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THE EXPEDITION ROUTE, VESSEL AND CREW 
 
On June 9, 2014 the Sea Dragon found its weather window to depart Bermuda to begin 
a 3-week expedition across the North Atlantic Subpolar Gyre, starting from the 
subtropical gyre of the Sargasso Sea. 

 
 
 
There were 14 crew on the expedition. Skipper Phil Taylor and First Mate John Wright 
(Disco John) sailed the Sea dragon safely from port to port.  March Eriksen, PhD led 
the scientific work, collecting sea samples and oceanographic data for the 5 Gyres 
Institute.  Stiv Wilson and Carolynn Box, also from 5 Gyres, managed crew logistics 
and communications.  Our crew included Carolyn Roosevelt, (Green with) Tiffany 
Paige, Sergio Izquierdo, Brett (Mr. Eco) Edwards, Aly Tharp, Genivieve Abedon, 
Allison Scott, La Benida Hui, Ryan Martin. 
 
We left St. George Harbor in Bermuda after a one-day weather delay.  Clear sunny 
skies and calm seas were ahead of us for 4 days allowing for good trawling for plastic 
and settling into life at sea.  The remaining 2 ½ weeks would prove the name 
“Subpolar” as we quickly donned gloves and boots for the remainder of the voyage. 
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The Sea Dragon (originally CB 37) and her sister-ships were built for the 2000/ 04 
Global Challenge race- a “wrong way”, upwind circumnavigation. She was designed to 
thrive in the Southern Ocean and safely handle the world’s worst sailing conditions. 
The boats were also specifically 
set up for volunteer crew with 
limited sailing experience. At 72’ 
(22m) and 90,000 lbs 
displacement she will carry up to 
14 crewmembers for extended 
journeys. Her cruising speed of 
12kts and capability make her 
true to the British MCA rating – 
she is “all oceans.”  
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THE PLASTISPHERE – THE MAKING OF A PLASTICIZED WORLD 
 
 
The utility of plastic in contemporary society is at a crossroads, where the perceived 
benefit of single-use products and packaging is outweighed by the true cost of 
persistent waste and fragmented microplastics in terrestrial and marine ecosystems.  
Plastic pollution is ubiquitous in aquatic environments, from the Mississippi River to the 
Great Lakes, and across all subtropical gyres in the global ocean.  What Life magazine 
described as “Throw Away Living” in 1955 has led to considerable demand for plastic, 
from less than 2 million tons annually in the late-1950’s to nearly 280 million tons in 
20111.  Yet managing waste, innovations in environmentally harmless product design, 
and public awareness of ecological and human health impacts, are all lacking 
extensively, leaving even the most remote regions of the planet trashed. 
 
How much plastic pollution is out there?   
Once plastic is lost to the environment it becomes pollution, not the politically loaded 
terms of debris or litter. Some have suggested that synthetic polymers in the ocean be 
regarded as hazardous waste2, a designation that would create new legal tools for 
mitigation.  Plastic pollution is the dominant type of anthropogenic material found in the 
oceans3,4. Though other types of materials are found in the marine environment, such 
as glass floats, bottles, light bulbs and tubes, metal cans and derelict traps, and cut 
wood, 60-80% is estimated to be plastic from fossil fuels5,6,7. Through degradation by 
sunlight, biodegradation, chemical and mechanical degradation, plastics fragment and 
disperse globally, accumulating in massive circular currents called subtropical gyres, 
where wind and waves slow down toward the centers.  Microplastics less than 5mm to 
macroplastics of all sizes above have been reported since the early 1970’s in the 
subtropical gyres of the North Atlantic8,9,10, South Atlantic11, North Pacific12,13, South 
Pacific14, and outside the gyres in near shore environments.15,16,17  They have also 
been found in estuaries18, lakes19, closed gulfs, bays and seas20,21.  On land plastics 
dominate desert landscapes22 and wind-driven micro and nanoplastic particles can 
reach distant terrestrial biomes, evidenced by the inadvertent collection of these 
particles by pollinating insects.23 
 
In half a century of commercial use, plastic pollution has become ubiquitous in all 
environments.  The widely accepted term to describe our geologic time, Anthropocene, 
or “Age of Man”, can be defined stratigraphically by our uniquely manufactured index 
fossil, the synthetic polymer, plastic. 
 
Placing a number on the magnitude of the problem is challenging.  With substantial 
evidence of ocean pollution from the first series of expeditions to all accumulation 
zones in the five subtropical gyres, and the best ocean current models available, The 5 
Gyres Institute has established a 2013 estimate of .269 million tons of plastic marine 
pollution worldwide from 5.25 trillion particles larger than 0.33mm. The majority of this 
debris accumulates in the subtropical gyres, or roughly 21% of the planet’s surface24. 
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5 Gyres model estimate of plastic distribution worldwide in 4 size classes, totaling .269 million tons from 
5.35 trillion particles. 
 
 
Where does plastic pollution come from? 
Plastic waste may enter waterways through storm water drainage, illegal dumping into 
near shore environs, lost fishing gear or other maritime activities, microplastics evading 
sewage treatment effluent or overflowing during high-volume rain events25,26, or by 
blowing off beaches or developed structures, like docks and piers27. 

 
Looking offshore to the beaches of remote islands in the gyres, there’s a 
preponderance of fishing industry related debris28, including nets, buoys and line, 
surrounded by durable consumer goods, shoes, buckets and crates, bottles and caps, 
and other random hard plastic objects from toys to umbrella handles.  These island 
surveys represent what survives over time at sea, favoring thick plastic buoys over thin 
plastic bags or foamed polystyrene.  This varies widely from mainland coastal surveys, 
where the derelict fishing gear drops to 20%, leaving the majority of debris 
representing single-use throw away plastic items29.  International Coastal Clean up day, 
harnessing the efforts of over 561,000 volunteers in 97 countries to pick up over 10 
million pounds of pollution along 17,700 miles of shoreline, documents the top 10 
pollutants found as cigarette filters, food wrappers, plastic bottles, plastic bags, lids and 
caps, plastic tableware, straws, glass bottles, cans, and paper bags30.  These products, 
though globally represented, are most prevalent in developing nations with no 
infrastructure for waste management.  The burning of waste, or discard to rivers or the 
edge of town, is the norm for many countries with limited alternatives. 
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In developed nations, where relatively less plastic is lost to the environment, a new 
threat of microplastics has recently been uncovered.  A recent expedition across the 
Great Lakes in North America described a large abundance of 0.5mm spherical 
polyethylene particles, rivaling the counts of microplastics in most ocean samples31. A 
comparison revealed similarities in size, color, shape, and composition to microbeads 
commonly used in consumer facial cleansers as an exfoliant.  Plastic microbeads in 
this application are intended to be washed into the sink and presumably captured by 
municipal waste water treatment facilities32. Yet many sewage treatment plants do not 
capture floating, non-biodegradable, particles of this size.  Furthermore, when cities 
employ combined sewage overflow, which merges stormwater with raw sewage on 
heavy rain days, the microbeads flow directly into the aquatic environment33.   Sewage 
effluent also contains microfibers from the washing of synthetic textiles from both 
laundry facility and household waste water 34. 
 

      
                Microbeads found on the surface of Lake Erie during the 2012 expedition 
 
Increases in coastal population density, climate change, and the rapid growth of plastic 
production have led to catastrophic events like hurricanes, floods and tsunamis, 
leaving a legacy of plastic waste.  A 2007 survey of the Mississippi River delta post-
Katrina revealed abundant microplastics in waters around New Orleans, with highest 
counts in the Industrial Canal.  The Mississippi and Atachafalaya rivers, Lake 
Pontchartrain and the Rigolets showed greater macroplastics than microplastics, 
typical of nearshore or inland environments where plastic degradation and 
accumulation is reduced. Beach surveys throughout the Mississippi Delta, including the 
Chandelieur Islands, Ship and Dauphine Islands yielded large macrodebris items from 
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the hurricane, including household appliances and construction material, as well as 
items from fishing and petroleum industries, such as buoys, ropes and hard hats35.  
The United States Corps of Engineers (USACE) estimates 118 million tons of debris 
were created by Hurricane Katrina.36 What remains at sea is unknown.   
 
In a recent survey of marine impacts from the 2011 Japanese tsunami, researchers 
sailed from Tokyo to Hawaii through the sub-surface debris field.  During the 28-day 
voyage, crew detected 820 objects during 41 non-consecutive hours of sea surface 
observations, of which 98% were plastic, representing bottles, shoes, combs, crates 
and buckets, toys, fishing gear, foam insulation attached to building materials, a truck 
tire and half of a fiberglass fishing boat37.  This expedition across the Pacific Ocean 
after a natural disaster, much like the debris survey following Hurricane Katrina, 
demonstrates the persistence of plastic over all other materials, such as metal, wood 
and glass, washed into the environment. 
 
 
What is the impact of plastic pollution on wildlife? 
The Convention on Biological Diversity summarized that there are currently 663 
species of marine life known to be impacted by marine debris38.  A wide range of 
marine life is impacted by plastic pollution through entanglement or ingestion, including 
marine mammals, birds and reptiles39,40.  One snapping turtle appeared on the 
doorstep of the New Orleans Audubon Zoo in the early 1990’s with a plastic ring from 
the neck of a milk jug bound around its waist. The turtle, weighing over 3 pounds, was 
the size of a football.  The constriction prevented the shell and vertebrate from fusing, 
resulting in an hour-glass shape of the carapace, earning her the moniker “Mae West”.  
This deformity also demonstrated the durability of plastic. In the ocean, all sea turtle 
species are represented in hundreds of necropsy reports and observations of 
entanglement. Ecological impacts include the transportation of invasive species.  
Plastics ranging from the size of resin pellets to large derelict nets and vessels may 
transport microbial communities, invertebrates and larger organisms to non-native 
regions.41,42 
 
Plastic pollution is not benign in the environment or when ingested, but has the 
potential to cause harm through desorption of chemicals on plastic.  Several persistent 
organic pollutants (POPs) bind to 
plastic as it is transported throughout a 
watershed, buried in sediment or 
floating in the ocean43,44,45.  A single 
pellet may attract up to one million 
times the concentration of some 
pollutants in ambient seawater46, 
making those chemicals readily 
available to marine life.  Food mimicry, 
based on color, shape or presence of 
biofilms, is one mechanism driving 
ingestion of plastics, as well as filter Rainbow runner found in the N. Pacific Garbage patch 

with 17 fragments of microplastic in its stomach. 
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feeding and respiration. Once in the stomach POPs may desorb due to changes in PH, 
temperature, or the presence of surfactants47.   
 
Lab studies of ingested plastic nanoparticles have shown an uptake of particle sizes 
under 10µm into the circulatory system of mussels48 that can bridge trophic levels into 
crustaceans49 and other secondary consumers50.  Some persistent pollutants, like 
polybrominated diphenyls (PBDEs), flame-retardant chemicals used in plastic product 
manufacturing, may transfer to birds after ingestion51. In laboratory experiments with 
lugworms ingesting plastic particles laden with PBDE’s, the lugworms desorbed the 
chemical and resulted in a marked reduction in feeding response52.  Polychlorinated 
biphenyls (PCBs), an environmentally persistent industrial chemical used as a thermal 
insulator, has been shown to transfer to lugworms through ingestion of microplastics53, 
as well as in seabirds that ingest larger plastic items54.    
 
 
What is the impact of plastic and plasticizers on human health? 
 How plastic marine pollution affects human health is a long chain of cause and 
effect following the path of plastic waste through the watershed as it accumulates 
toxins, flows to the ocean, and degrades over time into fragments the size of fish food 
that desorb toxins into the marine organisms human harvest for food.  Yet, before 
people even sit down to dinner, many plastic products we touch, wear, sit upon, drink 
or eat from or with leach synthetic compounds into our bodies.  Many of the chemical 
building blocks of plastic, or the additives that give it varied properties, have adverse 
effects on humans and other mammals. Polymerization leaves some monomers 
unbounded and free to migrate from food containers, bottles, and utensils.  Many 
plasticizers included as additives not bonded to the polymer.   Some of these 
compounds bioaccumulate in our bodies.   
 
Bisphenol A (BPA) - the building block of polycarbonates - and Phthalates - the plastic 
additive that turns hardened PVC into pliable vinyl, - are both known endocrine 
disruptors.55,56  This is not surprising in the case of BPA, which was invented as a 
synthetic estrogen57, yet proved to be more appealing as a plastic additive.  Today 
BPA is ubiquitous in human body burdens of synthetic chemicals.    Exposure ranges 
from the lining of metal cans for food storage58, to CD’s, DVD’s, polycarbonate 
dishware, and receipt paper from cash registers.  BPA has been linked to many 
developmental disruptions, including early puberty, increased prostate size, obesity, 
insulin inhibition, hyperactivity and learning disabilities59. 
 
Phthalates are similarly problematic as endocrine disruptors,60 with effects including 
early puberty in females, feminization in males, and insulin resistance61.  Different 
phthalates are found in paints, toys, cosmetics and food packaging, added for the 
purpose of increasing durability, elasticity, and pliability.  In medical applications, such 
as IV bags and tubes, phthalates are prone to leaching after long storage, exposure to 
elevated temperatures, and as a result of the high concentration present - up to 40% 
by weight62.  Although phthalates metabolize quickly, in a week or less, we are 
exposed continuously through contact with plastics, like vinyl and soft plastic products. 
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A large number of other additives and contaminants commonly found in consumer 
plastic products raise human health and ecological concerns. Most notable are 
polychlorinated biphenyls (“PCBs”)63, polyfluorinated compounds (“PFCs”)64,65,66,  the 
pesticide/sanitizer triclosan67,68 also used in over-the-counter drugs, anti-microbial 
hand soaps and some toothpaste brands, flame retardants, particularly PBDEs69,70, 
and nonylphenols. 
 
 
What is the fate of plastic pollution in the gyres?   
There are multiple known and suspected pathways whereby the estimated 1.8 million 
tons of plastic pollution in the subtropical gyres will leave the ocean. Sea Education 
Association (SEA), based in the Woods Hole Oceanographic Institution, reassessed 
archived plankton net tows spanning 22 years, finding no significant increase in 
microplastics on the sea surface, regardless of well-documented increases in coastal 
inputs over the same time71.  Islands in the gyres function as natural nets, with 1000’s 
of miles of coastline receiving plastic pollution that washes ashore and requires 
substantial clean-up efforts. On Hawaii’s Kamillo Beach an estimated 165 tons of 
plastic pollution were removed by volunteers in the decade since 2003.72  We know 
that plastics degrade into microplastics and ever-smaller particles by photo and 
mechanical degradation73, that microbial degradation of polyethylene happens 
slowly74,75, and that some microplastics sink to the deep sea floor76.  Microplastics have 
been found throughout the vertical water column, suspended beneath the sea surface, 
where most ocean sampling takes place.  It may be that the ingestion of microplastic 
fragments by fish and zooplankton may package these particles in fecal pellets that are 
excreted and slowly sink. The ultimate fate of microplastics in the marine environment 
is poorly known.  
 
 
Producer responsibility for plastic pollution in the 21st century 
In 1971 Iron Eyes Cody was portrayed on television across the United States as the 
“Crying Indian” in public service advertisements designed to curtail litter along the new 
interstate highway system.  The organization Keep America Beautiful, with significant 
funding from Philip Morris, Anheuser-Busch, PepsiCo and Coca-Cola, ran the ad with 
the tag line, "People Start Pollution. People can stop it."  The focus was on consumer 
behavior as the principle source of litter, rather than a fair assessment of product 
design.  
 
A focus on consumer behavior rather than product design has prevailed over decades 
of increasing plastic use and non-biodegradable waste, and in developing countries 
where waste management is non-existent, single-use plastic packaging is a pervasive 
pollutant.  The appropriate ethic, demonstrated by the failure of “litter-focused 
campaigns” over the last four decades, is that producer responsibility must 
demonstrate successful recovery or environmental harmlessness.  Responsibility for 
product end-life is now shifting to this ethic, albeit with resistance from many 
manufacturers of plastic and its products, based on the concept Extended Producer 
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Responsibility (“EPR”).  Simply put, all products and packaging must demonstrate a 
successful recovery plan, either voluntary or incentive-based recovery schemes, or 
they must be environmentally harmless.  ‘Benign by design’ is the new motto, evoking 
a plethora of green chemistry and product design solutions for efficient recovery, ease 
of repair, or biodegradable parts.  The transition to EPR will require phase-outs of 
polluting products and packaging, which may occur voluntarily or by bans or assessed 
fees. Traditionally, tax-payer funded municipal waste management collects, transports, 
sorts, recycles, burns or buries plastic waste.  EPR promises to reduce waste volume, 
while also reducing persistent waste in the environment. 
 
EPR does not absolve the public of responsibility for litter.  Nor does it account for the 
millions of tons of plastic pollution in the gyres and leaving coastal watersheds daily. 
Though EPR is essential to curbing the creation of plastic pollution, many developing 
nations lack the waste management system necessary to deal with current waste.  
Without opportunities for recovery, the norm for much of the world is to burn or bury 
plastic.  Two additional solutions apply here – build infrastructure for waste 
management in developing nations, and promote general public awareness about the 
ecological, economical and human health concerns about plastic pollution.  
 
The future of research on this issue will focus on the ultimate fate of plastic pollution in 
all environments, and further defining the impacts of persistent chemicals from plastics 
on humans and other life forms.  How do we mitigate the inputs, while we monitor the 
outputs?  What will change how we view plastics is honest, science-based analyses of 
the true cost to society and the sea. But the ocean is not where solutions will begin.  
Despite the unfathomable mass of plastic pollution globally, it is challenging to mitigate 
the problem based on data from the gyres, where garbage patches are in international 
waters and the plastic is too degraded to assess blame or remedy.  Effective solutions 
must begin upstream, to the behavior of the consumer and the design of the product.  It 
is where we can assign responsibility, either through the good will of the producer, 
customer demand, or the legislative arm of governments.  To save our synthetic seas 
we must take responsibility at the source of the problem. 
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EXPEDITION RESEARCH OBJECTIVES AND METHODS 
 
 
1.  Manta and hi-speed trawls: 

Two trawls designed to capture plastics on the sea surface. 
2.  Vertical distribution: 

This trawl will help tell us how plastic is distributed vertically below the sea as 
the wave state increases. 

3.  Visual observations: 
Like the manta net, visual observations look for surface plastics, but in this case 
we look for what doesn’t fit in the net. 

4.  Fish/turtle Bite Survey: 
There are fish biting plastic in the N. Atlantic, but we don’t know which ones. 

5.  iGyre: Plastic Ocean 
Our citizen science program will use all trawl data to recalibrate our global 
model 

6.  iGyre: Plastic Beach 
Surveying micro and macroplastics in Bermuda and Iceland will show us 
differences in type, size and abundance. 

  
 

 
Manta and mini hi-speed trawls.  
Surface samples were collected using a manta trawl with a 0.6 x 0.15 m2 rectangular 
opening manta trawl with a 3 m long, 333 micron net and a 30 x 10 cm2 collecting bag.  
The mini hi-speed trawl has a 10 cm wide net opening and is .5 m tall.  It is designed to 
capture surface plastics very quickly while under sail.  Samples from both nets are 
preserved in isopropyl alcohol and sent to a lab to count and weigh particles in 3 size 
classes (.33-1mm, 1-5mm, >5mm).  These data will be used to describe the distribution 
of microplastics across the North Atlantic gyres. 
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Vertical trawl.  
Vertical distribution in varied sea states is not 
understood. What we do know is that debris does move 
downward.  Mechanisms for vertical distribution may 
include sea state, fouling by heavier organisms, polymer 
type and shape, as well as the behavior of small particles 
as they respond to surface tension rather than buoyancy.   
 
On this expedition we aimed to test the equipment and 
collect a few samples. By adjusting buoyancy and 
weights at the bottom of the trawl, we were able to 
successfully collect 3 samples in sea state 1.  
 
    
Visual Observations.  
Since we can’t catch the big stuff in our nets, we sit on deck while the manta trawl is 
out and look for it.  This creates a 4th size range of macroplastic data to go with our 
microplastic data. 
Visual observations of large debris are essential to making a realistic assessment of 
the problem. From our global estimate we find that more than 90% of debris is 
macrodebris, leaving less than 10% of debris captured by our nets.  This extreme bias 
is addressed by doing visual surveys. 
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Fish/turtle Bite Survey: 
It’s safe to say that most of the bottles found drifting in the N. Atlantic have fish bites, 
but which fish is the culprit?  We’ll collect plastic with bites, photograph them, and 
compare to fish and turtle skulls in the Bermuda Aquarium and Natural History 
Museum and at BIOS.  During our time in Bermuda we were able to collect over 40 
pieces of fish-bitten plastic from the beach, as well as photograph triggerfish and turtles 
in the aquarium collections. 
 

 
 
iGyre: Plastic Ocean 
Using data from all expedition trawls, we will recalibrate our current global model to 
determine a new estimate of the total weight and particle count of plastic pollution in 
the N. Atlantic.  These data, along with other data from recent expeditions, will provide 
a new global estimate. 
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iGyre – Plastic Beach  
On this expedition we are surveying microplastics on beaches in Bermuda and Iceland.  
Our intention is to collect data on micro and macroplastic distribution and abundance, 
sourced from two different gyre systems in the N. Atlantic. These comparisons will help 
us characterize what’s at sea and where it is.   
We are working with other NGO’s, like NOAA and Scientificos de la Basura, to 
standardize protocols and make global comparisons.   
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PRELIMINARY RESULTS 
 
During the expedition we accomplished 30 manta trawls, 8 mini hi-speed trawls, 3 
vertical trawls, 8 beach transects and 40 visual observations.  In the months ahead 
we’ll process all samples with the intention of publishing a comparison of plastic type, 
size and abundance between the subpolar and subtropical gyres of the N. Atlantic. 
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EXPEDITION TALKING POINTS  
 

1. Our primary objective of the expedition is to document plastics in both the 
subtropical and subpolar gyres of the N. Atlantic. We confirmed that 
microplastics are present in all trawls, even in extremely remote regions of the 
world.   

2. The garbage patch in the North Atlantic does not have clear boundaries, and 
microplastics could arguably be explained as globally distributed with 
accumulation in regions where wind and current are absent. 

3. Plastic pollution also occurs in hotspots where plastic is lost to the environment: 
dense coastal populations, river mouths, maritime activities. 

4. The garbage patches, like others in the world, are not an island of trash. They 
are more akin to a soup of widely distributed plastic pollution in sizes ranging 
from microplastic dust to 1 ton tangled masses of nets.  This reality is much 
worse than an island, because it makes clean-up a very impractical solution.  
This observation, and the global extent of it, lends more support to land-bases 
solutions over clean-up at sea. 
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CONCLUSION 
 
The Sea Dragon safely carried 14 crew 2,400nm from Bermuda to Iceland.  Our 
research goals were met despite cold and rain along the way.  We arrived in Iceland 
after 21 days at sea after a true adventure.  Crewmembers walk away with tools they 
can use to become ambassadors for ocean conservation, specifically on the plastic 
pollution issue. You each have a sample of microplastic collected from Tobacco Bay in 
Bermuda.  With this, combined with shared research papers and presentations, and 
mostly your own experience, you can now make changes in your community.  We have 
accomplished something great together. 
 
Fair winds and following seas 
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