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Abstract 

Silver hake, (Merluccius bilinearis), contributes significant biomass to Northwest Atlantic 
ecosystems. The incidence of plastic ingestion for 134 individuals collected from Newfoundland, 
Canada was examined through visual examination of gastrointestinal contents and Raman 
spectrometry. We found a frequency of occurrence of ingestion of 0%. Through a comprehensive 
literature review of globally published fish ingestion studies, we found our value to be consistent 
with 41% (n=100) of all reported fish ingestion rates. We could not statistically compare silver 
hake results to other species due to low sample sizes in other studies (less than  n=20) and a lack 
of standardized sampling methods. We recommend that further studies should 1) continue to 
report 0% plastic ingestion rates and 2) should describe location and species-specific traits that 
may contribute to 0% ingestion rates, particularly in locations where fish consumption has 
cultural and economic significance. 
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Terms: 
● Frequency of occurrence: the number of individual fish within a sample population that 

have ingested plastics, regardless of how many plastics they ingested (%FO) 

Introduction 
The province of Newfoundland and Labrador, Canada plays a critical role in the nation's fishing 
industry. Despite the collapse of the Atlantic cod (Gadus morhua) stock and the province’s 
subsequent moratorium on Atlantic cod in 1992, the fishing industry still contributes 3.1 billion 
dollars in revenue and employment of over 17,000 individuals in the remote province 
(Bavington, 2010; Campling et al., 2012; Governement of Newfoundland and Labrador, 2016). 
One of the ways the Newfoundland fishery has survived the cod collapse is by diversifying what 
is fished (Bavington, 2010). Although the slender schooling fish, silver hake (Merluccius 
bilinearis), makes up a significant biomass of the Northwest Atlantic ecosystem (where biomass 
is a measurement used by the fisheries to describe the total mass of organisms in a given area), 
there is no established silver hake fishery in Newfoundland (Bayse and He, 2017; Garrison and 
Link, 2000), making it a potential species through which to further diversify the fishery in the 
province. Silver hake have a broad geographic distribution in the Atlantic Ocean ranging from 
South Carolina, U.S.A. to Newfoundland, Canada (Bayse et al., 2016; Bigelow and Schroeder, 
1953). Since the 1950s, there have been commercial fisheries in North America for various 
species of hake (Helser and Alade, 2012; Pitcher and Alheit, 1995), and the Canadian and 
American silver hake fishery produces approximately 8-9,000 metric tons/yr and 6-7,000 metric 
tons/yr, respectively (DFO, 2015; NMFS, 2017). Despite the size of the silver hake fishery in the 
North Atlantic, Canada only became involved in the fishery in 2004, and Canadian fleets fish 
exclusively in the Scotian shelf south of Newfoundland (DFO, 2015). The catch from the 
American fleets mainly comes from the New England fishery fished in the Gulf of Maine and 
Georges Banks region, where the populations are relatively stable with no scientific evidence of 
past overfishing (Bayse and He, 2017; Morse et al., 1999; New England Fisheries Management 
Council, 2012). Silver hake is an economically important fish species as its flesh has been found 
to be an alternative fish product for the manufacture of surimi, a seafood analog (e.g. imitation 
crab meat), that is consumed worldwide (Lanier, 1984).  
 
Fragmented or manufactured plastics are ubiquitous in marine environments. Plastics that are 
small in size (< 5 mm) are known as microplastics, a size class which accounts for more than 
90% of all marine plastic particles (Eriksen et al., 2014). The abundance and small size of marine 
microplastics makes them highly bioavailable for ingestion by marine animals. It has been 
reported that plankton - some of the smallest marine animals which form the base of the marine 
food web - can successfully ingest microplastics (Cole et al., 2014). This is especially concerning 
given that plastics contain contaminants enmeshed during manufacture such as plasticizers, 
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colourants, and flame retardants (Colton et al., 1974; Lithner et al., 2012) as well contaminants 
that accumulate on plastics from the surrounding seawater, such as flame retardants like 
polychlorinated biphenyls (PCBs) and insecticides such as dichlorodiphenyltrichloroethane 
(DDT), among many other chemicals (Mato et al., 2001; Newman et al., 2015). There is potential 
for these toxicants to bioaccumulate in marine animals that ingest plastics (Rochman, 2013). The 
biomagnification of these contaminants into higher trophic levels of the food web (including 
human consumers), while of great concern, is not fully understood and is an increasing area of 
study (Bakir et al., 2016; Engler, 2012). Most plastic ingestion studies, particularly in Canada, 
have focused on seabirds (Bond, 2016; Bond et al., 2012; Bond and Lavers, 2013; Holland et al., 
2016; Provencher et al., 2014), while fewer have focused on fish, and only a handful have 
studied fish destined for human consumption (Choy and Drazen, 2013; M. Liboiron et al., 2016; 
Rochman et al., 2015).  
 
The vulnerability of marine animals to the ingestion of plastics will depend on their ecological 
niche. For example, given that plastics exist at various depths but accumulate in pelagic and 
benthic environments, fish that occupy bathymetric ranges that correspond to high marine plastic 
abundance may be more susceptible to plastic ingestion. For instance, Neves et al., (2015) found 
that pelagic species consumed more plastic particles when compared to the sampled benthic 
species from off the Portuguese coast. This is consistent with reports of high concentrations of 
marine plastics in the ocean’s surface layer (Cózar et al., 2014; Eriksen et al., 2014). To date, the 
relationship between fish species’ bathymetric depth range and plastic ingestion have not been 
regularly or systematically examined within or across published studies.  
 
Silver hake are a species of fish we hypothesize are likely to ingest plastics. They are a demersal 
species, found in depths ranging from 55-914 m (Lloris and Matallanas, 2005), where they feed 
from both surface and benthic environments. Because they are predators, silver hake are assumed 
to be a species likely to ingest food that contains plastics (via secondary ingestion) in 
environments that contain plastics (particularly surface waters where plastics accumulate) 
(Andrady, 2003; Eriksson and Burton, 2003; Romeo et al., 2015). Between the ages of 1-3 years, 
silver hake opportunistically feed on invertebrates, transitioning to a more piscivorous diet at 
maturity (Vinogradov, 1984; Waldron, 1992), potentially increasing the size of plastics they may 
ingest via secondary ingestion. In fact, individual silver hake  > 40 cm typically feed exclusively 
on fish (Durbin et al., 1983; Langton, 1982), and as adults commonly exhibit cannibalistic 
behavior (e.g. diets consist of  ~10% frequency of occurrence of juvenile conspecifics) 
(Bowman, 1983; Bowman, 1975). Variation from this piscivorous diet can arise as a result of 
seasonality, combined with the opportunistic nature of predation (Waldron, 1992). For instance, 
during the spring adults mostly consume fish, while diverse prey items like crustaceans and 
molluscs may also be preyed upon during the summer (Waldron, 1992). Generally, however, 
silver hake feed primarily on pelagic species that in turn feed from the surface of the water where 
plastics tend to accumulate. In relation to other fish species in the region (e.g. cod and haddock), 
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silver hake are more selective in their feeding habits and the species of prey consumed are less 
diverse (Bowman, 1975). Although the feeding ecology of this fish has been well-studied, a 
search of published English-language scientific literature has returned no research examining 
plastic ingestion by silver hake, despite feeding habits that position them to do so. 
 
The silver hake in this study were collected from an area of suspected high plastic pollution, off 
the south coast of Newfoundland, both within the Gulf of St. Lawrence and just outside of it, 
along the southwestern Grand Banks (Fig. 1). This sample area is expected to have a higher 
representation of plastic pollution compared to more northern Newfoundland waters fed by the 
Labrador current (Liboiron et al., 2016). The Gulf of St. Lawrence is surrounded and enclosed by 
five Canadian provinces, is home to intense fishing (especially in the case of the Grand Banks) 
and shipping activity, and sits at the mouth of a river draining a large portion of mainland 
Canada and the United States (Fisheries and Oceans Statistical Services, 2016; The St. Lawrence 
Seaway Management Corporation, 2016). The numerous pathways of introduction for marine 
plastics in the Gulf of St. Lawrence and the high fishing intensity on the Grand Banks makes this 
sample site ideal for the investigation of plastic ingestion. Regardless of the effect that the 
feeding behavior of silver hake may have on their ingestion of plastic, silver hake of this region 
are expected to be at a higher risk of plastic ingestion than in other regions around 
Newfoundland. If %FO of plastic remains low despite environmental plastic concentrations that 
are expected to be high, silver hake may represent a safe new fishery option within the context of 
plastics in fish in the face of increasing plastic loads in the future. 

Methods 

Collection of silver hake  
 
Individual silver hake were collected by trawling from the RV Celtic Explorer research ship, 
from April 27 to May 6, 2016 by Fisheries and Oceans Canada and the Fisheries and Marine 
Institute of Memorial University of Newfoundland (Table 1; Fig. 1). Of the 175 silver hake 
collected off of the south coast of Newfoundland, 41 individuals were eliminated from analysis 
due to compromised gastrointestinal tracts (inverted, split or detached stomachs occurring during 
the course of trawling or initial processing), resulting in a total of 134 fish for this study. Body 
length and sex of each individual was recorded, and entire gastrointestinal (GI) tracts were were 
removed, individually bagged and tagged, and frozen aboard the RV Celtic Explorer for later 
transport to the laboratory.  
 
Table 1. Set details for the silver hake samples collected  in the Northeast Atlantic used in this 
analysis.   
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Location No. of 
fish 
collected 

Tow  # Depth (m) Date Latitude 
(°North) 

Longitude 
(°West) 

Duration of 
tow (min) 

Burgeo Bank 9 1 198 April 27, 2016 47.1063 -58.1531 15 

St. Pierre 
Bank 

85 5 
7 

309 
231 

April 28, 2016 46.4600 
46.3620 

-57.3171 
-57.3019 

17 
16 

  9 
10 

328 
307 

April 29, 2016 46.2674 
46.2339 

-57.2414 
-57.2574 

15 
15 

  12 144 April 30, 2016 46.0900 -57.0601 15 

  15 344 May 1, 2016 45.4672 -56.5412 17 

Southern 
Grand Bank 

40 31 
32 

218 
118 

May 5, 2016 44.3578 
44.3885 

-53.4863 
-53.4362 

15 
16 

  35 
36 

124 
220 

May 6, 2016 44.2549 
44.1087 

-52.5302 
-52.5353 

16 
16 

 

 
 
Fig. 1.  Collection locations sampled for silver hake off the southern coast of Newfoundland. 
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Laboratory procedures 

Visual Analysis 
We undertook precautions to avoid cross-contamination of plastics, which included: rinsing or 
wiping down all tools with water and Kimwipes, including the microscope lens and plate, Petri 
dishes, and sieves before use; hands were washed; cotton lab coats worn; and hair was tied back. 
After each dissection, we closely examined our hands and tools for any microplastics that may 
have adhered. We kept a control dish to collect microplastics, specifically microfibers, that 
originated within the lab, the contents of which were then used to compare to any microfibers 
found in the fish for exclusion purposes. However, microfiber contamination precautions were 
not taken during the collection period onboard the ship.  
 
This study followed methods used by Liboiron et al. (2016) (which were in turn adapted from 
van Franeker (2011) and Avery-Gomm (2016)) to allow for comparability across studies done in 
the region of Newfoundland. The bagged GI tracts were thawed in cold water for approximately 
30 min prior to dissection. A double sieve method was used by placing a 4.75 mm (#4) mesh 
stainless steel sieve directly above a 1 mm (#18) mesh stainless steel sieve. The 4.75 mm sieve 
served to separate mesoplastics and larger GI contents from microplastics and smaller items. The  
lower threshold of 1 mm was selected as anything smaller cannot be reliably identified with the 
naked eye (Song et al., 2015). GI tracts were placed in the 4.75 mm sieve and an incision was 
made using fine scissors, running from the esophagus, to the stomach, through the intestines, 
then to the anus. The contents of the GI tract were gently rinsed with tap water into the sieve to 
remove contents. The GI lining was closely examined for any embedded plastics and the 
contents of the sieves were visually inspected. Any identifiable food was recorded, and suspected 
anthropogenic debris was removed with tweezers and transferred to a Petri dish for later 
observation under a microscope. Stomach contents were described as containing either no food, 
small amounts of food, or large amounts of food. “Small amounts” of food described food 
detritus, wherein the presence of food was not apparent before cutting into the stomach and 
included items such as shrimp shells, fish scales, fish bones, and  small shrimp. “Large amounts 
of food” described  stomach contents that created bulk in the GI tract identifiable before cutting 
into it, and in many cases contents expanded the stomachs or even protruded from their stomachs 
into the esophagus.  
 
Items suspected to be anthropogenic debris were placed into a paper filter, labeled with the fish 
ID, and left to dry. Once dried, they were examined with a dissecting microscope (Olympus 
SZ61, model SZ2-ILST, with a magnification range of 0.5–12×) with both reflected oblique and 
transmitted light and, if necessary, under a compound microscope (Ecoline by Motic, Eco Series, 
with a magnification range of 4-100×). 
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Raman spectrometry 
To validate our visual inspection methods, six particles initially identified as non-plastic were 
prepared for Raman micro-spectrometry. This analysis was selected because it has been proven 
to be a nondestructive spectroscopic method that can accurately differentiate between non-
organic and organic particles. Analyses can be used to identify the molecular structure of a 
particle by characterizing the vibrational properties of the sample (Imhof et al., 2012; Lenz et al., 
2015). The high resolution of this method can in many cases successfully identify the specific 
polymer of a tested plastic item (Lenz et al., 2015).  
 
Particles were rinsed in ethanol and allowed to dry. Samples were put onto a silica wafer with a 
known Raman spectrum of 520 cm-1 characteristic peak. Results were analyzed by using WiRE 
3.4 software that was connected to the Raman micro-spectrometer (Reinshaw InVia with 830 nm 
excitation) at an objective of 20x. In order to limit fluorescence and prevent samples from being 
burnt, the laser power did not exceed 5%. A reference spectra was used to ensure that the Raman 
spectrum for each sample could be compared to the following common marine plastic polymers: 
acrylonitrile butadiene styrene (ABS), cellulose acetate, polyamide (PA), polycarbonate (PC), 
polyethylene (PE), polyethylene terephthalate (PET),  poly(methyl methacrylate) (PMMA),  
polypropylene (PP), polystyrene (PS), polyurethane (PU) and polyvinylchloride (PVC) (Bråte et 
al., 2016; Engler, 2012; Lenz et al., 2015; PlasticsEurope, 2016). 

Comprehensive literature review 
In addition to laboratory analysis, we conducted a systematic literature review of published 
English-language ingestion rates of all species of fish, globally, in order to support our 
hypothesis that although all species of fish - regardless of their bathymetric range - are likely to 
ingest plastics, certain bathymetric zones present a greater risk in terms of the presence and 
ingestion of plastics. We searched for English-language papers within JSTOR and Web of 
Science databases using the following terms in the title, keywords, and abstract: “microplastic”; 
“plastic”; “fish” and “ingestion”. No laboratory studies were included, but both wild or farmed 
fish were included.  
 
We obtained 22 published studies and disaggregated their ingestion data by species, which 
provided 242 individual ingestion rates for 207 different species in 64 families (Table S1 in 
Supplementary Materials). Sample sizes of specific species within examined studies ranged from 
1 to 741 individuals, and were often aggregated to produce an overall ingestion rate. We 
disaggregated these studies into their constituient species and their ingestion rates. Life stages for 
individuals recorded were either at juvenile or adult stages. Studies that did not provide species-
specific plastic ingestion rates are included in Table S1 but not used in Fig. 2-3. In addition to 
species and ingestion rates, we recorded a study’s geographical location, the family of the 
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species, and whether the samples were freshwater or marine. These data were used to categorize 
bathymetric range. 
 

Data Analysis 

Silver hake 
No data analysis was conducted on plastic ingestion rates as no plastics were recovered. Body 
length and sex of individuals were analyzed to better characterize life stage and corresponding 
feeding habits. Length data was summarized using descriptive statistics; including median and 
mean ± standard deviation. A binary logistic regression was conducted in R Studio version 
1.0.143 to test for a relationship between fish length and prey items. All graphs were generated 
using Prism GraphPad version 7.0 (Prism, GraphPad, 2016) and R Studio version 1.0.143 using 
ggplot2 (RStudio Team, 2016). Maps were made with ArcGIS version 10.2.2 (ESRI, 2014).  

Comprehensive literature review 
Depth distribution of individual species was determined by using Fishbase 
(http://www.fishbase.ca) (Froese and Pauly, 2017). Depth range was defined as the minimum 
and maximum depth of occurrence (m), giving rise to the following categories: pelagic (surface 
to 200m depth of open water column); bathypelagic (open water column, greater than 200 m in 
depth); benthopelagic (inhabiting both the seafloor and pelagic waters); demersal (on or near the 
seafloor, up to 200m depth); bathydemersal (on or near the seafloor, greater than 200 m depth). 
These five categories were used in Cheung et al., (2007) and are further defined on Fishbase. 
This database has been used in previous microplastic ingestion studies (Neves et al., 2015; 
Phillips and Bonner, 2015). 
 
This data was combined with the %FO rates of plastic between fish to see if ingestion rates were 
impacted by bathymetric range. Using R Studio version 1.0.143, the one-way analysis of 
variance (ANOVA) was employed to detect significant differences in %FO between different 
bathymetric ranges. Where the null hypothesis was rejected and significance was determined to 
be true at the 95% confidence interval, the Tukey honest significant difference post hoc test was 
conducted to identify which groups contributed to the significant result. In another analysis, 
“pelagic” and “bathypelagic” categories were combined, as were “bathydemersal” and 
“demersal” categories for a comparison of relative locations in the water column. We combined 
both the pelagic and bathypelagic zones because fish from these regions feed in the open water 
column, while demersal and bathydemersal zones were combined as fish both inhabit and feed 
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on the seafloor. The difference between demersal and bathydemersal fish is that the first inhabits 
the relatively shallow seafloor, and the second can be found where the seafloor reaches greater 
depths (similarly, bathypelagic fish inhabit the open water column at greater depths than pelagic 
fish). These categories better describe fish species based on their relative feeding zones and 
habits.  

Results 

Specimen dissections 
Of the 134 individual silver hake examined, none were found to contain plastics (0% FO). The 
0% plastic ingestion rate is not a result of a lack of feeding by the silver hake collected in this 
study, as only 9% (n=12) of fish analyzed for plastics had stomachs completely devoid of food. 
The most common food item was shrimp, the remnants (partially digested whole shrimp, or 
shrimp carapaces) of which were found in 91% of fed fish (n=111). The remnants of fish 
(including partially digested whole fish, bones, otoliths and/or scales) were found in 56% (n=68) 
of fed silver hake individuals. These fish prey items were in all cases too degraded for 
subsequent dissection as GI tracts were not intact, and the stomach contents of the silver hake 
were assumed to include any plastics that may have been ingested via secondary ingestion. The 
prey observed were generally large, and in one instance an ingested shrimp was twice the size of 
the stomach itself. Smaller food items included arthropods and copepods. Only one individual 
(<1%) had ingested a strictly benthic invertebrate (crustacean) and there was no evidence of the 
ingestion of non-biological materials (e.g. sediment). Based on the ingested species found, we 
can speculate that the silver hake were feeding predominantly in pelagic regions as the vast 
majority of prey were non-benthic organisms. The lack of non-organic items, including 
anthropogenic debris, would also suggest feeding above the benthos, as fish that feed on benthic 
organisms have a tendency to ingest items from the sediment.   
 
Sex and length data was recorded for all fish collected (n=175), regardless of the condition of 
their gastrointestinal tracts. Only 3 individuals (1.7%) exceeded 40 cm in length, the size at 
which silver hake are expected to be exclusive piscivores. The average length of fish collected 
was 32 ± 3.5 cm and the most common length (median) was 32 cm. The majority of individuals 
were between 30 and 40 cm in length (n=140; 80%) with only 27 individuals (15%) below this 
size. Silver hake body length was determined to have no significant relationship with the 
ingestion of fish versus other prey species (p=0.401). Of the reduced sample size (n=134), 71.6% 
of fish were female (n=96), 27.6% were male (n=37), and one individual remained unidentified.  
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Raman spectrometry analyses 
We analyzed a total of six particles using Raman micro-spectrometry (Fig. S1 in Supplementary 
Materials). Of these six, one particle, which appeared to be a hair, was not analyzed, as it was too 
fine to be processed by the machine (Fig. S1F). The remaining five particles did not show any 
similarity with the reference spectra for plastic polymers. Three of these particles showed 
identical vibrational characteristics which matched or showed strong similarities to common 
phases of calcium carbonate, calcite, and aragonite (De La Pierre et al., 2014). The result of this 
analyses in combination with the visual appearance of the particles, suggests that the particles 
were bone fragments. 

Literature review 
Multi-species studies are common in the plastic ingestion literature (n=17). The 22 studies 
reviewed here covered a combined species count of 207 species of fish, yielding 242 plastic 
ingestion rates (%FO) (Table S1). Half of these 22 studies (n=11) reported at least one ingestion 
rate of 0%. Within the 11 studies, there were a total of 100 individual cases of a species with a 
0% ingestion rate. These %FO reports spanned 95 different species and made up 41% of all 
ingestion rates reported in the literature. Most of the plastic ingestion rates reported were 
associated with relatively low sample sizes, with 67% (n=161) comprising a sample size of less 
than 20 fish. Of these, 81% (n=131) were based on sample sizes of less than 10 fish. Studies used 
different size ranges for identified ingested plastics, which will result in different ingestion rates 
This is important to keep in mind when comparing overall rates. See table S1 for full details and 
references. 
 

The effect of bathymetric range on ingestion rate 
Fish species that had ingested plastics and those that had not inhabit all bathymetric regions. 
When separated based on bathymetric range, %FO did not differ significantly between pelagic, 
bathypelagic, benthopelagic, bathydemersal or demersal zones (p=0.782, df=4, n=202; Fig. 2-3). 
The benthopelagic category boasted the highest average %FO (16.3%; n=36, SD=29.8) (via 
Possatto et al., 2011; Anastasopoulou et al., 2013; Neves et al., 2015; Phillips & Bonner, 2016; 
Rochman et al., 2015; Rummel et al., 2016), followed by the bathypelagic (15.7%; n=44, 
SD=25.6) )(via Possatto et al., 2011; Anastasopoulou et al., 2013; Foekema et al., 2013; Lusher 
et al., 2013; Di Beneditto & Awabdi, 2014; Neves et al., 2015; Phillips & Bonner, 2015; Bråte et 
al., 2016; Phillips & Bonner, 2016; Rochman et al., 2015; Rummel et al., 2016), demersal 
(15.5%; n=62, SD=24.0) (via Possatto et al., 2011; Dantas et al., 2012; Ramos et al., 2012; 
Anastasopoulou et al., 2013; Foekema et al., 2013; Lusher et al., 2013; Neves et al., 2015; 
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Rochman et al., 2015; Miranda & de Carvalho-Souza, 2016; Phillips & Bonner, 2015; Phillips & 
Bonner, 2016; Rummel et al., 2016), pelagic (14.3%; n=53, SD=20.2), and bathydemersal (3.6%; 
n=7, SD=7.2) (via Anastasopoulou et al., 2013; Neves et al., 2015) zones. The bathydemersal 
category was severely limited in number of reported %FO values (n=7), and correspondingly fell 
well outside of the range of %FO exhibited by the other categories (all falling within the range of 
14.3-16.3%) (via Anastasopoulou et al., 2013; Neves et al., 2015). The deviation of %FO within 
groups was high for all bathymetric zones ranging from 7.2% (demersal) to 29.8% 
(benthopelagic). The combination of “pelagic” with “bathypelagic”, and “demersal” with 
“bathydemersal” yielded no significant difference in the %FO between relative feeding zones 
(p=0.921, df=2, n=202) 
 

 
Fig. 2. Average frequency of occurrence (%) for species (n=7-62) from various bathymetric 
ranges. Bars represent standard error. 
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Fig. 3. Frequency of occurrence (%) rates of ingesting plastics by fish that occupy various 
bathymetric ranges (pelagic, bathypelagic, benthopelagic, bathydemersal, demersal), arranged by 
depth and rate. The demersal silver hake ingestion rate was 0%, as indicated by the red circle. 
The lines represent the mean for each bathymetric range. 

The effect of species on ingestion rate 
Some fish species were collected repeatedly in more than one study spanning different 
geographic regions. These species include: Atlantic horse mackerel (Trachurus trachurus) 
(Neves et al., 2015; Foekema et al., 2013; Lusher et al., 2013), john dory (Zeus faber) (Lusher et 
al., 2013; Neves et al., 2015), longnose lancetfish (Alepisaurus ferox) (Choy & Drazen, 2013; 
Jantz et al., 2013), small spotted catshark (Scyliorhinus canicula) (Neves et al., 2015; 
Anastasopoulou et al., 2013), and whiting (Merlangius merlangus) (Lusher et al., 2013; Foekema 
et al., 2013). The Atlantic horse mackerel, john dory, and longnose lancetfish had all ingested 
plastics with varying %FO, while the small spotted catshark and whiting had a mix of %FOs 
including 0%. The two sample groups of striped red mullet (Mullus surmuletus) were both 
collected from the Portuguese Coast, one wild, and one from fishmongers, and both had a 100% 
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(%FO) (Neves et al., 2015). The blackbelly rosefish (Helicolenus dactylopterus) is the only 
species that was caught from two different marine regions and maintained a 0% (%FO) across 
both (Anastasopoulou et al., 2013; Neves et al., 2015). This included a large sample size of 380 
individuals from the Ionian Sea (Anastasopoulou et al., 2013), and 1 individual from the 
Portuguese Coast (Neves et al., 2015). The effect of geographic location on ingestion rate 

All fish, regardless of species, collected in the English Channel (Lusher et al., 2013), and in 
waters surrounding the Falkland Islands (Jackson et al., 2000), Hawaiian islands (Choy & 
Drazen, 2013; Jantz et al., 2013), and Mediterranean Sea (Anastasopoulou et al., 2013; Romeo et 
al., 2015), were found to have ingested plastic. By contrast, none of the species collected from 
the watershed flowing into the Gulf of Mexico had  ingested plastic (0%FO for all) (Phillips & 
Bonner, 2015). The remaining geographic regions had a mixture of >%0 and 0% FO. The highest 
latitudes to the north exhibited 0% (%FO) while the frequency of occurrence in more centrally 
located regions was a mixture of 0% and >0%. Almost all of the studies looked at coastal 
regions, with a bias towards European marine landscapes (Table S1). 

 
Discussion 

Silver hake and plastic ingestion 

This study is the first to investigate plastic ingestion rates in silver hake, and we report here a 0% 
frequency of occurrence for the species, a significant result for a species that has established and 
potential commercial value in human food economies. The vulnerability of a species to plastic 
ingestion (or lack thereof) may depend on several factors, including the geographical region that 
the species or population inhabits (Boerger et al., 2010; Foekema et al., 2013; Neves et al., 
2015), the feeding behavior and ecology of the species in question (Moser and Lee, 1992; Peters 
et al., 2017; Silva-Cavalcanti et al., 2017), and the presence of plastics in the animal’s natural 
bathymetric feeding range (Dantas et al., 2012; Eriksson and Burton, 2003; Romeo et al., 2015). 

 
Geographical Region  
The result of 0% for plastic ingestion in silver hake is unexpected on both counts.  From a 
geographic perspective, the island of Newfoundland, and particularly the south shores, is not 
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entirely removed from the influence of the North Atlantic Subtropical Gyre, an area where 
plastics are known to accumulate (Law et al., 2010). Moreover, the south coast of the island - 
where sampling occurred - is in proximity to the Gulf of St. Lawrence, an area that is subject to 
the introduction of plastics via numerous land and sea-based sources. The Gulf of St. Lawrence 
receives the output of the St. Lawrence River, a river servicing a watershed of approximately 100 
million people (The St. Lawrence Seaway Management Corporation, 2016). The St. Lawrence 
River and its Gulf are also the home of an important shipping route, moving over 160 million 
tons of cargo per year (The St. Lawrence Seaway Management Corporation, 2016). Finally, 
Atlantic Canadian (inclusive of all provinces surrounding the Gulf of St. Lawrence) fisheries are 
responsible for over 84% of the national fishery by value and home to over 85% of the country’s 
registered fishing vessels (Fisheries and Oceans Statistical Services, 2016). Although no other 
English-language studies have investigated plastic ingestion rates of fish within the Gulf of St. 
Lawrence, a survey of surface plastics surrounding the North Atlantic Gyre verified their 
presence in the southern Gulf of St. Lawrence (Law et al., 2010). Here, silver hake are not 
ingesting marine plastics despite the presence of plastic within their regional waters. 
 
At the same time, smaller regional scales matter. Previous studies have identified correlations 
between low plastic %FO and nearshore versus offshore collection sites (Anastasopoulou et al., 
2013; Barnes et al., 2009; Browne et al., 2011, 2010; Collington et al., 2012; Davison and Asch, 
2011; Dubaish and Liebezeit, 2013; Foekema et al., 2013; Liboiron et al., 2016; Lusher et al., 
2015; Rummel et al., 2016). For example, Lusher et al.’s study (2013) that assessed the plastic 
contamination of 504 individual fish (10 species) sampled from North Atlantic coastal waters, 
found that 100% of the fish species collected within 10 km from shore (inshore) ingested 
plastics. Most notably were the following demersal fish: red gurnard (Aspitrigla cuculus; n=66), 
had a 51.5%FO for plastics, while 38% of Dragonets (Callionymus lyra; n=50) ingested plastics 
(Lusher et al., 2013). Contrastingly, Foekema et al.’s (2013) study in the North Sea included 
1024 individual fish (6 species) caught offshore, where the plastic ingestion rate was 
significantly lower, at 2.6%. The geographic location of sampling in relation to the shoreline and 
relative proximity to land-based sources of plastic waste, then, appears to be an important 
parameter when examining the %FO’s of various species. As our silver hake were collected 
offshore (at least 62 km from the shoreline), then this may contribute to their ingestion rate, 
though it is doubtful it would result in a 0% rate for the entire sample.  

Food items and feeding habits 
The type of food sought by different species is another variable that impacts the risk that a fish 
species will ingest plastics. Filter feeders, for example, such as herring and horse mackerel, have 
a higher chance of ingesting plastic than other fish species as food particles are indiscriminately 
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filtered from surrounding water (Foekema et al., 2013; Rummel et al., 2016). In our literature 
review, these species had ingested a %FO of 2.5% (Foekema et al., 2013; Hermsen et al., 2017; 
Rummel et al., 2016) and a %FO of 18.3% respectively (Foekema et al., 2013; Lusher et al., 
2013; Neves et al., 2015). Microplastics have been reported to resemble the potential prey of the 
animal, creating speculation that some species mistake microplastics for small prey (e.g. 
zooplankton) and directly target the plastics for ingestion (Anastasopoulou et al., 2013; Camedda 
et al., 2014; Ory et al., 2017). However, this theory is not applicable to higher trophic level 
predators, such as silver hake. Despite being opportunistic ambush predators (Helser and Alade, 
2012), silver hake are known to be selective feeders (Bowman, 1975). All silver hake individuals 
(n=3) over the size of 40 cm in length had fed exclusively on fish, consistent with the 
conclusions of previous studies in that silver hake of 40 cm and larger tend to be exclusive 
piscivores (Durbin et al., 1983; Langton, 1982). The transition to exclusive piscivory begins 
when silver hake reach maturity (Vinogradov, 1984; Waldron, 1992). Prey analysis of silver 
hake in this study found that shrimp - a benthopelagic invertebrate - was the most common prey, 
followed by fish, in the digestive contents. This is consistent with the dietary transitioning 
described above, considering that the majority of individuals were under 40 cm in length but still 
mature, indicating they were in the process of transitioning to a piscivorous diet, hence the 
inclusion of fish in a diet otherwise dominated by shrimp (a smaller, more suitable prey item for 
individuals of a small body size). Regardless of the absence of an exclusively piscivorous diet in 
the individuals sampled here, the dominance of shrimp in the diet remains to be indicative of a 
highly selective feeding behavior. The predatory and selective feeding behavior of adult silver 
hake is likely to reduce their vulnerability to the primary ingestion of marine plastics, unlike 
generalist predatory fish which have been shown to have ingested relatively high rates (%FO) of 
marine plastics, such as king mackerel (62.5%) and sharpnose sharks (33%) off the coast of 
Brazil (Miranda and de Carvalho-Souza, 2016).  
 
Despite the demersal categorization of silver hake (Froese and Pauly, 2017), the selective 
piscivorous feeding style of adult silver hake lends it to a predominantly pelagic feeding zone. 
Adult silver hake feed predominantly in the pelagic water column; beneath the surface where 
buoyant plastics accumulate and above the benthos where high density plastics accumulate. Fish 
at earlier life stages however, experience a more fluctuating diet from one largely based on fish 
in the spring and fall, to one including crustaceans and mollusks in the summer (Waldron, 1992). 
The high proportion of shrimp observed in the diet of fish analyzed by this study may correlate 
with the phytoplankton bloom and the corresponding growth of larval and juvenile shrimp on the 
Southern shelf of Newfoundland (Fuentes-Yaco et al., 2007). The phytoplankton bloom begins 
in mid-March, and peaks in May, which coincides with the time of year the silver hake were 
collected (Fuentes-Yaco et al., 2007). At the end of May, when the spring bloom subsides, larger 
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juveniles will begin to transition to a more benthic, adult lifestyle, with the exception of males, 
which make vertical migrations to surface waters to feed at night (Fuentes-Yaco et al., 2007). 
 
Secondary ingestion of plastics through the consumption of prey items containing ingested 
plastics provides a means of plastic ingestion regardless of the plastic’s density or the predator’s 
selectivity. Secondary ingestion is therefore likely to be a threat to silver hake. The absence of 
plastics recovered from silver hake in this study may indicate that the prey of silver hake are also 
not ingesting plastics frequently, although some common prey items come from families known 
to have ingested plastics (Koller et al., 2011; Waldron, 1992). It is also possible that the plastics 
ingested by their prey are < 1 mm and were not captured by our methods. This is possible 
considering that shrimp were found in 91% of fed fish and any plastics ingested by shrimp would 
likely be smaller than 1 mm in size.  
 

Bathymetric feeding range 
The comparison of %FO values between bathymetric ranges in the global literature did not 
provide any significant insights towards why silver hake may not be ingesting plastics, neither 
when based on silver hake’s demersal classification, or its often pelagic feeding zone. The 
average %FO values for demersal and pelagic fish in the global literature were both near the top 
of the range, at 15.5% and 14.3%, respectively. Moreover, based on the existing data, the region 
of the water column that a species inhabits may not have an effect on the risk of plastic ingestion. 
These results are, however, far from conclusive, considering that most of the %FO values 
reviewed came from severely limited sample sizes, something that has the potential to skew 
results. The potential for small sample sizes to skew results is made evident in the range of 
average %FO values per bathymetric zone presented here. The average %FO per zone ranged 
from 3.6% to 16.3%, however, all zones clustered around the 14.3% to 16.3% with the exception 
of the bathydemersal category (3.6%). The bathydemersal category was limited by a small 
sample size (n=7) when compared to the other categories (n>35), likely a result of the technical 
difficulty of sampling demersal fish of the deep sea. This limitation in sample size may be to 
blame for the bathydemersal category representing such a strong outlier in the dataset, and the 
result of 3.6% may not be representative of bathydemersal fish as a whole. 
 
While further research is required in order to determine the effect that bathymetric range may or 
may not have on the risk of plastic ingestion in fish, feeding behavior appears to heavily 
influence their %FO regardless of bathymetric range. For example, while the result of 0% for 
plastic ingestion in silver hake did not correspond with the average %FO of demersal fish 
(15.5%), it is in line with another fish that exhibits a similar feeding behavior. A total of 380 
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individuals of the blackbelly rosefish (Helicolenus dactylopterus) were analyzed by 
Anastasopoulou et al. (2013), and none were found to have ingested plastic. Both blackbelly 
rosefish and silver hake inhabit an overlapping geographic range and occupy similar depth 
ranges (Froese and Pauly, 2017). Despite their small difference in depth range, both fish are 
predators that transition from generalized feeding on invertebrates as juveniles to piscivorous, 
highly selective feeding as large adults (Figueiredo et al., 1995; Neves et al., 2011). The 0% 
(%FO) found in both fish may be a reflection of their selective feeding habits, a behavior that 
would result in the targeting of highly active prey (fish), reducing the likelihood that plastics 
would be mistaken for prey. 

The significance of 0%  
In our literature review of ingestion studies, not a single paper reported a stand-alone rate of 0%. 
Yet many studies (n=11) contained species that had not ingested any plastics. We are concerned, 
as are others in the scientific community (Dickersin, 2005; Ekmekci, 2017; Granqvist, 2015; 
Hasenboehler et al., 2007) that studies that have found a 0% may not be published, or may only 
be published in instances where they are aggregated with other species so the overall rate is > 
0%, resulting in a positive bias in publishing. Indeed, a new scientific journal, New Negatives in 
Plant Science, has recently been established specifically to reduce barriers for publishing 
negative and null findings. Indeed, the scarcity of published 0% plastic ingestion rates, paired 
with the fact that most 0% ingestion rates were reported for species in which only a small sample 
size was tested, severely limited our ability to detect trends in plastic ingestion based on 
bathymetric ranges across the global plastic ingestion literature. If 41% of ingestion rates are not 
reporting plastic ingestion, then this is a significant finding across species. Moreover, publication 
of more robust 0% rates allows us opportunities to re-focus our analyses towards behavioral and 
life history traits of individual species of fish-- something that is common in plastic ingestion 
studies of other types of marine organisms, but less common for studies involving fish. 
 
We conclude that even in the face of an extensive literature review of plastic ingestion reports 
across the globe, not enough data is yet available to make any broad-scale conclusions about 
trends in plastic ingestion based on bathymetrics, or even to characterize across species that have 
not been reported to ingest plastics. Further research might be conducted specifically on species 
that have reported 0% frequency of occurrence rates for plastic ingestion that have low sample 
sizes, first to understand whether these rates are due to low sample sizes or to the species 
generally, and secondly to better understand the behaviors, locations and other traits of fish that 
influence low or null percent ingestion rates. Understanding species that are less susceptible to 
plastic pollution is particularly important for places like Newfoundland, which depend on 
healthy fish for sustenance and economies. 
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Table S1. Marine plastic ingestion rates for both 0% and >0% in various species of fish from published 
studies. As some studies examined ingestion rates of multiple species, sample sizes broadly ranged from 1 
to 741 individuals. Taxonomic information was provided to family and species level. This table was 
organized according to bathymetric depth distribution as determined by searching for species depth 
ranges and records on Fishbase (Froese and Pauly, 2015). Geographic region was categorized according 
to methods used by Liboiron et al., (2016) and specific location used included: Baltic Sea; Brazilian 
Coast; Californian Coast; English Channel; Gulf of Mexico; Gulf of Mexico watershed; Hawaiian Coast; 
Indonesian Coast; Ionian Sea; Mediterranean Sea; North Atlantic; North Pacific; North Pacific Gyre; 
North Sea; Norwegian Sea and; Portuguese Coast. The type of fish was defined by the habitat species 
occupy, marine (M) or freshwater (F). Grey shading of rows indicates that sample sizes sampled are less 
than 25 individuals whereas white shading represents that more than 25 individuals were sampled. 
 

Depth 
distribution 

Depth range 
(m) Region Location 

Type of fish 
(M; F) Family Fish species 

Sample 
size (n) 

Ingestion 
rate (%) Reference 

Pelagic 2-40 
Southeast 
Atlantic Brazilian Coast M Acanthuridae 

Atlantic blue tang 
(Acanthurus coeruleus) 1 0 

Miranda & de 
Carvalho-Souza, 
2017 

 0-1000 
North 
Atlantic North Atlantic M Alepisauridae 

Lancet fish 
(Notoscopelus kroyeri) 417 15 

Lusher et al., 
2015 

 - North Pacific Californian Coast M Atherinopsidae  
Jacksmelt (Atherinopsis 
californiensis) 7 29 

Rochman et al., 
2015 

 0-1000 
Northeast 
Atlantic Ionian Sea M Bramidae 

Atlantic pomfret  
(Brama brama) 3 33 Neves et al., 2015 

 30-70 South Pacific 
Indonesian                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
Coast M Carangidae  

Shortfin scad 
(Decapterus 
macrosoma) 17 29 

Rochman et al., 
2015 

 0-1050 
North 
Atlantic Portuguese Coast M Carangidae 

Atlantic horse mackerel 
(Trachurus trachurus) 44 7 Neves et al., 2015 

 0-1050 
North 
Atlantic North Sea M Carangidae 

Atlantic horse mackerel 
(Trachurus trachurus) 100 1 

Foekema et al., 
2013 

 0-1050 
North 
Atlantic English Channel M Carangidae 

Atlantic horse mackerel 
(Trachurus trachurus) 56 28.6 

Lusher et al., 
2013 

 35-500 
Northeast 
Pacific Indonesian Coast M Carangidae 

Oxeye scad  
(Selar boops) 7 0 

Rochman et al., 
2015 

 0-100 
Southeast 
Atlantic Brazilian Coast M Carangidae 

Bluestrip jack  
(Caranx crysos) 3 0 

Miranda & de 
Carvalho-Souza, 
2017 

 1-350 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Carangidae 

Crevalle jack  
(Caranx hippos) 9 0 

Phillips & 
Bonner, 2016 

 10-100 
Northeast 
Atlantic Portuguese Coast M Clupeidae 

European pilchard 
(Sardina pilchardus) 12 0 Neves et al., 2015 

 0-50 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Clupeidae 

Gulf menhade 
(Brevoortia patronus) 9 0 

Phillips & 
Bonner, 2016 

 0-33 
North 
Atlantic Gulf of Mexico F Clupeidae 

Gizzard shad  
(Dorosoma cepedianum) 16 - 

Phillips & 
Bonner, 2015 

 0-15 
North 
Atlantic Gulf of Mexico F Clupeidae 

Threadfin shad 
(Dorosoma petenense) 5 - 

Phillips & 
Bonner, 2015 

 10-300 
North 
Atlantic North Sea M Clupeidae 

Twait shade  
(Alosa fallax) 1 100 Neves et al., 2015 
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 - South Pacific Indonesian Coast M Clupeidae  

Silver-stripe round 
herring (Spratelloides 
gracilis) 10 40 

Rochman et al., 
2015 

 0-85 
North 
Atlantic Gulf of Mexico M Coryphaenidae 

Common dolphinfish 
(Coryphaena hippurus) 2 - 

Phillips & 
Bonner, 2015 

 0-85 North Pacific Hawaiian Coast M Coryphaenidae 
Common dolphinfish 
(Coryphaena hippurus) 42 2 

Choy & Drazen, 
2013 

 1-381  
North 
Atlantic 

Mediterranean 
Sea M Dasyatidae 

Pelagic stringray 
(Pteroplatytrygon 
violacea) 2 50 

Anastasopoulou 
et al., 2013 

 0-53 
Southeast 
Atlantic Brazilian Coast M Dasyatidae 

Southern stingray 
(Dasyatis americana) 3 0 

Miranda & de 
Carvalho-Souza, 
2017 

 0-310 North Pacific Californian Coast M Engraulidae 
Pacific anchovy 
(Engraulis mordax) 10 30 

Rochman et al., 
2015 

 200-1100 
Northwest 
Pacific North Pacific M Gempylidae 

Smith’s escolar 
(Lepidocybium 
flavobrunneum) 45 0 

Choy & Drazen, 
2014 

 0-600 North Pacific Hawaiian Coast M Gempylidae 
Snake mackerel 
(Gempylus serpens) 104 <1 

Choy & Drazen, 
2013 

 25-95 
Southeast 
Atlantic Brazilian Coast M Lutjanidae 

Mutton snapper 
(Lutjanus analis) 2 0 

Miranda & de 
Carvalho-Souza, 
2017 

 2-40 
Southeast 
Atlantic Brazilian Coast M Lutjanidae 

Dog snapper  
(Lutjanus jocu) 5 0 

Miranda & de 
Carvalho-Souza, 
2017 

 1-150 
Northeast 
Pacific Indonesian Coast M Lutjanidae 

Humpback red snapper 
(Lutjanus gibbus) 5 0 

Rochman et al., 
2015 

 50-485 
South 
Atlantic Falkland Islands M Lampridae 

Southern opah  
(Lampris immaculatus) 69 14 

Jackson et al., 
2000 

 30-130 
North 
Atlantic Gulf of Mexico F Lutjanidae 

Red snapper  
(Lutjanus campechanus) 2 - 

Phillips & 
Bonner, 2015 

 5-180 
North 
Atlantic Gulf of Mexico M Lutjanidae 

Mangrove snapper 
(Lutjanus griseus) 5 - 

Phillips & 
Bonner, 2015 

 0-1407 
North 
Atlantic North Atlantic M Myctophidae 

Glacier lantern fish 
(Benthosema glaciale) 27 22 

Lusher et al., 
2015 

 557-1497 North Pacific 
North Pacific 
Gyre M Myctophidae 

Bigfin lanternfish 
(Symbolophorus 
californiensis) - - 

Boerger et al., 
2010 

 0-549 North Pacific Californian Coast M Sebastidae 
Yellowtail rockfish 
(Sebastes flavidus) 3 33 

Rochman et al., 
2015 

 183-550 North Pacific Californian Coast M Sebastidae 
Blue rockfish  
(Sebastes mystinus) 10 20 

Rochman et al., 
2015 

 15-274 
Northwest 
Pacific Californian Coast M Sebastidae 

Vermilion rockfish 
(Sebastes miniatus) 3 0 

Rochman et al., 
2015 

 0-1000 
North 
Atlantic Portuguese Coast M Scombridae 

Atlantic mackerel 
(Scomber scombrus) 13 30.8 

Rummel et al., 
2016 

 0-600 
North 
Atlantic 

Mediterranean 
Sea M Scombridae 

Albacore  
(Thunnus alalunga) 31 12.9 

Romeo et al., 
2015 

 0-985 
North 
Atlantic 

Mediterranean 
Sea M Scombridae 

Atlantic bluefin tuna 
(Thunnus thynnus) 34 32.4 

Romeo et al., 
2015 

 0-1000 
Northeast 
Atlantic North Sea M Scombridae 

Atlantic mackerel 
(Scomber scombrus) 84 <1 

Foekema et al., 
2013 
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 0-300 
North 
Atlantic Portuguese Coast M Scombridae 

Chub mackerel 
(Scomber japonicus) 35 31 Neves et al., 2015 

 0-1000 
North 
Atlantic Portuguese Coast M Scombridae 

Atlantic mackerel 
(Scomber scombrus) 13 31 Neves et al., 2015 

 0-250 North Pacific Hawaiian Coast M Scombridae  
Bigeye tuna  
(Thunnus obesus) 35 9 

Choy & Drazen, 
2013 

 20-90 South Pacific Indonesian Coast M Scombridae 
Indian mackerel 
(Rastrelliger kanagurta) 9 56 

Rochman et al., 
2015 

 5-140 
Northwest 
Atlantic Gulf of Mexico M Scombridae 

King mackerel 
(Scomberomorus 
cavalla) 1 0 

Phillips & 
Bonner, 2016 

 0-1000 
North 
Atlantic North Sea M Scombridae 

Atlantic mackerel 
(Scomber scombrus) 84 0 

Foekema et al., 
2014 

 0-260 
Northwest 
Pacific North Pacific M Scombridae 

Skipjack tuna 
(Katsuwonus pelamis) 29 0 

Choy & Drazen, 
2014 

 1-250 
Northwest 
Pacific North Pacific M Scombridae 

Yellowfin tuna  
(Thunnus albacores) 26 0 

Choy & Drazen, 
2014 

 0-300 
Northwest 
Pacific Californian Coast M Scombridae 

Pacific mackerel 
(Scomber japonicus) 1 0 

Rochman et al., 
2015 

 0-600 
Northwest 
Pacific Californian Coast M Scombridae 

Albacore tuna  
(Thunnus alalunga) 2 0 

Rochman et al., 
2015 

 0-260 
Northwest 
Pacific North Pacific M Scombridae 

Skipjack tuna 
(Katsuwonus pelamis) 9 0 

Rochman et al., 
2015 

 0-230 North Pacific 
North Pacific 
Gyre M Scomberesocidae 

Pacific saury  
(Cololabis saira) - - 

Boerger et al., 
2010 

 1-30 South Pacific Indonesian Coast M Siganidae  
Streamlined spinefoot 
(Siganus argenteus) 2 50 

Rochman et al., 
2015 

 1-50 South Pacific Indonesian Coast M Siganidae  
Whitespotted spinefoot 
(Siganus canaliculatus) 3 33 

Rochman et al., 
2015 

 1-50 
Northeast 
Pacific Indonesian Coast M Siganidae 

Rabbitfish  
(Siganus fuscescens) 2 0 

Rochman et al., 
2015 

 0-100 
Southeast 
Atlantic Brazilian Coast M Sphyraenidae 

Guachanche barracuda 
(Sphyraena 
guachancho) 1 0 

Miranda & de 
Carvalho-Souza, 
2017 

 10-180 
Southeast 
Atlantic Brazilian Coast M Tetraodontidae 

Smooth puffer 
(Lagocephalus 
laevigatus) 1 0 

Miranda & de 
Carvalho-Souza, 
2017 

 0-800 
Southeast 
Atlantic Brazilian Coast M Xiphiidae 

Swordfish  
(Xiphias gladius) 56 12.5 

Romeo et al., 
2015 

 0-800 North Pacific Hawaiian Coast M Xiphiidae  
Broadbill swordfish 
(Xiphias gladius) 31 3 

Choy & Drazen, 
2013 

 0-800 
Northeast 
Atlantic Ionian Sea M Xiphiidae 

Swordfish  
(Xiphias gladius) 1 0 

Anastasopoulou 
et al., 2013 

Bathypelagic 0-1830 North Pacific Hawaiian Coast M Alepisauridae 
Longnose lancetfish 
(Alepisaurus ferox) 144 30 

Choy & Drazen, 
2013 

 0-1830 North Pacific Hawaiian Coast M Alepisauridae 
Longnose lancetfish 
(Alepisaurus ferox) 192 24.5 Jantz et al., 2013 

 100-2650 
North 
Atlantic North Atlantic M Alepocephalidae 

Bluntsnout smoothhead 
(Xenodermichthys copei) 5 60 

Lusher et al., 
2015 

 150-3000 
North 
Atlantic English Channel M Gadidae 

Blue whiting 
(Micromesistius 
poutassou) 27 51.9 

Lusher et al., 
2013 
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 150-3000 
Northeast 
Atlantic Ionian Sea M Gadidae 

Blue whiting 
(Micromesistius 
poutassou) 3 0 

Anastasopoulou 
et al., 2013 

 0-4416 
Northwest 
Pacific North Pacific M Gonostomatidae 

Benttooth bristlemouth 
(Cyclothone acclinidens) 4 0 

Davison & Asch, 
2011 

 298-4938 
Northwest 
Pacific North Pacific M Gonostomatidae 

Deep-water bristlemouth 
(Cyclothone atraria) 3 0 

Davison & Asch, 
2011 

 16-4663 
Northwest 
Pacific North Pacific M Gonostomatidae 

Tan bristlemouth 
(Cyclothone pallida) 5 0 

Davison & Asch, 
2011 

 0-4938 
Northwest 
Pacific North Pacific M Gonostomatidae 

Slender bristlemouth 
(Cyclothone 
pseudopallida) 4 0 

Davison & Asch, 
2011 

 100-500 North Pacific Hawaiian Coast M Lampridae 
Big-eye moonfish 
(Lampris sp.) 115 43 

Choy & Drazen, 
2013 

 100-500 North Pacific Hawaiian Coast M Lampridae 
Small-eye moonfish 
(Lampris sp.) 24 58 

Choy & Drazen, 
2013 

 450-2500 
Northeast 
Atlantic Ionian Sea M Moridae 

Common mora  
(Mora moro) 19 0 

Anastasopoulou 
et al., 2013 

 0-1050 North Pacific 
North Pacific 
Gyre M Myctophidae 

Reinhardt's lantern fish 
(Hygophum reinhardtii) - - 

Boerger et al., 
2010 

 60-800 North Pacific 
North Pacific 
Gyre M Myctophidae 

Latern fish  
(Loweina interrupta) - - 

Boerger et al., 
2010 

 - North Pacific 
North Pacific 
Gyre M Myctophidae 

Golden lanternfish 
(Myctophum 
aurolanternatum) - - 

Boerger et al., 
2010 

 0-1192 
Northwest 
Atlantic North Atlantic M Myctophidae 

Jewel lanternfish 
(Lampanyctus 
crocodilus) 2 0 

Lusher et al., 
2015 

 0-1000 
Northwest 
Atlantic North Atlantic M Myctophidae 

Spotted laternfish 
(Myctophum punctatum) 3 0 

Lusher et al., 
2015 

 50-1021 
Northwest 
Pacific North Pacific M Myctophidae 

Popeye lampfish 
(Bolinichthys longipes) 3 0 

Davison & Asch, 
2011 

 391-2056 
Northwest 
Pacific North Pacific M Myctophidae 

Warming’s lantern fish 
(Ceratoscopelus 
warmingii) 8 0 

Davison & Asch, 
2011 

 0-1050 
Northwest 
Pacific North Pacific M Myctophidae 

Longfin laternfish 
(Diogenichthys 
atlanticus) 5 0 

Davison & Asch, 
2011 

 0-1000 
Northwest 
Pacific North Pacific M Myctophidae 

Firefly lanternfish 
(Hygophum proximum) 2 0 

Davison & Asch, 
2011 

 0-1050 
Northwest 
Pacific North Pacific M Myctophidae 

Reinhardt's lantern fish 
(Hygophum reinhardtii) 2 0 

Davison & Asch, 
2011 

 50-1000 
Northwest 
Pacific North Pacific M Myctophidae 

Lantern fish 
(Lampadena urophaos) 1 0 

Davison & Asch, 
2011 

 0-750 
Northwest 
Pacific North Pacific M Myctophidae 

Lantern fish 
(Nannobrachium fernae) 1 0 

Davison & Asch, 
2011 

 300-850 
Northwest 
Pacific North Pacific M Myctophidae 

Lantern fish 
(Nannobrachium 
hawaiiensis) 17 0 

Davison & Asch, 
2011 

 772-3400 
Northwest 
Pacific North Pacific M Myctophidae 

Pinpointlantern fish 
(Nannobrachium regale) 1 0 

Davison & Asch, 
2011 

 25-700 
Northwest 
Pacific North Pacific M Myctophidae 

Topside lanternfish 
(Notolychnus valdiviae) 3 0 

Davison & Asch, 
2011 
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 777-2121 
Northwest 
Pacific North Pacific M Myctophidae 

Patchwork lanternfish 
(Notoscopelus 
resplendens) 3 0 

Davison & Asch, 
2011 

 400-1550 
Northwest 
Pacific North Pacific M Myctophidae 

Deepwater lanternfish 
(Taaningichthys 
bathyphilus) 3 0 

Davison & Asch, 
2011 

 100-4337 
North 
Atlantic North Atlantic M Nemichthyidae 

Slender snipe eel 
(Nemichthys 
scolopaceus) 1 100 

Lusher et al., 
2015 

 400-3676 
Northwest 
Pacific North Pacific M Sternoptychidae 

Diaphanous hatchet fish 
(Sternoptyx diaphana) 4 25 

Davison & Asch, 
2011 

 800-2000 
Northwest 
Pacific North Pacific M Sternoptychidae 

Highlight hatchetfish 
(Sternoptyx 
pseudobscura) 6 16.6 

Davison & Asch, 
2011 

 0-1103 
Northwest 
Pacific North Pacific M Stomiidae 

Pacific blackdragon 
(Idiacanthus 
antrostomus) 4 25 

Davison & Asch, 
2011 

 100-560 
Northwest 
Pacific North Pacific M Myctophidae 

Andersen's lantern fish 
(Diaphus anderseni) 13 15.4 

Davison & Asch, 
2011 

 85-1000 
Northwest 
Pacific North Pacific M Myctophidae 

Latern fish  
(Diaphus fulgens) 7 28.6 

Davison & Asch, 
2011 

 588-1330 
Northwest 
Pacific North Pacific M Myctophidae 

Bolin's lantern fish 
(Diaphus phillipsi) 1 100 

Davison & Asch, 
2011 

 25-800 
Northwest 
Pacific North Pacific M Myctophidae 

Cocco's lantern fish 
(Lobianchia gemellarii) 3 33.3 

Davison & Asch, 
2011 

 412-1537 
Northwest 
Pacific North Pacific M Myctophidae 

Pearly lanternfish 
(Myctophum nitidulum) 25 16 

Davison & Asch, 
2011 

 329-860 
Northeast 
Atlantic Ionian Sea M Nettastomatidae 

Blackfin sorcerer 
(Nettastoma melanurum) 1 0 

Anastasopoulou 
et al., 2013 

 0-2200 
North 
Atlantic North Atlantic M Paralepididae 

Spotted barracudina 
(Arctozenus risso) 14 21 

Lusher et al., 
2015 

 200-2000 
Northeast 
Atlantic Ionian Sea M Paralepididae 

Barracudinas  
(Sudis hyaline) 5 0 

Anastasopoulou 
et al., 2013 

 271-1524 
North 
Atlantic North Atlantic M Sternoptychidae 

Mueller’s pearlside 
(Maurolicus muelleri) 282 3 

Lusher et al., 
2015 

 100-2056 
Northwest 
Atlantic North Atlantic M Sternoptychidae 

Silver hatchetfish 
(Argyropelecus sp.) 5 0 

Lusher et al., 
2015 

 1-3872 
Northwest 
Pacific North Pacific M Sternoptychidae 

Pacific hatchetfish 
(Argyropelecus affinis) 1 0 

Davison & Asch, 
2011 

 0-2400 
Northwest 
Pacific North Pacific M Sternoptychidae 

Half-naked hatchetfish 
(Argyropelecus 
hemigymnus) 3 0 

Davison & Asch, 
2011 

 183-914 
Northwest 
Pacific North Pacific M Sternoptychidae 

Bottlelights  
(Danaphos oculatus) 9 0 

Davison & Asch, 
2011 

 200-2173 
North 
Atlantic North Atlantic M Stomiidae 

Scaly dragonfish 
(Stomias boa boa) 5 40 

Lusher et al., 
2015 

 100-3178 North Pacific 
North Pacific 
Gyre M Stomiidae 

Indo-Pacific 
snaggletooth 
(Astronesthes 
indopacifica) - - 

Boerger et al., 
2010 

Benthopelagic - 
South 
Atlantic Brazilian Coast M Ariidae  

Bagre gaivota 
(Cathorops agassizii) 60 33 

Possatto et al., 
2011 
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 0-1000 
Northeast 
Atlantic Ionian Sea M Bramidae 

Atlantic pomfret  
(Brama brama) 9 0 

Anastasopoulou 
et al., 2013 

 305-370 
North 
Atlantic Portuguese Coast M Carangidae 

Blue jack mackerel 
(Trachurus picturatus) 29 3 Neves et al., 2015 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Centrarchidae 

Black crappie (Pomoxis 
nigromaculatus) 3 0 

Phillips & 
Bonner, 2016 

 - 
North 
Atlantic Gulf of Mexico F Centrarchidae 

Green sunfish  
(Lepomis cyanellus) 6 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Centrarchidae 

Orangespotted sunfish 
(Lepomis humilis) 4 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Centrarchidae 

Bluegill (Lepomis 
macrochirus) 12 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Centrarchidae 

Longear sunfish 
(Lepomis megalotis) 23 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Centrarchidae 

Largemouth bass 
(Micropterus salmoides) 12 - 

Phillips & 
Bonner, 2015 

 80-240 
Northeast 
Atlantic Ionian Sea M Centrolophidae 

Imperial blackfish 
(Schedophilus ovalis) 3 0 

Anastasopoulou 
et al., 2013 

 - 
North 
Atlantic Gulf of Mexico F Characidae 

Mexican tetra  
(Astyanax mexicanus) 12 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Cichlidae 

Rio grande cichlid 
(Herichthys 
cyanoguttatus) 6 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Cichlidae 

Blue tilapia 
(Oreochromis aureus) 4 - 

Phillips & 
Bonner, 2015 

 0-20 
Northeast 
Pacific Indonesian Coast F Cichlidae 

Tilapia  
(Oreochromis niloticus) 5 0 

Rochman et al., 
2015 

 0-364 
North 
Atlantic Baltic Sea M Clupeidae 

Atlantic herring  
(Clupea harengus) 51 17.7 

Rummel et al., 
2016 

 0-364 
North 
Atlantic North Sea M Clupeidae 

Atlantic herring  
(Clupea harengus) 566 1.4 

Foekema et al., 
2013 

 0-364 
Northeast 
Atlantic North Sea M Clupeidae 

Atlantic herring  
(Clupea harengus) 13 0 

Rummel et al., 
2016 

 0-364 
Northeast 
Atlantic Baltic Sea M Clupeidae 

Atlantic herring  
(Clupea harengus) 20 0 

Rummel et al., 
2016 

 - 
North 
Atlantic Gulf of Mexico F Cyprinidae 

Central stoneroller 
(Campostoma 
anomalum) 31 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Cyprinidae 

Red shiner  
(Cyprinella lutrensis) 67 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Cyprinidae 

Blacktail shiner 
(Cyprinella venusta) 38 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Cyprinidae 

Texas shiner  
(Notropis amabilis) 16 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Cyprinidae 

Mimic shiner  
(Notropis volucellus) 32 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Cyprinidae 

Sabine shiner  
(Notropis sabinae) 12 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Cyprinidae 

Sand shiner  
(Notropis stramineus) 7 - 

Phillips & 
Bonner, 2015 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Cyprinidae 

Plateau shiner 
(Cyprinella lepida) 5 0 

Phillips & 
Bonner, 2015 
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 - 
North 
Atlantic Gulf of Mexico F Fundulidae 

Blackstripe topminnow 
(Fundulus notatus) 2 - 

Phillips & 
Bonner, 2015 

 0-600 
North 
Atlantic Baltic Sea M Gadidae 

Atlantic cod (Gadus 
morhua) 74 1.4 

Rummel et al., 
2016 

 10-200 
North 
Atlantic English Channel M Gadidae 

Whiting (Merlangius 
merlangus) 50 32 

Lusher et al., 
2013 

 1-440 
North 
Atlantic English Channel M Gadidae 

Poor cod  
(Trisopterus minutus) 50 40 

Lusher et al., 
2013 

 0-600 
North 
Atlantic Norwegian Sea M Gadidae 

Atlantic cod  
(Gadus morhua) 302 3 Bråte et al., 2016 

 10-200 
North 
Atlantic North Sea M Gadidae 

Whiting  
(Merlangius merlangus) 105 5.7 

Foekema et al., 
2013 

 0-600 
North 
Atlantic North Sea M Gadidae 

Atlantic cod  
(Gadus morhua) 80 13 

Foekema et al., 
2013 

 0-600 
Northeast 
Atlantic North Sea M Gadidae 

Atlantic cod  
(Gadus morhua) 7 0 

Rummel et al., 
2016 

 30-100 
Northeast 
Atlantic Portuguese Coast M Gadidae 

Pouting  
(Trisopterus luscus) 1 0 Neves et al., 2015 

 - 
North 
Atlantic Gulf of Mexico F Ictaluridae 

Channel catfish 
(Ictalurus punctatus) 10 - 

Phillips & 
Bonner, 2015 

 0-120 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Mugilidae 

Striped mullet  
(Mugil cephalus) 9 0 

Phillips & 
Bonner, 2016 

 - 
North 
Atlantic Gulf of Mexico F Percidae 

Redspot darter 
(Etheostoma artesiae) 11 - 

Phillips & 
Bonner, 2015 

 10-1200 
Northeast 
Atlantic Ionian Sea M Phycidae 

Greater forkbeard 
(Phycis blennoides) 46 0 

Anastasopoulou 
et al., 2013 

 20-150 
Northeast 
Atlantic Baltic Sea M Pleuronectidae 

Common dab  
(Limanda limanda) 15 0 

Rummel et al., 
2016 

 - 
North 
Atlantic Gulf of Mexico F Poeciliidae 

Western mosquitofish 
(Gambusia affinis) 5 - 

Phillips & 
Bonner, 2015 

 0-375 North Pacific Californian Coast M Salmonidae  

Chinook salmon 
(Oncorhynchus 
tshawytscha) 4 25 

Rochman et al., 
2015 

 15-300 
North 
Atlantic Portuguese Coast M Sciaenidae 

Meagre (Argyrosomus 
regius) 5 60 Neves et al., 2015 

 150-700 
North 
Atlantic 

Mediterranean 
Sea M Sparidae 

Blackspot seabream 
(Pagellus bogaraveo) 6 1.7 

Anastasopoulou 
et al., 2013 

 30-500 
North 
Atlantic Portuguese Coast M Sparidae 

Large-eyed dentex 
(Dentex 
macrophthalmus) 1 100 Neves et al., 2015 

 - 
North 
Atlantic Portuguese Coast M Sparidae 

Axillary seabream 
(Pagellus acarne) 1 100 Neves et al., 2015 

 0-1460 
Northeast 
Atlantic Ionian Sea M Squalidae 

Spiny dogfish  
(Squalus acanthias) 10 0 

Anastasopoulou 
et al., 2013 

 0-589 
South 
Atlantic Brazilian Coast M Trichiuridae  

Largehead hairtail 
(Trichiurus lepturus) 149 0.7 

Di Beneditto & 
Awabdi, 2014 

 42-620 
Northeast 
Atlantic Ionian Sea M Trichiuridae 

Silver scabbardfish 
(Lepidopus caudatus) 1 0 

Anastasopoulou 
et al., 2013 

 0-589 
Northeast 
Atlantic Portuguese Coast M Trichiuridae 

Largehead hairtail 
(Trichiurus lepturus) 1 0 Neves et al., 2015 

 5-400 
North 
Atlantic English Channel M Zeidae John dory (Zeus faber) 42 46.7 

Lusher et al., 
2013 
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 5-400 
North 
Atlantic Portuguese Coast M Zeidae  John dory (Zeus faber) 1 100 Neves et al., 2015 

Bathydemersal 15-1440 
Northeast 
Atlantic Ionian Sea M Centrophorid 

Gulper shark 
(Centrophorus 
granulosus) 5 0 

Anastasopoulou 
et al., 2013 

 200-2490 
North 
Atlantic 

Mediterranean 
Sea M Etmopteridae 

Velvet belly 
lanternshark 
(Etmopterus spinax) 16 6.3 

Anastasopoulou 
et al., 2013 

 10-577 
Northeast 
Atlantic Ionian Sea M Rajidae 

Thornback ray  
(Raja clavata) 2 0 

Anastasopoulou 
et al., 2013 

 15-900 
Northeast 
Atlantic Ionian Sea M Rajidae 

Longnosed skate  
(Raja oxyrinchus) 10 0 

Anastasopoulou 
et al., 2013 

 150-600 
Northeast 
Atlantic Ionian Sea M Sebastidae 

Blackbelly rosefish 
(Helicolenus 
dactylopterus) 380 0 

Anastasopoulou 
et al., 2013 

 50-1100 
Northeast 
Atlantic Portuguese Coast M Sebastidae 

Blackbelly rosefish 
(Helicolenus 
dactylopterus) 1 0 Neves et al., 2015 

 150-400 
North 
Atlantic Portuguese Coast M Triglidae  

Piper gurnard  
(Trigla lyra) 31 19 Neves et al., 2015 

Demersal 1-50 
South 
Atlantic Brazilian Coast M Ariidae 

Madamango sea catfish 
(Cathorops spixii) 60 18 

Possatto et al., 
2011 

 - 
South 
Atlantic Brazilian Coast M Ariidae  

Pemoucou sea catfish 
(Sciades herzbergii) 62 17 

Possatto et al., 
2011 

 5-430 
North 
Atlantic English Channel M Callionymidae 

Dragonet  
(Callionymus lyra) 50 38 

Lusher et al., 
2013 

 3-70 
South 
Atlantic Brazilian Coast M Carcharhinidae 

Brazilian sharpnose 
shark (Rhizoprionodon 
lalandii) 6 33 

Miranda & de 
Carvalho-Souza, 
2016 

 5-140 
South 
Atlantic Brazilian Coast M Carcharhinidae 

Kingmackerel 
(Scomberomorus 
cavalla) 8 62.5 

Miranda & de 
Carvalho-Souza, 
2016 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Cateostomidae 

Creek chubsucker 
(Erimyzon oblongus) 1 0 

Phillips & 
Bonner, 2016 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Cateostomidae 

Spotted sucker 
(Minytrema melanops) 1 0 

Phillips & 
Bonner, 2016 

 - 
North 
Atlantic Gulf of Mexico F Centrarchidae 

Redbreast sunfish 
(Lepomis auritus) 8 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Centrarchidae 

Redear sunfish  
(Lepomis microlophus) 5 - 

Phillips & 
Bonner, 2015 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Centrarchidae 

Warmouth  
(Lepomis gulosus) 1 0 

Phillips & 
Bonner, 2016 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Centrarchidae 

Redspotted sunfish 
(Lepomis miniatus) 6 0 

Phillips & 
Bonner, 2016 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Centrarchidae 

Spotted bass 
(Micropterus punctatus) 1 0 

Phillips & 
Bonner, 2016 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Centrarchidae 

White crappie  
(Pomoxis annularis) 4 0 

Phillips & 
Bonner, 2016 

 0-1171 
Northeast 
Atlantic Ionian Sea M Congridae 

European conger 
(Conger conger) 44 0 

Anastasopoulou 
et al., 2013 

 - 
North 
Atlantic Gulf of Mexico F Cyprinidae 

Bullhead minnow 
(Pimephales vigilax) 3 - 

Phillips & 
Bonner, 2015 
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 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Cyprinidae 

Golden shiner 
(Notemigonus 
crysoleucas) 7 0 

Phillips & 
Bonner, 2016 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Cyprinidae 

Pugnose minnow 
(Opsopoeodus emiliae) 2 0 

Phillips & 
Bonner, 2016 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Cyprinidae 

Fathead minnow 
(Pimephales promelas) 1 0 

Phillips & 
Bonner, 2016 

 75-1200 
Northeast 
Atlantic Ionian Sea M Epigonidae 

Black cardinalfish 
(Epigonus telescopus) 4 0 

Anastasopoulou 
et al., 2013 

 10-450 
North 
Atlantic North Sea M Gadidae 

Haddock 
(Melanogrammus 
aeglefinus) 97 6.2 

Foekema et al., 
2013 

 - 
South 
Atlantic Brazilian Coast M Gerreidae  

Brazilian mojarra 
(Eugerres brasilianus) 39 16.3 

Ramos et al., 
2012 

 0-25 
South 
Atlantic Brazilian Coast M Gerreidae 

Flagfin mojarra 
(Eucinostomus 
melanopterus) 9.2 9.2 

Ramos et al., 
2012 

 9-70 
South 
Atlantic Brazilian Coast M Gerreidae 

Capitola mojarra 
(Diapterus rhombeus) 11.4 11.4 

Ramos et al., 
2012 

 0-475 North Pacific Californian Coast M Hexagrammidae 
Lingcod  
(Ophiodon elongatus) 11 9 

Rochman et al., 
2015 

 - 
North 
Atlantic Gulf of Mexico F Ictaluridae 

Yellow bullhead 
(Ameiurus natalis) 7 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico F Ictaluridae 

Tadpole madtom 
(Noturus gyrinus) 2 - 

Phillips & 
Bonner, 2015 

 - 
Northwest 
Atlantic 

Gulf of Mexico 
watershed F Ictaluridae 

Black bullhead 
(Ameiurus melas) 1 0 

Phillips & 
Bonner, 2016 

 20-1000 
North 
Atlantic Portuguese Coast M Lophiidae 

Angler  
(Lophius piscatorius) 2 50 Neves et al., 2015 

 30-754 
Northeast 
Atlantic Ionian Sea M Lotidae 

Spanish ling  
(Molva macrophthalma) 13 0 

Anastasopoulou 
et al., 2013 

 70-400 
North 
Atlantic Portuguese Coast M Merlucciidae  

European hake 
(Merluccius merluccius) 7 29 Neves et al., 2015 

 70-400 
North 
Atlantic Portuguese Coast M Merlucciidae  

European hake 
(Merluccius merluccius) 5 20 Neves et al., 2015 

 70-400 
Northeast 
Atlantic Ionian Sea M Merlucciidae 

European hake 
(Merluccius merluccius) 36 0 

Anastasopoulou 
et al., 2013 

 - North Pacific Californian Coast M Moronidae  
Striped bass  
(Morone saxatilis) 7 29 

Rochman et al., 
2015 

 5-409 
North 
Atlantic Portuguese Coast M Mullidae 

Striped red mullet 
(Mullus surmuletus) 1 100 Neves et al., 2015 

 5-409 
North 
Atlantic Portuguese Coast M Mullidae 

Striped red mullet 
(Mullus surmuletus) 3 100 Neves et al., 2015 

 - 
North 
Atlantic Gulf of Mexico M Paralichthyidae 

Southern flounder 
(Paralichthys 
lethostigma) 8 - 

Phillips & 
Bonner, 2015 

 0-40 
Southeast 
Atlantic Brazilian Coast M Paralichthyidae 

Brazilian flounder 
(Paralichthys 
brasiliensis) 1 0 

Miranda & de 
Carvalho-Souza, 
2017 

 - North Pacific Californian Coast M Paralichthyidae  
Pacific sanddab 
(Citharichthys sordidus) 5 60 

Rochman et al., 
2015 

 1-100 North Baltic Sea M Pleuronectidae European flounder 20 10 Rummel et al., 
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Atlantic (Platichthys flesus) 2016 

 20-150 
North 
Atlantic North Sea M Pleuronectidae 

Common dab  
(Limanda limanda) 74 5.4 

Rummel et al., 
2016 

 1-100 
Northeast 
Atlantic North Sea M Pleuronectidae 

European flounder 
(Platichthys flesus) 16 0 

Rummel et al., 
2016 

 40-600 
Northeast 
Atlantic Ionian Sea M Polyprionidae 

Atlantic wreckfish 
(Polyprion americanus) 14 0 

Anastasopoulou 
et al., 2013 

 40-600 
Northeast 
Atlantic Portuguese Coast M Polypronidae 

Wreckfish  
(Polyprion americanus) 1 0 Neves et al., 2015 

 - 
North 
Atlantic Portuguese Coast M Rajidae 

Mediterranean starry ray 
(Raja asterias) 7 43 Neves et al., 2015 

 15-400 
North 
Atlantic English Channel M Salmonidae 

Redband fish (Cepola 
macrophthalma) 62 32.3 

Lusher et al., 
2013 

 - 
North 
Atlantic Gulf of Mexico M Sciaenidae 

Redfish  
(Sciaenops ocellatus) 28 - 

Phillips & 
Bonner, 2015 

 - 
North 
Atlantic Gulf of Mexico M Sciaenidae 

Spotted seatrout 
(Cynoscion nebulosus) 20 - 

Phillips & 
Bonner, 2015 

 1-35 
South 
Atlantic Brazilian Coast M Sciaenidae 

Little croaker  
(Stellifer stellifer) 239 9.2 

Dantas et al., 
2012 

 - 
South 
Atlantic Brazilian Coast M Sciaenidae 

Stardrum  
(Stellifer brasiliensis) 330 6.9 

Dantas et al., 
2012 

 - 
Northwest 
Atlantic Gulf of Mexico M Sciaenidae 

Black drum  
(Pogonias cromis) 1 0 

Phillips & 
Bonner, 2016 

 - 
Northwest 
Atlantic Gulf of Mexico M Sciaenidae 

Atlantic croaker 
(Micropogonias 
undulates) 1 0 

Phillips & 
Bonner, 2016 

 100-600 
Northeast 
Atlantic Ionian Sea M Scorpaenidae 

Slender rockfish 
(Scorpaena elongata) 1 0 

Anastasopoulou 
et al., 2013 

 7-800 
North 
Atlantic Portuguese Coast M Scophthalmidae 

Four-spot megrim 
(Lepidorhombus boscii) 2 50 Neves et al., 2015 

 100-700 
Northeast 
Atlantic Portuguese Coast M Scophthalmidae 

Megrim 
(Lepidorhombus 
whiffiagonis) 2 0 Neves et al., 2015 

 55-1873 
North 
Atlantic 

Mediterranean 
Sea M Scyliorhinidae 

Blackmouth catshark 
(Galeus melastomus) 741 3.2 

Anastasopoulou 
et al., 2013 

 80-100 
North 
Atlantic Portuguese Coast M Scyliorhinidae 

Small spotted catshark 
(Scyliorhinus canicula) 17 12 Neves et al., 2015 

 80-100 
North 
Atlantic Portuguese Coast M Scyliorhinidae 

Small spotted catshark 
(Scyliorhinus canicula) 3 67 Neves et al., 2015 

 80-100 
Northeast 
Atlantic Ionian Sea M Scyliorhinidae 

Small-spotted catshark 
(Scyliorhynus canicula) 1 0 

Anastasopoulou 
et al., 2013 

 10-183 
Northwest 
Pacific Californian Coast M Sebastidae 

Copper rockfish 
(Sebastes caurinus) 1 0 

Rochman et al., 
2015 

 15-200 
Southeast 
Atlantic Brazilian Coast M Serranidae 

Mottled grouper 
(Mycteroperca rubra) 1 0 

Miranda & de 
Carvalho-Souza, 
2017 

 5-450 
North 
Atlantic English Channel M Soleidae 

Solenette (Buglossisium 
luteum) 50 26 

Lusher et al., 
2013 

 20-400 
North 
Atlantic English Channel M Soleidae 

Thickback sole 
(Microchirus 
variegatus) 51 23.5 

Lusher et al., 
2013 
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 0-150 
Northeast 
Atlantic Portuguese Coast M Soleidae 

Common sole  
(Solea solea) 1 0 Neves et al., 2015 

 - 
North 
Atlantic Gulf of Mexico M Sparidae 

Pinfish  
(Lagodon rhomboides) 48 - 

Phillips & 
Bonner, 2015 

 0-350 
North 
Atlantic Portuguese Coast M Sparidae Bogue (Boops boops) 32 9 Neves et al., 2015 

 16-780 
North 
Atlantic 

Mediterranean 
Sea M Squalidae 

Longnose spurdog 
(Squalus blainville) 75 1.3 

Anastasopoulou 
et al., 2013 

 2-400 
Northeast 
Atlantic Portuguese Coast M Torpedinidae 

Common torpedo 
(Torpedo torpedo) 1 0 Neves et al., 2015 

 15-400 
North 
Atlantic English Channel M Triglidae 

Red gurnard  
(Aspitrigla cuculus) 66 51.5 

Lusher et al., 
2013 

 10-340 
North 
Atlantic North Sea M Triglidae 

Gray gurnard  
(Eutrigla gurnardus) 171 <1 

Foekema et al., 
2013 

 10-150 
North 
Atlantic North Sea M Triglidae 

Gray gurnard  
(Eutrigla gurnardus) 171 0 

Foekema et al., 
2013 

 - South Pacific Indonesian Coast M Carangidae Unknown sp. 7 71 
Rochman et al., 
2015 
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Figure S1. Particles obtained from the gastrointestinal (GI) tract dissections of silver hake 
individuals, and suspected to be of plastic composition. These particles were tested using Raman 
spectrometry and it was found that: (A-E) did not share similarity with the reference spectra for 
the common marine plastic polymers, but rather resembled fish bone fragments and, (F) was not 
logistically possible to process due to fine hair-like structure. 
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