (Catul et al., 2011). 

Second, lanternfishes perform massive vertical migrations and are amongst the most 

abundant and widespread fish groups in the world ocean (Irigoien et al., 2014). 

Therefore, the collection of lanternfishes can be done in shallow oceanic waters and are 

much easier than for most other deep-sea groups. Nonetheless, given that several 

ecological aspects may diverge among lanternfishes (Eduardo et al., 2021), we reinforce 

that for accurate comparisons these species should not be treated as a homogeneous 

group regarding MP intake. Further works should cluster lanternfishes by ecological 

features such as feeding and migratory strategies, rather than traditional taxonomic 

categories such as the genus. 

 

CONCLUSION 

Lanternfishes from the SWTA exhibited high levels of MP contamination 

(frequency of occurrence of particles), regardless of habitat and species evaluated. The 

size of detected particles decreased from nearshore waters (off northeastern Brazil) to 

oceanic islands (Rocas Atoll and Fernando de Noronha Archipelago). Moreover, niche 

partitioning (feeding strategy and migratory behaviour) was the primary predictor of the 

MP intake rates. Lanternfishes that forage on fish larvae are more prone to MP intake, 

whereas the upper mesopelagic migrants had the highest MP intake, consisting of the 

smallest MP size fraction. Our findings corroborate the hypothesis of vertical transport 

of MPs through a biological route, although not being determinant for higher MP intake 

rates. 
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FIGURE CAPTIONS 

Figure 1. (single column fit) – Sampling stations (black dots) of lanternfishes 

(Myctophidae) off northeastern Brazil, Southwestern Tropical Atlantic. Red dashed line 

divides the study area according to the thermohaline structure and current systems: 

cSEC– central branch of the South Equatorial Current; SEUC– South Equatorial 

Undercurrent; NBC– North Brazil Current; NBUC– North Brazil Undercurrent (adapted 

from Assunção et al., 2020; Eduardo et al., 2021). Area 1 encompasses coastal sampling 

stations off northeastern Brazil) and seamounts. Area 2 encompasses sampling stations 

around the Rocas Atoll and Fernando de Noronha Archipelago. White arrows indicate 

the direction and strength of ocean currents between 0 and 75 m. 

Figure 2. (single column fit) A) Mean and standard deviation of vertical profiles of 

temperature, dissolved oxygen, salinity, and fluorescence; (B) number and size of 

detected microplastics (MPs) in lanternfishes, according to capture depth, from the 

Southwestern Tropical Atlantic. 

Figure 3. (single column fit) (1) Number and (2) size of detected microplastics in 

lanternfishes from the Southwestern Tropical Atlantic according to (A1 and A2) diel 

period, (B1 and B2) area and (C1 and C2) depth strata of capture, (D1 and D2) 

migratory behaviour, and (E1 and E2) feeding strategy. The violin plots show kernel 

density estimation as a representation of data distribution. The horizontal line within the 

box plots shows the inter-quartile range, the whiskers show the 1.5x interquartile range, 

and the dots represent outliers. 

Figure 4. (single column fit) Effect display for the interaction of depth of (A) capture, 

(B) jaw length, and (C) feeding strategy of lanternfishes in the logit model fit to 

microplastic intake rates. The vertical axes are labelled on the probability scale 

(rescaled from log transformation) and 95% pointwise confidence interval 

(hatched blue) around the estimated effect.  

Figure 5. (single column fit) Size distribution of detected microplastics in lanternfishes 

from the Southwestern Tropical Atlantic according to the shape of particles.  

Figure 6. (double column fit) Detected microplastic particles (MP) in lanternfishes 

from the Southwestern Tropical Atlantic. (A) Microplastic polymers identified by 

LDIR analysis according to the depth of capture, polymer density and migratory 

behaviour of lanternfishes; (B) Styrene-butadiene rubber black fragment (680 m); (C) 

polyethylene terephthalate blue fragment (630 m); (D) alkyd varnish blue film (95 

m); (E) polyamide white foam (95 m); (F) polyethylene terephthalate white fibre (630 

m); and (G) polyamide red fibre (800 m). 
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HIGHLIGHTS 

High-density microplastics were more abundant in mesopelagic fishes. 

The size of microplastics was inversely associated with the continental distance. 

Biological mediated transport of plastic debris to the deep sea was evinced. 

Niche partitioning was the primary predictor of the microplastic intake rates. 

The jaw length of lanternfishes was positively correlated to microplastic intake rates. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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