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Figure 2: Map of areas in the Avalon Peninsula of Newfoundland where cod fish GI tracts were collected. The
number in white indicates the quantity of fish collected from the area, and the number in black indicates how many
of those fish had ingested plastic, regardless of the amount of plastics ingested. All fish GI tracts were recovered
from the wharves of Petty Harbour or St. Phillips through citizen science methods. All sites are within an hour drive
of the province’s capital city, St. John’s.

Most fish sampled (n=188) were from the recreational cod fishery, while 17 were from the
commercial fishery, all of which were destined for human consumption. All plastics were found
in fish from the recreational fishery. The recreational fishery uses rods and lines to catch fish and
stays close to shore (Protected Areas Association of Newfoundland and Labrador 1996). The
commercial fishery, which contained no fish that ingested plastic, used bottom trawls further
offshore (this is not true of all commercial fisheries in Petty Harbour, but was the case for the
fishery we received samples from). All fish that had ingested plastics also had organic food in
their stomachs, suggesting a plastic gut clearance rates similar to ingested food (see Brate et al.
2016 for similar findings in Atlantic cod in Norwegian waters).

While the methods for studying ingestion rates in the extensive literature review we conducted
were variable, and so direct comparison is not possible, it does help us situate our study

compared to other locations and species. Our ingestion rate for Atlantic cod of 2.4% is the
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second lowest recorded rate in the reviewed literature for cod, below average for fish species in
general and fish in northern waters, the lowest for any fish in the North Atlantic.

Discussion

Since this is the first indication of plastic ingestion rates for a remote province dependant on fish
for sustenance and commercial enterprises, we will begin with a discussion of why the ingestion
rate may be so low. We hypothesize that Atlantic cod caught for food in Newfoundland have
amongst the lowest recorded plastic ingestion rates (2.4%, Table 1) due to three major factors.
These factors are: (1) fish consumption behaviour; (2) the prevalence of ocean plastics in
Newfoundland waters; (3) the relatively small population of the island of Newfoundland. We
then discuss these hypotheses to characterise potential sources of, and susceptibility to, plastic
pollution, and to point to future directions for marine plastic research in Newfoundland.

First, we speculate that cod behaviour and feeding patterns make them less likely to encounter
ocean plastics than other fish. Understanding ingestion rates within the context of a species life
history is important given calls by marine plastics researchers to consider animal behaviour
within their study design and analysis (Carson 2013). While research has not determined the
abundance of microplastics throughout the water column in the North Atlantic, characteristics of
microplastics correspond with their abundance in certain locations: namely, low-density plastics
are commonly found near surface or subsurface waters (Andrady 2015), while others, such as
fouled or high-density plastics, accumulate in high concentrations in sediments on the ocean
floor (Derraik 2002; Van Cauwenberghe et al. 2013). By contrast, cod is a benthopelagic
demersal fish (known as ‘groundfish’ in the Newfoundland fishing industry), meaning their main
habitat is below pelagic waters but above the ocean floor (approx 150-200m below the surface)
(Johansen et al. 2009). The diet of adult cod is primarily small or medium sized fish from
benthopelagic waters (Cohen et al. 1990). During spawning season (early spring), cod increase
their intake of benthic organisms and plant material though by late summer, which coincides
with our study’s sampling season, and food intake is primarily benthopelagic fish (Cohen et al.
1990). In turn, it is possible that cod are less likely to consume plastics, given where they feed
and where plastics are commonly found within the water column. Life history traits may explain
the low rates of cod ingestion compared to other fish sampled in similar locations (Table 1).
Further research examining the movement and location of microplastics within the water
column, including the amount that is suspended from sediment into benthopelagic waters, may
help to identify how and which species are most susceptible to plastic ingestion in North Atlantic
waters.

Secondly, water near the coast of Newfoundland and Labrador may contain fewer microplastics
than other ocean waters. Like all major bodies of water, plastics have been shown to accumulate
in the North Atlantic Ocean (Eriksen et al. 2014). Newfoundland, including its coastal waters,
however, is located beyond the region’s major plastic accumulation zone, the North Atlantic
Subtropical gyre (Law et al. 2010). Furthermore, the waters surrounding Newfoundland receive
their input from Arctic waters flowing southerly via the Labrador Current (Loder et al. 1998).
While plastic ingestion has been recorded in multiple seabird species that migrate between the
Arctic and North Atlantic oceans (Mallory et al. 2006; Mallory 2008; Provencher et al. 2009;
Provencher et al. 2010; Provencher et al. 2014) thus indicating the presence of marine plastics
within the general area of our study site, the actual plastic concentration in waters along the
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Newfoundland and Labrador coastline has not yet been quantified. Recent studies have
suggested that Arctic sea ice may act as a sink for microplastics, as low-density plastics tend to
accumulate in higher density seawater as ice freezes (Obbard et al. 2014; Lusher et al. 2015b).
Microplastics are found in sea ice at six times the concentration of surrounding waters, much of
which accumulates in permanent sea ice and is not released during annual sea ice events (Obbard
et al. 2014). Waters flowing from the Arctic may therefore contain less microplastics than other
ocean waters because of these additional sinks. This may be particularly relevant to the
Newfoundland cod fishery, as larger cod are often associated with colder temperatures (Cohen et
al. 1990; Bjornsson and Steinarsson 2002)—something that was confirmed in the Newfoundland
context through observations by local fishermen. Furthermore, the Labrador current receives
inputs from Greenlandic glaciers (with icebergs regularly appearing in the spring and summer
months along the Newfoundland coast) that, upon melting, further dilute microplastic
concentrations with unpolluted freshwater. A similar phenomenon was suggested by Lusher et al.
(2015b), who found lower than expected concentrations of microplastics in the Barents Sea,
possibly due to freshwater inputs of Arctic water. However, we caution that this finding may not
apply to all Newfoundland waters where cod is caught as part of the commercial and recreational
cod fishery. Compared to northerly and north-easterly waters where this study took place, waters
along the southern coast of Newfoundland may have higher concentrations of plastic pollution,
as they receive additional inputs from the Gulf of St. Lawrence (Han et al. 1999) and wind may
push pollutants from the Gulf Stream into southern waters. Future research should examine
plastic ingestion in this southern area.

Third, Canada’s Northern Atlantic and Arctic regions have small and dispersed populations that
contribute to relatively less onshore litter compared to other sites where cod has been sampled.
Newfoundland and Labrador has a relatively low population of 530,000 people spread over
400,000km2, which may account for some of the difference between our results and Foekema et
al. (2013) who examined cod in the much more populated North Sea. In their case, of 67 cod
caught near coastal waters, 14.9% had ingested plastics, whereas none of their 13 cod caught
offshore had ingested plastics—a finding that is similar to that of the present study where 0% of
17 offshore cod contained plastics. Foekema et al. (2013) attributed the greater number of
plastics found near inshore waters to higher levels of local plastic pollution due to coastal
proximity. Similar results were obtained by Bréte et al. (2016) in Norwegian waters, where their
302 Atlantic cod from six sampling sites around the country had a 3% ingestion rate, but cod
from the Bergen City Harbour, their most populated test site, had a 27% ingestion rate.

While it is difficult to trace plastics to the original point source of pollution, we are confident that
most of the plastics in the present study (n= 3, 60%) originate from the province of
Newfoundland as evidenced by low levels of erosion and lack of discolouring. Newfoundland is
a remote province, and plastics traveling from afar would have to endure significant time at sea.
Plastics that have spent significant time at sea or on beaches show signs of wear, erosion, or
fouling (Corcoran et al. 2009), which were absent from these plastics. The two plastic threads
found in cod (see Image 1) are the same type and colour of plastic that is commonly found on
local shorelines and coastal sea floors (Claereboudt 2004; Zhou et al. 2011), and is associated
with the bottom trawls used in the area. Local waste and sewage management practices,
geographical features, and proximity to the main urban area of the province likely impacts the
type and incidences of plastics found in our study. Most of this study’s cod were caught at Petty
Harbour and Portugal Cove, which have relatively large and open bays compared to other
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sampling locations, such as Belle Island and Quidi Vidi—both of which are located in small
inshore bays and whose cod were found to contain plastics. Further sampling of cod in these and
other inshore locations might yield larger plastic incidence rates.

A potential issue associated with comparing plastic ingestion rates among studies is the use of
different lower detection limits. As has been discussed, the lower detection limit used in this
study was Imm for ‘large microplastics’, as this has been shown to be the largest size that can
reliably detected visually through a compound microscope, and is the limit most commonly used
in plastic ingestion studies (Song et al. 2015). However, other detection limits have been used in
fish ingestion papers, where plastics of less than Imm are included in study results (for example,
Lusher et al. 2013; Phillips and Bonne 2015). This in turn might lead to an overestimation of
plastics in certain species, where a greater number of small and medium sized microplastics are
detected, or underestimation of others, including the present study where smaller microplastics
are not investigated. We found no fibers, for example, while in studies such as Rochman et al.
(2015) fibres were plentiful. This may have implications, where researchers are assessing what
species are most vulnerable to plastic ingestion, and indicates the importance of using
comparable methods in both accredited and citizen science. The development of reliable citizen
science methods is particularly important in Newfoundland and Labrador due to the importance
of fish in the local economy, community concerns regarding plastic pollution and the wellbeing
of marine life, low research infrastructure, and a wealth of local knowledge by fishermen in the
area. The present study contributes to ongoing efforts by marine plastic researchers to use and
standardize citizen science methods.

Other studies in marine plastic pollution have used volunteer participation of citizens (citizen
scientists) to contribute information, data, and samples to scientific studies (Tudor & Williams
2001, Bonney et al. 2009, Bravo et al. 2009, Ogata et al. 2009, Ribic et al. 2010, Hidalgo-Ruz &
Thiel 2013, Eastman et al. 2014, Smith & Edgar 2014, Hidalgo-Ruz & Thiel 2015). In an
overview of citizen science projects involving marine debris, Hidalgo-Ruz and Thiel (2015)
found that 68% of studies examined the spatial distribution and composition of marine litter
through beach clean ups and shoreline studies. They found that only 18% of citizen science
studies addressed interaction of plastics with biota, and only one dealt with ingestion of plastics
by fish, where plastics were gathered from shorelines and appraised for bite marks (Carson
2013). To our knowledge, ours is the first study that uses citizen scientists to gather GI tracts for
biomonitoring and analysis. Citizen scientists, and fish harvesters in particular, are an important
population for collaboration in ingestion studies because their participation allows us to sample
human food webs directly. All fish in our sample were eaten by humans. Also, compared to
studies where whole fish are bought from market and analyzed (such as Rochman et al. 2015a),
we are able to obtain more fish with additional data, including where they were caught and under
what conditions (hand line versus trawl, and nearshore versus offshore, for example). Finally, in
addition to gains in sampling, citizen science also allows for input from the community. We
hosted a public meeting of our results in Petty Harbour, where many of our samples were
collected, before submission for publication. Citizen scientists and members of the public gave
us feedback as to whether our results aligned with their own understandings of plastics and fish
in the area, and they advised that we look at mackerel and capelin, two pelagic fish species also
consumed in the area. They also invited us back for the following year to continue our study. For
remote areas with large coastlines, in fishing communities, and on topics of public concern such
as marine plastics, citizen science is an ideal methodology.
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Based on this study, we will continue to monitor the food fishery in Newfoundland’s east shore
in coming years to establish a more robust monitoring system, and we will look to sample the
south shore of the island where plastics from the Gulf Stream are likely to occur. We will also
add additional protocols to our citizen science collection to ensure entire GI tracts, rather than
just stomachs, are gathered in future studies.
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