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Executive Summary

Marine debris is a global environmental issue of increasing concern. Marine ecosystems worldwide are
affected by human-made refuse, much of which is plastic. The potential impacts of waste mismanagement
are broad and deep. Marine debris comes from both land and sea-based sources and can travel immense
distances. It can pose a navigation hazard, smother coral reefs, transport invasive species and negatively
affect tourism. It also injures and kills wildlife, can transport chemical contaminants and may pose a threat
to human health.

Marine debris includes consumer items such as glass or plastic bottles, cans, bags, balloons, rubber, metal,
fibreglass, cigarettes and other manufactured materials that end up in the ocean and along the coast. It
also includes fishing gear such as line, ropes, hooks, buoys and other materials lost on or near land, or
intentionally or unintentionally discarded at sea.

The Australian government has recognised marine debris as a key threatening process, because of the
potential harm it poses to wildlife. In 2003, ‘injury and fatality to vertebrate marine life caused by ingestion
of, or entanglement in, harmful marine debris’ was listed as a key threatening process under the
Environmental Protection and Biodiversity Conservation Act 1999 (EPBC Act). A key threatening process is
defined as one that ‘threatens or may threaten the survival, abundance or evolutionary development of a
native species or ecological community’. Under the EPBC Act, the Australian government implemented the
Threat Abatement Plan (TAP) which focuses on strategic approaches to reduce impacts and injuries to
marine fauna and ecological communities.

CSIRO’s national marine debris project set out to address knowledge gaps identified in the TAP. The project
engaged with young Australians while collecting robust, scientific data relevant to the global marine litter
problem. To understand the patterns and sources of marine debris and assess the potential harm posed to
Australia’s marine fauna, our research sought to address four questions:

1) What are the sources, distribution, and ultimate fate of marine debris?
2) What is the exposure of marine wildlife to debris?
3) When wildlife are exposed to debris, what factors determine whether animals ingest or are

entangled by debris?
4) What is the effect of ingestion or entanglement on marine wildlife populations?

To address the first question, we carried out a national coastal marine debris survey at sites approximately
every 100 km along the Australian coastline. Parts of this work and related research activities were
incorporated into TeachWild, a national three-year marine debris research and education program
developed by Earthwatch Australia together with CSIRO and Founding Partner Shell. This is the world’s
largest scale, integrated, rigorous collection of marine debris data.

As part of TeachWild, we engaged with more than 5,500 students, teachers and Shell employees in one-day
research and training projects that helped to build knowledge, skills and to change attitudes in issues
relating to ocean health. We engaged with more than 150 teachers and Shell employees in immersive,
single and multi-day field-based research expeditions led by CSIRO scientists. We also developed curriculum
content using marine debris as a teaching tool for science and mathematics to meet the Australian national
curriculum guidelines. CSIRO scientists inspired students to explore their world through science in ways
that were meaningful and relevant, motivated teachers through innovative learning, and helped increase
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capacity and networks for educators and citizen scientists, in Australia and beyond. Staff scientists engaged
in live-links and video calls that enabled students and Shell employees to ask questions, promoting deeper
community engagement. Through this project we connected schools, communities and industry with
scientists on a globally important conservation issue through extensive communication, outreach,
interviews, webinars, video calls and face-to-face activities. Overall, we reached more than one million
Australians, helping to educate them about and increase their understanding of marine debris.

Another key area of deep engagement for CSIRO scientists took place through mentoring and advising the
next generation of researchers. CSIRO scientists have been mentors to eight international students who
participated in the marine debris project. This included postgraduate students and undergraduates seeking
experience in research institutions outside of their home institution as part of their undergraduate or post-
graduate education. CSIRO scientists also supervised four Australian honours and PhD students whose
research is focused on marine debris issues.

We also developed a public, online, national marine debris database. Here, members of the public can
contribute data they collect about local beach litter, following our simple methodology that is freely
available online. We also engaged with existing initiatives such as Clean Up Australia, Tangaroa Blue and
Surf Rider Foundation, as well as other remarkable NGOs and state based organizations that are cleaning
up Australia’s beaches. Together, all of these organisations and citizen scientists contribute to the improved
understanding of the types, amounts and sources of debris that arrives on Australia’s coastline.

Type, source and quantity

We found that within Australia, approximately three-quarters of the rubbish along the coast is plastic. Most
is derived from nearby sources, with some likely to be from overseas. In coastal and offshore waters, most
floating debris is plastic and the density of plastic ranges from a few thousand pieces of plastic per km? to
more than 40,000 of pieces of plastic per km2. Debris is more highly concentrated around major cities,
suggesting local source point pollution.

Threats to marine fauna

As the quantity of debris increases in the marine environment, so does the likelihood of impacts from
debris to marine fauna. Plastic production rates are intensifying, and the volume of refuse humans release
into marine systems is growing at an exponential rate. Litter impacts wildlife directly through entanglement
and ingestion and indirectly through chemical affects. We have documented rates of each of these
mechanisms through dissections, literature reviews, chemical analyses and modelling.

Ingestion risk to marine turtles

We found that the ingestion of anthropogenic debris by marine turtles has increased since plastic
production began in the 1950s. Smaller, oceanic-stage turtles are more likely to ingest debris than coastal
foragers, and carnivorous species are less likely to ingest debris than herbivores or gelatinovores. Our
findings indicate oceanic leatherback turtles and green turtles are at the greatest risk of both lethal and
sub-lethal effects from ingested marine debris. Benthic phase turtles favour soft, clear plastic, supporting
the hypothesis that marine turtles ingest debris because it resembles natural prey items such as jellyfish.
Most items ingested by turtles are plastic and positively buoyant. We estimated the risk of ingestion across
turtle populations at the global scale, and identified regions, such as the north-eastern Indian Ocean, where
risks appear to be particularly high.
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Ingestion risk to seabirds

We developed a new simple, minimally invasive way of quantifying plastics exposure in seabirds. It can be
applied at individual, population and species levels and it has no observed detrimental impacts. We also
carried out a global risk analysis of seabirds and marine debris ingestion for nearly 200 species and found
that 43% of seabirds and 65% of individuals within a species have plastic in their gut. Our analyses predict
that plastics ingestion in seabirds may reach 95% of all species by 2050, given the steady increase of plastics
production. We identified high risk regions for seabird impacts, finding a global hotspot in the Tasman Sea
between Australia, New Zealand, and the Southern Ocean. In a species-specific study involving TeachWild
participants, we found that 67% of short-tailed shearwaters (Puffinus tenuirostris) ingested litter. Juvenile
birds were more likely to ingest debris than adult birds, and young birds ate more pieces of debris than
adults. Birds ate everything from balloons to glow sticks, industrial plastic pellets, rubber, foam and string.

Entanglement risk to turtles and pinnipeds

Entanglement poses a significant risk to marine fauna. Seabirds, turtles, whales, dolphins, dugongs, fish,
crabs and crocodiles and numerous other species are killed and maimed through entanglement. We
estimate that between 5,000 and 15,000 turtles have become ensnared by derelict fishing nets in the Gulf
of Carpentaria region. For pinnipeds in Victoria, the majority of seal entanglements involved plastic twine
or rope, and seals become entangled in green items more than in any other colour. In general, young seals
are entangled in greater numbers than adults.

Prevention and Recommendations

The most effective way to reduce and mitigate the harmful effects of marine debris is to prevent it from
entering the marine environment: cleaning up our oceans is a much less practical solution. To reduce litter
inputs requires incorporating an improved understanding of debris at the local, regional and national levels.
Improved waste management efforts, targeted education and outreach activities, and technology solutions
are also required.

We investigated drivers for releases of debris into the ocean and the potential effectiveness of responses in
three contexts. Using our coastal survey data and interviews with more than 40 coastal councils around
Australia we investigated the likely drivers for marine debris and effectiveness of local policy responses. We
found evidence for two main drivers, general consumer/user behaviour and illegal dumping of refuse.
Similarly, we found that local council outreach, which presumably affects user behaviour, and anti-dumping
campaigns were both effective in reducing the debris found in coastal areas. We examined the drivers for
lost fishing gear and found that they were a mix of overcrowding on fishing grounds, poor crew training,
and enforcement evasion. We also evaluated the effectiveness of incentive schemes, such as South
Australia’s container deposit scheme, in reducing waste lost into the environment. The scheme appears to
be very successful, reducing the number of beverage containers, the dominant plastic item in the
environment, by a factor of three.

By garnering the information needed to identify sources and hotspots of debris, we can better develop
effective solutions to tackle marine debris. For example, fisheries management aimed at reducing losses of
fishing gear at sea would undoubtedly result in less wildlife harmed by entanglement and educating the
next generation will improve our world for the future. Working together, scientists, industry partners,
coastal managers and citizen scientists can make significant strides to reduce marine debris impacts in
coastal areas and in the marine environment.
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Partl Introduction

Marine debris poses a global threat to biodiversity of immense proportion. For instance, more than six
million tons of fishing gear alone is lost in the ocean each year (Derraik, 2002). Despite this staggering
amount of marine waste, fishing gear forms only a small percentage of the total volume of debris in the
ocean: it does not even make the list of the top 10 most common items found during coastal clean-up
operations (Ocean Conservancy, 2014). The impacts of this threat on biodiversity are both broad and deep.
Marine debris has been reported to have direct impacts on invertebrates, fish, amphibians, birds, reptiles,
and mammals (Good et al., 2010) and new work has demonstrated chemical impacts and hepatic stress to
wildlife from plastic ingestion (Rochman et al. 2013). Some plastics also contain oestrogen mimics
(xenoestrogens) which have been shown to disrupt reproductive development in fish (Rochman et al. 2014,
Vadja et al. 2008) and may be associated with other potential health risks (sensu Le et al. 2008). These
impacts are known to be a significant threat to the persistence of several threatened or endangered marine
species, and likely to be affecting many others. For example, up to 40,000 fur seals are killed each year by
entanglement in debris (Derraik, 2002) and entanglement and ingestion are major causes of population
decline for some marine mammals. Generally speaking, the known impacts from debris in the marine
environment are increasing, and the volume of refuse humans release into marine systems is growing at an

exponential rate.

In 2011, a three year partnership was entered into by Shell, Earthwatch Australia and CSIRO. Together,
TeachWild was developed to highlight the global problem of marine debris and engage the community in
investigating the effects of marine debris on Australian wildlife. The goal of CSIRO’s research in this project
was to develop a national risk assessment for wildlife species that are affected by marine debris, addressing
a topic (marine debris) that has been identified as a ‘key threatening process’ to wildlife in Australia. The
project integrated field, modelling and biochemical marker approaches to understand the impact of marine
debris on fauna at both national and international scales. One of the critically important (and rewarding!)
aspects of this work was that we collaborated and engaged intensively with school groups to promote
science education and learning through a timely and relevant topic that is part of the national science
curriculum. Using marine debris as a learning tool, there are opportunities for strong linkages to maths,

chemistry, physics, biology, oceanography and other learning topics in the national curriculum.

The CSIRO national marine debris project sought to answer four fundamental questions:
1) What are the sources, distribution, and ultimate fate of marine debris?

2) What is the exposure of marine wildlife to debris?
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3) When wildlife are exposed to debris, what factors determine whether animals ingest or are

entangled by debris?

4) What is the effect of ingestion or entanglement on marine wildlife populations?

The aspirational aims of the project were to:

%+ Carry out a nation-wide risk analysis completed for focal species across multiple taxa

++ See increased science learning and uptake for individuals, schools, communities and industry across
the country

** Provide information to inform policy decisions based upon sound science

++» Develop a priority list of ‘at risk’ species based upon distribution, encounter and impact of debris

**» Engage with industries contributing to the marine debris issue (with potential solution-based
approaches to resolving the issue) and

++» Contribute to a change in behaviour resulting in decreased marine debris deposition across the

country due to science learning at local scales.

The partnership has been an overwhelming success and the research has generated an overwhelming
amount of public interest. In the course of three years of the project we successfully addressed the four
fundamental questions (above). The project also successfully achieved the aspirational goals. To address
guestion one, we completed coastal debris surveys around the country. While the initial proposed plan
focused on coastal surveys at a reduced number of regions (Figure 1), we were able to extend the coastal

debris surveys to collect data along the coastline in every state and territory (Figure 2).

Results from the coastal debris surveys were analysed using a statistical model to infer how local conditions
such as aspect, slope and substrate affect the density of debris. We also explored the role of explanatory
variables such as population density and distance to cities to understand factors affecting debris
distributions. The end result of these analyses is further discussed in 5.1 with implications from this work

presented in Part VIl and VIII.
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Figure 2. Map showing locations of coastal debris surveys around mainland Australia and the southern island state
of Tasmania. This map includes locations of school debris surveys (blue squares), engagement with the ‘Kids

Teaching Kids’ program (green stars) and CSIRO surveys (red circles).

To address question 2 ‘What is the exposure of marine wildlife to debris?’ we overlaid the predicted
distributions of debris in the ocean with known or predicted distributions of animals at sea. We validated
these predictions for seabirds and turtle taxa based using published literature on plastic ingestion rates for
these species, and supplemented the published knowledge with primary research. We were able to further
investigate exposure and debris impacts on marine fauna using direct observations for focal taxa including
seabirds (60+ species), turtles (3 of the 6 species that occur in Australian waters) and marine mammals

(Australian fur seals).

Questions 3 and 4 were addressed through direct studies on focal taxa at breeding sites and at sea,
depending on the taxa. To begin to estimate population level exposure of anthropogenic litter, we
developed a new, minimally-invasive chemical assay method to assess plastics ingestion in seabirds (Section

6.1). We also developed the first robust estimation of the number of turtles likely to be killed through
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entanglement in derelict fishing gear, based upon a collaborative project with GhostNets Australia and

Indigenous rangers (results presented in Section 6.2 and Appendices A and B).

In addition to developing new information which can be used to understand individual, population, and
species level exposure to this anthropogenic threat, the project had a number of successful educational
outcomes. Collaboration with Earthwatch Australia in developing school and citizen science engagement
has greatly enhanced both the awareness of marine wildlife and the importance of this threat, along with
enriching the educational experience of the students involved in the program. The research carried out by
the CSIRO team with the support of TeachWild participants has been integrated to evaluate the risk marine
debris poses to Australian wildlife. Findings from the work have also been provided to the Commonwealth
government, to the science community, and to international organizations and to other interested parties.
Overall, we met or exceeded each of our hopes and expectations and successfully built an inquiry-based

learning environment for the next generation of leaders in Australia.

Finally, project staff were able to develop a number of outputs identifying opportunities and actions that
could reduce the input of debris into the marine environment. We used the coastal survey data,
supplemented with interviews with more than 40 coastal councils around the country to evaluate whether
local policies had either a positive or negative effect on the rate of input of debris. We found that overall
investment or facilities had little impact on debris. However, councils that had targeted part of their budget
specifically to address debris were successful in reducing it. The most effective actions were those that
involved waste facilities at coastal sites, but also prosecution of illegal dumping and outreach to the local
populace. We also found a wide range of investments, facilities, and programs that did not have a
demonstrable effect. However, councils where debris accumulated were generally aware of the issue, and
generally had well target programs. One area of potential improvement would be addressing policies in
councils that are sources of debris, as there was less evidence that these councils were aware or active with

respect to this issue.

In addition to these research activities, project staff were involved in a wide range of scientific
engagements and policy engagements. The research outputs are summarized throughout the relevant
sections (particularly Parts V, VI and VII). There was significant interest at the local, national, international
levels for a wide range of outputs from the project, ranging from professional advice to research tools and
outputs. Project staff engaged with coastal councils, state governments, natural resources management
bodies, the commonwealth government, foreign governments, NGOs involved in marine debris issues, and

international policy and management bodies over the course of the project, in addition to Australian
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citizens who have a high level of interest in engaging scientists about this work. This interest in the research
tools and outputs was unanticipated when the project was designed, and has added significant additional

value to the planned outputs.

A further area of deep engagement for CSIRO scientists took place through mentoring and advising the next
generation of scientists, managers and citizens. In the course of the national marine debris project, CSIRO
scientists have served as supervisors and mentors for eight international students. These students included
undergraduates seeking experience in research institutions outside of their home institution as part of their
undergraduate or post-graduate training, as well as postgraduate students undertaking research on marine
debris topics. CSIRO scientists also supervised four Australian honours and PhD students whose research is
focused on marine debris issues. Students from Brazil, France, the Netherlands, Ecuador and Australia have

been actively engaged in the marine debris project.

As the first phase of TeachWild comes to a close, a number of questions arise.

What will happen to the national marine debris data/database?

CSIRO will continue to host the national marine debris database for the time being. We are committed to
ensuring that the citizen-science collected data are available for interested users. We hope that school
groups and other volunteer citizen scientists will continue to contribute to the national database and will
continue to collect information in a repeatable way. This will allow future analyses to look at changes in the
amounts and types of rubbish deposited along the coastline at different seasons, in different years, and
through time (particularly if or as different waste management policies are put into place). Repeated visits
to the same sites and collecting consistent data (as happens at many sites around the country — look at the
fantastic data being collected by a number of coastal council and volunteer groups in South Australia for

some examples).

Can I still enter data in the database?

The answer is yes! The database will remain available for entering data and we will continue to try to
answer questions as they arise. We are hopeful that citizen scientists will continue to clean up their local
beaches/coastline and that information will continue to be shared. Perhaps future funding would allow

increased direct engagement with schools in the future, as well as other follow on work from this project.
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What is next for the marine debris project?

The next steps for the CSIRO national marine debris project are continuing to unfold. We continue to take a
risk-based approach to understand marine debris impacts on wildlife, expanding on our recent work with
seabirds and turtles (see publications provided in the Appendices). We are looking more deeply at
population and species level impacts of plastic litter on several taxa and we are applying new methods we

have recently developed to look at population level exposure to plastics in seabirds.

We are collaborating with colleagues around the world to improve the local, regional, and global
understanding of marine litter inputs to the environment. We are particularly focused on evaluating waste
management activities and policy effectiveness as part of our efforts to understand where, why, when and
how litter is being lost in the supply chain and ending up along the coast. One of our key goals is to provide
information that can help to reduce litter inputs into the environment prior to biodiversity impacts. We
continue to try and work with managers, policy makers and other members of the public to provide

meaningful information to help people, communities and industries make informed decisions.
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Part Il Year One in Review

2.

A brief synopsis

Several key milestones were identified for the first year of the project in 2011-2012. These milestones
included: 1) develop project curricula that fit into the national science curriculum; 2) develop a web
based resource for public profile and community engagement; 3) identify potential schools with which
to engage in the TeachWild program, particularly focusing on schools in important Shell-identified focal
areas; 4) initiate data collection and input; 5) carry out ‘Scientist for a Day’ excursions with schools; 6)
carry out seven-day research expeditions with teachers and, if possible, 7) carry out sea-based research

expeditions with teachers.

We met each of the milestone objectives set out for year one (see progress report for year one,
Appendix C). Not only did we contribute significantly to curriculum content that was developed for
TeachWild, but we worked with teachers to develop specific lesson plans for targeted student groups,
beyond the TeachWild curriculum, ensuring that these interactive inquiry-based lessons met the

requirements of the national science curriculum.

We successfully developed an online data entry portal that utilised the Atlas of Living Australia’s (ALA)
Global Biodiversity Information Facility (GBIF). Through our CSIRO partnership with ALA, we were able
to develop an open access and easily accessible national marine database that was available to
volunteers, students, teachers, and citizen scientists. Here, data on beach surveys, incidental sightings
and other site location information was initially collated. The data portal was established so that

individuals and groups could input data and see summaries of information from across the country.

The important first step was to target schools with whom to engage. We achieved this through CSIRO’s
Scientist in Schools (SiS) networks by reaching out to schools that were involved in SiS. We also we
developed and delivered the TeachWild “Scientist for a Day” program to more than 1,300 primary and
secondary school aged students from around the country in the first year of the project. We also took
teachers on intensive weeklong research expeditions in which they significantly contributed to our

fundamental research aims for the national marine debris project (see Appendix C for details).
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In year one of the project we carried out coastal debris surveys for a significant portion of the
Australian coastline and we completed high-seas surveys to quantify marine debris offshore at more

than 35 sites around the continent from a variety of research vessels.

Overall, the first year of the project was tremendously successful in meeting our stated targets. At the

end of year one we were in a good position to meet or exceed our overall project aims.

.

o

Working out the coastal survey details (from Left to Right: Andy Donnelly, formerly of Earthwatch Australia and

CSIRO’s Chris Wilcox and Denise Hardesty).
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Part Il Year Two in Review

3.

A brief synopsis

At two years into the project we were on target in achieving our goals and addressing our four focal
guestions. We achieved and exceeded all of the key milestones identified for year two. The milestones
included: 1) completing the coastal debris surveys, 2) carrying out the Scientist for a Day program in
Victoria, Western Australia and Northern Territory, 3) carrying out a sea-based research expedition off
the Western Australian coast, 4) conducting four multiple (generally 3-7) day intensive teacher
expeditions, 5) significantly improving the National Data Portal and 6) carrying out initial, exploratory
analyses of data. We are also beginning to realise new opportunities and the impact of our work, as

evidenced through engagement with a variety of stakeholders around the country and overseas.

By the end of year two we had surveyed more than 170 sites around mainland Australia and the island
state of Tasmania, completing the national survey for coastal debris (Figure 2). Many of the sites were
remote and accessed by either car, foot, float plane (Broome to Darwin and west/southwest Tasmania)

or boat (Figure 3).

In year two of the project we carried out Scientist for a Day activities in Northern Territory, Victoria,
Western Australia, Tasmania and Queensland. We spent a week in the Melbourne surrounds in August
2012, a week in Exmouth, Carnarvon and surrounding areas in November 2012, a week in the greater
Perth region in February 2013 and a week near Gladstone at the end of May 2013 working with school
groups as part of the TeachWild education and science engagement. CSIRO staff also visited three
schools in Tasmania (April/May 2013). In total, by the end of year two we had engaged with more than
3,000 students since the inception of the TeachWild program, exceeding our goal for numbers of

students with whom to engage in the TeachWild Scientist for a Day program.

As part of the at-sea surveys, we were able to bring three science educators on board the Australian
National Research Vessel, the Southern Surveyor, where they participated in an intensive 10-day
voyage and collected marine debris data from Perth to Darwin. The science expedition was led by one
of the lead CSIRO scientists. The teachers from Western Australia, South Australia and the Northern
Territory collected surface trawl data at more than 20 locations between Perth and Darwin. This was a

critically important trip with respect to marine debris data collection from surface trawls as it
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encompassed the largest geographic distance for surveys around mainland Australia (see Section 5.2

for details).
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Figure 3. Map showing means of access to each CSIRO coastal debris survey site around mainland Australia and

Tasmania.

In addition to the “Scientist for a Day” program, and the week long at-sea field excursion, we conducted

four land based week long intensive field trips. These intensive trips included:
- North Stradbroke Island (24-30 September 2013) with 8 teachers/educators
- Phillip Island (11-14 October 2012) with 9 teachers/educators
- Phillip Island (9-13 April 2013) with 10 teachers/educators

- Rottnest Island (18-20 April 2013) with 8 Shell staff

Activities for the intensive expeditions were varied, but included coastal debris surveys, at-sea surface trawl

surveys (and associated sorting of debris), necropsies of turtles and seabirds, spectrophotometry
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measurements to look at spectral characteristics of plastics, recording net and other material
characteristics for items that have ensnared southern fur seals, and seabird colony surveys to look at debris

levels in and near breeding colonies.

We exceeded the goals and obligations for intensive field expeditions in the second year of the TeachWild
program, and with agreement of all partners, we were able to move some of the deliverables for the final
year (year 3) forward to the second year. The intensive expeditions were very successful and contributed to
important data collection needs by CSIRO staff and research partners. Importantly, these intensive
excursions provided an inspiring and educational professional development opportunity for science
teachers and Shell employees, as evidenced through the feedback provided by participants. Learnings were
taken back to the classroom, the workplace and the community. For further detail of year 2 activities refer

to the Year 2 Progress Report in Appendix D.

The data portal was established in the first year of the project so that individuals and groups could input
data and see summaries of information from across the country. However, in the course of using the
database, a number of issues arose with the Atlas of Living Australia data portal site. While it was not
within our area of the project to do so, CSIRO staff revised the web portal data entry site (see Appendices E
and F) to make the site more user friendly and intuitive. We also moved the database to a CSIRO server,
maintaining full functionality through the www.TeachWild.org.au web link front end. The feedback from
Earthwatch staff, CSIRO staff and TeachWild participants regarding the changes was overwhelmingly
positive. While this additional work was outside the scope of the project commitment, we felt it critical to

maintain and improve the front end accessibility and to have a user-friendly interface.

Using data collected on the CSIRO national coastal debris survey we estimated that there are more than
115 million bits of rubbish on Australia’s coastline (including Tasmania but excluding the >8500 outlying
islands). This is based upon a coastline estimate of 35,877 km in length and takes into account that we
found an average of ca. 6.4 items of anthropogenic debris on each 2m wide transect we carried out. Given
that the population of Australia is estimated at 22.32 million people (population clock: http://www.abs.gov
.au/ausstats/abs@.nsf/0/1647509ef7e25faaca 2568a900154b63), this averages approximately six pieces of

debris for every person in the country.

Our analyses show that about 75% of all waste is plastic, 24% is glass and metal, and 1% is cloth. Of the

plastics, it looks like 2% of debris is discarded monofilament (and hence is associated with recreational
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fishing). Further information on the initial analysis can be found in the year two milestone report,

(Appendix D).

During the second year of the project we also had intensive engagement with various interested parties
from local, state and federal government and non-governmental organisations, and we had excellent
interest in our work in the international arena as well (further description of our year 2 engagement can be

found in the year two milestone report, Appendix D).

Teachwild participants engaged in a range of activities including coastal debris surveys and necropsies during

intensive multi-day expeditions.
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Part IV Year Three in Review

4. A brief synopsis

The final milestones for the project focused on a) ensuring completion of data collection and data quality
assurance checks; 2) meeting project targets with respect to engagement and outreach; 3) analyses of data
to address the four research questions initially identified in the project, and 4) dissemination of information

through media, reports, international engagement and other means.

We met each of the objectives and milestones we set out to achieve in the final year of the project. Year
three of the national marine debris project saw a shift in focus towards data analysis, and dissemination of
information in multiple ways. First, we have been publishing results from this project in the scientific
literature. Second, we have continued to engage with the general public through responding to media
queries about the project. We have engaged in live web chat interactions with school groups where
students can directly ask questions of CSIRO scientists, given public seminars to share information about
TeachWild activities, and served as expert advisors on marine debris topics both domestically and overseas.
We have also been active leaders in the international marine debris community through invited

participation in working groups, international conferences and invited symposia.

In the final year of the project, we carried out analyses of the complete coastal dataset collected by CSIRO
as well as the data collected by citizen scientists who engaged with the project and collected coastal debris
survey data (Sections 5.2 and 8.3 respectively). To evaluate the effectiveness of citizen science collected
data, we compared data from CSIRO scientists with the data collected by participants in the TeachWild

program (See 8.3 for further detail).

A large proportion of the surface trawl data collected at sea has been included in the publication of two
papers in the international peer-reviewed literature. These papers, led by PhD student Julia Reisser,
focused on the characteristics, concentrations and pathways of plastic pollution in and around Australian
waters; and described the pelagic communities of microorganisms and invertebrates found on millimeter
sized plastics sampled at in Australian waters on research voyages (Appendices G and H, respectively).
CSIRO scientists also contributed to a newly published article aimed to establish global research priorities
for the management and mitigation of plastic pollution on marine fauna (Vegter et al. 2014, Appendix 1)
and three papers focusing on marine debris and sea turtles, led by PhD student Qamar Schuyler. The first of

these publications analysed debris selectivity by two species of marine turtles and compared the types of
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debris ingested by turtles to the debris present in the marine environment (Schuyler et al. 2012, Appendix
J). The next publication was a global analysis of anthropogenic litter ingestion by marine turtles which
reviewed literature published since 1985 and asked whether the prevalence of litter ingestion has changed
through time as well as which species are more likely to ingest debris and what times of debris are most
commonly ingested (Schuyler et al. 2013, Appendix K). The third paper created a model sea turtle visual
system and used it to analyse the colour, contrast and luminance of debris items ingested by turtles, asking
whether turtles ingest plastic opportunistically or because it resembles their prey (Schuyler et al. 2014,

Appendix L).

Another major focus for project staff in the final year was addressing the risk marine debris poses to
seabirds. The at-sea ranges of one hundred and eighty-eight seabird species around the globe were
combined with modelled distributions of marine debris at the global scale to analyse the threat marine
debris poses to the world’s seabirds. These analyses have resulted in a number of journal papers and

articles (in process) which comprise additional sections of this report.

In total, we have now engaged over 5,700 school aged kids and 160 teachers/corporate citizens in the
“Scientist for a Day” and week-long intensive field expeditions. The media interest and communications
outreach of the project has far exceeded expectations. We estimate that we have reached at least 10% of
the total population of Australia through television, print, radio and electronic media coverage of the

marine debris research carried out by CSIRO.
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Field equipment used for coastal debris surveys: clipboard, measuring tape, GPS, compass, safety gloves, bag for

litter collection, size chart, etc.
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Some of our major research findings include:

®
0'0

®
0'0

0
0'0

0
0'0

®
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The majority of coastal debris in Australia is from Australian sources, not the high seas. Debris is

concentrated near urban centres.

Consumer behaviour and illegal dumping are primary causes of marine debris in Australia.

Debris has significant impacts on Australian wildlife. Derelict fishing gear has entangled between

5,000 and 15,000 turtles within the northern Gulf of Carpentaria region alone.

Globally, approximately one third of marine turtles have likely ingested debris. Turtles ingest plastic

debris that resembles their prey.

Around the world, nearly half of all seabird species are likely to ingest debris. The greatest number

of seabirds affected globally is in the Tasman Sea, southeast of Australia.

Policies can reduce the problem. Incentives are effective: South Australia, which has a container
deposit scheme, has one third as many beverage containers in its waste. Local initiatives are also

effective; prosecution of dumping significantly reduces marine debris along a council’s coastline.

Individuals can make a difference! Inspiring and educating the next generation is an excellent
means of changing human behaviour. For instance, students participating in the program instituted
a voluntary deposit scheme for candy wrappers in the school canteen, resulting in a major littering
reduction in their school. These inspiring students and teachers at Emerald Primary School in
Victoria are demonstrating simple ways individuals and schools can make a difference (you can
read more about their program at http://TeachWild.org.au/ what-is-your-school-doing;
http://studentplanetsavers;  global2.vic.edu.au/2013/03/05/emerald-primary-container-deposit-

scheme/).

Citizen scientist participants can make major contributions to understanding natural systems and

environmental problems, gathering high quality data in a variety of contexts.
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Citizen scientist participants at Rottnest Island. Teachwild activities during this intensive multi-day excursion
included coastal debris surveys, debris identification and sorting, seabird colony surveys, necropsies, and other

activities.
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Part V Sources, Distribution and Fate of Marine Debris

5. Overview

Marine debris is recognized as an increasingly important global issue that affects the environment and
economics and can negatively impact wildlife, tourism, fishing and navigation. It has remained difficult to
develop a synoptic description of the overall threat of marine debris to ecological systems. This uncertainty
is due to three causes: an absence of a national map of the distribution of marine debris, comparative
information on exposure of wildlife across taxa and regions, and a clear understanding of the effects of
exposure to debris. This project provided an initial step in addressing this uncertainty by identifying
available information on debris and developing preliminary analysis of its sources and distribution at a

national scale.

5.1 Estimating quantities and sources of marine debris at a continental scale

The loss of plastic into the environment, and the oceans in particular, has effects on economic productivity,
aesthetic values, and appears to be driving biodiversity losses. Plastic comes in a wide variety of shapes and
sizes, from derelict industrial fishing nets that are kilometers long and can weight many tons, to beverage
containers and other consumer items, to small fragments used as abrasives and from breakdown of larger
items. Larger items represent a hazard to shipping, leading to fouling of propellers and water intakes.
Estimates from a large study in Scotland suggest fouling rates of one event per vessel per year, and
together with snagging and fouling of gear and contamination of catches, this costs the industry
approximately 5% of its total revenue (Mouat et al. 2010). Beaches, harbors, and other sites that generate
revenues from users are also significantly impacted. Removal of marine litter costs harbors in the UK €2.4
million each year, with substantially higher costs in other parts of Europe (Mouat et al. 2010). Coastal
tourism is also significantly affected, and municipalities incur substantial costs to reduce these impacts.
Municipalities in the Belgium, the Netherlands, and the UK spend between €10 and 20 million per year to
reduce coastal debris (Mouat et al. 2010). A single period of heavy rainfall in South Korea during July 2011
increased coastal debris, resulting in a 63% decrease in tourism and lost revenue of $33 million (Jang et al.
2014). Similar results were observed in a US study of debris on the US east coast in 1987-1988, with
economic losses estimated between $379 and $1,598 million (Ofiara and Brown 1999). In fact, there
appears to be a direct relationship between marine debris and stated aesthetic values, with a study in
South Africa suggesting that residents and tourists would not visit a beach with more than two litter items

per meter (Ryan 1990).
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Marine litter also appears to have major impacts on biodiversity. Entanglement in fishing gear has been
implicated as a major threat to a number of marine vertebrates. For instance, it is estimated that between
5,000 and 15,000 turtles are entangled each year by derelict fishing gear washing ashore in northern
Australia alone (Wilcox et al. 2014). Ingestion of plastics is also an issue, with over 600 species having been
reported as ingesting plastic (Thompson et al. 2011). Ingestion appears to be having impacts, both directly
through physical effects on animals and indirectly via concentration and transport of toxins into the
digestive tract of marine species (Day et al. 1985, Tanaka et al. 2013, Rochman et al. 2013, Talsness et al

2009, Teuten et al. 2009).

While it is clear that plastic debris is an important and growing source of pollution, with a myriad of
impacts, understanding its sources and trends remains difficult. Collection of data from surface sampling at
sea remains limited, largely due to cost. Recent published work which estimated floating plastic debris at
the global scale was based on plastics concentrations data from only 442 sites (Cozar et al. 2014): most sea
surface data are sparse or geographically limited. In contrast, there are extensive coastal debris samples,
largely from volunteer cleanup programs such as those run by Ocean Conservancy, project AWARE, or the
Marine Conservation Society. While these projects sometimes have significant spatial and temporal
coverage, they are typically focused on removal of debris and thus do not follow sampling designs that lend
themselves to analysis. There have been some efforts to develop standardized coastal surveys, linked to
environmental policy such as the beach litter surveys conducted for the Convention for the Protection of
the Marine Environment North-East Atlantic (OSPAR 2010, Galgani et al. 2013). However, statistical
analyses have been designed post hoc to evaluate trends and sources, which has been a major shortcoming
in some programs (e.g. Schultz et al. 2013, Sheavly 2010). As governments make policies to address plastic
pollution, such as the European Union Marine Strategy Framework Directive, large scale monitoring
programs are emerging in Europe, Australia, the United States and elsewhere (Galgani et al. 2013,
Department of Environment, Water, Heritage and the Arts 2009, Sheavly 2007). However, there is
significant discussion over the design, cost, and utility of these monitoring programs (Galgani et al. 2013,

Sheavly 2010).

Australia has developed a national policy to address marine debris, and in particular its impact on marine
wildlife. While there were sporadic data on the distribution, abundance, and type of debris along the
coastline, and to a lesser extent offshore, there was no large scale systematic dataset. In response to this
need, we developed a large-scale statistically robust coastal survey of debris. Using this dataset we control
for sampling bias to estimate the distribution of debris along the entire coastline of the Australian

continent. Using this standardized dataset we investigate the factors influencing the contribution of
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terrestrial sources to coastal debris. Finally, we estimate the relative distribution of debris in the coastal

marine environment, and compare that with a set of continental scale surveys at sea.

Methods

Spatial component (sites and site selection)

We selected an initial survey site in the northeastern part of the continent at random and then selected
sites approximately every 100km in a clockwise fashion around Australia, using a smoothed version of the
coastline capturing the major features. Due to accessibility, in some areas we were not always able to
target selected sites exactly. In those instances we used the nearest site to which we could gain access. In
the central region of the southern coast we were unable to carry out five surveys due to lack of access
(Figure 3). Isolation varied widely among sites, with most accessible by vehicle or on foot, and the
remaining sites (west coast of Tasmania, northwest coast of mainland Australia) accessed by floatplane
(Figure 3). We completed a total of 575 transects at 122 coastal sites around Australia though we have a
gap in the northernmost part of the continent (Figure 1). Surveys took place between October 2011 and

May 2013.

Surveys were conducted according to a stratified random sampling approach. Upon accessing the coast, we
randomly selected the direction from the access point (right or left) to where transects were conducted
(except where there was insufficient coastline from the point of access. To avoid bias (e.g. the effect of
higher traffic at the access point), wherever possible, we walked a minimum of 50 meters from the access
point to the location where we would conduct the first transect. Each subsequent transect was a minimum
of 50 meters distant from the previous transects. Transects were distributed evenly across the range of
substrate types (beach, cobble, boulder, bare rock, mud, mangrove) at each site. At each site we carried
out a minimum of three transects. If debris was not found in these first three transects we continued to add
transects stratified across the habitat types until either debris was found or we reached the maximum of 6
transects. Transects are 2 meters in width, with one observer each reporting all items observed for a one
meter wide swath. The two observers walk along a meter tape reporting all items observed from upright

standing position, as per Year One report (Appendix C).
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Data collected (covariates and nuisance variables)

At each site we recorded the GPS location of where we accessed the site (access point), date, observer,
weather conditions, wind speed and direction, human visitors visible on the beach and time of day. For
each transect we recorded the time it took to carry out each transect, the transect start and end location
and the length of transect. To account for factors that may affect debris deposition and retention, we also
recorded the exposure or shape, aspect, substrate and colour, gradient and backshore type at each
transect. To consider the potential contribution of terrestrial inputs we also determined the population
within 5km, 25 km, and 50 km of each site, and the distance from the access point to the nearest road.
Each of the two observers was responsible for discerning and identifying items encountered within one
meter wide of the transect tape that ran from the water line to two meters into the backshore vegetation.
Hence, all transects were 2 meters in width. Only items detectable from the surface were recorded, and
observers stood at height to look for debris. For a subset of data (items for each of ten equal distance
length classes along the transect line) size was recorded based upon doubling size classes from <lcm?,

2cm?, 4 cm?, 8cm?, 16cm? and >16cm?>.

Statistical analyses

All analyses were implemented using R (version 2.15.3, 2012). We fit a generalized additive model (GAM in
the mgcv package, Wood 2008) with a Poisson error to the coastal survey data using a continuous spatial
surface for the mainland, and a separate continuous spatial surface for the coast of Tasmania with the site
location as the spatial term. We implemented these continuous surfaces by using a cyclic spline fitted to
the angle of rotation about the geographic center of the land mass. The transect length was treated as an
offset term, given that we would expect the debris count on each transect to scale at a 1:1 ratio as transect

length increases for a constant debris density. We separated covariates into two main categories:

1) sampling effects that related to transect characteristics (shape, substrate, gradient, and backshore type);
2) source effects related to potential land based sources of debris nearby (population within 5 km, 20 km,

50 km and distance from access point to nearest road).

We used a generalized additive model as described above, including separate spatial terms for mainland
Australia and Tasmania. We incorporated sampling effects, but did not include the effects related to

terrestrial sources as we wanted those to remain in the spatial component of the model. Thus, this spatial
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component gives a measure of the relative terrestrial inputs based on the ratio of glass to plastic, corrected

for sampling bias due to site characteristics.

Results

We surveyed a total of 582 transects across 172 coastal sites, with an average of 3.3 transects per site
(Figure 3). The sites covered a wide range of substrate types, including boulders (21 transects),
gravel/pebble (10 transects), mud (8 transects), rock slab (81 transects), and sand (443 transects). Transects
varied in length from 2 meters to 1.86 kilometers, with a median length of 70 meters. Total counts of items
ranged from 0 to 360, with a median value of 2, yielding an average density of 0.147 items per square
meter. Approximately three quarters of the nearly 5,000 pieces of litter found on survey transects were
plastic 17% were glass, 6% were paper, 2% wood. Some identifiable items, such as cigarette butts (2%) and
fishing line (1%), were present, but by far the majority of items were plastic fragments of indeterminate

origin.

Based on the raw data, the greatest concentrations of debris occurred along the southwestern margin of

the continent, with significant variation among other sites (Figure 4).

A model with just a spatial term explained 37.6% of the variation in the data. We found that the shape,
substrate, gradient, and backshore type were all important in determining the amount of debris at a site
and increased the deviance explained to 47.6% (Figure 5). Sites with convex shapes, such as headlands, had
significantly less debris than linear or concave areas of coastline. Debris counts also differed among
substrate types, with boulders having the highest counts, followed by sand, rock slabs, gravel, and mud in
that order. Sites with either grass, shrubs, or seawalls behind them tended to have higher counts, while

forested sites had lower ones.

The spatial term in the standardized model, i.e. correcting for site characteristics that affect sampling,
shows that there are two regions that have particularly high concentrations of debris, the southwestern
coast of the mainland, the central western coast of Tasmania (Figure 5). They are followed by a somewhat
lower, but still elevated region of debris that runs from Brisbane south to Melbourne. By contrast, the
north-western, northern, and north-eastern coasts of mainland Australia and the north and east coasts of

Tasmania have relatively low debris concentrations.
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Using this standardized model as a base, we explored a set of hypotheses related to terrestrial inputs of
debris. We found that a model incorporating main effects for the local population (within 5 km of the
survey site), regional population (within 50 km of the survey site), distance to the nearest road, and a
regional population by road interaction term was the best performing model based on AIC scores, and
captured 50.6% of the variation in the data. We found that debris along the coastline increased with the
regional population, but decreased with the population living near the site. We also found that there was a
significant interaction between the regional population and the distance to a road, indicating that isolated

locations in populated regions tended to have higher debris counts.

The spatial terms in the full model, i.e. corrected for sampling bias and direct terrestrial inputs, give a
relatively similar picture of the debris along the coastline. Overall, the southwest of the mainland and the
west coast of Tasmania still have the highest values. However, the southeast coast of the mainland now has
a slightly reduced spatial component, as the terrestrial inputs in this region have accounted for some of the
pattern that was previously accounted for by the spatial terms. Overall the spatial term is still fairly faithful
to the nominal data, but in regions with major populations such as that between Brisbane and Melbourne

the full model and the standardized model differ.

We compared the spatial pattern in the full model, which represents a mix of the marine component of
debris arriving at a site and other unknown sources of variation, with the ratio of glass to hard plastic found
at a site. The spatial model of the glass ratio, including terms to correct for sampling bias such as substrate
type, explained 62% of the deviance in the data. Comparing areas where the glass ratio is particularly low
relative to its mean, and the spatial component from the full model is relatively high in comparison with its
mean, we found supporting evidence for three areas of high marine input of debris, in the region between
Brisbane and Melbourne, the south-western portion of the continent to the south of Perth, and on the
western coast of Tasmania. We also found that the region between Melbourne and Adelaide, which has
relatively high debris counts based on the full model, appears to have largely terrestrial sources when we
compare the spatial component of the full model and the predicted glass ratio (not shown). A similar
pattern occurs for the Tasmanian portion of the data, with marine sources indicated for sites on the west

coast and terrestrial sources indicated on the north and east coast.
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Figure 4. Debris density along the coastline with circle sizes proportionate to debris density for each transect at a

site. Map is uncorrected for population, beach type, substrate, or other covariates.

5.2 At-sea surveys for marine microplastics and other anthropogenic litter

Anthropogenic litter occurs in all marine environments from coastlines to the open ocean and the sea
surface to the sea floor. It is distributed according to its sources, transport by ocean currents, and the type
of plastic material, which determines whether or not it is buoyant in seawater. The best-measured
reservoir of plastic debris is that floating at the sea surface either as “macroplastics” measured by visual
surveys or “microplastics” (smaller than 5 mm in size) measured using surface-towed plankton nets. We
conducted surface trawls around the coast of Australia, between Fiji and Australia and between New
Zealand and Australia (Figure 6) to estimate the density of plastics. At each survey site, nets were towed for
15 minutes at 3 knots three times. More than 230 trawls were carried out in total. This allowed us to
develop a national map of sea surface plastic concentrations (Figure 7). For details regarding the findings

from this work, see Reisser et al. 2013, 2014; Appendices G and H).
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Figure 5. Relative density of anthropogenic debris along the Australian coast. Predicted densities are scaled with
respect to the location with the highest density of debris (warmer colours [red] depicting relatively high densities of
debris, corrected for shape, substrate, gradient and backshore sampling error terms). Black dots show actual coastal

debris sampling sites. The map includes the combined terrestrial and marine anthropogenic debris inputs.

In general, we found that coastal and offshore distributions of debris have both concurrence and some
notable differences. Our coastal surveys identified the southeast coast of the mainland and the west coast
of Tasmania as having particularly high concentrations of debris (Figures 6, 7). These patterns are also
reflected in the offshore data. It is notable that the higher concentrations in the offshore data extend
further along the southeast coast, and to the south coast of the mainland, in comparison with the coastal

surveys.
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Figure 6. Map showing locations of surface trawls around the coast of Australia, between Fiji and Australia and

between New Zealand and Australia.

However, there are some locations where the data differ. Coastal surveys along the southwest of the
continent found high concentrations of debris, while these were not reflected in offshore samples (Figures
6, 7). This difference is likely driven by differences in winds and currents along the Western Australian
coastline. There are strong onshore winds in Western Australia, which could potentially be driving strong
coastal deposition, leading to a differing pattern between offshore and onshore densities with respect to
other regions. A second notably different area between the coastal and offshore surveys is in northern
Queensland. This is likely explained by a substantial flooding event just prior to the offshore sampling
effort. This flooding transported large amounts of debris from land, leading to very elevated levels of debris
in samples inside the Great Barrier Reef. A third point of difference is in the northwestern portion of the
mainland coast. There was an area of elevated debris offshore in this region during two separate surveys.
The driving force behind this difference is unclear, although it could be due to a local circulation pattern in
the Leeuwin Current, which passes down the west coast of the continent, and generates some localized

eddies which could concentrate floating debris.
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Figure 7. Map showing locations of sea surface plastic concentrations, corrected following methods in Reisser et al.

2013).

Other sources of marine debris include lost, abandoned or discarded fishing gear; estimates are around

640,000 tons per annum. These ‘ghostnets’ can fish unattended for decades, killing huge numbers of

threatened or commercially valuable species. Large numbers of ghost nets wash up in northern

Australia, reaching densities as high as, or higher than those reported anywhere else in the world. These

abandoned nets and other fishing gear are of substantial concern. Understanding the magnitude of the

impact and the areas where the impact is the greatest is critical for both addressing the issue of abandoned

fishing gear and for prioritizing conservation actions to address the species and populations most at risk.

For further detail see published results from this work, included as Appendices A and B.

Hardesty et al. (2014) | 31



Part VI Threat to Wildlife

6. Overview

Marine debris has been identified as a key threatening process that may impact numerous wildlife species.
As the quantity of debris increases in the marine environment, so increases the likelihood of impacts from
debris in the marine environment. Plastic production rates are intensifying, and the volume of refuse
humans release into marine systems is growing at an exponential rate. Understanding the impact of marine
debris on threatened species is particularly of concern for seabirds, turtles, and other marine fauna that
may ingest or become entangled. Impacts of marine debris can include reduced mobility, increased
energetic costs, physical disruption of feeding, introduction of contaminants from the plastic itself or

chemicals adsorbed to it.

Ingestion of marine debris is of major concern for both Australian seabird and turtle species. For seabirds,
chicks appear to be at greater risk of mortality by marine debris ingestion than adults because of their high
rates of ingestion and low frequency of regurgitated casting of indigestible material. When the plastics are
regurgitated to chicks by parents during feeding, the physical impact and internal ulceration are likely to
lower survival. In addition, the chick receives less food, lowering its nutrient intake, reducing its fat stores
and increasing its chances of starvation. The rate of this source of mortality remains completely unknown
for Australian seabird species. Ingestion of marine debris can have lethal and sub-lethal effects on sea
turtles. Although researchers have reported on ingestion of anthropogenic debris by marine turtles and
implied incidences of debris ingestion have increased over time, there has not been a global synthesis of
the phenomenon since 1985. It seems life history stage is the best predictor of debris ingestion by sea
turtles, based upon a recent global review of debris ingestion (see Schuyler et al. 2013, Appendix K for

detail).

In addition to impacts from ingestion, wildlife can be maimed, injured or killed after becoming entangled in
marine debris. Such entanglement can constrict growth and circulation, leading to asphyxiation.
Entanglement may also increase the animals drag coefficient through the water, increasing energetic costs
which can reduce body condition, reproduction, or survival. In extreme cases entanglement can cause the

animal to die, either due to drowning, or due to its reduced ability to catch prey or avoid predators.

Other secondary impacts of marine debris ingestion to wildlife result from the potential transfer of
chemical compounds from plastics to wildlife. This is a growing area of research, and the transfer of

chemical pollutants from plastics to wildlife has recently been demonstrated in fish (Rochman et al. 2013).
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Microplastics have the potential to affect organisms ranging from plankton and small fish to megafauna.
The full implications of health impacts on wildlife due to chemical transfer from plastics are unknown
impact but may include endocrine disruption, cell necrosis, tumour development, liver stress and mortality

(Rochman et al. 2013).

To address the potential impacts of marine litter on Australian wildlife, we investigated the likelihood of
marine debris impacts on seabird species that breed on and around Australia's coastal regions. We looked

at ingestion and entanglement risks to sea turtles and entanglement dangers to the Australian fur seal.

The following three sections describe taxa-specific work in progress or published

works. Those included as appendices to this report are noted therein.

6.1 Seabirds and debris ingestion

To better understand the extent of potential impacts to seabirds due to ingestion of plastic litter, we
carried out a risk analysis for the impact of plastic ingestion on seabirds by modeling exposure to debris for
188 seabird species at the global scale. We adjusted the model using published data on plastic ingestion by
seabirds. Globally, forty-three percent of seabirds and 65% of individuals within a species have plastic in
their gut. The highest expected impact occurs at the Southern Ocean boundary in the Tasman Sea between
Australia and New Zealand. This contrasts with previous work on human pressures on biodiversity, which
suggested that the southern ocean boundary is a region of low impact in comparison with other areas of
the globe. We predict plastics ingestion is increasing in seabirds and will reach 95% of all species by 2050.

(Please contact the authors of this report for further detail).

Few studies have compared ingestion rates between adults and juveniles of the same species. We
investigated marine debris ingestion by short-tailed shearwaters (Puffinus tenuirostris) obtained through
two stranding events on North Stradbroke Island, Australia in 2010 (n=102; adult) and 2012 (n=27;
juveniles). Over 67% of birds ingested anthropogenic debris: 399 pieces of debris were identified. Juvenile
birds were more likely to ingest debris than were adult birds and juveniles ingested significantly more
pieces of debris than did adults. We also found evidence that P. tenuirostris actively selects for hard plastic,

rubber and balloons. For further information please see Appendix M of this report (Acampora et al. 2014).

The global use of plastics is continuing to rise and there is increasing interest in understanding the

prevalence and risk associated with exposure of wildlife to plastics, particularly in the marine environment.
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In order to facilitate an assessment of ingestion of plastics in seabird populations we developed a minimally
invasive tool that allows for detection of exposure to plastics. Using a simple technique in which we can
sample live, apparently healthy members of a population, we successfully tested for the presence of three
common plasticisers; dimethyl, dibutyl and diethylhexyl phthalate (DMP, DBP and DEHP respectively).
These plasticisers are prevalent in the manufacturing of plastic end-user items which often end up in the
marine environment. Using gas chromatography-mass spectrometry and protocols to reduce background
contamination, we were confidently able to detect targeted plasticisers at low levels. The method
described has broad applicability for quantifying plastics exposure in wildlife at individual, population and
species levels. Furthermore, the approach can be readily modified as needed to survey for plastics exposure
in taxa other than seabirds. Applying the simple, minimally invasive approach we developed is particularly
appealing for quantifying plastics exposure at population and species levels and it has no observed
detrimental impacts to wildlife. For further information and detail please contact the authors of this report

(manuscript has been accepted for publication; Hardesty et al. 2014).

6.2 Turtles and debris ingestion and entanglement

Marine debris is a growing problem for wildlife, and has been documented to affect more than 600 species
worldwide (Thompson et al. 2011). To understand the frequency and potential impact of marine debris
ingestion in marine turtles in Australia, we investigated the prevalence of marine debris ingestion in sea
turtles stranded in Queensland between 2006 and 2011. In this paper we asked whether plastic ingestion
rates differ between species (Eretmochelys imbricata vs. Chelonia mydas) and by turtle size class (smaller
oceanic feeders vs. larger benthic feeders). We compared the debris ingested by turtles to the amounts and
types of debris that were found during 25 coastal debris surveys carried out within the region. We used
these surveys as a proxy measurement of debris availability and we modelled turtles’ debris preferences
(colour and type) using a resource selection function. We found no significant difference in the overall
probability of ingesting debris between the two marine turtle species studied, both of which have similar
life histories. Curved carapace length, however, was inversely correlated with the probability of ingesting
debris; 54.5% of pelagic sized turtles had ingested debris, whereas only 25% of benthic feeding turtles were
found with debris in their gastrointestinal system. Benthic and pelagic sized turtles also exhibited different
selectivity ratios for debris ingestion. Benthic phase turtles demonstrated a strong selectivity for soft, clear
plastic, lending support to the hypothesis that sea turtles ingest debris because it resembles natural prey
items such as jellyfish. Pelagic turtles were much less selective in their consumption of plastic, although
they showed a trend towards selectivity for rubber items such as balloons. Most ingested items were
plastic and were positively buoyant. This published paper, led by CSIRO-supported PhD student Qamar

Schuyler, highlights the need to address increasing amounts of plastic in the marine environment.
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Importantly, it provides evidence for the disproportionate ingestion of balloons by marine turtles. For

further detail see Appendix J (Schuyler et al. 2012).

To understand whether plastic ingestion has been increasing in marine fauna, we carried out a global
literature review of all turtle diet studies that have been published between 1985 and 2012. Collectively,
these papers reported on information on turtle diet studies from before 1900 through 2011. Specifically,
we investigated whether ingestion in anthropogenic debris has changed through time. We also asked what
types of debris are most commonly ingested, what is the geographic distribution of debris ingestion by
marine turtles relative to global debris distribution, and which species and life-history stages are most likely
to ingest debris. The probability of green (Chelonia mydas) and leatherback turtles (Dermochelys coriacea)
ingesting debris increased significantly over time, and plastic was the most commonly ingested type of
anthropogenic litter. Turtles in nearly all regions studied ingested anthropogenic debris, but the probability
of ingestion was not related to modelled debris densities. Smaller, oceanic-stage turtles were more likely to
ingest debris than were coastally foraging turtles, and carnivorous species of marine turtle were less likely
to ingest debris than herbivores or gelatinovores. The results from this work suggest that oceanic
leatherback turtles and green turtles are at the greatest risk of both lethal and sub-lethal effects from
ingested marine debris. To reduce this risk, reducing anthropogenic debris inputs to the marine

environment are critical. For further detail see the published paper in Appendix K (Schuyler et al. 2013).

As part of addressing project aims 3 and 4, work was undertaken to understand why marine
turtles ingest plastic. There are two predominant hypotheses as to why animals ingest plastic: 1)
they are opportunistic feeders, eating plastic when they encounter it, and 2) they eat plastic
because it resembles prey items. To assess which hypothesis is most likely, we created a model
sea turtle visual system and used it to analyse debris samples from beach surveys and from
necropsied turtles. We investigated colour, contrast, and luminance of the debris items as they
would appear to the turtle. We also incorporated measures of texture and translucency to
determine which of the two hypotheses is more plausible as a driver of selectivity in green sea
turtles. Turtles preferred more flexible and translucent items to what was available in the
environment, lending support to the hypothesis that they prefer debris that resembles prey,
particularly jellyfish. They also ate fewer blue items, suggesting that such items may be less
conspicuous against the background of open water where they forage. Using visual modelling we
determined the characteristics that drive ingestion of marine debris by sea turtles, from the point of view
of the turtles themselves. This technique can be utilized to determine debris preferences of other visual

predators, and help to more effectively focus management or remediation actions. For more information

see the publication resulting from this work in Appendix L (Schuyler et al. 2014).
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As human population growth continues, so too does our waste, often with unintended consequences for
wildlife. The estimated 640,000 tons of fishing gear lost, abandoned, or discarded annually exerts a large
but uncertain impact on marine species. These derelict fishing nets or “ghostnets” drift in the ocean and
can fish unattended for decades (ghost fishing), killing untold numbers of commercially valuable or
threatened species. We developed an integrated analysis combining physical models of oceanic drift with
ecological data on marine turtle species distribution and vulnerability to make quantitative predictions of
threat. Using data from beach cleanups and fisheries in northern Australia, we assessed this biodiversity
threat in an area where high densities of ghostnets encounter globally threatened turtles. Entanglement
risk was well-predicted by our model, and was verified using independent strandings data from the region.
We were able to also identify a number of previously unknown high-risk areas. From our work we were are
also able to recommend efficient locations for surveillance and interception of abandoned fishing gear. Our
work points the way forward for understanding the global threat from marine debris and making
predictions that can guide regulation, enforcement, and conservation action. See Appendix A for this

published work (Wilcox et al. 2013).

6.3 Pinnipeds and entanglement

Previous studies of pinnipeds in Australian waters have found that seals are vulnerable to entanglement in
marine debris (Page, et al. 2004; Pemberton, et al. 1992; Shaughnessy, et al. 2000). Entanglement occurs
when two items are entwined together and may range from single hooks to full body entanglements
(Department of the Environment, 2014a). In order of severity, some of the known examples of
entanglement impacts include wounding, causing infection, maiming, amputation, restricted movement,
smothering or choking of the animal leading to starvation, reduced fitness, and drowning (Department of

the Environment 2014b).

Pinnipeds are found in nearshore waters around the Australian coast from Victoria to Tasmania and across
the south of the continent into South Australia. Large breeding colonies of Australian fur seals occur along
the Victorian coastline near Phillip Island. To better understand the frequency and impact of marine debris
entanglement on Australian wildlife, we collaborated with researchers from Phillip Island Nature Parks to
ask questions about seal entanglement. We focused our efforts on two islands in Bass Strait, Seal Rock
which is located only 1.5 km from Phillip Island and comprises two small islands and Lady Julia Percy Island
which is approximately 6km off the Southern Victorian coastline in Australia. We worked with data

collected from more than 100 items in which Australian fur seals had been entangled and which were
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subsequently removed from seals on Seal Rocks and Lady Julia Percy Island, Victoria, Australia from 1997 to

2012.

We set out to ask if pinnipeds in Southern Victorian waters are subject to entanglement dangers, and if so,
in what types of material? We present entanglement data collected over 15 years (1997-2012). From this
we can describe types of entanglement items most likely to ensnare pinnipeds in the region and detect if

there is a correlation between age and the likelihood of entanglement.

We recorded material type, colour, overall size, mesh size, diameter, number of threads, whether the item
was braided, twisted, knotted, if it was monofilament and number of strands for all entanglement items.
We also noted the date, seal age (pup, juvenile, adult), location (Seal Rock, Lady Julia Percy Island, Kanowa
Island, Berry Beach, Cowes jetty or Western Port Bay), and severity of injury (wether cutting deep or

surface wound), whenever possible.

We estimated entanglement rates using the observations of entanglement during the excursions to the
colonies. In the sixteen years of data we were able to analyse, we had information for 138 individual
entanglement items. Fifty percent (n=69) were made of plastic twine or rope, 20% (n=27) were made of
other plastics such as plastic bags, packing straps, balloon ribbon etc., 17% (n=24) were monofilament line,
including gill nets and 8% (n=11) were comprised of rubber. The remaining 5% (n=7) consisted of metal

items (such as hooks and lures) and cotton (a baseball cap that resulted in a neck constriction).

Seventy-two (n=64) percent of recorded seal entanglements occurred at Seal Rocks, with Lady Julia Percy
Island accounting for 17% (n=15). The remaining 11% (n=10) were spread over other areas of the coastline

including Kanowa Island, Berry Beach, Cowes jetty and Western Port Bay.

In assessing whether animals are entangled in all colour of items, we found that for twine/rope
entanglements, 61% (n=43) involved green material. Grey and white coloured items accounted for 10%
(n=7) and 9% (n=6) respectively. When examining monofilament line, clear and green (52% and 26% (n=12)
(n=6) were recorded more than other colours as having entangled seals. White plastic strapping formed the

majority (67%, n=6) of the strap entanglements.

Age of seal entangled was only recorded on 49 (35.5%) of the entanglement samples. An overwhelming
94% (n=46) of entanglement events involved young (juvenile or pup) seals, with more pups (53%) than

juveniles (41%) being recorded as entangled.
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Entanglements were primarily observed between July and September. Most entanglements were recorded
at Seal Rocks which had a particularly large portion of the observations with location information (N=138).

Seal Rocks also had observations in every month except January, based on the 95 records with dates.

Seals in the Bass Strait are subject to entanglement dangers from a variety of objects, most of which are
associated with fishing activities. Net characteristics such as material type correlate with strongly with seal
entanglement. Our results are consistent with other researchers finding of predominant entangling
materials, i.e. trawl nets, monofilament lines and packing straps (Croxall, et al. 1990; Pemberton, et al.
1992; Fowler, 1988). We also found incidental entangling items such as plastic bags, plastic sheet, rubber
“0” rings and cloth described in other entanglement studies (Shaughnessy, 1980; Fowler, 1988; Croxall, et

al. 1990).

Net colour also plays an important role in ensnaring Australian fur seals, with green nets being the most
common coloured net entangling seals in the region. It is unclear whether this is due to the type of fishing
industries conducted in Bass Strait or because there are more green nets used by the fishing industry in
general. It has been noted that green nets can be bought very cheaply and are now used widely (J.
Bulbrook, pers. comm., 5 Feb 2014) suggesting the latter. In a sample of nearly 9,000 nets washed ashore in
northern Australia, Wilcox, et al. (2014) found that green nets were overwhelmingly common. With regard
to monofilament, seals were most frequently entangled in clear monofilament line. Clear monofilament is
used widely in both the recreational (hand line, gill net) and commercial (gill nets, long line) fishing

industries in southern Australian waters.

We found that young seals were more likely to be observed as entangled than adult seals, similar to results
from other entanglement studies in Australia (Pemberton, et al. 1992; Page, et. al, 2004) and around the
world (Fowler 1988; Croxall, et al. 1990; Fowler, et al. 1990). This may be because of curiosity and
playfulness of young animals (Pemberton, et al. 1992). It could also be a function of mesh size (smaller
necks and limbs pass through easier) (Fowler, 1987; Bengtson, et al. 1988; Fowler, et al. 1990; Pemberton,

et al. 1992).

Resighting data suggests that on any given survey one would see only a fraction of the animals that are
entangled, adding to possible under estimation of entanglement rate. Nine of the sites had resight data
with resighting rates between 32 and 64 percent. So, on any given day between half and two thirds of
entangled seals may not be seen. However, if seals are entangled for long enough, and if the animals

remain at the colony for an extended period, these animals will have additional chances of being seen. Pups
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and juveniles are more susceptible to entanglement. Nevertheless, they comprise a smaller proportion of
the population which means that in addition to being smaller in size (and hence more difficult to observe),

they may have a reduced chance of being observed during surveys.

Our findings suggest that there is not a significant population level consequence of seal entanglement in
Victoria. Overall, population numbers at these sites are increasing and combined with the expansion in
breeding colonies the Australian fur seals, vulnerability is likely to be reduced. While this does not mean
that entanglement is not a relevant issue, there are clearly other factors at play. We have not observed an
overall change in entanglement rates through time. Given that population numbers are increasing
however, it may be that a lower proportion or percentage of animals in the population, are being impacted
— or it could be that seals entangled in marine debris do not haul out as often as free seals as they need to

spend more time foraging due to extra energy expended whilst entangled (Feldkamp, 1985).

Reducing the incidence of entanglement on marine wildlife through policy and governance decisions is
critical in Victoria. We suggest that fisheries operating in the area using the mesh sizes within the range of
entangling items found in this study be suspended from making repairs to or discarding nets while out at
sea, as this will reduce the incidence of these entangling items in the environment. Also, as seals are less
likely to become entangled in highly visible nets such as red and yellow, creating policies implementing the
use of only highly visible nets in Australian waters may further reduce the impact of entanglement to

Australian marine wildlife. For further information and detail please contact the authors of this report.
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Part VII Citizen Science

7. Overview

In 2011, a three year partnership was entered into by Shell, Earthwatch Australia and CSIRO with specific
outreach goals. These included: 1) increased science learning and uptake for individuals, schools,
communities and industry across the country and 2) contribute to a change in behaviour resulting in

decreased marine debris deposition across the country due to science learning at local scales.

In order to achieve these goals CSIRO and Earthwatch staff developed and led engagement with primary
and secondary age students, as well as community groups and Shell employees through the TeachWild
“Scientist for a Day” program. This program involved classroom and field based excursions whereby
participants learned about marine debris impacts on wildlife and collected data to contribute to the
national state of knowledge on the locations, density and types of marine debris that occurs on the
Australian coastline. CSIRO staff also led science educators, artists and Shell employees on week-long field
expeditions to learn about the project and how the science was conducted and carried back to their

classrooms, workplaces, and communities.

7.1 Scientist for a Day

The highly successful Scientist for a Day program has resulted in engagement with more than 5,700
students to date. With Earthwatch staff, scientists from CSIRO have worked with teachers and schools from
all states (excluding the ACT) on the 1 Day Scientist for a Day program. The scientist for a day program
involved a presentation of marine debris (what it is, where it comes from) and its effects on wildlife. The
excitement and enthusiasm from schools around the country has been impressive. Schools have developed
their own videos based upon their learning experiences and the program has led to engagement in state
and national kids teaching kids participation from schools in two states using their learnings in the Scientist
for a Day program to teach other students about the TeachWild program and the marine debris issue.
Teachers and students have together developed waste reduction programs at their schools and have
developed innovative practices to change school, community and home practices, particularly around

plastic waste.

In addition to these live face-to-face interactions with school groups, we have increased our
Skype/videoconferencing interactions with school groups. CSIRO staff have had some fantastic Skype/web

chats with numerous other primary and secondary school kids throughout the year. Having live chats with
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students while in the field allows us to not only teach kids about marine debris, but also shows them some

of the opportunities available for careers in science.

Feedback from schools has been very positive and it is heartening to see and learn about some of the
creative solutions to reducing rubbish that are being established and gaining traction in schools and

communities around Australia.

In addition to school engagement, we delivered the TeachWild program to more than 30 Shell Graduates.
These day long engagements have provided us with an excellent opportunity to promote learnings from
TeachWild to Shell staff, increasing their understanding of the marine debris issue and Shell’s role in
supporting leading research efforts and their commitment to social investment on extremely relevant and
timely topics. The interest and enthusiasm from Shell employee participants has been overwhelmingly

positive.

The clear message from Shell employees is that they appreciate the company they work for and they are
excited about the opportunities provided by Shell. Learning about marine debris impacts on wildlife has
been quite an eye opening experience for many of the participants (or so we understand from feedback
from participants). It has been rewarding for us to see some of the personal and professional changes that
some of the participants have been interested in developing and implementing at work, home and in their

communities.

7.2 Intensive Field Expeditions

The multiple day (typically weeklong) TeachWild excursions were tremendously successful. The feedback
from teachers has been overwhelmingly positive with several teachers remarking that this has been the
best professional development opportunity of their careers. To date we have engaged 160

teachers/corporate citizens (Shell employees) in multiple day research expeditions led by CSIRO scientists.

Activities for the intensive expeditions have been varied but have included coastal debris surveys, debris
identification and sorting, at-sea surface trawl surveys (and associated sorting of debris), necropsies of
turtles and seabirds, spectrophotometry measurements to look at spectral characteristics of plastics,
recording net and other material characteristics for items that have ensnared southern fur seals, and

seabird colony surveys to look at debris levels in and near breeding colonies. These activities and the
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immersion in a hands-on learning environment was enriching for participants. The opportunity to teach
back live to classrooms and communities enables educators to bring their students ‘to the field’. This teach
live component with video web chat sessions between teachers, scientists and the classroom was an

exciting addition to the intensive expeditions.

Teachers have made real contributions to the science whilst learning new skills. Importantly, while doing so
they have been able to Skype or blog back to their classrooms, communicating with students in words,
photos and in live video feeds about their experiences in the TeachWild program. The intensive expeditions
have been very successful and have contributed to important data collection needs by CSIRO staff and

research partners.

7.3 Effectiveness of Citizen Science

Is citizen science data worth our investment?

Public participation in scientific research (Citizen Science), has long been used to tackle research questions
that would otherwise not have been addressed (Couvet et al. 2008, Dickinson et al. 2010, Irwin 2001,
Silvertown 2009). Citizen science projects can involve volunteer participants from school children to adults
and citizen scientists may be involved in many steps along the way including participating in data design,
collection, processing and analysis, and dissemination to the broader community. Citizen Scientists now
participate in projects ranging from population ecology to astronomy. Bird monitoring in Europe goes back
as far as 1749 (Greenwood 2007) and now bird monitoring programs are running in most countries
engaging citizen scientists including the monitoring of Australian birds (Blakers et al. 1984). Astronomy has
the largest participation rate by citizen scientists, with engaged volunteers discovering new stars and sky
objects (Dickinson et al 2010). This citizen scientist engagement has enabled collection of data that can
potentially go beyond the normal scope of a conventional research project by greatly increasing the

sampling power.

The National Marine Debris project was established to quantify the amount and types of rubbish that are
entering our marine environment, and the potential impacts this waste may have on Australian wildlife.
The project integrated field, modelling, genetic and biochemical marker approaches to understand the
impact of marine debris on fauna at the national scale. One of the critical aspects of this work was to
collaborate and engage with school groups to promote science education and learning through a timely and

relevant topic that is part of the national science curriculum. Importantly, the marine debris issue fits in
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well with mathematics, chemistry, physics, biology, oceanography and other parts of the national
curriculum and it is of interest to the general public. Engaging citizen scientists (school children, teachers
and the general public) also enabled more data collection which significantly strengthened the scientific

output.

Our objectives were to investigate the utility of citizen science data contributing to a rigorous scientific
study. In addressing this question we focused on if or how training makes a difference to the precision and

accuracy of public surveys.

Methods:

School identification

CSIRO education made contact with prospective teachers through the national Scientists in Schools (SiS)
program to identify potential schools and promote the project and the TeachWild program. Additional
schools interested in participating were identified by Earthwatch Australia staff. Teachers and students at
schools from Queensland, New South Wales, Victoria, South Australia, Western Australia and Tasmania

who enrolled in the ‘Scientist for a Day’ program were given training by CSIRO scientific staff.

Teacher Training

There were two levels of training for teachers who enrolled in the ‘Scientist for a Day’ program (a one-day
training session or a multi-day training block (typically 5-7 days). The more intensive training involved
dedicated multi-day TeachWild excursions during which teachers received intensive class-based and field
training in marine debris issues and data collection. Teachers carried out coastal debris surveys to look for
plastics and other anthropogenic debris. They assisted in necropsies for turtles and seabirds and they learnt
to use spectrophotometers to record spectral characteristics for debris. The ‘Scientist for a Day’ program
was a two part session that typically took place over a single day. The first component of the session
engaged school children and teachers together to learn about marine debris as a topic and the second
component of the program involved the training and carrying out of coastal debris surveys. This was often
followed by data sorting activities. The ‘Scientist for a Day’ program typically involved 1-2 trained

professionals from CSIRO and Earthwatch.
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Citizen science coastal surveys

Transect surveys

At the selected coastal location, wherever possible, groups randomly selected the direction from the access
point (right or left) to where transects were conducted. In some cases this may not have been possible due
to insufficient coastline from the point of access. To avoid bias (e.g. the effect of higher traffic at the access
point), wherever possible, participants were asked to walk a minimum of 50 meters from the access point
to the location of the first transect. Participants were also asked to locate each subsequent transect a
minimum of 50 meters distant from the previous transects. Transects were distributed evenly across the
range of substrate types (beach, cobble, boulder, bare rock, mud, mangrove) at each site. At each site
groups were asked to carry out a minimum of three transects. If debris was not found in these first three
transects, groups should have continued to add transects until either debris was found or a maximum of six
transects was reached. Transects ran perpendicular from the water to two meters into the backshore
vegetation. Transects were two meters in width, and schools typically had two observers looking for debris
on each one meter wide swath (for a total of four observers per transect). An additional (fifth) student
would record debris items noted. One student photo documented the process, transects and litter, another
student collected litter in a collection bag, and another student would help keep track of distance along the
transect line. The observers walked along a meter tape running from the water to the backshore
vegetation, reporting all items observed from upright standing position, as per Year One report (Appendix
C). The total number of observers searching for debris items was also recorded for observer effort
reporting. Upon return to the classroom, transect data were then entered into the national marine debris

online database.

Emu Parade surveys

The Emu Parade is a simpler method for sampling marine debris than is the more detailed transect
methodology and works effectively for primary and junior secondary groups and for larger groups. For an
‘Emu Parade’ coastal debris survey, students were typically divided into groups of 10 or fewer, with each
group designated a specific section of the beach. Instead of surveying a 2 m wide transect there is a fixed
area which is searched by citizen scientists. These areas or wide ‘transects’ are typically 30m wide (can be
wider) along the beach. The length of each transect was variable, but followed the consistent methodology
of transects (e.g. from the water line up to two meters into the continuous backshore vegetation). To
remain consistent with the transect methodology, the emu parade survey is carried out at least 50 m from
the main beach access point, wherever possible. Where multiple surveys are conducted, they are placed at

least 25 m apart. Typically debris from each ‘parade survey’ was collected and returned to the classroom
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for identification and sorting. These data were then entered into the national marine debris online

database.

Results

Comparison between citizen science and scientist conducted transects

CSIRO scientific staff completed 575 transects at 172 coastal sites around Australia (Figure 8). 156
transects and 41 emu parades over 56 sites were undertaken by citizen scientists (Table 1). The
citizen scientist transects involved adults, primary and secondary school students. The adults were
mostly Shell employees or teachers who had undertaken a one-day or a one-week training
program on marine debris and data collection and interpretation (Table 1). Project staff attended
field excursions and participated in all transects and emu parades made by citizen scientists.

However, most were led by the teaching staff from the school or institution involved.

Density of debris

The density of debris detected and counted during citizen scientist and project transects were
similar (P>0.7) (Figure 9). However, on emu parades a higher density of debris was observed than
was observed by professional and citizen scientists undertaking transects (P<0.05). When these
data are separated into age groups, the data show that density of debris found during emu
parades undertaken by adults were similar to those by all groups who undertook transects (Figure
10). The higher overall density found during emu parades was entirely due to surveys carried out
by primary school students. Secondary school students detected a significantly lower density of

marine debris than other groups (P<0.05) (Figure 10).
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Figure 8. Map of Australia showing (a) the location of citizen science transects and emu parades (blue dots) and

transects carried out by project staff (orange dots).

Training

Teachers from Queensland, Victoria, Tasmania, New South Wales and Western Australia
participated in the 7-day TeachWild program. The level of training did not appear to effect the
density of marine debris recorded by each group during transects (Figure 11): there was no
significant difference in data collection between groups receiving one week or one day of training.

Both groups found comparable quantities of marine debris during coastal debris surveys and were
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similar to the quantities and types of debris found at nearby survey sites by CSIRO scientists

(Figure 11).

Table 1. The number of transects and emu parades for marine debris completed by primary and secondary students

and adults during the project and the level of training of the teachers supervising each activity. The subset of

project transects made within 150 km of citizen scientist transects is also shown.

Survey method Group Training N
Transect Adults 1 day 33
1 week 54
Primary students 1 day -
1 week 8
Secondary students 1 day 42
1 week 19
Emu parade Adults 1 day 2
1 week 13
Primary students 1 day 7
1 week 6
Secondary students 1 day 7
1 week 7
Transects Scientists - 116
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Figure 9. The mean density (items.m2 + se) of marine debris found during citizen science transects and emu parades

compared with nearby transects by project staff.

However, the density of marine debris collected during emu parades did differ among trained and
untrained primary school students (Figure 12). Primary school students supervised by teachers
who participated in the one-week training found significantly more marine debris than did other

groups (P<0.01).
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There was a significant difference in the relative abundance of marine debris collected by students
who conducted emu parade surveys and those carried out by CSIRO staff scientists (p<0.05, Figure
13). The students detected a higher abundance of the smallest size class debris than project staff

and students who carried out transect sampling.
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Figure 10. The mean density (items.m2 t se) of debris items found on transects and emu parades by adults,

secondary and primary school students compared with nearby transects carried out by CSIRO staff.
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Sample sizes for all groups was low for emu parades (Table 1) so these results may be confounded

by location as the mean density found by trained primary school students was 10 times that found

by other groups.
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Figure 11. The mean density (items.m2 1 se) of marine debris found among transects made by trained and

untrained adults, primary and secondary school students supervised by trained and untrained teachers compared

with nearby transects by project staff.
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Size composition of debris

The size composition of the marine debris found during transects and emu parades was similar

(X*10 = 4.1; P>0.8). This suggests that the citizen scientist were detecting marine debris of a similar

composition to that found by scientists.
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Figure 12. The mean density (items.m2 * se) of marine debris found among emu parades made by trained and

untrained adults, primary and secondary school students supervised by trained and untrained teachers compared

with nearby transects by project staff.
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Figure 13. The relative abundance of marine debris of different size classes found during citizen science transects

and emu parades compared with transects by project staff.

Survey cost analysis

The greatest training effort was undertaken on adult teachers, especially those who participated in
week-long TeachWild expeditions. Participants in intensive expeditions carried out the greatest
number of surveys and the conducted the highest mean daily number of surveys of the citizen
science groups. The total time cost for the groups that participated in intensive excursions was
much greater than that for the single day training. Scientists were the most efficient survey group

(0.8.person-day) followed by secondary school students (0.6 person-day).

Discussion

The aim of citizen science project was to gather more data to strengthen the scientific outputs and
also to raise awareness of a global issue. The volunteers performed four tasks successfully. Firstly

they identified and mapped out relevant transect areas. Secondly they were able to find the
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marine debris. Thirdly they learned to recognised and accurately identify categories of marine
debris within these transects. And finally they were able to provide accurate and reliable data that
they could enter into the National Marine Debris database. These tasks enhanced their knowledge
and raised awareness on the issue of marine debris. For this study it was imperative to keep the
sampling methodology simple so that volunteers could easily follow instructions and that the tasks
were achievable and realistic. Training was also instrumental in ensuring reliability and
repeatability of this data. The results of our study suggest that scientists are more time efficient at
surveying marine debris than citizen scientists, while primary and secondary school students
appear to be of similar efficiency as adults. However, the results illustrated in Figures 9 and 10
highlight the significant differences between primary and secondary students in terms of debris

detected, which may be thought of as accuracy.

For Emu parade surveys, secondary school students detected a significantly lower density of
marine debris than all other groups (Figure 10), while primary schools students detected debris at
nearly seven-times the rate of all other groups. Anecdotally we observed that teenage (secondary)
students were sometimes less engaged in the survey process, subject to more peer distractions
and more frequently required refocusing on the objectives and tasks at hand. These effects may
have contributed to the lower density of marine debris detected by these age groups. In contrast,
the higher density of marine debris detected by primary students on Emu parade surveys may be
attributed to their general enthusiasm and positive response toward adult supervision
(particularly by trained teachers, Figure 12), but also (in their enthusiasm) perhaps the tendency to
bob-down and look more closely at the beach surface and in doing so potentially detect more
debris items or even smaller size class of debris (Figure 13). Another influencing factor might be
the choice of location where citizen scientists undertook surveys — perhaps influenced by the
nature of the task to seek areas of known or higher levels of marine debris. Figure 13 illustrates
that for size class 1, 2 and 3 items, scientists detected fewer items compared with public transects.
It cannot be positively determined whether this is because public surveys were carried out in more
populous areas where litter deposition may be higher, or whether citizen scientist surveyors may
not have always remained in a normal standing position (i.e. bending over to see more and/or

scratch through sand to find more small debris items).
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It might be argued that survey tasks undertaken by citizen scientists need to be carefully matched
to the appropriate age/skill set, or that some results be carefully assessed for their inclusion in

broader datasets.

The five-fold increase in training costs to undertake the week-long events did not generate any
detectable improvement in survey efficiency, precision of accuracy compared with surveys made
by scientists nearby. Findings were similar to Tulloch (2013) who found that increasing the
investment in a volunteer monitoring program did not necessarily lead to higher quality data and
more publications. One aim of this marine debris project was to inspire a generation of young
scientists and encourage critical thinking toward how they make their decisions as future leaders.
This was done by immersing students in the global problem of marine debris and the issues that

need to be addressed.

Conclusions

This was the first marine debris distribution study within Australia that tested and validated citizen
science data against scientific data. The results of this study have proven that with the right
protocols, methodology and training, volunteers are able to follow instructions and collect robust
reliable data. It can be concluded that using citizen scientist is an effective approach to collecting

data on a large scale.

Another important aspect of this study was to collaborate and engage with school groups to
promote science education, improve scientific literacy and learning through a timely and relevant
topic. It was an integral part of the national science curriculum, fitting in with maths, chemistry,
physics, biology, oceanography and other parts of the national curriculum. On a national scale
students now have an understanding of the issue and impact that marine debris has on wildlife.
The inclusion of volunteers within the community also helps to build trust and leads to acceptance
of scientific outcomes. This also helps to understand, accept and support recommendations and

potential policy changes implemented by management at both local and national levels.
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Part Vil Solutions

8. Overview

Marine debris is significant global problem that presents a serious threat to the health of the oceans and its
ecosystems. It also degrades the aesthetic of the beaches and there is direct evidence that ‘dirty beaches’
result in to economic losses in millions of dollars of lost tourism revenue. This is but one potential
motivation for keeping coastlines free of litter and in some areas it has motivated and increased public

participation with clean-up campaigns and governmental involvement.

8.1 The effectiveness of Local Waste Management Policies and Activities

Most of the litter that ends up in our oceans is produced on land and enters the marine environment from
land-based sources. Hence, waste management practices and litter prevention activities on land may affect
the amounts and types of anthropogenic litter that enter the marine environment. Around Australia, there
are a range of cleanup activities as well as waste management policies and practices. The effectiveness of
various outreach and engagement activities and waste management practices and policies differ according
to the state, the region and the councils. Considering this, our national coastal debris survey has carried out
surveys around the nation to collect data on the types and the density of the anthropogenic litter found
along Australia’s coastline. Data from these coastal debris surveys have then been compared with local
council waste management activities, practices and policies in an effort to begin to understand the

effectiveness of various policies, practices and activities.

Although beyond the initial goals and aims of the project we have begun to collect information about the
legislations, policies, plans and actions done to manage and recycle the waste in Australia in coastal regions
around the country. Ultimately we aim to assess policy effectiveness at a range of: within the nation,
between the states and territories, and the regions and with varying council practices. We have carried out
surveys with participants from coastal councils in each state and territory, asking questions about the range
of the policies and practices in the council regions where these sites were situated We asked questions
regarding to waste management in general and more precisely in the coastal regions for various councils.
This information was completed with the help of the council’s websites. Ultimately, to understand how the
policies, the legislations and the actions influence the density of the marine debris we will analyse the link
between the different waste management practices with the geographic and demographic characteristics

of the councils.
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8.2 Container Deposit: an effective policy for reducing litter

CSIRO analysed a dataset on litter clean-ups provided by CleanUp Australia (CUA; www.cleanup.org.au) to
evaluate whether there are any differences in the types of litter that are found among the states.
Specifically, we asked whether sites in South Australia, which has a container deposit scheme, had fewer
beverage containers in the waste stream. CleanUp Australia provided counts of the number of items in
each of 94 categories across 750 sites in their 2012 clean-up (Table 1). Due to missing information from
some records, we reduced the dataset down to 693 records. These records cover clean-ups from a wide
range of sites, including parks, schools, beaches, waterways, etc. The CUA data does not include
information on the total area covered by a clean-up, nor does it include detailed information on the effort,
aside from the number of people involved. Given these limitations, we chose to look at the relative
frequencies of beverage containers in the clean-ups as a metric of the effect of the container deposit
scheme. Beverage containers were restricted to seven of the 94 categories and included PET drink
containers, non-PET containers, alcoholic beverage bottles, soft drink bottles, fruit juice bottles, alcoholic
beverage and soft drink containers. Drink cartons, milk cartons, bottle caps and straws were not included as

beverage containers in this analysis.

Table 2. The number of sites cleaned up in each state or territory as part of the 2012 Clean Up Australia
Day activities. For a full listing of the 94 categories of items, please refer to the CleanUp Australia website
(www.cleanup.org.au).

Australian Capital Territory 7

New South Wales 235
Northern Territory 9

Queensland 168
South Australia 63
Tasmania 29
Victoria 127
Western Australia 55

We used regression analysis to compare the frequency of beverage containers with the frequency of other
items in the clean-up data. We found that a model that included the state as an explanatory factor was
significantly better than a model that assumed that the ratio of beverage containers to other items was
constant nationwide based on Aikaike Information Criterion (AIC; constant everywhere: 61440, differ by
state: 54624). We examined the differences between the various states using a multiple comparison test to

evaluate whether pairs of regression coefficients for each state were different.
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Figure 14. The proportion of beverage containers in materials recovered during clean-ups in Australia.
Shaded bars depict the proportion of beverage containers in each state, error bars show the 95%
confidence interval on these mean estimates. Bars which do not share a letter are significantly different

in a pairwise comparison at the p < 0.05 level.

We found that beverage containers make up a significantly smaller fraction of litter in clean-ups from South
Australia, in comparison with the other states. While it would be preferable to be able to compare these

results before and after the implementation of a container deposit scheme to look at its impacts
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experimentally, termed a before-after-control-impact experimental design, we were not able to obtain
information from prior to South Australia’s implementation of its deposit scheme. Thus the results here are
only correlative, not causal. However, they do provide very strong evidence that there are fewer beverage
containers lost into the environment in South Australia than in other states, supporting the efficacy of a
container deposit scheme (Figure 14). For instance, based on our analysis less than 1 in 10 items found in
the environment is a beverage container in South Australia, by comparison with other states where the

frequency is nearly 3 in 10.

It is reasonable to predict that the ratio of beverage container lids to beverage containers might provide
additional information about the effectiveness of the container deposit scheme, as containers attract a
refund while lids do not. Thus, if there are fewer containers in clean-up data in South Australia due to less
consumption of beverages there or other drivers, that should be reflected in both containers and the lids.
However, if the deposit is causing fewer beverage containers to be lost into the environment in South
Australia, then one might expect clean-ups to find fewer beverage containers but similar numbers of lids in

comparison with other states.

When we compared the ratio of beverage containers to beverage container lids across states in the clean-
up data, South Australia came out with a much higher ratio of lids to containers in the clean-up data than
any other state (Figure 15). This supports the inference that the container deposit scheme is causing
beverage containers to be recycled, as the supply of containers and lids could be assumed to be equivalent,

but only containers attract a deposit refund.
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Figure 15. The ratio of beverage container lids to beverage containers found by Clean Up Australia
volunteers in 2012 for each state and territory. The error bars give the 95% confidence interval around
the estimates. Shared letters across bars denote values that are not significantly different at the p < 0.05

level.

8.3 CSIRO Policy input to the Threat Abatement Plan

CSIRO commenced a major research effort on marine debris, in particular focusing on understanding
sources, evaluating risk to wildlife, and investigating the effectiveness of policy responses in 2009. This

research has involved 4 major research efforts, a collaborative project on derelict fishing gear in
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collaboration with Ghostnets Australia, a relatively small scoping project funded by the Department of
Environment (SEWPaC), a large project involving marine debris generally at the continental scale funded by
Shell Australia in collaboration with Earthwatch Australia, and a collaborative working group of
international experts funded by the National Center for Ecological Analysis and Synthesis in the United
States. The summaries below are targeted to activities outlined in the Threat Abatement Plan for Marine
Debris. However, they do not represent the full range of research on this topic. Many of the references
cited below are available publically. For those not available contact the authors of this report. For each
relevant activity outlined in the Threat Abatement Plan, the section from the plan is provided along with

the response. CSIRO’s research activity in this space will continue through 2014.

CSIRO research and activities relevant to Table 2.1 in the Threat Abatement Plan

1.7 Australian Government agencies in collaboration with state and territory governments to identify
appropriate responses and responsibilities for recovery of hazardous debris at sea, notably large derelict

fishing nets. Australian, state and territory governments 1-2 years.

CSIRO and Ghostnets Australia published a study which included modelled net pathways, validated against
independent data for the Gulf of Carpentaria and surrounding regions (Wilcox et al. 2013). This study
illustrated the vast majority of nets that are found in the Gulf and surrounding regions pass relatively close
to the port of Weipa. This work points to a potential significant cost saving in recovery efforts, if nets can be
identified at sea to the northwest of Weipa and then retrieved as they pass close to the port. Existing
Customs surveillance flights pass through this region, and could provide the necessary reporting if targeted.
This would reduce both the impacts and the cost of retrieval for nets, as they could be retrieved at sea prior
to entering the Gulf and passing through areas with high densities of turtles and dugong. CSIRO and
Ghostnets Australia collaborated to track several drifting nets in the Gulf using satellite tracking devices.
Together with existing modelling work in the region (Wilcox et al. 2013) this information would allow
identification of a most cost-effective surveillance location for identifying large drifting nets, and prediction
of the timing of arrival of the drifting gear in the region around Weipa to allow the most cost-effective

deployment of recovery vessels.

CSIRO, Ghostnets Australia, and ATSEA recently held a series of workshops with fishermen in both Australia
and Indonesia, with the goal of identifying the sources of these nets. At the present time it appears that the
majority of the nets come from Indonesian waters to the northwest of the gulf in the region (Gunn et al.
unpublished data). Discussions with fisheries ministry and industry representatives suggest that there are a
number of potential actions that could reduce the number of lost nets reaching Australia, including

development of a voluntary logging program for lost net, financial incentives for net recovery, technical
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support for better identification of nets and recovery of lost gear, and increased training for fisheries

workers.

1.10 DEWHA to support an analysis of financial incentives to encourage return of waste generated at sea to
land for appropriate disposal, for example:

¢ fishing gear inventories by port and vessel supported by deposits and bounty initiatives

e introduction of regulations relevant to insurance of lost fishing or other gear and/ or insurance levies to

support removal of derelict DEWHA 2—4 years

Preliminary results from workshops held in Indonesia with fishermen and fisheries ministry officials suggest
that nets have an economic value and are worth recovering if possible. Technical support for aggregation of
data on locations of lost nets was identified as a valuable contribution by Indonesian fishermen. This
location information would assist in avoiding the hazard to vessels and gear posed by existing lost net, loss
of future nets on at points identified as high risk for snagging, and would also facilitate the possibility of
profitable salvage operations. Fishing gear labelling and inventory was also suggested by operators as being
a potential solution, supporting a reporting system. Other possible incentives discussed included low
interest loan programs for gear, conditional on return of damaged or worn gear. Given that large nets can
cost between 5,000 and 30,000 dollars per net, low interest loan programs would provide significant
leverage to implement net marking, reduce disposal of repairs at sea, and enhance recovery efforts for lost

gear, without requiring extensive fisheries management regulation.

1.12 State, territory and local governments and other relevant bodies to consider providing increased
funding for the introduction of improved solid pollutant (particularly litter) control strategies in waterways.

State and territory governments and relevant bodies 2—4 years

Recent work by CSIRO examined the connection between State, regional, and local council infrastructure,
policy and expenditure on waste management with the density of debris present in the near shore
environment in the council area. Results suggest that council actions can have a significant influence on the
amount of debris accumulating in the coastal areas of the council. The study results suggest that outreach
programs had a much higher impact that the provision of infrastructure in terms of reducing waste washing
up on council coastlines. In particular education programs and anti-illegal dumping campaigns appeared to
have major benefits. Based on the results it would be possible to evaluate the cost-effectiveness of local,
regional and state initiatives to design an effective and low-cost model policy that could be adopted by
local and regional government. CSIRO also conducted a national survey of marine debris along the coast of

the Australian continent.
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Analysis of this survey data suggests that most marine debris in the Australian region is domestic.
Furthermore, debris in the marine environment appears to increase with the local population, suggesting
local sources outweigh input from the high seas. Analysis of the data also suggests that areas that have a
high population in the region, but relatively isolated coast tend to have high amounts of debris, consistent

with illegal dumping being a significant driver of plastic inputs to Australian waters.

1.13 State and territory governments to facilitate an analysis of the effectiveness of current litter public
awareness and education campaigns to identify gaps and areas for improvement. State and territory

governments 1-2 years

Analysis of local policies suggests that clean-up campaigns are not as effective as education campaigns, and
in particular campaigns against illegal dumping. Given analysis suggesting the effectiveness of various
measures, recently completed by CSIRO, a reasonable next step would be to evaluate the cost of various
actions at the state, regional and council level to identify the most cost-effective responses to reduce

inputs of litter to the marine environment.

1.14 State, territory and Australian governments, in collaboration with appropriate non- government
organisations, to develop options for establishing a more consistent and long-term national approach to
litter abatement education, particularly for marine-based activities. Australian, state and territory

governments 1-2 years.

Analysis of coastal debris in the Australian marine zone suggests that most debris is from land-based
activities, not marine activities. This is particularly true near populated centres. Targeting of education
campaigns appeared to be one of the most important correlates of reduced debris densities in our analysis

of coastal debris patterns.

1.15 DEWHA and relevant agencies to examine introducing awareness-raising and outreach programs
aimed at relevant groups contributing to marine debris in the Asia-Pacific region DEWHA and relevant

agencies 2—4 years. See comments for 1.7 and 1.10 above.

In addition to those general debris results, a significant portion of fishing related debris in the Gulf of
Carpentaria and surrounding regions comes for overseas, in particular from the coastal and offshore
regions of Indonesia that border Australia’s northern EEZ boundary. During workshops with fishermen in
the region, a number of potential outreach and education activities were identified that could assist in

reducing lost gear in the region.
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For non-fishing related debris, the majority of the material in Australia’s marine region appears to be
Australian in origin, and from land-based activities in particular. Exceptions to this pattern are areas that
are particularly remote, and which have high levels of fishing effort, such as the west coast of Tasmania,

where domestic fishing gear dominates the debris in the nearshore region.

1.16 DEWHA, in collaboration with DFAT, to identify opportunities for exchange visits between coastal
(especially Indigenous) communities experiencing the impacts of marine debris and groups in other nations

where large proportions of harmful marine debris originate. DEWHA and DFAT 1-2 years

Ghostnets Australia facilitated several exchanges as part of the program of workshops with Indonesian
fisheries officials and fishermen. Environment (DEWHA) cofounded a number of these, via Travis Bover’s

team.

1.17 DEWHA, in collaboration with DFAT, to strengthen relations with regional neighbours on marine debris
through relevant fora, and develop collaborative project proposals to address the sources and impacts of

harmful marine debris. DEWHA and DFAT 2—-4 years.

Ghostnets Australia is currently leading a collaborative project in cooperation with CSIRO and ATSEA to
develop approaches for reducing lost gear in Indonesia. This project has reached the end of its major
funding. There is some ongoing activity in developing outreach through ATSEA, which is currently funded by

Environment (DEWHA).

2.1 DEWHA in collaboration with state and territory governments and other relevant stakeholders to
support the development of nationally consistent, statistically rigorous data collection protocols and survey
methods. DEWHA to support the development and management of national mapping of the spatial
distribution and concentration of marine debris over time to assess the significance of marine debris and to

reduce its occurrence. DEWHA 1-3 years

CSIRO developed a large project to quantify the amount and distribution of debris in Australia’s coastal
environment. The project included: 1) development of a statistically robust sampling design at the
continental scale; 2) development of a simple, rapid, quantitative survey method; 3) implementation of
surveys every 100km along the coastline following this design; 4) development of a database for housing
and handling this information; and 5) development of robust statistical tools that could identify both
terrestrial and marine sources of debris, and provide a standardized map of the distribution of debris at the
national scale. This project is currently in its final year, with results available either post- or prepublication.

The database developed for this project can accommodate both at sea and terrestrial sampling, along with
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volunteer clean up data. The survey methods are designed to be useable with a range of participants,
including professional staff, primary and secondary schools, and volunteers. The survey methods have been
optimized to deliver quantitative and repeatable data, along with all the supporting metadata, in a format
that allows for rapid assessment (less than 2 hours per site). These materials are readily available over the

web.

Development of a national approach to information collection and management 2.2 State, territory and
Australian governments to provide support for community-based coastal and waterway clean-up and

monitoring activities. Australian, state and territory governments 1-2 years.

The recent CSIRO marine debris project involved a significant amount of citizen scientist participation. For
this process we developed a number of potentially useful materials, including several volunteer friendly
survey protocols, and a database front end that was easy for volunteers to use. These volunteer oriented
materials are designed to mesh directly with the full CSIRO marine debris database, which can incorporate
both survey and cleanup data. The survey methods have been optimized to deliver quantitative and
repeatable data, along with all the supporting metadata, in a format that allows for rapid assessment (less

than 2 hours per site). These materials are readily available over the web.

2.3 DEWHA in collaboration with state and territory government to facilitate the establishment of a
national network of a limited number of permanent marine debris monitoring sites (including within
Commonwealth Marine Protected Areas) to promote consistent monitoring and information gathering and
exchange, to enable understanding of long-term trends, and to inform adaptive and effective management

responses. DEWHA 1-2 years

While there are a number of coastal sites that could be used as long term monitoring sites, some of which
have existing historical data (Gulf ranger groups, SA NRM), a potentially more useful approach may be to
combine direct monitoring at coastal sites with monitoring of seabirds as indicators for debris. There are
existing programs in the EU for use of seabirds as monitors for marine debris, including environmental
targets for reporting on debris densities and changes in the North Sea (van Franeker 2011). CSIRO has
developed a non-invasive method for measuring the amount of plastic in a seabird, based on plastic

breakdown products found in oil secreted from seabirds (Hardesty et al. in press).

The advantage of using seabirds is that particular species tend to forage in relatively consistent areas.
Species like shearwaters tend to pick up relatively large amounts of debris, and thus could readily be used
as bio monitors of debris in the ocean. This would be far less expensive than at-sea surveys from vessels,

and likely less expensive than coastal surveys of debris. It also has the advantage of sampling relatively
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large areas, which depending on the species chosen could range from hundreds to thousands of square
kilometres. Targeting 3 to 5 seabird colonies around Australia, and choosing one or two representative
species to work with, could provide relatively low cost and effective monitoring of marine debris. Linking
this monitoring to other Key Ecological Features, such as ocean productivity, or threatening processes such
as organic and inorganic pollution levels, could provide a useful bio monitoring system for State of the
Environment tracking and monitoring Commonwealth Marine Reserves. Using the existing CSIRO national
survey and statistical methods it would be possible to identify a set of sites that would be useful for
monitoring, in terms of providing a sensitive and cost-effective set of sites that will give a national picture

of the distribution of debris at sea, and the change in land based inputs.

2.4 DEWHA to support a study on the wind and sea circulation patterns in the Asia-Pacific region as a basis
for better understanding the pathways and potential sources and sinks of harmful marine debris of foreign

origins in Australian waters. DEWHA 1-2 years

There are a number of analyses that have been done which can provide information on the sources of
debris in Australia. CSIRO provided the Department with a report (Hardesty and Wilcox 2011; http://www.
environment.gov.au/coasts/pollution/marine-debris/publications/pubs/marine-debrissources.pdf)
detailing current modelling at sites distributed along Australia’s EEZ. Findings from this report suggest that
most debris in the Australian marine zone is of Australian origin. More recently, CSIRO and UWA have
collaborated to collect data on debris densities every 100 nautical miles around the entire Australian
continent. A subset of these results have recently been published (Reisser et al. 2014), with analysis of the
likely sources for debris observed at sea. In general, the west coast and very north eastern tip of the
continent appear to receive material from international sources, while the east coast of the continent
appears to primarily receive materials from domestic sources. CSIRO has collaborated with Ghostnets
Australia to evaluate the sources of derelict fishing gear along Australia’s northern coast. Of the nearly
15,000 nets recovered to date, it appears that the majority come from neighbouring countries in the
Arafura and Timor Seas, with a particular concentration along the international boundary and in the prawn
trawling waters to the north of the Gulf (Wilcox et al. 2013, Wilcox et al. 2014, Gunn et al. Unpublished
Data). CSIRO and Ghostnets Australia cooperated to put satellite tracking devices on several drifting nets in
the Gulf, validating that nets circulate in the Gulf clockwise, completing a circuit of the gulf in less than a

year.

2.5 Australian Government to facilitate a feasibility study on introducing marking of fishing gear so that it
may be identified as originating from a specific fishery. The feasibility study will also consider the practical
implications of marking fishing gear and the implications of derelict gear being traced back to fisheries

operations. Australian Government 2—4 years
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CSIRO has investigated the potential for marking of fishing gear using a number of technologies. Two of the
most promising are microdots, which encode information on a small dot that is then incorporated into the
gear itself, and chemical marking of the rope used in making the net. Chemical marking of plastics could be
widely applicable, in essence providing a bar code that is incorporated into the material itself and thus
readable even from small fragments. Both of these technological approaches are feasible, and exist widely

in other applications, but have not been used for tracking marine debris.

3.1 State, territory and Australian governments to support expanded and consistent, long-term monitoring,
investigation, recording and management of data on vertebrate marine life harmed and killed by the
physical and chemical impacts of marine debris. This information will assist the impacts of different types of
marine debris on vertebrates to be quantified and characterised. For example: ¢ DEWHA to support
monitoring of regurgitated marine debris at albatross and giant petrel breeding colonies (linked with the

Recovery plan for albatrosses and giant Australian, state and territory governments 1-2 years

CSIRO research has focused on two different sets of impacts from marine debris, those resulting from
entanglement and those resulting from ingestion. CSIRO entanglement research has been conducted
primarily in collaboration with Ghostnets Australia, focusing on derelict fishing gear in Northern Australia.
To date we have been able to identify areas of likely high risk to marine turtles in the Gulf of Carpentaria
and surrounding regions, along with estimating the likely sources and paths of drifting nets (Wilcox et al.
2013). More recently we have analysed the characteristics of nets entangling animals to identify particular
types of nets that are likely to entangle animals, identify the fisheries they come from, and estimate the
total number of turtles killed (Wilcox et al. 2014). We have also worked with the ATSEA program to run
workshops in Indonesia estimating the distribution of fishing effort by type of fishing, the relative number
of vessels, and the frequency with which they lose gear to allow connection of impacts in Australia to
fisheries operating across the border. We plan to revisit the analysis of net impacts, to improve the
estimate of the number of animals killed. CSIRO has recently evaluated the impact of ingestion on seabirds,
including conducting a global analysis of the literature on ingestion rates, and using forecast distributions of
debris fields and statistical modelling of species to predict ingestion rates for 188 seabird species at the
global scale (Wilcox et al. in prep.). These analyses identify two important patters: 1) the frequency of
ingestion by seabirds is increasing significantly, at about 1.5% per year; 2) the discovery of new seabird
species impacted by plastic ingestion is increasing at about 0.5% per year; and 3) there is global hotspot for
ingestion rates at the boundary between the southern hemisphere temperate oceans and the southern

ocean, with the highest expected impact globally in the region south of the Tasman Sea.
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3.2 DEWHA to coordinate marine debris abatement strategies identified in existing marine wildlife recovery
plans. For example: ¢« DEWHA to support analysis of the impact of marine debris on the survival and

behaviour of marine turtles (linked with DEWHA 1-2 years)

There are two relevant research projects involving CSIRO, one in collaboration with the University of
Queensland investigating ingestion of plastics by marine turtles and a second in collaboration with

Ghostnets Australia investigating entanglement in drifting gear.

The ingestion work has identified types of plastics ingested, evaluated the role of selection by turtles in
ingestion, and identified characteristics of debris which lead to higher ingestion rates (Schuyler et al. 2012,
Schuyler et al. 2013, Schuyler et al. 2014). Based on that work ingestion rates by turtles are relatively high,
and increasing over time (Schuyler et al. 2013). Turtles are selective of materials, and tend to prefer items
that are flexible, and different in colour from the background debris in the ocean. These results suggest
that changing the design of consumer items, which constitute the largest portion of debris, might reduce
the ingestion rates of turtles. Recent results on entanglement include a rough estimate of the catch rates of
turtles by Ghostnets drifting ashore in northern Australia. The preliminary estimate for the number of
turtles captured by these nets is between approximately 5,000 and 15,000 turtles (Wilcox et al. 2014).

There are plans to refine this estimate over the next six months to increase the accuracy of the estimate.
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Part IX Science Communication

9. Overview

There are a multitude of ways of reaching out to intended audiences. In addition to the more
traditional ways scientists share their findings (though publications), interacting with the broader
community and engaging with school children, Shell employees, and science educators has been a
fundamental part of this project. Outreach and effective communication are incredibly important
ways of educating the public and reaching a broader community. Local, regional, national and
international interest in the project has exceeded the expectations of all three of the project
partners, and as described in the previous section (8.3), CSIRO has provided input to the federal
government on the marine debris topic. As part of the CSIRO commitment to excellence in
communication, a number of informational leaflets have been developed during the project
(Appendices N and O) and CSIRO scientists have written two news pieces published in The
Conversation about their marine debris project. Staff scientists even carried a simple,
informational flyer with them when carrying out coastal debris surveys because it quickly became
apparent that members of the public they encountered during fieldwork were interested in
learning more (Appendix P). The marine debris project was also highlighted as the CSIRO research

project selected for the prime minister’s science highlight (Appendix Q).

Interest has been widespread and included features in ABC’s Catalyst, National Geographic, The
Wall Street Journal and numerous other media outlets overseas (see an example in Appendix R,
from CSIRO’s invited participation at the African Marine Debris Summit in 2013). Here we provide
a list of some the media interest generated in the final year of the marine debris project, as well as

a list of the publications to date that have resulted from CSIRO’s marine debris research.

9.1 Year 3 Media associated with the CSIRO national marine debris project

Year 3 (2013 — 14) of the Marine Debris project, has again been the interest of much media
attention. The following is a summary list of electronic, television, print, and web-based media

associated with the project:

» The Adelaide Advertiser - http://adelaideadvertiser.newspaperdirect.com/epaper/viewer.aspx
> Futurity. — top spot © - http://www.futurity.org/top-stories/sea-turtles-gobble-plastic-at-

record-pace/
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ABC local - http://www.abc.net.au/news/2013-08-09/green-sea-turtles-eat-more-plastic-than-
ever2c-researchers-say/4877322

Guardian - http://www.theguardian.com/environment/2013/aug/09/green-turtles-
swallowing-plastic-study

News.com.au - http://www.news.com.au/breaking-news/national/turtles-eating-record-
amounts-of-plastic/story-e6frfku9-1226693992742

MSN.com - http://now.msn.com/green-sea-turtles-eating-more-plastic-than-ever-research-
says

Straitstimes.com - http://www.straitstimes.com/breaking-news/technology/story/green-sea-
turtles-eat-more-plastic-ever-study-20130809

Softpedia.com - http://news.softpedia.com/news/Sea-Turtles-Eat-Twice-More-Plastic-Than-
They-Used-To-Just-25-Years-Ago-374589.shtml

Inhabitat.com - http://inhabitat.com/green-sea-turtles-are-ingesting-twice-as-much-plastic-as-
they-did-25-years-ago/

Zeenews.india.com - http://zeenews.india.com/news/eco-news/endangered-sea-turtles-
eating-more-plastic-than-ever_867937.html

Skynews.com.au - http://www.skynews.com.au/eco/article.aspx?id=894986

The Conversation - http://theconversation.com/endangered-sea-turtles-eat-more-plastic-
than-ever-16877

Manoramaonline.com (Malayan)- http://english.manoramaonline.com/cgi-
bin/MMOnline.dll/portal/ep/contentView.do?contentld=14730255&tabld=1&programld=1156
5556&channelld=-1073865025

The Inquisitor - http://www.inquisitr.com/896702/endangered-green-sea-turtles-eating-more-
plastic/

Deccan Herald - http://www.deccanherald.com/content/350159/endangered-sea-turtles-
eating-more.html

Wallace J Nichols - http://www.wallacejnichols.org/234/555/new-study-endangered-sea-
turtles-eat-more-plastic-than-ever.html

Econews.com.au - http://econews.com.au/news-to-sustain-our-world/report-green-sea-
turtles-eating-more-plastic/

Brisbane Times.com.au - http://www.brisbanetimes.com.au/queensland/turtles-eating-

record-amounts-of-plastic-20130809-2rlv0.html
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Inquirer News - http://newsinfo.inquirer.net/462047/green-sea-turtles-eat-more-plastic-than-
ever-study

University Herald - http://www.universityherald.com/articles/4171/20130809/endangered-
turtles-eating-more-plastic-green-leatherback.htm

Business Standard - http://www.business-standard.com/article/pti-stories/endangered-sea-
turtles-eating-more-plastic-than-ever-113080900354 _1.html

Jagran Post (Hindi) - http://post.jagran.com/endangered-sea-turtles-eating-more-plastic-than-
ever-study-1376049880

Before Its News - http://beforeitsnews.com/environment/2013/08/more-plastic-bags-mean-
bad-news-for-worlds-turtles-2477146.html

Examiner.com (Tampa Bay)- http://www.examiner.com/article/endangered-sea-turtles-eating-
more-plastic-than-ever

ReptilesCanada.com - http://www.reptilescanada.com/showthread.php/69013-NY-Press-
Endangered-Turtles-Eating-More-Plastic-than-Ever-Study

CriEnglish (China) - http://english.cri.cn/6909/2013/08/09/23615781070.htm

Perthnow.com - http://www.perthnow.com.au/news/breaking-news/turtles-eating-record-
amounts-of-plastic/story-fnhrvfuw-1226693992742

Globalnews.ca - http://globalnews.ca/news/771031/sea-turtles-consuming-record-amounts-
of-plastic-study-finds/

Euronews.com - http://www.euronews.com/2013/08/09/ingestion-of-plastic-at-record-high-
for-sea-turtles/

WildSingapore.com - http://wildsingaporenews.blogspot.com.au/2013/08/green-turtles-
swallowing-more-plastic.html#.Ugwe20BgnAY

Cairns post - http://www.cairns.com.au/article/2013/08/14/246700_local-news.html

The Telegraph - http://www.dailytelegraph.com.au/news/breaking-news/turtles-eating-
record-amounts-of-plastic/story-fniOxqi3-1226693992742

News.co.me - http://www.newsco.me/content/go/story?news=133866

Aidesante.net - http://aidesante.net/english/sea-turtles-eat-twice-more-plastic-than-they-
used-to-just-25-years-ago/

OneNewsPage - http://www.onenewspage.com/n/Science/74vzeg48k/Green-sea-turtles-eat-
more-plastic-than-ever.htm

NewsWhip - http://www.newswhip.com/Morelnfo/Green-sea-turtles-eat-more-plastic-now-

t/65788850 (NZ Herald)
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Cowra Community News — central NSW -
http://www.cowracommunitynews.com/viewnews.php?newsid=4370&id=15

Plastics Industry news - http://www.industriesnews.net/story?sid=s216333971&cid=40
Scoop.it - http://www.scoop.it/t/marine-conservation-by-prof-brendan-godley

Space and Earth Sciences news - http://www.news-about-space.org/earth-sciences-
news/cluster40913982/

Asean business news - http://asean-business-news.com/singapore/industries/green-sea-
turtles-eat-more-plastic-than-ever-study/

Silobreaker - http://news.silobreaker.com/green-sea-turtles-eat-more-plastic-now-than-ever-
study-5_2267019634815270913

Anygator.com - http://uk.anygator.com/article/green-sea-turtles-eat-more-plastic-than-ever-
study 731772

News fiber — Phys.org, NZ Herald, Guardian -
http://www.newsfiber.com/p/s/h?v=Ejx5xPKsBntQ%3D+LamilZAPKK0%3D

WorldLatest News - http://www.newslatestworld.com/?p=14307

OceanSentry.org - http://www.oceansentry.org/en/7124-endangered-sea-turtles-eat-more-
plastic-than-ever.html

The Global Fool - http://theglobalfool.com/do-sea-turtles-eat-plastic-marine-debris-yes/
Greenfudge.org - http://www.greenfudge.org/2013/08/12/more-plastic-bags-mean-bad-news-
for-worlds-turtles/

eWallstreeter - http://ewallstreeter.com/more-plastic-bags-mean-bad-news-for-world-s-
turtles-5269/

Democratic Underground.com - http://www.democraticunderground.com/112751313
International Whale protection org -
http://www.internationalwhaleprotection.org/forum/index.php?/topic/5966-green-turtles-
swallowing-twice-as-much-plastic-as-20-years-ago/

Ifood.tv - http://www.ifood.tv/blog/green-turtles-survive-on-plastic
http://science.blogdig.net/archives/articles/August2013/12/Sea_turtles_swallow_plastic_at_a
ccelerating_pace.html
http://news.nationalgeographic.com/news/2014/04/140414-ocean-garbage-patch-plastic-
pacific-
debris/?utm_source=Twitter&utm_medium=Social&utm_content=link_tw20140414news-

oceatra&utm_campaign=Content&sf2585522=1
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>

http://www.dailyexcelsior.com/web1/11dec15/inter.htm

In addition to the preceding, a University of Queensland press release was put out for a new global

turtles and plastics paper led by PhD student Qamar Schuyler. Please see the University of

Queensland website for more information and details:

http://www.ug.edu.au/news/?article=26558.

Media interest in the recent publication was not limited to the domestic audiences. A brief

summary is provided below:

V V. .V VYV V VYV V VY

AFP

Brisbane Courier Mail

ABC radio

Plastics News magazine

Canadian news organization — Globalnews.ca

Sport Diver magazine

ABC Pacific 1 Oct 2013.

This work was internationally highlighted in The Borneo Post, Arab News, Khaleej Times, China

News, The National (Emirates) — via http://www.pressdisplay.com/pressdisplay/viewer.aspx

9.2 Publications

Over the course of the three years of this project, several publications have been produced and a number

of additional papers are in preparation. Below is a summary list (in alphabetical order).

Acampora, H, Q Schuyler, K Townsend and BD Hardesty 2013. Comparing plastic ingestion between
juvenile and adult stranded Short-tailed Shearwaters (Puffinus tenuirostris) in Eastern Australia. Marine

Pollution Bulletin. http://doi.org/10.1016/j.marpolbul.2013.11.009.

Acampora, H, BD Hardesty, K Townsend and K Erzini 2014. Plastic ingestion by short-tailed shearwaters
(Puffinus tenuirostris) in northern Australia. Proceedings of the International workshop on fate and

impacts of microplastics in marine ecosystems.

Hardesty BD, C Wilcox, J Butler, R Gunn. 2013. Exploring sources, impacts and methods for amelioration
of ghost nets as a threat to marine species. A final report of the CSIRO and GhostNets Australia

Partnership: 2009-2013.
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10.

11.

12.

Hardesty BD, D Holdsworth, A Revill and C Wilcox 2014. A biochemical approach for identifying plastics

exposure in live wildlife. Accepted, Methods in Ecology and Evolution.

Hardesty BD, TJ Lawson, T van der Velde, M Lansdell, G Perkins and C Wilcox 2014. Estimating
guantities and sources of marine debris at a continental scale. In preparation for Frontiers in Ecology

and the Environment.

Hardesty, BD, J Reisser, R Sharples, C Wilcox. 2011. Understanding the types, sources and at-sea
distribution of marine debris in Australian Waters. Proceedings of the 5th International Marine Debris

Conference, Honolulu, HI, USA, 2011.

Hardesty BD and C Wilcox 31 Jan 2013. Ghostnets fish on: marine rubbish threatens northern
Australian turtles. The Conversation http://theconversation.edu.au/ghostnets-fish-on-marine-rubbish-

threatens-northern-australian-turtles-11585.

Hardesty BD and C Wilcox 2011. Marine debris: biodiversity impacts and potential solutions. The
Conversation http://theconversation.edu.au/marine-debris-biodiversity-impacts-and-potential-solu-

tions-2131.

Hardesty BD and C Wilcox. 2011. Understanding the types, sources and at-sea distribution of marine
debris in Australian Waters. Final report to the Department of Sustainability, Environment, Water,
Health, Population and Communities. http://www.environment.gov.au/coasts/pollution/marinedebris/

publications/pubs/marine-debris-sources.pdf

Lawson, TJ, K Johns, R Kirkwood, C Wilcox and. BD Hardesty 2014. Net characteristics and entanglement

in Australian Fur Seals. In preparation for Marine Pollution Bulletin.

Reisser J, J Shaw, G Hallegraeff, M Proietti, D Barnes, M Thums, C Wilcox, BD Hardesty and C
Pattiaratchi 2014. Millimeter-sized marine plastics: a new pelagic habitat for microorganisms and

invertebrates. PLoS ONE 9(6): €100289. doi:10.1371/journal.pone.0100289.
Reisser J, J Shaw, C Wilcox, BD Hardesty, M Proietti, M Thums and C Pattiaratchi 2013. Marine plastic

pollution in waters around Australia: characteristics, concentrations and pathways. PLOS One. 8(11):

€80466. doi:10.1371/journal.pone.0080466.
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13.

14.

15.

16.

17.

18.

19.

20.

Schuyler, Q, K Townsend, C Wilcox, BD Hardesty and J Marshall 2014. Marine debris through a turtle-
eyed view. BMC Ecology. http://www.biomedcentral.com/1472-6785/14/14.

Schuyler, Q, BD Hardesty, C. Wilcox and K Townsend 2013. A global analysis of anthropogenic debris
ingestion by sea turtles. Conservation Biology. 28:129-139. DOI: 10.1111/cobi.12126.

Van der Velde, T., Milton, D.A., Lawson, T.J., Lansdell, M., Wilcox, C., Davis, G., Perkins, G., & Hardesty,

B.D. 2014. Is citizen science data worth our investment? In preparation for Conservation Biology.

Vegter A, M Barletta, C Beck, J Borrero, H Burton, M Campbell, M Eriksen, C Eriksson, A Estrades, K
Gilardi, BD Hardesty, J Assungao | do Sul, J Lavers, B Lazar, L Lebreton, WJ Nichols, E Ramirez Llodra, C
Ribic, PG Ryan, Q Schuyler, SDA Smith, H Takada, K Townsend, C Wabnitz, C Wilcox, L Young and M
Hamann 2014. Global research priorities for the management and mitigation of plastic pollution on

marine wildlife. In press Endangered Species Research.

Wilcox C, G Heathcote, J Goldberg, R Gunn, D Peel and BD Hardesty 2014. Understanding the sources,
drivers and impacts of abandoned, lost and discarded fishing gear in northern Australia. Conservation

Biology. DOI: 10.1111/cobi.12355.

Wilcox, C and BD Hardesty. 2011. Cluster Analysis: a novel approach to identify types of derelict nets
that comprise ghost nets. Final Report to GhostNets Australia and the Northern Gulf Resource

Management Group.

Wilcox, C, BD Hardesty, R Sharples, DA Griffin, T) Lawson and R Gunn 2013. Ghost net impacts on
globally threatened turtles, a spatial risk analysis for northern Australia. Conservation Letters, DOI:

10.1111/conl.12001.

Wilcox, C, E vanSebille, BD Hardesty 2014. The threat of plastics to seabirds is global, pervasive and

increasing. In preparation for Frontiers in Ecology and the Environment.
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Abstract

As human population growth continues, so too does our waste, often with
unintended consequences for wildlife. The estimated 640,000 tons of fishing
gear lost, abandoned, or discarded annually exerts a large but unceriain
impact on marine species. These “ghostnets” drift in the ocean and can fish
unattended for decades (ghost fishing), killing huge numbers of commer-
clally waluable or threatened species. We developed an integrated analysis
combining physical models of oceanic drift with ecological data on marine
turtle species distribution and vulnerability to make quantitative predictions of
threat. Using data from beach cleanups and fisheries in northern Australia, we
assessed this biodiversity threat in an area where high densities of ghosinets
encounter globally threatened turtles. Entanglement risk is well-predicted by
our model, as verified by independent strandings data. We identified a num-
ber of previously unknown high-risk areas. We are also able to recormmend
effident locations for surveillance and interception of abandoned fishing gear.
Our work points the way forward for understanding the global threat from
marine debris and making predictions that can guide regulation, enforcement,

and conservation action.

Introduction

Human activities impad nearly all ecosystems (Glover &
Smith 2003; Halpern er af. 2007, 2008), with the ex-
ponentially increasing flood of human debris and rab-
bish being one of the major threats to marine ecosys-
tems (Eyan & Moloney 1993; Derraik 2002; Thompson
el al. 2004). Annually, an estimated 640,000 tons of fish-
ing gear is lost, abandoned, or discarded (Macfayden eral.
2009 exerting a large but uncertain impact on maring
wildlife. This waste can “ghost fish” unattended for yvears
or even decades, Killing huge numbers of commercially
valuable or threatened spedes (Laist 1987, 1997) resuli-
ing in loss of food resources and decreased biodiversity.
Although we know there are tremendous quantities of
rubbish in our oceans (Thompson ¢f al. 2004), far less is
known about where the debris occurs, what species it in-
teracts with and what the direct impacts are of those in-
teractions (Derraik 2002; Mrosovsky eral, 2009).

Consarvation Letters 1 (20120 1-8 (8 2012 CIRD

Much available information on marine debris comes
from coastal cleanups. Data on the distribution of debris
at sea are scarce, largely due to the expense of collecting
these data, which requires use of aircraft or vessels (e.g.,
Thompson ef @l 2004; Barmnes & Milner 2005; Pichel ef al.
2007}, Progress has been made in predicing the distribu-
tion of marine debris at sea (Maximenko er ql. 2012, al-
though predictions have only recently incorporated any
aspects of debris sources as driving variables (Lebreton
el al. 2012). Critically, to date none of these efforts at
modeling the distribution and fate of debris has taken the
next step and analyzed the ecological effects of the debris.

Our work extends existing analyses beyond a descrip-
tion of where debris ocours, to estimating its impact on
biodiversity., We accomplish this by adding two funda-
mental innovations to existing analyses of marine debris.
First, we use empirical data from coastal surveys asa driv-
ing variable in a model of oceanic drift to estimate the
density of marine debris across a large geographic region.
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Previously, debris density has been estimated based on
equilibrium assumptions without empirical data on debris
sources (e.g., Maximenko ef al. 2012), meaning that den-
sity estimates are only equilibrium estimates and are not
useful for estimating ecological impact of debris. Second,
we 1se a risk analysis approach to model impacts of debris
on species affected by ghostnets. We identify species im-
pacted using coastal survey data, and then model the en-
counter rate for these species using the spatial overlap in
the predicted density of debris and the vulnerable species.

We foous on ghostnets for three reasons. First, ghost-
nets are expected to exert a disproportionate impact on
marine species, Composing only 20% of marine debris,
the 640,000 tons of fishing gear lost annually by com-
mercial fisheries (Derraik 2002) is designed to capture
wildlife—often killing unintended species. For example,
up to 40,000 fur seals were killed each year by uninten-
tonal entanglement which resulted in an annual popu-
lation decline estimated at 4-6% (Weisskopf 1988; Der-
raik 2002). Second, ghostnets are a global problem. They
are even found on remaote islands such as Midway Atoll,
thousands of kilometers frormm commercial ports or lo-
cal net-based fishing operations (Hardesty 1998, personal
observation)., Therefore, developing tools to understand
their impacts and to suggest potential solutions has broad
applications. Third, ghostnets are a particular issue along
the northern coast of Australia, with concentrations of
derelict nets washing onshore in the Gulf of Carpentaria
{GOC) of up to 3 tons/km in some areas, as high as or
higher than any other area in Oceana and southeast Asia
|Kiessling 2002). Derelict gear in this region has been ob-
served to entangle invertebrates, teleost fish, sharks, tur-
tles, orocodiles, and dugongs (Gunn ef al. 2010). Address-
ing this issue requires understanding the sources of these
nets. To date, it has been possible to identify the country
of manufacture or flag state of the vessels for ca. 55% of
the nets, which include trawl, gillnet, and longline gear
originating from fisheries in Taiwan, Indonesia, Korea,
Australia, Japan, and Thailand (Gunn ef ql. 2010). How-
ever, it is unclear where this fishing gear was lost due to
the high volume of illegal and unreported fishing in the
region.

Our integrated analysis successfully utilizes disparate
data types in a novel way: we combine physical models
of oceanic drift and beach cleanup data to estimate the
distribution of ghostnet fishing in the Gulf. 'We combine
these estimates with ecological data on spedies distribu-
tion and vulnerability to make quantitative predictions
of threat. Finally, we test our predictions of threat using
independent data on entanglements, to ensure that our
mode]l accurately captures the system dynamics. Our
analysis integrates existing information and tools in a
novel manner, pointing a way forward in understanding
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the global marine debris threat by making predicions
that can guide regulation, enforcement, and conservation
action.

Methods

The 5,491 ghostnets used in our analyses were collected
from beaches around the GOC as part of a large-scale
coastal cleanup (2005-200%9). Each deanup site was ex-
haustively searched and nets were removed or destroyed
onsite. Based on comparison with net observations from
a systematic aeral survey, the cleanup data were repre-
sentative of the spatial distribution of nets in the GOC
region. For each net in the cleanup data, net size and any
animals caught were recorded. Because =20% of animals
recorded in nets were marine turtles, we concentrated
on evaluating the expected interacions between nets and
turtles. Turtles identified in nets and used in analyses in-
cluded 53 Olive Ridlev, 35 Hawksbill, 14 Green, and 3
Flatback turtles.

We created potential paths of drifting nets by simulat-
ing nets lost at sea in the region and {ollowing their tracks
over time. Because the actual sources of the nets are un-
known, simulated drifting nets were released on a regu-
lar grid spanning 115-152°E and 16-105 on a daily ba-
sis (1996-2007). Each release was at a random location
within a 4° = 4° grid cell. Simulated nets were tracked
for 2 years, or until they drifted outside 110-156 longi-
tude or 8-20° latitude (Figure 1A). Paths were estimated
using a Runge-Kutta fourth order integration of daily ve-
locity estimates based on velocity fields generated by the
Bluelink Ocean Drata Assimilation System for the relevant
period for each net (Oke ef al. 2008).

We recorded the frack of any drifting net that came
within 25 km of an observed net from beach deanup
data. '"We used this proximity approach because awvail-
able oceanographic models are unlikely to be accurate
enough near shore to use exact point locations of nets
{(Wolanski & Ridd 1920; Burford ef qi. 2009). 'We deter-
mined whether we had an adequate sample of simulated
drifting nets by examining the change in the distribution
predicted for nets from a site as nets were added to the
data set of potential net tracks. When the number of new
grid cells did not increase as additional potential tracks
were added, we assumed all likely pathways for nets to
arrive at a site had been sampled and were included in the
data set. We evaluated the sample size of our simulated
nets applied to four locations around the GOC, incud-
ing sites with high and low net densities. "We used 48,148
tracks in total: with this number the spatial distiibution
of nets from our four evaluation sites had stabilized.

Drata are sparse for at-sea distribution of marine tur-
tles in the GOC. Although most nesting sites are known
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Figure 1 Components of a dsk model for ghostnet impacts to turtles. (A)
Fotential ghostret tracks based on daily particles raleases [1996-2008]
and [inset] total length of net found at sites along the GOC coastine. [B]
Estimated at-sea distribution of marine turtles In the GOC based on catch
per unit of effort by research and commercial trawl vessels. (C) Predicted
thraat bo turtles fraom ghostnets inthe GOC. Threat is based on the proba-

and there are data on the number of individuals nesting
at each location (see hitp://www.environment.gov.au/
coasts/species/turtles/), the distribution of nesting sites
is not representative of the at-sea distdbution of tur-
tles. The best information on turtle densities at-sea in the

Consarvation Latters 1{2012) 1-8 (L2012 CIRO

bility of ancounter,w here encounter is predicted as the product of relative
turtle density (measured asturtles caught per unitof traw | efforti and ghost
fishing affort [expected value of the number of meters of abandoned fish-
Ing nat passing through each cell]. Final units are ax pacted relathe rate of
turtle-net encountars.

GOC are bycatch records from trawl data taken as part
of the prawn trawl fishery operating in the region. We
used these data to estimate the spatial distribution of ma-
rine turtles, calculating the relative density in 51 57 lati-
tude x 5° longitude cells covering the region. The data set
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contained 178,056 trawl records (1990-2009) with start
location, net size, trawl duration, and number of furtles
caught. Turtles caught included 105 Flatback, 52 Olive
Ridlev, 12 Loggerhead, 10 Green, & Hawksbill, and &6
unidentified trtles. We aggregated species and ignored
time of vear when estimating the spatial distribution of
firtles, as there were no significant differences based on
the data. The area swept (km?) was calculated based on
net size and trawl duration as a measure of sampling ef-
fort. Relative densities were based on the catch of turtles
per unit of fishing effort calculated by number of turtles
caught/area sweptL

We validated the risk model by comparing model pre-
dictions to observations collected by ranger groups of the
mrtles in nets that washed up on beaches. We did this
using the following logic: to be observed once caught in
a high-risk area, a turtle had to remain in the net untl it
reached a location near the coast, and once in that area it
had to wash onshore.

We identified a buffer along the coastline extending
25 km seaward from the coast dividing this buffer inio
1 km = 1 km cells (Figures 2A and B). We then assem-
bled all drift trajectories thatleft any of the 5° cells identi-
fied as having both high turtle density and high ghostnet
fishing effort and subsequenty crossed the boundary of
the 25 km coastal buffer. For each track, we identified
each contigunous period during which it was in one of the
I km = 1 km cells in the coastal buffer. 'We used this sam-
ple of tracks to estimate the relative frequency of turtles
washing up entangled in nets along the GOC coast.

Considering a single drifting track and event j as the
continuous presence of a net (i.e., the drifting net) in a
single cell in the coastal buffer for some period of time,
pr{T;}, the probability of the net washing onshore with a
martle in it as the net passes through the coastal cell is

Bt
priT;} =1— 1_[J (1 — {1 —pr{ja:.s'}]';.i"
U-ﬁ
® |1 —priioss} )i~ pristrand})), (1)

where ;} is the first time (ie., day) in event j, r_;' is the
last time for event j, i.e., the final time the track is in
the cell during event j. Here, pri/ms} is the chance that
a turtle caught in a net is lost from that net in a day,
and pr{sirand} is the chance a net within 25 km of the
coast washes onshore in a given day. We also account for
pr{F;}, the probability that the net did not wash ashore
from a different coastal cell, prior to the time the drifting
track entered the cell of interest. This is

et
i
PI{F,} = l_[ (11 — Prismana) ™),

Fml
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where & (i) is an indicator function, taking the value of 1
if the net is in any coastal cell on day rand 0 if it is not.
'We combine the two equations above to get pr{0,}. the
probability of observing a turtle during event j as

ol
pr{d;} = (1 - l_[ (1 — ({1 —pr{loss})5~" (1 — prifos})%

gt

e
xpr{srmnd}ll]) l‘[ ({1 — Pr{strand})®"). {2}

P |
To calculate the expecied number of turtles stranding
in nets from each cell, we search for any event | for each
cell in the coastal buffer from our data set of tracks that
entered the buffer. We sum (2) for each of those events
for a given cell, yielding the expected number of turtles
stranding in nets from that cell in the coastal bulfer. We
assume that strandings from a cell in the buffer occur
at the nearest point on the coastline to that cell. Sum-
ming all coastal cells we then get the relative density of
nets strandings with turtles. This is a relative density, as
the dailv probabilities of loss from net or stranding are
unknown. However, based on a sensitivity analysis with
priloss} and prisrand} taking a range of values between
0.01 and 0.2, these probabilities rescale the predicted rel-
ative density of strandings, but do not affect the spatial

pattern across sites.

Results

We took a risk-based approach to understanding the
biodiversity impacts of ghostmets, focusing on est-
mating the rate and spatial distribution of encounters
with turtles. Accordingly, we estimated likely tracks of
ghostnets using an ocean current model, given final
locations of actual nets observed onshore in the GOC
(Figure 1A). Net tracks are concentrated along the
shore of the GOC and northwest into the Arafura Sea
{Figure 1A). Accounting for net size (Figure 1A, inset),
we find that these are areas of concentrated fishing effort
by ghosmets. Taking into account the distribution of tur-
tles in the GOC (Figure 1B), we find that entanglement
risk is concentrated in one area along the eastern margin
of the GOC, and in a wide section in the southwest
extending up the west coast (Figure 1C).

There is good concordance between the distribution of
turtles predicted to strand on beaches based on our model
and the actual frequencies of turtles found in ghostnets,
with all observations falling in areas that are predicted to
be likely to have entangled animals, and vice versa (Fig-
ures 2A and B). Removing one outlying observation of
&l trtles in the northeast section of the GOC with an
artificially high number of turtles due to more intensive
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stranding on beaches based on the Ask model.

sampling at that site, a linear regression of observed
density of strandings on predicted density, weighted by
proportion of the coastline searched, was highly signifi-
cant (B? = 0.88, P = | .84e-08), giving further confidence
in the appropriateness of the model.
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Discussion

We focused on risk to marine turtles because they com-
prise =20% of the observed animals entangled, entangle-
ment is armong the most common known sources of their
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Figure 3 An example of the drifting pattern of 3 trecked net fwith ga-
olocatar in the GOC. The ret [green dots show track locations) validates
our model, showing the patternwe pradicted and highlighting the lack of
ghestrnats arriving in the scuthem Gulf.

mortality in Australia and the primary one reported in
the Gulf region, and Australia has & of the 7 threatened
marine turtle species, including large portions of the re-
maining global populations for several species (Limpus &
Fien 200%; Biddle & Limpus 2011). Mapping predicted
encounters, we found that risk is high not only where en-
tangled turtles have been observed, but also in the south-
western GOC in an area that was not identified from
the strandings data: a prediction that could not be made
in the absence of our integrated analysis. Furthermore,
testing our approach in a geographic region where there
are good data are critical for assessing its utlity in other
regions.

The match between our model predictions and ob-
served entanglements was very close (8 = 0.88), indi-
cating that net entanglement occurs in areas with high
ghosinet density and high turtle density, and that we
have accurately represented these distributions. This sug-
gests that encounters can be used as a reasonable measure
of risk (Figure 1C) and provides an excellent example of
the utility ol applying this approach to other marine and
coastal systems. A map of an actual net tracked in the
GOC provides illustration of our model as it follows the
pattern predicted, sweeping clockwise through the Gulf
{Figure 3).

The fit between our predictions and the observed en-
tanglements also suggesis that entanglement is driven by
the frequency with which mirtles encounter debris rather
than based on foraging behavior of turtles. Ideally, we
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would have tested for species differences in entanglement
rates directly by comparing relative densities of each tur-
tle species in an area with the observed entanglement
rate in that area. However, a direct test was not possible
due to the limited number of turtle strandings observed
and a lack of detectable differences between species
distributions.

Dur approach is readily expandable to the national or
even global scale for a wide range of taxa. Ower 200
species are known to be affected by marine debris, in-
cluding seabirds, marine mammals, and sea turtles (Laist
1997}, Recently, other researchers have developed pre-
dicted global densities of oceanic marine debris (Lebreton
efal 2012). Combining models such as these with species
distribution data, even at coarse scales, would provide es-
timates of relative encounter rates of debris across species
and is an important next step. This analysis could identify
global hotspots for impact, which might differ from the
highest concentrations of debris alone, and can assist in
identifying species to further investigate as those poten-
tially heavily impacted. The end result of such a global
analysis could be a list of spedes and their relative level
of debris encounter, which might form the basis for pri-
oritizing actions to mitigate this impact. This is critical be-
cause data from breeding sites alone underestimates the
number of animals killed at sea (Good e al. 2010). Aus-
tralia has identified exactly this information requirement
as a component of the national marine debris policy (ac-
tions 2.1 and 2.4, Anonymous 2009),

Oar results also suggest several direct actions for ad-
dressing ghostnet issues. It appears that most nets en-
ter the Gulf from the northwest and mowve along its
northeastem shore, following a clockwise path. Hence,
it would be possible to effectively monitor nets arriving
here, via aerial or satellite surveys, focusing on a rela-
tively small area north of the GOC. Coastal surveillance
programs might provide an opportunity for incorporat-
ing this area in their overflights. Also, tracks suggest that
intercepting nets along the northeast of the Gulf would
prevent much of their impact, as they sweep through the
GOC and encounter most of the high-density turtle areas
along the south and east margins. It would be relatively
efficient to intercept ghostnets in this region as there is a
major port along the northeastern GOC that could pro-
vide an operations center.

Management that incentivizes gear refurn or provides
waste disposal sites locally may also reduce gear loss.
In South Korea, a buyback program helps to reduce
the 23,200 tons of fishing gear abandoned each vear
by recovering up to 20% of the gear by weight (Cho
2009). However, management costs money—the Korean
program yields 1.2 kg of gear/U.5.%. Cleanup data and
preliminary surveys with fishers indicate that most of
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the drifting nets in the Arafura and Timor Seas north
of Australia are from Illegal fishing wvessels or from
legal Indonesian vessels, with a minor component from
Australian vessels (Kiessling 2001). However, causes
of gear loss/fabandonment are complex and involve
overcapacity leading to crowding and gear conflicts (R.
Gunn, unpublished data). Thus, incentive programs like
the Korean one may work in the Arafura/Timor Sea, but
must be carefully designed keeping the drivers spedfic to
this system in mind.

Priortizing investment to tackle this global problem re-
quires understanding the sources, locations, and spedes
affected, pointing to a critical need for global analyses
of ghost fishing and other marine debris impacts. Apply-
ing our model at a global scale and incorporating those
species most likely to be impacted will allow us to fo-
cus resources appropriately to hest mitigate the impacts
of ghostnets and other marine debris.
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Abstract: Globally, 64 millton tons of fishing gear are fost i the oceans annually. This gear (e, ghosi
nets), whetber accidently lost, abandoned, or deliberalely discarded, threaiens marine wildlife as it drifis
with prevailing currents and continges o entangle marine organisms indiscriminately. Noribern Australia
has some of the bighest densities of ghost nels in e world, with wfy o 3 lons washing ashore Per Bilometer
of shoreline annually, This region sufports globally significant pofwdations of internationally threatened
marine fauna, incuding 6 of the 7 extant marine furtles. We examined the threat ghost nels pose o marine
trirtles and assessed whether nels associated with particular fisberies are linked with furtle endanglenvent by
analyzing te capdure rates of turiles and frolential sorce fishertes from nearly %000 nels fornd on Australia's
northern coast. Nels with relatively lorger mesh and smaller birine sizes fe.g, pelagic drifi nels) bad the highest
Probability of entanglement for marine turtfes. Nel size was imporiant; larger nels apfreared o altrac furtles,
wihich further increased their calch rales. Owur resulls poind o issuwes with trawd and drift-net fisheries, ibe
Sormer due lo the large number of nels and fragmenis found and the latter due lo the very bigh calch rales
resulling from the nel design. Catch rales for fine-mesh gill nels can reach as bigh as 4 lurtles/ 100 m of
net length, We estimaled thatl the folal mumber of turtles caught by the 8690 phost nels we sampled was
between 48066 and 14,6000, assuming nels drifl for I year. Ghost nets continne fo accumlale on Anstralia’s
nortiern shore due o both legal and ilfegal fishing, over 13,000 nets bave been removed since 2005, This is
an improriant and cngeing ransborndary treal o biodiversity in the region thal reguires altention from
the comniries surrounding the Arafira and Timor Seas

Keywords: bycatch, cryptic monality, derelict nets, gill net, illegal fishing, TULL trawl

Entender ks Fuentes v Efectos de Equipo de Pesca Abandonado, Perdido v Desechado sobre las Tortugas Marinas
del Atlantico Norte

Resumen: A mivel plobal, 6.4 millones de toneladas de equipo de pesca se pierden anualmente en los
oodanas. Esle equifrm (. ef- redes fantasmas), ya sea perdido accidemtalmente, abandonado o desechado
deliberadamente, es una amenaza frava fa vida marinag mieniras se encuentre flolando con las corrienles
dominantes y siga envedando orgarismos marines indiscriminadamente. Bl norte de Australia Hene una
de las densidades mus allas de redes fantasmas en e mundo, con basta tres loneladas legando a la oriila
Por brilometro de linea costera al afio. Fsla region es il pava poblaciones significativas a nivel global de
Jauna marina amenazada internactonalmente, tncliovendo a seis de las siele tortugas marings existentes,
Fxaminamos la amenaza que las redes fanbasmas presentan para las tortugas marinas v evaluamos st las
recles asociadas con ciertas pesguerias estan vincrladas con el envedamiento de loriugas al analizar las tasas
de caplura de lovtugas v pesqueras Potenciales de origen de casi 2000 redes balladas en la costa norte de
Australia. Las redes con mallas relalivamente mias grandes v nn menor lamaio de cordel en puesira muesira
(Ir. ef: redes de flole Ppeldgice) tuvieron fa probabilidad mas afla de enredamiento para lorfugas. El lamaio
de fa red fue importante; pareciera que las redes mas grandes alvaen a las lortugas, o gue incremento su
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taza de caplura. Nuestros resulfados sefalan o problemas con fas pesgueras gre usan redes de arrasive y
de flotacian, la anterior debido a un gran mimero de redes v la altima debide a lasar altas de capiura
resultanies del disefio de lo red Fas lasas de caplura para redes de malla fina pueden alcarnzar basla 4
fovrfrgasy T8 i de largo de la red. Estimamos gue ef niimero tofal de fortugas cafburadas por loas 8690 redes
fantasmas que muestreamos se encontre entre 4,800 y 14, 600, asuwmiendo of uso de redes fvara on ane. Las
redes famnlaswias stpen acamudandose en la cosla norle de Australia debido a la pesca legal e flegal; mas de
13, 000 redes ban sido removidas desde 2005, Ista es una importamnte amenaza conlinua y ransfromleriza
Dara la odiversidad en fa region que requiere de alencion de los paises gque rodean fos mares Arafura v

Timaor.

Palabras Clave: captura accesoria, IUU, monalidad criptica, pesca ilegal, red de armastre, red de malla, redes

descuidadas

Introduction

Introduction of plastic debris into the marine environ-
ment is of increasing concern and has been identified
as an emerging global issue under the Convention on
Biological Diversity (Sutherland et al. 2010; Thompson
et al. 201 Z). Derelict fishing gear in particular is of major
concem because, although it makes up = 10% of marne
debris. it can have very damaging effects on marine faumna
iMacfavden et al. 200490, It is estimated that 6.4 million
tons of fishing gear are lost in the oceans annually (Mac-
fayden et al. 2000). Whether they are abandoned, lost
accidently, or deliberately discarded, the number of these
so-Ccalled ghost nets in the world's oceans is increasing
(Kiessling 2003. Macfayden et al. 2009}, In areas where
nets accumuiate due to eceanic currents, densities can be
high. For instance, Gilardi et ab. (20000 report that more
than 52 tons of derelict fishing gear accumulates annually
in the northwest Hawaiian Islands.

Derelict gear from fisheries has been recognized as a
threat to marine wildlife since the 1980s (Laist 1987, Mac-
fayden et al. 2009). Once lost, derelict gear drifts and can
continue to entangle wildlife indiscriminately for periods
from davs to multiple decades (Matsuoka et al. 2005;
Gilardi et al. 20100, Entanglement can lead to drowning,
inflict severe kicerations, increase drag while swimming
and foraging, prevent diving and feeding, and increase
exposure to predators (Ceccarelli 2000, Macfayden et al.
200K, Gilardi et al. 20100 The advent of synthetic materi-
als made nets cheaper, more durable, Ighter weight, and
stronger (Laist 1987). These properties, while beneficial
for fishing, also make them more buoyant, longer [asting,
and more difficult for trapped animals to break free from,
substantially increasing the damage associated with lost
gear (Laist 1987, Derraik 2002; Gilardi et al. 20000,

A recent review documented that 663 species are af-
fected by marine debris: a large fraction of those cffects
are due to entanglement (Thompson et al. 2002). Entan-
glement in marine debris, and derelict fishing gear specif-
ically, is a source of mortality in a wide range of species
including pinnipeds, cetaceans, marine turtles, seabirds,
cephalopods, fish, crustaceans, corals. and sponges (Mac-
fayden et al. 2009, Gilardi et al. 2000 Gilman et al. 20007,
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Turtles, in particular, are affected by phost nets due to
their tendency to use fAoating objects for shelter and as
foraging stations (Kiessling 2003; White 2006).

The northern Australia coastline has one of the highest
densities of derelict gear that washes ashore globally:
up to 3 t - ko ! - year—! (Gunn et al. 2010; Wilcox
et al. 2013) Based on oceanographic modeling, these
nets likely originate from fisheres operating in the Ara-
furs and Timor Seas, to the north of Australia (Gunn et al.
2010, Wilcox et al. 2013). Fisheries in the region tarpet
prawns, tropical snappers, sharks, squid, and tuna with 2
mix of gears including trawl nets, gill nets, purse seine,
longline, and traps (Northridge 1991 Morgan & Staples
2006; Wagey et al. 2009; Alongi et al. 2011; Stacey et
al. 201 1), Additionally, there is considerable illegal, unre-
ported, and unregulated (TULT) fishing activity occurring
in the region (Resosudarmo et al. 2009; Wapey et al
20057

This is cause for concern because the waters of the
gulf support impomant foraging, breeding, and nesting
grounds for & of the world's 7 marine turtle species (De-
partment of Environment, Water, Heritage and the Arns
2008), most of which are affected by derelict fishing gear
globally (Donohue et al. 2001 ). Limpus ( 2008) stated that
“turtle mortality in the Guif of Carpentaria’s ‘ghost net’
fshery is unguantified but appears to be hundreds, if not
thousands of turties annually.”™

We examined the threat ghost nets pose to marine
turtles in a tropical environment. We analyzed stranding
data to determine which net characteristics are associated
with capture rates of marine tunles; classified the types
of nets according to their characteristics to allow identifi-
cation of the fisheries losing gear in the region; and Enked
the estimates of capture rates with the net classifications
to prowide predictions of damage by fishery and gear type.

Methods

Study Reglon and Sorveys

We focused on the northern Australian coastline from
eist of the Gulf of Carpentaria (the gulfy across the north-
em Australian coastline to the nonhwestern coast of
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Figrire [, Study arvea in relation o economic exclision zone and neighboring cotniries,

Western Australia (Fig. 1), Coastal debris in this region is
driven by oceanic currents that circulate in a clockwise
gyre. Materials are transported into the gulf by south-
casterly trade winds. These winds become northwestedy
during the monsoon season (Wilcox et al. 201 3).

Data on stranded nets and entangled animals were
collected between 2005 and 2012 by local indige-
nous rangers. Commercial fishers, povernment agencies
(Australian Fishenes Management Agency, Great Barrier
Reel Marine Park Authority), community groups, volun-
teers (Conservation Volunteers Australia), and individ-
uals provided additional data. Data recorded included
GPS position, survey date, and net information such as
length, width, and height of net bundle; color; presence
of attached items (lead lines, floats. wood, squid figs,
etc ), twine composition (monofiliment or multistrandy;
mwine structure (braided or twisted and single or double
strandsy, number of strands; mesh size; twine size; and
mesh knotting (presence or absence). Samples were fre-
quently collected prior to disposal of the net. Animals
associated with nets were recorded and identified to
species where possible.

Data Analyses

There were 11,867 independent net records with 442 en-
tngled animals, 76% of which were turtles. Sharks, rays,

dugong, a variety of fish, and some invertcbrates were
also found entangled. These animals were not included
in analysis due to inconsistent reporting. We anticipated
data recording and entry errors, due to the limited liter-
acy and numeracy skills of some observers, After quality
control and exclusion of records with incomplete data,
we retained 8690 net records, of which 137 had turtles
caught in them.

We used logistic regression to investigate the effect of
net sige on the probability that a net contained a mrtle.
We were limited to using the longest dimension as a
proxy for area, due to low reporting rates. There is a
theoretical expectation that a kirper net is more likely
to catch a turtle because it samples a larger area, and
thus, this effect should be included in all analyses if it
is established. We evaluated both first- and second-order
linear models to allow for some Aexibility in the relation-
ship between net size and probability of capture. After
evaluating the effect of net sive, we explored possibie ad-
ditional covariates in the logistic regression model with
4 stepwise model building approach based on Akaike's
information criterion CAIC). allowing both forward and
backward steps, implemented in the R statistical lan-
guage (Venables & Ripley 1994; R Development Core
Team 20113, We aggregated whether the net was made
from monofifament or multistrand twine, and if it was
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muliistrand, we included the number of strands (range —
13130

e used regression trees implemented in a conditional
inference framework to explore the refationship between
the catch per unit effort, expressed as turtles permeter of
net length, and the various net characteristics recorded
(Party package in . Hothorn et al. 206063, This approach
was a complement to our linear regression analysis, pri-
marily to ensure that we captured the main explanatory
variables and higher order interactions.

We classified the nets based on their characteristics
{described above), on the assertion that the resulting
groupings would correspond to different types of fish-
ing operations. For instance, larger mesh sizes should
correspond to fsheries targeting larper species (Gabrel
et al. 2008). Similarly, monofilament nets and light twine
might correspond to gill nets, while heavier multistrand
twine could be more indicative of trawl nets (Gabriel
et al. 2008). We applied a mixture-model-based cluster
analysis that allowed for both continuously distributed
and discrete charactenstics (McLachan & Peel 20000, Pa-
rameters in the cluster analysis were estimated using the
EM algorithm (sensu Dempster et al. 1977, We estimated
the most parsimonious number of clusters following the
established method of starting at a model with 1 cluster
and adding additional clusters until the AIC reached a
local minima (McLachlan & Peel 20000 We then evalu-
ated which of these inferred types of nets (Le., clusters)
wis the most environmentally harmful in terms of catch
of turtles, as inferred from our logistic regression and
regression tree analyses.

We calculated the total expected catch across all nets
and net fragments with the fitted regression model. Due
to missing data, we excluded some of the Bo90) net
records from these predictions: we included only the nets
that had the relevant characterstics recorded. We then
expanded these estimates by multiplving the sum of the
expected catches across the nets we included from each
net type by the ratio between the total number of nets
of that type and the number included in the regression
predictions. This allowed us to expand our predictions to
include all 86940 nets. We assumed that nets with missing
data were a random subset of the nets with all available
data within each net type.

Results

Turtles found in nets on the gulf coast included fAat-
back (Nalator depressis, 9.9%), green (Chelonia mydas,
13.8%), hawksbill (Eretmocbelys imbricare, 32.6%), log-
gerhead (Carelia careifa, 1.1%), and olive Ridleys turtles
(Lepidochelys olivacea, 42.5%); approximately 24% of
turtles were unidentified. Due to inconsistent identifica-
tion, we considered all tartles together.

There was a strong effect of the length of the net
on the probability that it contained turtles: longer nets
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Soturces and Effocts of Ghast Nets

Table 1. Regression coefficienis for a logistic regression predicting
whether a ghost net is fownd with a wrile in it or not based on stepwise
madel selection with the Akaike information eriterion.

Corariate* Estimale SE -4 Pri=|zl)
[ntercept —1L90E+01 S51E+02 —0.035 0.97242
Lengeh 2 4RE—02 BO3E—03 2871 0. DHk409
Lenpth® —BO7E-05 4.57E—-05 —1.766 0.07746
Multi/mono —2.17E + 00 1.08E 4+ 00 —2.011 004435
iy

No. of sttands 1.19E + 00 1.14E—01 10.388 =Ze—1h
Double/single 1.55E +01 S.51E + 02 0.028 097751
{single)

Mesh size 8.54E—04 4.30E—04 1.985 004714
Twine sizc —1.09E + 00 1L.24E—01 —8750 <2e—16

*For factors, ibe code in parentbeses gives the relevant lvvel of the
Sactor for the cosfffcirnis. For fnstance, @ the case of Mults mon,
the cosfficient appfies to the medis lepel, and the moro level bas @
cowfficiend of (& See Supporting Information for detafls om et char-
aclerisiic

caught more turtles. This effect appeared to be nonlinear
because the second-order model including length and its
sguare had a lower AIC score (1082.1) than a firsst-order
model with length alone (1101.5). Both the length and
the sguare of the length had highly significant coeffi-
clents (Supporing Information), The positive first-order
and negative second-order terms indicated that although
longer nets caught more turtles, the effect of a umit in-
crease in length on the probability of capture decreased
is the length of nets increased (Supporting Information).

The best fitting model for predicting the capture of tur-
tles in nets included the number of strands, whether the
net was double: or single-strand twine, and the size of the
twine {Supporting Information, Table 13 Monofilament
nets were more likely to contain turtles. For nonmonofil-
ament nets, twines with larger numbers of strands, but
smaller diameters, were more likely to contain tortles.
Capture rates also increased with mesh size. The term
describing whether the net has single or double twine
construction was included based on the decrease in
AIC; however, this parameter was not significant at the
== 0.05 fevel. Results of the regression tree analysis
were consistent with these patterns: nets with twine
thickness of -2 mm and with 3 or more strands had
higher catch rates. The regression tree did not identify
any complex interactions that were not included in the
linear regression.

Based on AIC scores, there was statistical support for
a total of 14 types of net among the nets recovered from
beaches (Fig. 2. Because we were nol concerned with
the length of the nets, but only their characteristics, we
were able to include several thousand records that had
been excluded from the regression analysis, which in-
creased the sample size 1o 8600 nets. Mean mesh size
for the net tvpes ranged from 50 to =000 mm; mean
twine sizes also vared widely (from | to =6 mm (Fig. 3).
Some net types, such as those in cluster 3, were relatively
homogenous, in this case consisting largely of fine mesh
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Figure 2. Siatistical support for the numiber of types of
nel washing asbore in nortbern Australia. Nel types
are identified tbrowgd cluster analysis, and mogel
sefection {5 via Akaike nformation criterion.

gill nets (Fig. 3). Other net types, such as those in cluster
13. included a wider range of mesh sizes and twine thick-
ness. In this case, the range of mesh sizes was 1 result of
the group being composed of trawl net fragments, which
increase in mesh size moving out from the central section
of the net.

Met types vared widely in their predicted catch rates
(Fig. 4). Mets in cluster 3 had by far the highest catch rate;
the expected value was just over 4 turtles/ 100 m of net
Met type 9 had the 2Znd highest predicted catch rate. It
had an expected value of approximately 3 turtles/ 100 m
of net. Itis possible that both of these nets were gill nets.
Type 3 wias i fine mesh gill net (e.g.. for small fsh) and
type 9 was & larger gill net for demersal or pelagic shark.
Net type 2 also fell in this group; it was likely a relatively
fine mesh gill net, although with slightly heavier constnic-
tion than type 3. Two of the heavy twine nets, types 5 and
14, had intermediate catch rates, expected values were
approximately 1 turtle/ 100 m of net. In the case of type
14, this was due to the very large mesh. which increased
the expected catch rate. For type 5, the increased catch
rate could be doe to a slightly different construction in
the twisted 4 strand single twine nets because both the
heavy twine and small mesh would otherwise predict
low catch rates for nets with these characteristics (R.G.,
unpublished data). Most of the remaining net types had
relatively heavy twine and medium to fine mesh. both of
which were expected to have low catch rates.

We predicted that 202 turtles would be captured across
all nets in each of the 14 net types based on our fit-
ted regression model (Table 2). These predictions scaled
fairly closely with the observed captures (Table 2. Nets

differed widely in their abundances. Types 2, 3.7, and 10
composed most of the nets found and thus contributed
most of the expected catch. Net type 2, a smaller mesh
and twine trawl net, wis by far the most common. Types
2and 10, which were slightly heavier trawl nets, also oc-
curred in the largest fragments. Although less common,
net type 3 had a relatively high expected catch, owing
to a combination of net characteristics that lead to high
catch rates. Met type 9, which was composed of lange
mesh and fine twine, had the second highest catch rate
of all the net types, but it had a relatively low expected
total catch due to its relative rarity (Fig. 4, Table 2).

Discussion

Ghost Nets with the Largest Effect

As mesh size increased, nets were more likely to en-
snare maring turles. This result was similar to those from
southern Brazil (Lopez-Barrera ot al. 2012 and the 115,
mid-Atlantic (Murray 200097, According to Gilman et al.
(201, gill net fisheries that target marine turtles ofien
use nets with a relatively large mesh size (from 20 to 60
cm). Nets with small twine sizes. from 1.1 to 2 mm, had
the hipghest probability of catching marine turtles of those
in our sample. Few studies have related twine size and
turtle entanglements in fishing nets, although the sizes
recorded for nets with high bycatch in other studies wiere
maostly smaller than 2.5 mm {Trent et al. 1997; Romero
2008; Solarin et al. 2008; Alfaro-Shigueto etal, 20100,

Bised on net design principles, larger mesh size and
finer twing would be expected to increase the level
of ensnarement for tuntles coming in contact with nets
(Gabriel et al. 2008). In a study of catch rates of tanles,
Lopez-Barrera et al. (2012 found this 1o be the case,
a result that suppests finer twine causes 1 more thor-
ough entrapment. Macfavden et al. (2009 argue that the
relatively thicker twine diameter of trawl netting makes
it more visible and increases the ¢ncrsting community
on the net, both of which decrease its effectiveness in
ensnaring turtles.

The size of nets and net frapments also had a major
cffect on the probahility that a net contained turtles as it
wished ashore. This was likely due to a combination of 2
mechanisms. First, a larger net will sweep through more
water volume as it moves, thus, one would expect the
probability of capture to increase with net size. Second,
floating objects that provide habitat heterogeneity are
well known to have agpregations of marine life around
them (Castro et al. 2001). This is the reason for the use
of fish aggregating devices {FADs) {i.e., o increase fish
density and thus rates of commercial harvest in an area)
{Castro et al. 2001; Daporn et al. 2013). FADs are fre-
quently constructed with discarded fishing net or other
net designed for the purpose (Castro et al. 200013 There
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Table 2. Sizes of ghost nets, total oumber of fragments, and captures of turtles across all 8690 nets,

Net size” (m} Capitures
Neewibrer Froprortion of
Net bpe" of nels i median mean nEx nets with data Bredicted observed
| B [ 3 4.5 42 0.57 027 [
2 3459 0 5 D 37" 0.Gl 8209 73
3 1403 0 4 77 150 .64 6553 70
4 14 1 TS 9.8 z3 0.8 QL0002 o
5 48 | 5 9.0 T8 g1 .54 1]
G Si 1 5 73 25 0.61 00l 0
T 2081 [} 5 9.z S0 (1.64 31.88 18
8 19 Q 2 6.3 z5 079 L0055 [1]
Q 38 1 35 4.3 20 047 1.H9 1]
1 ([ i} 5 9.7 555 iR 2.98 13
11 345 i B! B8 S0 il 0,61 z
12 24 1 [ 121 3l 067 01 o
13 a7 a 2 37 33 .51 .89 3
14 I7 | 8 8.4 5 0.53 .08 (1]

TNet typres are e met categories fdemtiTed in tbe duster analysic
®Npt sizes are roumded (o the mearest 005 m for presemtation.

is sugpestive evidence that turtles aggregate near these
FAD}s based on catch rates by purse seiners from the
Indian Ocean (Dagorn et al. 201 3).

Sources of Ghost Nets

Despite the dominance of triwl fishing in the region, the
most frequently found ghost net in northern Australian
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waters was gill nets with a mesh size of 11.5-12.4 cm
and twine size of 7 mm (cluster type 3). These nets
composed 611 out of the 8690 nets in our data (7%
The combination of large mesh sizes and small twine
diameters is characteristic of gear that is light, fine, and
buovant and is therefore ideal for use in targeting large
pelagic species, such as tuna, shark, and mackerel, near
the surface of the water (R.G. et al., unpublished data).
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This suggests that drift nets. a type of floating gill net
set at the surface that targets pelagic species, may have
a disproportionate effect on marine turtles in the Gulf of
Carpentaria region.

Fisheries in the region known (o use drifit nets simikar
to the cluster 3 nets include the Javanese tuna fisheres
(Norhridge 1991) and a Thai shark drift net fishery (R.G.
et al, unpublished). Gillnetting accounts for 3% of the
licensed fisheries in the Arafura Sea (Wagey et al 2009).
However, approximately o000 gill net fishers operite
from Timor L'Este to the west (Stacey et al. 2011). In
addition, the presence of a large number of IULU vessels
in the region makes it difficult to accurately assess the
composition of nets being used (Wagey et al. 2009, In
some areas north of the Arafura and Timor Seas, UL catch
is estimated at up to 1.5 times the legal catch (Varkey
et al. 201075 and licensed fishers operating in the region
sugpest that some of these vessels use drift nets (R.G..
unpublished data).

The World Wildlife Fund developed an identification
key for nets that were washing up in northern Australia
which we had hoped to use in this analysis (Hamilton
etal. 2002). However, the identification key had 3 charac-
teristics that required us to develop our net classification
system. First, variation in measurements led o nets be-
ing incorrectly assipned, sometimes (o entirely different
categories such as trawl to gill net because the key did
not include vadation in measurements around its values.

second, there was ambiguity in the net orgin informa-
tion: manufacturer, country of use, and fishery were used
interchangeably as the source. Third, the key is not dy-
namic and thus requires updating as net designs change
to incorporate new technologies, fishing approaches, and
target species. Our statistical method groups nets based
on sige and construction, on the arpument that nets used
for similar targel species in a similar mode of operation
will generally be constnicted in a similar way. Thus, while
our clustering approach could not identify specific fish-
eries. it provided a means to link derelict gear to general
types of fishing in an unambiguous way. In our view, this
approach accommaodated issues with measurement ermor
and changing numbers of categories, either due to new
fisheries emerging or an increasing sample of abandoned
nets,

Size of the Effect on Marine Turtles

The B690 nets we analyzed were predicted to capture
22 tartles, based on turtles observed in the nets when
they washed onshore. This estimate was driven by net
characteristics, net size, and the frequency with which
they occurred. There wias heterogeneity among nets
within a given net type, both in size and design; thus, the
predicted catch was not equivalent to simply multiplving
the number of nets of a type times their expected catch
rate. However, the expected catch rates for the net types
(Fig. 4) can be taken as a general guide.

In predicting total catches by each net type, we also
had to multiply up cur estimates for nets in each type that
had incomplete data, which precluded direct prediction
based on the regression model. IF nets with incomplete
data are a random sample from the overall population of
niels in a type, this approach should lead to accurate esti-
mates. However, there is always the possibility that char-
acteristics such as net size, presence of trtes, or other
characteristics could lead to variation in the thoroughness
of data recording. In this case, estimates would be biased,
but in a potentially unknown and undetectable manner.

Transforming the estimate of the number of turtles
caught in nets washing onshore into an estimate of the
number of turtles captured by the nets at sea requires
knowing the rate of loss of turtles from the net, either to
decay or disentainglement after death. Based on a recent
review by Cooper (2012, there is carrently very little
published information on decay rates of marine turtles.
The one study providing experimental results for ma-
rine species estimated the postmortem interval (death
to complete disanticulation) for hawksbill turles in the
Sevchelles at 10-15 d (Meyer 1991). Our preliminary
experimental resuits sugpest a similar pattern, with a
postmortem interval in subtropical or tropical maring
environments of 5-14 d, depending on water tempera-
tures, tidal currents, and other factors (H. Jones et al,
unpublished datay.
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If we assume the nets drift for a year and that turtles are
evenly distbuted across the region where nets drift, then
the portion of the turtles caught that would be available
o be seen would be 0.0137/year (5 d/365 ) if mrtles
last 5 d and 0.04 1 /year if mirtles last 15 d. Given that 200
turtles were recorded. we estimate that 14,600 o 4866

les are kilbed by ghost nets in the vear before the nets

stranded. Simulated net drift paths of nets centering
the gulf had residence tmes manging from 1 o 476 d;
thus, we expect that calculating annual catch rates is
not unreasonable (Wilcox et al. 20013, CW., unpublished
datay. An important caveat in this estimate is that the
8690 nets in the data set were the accumulation of nets
over some unknown period. Thus, the estimate of 4.8660-
14,600 turtles killed should be considered a cumulative
estimate over this unknown period.

The estimate is most reasonably considered an ap prox-
imate lower bound on the number killed, not as a point
estimate of the value for several reasons. Nets are ex-
pected to decrease in catch efficiency with time, and
because our data were based on the very end of a ghost
net’s path, the net may have been much more effective
closer t the ime when it ceased being actively used ina
fishery (Matsuoka et al. 2005). In addition, nets continue
to wash ashore in northemn Australia. The current count is
just over 13,000 nets removed from the gulf coast (R.G.,
unpublished data). Evidence from Flinders beach, on the
norntheast coast of the pulf, suppests that the number of
nets washing ashore may even be increasing. There were
2213 nets removed from this beach between 2004 and
2012 but a large number of those arrived in the most
recent years (20100 419 nets, 2001: 526 nets, 2012: 163
nets) Thus, our estimate of turtle mortality based on the
8600 nets in our data set likely underestimates the total
cumulative mortality to date.

Our estimates of catch rates sugeest that management
interventions should be targeted at reducing the number
of large drift nets. Previous work (Wilcox et al. 201 3) sug-
gests that ghost nets drift into the gulf along a fairly nar-
row path that passes an industrial port just after entering
the gulf, making detection by customs surveillince planes
and interception near the port feasible and relatively in-
expensive. Early interception before nets are caught in
the gyre circulating in the gulf would likely substantially
reduce their damage and would cost significantly less
than the existing ad hoc removal program. Reductions in
the loss of nets, particularly large drift gill nets. are also
an imponant management priority. Anecdotal evidence
suppests that many of these nets come from illegal ves
sgls operating along the international boundary between
Indonesia and Australia; thus, continued and enhanced
interception and prosecution of these operators is Crit-
ical in reducing the input of drft nets into the marine
cnvironment Finally, targeted monitonng of ghost net
effects on rtles and other species should be a priority,
particulardy given the scale of our predictions. There is
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currently little data available when nets are intercepted at
sed, and improving this situation would cost little while
allowing gquantitative estimates of effects to be included
in population assessments for turtles, sharks, dugongs,
and other protected species thought to be affected in
the region.
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Parameter estimates for the logistic regression of the
probability a turtle is found in a beached net on the
size of the net (Appendix 51) and the net characteristics
recorded by ranger groups during beach cleanup efforts
{Appendix 523 are available ondine. The authors are solely
responsible for the content and functionality of these
materials. GQueries {other than absence of the material)
should be directed to the corresponding author.
Appendix 51, Parameter estimates for the logistic regres-
sion of the probability a turtle is found in a beached net
on the size of the net.

Appendix 52, Net characteristics recorded by manger
groups during beach cleanup efforts.
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Appendix C. Understanding the effects of marine debris on wildlife Year One progress report to
Earthwatch Australia 2012
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1 Introduction

Marine debris poses a global threat to biodiversity of immense proportion. For instance,
mare than six million tons of fishing gear alone is lost in the ocean each year (Derraik 2002).
Drespite this staggering amount of marine waste, fishing gear forms only a small percentage
of the total volume of debris in the ocean, not even making the list of the top 10 maost
common items found during coastal cleanup operations [(Ocean Conservancy 2010). The
impacts of this threat on biodiversity are both broad and deep. Marine debris have been
reported to have direct impacts on invertebrates, fish, amphibians, birds, reptiles, and
mammals (Good et al. 2010). These impacts are known to be a significant threat to the
persistence of several threatened or endangered marine species, and likely to be affecting
many others. For example, up to 40,000 fur seals are killed each year by entanglement in
debris (Derraik 2002) and entanglement and ingestion are major causes of population
decline for some marine mammals. Finally, the impacts from debris in the marine
environment are rapidly intensifying, as the volume of refuse humans release into marine
systems is growing at an exponential rate.

The goal of our work is to develop a national risk assessment for wildlife species that are
affected by marine debris, addressing a topic {marine debris) that has been identified as a
‘key threatening process to wildlife in Australia. The project integrates field, modelling,
genetic and biochemical marker approaches to understand the impact of marine debris on
fauna at the national scale. One of the critical aspects of this work is that we collaborate
and engage heavily with school groups to promote science education and learning through a
timely and relevant topic that is part of the national science curriculum — and fits in which
maths, chemistry, physics, biology, oceanography and ather parts of the national curriculum.

This project seeks to answer four fundamental guestions:

1) What are the sources, distribution, and ultimate fate of marine debris?

2} What is the exposure of marine wildlife to debris?

3} When wildlife are exposed to debris, what factors determine whether animals ingest
ar are entangled by debris?

4} What is the effect of ingestion or entanglement on marine wildlife populations?

In 2011, a three year partnership was entered into by Shell, Earthwatch Australia and CSIRO
with an aim of addressing the four fundamental questions listed above.

Cur overall aims are to;

- Carry out a risk analysis completed for focal species across multiple taxa across the
country

- See increased science learning and uptake for individuals, schools, communities
and industry across the country

- Inform policy decisions based upon sound science

- Develop a priority list of "at risk’ species based upon distribution, encounter and
impact of debris
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- Hawve increased engagement with industries contributing to the marine debris
issue (with potential solution-based approaches to resolving the issug)

- Contribute to a change in behaviour resulting in decreased marine debris
deposition across the country due to science learning at local scales
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2 Key milestones identified for Year 1

Several key milestones were identified for the first year of the project. These milestones
included 1) develop curriculum that fit into the national science curriculum; 2) develop a
web based resource for public profile and community engagement; 3) identify potential
schools with which to engage in the Teachwild program, particularly focusing on schools in
important Shell-identified focal areas; 4) initiate data collection and input; 5) carry out 1 Day
Scientist for a day excursions with schools; 6) carry out 7 day research expeditions with
teachers and, if possible, 7) carry out sea-based research expeditions with teachers.

2.1  Curriculum development

Content was developed that fits into the national science curriculum with specific lesson
plans developed for each of years 5-10. C5IRO scientists provided key input to the content,
activities, and evaluation for the Teachwild science curriculum. Exercises and activities have
bean trialled with successful outcomes. See appendix for curriculum detail.

C5IR0O developad a collaborative relationship with the Atlas of Living Australia (ALA) and they
agreed to and have established our national marine debris portal. The ALA is the Australian
node of the Giobal Biodiversity Information Facility (GBIF). This information system
aggregates data on Australian fiora and fauna and provides an exceptional geospatial
capability as well. It is here that the national marine debris databasze is available to
voluntesrs, students, teachers, and citizen scientists, and where data on beach surveys,
incidental sightings and other site location information is collated. The host address for the
site is www teachwild ala org su. Individuals and groups are able to input data and see
summaries of information from across the country.

Also, in February 2012, to further promote the project, ALA posted on their website focal
information about the project including the aims, the importance of marine debris, the
project scope, distribution maps for species and marine debris, marine debris exposure, key
facts about entanglement and ingestion, partner organizations and activities, and key
contact personnel at Earthwatch and CSIRO for various components of the project (see

fwww alaorg.au/blogs-news/fielddata-software-citizen-science-training-course/).

Teachers and schools participating in the program (see 2.5 and 2.6} have been entering their
data into the online national marine debris data portal. To date, nearly 500 records have
been logged, including records from at least nine teachers who have participated in the
weeklong field expeditions (described in 2.6).
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In addition, we have developed a secure community space where schools, teachers and
community members can collaborate, use expertise, share data, information and generate
intefligence. This is @ community space platform developed by the Australian Biosecurity
Intelligence Metwork [ABIM) using leading edge tools and technologies that ABIN makes
available through their secure online workspace. www.abin.org au is the host site. Within
this platform, we have a secure Teachwild community space where web information,
protocols, data sheets, photographs, videos, articles and other key resources are made
available. Teachers can meet and interact with one ancther here, schools can compare data
and information with one another from across the country, and a wealth of information is
made available to participants in this shared community space. One of the fantastic
attributes of the space is that videoconferencing can take place amongst multiple groups
based at geographically disparate sites — and that this web conferencing capability has high
functionality in areas where there is low bandwidth. This is particularly important and
relevant for participants in remote or rural areas of the country, some of the relevant groups
with whom we want to engage.

Through this community space and/or through use of skype, schools can also have live links
to CSIRO scientists for regular question and answer sessions. Also in this space, videos of
interviews with scientists and teachers can be made available to other Teachwild
participants.

2.3 Identify potential schools

To identify potential schools, CSIRO education made contact with prospective teachers
through the national Scientists in Schools (5i5) program to promote the new Teachwild
partnership. As of 2011, Scientists in Schools has more than 2,000 partnerships between
scientists and schools around the country and has been engaged with more than 1,300
primary and secondary schools. This represented a fantastic opportunity to reach the
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broader science education community about the work we are doing and how we are looking
to engage with schools in coastal regions nationwide. Opportunities to increase the science
communication and network profile of the project persist, with Double Helix, Scientrifix and
other science publications available to share the marine debris Teachwild work, should the
organizations opt to do so.

To date, we have worked with teachers and schools from Queensland, New South Wales
Victoria, and Western Australia on the 1 Day Scientist for a Day program. Additional schools
from the Northern Territory and South Australia have also shown interest and we will be
running the scientist for a day program in those areas, as well as in the greater Melbourne
area, Exmouth and Broome in the coming months.

4  Data collection

Coastal surveys

Data on the density of debris along coastal margins will be analysed using a statistical model
to infer how local conditions, such as coastal aspect, slope, and prevailing wind direction,
agffect the density of debris. We will explore explanatory variables, such as distance from
surrounding cities to understand factors affecting debris distributions. The end result of this
analysis will be a standardized measure of the density of debriz along the Australian
coastline, which will allow comparison of the input across regions.

We will also explore the likely sources and at sea distribution of debris by using an
oceanographic model to infer the starting location and pathway for debris observed on
share, which is the presumed sink for marine debris. Summing across all the paths of debris
predicted to go through each location in the ocean, we will produce an estimate of the
relative density of debris in that location. This will be compared to the densities of debris
observed at sea from citizen science programs and Southern Surveyor transit voyages to
validate predictions. The final result of the analysis will be a predicted distribution of debris
at sea.

Furthermore, by predicting the distribution of debriz at sea in the opposing direction, we will
work forward in time from potential sources. We will posit several working hypotheses,
such as debris is all released domestically from terrestrial sources and releases are
proportional to population size.. These source hypotheses will be implemented using the
oceanographic model to predict the fate of debris originating at these sources, and the
predicted fates compared to the distribution of debris observed at sea and along the coast.
Based on the relative fit to the data, we will evaluate whether debris appears to come from
domestic versus foreign sources and the relative proportion of terrestrial versus marine
input. Again, the outcome of this analysis will be a prediction of the at-sea distribution of
debris, but this prediction will be independent of the reverse prediction made above using
data from the sinks.

At the projects inception, the initial plan was to survey disjunct areas of coastline at multiple
sites around the country {shown in Figure 1). In order to have a better, more exhaustive
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dataset that encompasses more of the country’s coastline, we have revised the original
survey area to include a more comprehensive picture of marine debris along our coastal
areas (Figure 2). From the project’s inception through the end of June 2012, CSIRO staff
have surveyed the coastline from just north of Cairns down the south coast past Brisbane
and Sydney, along the south coast from Melbourne and Adelaide and westward to Perth.

Figure 1. Initial map of proposed coastal debris survey areas
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Figure 2 Revised map of proposed and completed coastal debris survey areas
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The first important step prior to carrying out the coastal surveys, was to develop a field
methodology that is robust, will adequately represent the debris found on beaches around
the country, can be conducted in a reasonable amount of time, is as consistent as possible
with other survey data that has been collected, and is suitable and appropriate for citizen
scientist volunteers to carry out with a modicum of training. & great deal of time and energy
therefore went into developing the working methodelogy and it is as consistent as possible
with data collection approaches already in place by volunteer groups carrying out beach
clean ups both in Australia and internationally. Because school groups with younger
students may find the detail challenging, we also developed a methodology suitable for
younger students. See Appendix for datasheets and data protocols for both data collection
approaches. All information is available in the shared community space and on the

www teachwild ala.org.au website and data portal.

Preliminary analyses from the coastal survey work has been underway, with analyses based
upon surveys carried out in Queensland, Mew South Wales, Victoria and parts of South
Australia and Western and Australia, Thus far, it appears that high debris density does not
only occur near cities, but is also prevalent in some areas of low population density (see
further description in Figures 3 and 4).

Figure 3. The log density of debris on beaches (countfarea). It is worth noting that there isa
single outlier, one debris amount was much higher than all the others, You can see the
effects of urban areas, which indicates that there is a significant domestic source.
Furthermore, the survey site near Melbourne stands out. However, there are also areas with
high debris density in areas that are not particularly urban (such as western Victoria). This
may be the result of the effects of prevailing currents and wind.
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Figure &. The ratio of glassf(glass + hard plastic) at beaches along the Cueensland, New
South Wales and parts of South Australia coast. It provides a measure, at least indirect, of
how ocean influenced is the debris at a beach. This is based on the assumption that both
hard plastic and glass come with people as beverage containers, but only hard plastic can
float in from the ocean. Mote that the more intense the red the colour at a particular beach,
the lower the ratio. Thus the more plastic {and presumably the more ocean input). This
could be still high near local population centres, because there is more debris floating
around areas of higher population density.
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At-sea surveys

In the first year we have carried out high seas and coastal maring debris surveys on board
the Southern Surveyor and one of the AIMS research vessels. This wark has been carried out
by CSIRO project scientist Chris Wilcox, a PhD student from UWA (Julia Reisser), a PhD
student from UQ (Qamar Schuyler) and a masters student from Ghent University (Heidi
Acampora). Surveyed areas have included 1) New Zealand to Tasmania; 2) inside the Great
Barrier Reef; 3) from Fiji to Hobart; and 4) from Adelaide to Perth.
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See map (below, courtesy of 1. Reisser) of plastic debris densities (plastic pieces per kmz:l
based upon transit voyages on the Southern Surveyor bluewater research vessel.
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5  Scientist for a Day

The successful Scientist for a Day program has resulted in engagement with more than 700
students to date. With Earthwatch staff, scientists from CSIRO have worked with teachers
and schools from Queensiand, New South Wales Victoria, and Western Australia on the 1
Diay Scientist for a Day program. Schoaols from the Narthern Territory and South Australia
have also shown interest and we will be running the scientist for a day program in those
areas, as well as in the greater Melbourne area, Exmouth and Broome in the coming
months. The excitement and enthusiasm from schools around the country has been
impressive. Schools have developed their own videos based upon their learning experiences
and the program has led to engagement in state and national kids teaching kids participation
from schools in two states using their learnings in the Scientist for a Day program to teach
other students about the Teachwild program and the marine debris issue. Teachers and
students have together developed waste reduction programs at their schools and have
developed innovative practices to change school, community and home practices,
particularly around plastic waste.

2.6 leachwild 7 Day Research Teams

The 7 day Teachwild excursions have been tremendously successful. To date, we have
completed two of these weeklong programs. Teachers from Queensland, Victoria, Tasmania,
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Mew South Wales and Western Australia have participated. The feedback from teachers has
been overwhelmingly positive with several teachers remarking that this has been the best
professional development opportunity of their careers.

Teachers have made real contributions to the science whilst learning new skills. Importantly,
while doing so they have been able to skype or blog back to their classrooms,
communicating with students in words, photos and in live video feeds about their
experiences in the Teachwild program. Teachers have not only carried out coastal debris
surveys, but have also helped to perform trawl surveys to look for plastics and other
anthropogenic debris, they have assisted in necropsies for turtles and seabirds and they
hawve learned to use spectrophotometers to record spectral characteristics for debris. They
have also used other scientific equipment to collect and record data, whilst engaging with
numerous scientists to aid in their studies and contribute significantly to important research
of national and international relevance.

Teachers collecting data on coastal debris surveys
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} Teachers helping to collect data on trawl samples to look for anthropogenic debris in the
marine environment near North Stradbroke Island.
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Teachers and researchers sorting debris found in trawl nets

Teachers using microscopes ta identify anthropogenic debris
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Teachers in the week long expeditions also helped to carry out necropsies on wildlife washed up on
beaches. The data collected contributed to a student’s masters thesis quantifying marine debris found in
muttonbirds.

A happy group of teachers, scientists and Earthwatch staff at the Moreton Bay Reserach Station on North
Stradbroke Island.
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k 3 Communications and media

Importantly, 3 communications strategy yearly plan was developed and has been implemented between
the three partner organizations. The official project launch for the Teachwild program took place on 8
March 2012 in Perth, with representatives from the three partner organizations, Earthwatch, CSIRC and
Shell. The successful event also had representation from the Chief Scientist of WA [Professor Lyn Beazley)
and during the launch we carried out @ beach clean-up with the South Fremantle Senior High School year 8
class. The launch media promotion resulted in articles in 13 newspaper articles, one magazine write up (in
the Australian Teachers magazine) and five radio interviews.

) eearwarer @

The CSIRO facebook page, with a readership of more than 15,000 has also posted photos, stories and other
information about the project. This extends the Teachwild profile in both breadth and depth, reaching the
broader Australian and international community. CSIRO twitter feeds hawve furthered the social networking
communications of the project, and press releases from CSIRO about the research have highlighted this
important partnership between Shell, Earthwatch Australia and CSIRO.

Additionally, because we encounter so many interested members of the public in the course of carrying out
fieldwork, in consultation with the communications teams from partner organizations, C5IR0 developed a
brief handout to share some information about the Teachwild program {see Appendix). There has been a
strong positive response from the general community and it seemed a simple and opportune way to share
information about the project.

Media interest in the project has exceeded expectations and has resulted in not only a local and regional
impact, but in a national and international profile as well. Some of the media highlights in the first yvear of
the project have been a newspaper article in The Age (http://www theage com au/environment,/csiro-nits-

the-he=ach-in-littermapping-study-20120212-1th22_html), featuring on the national television program Th
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Project (formerly the 7pm Project), and national radio coverage on ABC (as well as several state and
regional radio interviews). The work has also been featured in Cosmos Magazine, the Herald Sun, the
Cowrier Mail, www news.com au, the 730 report in Tasmania, Landmark Magazine, the Australian Marine
science Bulletin, Fishing Today and numerous other news outlets.

Additional project airings on national television inciude an upcoming feature scheduled on the children’s
science program Scope (to airin August), and an interview for Catalyst (to air early September).

A maore exhaustive list of CSIR0O interviews and media from project beginning through 30 June 2012 i=
provided:

# Ressarchers monitor beaches. Esperance Express. 25 May 2012.

* Tackling Marine Debris with CSIRO. http:/fausmepa blogspot.coniau/2012 /04 /tackling-marine-
debris-with-csiro_htmi 28 April 2012.

# Australian Marine Science Bulletin 187, p 28. C5IRO hits the beach in litter-mapping study. ssue 1,
2012.

¢ Ocean Whispers. Tackling Marine Debris with CSIR0. AUSMEPA marine education. hitp//ausmepa
blogspot com.auf2012_04_ 01 archive him!. 28 April 2012,

¢ Fishing Today. Tasmanian 5eafood Industry News, Volume 25, No. 2, p 13. April/May 2012,
& Channel 7 News Adelaide. Marine Debris Project interview in South Australia. 17 April 2012,
¢ There's science in the flow of rubbish. Landmark Magazine. Issue 43, p_ 14, April 2012

+ Wildlife Bytes 5/4/12 Marine Rubbish. http://wildlifebytes blogspot.com. auf2012/04 /wildlife-
bytes-5412 htmi 4 April 2012

¢ Teachers ‘go wild’ to help marine life. The Redland Times.

hittp:f fwww baysidebulletin.com_au/news flocal /news fgeneralfteachers-go-wild-to-help-marine
f2/2501183 aspx 26 March 2012,
¢+ Schools to helpin marine debris. Noosa News. hitp://www_ noosanews.com.aufstory/2012 /03 08/

schools-help-marine-debris/. 8 March 2012,

¢ Schools to help in marine debris. Warwick Daily News. hittp://www warwickdailynews com.au
fstoryf2012/03/08/schools-help-marine-debris/. 8 March 2012.

itp:f fwww mysuburbannews

¢ Schools to help in marine debris. North Queensland Herald. |

com.auwf2012/03/08 /marine-debris-initiative-launched-20208002_htm| 8 March 2012.
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¢ Schools to help in marine debris. Whitsunday Times. http://fwww whitsundaytimes.com.au fstony/
2012/03/08/schools-help-marine-debris/. 8 March 2012.

¢ Schools to help in marine debris. North Rivers Echo. http://www echonews.com_aufstory/2012
J03/08 /schoois-help-marine-debris/. & March 2012.

# Schools to help in marine debris. Fraser Coast Chronicle. http://fwww frasercoastchronicle . com au
[storyf2012/03/08/=chools-help-marine-debris/ 8§ March 2012.

# Schools to help in marine debris. The Coffs Coast Advocate.
http:/fwww . coffscoastadvocate.com.auf story/ 2012 /03/08 fschoois-help-marine-debris/ 8 March
20312

¢ Surf coast times. Finding the source of rubbish. http://www surfooasttimes.com au/. 6 March 2012.

#» The 7pm project. Television interview on http:/ftheprojecttv com. au/video htm?movideo
p=39696&maviden_m=167510 5 March 20132

+ Atlas of Living Australia website 28 February 2012, http://www als.org au/blogs-news fielddata-
software-citirzen-science-training-course/

& Geelong Independent Newspaper. Beach ‘debris’ survey. 27 February 2012,
http:/ fwrww starnewsgroup.com.au/findy/geelong/268 /story/149237_html

& BEM waste. CSIRO undertaking marine litter survey. http://www _ben-global com/Waste
fNews/CEIRD_undertaking_marine_|iter_survey S6B5.aspx 26 February 2012,

o Herald Sun. Eye in sky filming our rubbish shame. http://www heraldsun.com au/technology feye-
in-sky-filming-our-rubbish-shame/story-fn7celvh-12262800524 11 24 February 2012.

* MNews.com.au. Eye in sky filming our rubbish shame.
http/fwww suasnews.com /2012 /021 2305/ eye-in-sky-filming-our-rubbish-shame/ 24 February
2012,

# Courier Mail. Eye in sky filming our rubbish shame.
hittp:ffwww.couriermail . comaau/news/technology /eye-in-sky-filming-our-rubbish-shame/story-
fnTcelkh-1226280052411 24 February 2012.

¢ Silobreaker. Eye in sky filming our rubbish shame. http://www adelaidenow. com au/feye-in-sky-
filming-aur-rubbish-shame/fstory-eGfreabu-1226273926181 24 February 2012
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# Scistarter invited writer/participant for international citizen scientist website and blog. 22 February
2012

# ABC AM radio. Statewide WA Interview on Marine Debris project (pre-recorded). 26 February
2012,

# ABC AM radio. Victoria/South Australia. Interview on Marine Debris project 24 February 2012

® ABC AM radio Cairns. interview with Gen Perkins on Marine Debris project. 22 February, 2012.

® ABC AM radio Newcastle. Interview with Chris Wilcox on Marine Debris project. 22 February 2012.

# The Age Newspaper. CSIRO hits the beach in litter mapping study. hitg [/ /w

snvironment/csiro-hits-the-beach-in-littermapping-study-201202 13-

ww_theage.com.au/

ntml. 20 February 2012.

# The Sydne]y- Morning Herald. CSIRO hits the beach in litter mapping study.
http:/fwww_smh_com_auf environment/csiro-hits-the-beach-in-ittermapping-study-20120219-

1the2 htmi 20 February 2012

« Spatial Source. CSIR0O researchers map beach rubbish. http-//www spatialsource com au 2012
{01/30/article/CSIRO-researchers-map-beach-rubbish VYW NYMHTH htm] 30 Janueary 2012,

s ABC PM radio Queensiand. Interview on Marine Debris Project,
http://blogs.abc.net.au/queensland/ 18 January 2012,

+ Manly Daily Newspaper Smmmlng in Rubbish: CSIRO research map marine debris.
http-/ forigin. mar '-1- daity whereilive_.com_au/news/story/swimming-in-rubbish-csiro-researchers

map-marins-rubbish/ & January 2312.

* ABC 774 Melbourne. Breakfast show interview on Marine Debris project. 15 December 2011,

14 f=cientists-comb-beaches-for-rubbish-clues-featuring-staff-

fCpSU-CSITO.O

ciation-member-

* ABC PM Radio Sydney. Interview on Marine Debris Project. 13 December 2011,

http:/ fwww.abc net au/pm/fcontent/2011 /53390231 htm

o htip:ffwww.abc.netau/newsf2011-12-13/scientists-comb-beaches-for-rubbish

Clues/3732460 Ysection=—nsw

# The 7.30 Report Tasmania. Television interview on Marine Debris project. 9 December 2011,
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e http:f/www.abc net au/news/2011-12-12/marine-rubbish/3725946%ection=tas

¢ Sea Change. Cosmos Magazine, |ssue 39, July 2011

ntip:/ fwww.cosmosmagazine.comffeatures/print /4692 fsea-change? page=0%2C0

« Port Macguarie News. Town Beach is king of the rubbish heap. @ December 2011,
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R 4 Accomplishments and learnings from Year 1

Some of our key science goals in the first year of the project have been to collect observations on the
distribution of various types of debris from four sources: a) coastal debris cleanups, b} data collected by
citizen scientist programs with schools, recreational boaters, ships of opportunity, and other platforms that
allow for data collection, c) research surveys of debris and wildlife along the coastline, and d) research
surveys organized during transit voyages on the Southern Surveyor or AIMS research vessels.

We have achieved each of these goals, and we developed an appropriate methodology for conducting
coastal surveys at the national scale. We have collected data along more than 60% of the coastline to date.
We have successfully worked with numerous schools and we have also been engaging with recreational
boaters who are collecting data from multiple sites along the east coast of Queensland from Port Douglas
down to Brisbane. There has also been a groundswell of interest from members of the public outside the
education sector. The interest in the project from school and community groups as well as high media
interest in the project from around the country has resulted in the opportunity to engage with a broader
section of the Australian population than anticipated in the project’s first year. This has also resulted in the
need for increased effort by project staff to consistently respond to and engage with interested parties ina
timely fashion.

In addition to the coastal surveys we have developed, trialled and begun carrying out the focal species work
for @ number of marine taxa. Two PhD students supported by CSIRO top-up scholarships have theses that
are contributing to the project goals. Each of them focuses their research on marine debris impacts on sea
turtles. Furthermore, survey approaches for detecting anthropogenic debris in and around seabird colonies
has been successfully carried out at breeding populations on Lord Howe Island and in the Flinders Island
group. Other suitable sites have been identified and we have developed collaborations with researchers
from Phillip Island, Rottnest Island and other important seabird breeding areas.

Importantly, the first international journal publication relating to this project has recently been published
by PLOS One (Schuyler et al. 2012). The paper focuses on debris selectivity in marine turtles, one of the key
taxa we are targeting. Within the first month of publication, the paper has had a readership in excess of
1,700. interest from the lay community has been noted through social media which has particularly been
interested in the occurrence of rubber balloons as ingested material in marine turtles. in addition, a
masters student’s thesis [Acampora 2012) has been completed based upon her work in association with
this project, and in the coming year we expect to have a paper published in an international journal based
upon this research to which teachers on weeklong Teachwild expeditions contributed.

Overall, the first year has been tremendously successful with excellent school engagement, a fantastic and
motivated group of teachers and students from around the country, and we have achieved and exceeded
project expectations.
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5 Looking forward

Owver the next two years we will be developing coarse distribution maps for 3 number of species, along with
distribution maps for marine debris. These maps will be based on a variety of data sources, incorporating
multiple sources and analytical approaches where possible. We now have a memorandum of
understanding in place with the department of the environment and they have provided species
distribution information to CSIRO for a number of marine species. We will be developing the risk analysis
on exposure and impact from marine debris, at both the individual and population level, for several marine
vertebrate species. This information will be integrated to develop the main output of the project, an
evaluation of the risk marine debris poses to Australian wildlife at the national scale.

In 5eptember, we will be carrying out a research expedition with four teachers and CSIRO scientists aboard
the Southern Surveyor national research vessel. The excursion will take place from Broome to Darwin,
providing an exciting and unigue opportunity for teachers to assist researchers in collecting important data
in the high s=as environment.

In September and October additional week long science excursions are planned for Morth Stradbroke Island
and for Phillip Island. For the first time since the project began, teachers and Shell employees will work
alongside one another to participate in a variety of activities and assist scientists in critical data collection
to contribute information needed for the national risk assessment.

By the end of 2012, we anticipate we will have completed all of the coastal debris surveys. Furthermore, we
aim to have completed analyses from this component of the research, with the second year of the project
focusing on individual taxa surveys in addition to school engagement at more remote and rural sites across
the country.
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w www.csiro.aufscience fmarine-debris

Wealth from Oceans Flagship

Chris Wilcox

t +61 362325306

e chris.wilcoxi@csiro.au
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Mapping marine debris
around Australia

Scientists from CSIRC are surveying beaches
and birdlife around Australia to better
understand the sources and distribution of
marine debris and the threat it poses to
Australian waildlife_

Volunteers can get involved
in and collect datz to
contribute to this national
project

The marine debris survey began near Cairns in
late 2011 and is stopping every 100
kilometres around the coastline. Debris is

recorded along three to five survey lines at
each beach or rocky shore,

TeachWild offers you the opportunity to
Join the national marine debris survey.

Data collectad during the survey will Interested?

contribute to a national marine debris
database designed to assist the formulation of
waste management policies and practices
intended to protect marine ecosystems.

... teachwild.org.au

The marine debris survey is part of TeachWild,

a national three-year marine debris research and
education program developed by Earthwatch
Australia together with CSIRO and Founding
Partner Shell.
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Mapping marine debris
around Australia

Scientists from CSIRO are surveying beaches
and birdiife around Australia to better
understand the sources and distribution of
marine debris and the threat it poses to
Australian wildlife.

The marine debris survey began near Cairns
iin late 2011 and is stopping every 100
kilometres around the coastline. Debris is
recorded along three to five survey lines at
each beach or rocky shore.

Data collected during the survey will
contribute to a national marine debris
database designed to assist the formulation
of waste management policies and practices
intended to protect marine ecosystems.

The marine debris survey is part of TeachWild,
a national three-year marine debris research and
education program developed by Earthwatch
Australia together with CSIRO and Founding
Partner Shell:

@ & FEARTHWATEH

Volunteers ian get involved
in and collect data to
contribute to this national
project

TeachWild offers students and teachers

the opportunity to join the national
marine debris survey.

School groups from Year 6-10 can take
part in an excursion [t local beaches or
waterways) that meets key learning areas
of the Australian Curriculum.

Science teachers can apply to take partin
a funded week-long land and sea based
expedition with the science team.

Interested?

.. .teachwild.org.au

INSTITUTE

@
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1
|,|’ﬂjj‘r'n'a.f use only) Beach number (unique identity code): ..o Survey Area A, B, C,D.EF, G . e

SUBNEY AREA CODE A = Gope Tribulation — Bris; B=Bris—Melby €= Melbourne —Strestoy Bay. D= Streafy Bay —Perth; E =Perth— Broome; F = Broome —Danwin, & = Around Tasmania

MARINE DEBRIS BEACH SURVEY

survey Guidelines:
L Complets one Beach survey form per site and one transect data form for each transect at the site. Record all coordinates in WiGE3E4 datum only.
*  Minimum of three transects and minimum of six per site_

¥  Minimum of one transect located within each major habitat type (transects proportionzl to habitat type).

# Transects located at least 50 m from beach access point {ideally not located both sides of access points, unfess different habitat types).

#  Transects located at least 25 meters apart {ideally 50 meters).

= Transect to include two meters into continuing backshore terrestrial vegetation.

SURVEYOR DETAILS
Organisation: Organization responsible for survey.
Surveyor name; Name of chief surveyor.
Contact number: Contact number for surveyor.
] . e e e e S S R Latituge and fongitude of access paint where you enter the
Access point location: beach (dd. dddd
GPS accuracy: Accuracy {meters| of GPS at time of reading.
SITE DETAILS
State [ Territory: State or territory in Australio beach is focoted.
Beach name; Unigue name of beach , if known.
Survey date: Date survey undertaken {dd/mm/yyyyl.
Current weather: Clear Rain/Storm Overcast Drizzie Circle best option to describe the weather,
Circle Spesd estimate;

0: calm (fiat ccean)

1: light breeze (wovelets, <10km/h, <6 knots)
‘Wind speed; o 1 2 4 5 2: moderote breeze (smoll waves braking crests, 10-25kmjh, 6-20 knots)

3: strong breeze [waves and many white caps, 25-49%m/h, 21- 26 knots}
4: high wind {white caps and airborme spray, 50-65 kmy/h , 27-35 knots)
5: gale (high woves, foamn and spray present, 65-85 kmy/h, 35-45 knots)

‘Wind direction:
fcompass)

N MNE E 5E

SWOW O NW N/A

Wind direction:
(relative ta shore)

onshore offshore

sideshore side-on  side-off

Date of last clean up:

Time of day (00:00). ...

Direction from which wind is coming megsured by the
compass. NfA if no wing.

Onshare: wind blowing towards shore

Offshare:; wind blowing fowards sea

Sideshore: wind blowing porallel to shore

Lide-onshore: wind blowing sideways ond towards shaore
Side-offshore: wind blowing sidewoys and towards seg

if known.

Number of people counted in the visible oreo measured by

Number of humans: Visible diStance (M) e e aneeene | WASTEIEENEOUS Count. Visible distance is length of shore with
o clear ond upobstructed view.
Mo, 0F PEople. e e
Comments: For exampie: entongled faung, recent storms, shipwrecks,

bogt ramp in dose proximity, cogstal erasion or other
conditions that may afffect the survey.
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Marine Debris Size Chart

Guidelines:

* This chart should be used as a guide to help estimate the size of marine debris during each beach transect (see
transect sheet)

* The sguares below represent different size dasses
1=0-1em®; 2=1-2cm®; 3=2-4cm*; 4=48cm’; 5=8-16cm’; 6=>16cm’
* To estimate area, determine which sguare the object will fit into.

* Mote. It may be helpful to fold objects that are long and thin in order to picture the total areas, e.g. plastic
Straws.

6 (anything larger than category 5) % +++00

8

Hardesty et al. (2014) | 127



Transect Data

Beach Name:

Name of surveyor(s):

Transect Number:

No. of surveyor(s):

Transect width {m):

Transect start:

e A s
OB o e e e
e P M N iyt it b e i ot
Start Time {00:00); e e e

Latitude and longitude recorded in decimal degrees
(dd dddd].

Accuracy {in meters) of the GPS at time of reading.

Record Start Time of Transect

Transect end;

P
LONEIUE, ..o et e e e e e rm s er e s es mp s
i B MO oo e i e S et e
End Time TR - o e s e o b i

Latitude and longitude recorded in decimal degrees
{dd diddd).

Accuracy (in meters) of the GPS at time of reading.

Record End Time of Transect

Photo numbers:

et of TraRS et o o s

I O T a R s s

Number of photo, taken from transect start and end
paint.

Transect length (m):

From waters edge to two meters into continual
terrestrial vegetation {meters).

Distance to dominant
debris line (m}:

Distance from water edge to major debris line {in
meters) at time of survey. Example 23 meters. ifno
obvious debris line use NA.

Difference in elevation from start to end af transect.
1 =<1 m (less than hip height)
2=1-2 m (hip to head height)

Beach gradient: 1 2 ) 4 5
g 3 =2-4m (1-2 body length)
4 =4-8 m (2-4 bodgy lengths)
5 =>8 m (more than £ body lengths)
Mud Sand Pebble / Gravel Boulders ;
Substrate type: Major substrate Type.
Rock slab Mangrove
White / cream Yellow Orange Brown :
Substrate colour: Predominant colour of substrate.
Black Grey Red
Cliff Seawall Urban building
Physical structure of bockshore, where
5 : = = : 3
Backshore type Forest / Tree (> 3m) Shrub (< 3m) Dune e el el B et o i
Grass - tussock Grass - pasture Mangrove

Beach exposure or

Shape of beach where survey is conducied.

shape: Eoneame frove) HEdght Canex (headiandy Based on 25m each side of transect.
Aspect: N NE E SE 5 SW W NwW Direction when you are facing the water.
Comments: Forexomple: transect-refigted comments such

as bockshore flora, crossing paths, photo
information, etc.
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Transect debris {type and colour): Record one mark (2.2 11ll) for each piece of rubbish larger than 1 cm? in size, within 1 metre each side of
the transect line. If you find items other than those listed, add detzils to bottom of table.

Size classes: Sample debris type and size

class at ten intervals along each transect.

Rubbish Type

Hard plastic

Colour of debris

Clear /
translucent

Red/ pink

velow

Grean

Blue / purple

Brown

Black

Grey [ sitver

Plastic bags

Film-like plastics [glad
wrap and chip bags)

Sampling
Interval
Distance from
water (m)
Size Class
Type / colour

Plastic

other soft plastics

Plastic packing straps

Met [2stimate size)

Fishing line

Plastic [string, twine,
rope}

Mon-plastic {string,
twing, rope)

Glass

Fish haok

Metal [hard)
Metal [soft, tinfoil)

EBalloon

other rubber itams

Polystyrens (foam,
from esky’s buoys etc)

Other foam

10

Timber| Foam [Rubber| Metal |Glass Ucth‘

‘Wood {posts, beams,
shig hulls]

Cigaratte butts

Paper

Paper

Other

1. Divide the total transect length by 10 to
determine sampling interval, e.g. if
transect is 35 m, interval=3.5 m.

2. At each interval record the type and size
of the first piece of rubbish encountered. If
na rubbish is detected within the interval
draw a line through the box and continue
to next interval, €.g. if no rubbish is found
within the second interval (3.5-7m), but
six pieces were detected in the third
interval (7—10.5m)} mark a line in the box
for sample 2, and record the size and type
for enly the first item detected in sample
3

Hardesty et al. (2014) | 129



Beach Litter Survey Methodology

You will need:

GPS (optional for volunteer surveyors)

Tape measure (50m if possible)

Compass

Pen/pencil

Data sheets (beach and transect data sheets — atleast 3 transect sheets)

Two markers (such as stakes you can stick in the ground)

Camera (optional)

Debris identification guide (optional)

Binoculars (optional — for observing wildlife for possible entanglements)

Before starting transects please note:

* Complete one Beach survey form per site (beach) and one transect data form for each transect at the
site.

* Minimum of three and maxinmm of six transects per site (beach).

* Minimmm of one transect located within each major habitat type (eg: on sand. on rock slab. on
boulders, in mangroves efc).

* Transects are to be located at least 30m from beach access point (ideally not located both sides of
access points. unless different habitat tvpes).

* Transects should be located at least 50 meters apart (ideally 100 meters).

* Transect to include fwo meters into continual terrestrial vegetation (See pic below).
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To set up your GPS.
1. go to the sefup page
2. biahblah
3. want it on decimal degrees

Have vour data sheets ready at the “Marine Debris Beach Survey™ page

1) Walk towards the beach. where you enter the beach. take a GPS reading, this is to go mto the Data
Sheet as “Access point”, photo below shows access point.

2} Before you move on. fill out the rest of the details on the “Manne Debrnis Beach Survey™ page
(surveyor and site details)

3) It doesn’t matter 1f you go to the left or nght of the access point for transects, on small beaches or
o survey different habitat tvpes you may have to go on both sides. Choose a side and walk at least
S0m, make it 100m or more if vou can. Also, if possible fry to have natural vegetation at the
backshore (might be grasses, shrubs or frees. trv not to have a “‘manicured lawn).

4) Omnce away 30 — 100m from the access point, at the waters edge, put in one of your transect
markers. If possible use a random method to select the final location of the transect (for example
pick a random mumber and walk the number of steps). Fill in as much of the first page of the
“transect data” as you can (nofe: this will be transect 1)
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5) Faum the tape from the marker to 2m behind the line of continuons vegetation and put second
marker here. (HINT - when laying out the tape trv nof to walk along the transect line, rather walk
in an arc and straighten the tape once at the end of the transect)
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§) Note the length of the transect. Divide this by 10 to get the intervals for collecting the size class
data on debns and write this down in the first hox (blank) of the size class table on the second
page of the “transect data” sheet. You will need to kmow these miervals as you survey for debnis

Size classes: Sample debris type md size
\m‘ class at tee points along each mamsect.
Disace | Size Type !/
from water | code | colour
m | =

7} Go back to the marker at the waters edge. Ocm and take a GPS reading here, this will be the start
location Record the fime — this is vour starting time. Take a photo of the transect looking
towards the shore — this is you start photo.

8) Have one person on each side of the tape looking for debris out to one meter from the tape. When
looking for debns, DO NOT bend over. walk upright, just looking down with vour eves. Pick up
anything vou are unsure of for closer inspection as lots of shells look like plastic and visa versa.
Walk towards the backshore sampling the beach as vou go.
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9)

If vou find something record 1t in the transect debnis table and if necessary on the size class fable

(see size class data collection notes below)

Rubbish Type

Calour of debris

Clzar
‘manslocent

Whira

Bad pink

Blue' pumple

Broan

Grean

Teliow

COmngs

Black

Plegie

Hard plastic

Plasnic bags

Film-fike plasncs
(elad wrap and chip bags)

Crihar saft plastics

Plastc packmg stmps

et (estimate size)

Fishing lins

Plasdc {string. twin=, rops)

Clod

Mon-plastic (siring, mwine, rope)

Glass

Glazz

Fish hook

Meial fhard)

Meal (sof. tinfd)

Rubber

Balloon

Criher mibber ftems

Foam

Dolysnyrens
(foam. froms ecky’s boays et )

Orthear foam

Timber

Wood (posts, beams; ship huflls)

Cigaretts butts

Bapar

Size class collection data
We need to collect the first piece of debris encountered in every 1/10® transect length interval (up to 10
pieces of debris in total) and record their size. To do this divide the total transect length by 10 (see note 6
above). This will give us the infervals at which to collect our debris for size class, eg: if vour transect is
5m total length then we want to record a size class every 4.5m We do this by recording the size class

(classes given on second sheet of survey documents) of the first item we see at every interval. If for

example we don't see our first piece of debris until 23m_ this goes into the sixth row of debrs size class
table for the 45m transect length. You may not get 10 size classes per transect, don’t worry. just record
the size class of the first item vou see in each mterval.
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10) Continue your survey, recording everything you find until vou are 2m into the backshore
egetation.

11} When vou reach the second marker in the backshore veg, take another GPS reading and this will
be vour end location. Also record the time for ending the fransect and take a photo.

12 Now you have completed one transect move another 50m (preferably 100m or more) down the
beach and repeat for another transect.

13 Bemember there is a minimum of 3 transects per beach so repeat again. If time is available vou
can do up to six transects per beach.
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EMU PARADE Guidelines

The Emu Parade is a simpler method for sampling marine debris. For an 'Emu
Parade’ divide students into groups of 10 or less, with each group designated a
specific section of the beach. Set up transects according to the following
specifications-
« Transects are 30m wide (can be wider) along the beach.
« Transects are located at least 50m from main beach access point, wherever
possible.
» | Transects are located at least 25 metres apart (ideally 50 metres).
= Transect to run two metres into continual terrestrial vegetation (at the back
of the beach, in the dune area, for example).
= Minimum of three transects and maximum of six per site/beach.

Transect length — from water line to vegetation (2 metres in)

Photo- Earthwatch

Surveying Method

« Record the start of the fransect using a GPS point, mark on map or use
itracker.

= Place a marker at that point to mark Point 1, measure out the length of the
transect and place another marker to designate Point 2.

= Participants walk in a line formation, approximately shoulder to shoulder
along the transect, for the total width of the transect (30m, can be wider).
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Continue to walk in line formation, back and forth along the transect width,

% until the length of the transect (from the water line to into the vegetation at
the back of the beach) has been sampled.

+ All marine debris found within the transect area is collected in a bag and
brought back to the classroom for recording.

» Debris is sorted into groups according to size using the Marine Debris Size
Chart to classify the different types of debris into size classes 1-5. A separate
data sheet is used for each size classification.

= For each size classification, the type and colour of marine debris is recorded
on the datasheet.

« Data is then put into the National Marine Debris database and/or sent to

CSIRO for entry.
Point 1
lII
Transect Ba
width
Water line I Transect area ok
of
be
ac
h/
du
ne
Transect length
< >
v
Point 2
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Glossary

TeachWild is an exciting innovative education program from Earthwatch Institute
Australia. At Earthwatch we are committed to educating future generations on the
need to protect and conserve our environment. In partnership with Shell and the
CSIRO we are proud to offer a comprehensive education kit for years 6-10 on the
worldwide issue of marine debris.
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Introduction

TeachWild is an enquiry based learning program addressing the impacts of marine
debris on our marine environment. The program actively engages students in
becoming citizen scientists and this includes hands-on learning in scientific
methodology, data collection and analysis of marine debris. This data will be
uploaded onto the TeachWild website to become part of a National Marine Debris
database.

Overview

The purpose of marine debris education is to create an understanding for students
of the impacts marine debris has on our ocean health. Throughout the course of
study students will develop problem solving skills in cross curricular areas including
oceanography, biclogy, chemistry, physics and mathematics. They will learn about
the impacts that marine debris has on vertebrate marine life and will be able to
identify different types of rubbish and determine possible sources and how marine
debris moves in the marine environment.

The Problem

Marine debris is a major global threat to biodiversity. For instance, more than six
million tons of fishing gear alone is lost in the ocean each year (Derraik 2002).
Despite this staggering amount of marine waste, fishing gear forms only a small
percentage of the total volume of debris in the ocean, not even making the list of
the top 10 most commeon items found during coastal cleanup operations (Ocean
Conservancy 2010).

The data collected for this project will contribute to addressing the four fundamental
questions on marine debris:

1) What are the sources, distribution, and ultimate fate of marine debris?

2) What is the exposure of marine wildlife to debris?

3) When wildlife are exposed to debris, what factors determine whether animals
ingest or are entangled by debris?

4) What is the effect of ingestion or entanglement on marine wildlife
populations?

Marine debris is any human-made object that can be intentionally or unintentionally

discarded, disposed of or abandoned that enters our marine environment. Marine
debris has known impacts on our marine life and the marine environment such as-
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« Ingestion and entanglement in the marine debris
» Bioaccumulation
« Plastic debris can be regurgitated as food for hatchlings (adult birds will
regurgitate food for their young which may contain plastic)
= Animals can become entangled which can lead to infection or loss of limbs.
Marine Debris impacts upon a range of species and it is estimated that 250 species
are known to be affected worldwide.

Photo- NOAA

Marine Debris can be classed as coming from two different areas- land based
sources and from ship based sources. Both create an immediate threat to our marine
life.
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Land Based

Litter from Land Based sources can find its way into our oceans through run off from
urban areas. Our catchment areas become heavily polluted through poor rubbish
disposal practices on land. The origin of land debris is often from runoff, stormwater
drains, air-borne debris and irresponsible disposal of rubbish by beach goers and
campers.

Ship Based

Every day ships jettison 5.5 million items of waste at sea, this includes waste such
as- fishing lines and nets, offshore oil and gas rig/ platform debris, merchant ship,
ferry and cruiser line waste, recreational and tourist vessel garbage. (Clean Up
Australia)

The increased use of plastics over the last few decades, particularly for packaging
and the slow rate in which plastic degrades has led to the increase of plastics in
surveyed debris. It is very difficult to distinguish between those pieces of litter that
have entered the ocean recently and those that have been there for years, this is
due to plastics being very durable and long-lived.

Debris can be classified into groups- degradable, biodegradable and non degradable.
Objects are classed as degradable if they can be broken down by natural forces,
wood, natural rubber and cloth are only moderately persistent because they can
biodegrade. Paper is not persistent because it is biodegradable and can be torn
apart easily. Plastic, glass, synthetic rubber, synthetic fabrics and metal are typically
resistant to biodegradation and tend to persist in the environment for a long time.
Individual iterns of debris can circulate in the world’s oceans for years; as a result no
area regardless of whether it is remote or easily accessible is immune to the threat
of marine debris.

The Solution

Solutions to the marine debris problem are dependent on the reduction of rubbish
entering our waterways in the first place. Education campaigns are our best weapon
in the fight against marine debris. The 3 R's Reduce, Reuse, Recycle is an important
educational campaign that has been around for many years; by haressing pollution
prevention activities marine debris will ultimately be reduced creating a cleaner,
healthier marine environment.

The information uploaded onto the TeachWild website by students will be used as
part of the National Marine Debris database. The data collected will be used in
important scientific research, it is through increased understanding of the marine
debris problem that scientists will be able to draw accurate conclusions and in tum
develop strategies to manage this worldwide threat.
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The TeachWild Kit

The purpose of this kit is to provide students with a comprehensive and interactive
learning experience on marine debris. The kit adheres to The Australian Curriculum
and provides scope for expansion with nominated extension exercises and additional
resources. The kit is designed to be easy to follow with Fact Sheets, Student Work
Sheets and Curriculum Objectives achieved available for teacher and student

support,

Website linkages are identified to provide necessary background information to
assist students in activity completion. Video footage of the marine environment
under stress gives students visible evidence of the problem. Field trips as part of the
CSIRO Scientists for a Day Program are designed so students can get hands on
experience with data collection. It is through evidence based enguiry that students
will be able to develop probable solutions to the problem that is marine debris.

Students will come to understand that through education, incentives and regulation
the problem of marine debris can be better managed. It is important that this issue
is addressed now as it is having a severe impact on our marine life, the fishing
industry and the tourism industry. As students are the future custodians of our
environment the responsibility to protect the environment is left in their hands, so it
is imperative that they understand the value of the marine environment in its current
and future state.

Aims

» Identify the impacts marine debris has on the marine environment

= Make connections between practices on land and determine how they can
influence water quality.

= Understand the water cycle and how marine debris is transported through
oceanic currents

= Develop an understanding that there is an interrelationship between the
Earth’s environment and human activities.

+ Investigate the responsibilities of Australia and other countries in managing
the marine debris problem.

Progressive Learning Overview

Step 1- In the in classroom activity, students are introduced to the concept of
marine debris and are asked what the possible impacts on the marine environment
are.

Step 2- Students visit a local beach with one of our Scientists as part of the CSIRO
Scientist in Schools Program to collect data.
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Step 3- Students process their findings in groups and draw conclusions as to the
severity of the pollution problem. These results are discussed in class.

Step 4- The classes’ collective data is then sent to the TeachWild website for upload
onto the National Marine Debris database.

Step 5- Students do quarterly follow up monitoring with data entered into the
website regularly. Any good footage of students collecting data and explaining the
need to do so will be uploaded onto the TeachWild website for other students to
access.

Step 6- Students research will be used as part of national monitoring program on the
levels of marine debris. Students will have gained a deeper understanding of the
subject matter through investigation and will now understand why marine debris is a
problem that affects all of us. With this knowledge students will develop strategies
as to how we can all make a difference.

Data Collection
The project objectives to marine debris surveys are-

1) The characterisation of marine debris for identification of sources for
development control and if possible enforcement.

2) Create understanding of the threat of marine debris to marine life and the
marine environment.

3) Creation of public awareness of marine debris issues and threats.
4) Cleaner beaches.

Summary

Through monitoring of the beach area students will gain a deeper understanding of
the problem that is marine debris. Students have looked at their own consumption
and disposal habits and those of others and have determined some of the impacts
rubbish is having on the marine environment and marine life. Through surveying
students have seen the results of their cleanup efforts with a cleaner coastal
environment. As students will have their data published on the TeachWild website
and used in research they will have achieved a sense of pride in being part of a
National Marine Debris monitoring effort.

Contacts
For further information please contact us-

Website- www.teachwild.org.au
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For teachers and students interested in being involved:
teachwild@earthwatch.org.au

For volunteers- state agencies-members of the public wanting to be involved:
denise.hardesty@csiro.au
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Year 6 Year 7 Year 8 Year 9 Year 10
ACMMG135 ACSIS125 ACSIS146 ACSIS170 Geography-
Planning,
ACMMG136 ACMSP167 Gsica:?_ﬁphy— callecting and
Geography- cnilectin-;End evaluating
Manage data evaluating
and '
information
collected and
look for
patterns and
relationships

See Australian Curriculum in Appendix 1

Field Equipment for Scientist for a Day

Markers for start and finish of the transect line
Tape measures (rope/string can be used also for transect measurement)
Camera with gps for start and finish coordinates or Google map reference.

Data sheets- Transect Data Sheet, Marine Debris Beach Survey Sheet, Marine
Debris Size Chart Sheet.

Wind indicator
Compasses
Coastal seashores identification book

Tangaroa Blue Ocean Care Society Marine Debris ID Manual
http://www.oceancare.org.au/site/index. php?option=com_rokdownloads&vie
w=folder@ltemid=1000100&id=20:marine-debris-id-manual

Equipment for schools to supply

Gloves (reinforced)
Hessian/chicken feed bags (these will be reused for future clean ups)

Pens/Pencils
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» (lipboards

s Tongs

» Data sheets- Transect Data Sheet, Marine Debris Beach Survey Sheet, Marine
Debris %e Chart Sheet.

Pre Surveying

Prior to the commencement of the excursion certain preparations need to be made
such as-

» Tides need to be checked-www.bom.gov.au/oceanography/tides/ with a low
tide being preferable as rubbish would have just washed ashore after a high
tide.

= Safety brief of the area prior to commencement of activity, including rules
such as students are not to pick up any hazardous substances or objects eg
sharps and litter that has come into contact with bodily fluids. Please refer to
Earthwatch Risk Assessment for beach survey safety analysis which is
available for download on the TeachWild website.

Students are to make observations and record data on the Marine Debris Beach
Survey Sheet and Transect Data Sheet prior to the commencement of data collection

including-

» Drawing a mud map of the beach and surrounding areas. If a GPS is available
map out the points for each site and record for upload onto the website.

» Weather conditions before, during and after the excursion will determine how
much debris is on the beach.

s Landforms, is the beach flat or sloping? Is there evidence of recent storm
activity, erosion efc.

= Is there anything else worthy of note?

Procedure

Divide students into groups, with each group designated a specific section of the
beach. Ask students to collect any debris they find washed up on the beach and in
the dune area along the transect line. They are to follow the methodology below to
ensure a standardised method of data collection is achieved. Explain to students
that if all schools that are participating in the survey do not follow the same
methodology then the data used for research will not be as accurate as it needs to
be.
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Guidelines
Set up Transects according to the following specifications-

. Transec-[ts are located at least 50m from beach access point.

» Transects are located at least 25 metres apart (ideally 50 metres)

« Transect to include two metres into continual terrestrial vegetation.

e Transects are 2m wide (can be wider).

= One survey form is to be completed per team.

e  Minimum of three transects and maximum of six per site.

« Minimum of one transect located within each major habitat type. (Transects
are to be proportional to habitat type).

Photo- CSIRO

Surveying Method

s One student is to be nominated as the recorder for the group with the other
group members responsible for sampling.

« Record the start of the transect using a GPS point.

» Place a marker at that point to mark Point 1, measure out the length of the
transect and place another marker to designate Point 2.

» Two students are to walk on each side of the transect line collecting,
identifying and classifying rubbish that is within 1m of their side of the
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transect and placing in bags as they go. The total width of the Transect is
2m.

Students use the Marine Debris Size Chart to classify the different types of
debris from 1-5.

Once rubbish is identified and classified the student sampler tells the recorder
who writes the information down on the datasheet.

Once data is collected by students, all datasheets are to be collected by
teachers and collated and put into the National Marine Debris database by the
teacher or a nominated student.

Photo- TeachWild
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Marine Debris Size Chart
Guidaline:
* This chart should bo wsed as o guiide ta holp cstmane the sie of rmanine debres durieng each beacn ransect (aoe IFansecr sthaer)
* The squares below represant differant size classes
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Post Survey

Students can clean up the beach area of any additional rubbish that is found if time
permits. Scientists and teachers are to ensure that this rubbish is not mixed up with
the rubbish that has been recorded on the datasheet.

Back in the classroom

At the end of the activity once the rubbish has been identified, divide it into two
separate piles recyclables and non recyclables. Explain the importance of the need to
dispose of all waste thoughtfully and state the fact that in nature there is no waste
due to natural cycles, waste is a human invention that is not easily broken down or
managed by natural means.

Ask students questions about-

= What was the most common piece of rubbish?
«  Why do they think that is so?
» How can they reduce that type of rubbish occurring on the beach?

Ask students to think of reasons why people may be reluctant to changes their ways
in regards to consumption. Reinforce to them that it is doable; look at successful
clean up campaigns such as the elimination of plastic water bottles from some towns
and schools and the green bag movement.

Conclusion

Ask students to discuss their findings in their groups, they are to draw conclusions
from the data and discuss with their classmates. From that data ask students to
formulate questions for the visiting scientist.

» Why are certain types of rubbish more transportable than others?

« What impacts can prolonged exposure of some plastics in seawater cause?
» Why is ingestion and entanglement of marine life a very real danger?

=  What can be done to educate others about the problem of marine debris?

Collate data and upload all of the data collected onto the TeachWild website to
become part of the National Marine Debris Database. Arrange to conduct follow up
surveys quarterly with the class unassisted by TeachWild staff.

Further Learning

This activity is designed to be ongoing with further investigation undertaken by
students and teachers quarterly. Teachers will be given access to the TeachWild
website to upload any additional data and will be provided with online support via
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the website. This data will be used as part of the National Marine Debris Database
and will be used in scientific research.

Years 8-10 could be involved in a more intensive sampling of marine debris with an
accompanying module of chemistry, biology, physics or other area designed to
address some of the key elements of that unit of study. Teachers are responsible for
the development of this content.

To further increase student’s knowledge of the marine debris issue the following
Fact Sheets and Student Work Sheets have been developed and can be completed in
class to complement the field activity or in classroom activity conducted by
TeachWild staff. These activities can also be used as a refresher for students in the
lead up to the quarterly sampling led by teachers or as a pre cursor to the first
TeachWild visit.

The aim of additional resources is to further increase student’s awareness of the
problem and inspire continued appreciation and commitment to the preservation of
the marine environment.

Clean Up Days

Throughout the year there are numerous clean up campaigns designed to help
combat the impact marine debris is having on our marine environment. Student
involvement is advisable where possible.

Some of the key initiatives are-
Clean up Australia Day

http: //www.cleanupaustraliaday.org.au/

Project Aware International Clean Up Day

http: //www.projectaware.org/

Any day is a good day to organise a cleanup, whether it be the whole school, a class
or group of individuals it all counts in combating the marine debris problem.
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Activities Summary Table

Year Activity Theme Key Concepts | Adaptable
for Year
6 How long is too long? Chemistry Waste All Years
Degradation
Timeline

Waste Reduction

Waste Disposal

7 Plastics as food Chemistry Classification of | All Years

_ Marine Debris
Biology

Properties of
Plastic

Trophic Levels

Food Chains

B Marine Animal Biology Marine Animal All Years

Entanglement G Entanglement
NS and Ingestion of
Marine Debris

9 Marine Debris- A Global | Oceanography Great Pacific 10
Problem Garbage Patch

Ghost Nets

i QOcean Currents Oceanography | Ocean Currents 9

Physics Movement of
Marine Debris

Great Pacific
Ocean Patch

Teachers Note- All activities are designed to be adapted to suit different year levels,
this table can be used as a guide when preparing alternate Lesson Plans.
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Lesson Plan- How long is too long?

Year Subject Code Key Materials | Duration
Words

6 Geography Processing data | degrade, | rubbish 1 hour

_ and information natural from

Seenre collected and cycles, | classroom
look for patterns | awareness bin
or relationships.
ACSIS232

See Australian Curriculum in Appendix 1
Overview

Students look at the timeline of the rubbish breakdown and from this look at their
own consumptive behaviour and that of others. They understand the complexity
involved in the degradation of everyday items. Through analysis of their own rubbish
students will understand how they are impacting on the environment as an
individual and develop practical solutions to decreasing that impact.

Objectives
= Students collect information and analyse it.

= They look at the cause and effects of littering and suggest and evaluate
possible future scenarios, giving reasons for their preferred options.

« Develop an understanding of the methodology and cause and effect of
littering.

Activity

Introduce students to the concept of marine debris. In the classroom take students
through the Fact Sheet- How long is too long. Lead a class discussion on the
different types of rubbish and the timeline each takes to degrade. Were students
shocked by how long some everyday objects take to degrade? If so which ones?
After the discussion, ask students to complete the questions on the Student Work
Sheet. Students can calculate their savings on reducing waste using the following
equation- Savings per month x bank charges for account=net savings rate x time=

total savings.
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FACT SHEET- How long is too long?

Rubbish is often not easily degraded or managed by natural means. Degradation
doesn't equal disappearance with degraded rubbish continuing to persist in the
marine environment. The amount of waste that the Earth cannot cope with is
increasing. It is important that we understand and create awareness of the time it

takes for everyday rubbish to break down.

Ite

Time

Apple Core

2 months (in water)

Aluminium can

200-500 years

Cardboard box

2 months (in water)

Disposable nappy

450 years (in water)

Fishing line 600 years (in water)
Glass Bottle forever
Leather up to 50 years
Nylon fabric 30-40 years
Orange/banana peel up to 2 years
Plastic Bag 500+ years
Plastic Bottle Forever
Plastic coated paper 5 years

Plastic film container 20 -30 years
Styrofoam/ Polystyrene Forever

Tin can 50 years

Wool socks 1-5 years

Source- www.createyourowneden. org.nz
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STUDENT WORK SHEET

1. Are you surprised by how long some everyday items took to break down? If
so what items?

2. What's in your waste? (refer to list)

[temn Components
: 4.
2. 5
3. 6.

3. Can you trace back every piece of waste in your classrooms bin? Create a
timeline of 10 items and the time it takes for each item to break down in the
space below-

Waste bin

4. Create a timeline of 10 items found on the beach in the space below-
Beach

wecks Gmonths S yeEars  S0YeEdrs 0y ™

5. Compare the two timelines, does rubbish from the beach have a different
timeline to rubbish from the bin? Yes/ No

6. Why do you think this is the case?
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7. Think about the waste in your bin at home. Where does the majaority of your
waste come from?

8. Where does your waste end up? Provide three possible answers-

9. Did the waste in the bin and the waste found on the beach survey differ?

10. What type of waste did you find most on the beach?

11.As consumers, what could we do to reduce this type of waste on the beach?

12.How much will you save per month by reducing your waste?

13. What are the three R's?
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Year Subject Code Key Words Materials Duration
7 Science ACSIS124 plastic, Assortment | 45 minutes
plankton, | of different
ARSI size sized plastic
categories, | pieces and
food chain rubbish

See Australian Curriculum in Appendix 1

Overview

In class students are to look at the degradation of debris. Students will look at the
rate at which rubbish takes to degrade and in turmn will understand how persistent
debris is in the marine environment. They will begin to understand the effects that
our consumer behaviour can have on the environment. They will look at the
properties of plastics and understand that the rate in which plastic breaks down in
the marine environment is slow and that plastic readily enters food chains, often

with disastrous results.
Objectives

= Students develop an understanding of the properties of plastics and the
impact they have on the marine environment.

» Students work collaboratively by discussing the problems associated with
persistent plastics in the marine environment and investigate the impact on
marine food chains.

o Students look at their own consumptive behaviour and that of aothers
considering that socdial, cultural, economic and moral aspects need to be
taken into account to solve the marine debris problem, not just scientific

investigation.

» Student will use information and knowledge of their previous investigations of
marine debris to predict the outcomes of the possible impacts of variation in
the size of the plastics on marine animals.
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Activity

Introduce students to the plastic problem using the Fact Sheet-Plastics as Food.
Divide the class into groups of four, give them a pile of plastics and rubbish to sort
and classify using the Marine Debris Size Chart. Students are to look at the size of
the pieces and the colours and separate accordingly. Ask students to answer the
questions on the Student Work Sheet.

Discuss with the class that there are numerous implications for marine debris on a
moral, social, cultural and economic level. Reiterate to students that we are polluting
the environment at a cost to future generations. Intergenerational equity means that
future generations should be able to enjoy the environment inherited from past
generations in a reasonable condition. The cost to the environment and individuals
from the impacts of marine debris is high. The cultural impacts of marine debris are
often felt by aboriginal communities where traditional fishing practices are impacted

upon.

Students are to look at the movement of plastic through the food chain, introduce
students to the different trophic levels-

Quaternary Consumer- a camivore at the topmost level of the food chain that has
little or no natural enemies. Feed on tertiary consumers.

Tertiary consumer- feeds on other carnivores; an animal that feeds only on
secondary consumers.

Secondary consumer-a camnivore that feeds only upon herbivores.
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Primary consumer- an animal that feeds on plants; a herbivore.

Primary producer-any green plant or any of the various microorganisms that can
convert light energy or chemical energy into organic matter.

Explain to students that plastic will move through the food chain through the
different trophic levels. They are to document this on the Student Work Sheet,
below is an example of a simple food chain

o

i

- M

uaternary Consumer e Carnivore
STy %W

Tertiary Consumer < ,ﬂf@ Carnivore

T !

Secondary Consumer o Camivore
75—

Primary Consumer r.%( Zooplankton

Primary Producer (Hﬂ Phytoplankton
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FACT SHEET- Plastics as Food

Plastic is estimated to constitute 90% of all trash floating in the world’s ocean. In
some areas the plastic outweighs plankton by a ratio of 6-1. Plankton is the life force
of the oceans and is a crucial food source to numerous species including fish and
whales. Without these drifting organisms (animals, plants, archaea, bacteria) our
ocean health would be severely lacking. Those animals that rely on plankton as a
food source often get confused and instead eat pieces of indigestible plastic that can
cause blockages and even death. Toxic chemicals used in the process of creating
plastic often leeches out when exposed to water.

Sorting marine debris into size categories gives scientists a good idea of how long
the debris may have been in our oceans for, important signs of degradation are
changes in the shape, colour and size of the item. The smaller the pieces of plastic
the easier it is for plankton feeders to mistake for food and ingest. This then enters
the food chain and may make its way to the higher level consumers who by eating
those small organisms then ingest the debris those organisms have eaten. The
higher an animal is on the food chain the greater the quantity of debris that is
consumed and accumulated.

One of the more problematic types of plastics is Plastic Resin Pellets (PRP) which are
pre production plastic resin pellets typically less than Smm in diameter found outside
of the typical plastics manufacturing stream. These pellets are an intermediate good
used to produce the final plastic product. The longer these pellets remain in
seawater the more toxic they become. PRPs resemble fish eggs and are often
ingested by birds and fish who mistake them for food.

Photo- NOAA
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Student Work Sheet

1. After sampling take a look at the different size categories, what size of debris
did you see most of?

2. What size of debris do you think poses the greatest danger to the marine
environment?

3. Why did you choose this size?

4. What colour plastic do you think is most attractive to marine animals and
why?

5. List 6 items you use on a daily basis that has the greatest chance of
becoming marine debris? What makes you think that? List the items below
and the reason for selecting the item-

Item Reason

i AL

6. Why are persistent plastics a problem in the marine environment?
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7. Pick one marine organism listed below. Decide what it eats, and what eats it.

How does it eat its food?

0=l

Phytoplankton

Zooplankton

TR g

Mesopelagics

Small Pelagics

Benthic Invertebrates

Benthic Fish

Marine Reptiles

Marine Mammal
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8. When plastic enters a food chain where does it end up? In groups of four,
trace a Plastic Resin Pellet (PRP) that has been ingested by a prawn, where
could this piece of plastic end up in a food chain? Draw the food chain in
space below.

9. What are the social, cultural, economic or moral implications of not
addressing the plastics problem?

Social Cultural

Economic Moral
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Lesson Plan- Marine Animal Entanglement

Year Subject Code Key Words Materials Duration
8 Science ACSIS148 | entanglement, Plastic 45 minutes
ingestion, drinking
health bottle
A3 paper
Assortment
of rubbish

See Australian Curriculum in Appendix 1
Overview

Students look at the significance of the marine debris problem and how this relates
to marine animals. Entanglement and ingestion of marine debris by marine animals
is discussed with the impacts thoroughly examined. During the activity students
experience a simulation of what it is like to be entangled by marine debris. They
then develop an education campaign aimed at members of the public; this will show
students the importance of educating others about the marine debris problem to
incite change within the community.

Objectives
= Students identify the effect of marine debris on marine animals.

= Develop an education campaign to draw attention to the marine debris
problem using digital media.

s Students ensure that science ideas are communicated to the public using
appropriate language and representations that the intended audience are able
to identify with.

Activity-Marine Animal Entanglement

Introduce students to the concept of marine animal entanglement- how marine
animals become entangled and the likely impacts on the animal using the Fact
Sheet. Create a simulation of the entanglement of a marine animal in different types
of marine debris. A plastic bag, mesh netting, a tin can, rope, strapping band and
paper can be used to “entangle” the marine animal.
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1. Fill a sink or large tub with water

2. Attach a piece of lightweight rope to a drink bottle; fill the drink bottle 14 full
with water so that it partially sinks.

3. Wrap the first piece of rubbish around the bottle so that it will not come off
the bottle easily.

4. Using the rope slowly drag the bottle through the water.

Make sure that you attempt to bring the bottle to the surface now and then
throughout the demonstration so students can get an idea of how problematic it will
be for surface breathing animals. Students are to observe what happens with each
of the pieces of rubbish and record on the Student Work Sheet.

Students are to put together a poster aimed at educating the general public on the
impacts of marine debris on marine animals. Students are to use a variety of media
in the development of the poster including digital technologies and are to
incorporate a slogan, a photo depicting a marine animal entangled in marine debris,
a sentence to invoke emotion in the audience (students can draw on their
experience from observing entanglement) and a confronting fact they have
researched; such as 250 species are known to be affected by marine debris.

Collect all of the class slides and put together into a single PowerPoint Presentation,
play this back to the class. Ask them how they felt after watching the slide show.

How could they get this information out to their target audience? Devise strategies
with students and implement any good ideas that students come up with.
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FACT SHEET-Marine Animal Entanglement

Marine animals are at great risk when they come into contact with marine debris.
Marine Debris does not discriminate or target one particular species; it can affect a
vast majority of species with an estimated 250 species currently known to be
affected.

Marine Debris affects numerous species each year, including seabirds, marine
mammals and sea turtles which die after becoming entangled or ingest marine
debris which they have mistaken for food.

Entanglement

Entanglement is when an animal gets caught in the loops or opening of marine
debris. It can occur accidently or when an animal is curious about an object or is

looking for shelter.
It is harmful because it can cause-

* Drowning

= Disruption or prevention of feeding by the animal
» Restrict movement or ability to swim

= Increase vulnerability to predators

» Result in infection or loss of limbs

= Hunting and efficiency

Photo- NOAA

Monofilament line, derelict fishing gear, rope and strapping bands are common items
that entangle marine life.

Ingestion

Ingestion is when an animal mistakes marine debris for food, eats it and the animal's
body cannot process it. Degraded debris can also be ingested by filter feeding
organisms leading to problems in the food chain affecting plankton to top order
predators.

It is harmful because it can cause-

« Blockages of the oesophagus and the intestinal tract killing the animal.

= Sharp objects can cause injuries and infections.

= Toxins can accumulate in an animal’s tissues affecting the health and wellness
of the animal.
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STUDENT WORK SHEET

1. How do you think the rubbish can affect a marine animal?

Immediately

1 week later

1 year later (if it does not die)

2. In the table below record your observations (e.g. time taken to move through
the water, drag created from the marine debris, the ability for object to
“surface” etc) include what animals would likely be affected by each item of
rubbish.

Item Observation Animal

3. How do different items affect drag?

4. Conduct research on the internet to find a photo of a marine animal
entangled in marine debris. Use the photo as the central part of an
advertising campaign aimed at bringing attention to the problem to the
general public. Create an emotive slogan for the campaign using your
observations of entanglement as inspiration and a fact on marine animal
entanglement researched on the internet. Using an A3 piece of paper create a

draft of your campaign poster. Once you are happy with the layout create a
poster of a professional standard using Microsoft PowerPoint.
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Lesson Plan- Marine Debris- A Global
Problem

Year Subject Code Key Words | Materials Duration

9 Science ACSIS164 Great Pacific | Access to 1 hour
Garbage the internet
Patch, gyre,
ghost nets,
species
diversity,
relative
abundance.

See Australian Curriculum in Appendix 1
Overview

Students look at the marine debris problem on a local and a global scale. They
develop a sense of understanding that it is not restricted to one particular area but it
is widespread. Students identify why the Great Pacific Garbage Patch exists and
explore the possibilities of one occurring on the Australian coastline. The issue of
ghost nets is also explored with the need to do something to prevent/control the
problem increasingly evident to the student. Students identify methods for tackling
the ghost net problem.

Objectives

« Students use the intermnet to distinguish that marine debris is a problem that
affects all of us.

« Students compare local data to worldwide data as part of the research
process and refine their line of questioning to target specific information and
data collection to find possible solutions to the Great Pacific Garbage Patch.

« Students look at the ghost nets issue, determining what is needed to address
the problem and make further investigations as to possible solutions.

Activity

Introduce students to the significance of the Great Pacific Garbage Patch and the
ghost nets problem using the Fact Sheet- Marine Debris- A Global Problem. Discuss
with students how this issue is not just localised; it is a global issue that needs to be
addressed on a global scale. Explain that economics has a major impact on what can
and cannot be done to address this problem. Students are to spend the first half of
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the lesson investigating the Great Pacific Garbage Patch using resources from the
internet. They are to look at the scope of the issue and try and determine how it can
be better managed or cleaned up. Once students have adequately researched the
problem they are to answer the questions on the Student Wark Sheet. After the
completion of the Student Work Sheet lead an in class discussion on the students
answers.
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FACT SHEET- Marine Debris- A Global Problem
The Great Pacific Garbage Patch

It is one of the most identifying features of the marine debris prablem, spanning an
area of 1 760 000 sq kilometres this patch of garbage is bigger than QLD. Itis an
area where a large quantity of marine debris ends up swirling around causing a
deadly soup that impacts marine life often killing them either by ingestion or
entanglement. It has come about due to oceanic forces bringing all of the debris
together into the one area. The North Pacific gyre is one of the five major oceanic
gyres. A gyre in oceanography is a large system of rotating currents; gyres are
caused by coriolis effect, planetary vorticity along with vertical and horizontal
friction. The North Pacific Gyre comprises of four prevailing ocean currents, the
North Pacific current to the North, the Californian current to the East, the North
Equatorial current to the South and the Kuroshio current to the West.

ees—— Equatorial Countercurment

South Equatorial <.
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Ghost Nets

Fishing nets, fishing line, crab and lobster pots or other fishing gear lost or discarded
can continue to fish for marine life long after being left behind by fishermen.
Commercial fishing nets can be very long and can be transported by currents and
waves for long distances and can become concentrated in relatively small areas by
winds and currents, continuously ghost fishing for long periods of time. Ghost fishing
can catch seabirds, fish, sharks, sea turtles and other marine creatures that cannot
free themselves before drowning or dying from starvation. Derelict fishing gear is
also dangerous to aquatic habitats including coral reefs, sea grass beds and shallow
areas of an estuary. The synthetic materials used in ghost nets decay very slowly.

Ghost fishing also kills a number of fish that may have been sold at the market or
would have spawned the next generation. The continual loss of animals from ghost
fishing can impact upon both the recreational and commercial fishing industry
dramatically. Species diversity and the relative abundance of those species can be
affected.

Trap fisheries — Commearcial eateh

Tackling the issue

Ghost nets are a major problem in our world's oceans. These nets are increasing in
our oceans with buy back schemes helping to combat some of the problem but the
effectiveness of these schemes yet to be felt in developing countries where it is
often easier to discard the net offshore then bring it back to land for correct
disposal.
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STUDENT WORK SHEET
In groups of four discuss the following questions-

1. How did the Great Pacific Garbage Patch come to exist?

2. Why does it exist in that area?

3. Name three possible solutions to the Great Pacific Garbage Patch problem-

4. Is it possible for a Garbage Patch to occur in our ocean? Why/Why Not?

5. What current measures are in place to prevent rubbish moving into your local
waterway?

6. Who is responsible for ensuring rubbish does not enter our ocean?
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7. What are the Ghost Net hotspots along the coastline of Australia? Mark them
using a red pen and an X on the map below
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8. Does the area where ghost nets occur have any correlation to the type of
fishing taking place in that area? Yes/ No

9. List three environmental impacts from ghost nets-

10.Name two programs currently running in Australia that aim to eliminate the
Ghost Net problem.
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Lesson Plan- Ocean Currents

Year Subject Code Key Words | Materials Duration

10 Science ACSIS198 Great Pacific | Access to 2X1 hour
Garbage the internet | lessons
Patch, ghost

ACMSP247 | nets, ocean
currents,

modelling,
media

ACSIS206

See Australian Curriculum in Appendix 1
Overview

Students look at the effect ocean currents have on the transportation of marine
debris. They analyse the movement of a piece of debris using scientific modelling
techniques and pinpoint the origin. They develop an understanding of the role media
plays in relaying information on the issue of marine debris to the public.

Objectives
« Students develop an understanding of the movement of ocean currents.

+ Students look at the modelling of ocean curmrents and develop an
understanding of how they influence the transportation of marine debris.

= Students are to develop a hypothesis about the movement of marine debris
on ocean currents.

» Students are to identify that the Great Pacific Garbage Patch has come about
due to ocean currents and identify the problems that are associated with the
marine debris that is found in this area.

Activity
This activity will need to be undertaken over two lessons with the first lesson

covering ocean currents and the movement of marine debris and the second lesson
covering ghost nets and the effect they have on marine animals.

Introduce students to ocean currents using the Fact Sheet- Ocean Currents and
explain how the movement of marine debris can be modelled along these ocean
currents, with the country of origin often able to be determined. The CSIRO
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modelling system can accurately determine where an article of marine debris has
come from and determine where it has been. Use this website
www.csiro.au/connie?/ to help students predict the journey their piece of marine
debris may take. Run students through the work sheet and ask them to answer the
questions.

In Lesson 2 give students an overview of what is involved in researching whether it
be collecting data themselves or reviewing data from secondary sources. Explain to
students that once essays are completed students are subject to peer review
whereby they will gain an understanding of the process involved in preparing a
paper for publication. They will need to ensure that the information in the paper is
fact checked and accurate. Discuss with students that presenting accurate factual
information is important. Students should identify that there is often discrepancies in
the facts from different sources, discuss with them why this can be the case- the
media sometimes misrepresents the facts to the public to sensationalise the story,
data may not be collected accurately by different organisations putting forward the
facts so there may be some variations. Ask students to write an essay on the ethical,
economic and social arguments for problems associated with ghost nets in
developing countries, such as incorrect disposal of nets at sea.

“F Auwtratian Gowernment Ma

nafed Fiaberia
d il p

W ] [ ukyp wlz [CL

Hardesty et al. (2014) | 179



TG0

FACT SHEET Ocean Currents

Ocean currents is a continuous directed movement of ocean water generated by
forces acting upon the mean flow such as breaking waves, wind, Coriolis effect,
cabbeling, temperature and salinity differences and tides caused by the gravitational
pull of the moon and the sun. Depth, contours and shoreline configurations and
interactions with other currents influence the currents direction and strength. Ocean
currents are responsible for the movement of marine debris across the globe.
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The movement of marine debris along oceanic currents is often complex and is
dependent on the properties of the debris. Marine debris that is buoyant tends to
move greater distances than that which sinks to the bottom. Buoyant pieces of
debris moves more easily along wind, water and waves. It is due to these properties
that buoyant pieces of debris can move over vast difference, far from its point of
origin. The more buoyant types of debris are made from plastic and some types of
rubber, these materials tend to be non biodegradable and persistent in the marine
environment.

If a piece of rubbish is degradable it will gradually break down in the marine
environment due to natural forces. Natural materials are more degradable than
synthetic materials and tend to not be as long lasting, however debris from natural
resources can still be a threat to marine life and the marine environment.

Modelling of oceanic currents can aide in the investigation of the source of the
debris, helping to pinpoint problem areas where marine debris is frequently
originating from.
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STUDENT WORK SHEET 1- Ocean Currents

1. How does rubbish finds its way into our ocean and become marine debris?

2. Why is management of stormwater runoff important?

3. Once the rubbish is in the ocean how does it travel?

4, To understand where the rubbish originated from fill in the following details-

item description

Where item was found-

latitude longitude

5. The source the debris was from LAND\SEA (please circle)
6. What is the information we need to find out-

Language on item Country of origin

Possible city 1 Possible city 2

Possible currents the debris followed

7. Before using the CSIRO website, develop your own hypothesis of where the
rubbish has come from, take into account the oceanic currents and probable
origin of the rubbish from the other identifying features.
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Use the CSIRO website, did you have an accurate idea of the origin? Was your
hypothesis proven? If not you will need to revise your hypothesis and test the theory
again.

8. Where did your debris originate from?

9. Did the path you predicted follow the path on the map? YES\NO (circle)

10. What ocean currents were involved?

11. Develop a hypothesis of where you think the item will have ended up after
one year and what state the debris would have been in, think of the
probability of the object being in a degraded state.

12. The North Pacific Gyre is an area where marine debris accumulates and is
known as the Great Pacific Garbage Patch, why do you think that is? (refer to

your map)
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Student Work Sheet 2- Marine Debris in the Spotlight

In groups investigate some recent reports in the media on ghost nets; discuss your
findings in your group. As individuals write a one page essay on the ethical,
economic and social arguments for the problems associated with ghost nets within
developing countries, include statistical information to validate the argument,
including the amount of ghost nets entering our waterways each year, the amount
of marine life entangled each year as a result of ghost nets and the dollar value of
lost tourism on both a global and local scale. Language such as "given’, "of’, knowing
that' is to be included in the text to tie the statistics together with your conclusions
from your research.
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Lesson Plan Analysis of data

Year Subject Codes Key Words | Materials Duration
7-9 Maths Year 7- Statistical Computer 45 minutes
ACMSP172 | analysis, with
mean, Microsoft
tean 8- median, Excel.
ACMDP206 range,

ACSIS145 | analysis.

Year 9-
ACMSP283

See Australian Curriculum in Appendix 1

Overview

Students will further analyse data collected from the field trip or in class to draw
accurate conclusions. They will be able to identify the mean, median and range and
discuss with their classmates the significance of each.

Objectives

» (Create a graphical representation of data

» Analyse data and draw conclusions from the bar chart

« (Calculate the mean, median and range of the results

« Discuss findings in a group
Activity
Students are to further analyse the data collected via surveying or as part of the in
classroom sorting activity using a bar chart. Students are required to input the data
into an excel spreadsheet. They are to compare the data and identify the mean,
median, and range of these results. By looking at these comparisons students are to

identify the common trends in the data and discuss with their classmates what they
can conclude from this.
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Analysis of data

After completing the in classroom activities students will conduct an analysis of data
using either a bar graph created in excel or the TeachWild website. Analysis of the
data will vary depending on the year in which the students are in.

To enter the data into an excel spreadsheet use the following steps-

On the board tally up all of the class’s data. Use Microsoft Excel to further analyse
data with students to create a bar chart as a graphical representation of the class
results.

To do this-

Step 1- Enter data into an Excel spreadsheet with name of rubbish on the left hand
side and the corresponding amount of rubbish on the right hand side.

Step 2- Click on Insert, Bar Chart.

Under the more functions tab calculate the mean, median and range of the results.
Discuss the following questions in class-

After students have analysed the data, ask them are they surprised by the results?
What outliers could have affected these results?

Would this be a result of incorrect methodology being used in surveying or could it
be a result of some areas being more prone to marine debris then others due to
beach characteristics and oceanic currents?

How much does wind influence the movement of rubbish along the beach?
Where on the beach would you expect to find the different types of rubbish?

Access the TeachWild website, go through the data that has been collected by other
students and analysed. Did the conclusions students reached as part of their analysis
match those of the other students? If not how did it compare? Why do they think it
was different? Was the methodology followed correctly?

Create a mind map on the board of the student’s conclusions.
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Extension Exercises

Year 6

Ask students to collect rubbish at home for a marine debris artwork. The artwork is
to represent marine life in their natural habitat. Explain to students that through
education we create awareness, get them to sit down with a family member and ask
the student to talk to them about what they have learned about marine debris.

Once the artwork is completed hold an exhibition at school where students can
present their works to the community. Actively involve students in the lead up to the
exhibition by developing a promotions committee who will be responsible for
ensuring the success of the exhibition. Get students to promote the event using
environmentally friendly methods such as e-brochures, radio and tv interviews.

Year 7

Students to look at the effects that marine debris can have on marine food chains.
Share the resource link, a news report on the affect marine debris is having on Flesh
Footed Shearwaters on Lord Howe Island.

Once students have seen the report, ask them to look at food chains in the marine
environment. How does the plastic end up in the stomach of the seabirds? Why is it
so hard for the bird to process the plastic? How does it end up in the food chain in
the first place and what are the repercussions of this for Threatened Species? What
can they do to ensure that one of the more pristine places in the world remains that
way?

Resources

hitp://www.abc.net.au/7.30/content/ 2012 /53405538, htm

Year 8

In class brainstorm ideas and initiatives to combat marine debris, use these ideas to
develop a Marine Life Warriors campaign. The campaign is to encourage the public
to protect and conserve our oceans and marine life, Divide students into groups and
set a research task on the topic, what impacts can students see manne debris
having on our environment, 5 years, 10 years, 25 years and 100 years down the
track. How can students combat this now? How can they best target polluters?
Students are to present their campaign to the class and the class is to decide what
campaign is the best. The nominated campaign is to be shared with other schools on
the TeachWild website.
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Year 9

Students are to develop an education campaign aimed at commercial fishers on the
effects of improper disposal of fishing nets at sea. Students are to look at ways in
which to educate different cultures from around the globe about the proper disposal
of nets. This campaign is to be accompanied by an outline of the affects of ghost
nets on the marne environment and marine life if they are left to continually fish in
our seas.

Resources

http://www.ghostnets.com.au/

Year 10

Students are to simulate the transportation of rubbish on ocean currents and identify
how rubbish on land ends up becoming marine debris. Fill a tub with water and
sand. Get one person to make waves at one end and slowly put pieces of rubbish
into the water. Watch as the movement of the water pushes the rubbish onto the
sand, create smaller then larger waves. Ask students why they think storm swells
produce more marine debris on the beach and what effect oceanic currents have on
the transportation of rubbish across the globe. What types of debnis are easily
transported? Are degradable or non degradable items more easily transported.
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In Classroom Marine Debris Monitoring

As all students are unable to actively participate in surveying out in the field, the in
classroom activities have been designed to provide a similar experience. All students
will learn the required skills to sort and classify examples of debris using the field
data sheets- Transect Debris (type and colour) and Marine Debris Size Chart. They
will also grasp the concept of marine debris beach surveying and understand why
scientists use the methodology they do for data collection and how that data is then
used in scientific research. A PowerPoint presentation and support notes can be used
to guide students through these activities and is available for download as a
separate component to this kit.

Teachers Note

Keeping a box of marine debris handy for further analysis by students is advised. For
students unable to visit aquatic habitats, seeing and handling of debris will show
them the different properties of debris thus increasing their understanding of the
potential effects.

For inland schools that wish to use this kit, terminology will need to be adjusted with
marine debris replaced by aquatic debris and activities adapted accordingly.
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Lesson Plan Marine Debris Monitoring

Year | Subject Codes Key Words Materials Duration
6-10 | Science, Year 6- marine debris, | PowerPoint | 1hour
Maths, ACSIS232, entanglement, | presentation,

Geography ACSIS105 behaviour, projector,
s T R prevention. laptop,
Sl " variety of
ACMSPIE'_?* rubbish to
Geographical
: . sort,
Inquiry and Skills-
Observing and imieeg
i Debris
Questioning. Sheet,
Year 8- Marine
ACSIS146, Debris Size
Geographical Chart Sheet.

Inquiry and Skills-
Observing and
Questioning.

Year 9-
ACSIS170,
ACMSP233

Year 10- ASIS198

See Australian Curriculum in Appendix 1

Overview

Students are introduced to the concept of marine debris by TeachWild staff. They
look at the structural properties of different type of debris and begin to understand
the significance of the issue, Marine animal entanglement and habitat destruction
are also explored in depth with the impacts of each discussed with students. The
ability for rubbish to stay in the marine environment for long periods of time and the
rate at which certain everyday items degrades is highlighted to students. A hands on
activity involving sorting of marine debris is undertaken by students and is
supervised by TeachWild staff. Students look at the methodology behind marine
debris surveying and gain a clear insight as to why it is important to monitor it. They
discuss possible solutions to the marine debris problem with scientists and develop
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an understanding of the importance of changing our behaviour to address the
problem.

Objectives

To develop a clear understanding of the problem of marine debris.

Discuss problems associated with marine debris, including marine animal
entanglement, habitat destruction and the impacts on humans.

Participate in marine debris sorting, analysis of data collected and make
conclusions from this data.

Communicate findings from the investigation.

To understand how marine debris can affect a community and to learn that
people can make a difference.

Recommend actions for remediation and pollution prevention.

Activity

This activity is in two parts with the PowerPoint Presentation designed to be an
introduction to the marine debris problem and key concepts. The PowerPoint
presentation will be followed on by the Marine Debris Sorting Activity where students
will actively participate in collection of data by sorting and classifying of debris in
groups.

Marine Debris Sorting Activity

1. Students are divided into groups of three and are handed a bag of rubbish.
2. Each group is to nominate a recorder for the group who will be responsible

for accurately recording the data using both the Transect Debris Sheet and
Marine Debris Size Chart. One of the other students will identify the rubbish
while the other classifies the rubbish in regards to size.

Once the data has been collected, scientists will ask students if they can see
any clear results and what conclusions they can derive from the raw data,
such as- Is there one item that is more common than other items? What size
of debris is most common? What impact might this size have on marine
animals?

If time permits students are to enter data into excel and develop a bar graph
and further discuss results. Scientists ask students if the analysed data
matches up with the students hypothesises of the raw data? Is so why do
they think this is the case? If the hypothesis was inaccurate why do they think
this is so?

190 | Understanding the effects of marine debris on wildlife



TECHEMILD
Additional Activities

The following activities are designed to be undertaken at the end of the lesson if
time permits, each is to run for between 5-10 minutes and will expand upon the
information already leamnt by students in the classroom and out in the field.

Activity 1- Recyclables and Non Recyclables- Year 6

After the sorting activity students are to identify recyclables and non recyclables.
Students are to look at the codes on the base of the different items, codes from 1-5
are recyclable with any over that number not able to be recycled, these items end
up in our garbage dumps as land fill. Explain to students that what products we
choose to buy has an impact on our environment. If they had a choice would they
choose a product if the container it came in could not be recycled? Explain the value
of choosing a recyclable option. Reiterate to students that we as individuals can all
make a difference if we choose what we buy wisely; being wise with our waste is
one of the most important things we can do to combat the marine debris problem.

Activity 2- Degradation of Plastic- Year 7

Students are to look at the rate at which plastic degrades within the marine
environment, using two spoons, one made of plastic and the other made out of comn
starch. Put each spoon in hot water and look at how long it takes to degrade. This
may take some time but students will get to see how slowly plastic degrades in the
marine environment. They will see how gradually the plastic will break down into

smaller and smaller pieces. Ask students how these fragments would affect marine
animals.

Activity 3- How Harmful is it? - Year 8

Hand out to students the following photographs and ask them to comment on how
harmful they think each piece of rubbish is to a marine animal with a rating out of
10, On the back of each of the photographs students are to comment on how the
piece of rubbish may affect a marine animal, for example a fishing line may become
entangled around a seabirds beak, this will severely limit the birds ability to eat
resulting in the slow painful death of the seabird.
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Activity 4- Marine Debris Quiz- Year 9

Divide the class into groups of four for a quiz on marine debris. The first group that
raises their hand and answers correctly gets a point on the board with the group
with the most points announced as the marine debris champions. Ask students to
answer the following questions-

(-What is marine debris?
A-Any man-made object that can be intentionally or unintentionally discarded,
disposed of or abandoned that enters our marine environment

()-How does rubbish from land end up in our waterways?
A-The origin of land debris is often from runoff, stormwater drains, air-bome debris
and irresponsible disposal of rubbish by beach goers and campers.

()- How does marine debris travel?
A- Marine debris travels along wind, water and waves.

(- Why is marine debris a problem?

A- Tt impacts upon our marine environment in a negative way, including marine
animal entanglement and ingestion, degrades and visibly pollutes beaches and there
is economic loss of revenue for the fishing and tourism industries.

()- How many tonnes of marine debris enters our waterways each year?
A- 7 billion tonnes

()- What are the 3 R's?
A- Reduce, Reuse, Recydle

()- What can be done to combat the marine debris problem?

A- Education and research creates an understanding and awareness of the issue.
The National Marine Debris database will utilise important data in furthering research
efforts and increase knowledge on the extent of the problem, students are doing
their part by monitoring marine debris in their local area.

Activity 5- Marine Debris Movement- Year 10
A fan and a tub of water are required for this activity. Students will be looking at the
buoyancy and movement of the different types of rubbish. Using the rubbish from

the sorting activity put each different type of rubbish in front of the fan. Ask
students to keep an eye on how far the rubbish moves and determine how it moves
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through the air, e.q. does it spiral through the air, or drift? When all pieces of debris
have been passed in front of the fan, ask students the following questions-
« Which piece of rubbish moved the greatest distance and how easily did it
move?
« Why do they think this is so?

Put the tub of water in front of the fan and repeat the process.
» Did the presence of water slow the more moveable pieces of rubbish down or
was it more buoyant?
» What types of rubbish will move the greatest distances?
= Will this type of rubbish persist more in the marine environment or not?

Once the activity is completed reiterate to students that ocean currents drive marine
debris all over the world and that the properties of an item can determine how far it
will go e.g. moveability in wind, buoyancy and the ability to persist in the marine
environment are all factors in modelling the movement of marine debris.
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Student/Teacher Website Resource List

This resource list has been compiled to provide background information on marine
debris to further enhance students leaming experience. Earthwatch is not
responsible for changes to content on any of the following websites aside from the
TeachWild website and accepts no responsibility should content change and not be
of an acceptable standard.

TeachWild

teachwild@earthwatch.org.au

Wikipedia Marine Debris Definition
http: //en.wikipedia.orag/wiki/Marine debris

Reef Watch South Australia

http://www.reefwatch.asn.au/

The Australian Marine Conservation Society

http://www.amcs.org.au/default? .asp?active-page-id=114

Ghostnets Australia

http://www.ghostnets.com.au/

Humane Society International Australia

http://vwww.hsi.org.au/?catlD=117

Australian Government, Department of Sustainability, Environment, Water,
Population and Communities, Australian Antarctic Division

http: //www.antarctica.gov.au/science/australian-antarctic-science-strateqy-200445-
201011 /impact-of-human-activities-in-antarctica/ past-research/marine-debris

The Conservation Beta

http: //theconversation.edu.au/marine-debris-biodiversity-impacts-and-potential-
solutions-2131

Surfrider Australian Foundation

http://www.surfrider.org.au/2011/02/national-marine-debris-initiative/

Australian Government- Great Barrier Reef Marine Park
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http://kurrawa.gbrmpa.gov.au/corp_site/info_services/publications/sotr/shipping/pa
ge 04.html

Oceanwatch Australia

hittp://www.oceanwatch.org.au/?s=marine+debris

Education Kits
Tangaroa Blue Ocean Care Society Marine Debris ID Manual

http://www.oceancare.org.au/site/index.php?option=com rokdownloadsBview=fold
erfdtemid=10001008&id=20:marine-debris-id-manual

Marine Waters Western Australian Teacher Education Resources

http://marnnewaters.fish.wa.gov.au/marine-bioloay/

Marine or Ocean Pollution

hitp://www.teachers.ash.org.aufjmresources/seaweek/links.htm

Perth Beachcombers Education Kit

http://www.fish.wa.gov.au/beachcombers-kit/ coastal-uses-impacts/marine-debris/

Healthy Waterways

http://www.healthywaterways.ora/HealthyWaterways/Education/Litterandwastereso
urces/Games/EducationalResources.aspx

Articles
Sea Sheppard- The Plastic Sea

hittp://www.seashepherd.org/commentary-and-editorials/ 2008/ 10/30/the-plastic-
sea-372

ABC-Whale Death Article
http://www.abc.net.au/local/stories/2011/10/18/3342237 htm

Jennifer Lavers- Plastic Pollution — A Global Problem

http://www.jenniferlavers.org/plastic-pollution/

Ghost Nets in Northem Australia

http://www.ghostnets.com.au/pdffemr 525.pdf

7.30 report- Lord Howe s muttonbird population in decline
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http://www.abc.net.au/7.30/content/2012/s3405538.htm

National Oceanic and Atmospheric Administration- United States
Department of Commerce-

MNOAL Marine Debris Program

http://marinedebris.noaa.gov/outreach/welcome. hitml

Mational Ocean Service

http://oceansearvice.noaa.gov/education/

Great Pacific Garbage Patch
http://marinedebris.noaa.gov/info/patch.himl

New Zealand
Ministry for the Environment

http://www.mfe.govt.nz/issues/oceans/kids/reducing-pollution.html
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Appendix 1- The Australian Curriculum

The Australian Curniculum sets out the core knowledge, understanding, skills and
general capabilities important for all Australian students. In the development of this
kit three main areas of the curriculum were explored- Science, Maths and
Geography. The Geography syllabus is currently in draft stage with key learning
areas for students identified and outlined. The curriculum has been reviewed and
key learning areas that are achieved by each year through use of the kit identified
and addressed during classroom and field based activities. An expanded version of
the curriculum can be found at-

http://www.australiancurriculum.edu.au/

Science

Year 6
Code ACSIS232

With guidance, pose questions to clarify practical problems or inform a scientific
investigation and predict what the findings of an investigation might be-

» Refining questions to enable scientific investigation

= Asking questions to understand the scope or nature of a problem

e Applying experience from previous investigations to predict the outcomes of
investigations in new contexts.

Code ACSIS105

Use equipment and materials safely, identifying potential risks

= Discussing possible hazards involved in conducting investigations and how
these risks can be reduced.

Code ACSISZ232- Prior to field work, scientists discuss with students the reasons for
undertaking marine debris surveying. Students determine why they think marine
debris surveying is important and what methods they think should be used, They are
asked to predict the outcome of the survey. During the classroom activity students
are able to use experience gained from the field investigation and apply this to their
predictions of the differences in the decay of rubbish from the bin and on the beach.

Code ACSIS105- Prior to fieldwork; students are asked what they think the risks
associated with fieldwork are and students are to determine how they may be
mitigated.
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Year 7

Code ACSIS124

Identify questions and problems that can be investigated scientifically and make
predictions based on scentific knowledge

» Working collaboratively to identify a problem to investigate.

= Recognising that the solution of some questions and problems requires
consideration of social, cultural, economic or moral aspects rather than or as
well as scientific investigation.

» Using information and knowledge from previous investigations to predict the
expected results from an investigation.

Code ACSIS125

Collaboratively and individually plan and conduct a range of investigation types,

including fieldwork and experiments ensuring safety and ethical quidelines are
followed-

= Working collaboratively to decide how to approach an investigation

« Learning and applying specific skills and rules relating to the safe use of
scientific equipment

» Identifying whether the use of their own observations and experiments or the
use of other research materials is appropriate for their investigation.

= Developing strategies and techniques for effective research using secondary
sources, including use of the internet.

Code ACSSU112

Interactions between organisms can be described in terms of food chains and food
webs; human activity can affect these interactions.

= sing food chains to show feeding relationships in a habitat

= constructing and interpreting food webs to show relationships between
organisms in an environment

= classifying organisms of an environment according to their position in a food
chain

« recognising the role of microorganisms within food chains and food webs

Code ACSIS1Z24- Warking in groups students investigate the problem of marine
debris. Students look at the impact plastics are having on marine food chains. They
look at their own and others consumptive behaviour obtaining a greater
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| understanding of the scale of the issue from a social, cuftural, economic and moral
point of view rather than or as well as scientific investigation through fieldwork.

Code ACSIS125- Working in groups students discuss the sampling method prior to
the surveying. Through guidance from scientists students will leaim and apply skills
and rules in the use of scientific equipment used in the surveying of marine debris.
Students are encouraged to make their own observations of the results and discuss
their findings with the scientist at the end of the survey. Students then use the
internet to identify possible strateqgies and technigues to enhance their research.

Code ACSSUT1.2- Students look at the different trophic levels and identify where
different types of organisms fit into the food chain. Students develop their own food
chain and trace the movement of 2 piece of plastic up that food chain. They also
identify the rofe of micreorganisms within food chains and food webs.

Year 8

Code ACSIS145

Summarise data from students own investigation and secondary sources, and use
scientific understanding to identify relationships and draw conclusions-

« Constructing tables, graphs, keys and models to represent relationships and
trends in collected data.

« Drawing conclusions based on a range of evidence including primary and
secondary sources.

Code ACSIS146

Reflect on the method used to investigate a question or solve a problem, including
evaluating the quality of the data collected and identify improvements to the

method.

= Suggesting improvements to investigation methods that would improve the
accuracy of the data.

Code ACSIS148

Communicate ideas, findings and solutions to problems using scientific language and
representations using digital technologies as appropriate

» Using digital technologies to construct a range of text types to present
scientific ideas

e Selecting and using appropriate language and representations to
communicate science ideas within a specified text type and for a specified
audience.

200 | Understanding the effects of marine debris on wildlife



TECHEILD

Code ACSIS145- In the classroom, prior to uploading the data onto the TeachWild
website, students analyse the data themselves by creating a graph in excel of all the
data collected. Students draw their own conclusions from the data and compare this
to the results published on the TeachWild website.

Code ACSIS146- Students identify any faults they can find with the survey method
and determine how they think the survey method can be improved to collect more

accurate data.

Code ACSIS148- Students develop a poster targeted at the general public which
includes the use of digital technologies and emotive language to communicate
sclentific ideas condluded from their simulated experience of marine debris
entanglement.

Year 9

Code ACOIS164
Formulate questions or hypotheses that can be investigated scientifically

» Using intemnet research to identify problems that can be investigated

» Evaluating information from secondary sources as part of the research
process

= Revising and refining research questions to target specific information and
data collection or finding a solution to the specific problem identified

» Developing ideas from students own or others' investigations and experiences
to investigate further

Code ACSIS169

Analyses patterns and trends in data, including describing relationships between
variables and identifying inconsistencies.

» Using spreadsheets to present data in tables and graphical forms and to carry
out mathematical analyses on data.

» Describing sample properties (such as mean, median, range, large gaps
visible on graph) to predict characteristics of the larger population

= Designing and constructing appropriate graphs to represent data and
analysing graphs for trends and patterns.

Code ACSIS170

Use knowledge of scientific concepts to draw conclusions that are consistent with
evidence
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= (Comparing conclusions with earlier predictions and reviewing scientific
understanding where appropriate
= Suggesting more than one possible explanation of the data presented.

Code ACSIS164- Through researching marine debris on a local and global scale
students identify the problem that is the Great Pacific Garbage Patch. They evaluate
the information gathered from this reseaich and determine why the Great Pacific
Garbage Patch exists in that area. As individuals, students discuss the problem with
their classmates and determine how to best investigate the issue further.

Code ACSIS169- With the data collected from sampling students enter it info an
excel spreadsheet for further analysis. Students use the data to develop a qraph
which shows the comparison between the trends and patterns of the data.

Code ACSIS171)- Prior to the excursion taking place students predict what they think
the outcome of it will likely be, including if they think there will be a lot of rubbish
washed up on the shoreline and what piece of rubbish they think will be the most
common. After conducting fieldwork students compare actual conclusions with
hypotheses denved from the previous in classroom discussion. Post survey, students
discuss with scientists what is the scientific basis for the modelling of manne debris
and what they expect the predicted outcomes from the modelling of the debiis to
be. In the group discussion students suggest two possible reasons for the data
results and explain how they came to these conclusions.

Year 10
Code ACSIS198

Formulate questions or hypotheses that can be investigated scientifically

» Developing hypotheses based on well developed models and theories.

« Using internet research to identify problems that can be investigated.

« Formulating questions that can be investigated within the scope of the
classroom or field with available resources.

= Developing ideas from students own or other’s investigation and experiences
to investigate further.

= Evaluating information from secondary sources as part of the research
process.

Code ACSIS206

Critically analyse the validity of information in secondary sources and evaluate the
approaches used to solve problems.

» Researching the methods used by scientists in studies reported in the media.
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= Judging the validity of science- related media reports and how these reports
might be interpreted by the public.

» Describing how scientific arguments as well as ethical, economic and social
arguments are used to make decisions regarding personal and community
ISSUEs.

Codle ACSIL‘?I?;- Students develop a hypothesis on the movement of marine debris
based on oceanic currents. Students are able to identity the problem of the Great
Facific Garbage Patch and investigate further using secondary sources and the
internet.

Code ACSIS206- Using the Student/ Teacher Website Resource List as quidance,
students investigate some recent reports in the media on marine debns. They write
an essay that is peer reviewed, through their research student's look at the validity
of science found in media reports and develop an understanding of how these
reports may be interpreted to the public. Students comment on the ethical,
economic and social arguments for the problems associated with ghost nets within
developing countries.

Mathematics

Year ©
Code ACMMG135
Connect decimal representations to the metric system.

= Recognising the equivalence of measurements such as 1.25metres and 125
centimetres.

Code ACMMG136
Convert between common metric units of length, mass and capacity

» Identifying and using the correct operations when converting units including
millimetres, centimetres, metres, kilometres, milligram, grams, kilograms,
tonnes, millilitres, litres, kilolitres and mega litres

= Recognising the significance of the prefixes in units of measurements.

Code ACMMG135- During sampling students use transects to map sampling area,
measuring tapes are used and centimetres converted to metres.

Code ACMMGI 36- Students caonvert centimetres to metres whilst usirg a measunng
tape and recognise the significance of the use of am and m.
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Year 7 %
Code ACMSPI67

Construct sample spaces for single- step experiments with equally likely outcomes

» Distinguish between “equally likely” outcomes and outcomes "“not equally
likely”.

» Discussing the meaning of probability terminology (for example probability,
sample space, favourable outcomes, trial, chance events and experiments)

Code ACMSP172

Describe and interpret data displays and the relationship between the median and
mean

» Using mean and median to compare data sets and explaining how outliers
may affect the comparison.
» Locating mean, median and range on graphs and connecting them to real life.

Code ACMSPI67- Prior to the excursion discuss with students the equally likely
outcome of finding a large amount of marine debris on the beach as opposed to
small amount. Through surveying students will discuss such terminology as
probability of there being rubbish, the sample space of the survey and what trials
have been conducted previously to develop a standardised methodology for
sampling. They will also look at what role chance events such as weather conditions
play in the quantity of marine debris collected and how experimental design plays a
role in the quality of data collected and used for analysis.

Code ACMSP172- Using excel students create a bar chart and identify the mean,
range and median from the data. Students look at what outliers could have affected
the results. They understand that it could be a result of incorrect methodology being

used in surveyving or it could be a result of some areas being more prone to marine
debris then others due to beach characteristics and oceanic currents.

Ycars
Code ACMSP206

Explore the practicalities and implications of obtaining representative data using a
variety of investigative processes.

» Understanding that making decisions and drawing conclusions based on data
may differ from those based on preferences and beliefs.
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= Investigating an international issue where media reporting and the use of
data reflects different cultural or social emphases (for example whaling,
football World Cup outcomes)

Code ACMSEP206- From the data collected and conclusions drawn from the previous
investigation, stua’twcﬁf will be able to distinguish between conclusions based on
preference and beliefs. By investigating the intemational issue of marine debris
students will be able to determine how data can reflect a different cultural or social
emphasis in the media by using the Student/Teacher Website Resource List to aide
further investigation on the effects marine debiis has on marine anima’ls.

Year 9

Code ACMSP283

Compare data displays using mean, median and range to describe and interpret
numerical datasets in terms of location (centre) and spread.

Code ACMSPZ283- Post surveying students ook at the data collected and each group
determines the mean, median and range. They then discuss these results in class
and interpret the datasheets in terms of location (centre) and spread. Results from
student’s data are then compared to the National Marine Debris Database on the
TeachWild website.

Year 10
Code ACMSP247

Use the language of if... then 'given’, "of, * knowing that’ to investigate conditional
statements and identify common mistakes in interpreting such language.

» Evaluating media reports that refer to data from a range of contexts, where
the evaluation allows students to demonstrate their statistical literacy.

Code ACMSP247- Using the TeacheryStudent Website Resources List students
research some of the statistics on marine debris including- the amount of ghost nets
entering our waterways each year, the amount of marine life entangled each year as
a result of ghost nets and the dollar value of lost tourism on a local and global scale.
Students sift through media reports fo find answers to these guestions, it is through
this investigation that they will find discrepancies in the facts , they will acknowledge
that commeon mistakes are made in the interpretation of statistics and understand
that it is dependent on the correct interpretation of statistical language. Students
essay writing includes the current statistics on ghost nets using language such as
given, ‘of knowing that' to tie statistical information together.
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Geography
Year 6
p : fat { inf { llected { ook f i
relationships

Manage data and information collected and look for patterns or relationships

» Converting data into a useful form, such as a spreadsheet, display, graph or
distribution map, then making decisions informed by trends in data or
information.

= (Creating or adding to maps (such as grid maps), including a scale and
demonstrating specific features or relationships,

= Using tables and charts to compare information from different information
SOUrces.

Combine data and information to draw and share conclusions, considering their
impacts

» Explaining a situation in terms of cause and effect and suggesting and
evaluating possible future scenarios, giving reasons for their preferred
options.

» Considering their findings or conclusions and identifying the probable
reactions and responses of those who hold other viewpoints.

Survey- Using the mud map students developed of the survey site, students map out
the areas that have been surveyed and record using symbols on the map of the
areas that are dense with rubbish. Students then identify trends with the data
collected.

In the classroom- Students look at the degradable properties of rubbish and develop
an understanding of how long common articles of rubbish can take to break down in
the environment. They consider their findings and identify how waste can be broken
down in the environment. Students identify how the general public will react to the
timeline of rubbish through their own reactions and that of their classmates.

Year 788

G hical 1 5 L skill
Observing and Questioning

Determine a focus for the inquiry within an area of interest, for example, make a
prediction or develop a key question.
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= (Considering an area of study or current event to generate ideas for an
inquiry, such as describing their response and developing an inquiry from
that.

= Distinguish between the geographical and other kinds of questions, for
example, “so what” questions about effects, ‘what ought’ questions about
what should happen, 'what might happen’ questions about the future and
‘what if’ questions about alternatives in a geographical context.

In the classroom- Prior to the excursion students will look at the marnine debris
problem. They will develop an inquiry by looking at the effects marine debnis s
having across the globe. In class scientists will take students through the scale and
nature of the problem and apply it in a local and global context. Students will be
asked questions in a geographical context such as- So what if people litter and it
ends up in our oceans? What ought to be the repercussions of this? What might
happen to marine life? What if this continues to happen across the globe? Students
will then be able to answer these guestions and determine probable solutions to the
marine debiis problem.

Year 910
Planning, collecting and evaluating

Determine a purpose and operational scale of the geographical inquiry and
independently design the inquiry.

= (Considering what answers or explanations are needed and at what scale, for
example, at the local or global scales.

= Design the inquiry and develop a plan to determine which data will be needed
and to locate this data from fieldwork, library and online research using
spatial technologies, maps, statistics, photographs and other images.

e (Collecting primary data and secondary data, including fieldwork techniques
such as interviews, surveys, observation, taking photographs, annotating
maps and land use surveys

= Determining which information sources will provide relevant, reliable and
representative data, and addressing issues, for example, using another
collection method such as a survey or soil testing.

In the classroom- Students are to formulate guestions as to why surveying of marine
debris is necessary. They are then to develop a clear plan of what diata is needed
and how this data would best be coflected. During fieldwork students will look at the
methodology used by the scientists in the surveying process . Prior to sunveying
students investigate how they think the scientist’s methodology will achieve accurate
results, Students are responsible for the collection of data and fieldwork technigues,
including transects. Once fieldwork is completed students can use other information
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collected during the fieldtrip such as photographs, maps and observations and
upload this onto the TeachWild website to share with other schools. Students
comment on this information and explain what the cumulative dats means on both a
local and global scale in an open forum.
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Appendix 2- Website Instructions

TeachWild Website

To upload your marine debris data onto the Atlas of Living Australia (ALA) access the
TeachWild site- www.teachwild.org.au and follow these simple steps-

1. Click on FIELD RESEARCH on the top right hand side of the page.
2. Scroll down the page to the icon LOG YOUR DATA.
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3. Click the SIGN IN tab on the top right hand side of the page. A screen will
come up asking for your username and password, if you have not already
acquired one then click on HERE and follow the prompts.

il
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4. Go to ADD YOUR SIGHTINGS tab and choose whether it is a beach survey,
transect data, size class data or casual sighting you need to enter data for.

TEACHRMILD < NATIONAL MARINE DEBRIS PROJECT

e e e Y e 8 oo -  mhant

Alpout this Sile
Taai il - e ruria dsb paisr
w——— e e i e

= - -u-&
.

5. In each of the survey types detailed instructions are available; follow them
step by step to input your data accurately.

6. Under the ADMIN STUFF tab you can edit your profile to make it easier to
input data by pre-saving favourite locations of where you are conducting your
surveys (through the My Locations function). This section is also where you
can change any of your personal details, including your password and
registered email address.

7. You can see what data has already been entered by clicking the SEE WHAT'S
LOGGED tab.

210 | Understanding the effects of marine debris on wildlife



TEACHEMILD

Australian Biosecurity Intelligence Network (ABIN) Website

Visit www.abin.org.au to download field resources share images and experiences
with other schools in the program and view upcoming events for TeachWild. To

access this site you will need to register, this may take a few days so ensure it is
done prior to your fieldtrip.

1. To REGISTER click on the top right hand comer icon and then follow the
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2. Once your registration has been approved click LOGIN on the webpage above
(top right hand corner icon). Make sure you keep your usermname and

password in a safe place as you get three incorrect attempts to LOGIN before
you are locked out of the site.

3. You will come to the HOMEPAGE; on the top right hand side click SPACES
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4. Click on TeachWild and the HOMEPAGE will appear on the screen.
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5. On the left hand side you have numerous options to keep connected to your

class and others involved in the project.

6. You can download copies of the documents needed for the beach surveys on
the right hand side of the page or by clicking the DOCUMENTS link in the left
hand side menu.

7. You can also use the ABIN Connect Web Conference feature to connect to

your students in the classroom from out in the field.
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What Now?

By undertaking marine debris surveys your school is helping to make a difference by
create awareness of the marine debris problem. There are numerous sustainability
actions your school can become involved in to help combat marine debris further.

These include-

» School Clean ups- organise your whole school to do regular clean ups around
the school grounds.

Control litter-

» Encourage students to bring a litter free lunch. This means no plastics aside
from the lunchbox and a drink bottle just "nude” food.

+ Make better use of materials; reuse waste where possible such as milk bottles
to surround young seedlings in the school garden.

» Support initiatives such as the Take 3 campaign where you take 3 pieces of
rubbish with you when you leave the beach, waterway or anywhere.

* Hold a waste challenge competition in class where students from each year
are asked to cut back on their waste and document it. The class who has
generated the least amount of waste is the winner and is known as the waste
champions throughout the schoal; hold a presentation for the winners at the
schools assembly. The winning class is to tell the assembly some of their top
tips for cutting down on waste in their classroom.

+ Follow the 3 R's- Reduce, Re-use and Recycle at school and at home.

Campaign for the cause-

+ Develop a section in the schools newsletter dedicated to the environment,
looking at a different issue affecting the marine environment per issue.

« Develop an environment committee at school.

+ Get students to write a letter to their local MP or newspaper about the marine
debris issue and point out what could be done on a local level to help combat
the problem.

» Students can showcase some of what they have learnt about marine debris as
a poster, these posters can be hung around the school and the community to
promote awareness.

« Tell 2, ask students to tell two people they know about the marine debris
problem, students are to specify two facts about marine debris to that person
and request that they tell those facts to two people they know and so on.
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You can also link up with some existing schools initiatives such as the Australian
Sustainable Schools Initiative (AUSSI).
http://www.environment.gov.au/education/aussi/
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Glossary

Biodegradable- capable of being decomposed by bacteria or other biclogical
means.

Corolis effect- The observed effect of the Coriolis force, especially the deflection of
an object moving above the earth, rightward in the northern hemisphere and
leftward in the southem hemisphere.

Degradable- capable of being decomposed chemically or biologically.

Degrade- ( Chemisiry) to decompose or be decomposed into atoms or smaller
molecules.

Food Chain- The feeding of one organism upon another in a sequence of food
transfers is known as a food chain.

Gyre- A circular or spiral motion, especially a circular ocean current.

Invertebrate- any animal lacking a backbone, including all species not classified as
vertebrates. Corals, insects, worms, jellyfish, starfish, and snails are invertebrates

Marine Debris- any human-made object that can be intentionally or unintentionally
discarded, disposed of or abandoned that enters our marine environment

Non degradable- waste will not break down or will continue to persist for many
years. Examples are plastics, metal and glass.

Mon recyclable — not capable of being used again.

Pollutant- Something that pollutes, especially a waste material that contaminates
air, =oil, or water.

Recyclable - capable of being used again.

Trophic Level- A position in a food chain or Ecological Pyramid occupied by a group
of organisms with similar feeding mode.

Vertebrate- any chordate animal of the subphylum Verfebrata, characterized by a
bony or cartilaginous skeleton and a well-developed brain: the group contains fishes,
amphibians, reptiles, birds, and mammals
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Marine debris poses a global threat to biodiversity of immense proportion. For instance, more than six
million tons of fishing gear alone is lost in the ocean each year (Derraik, 2002). Despite this staggering
amount of marine waste, fishing gear forms only a small percentage of the total volume of debris in the
ocean, not even making the list of the top 10 most common items found during coastal clean-up operations
(Ocean Conservancy, 2012). The impacts of this threat on biodiversity are both broad and deep. Marine
debris has been reported to have direct impacts on invertebrates, fish, amphibians, birds, reptiles, and
mammals (Good et al., 2010). These impacts are known to be a significant threat to the persistence of
several threatened or endangered marine species, and likely to be affecting many others. For example, up
to 40,000 fur seals are killed each year by entanglement in debris (Derraik, 2002) and entanglement and
ingestion are major causes of population decline for some marine mammals. Finally, the impacts from
debris in the marine environment are rapidly intensifying, as the volume of refuse humans release into
marine systems is growing at an exponential rate.

The goal of our research in this project is to develop a national risk assessment for wildlife species that are
affected by marine debris, addressing a topic (marine debris) that has been identified as a ‘key threatening
process’ to wildlife in Australia. The project integrates field, modelling, genetic and biochemical marker
approaches to understand the impact of marine debris on fauna at the national scale. One of the critical
aspects of this work is that we collaborate and engage heavily with school groups to promote science
education and learning through a timely and relevant topic that is part of the national science curriculum,
fitting in with maths, chemistry, physics, biology, oceanography and other parts of the national curriculum.

This project seeks to answer four fundamental questions:
1) What are the sources, distribution, and ultimate fate of marine debris?
2) What is the exposure of marine wildlife to debris?

3) When wildlife are exposed to debris, what factors determine whether animals ingest or are
entangled by debris?

4) What is the effect of ingestion or entanglement on marine wildlife populations?

In 2011, a three year partnership was entered into by Shell, Earthwatch Australia and CSIRO with a goal of
addressing the four fundamental questions listed above.

Our overall aims are to:
- Carry out a nation-wide risk analysis completed for focal species across multiple taxa

- See increased science learning and uptake for individuals, schools, communities and industry across
the country

- Inform policy decisions based upon sound science

- Develop a priority list of ‘at risk’ species based upon distribution, encounter and impact of debris
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- Engage with industries contributing to the marine debris issue (with potential solution-based
approaches to resolving the issue) and

- Contribute to a change in behaviour resulting in decreased marine debris deposition across the
country due to science learning at local scales.

At two years into the project we have made remarkable strides toward achieving our goals and addressing
our four focal questions. We have achieved and exceeded the key milestones identified for year two
(detailed in Section 2) and we are beginning to realise new opportunities and the impact of our work, as
evidenced through engagement with a variety of stakeholders across the country and overseas. We look
forward to the final year of the project bringing even greater achievements with it, and we hope to
continue to grow this important work in collaboration with our partners, Earthwatch Australia and Shell.

Page | 224



Several key milestones were identified for the first year of the project in 2011-2012. These milestones
included: 1) develop project curriculum that fit into the national science curriculum; 2) develop a web
based resource for public profile and community engagement; 3) identify potential schools with which to
engage in the TeachWild program, particularly focusing on schools in important Shell-identified focal areas;
4) initiate data collection and input; 5) carry out ‘Scientist for a Day’ excursions with schools; 6) carry out
seven-day research expeditions with teachers and, if possible, 7) carry out sea-based research expeditions
with teachers.

We met each of these milestone objectives (detailed in progress report for year one — Hardesty and Wilcox,
2012). Not only did we contribute significantly to curriculum content that was developed for TeachWild,
but we worked with teachers to develop specific lesson plans for targeted student groups, beyond the
TeachWild curriculum, that met the requirements of the national science curriculum.

We successfully developed an online data entry portal that utilised the Atlas of Living Australia’s (ALA)
Global Biodiversity Information Facility (GBIF). Through our CSIRO partnership with ALA, we were able to
develop an open access and easily accessible national marine database that was available to volunteers,
students, teachers, and citizen scientists. Here, data on beach surveys, incidental sightings and other site
location information was initially collated. The host address for the site was
http://www.TeachWild.ala.org.au. The data portal was established so that individuals and groups could
input data and see summaries of information from across the country. Due to challenges with ease of data
entry utilising the ALA system, however, in the last 12 months we have subsequently revised the web portal
data entry site (see Appendices A and B).

In year one of the project we carried out coastal and at-sea debris surveys for a significant portion of the
Australian coastline and we completed high-seas surveys to quantify marine debris offshore at more than
35 sites from a variety of research vessels.

In addition to identifying schools with whom to engage, we delivered the TeachWild program to more than
1,300 primary and secondary school aged students from around the country. We also took teachers on
intensive weeklong research expeditions in which they significantly contributed to our fundamental
research aims for the national marine debris project.

Overall, the first year of the project was tremendously successful in meeting our targets, and this was
matched by the achievements in year two (see below).

Page | 225



In the second year of the national marine debris project we completed the rest of the coastal debris
surveys (see Section 3.1). Our year two teacher and student engagement started with carrying out the
Scientist for a Day program at several schools in Victoria. This intensive week visiting five schools in August
2012 was quickly followed by visiting schools and carrying out the ‘Scientist for a Day’ program in Broome
and Darwin in September. Also in September, CSIRO scientist Chris Wilcox took three teachers on a 10-day
excursion on CSIRO’s research vessel Southern Surveyor, during which time Chris and the teachers from
Western Australia, South Australia and the Northern Territory collected surface trawl data from Perth to
Darwin. This was an important trip in terms of marine debris data collection from surface trawls (see
Section 3.2 for details). We have also had intensive engagement with various interested parties from local,
state and federal government and non-governmental organisations, and we have had excellent interest in
our work in the international forum as well. Further description of our year 2 activities and media
engagement is described in the following sections.

We have now completed the national survey for coastal debris around the mainland and the island
state of Tasmania (Figure 1). We surveyed more than 170 coastal sites, many of which were
remote. Access was by car and foot, via float plane (Broome to Darwin and west/southwest
Tasmania) and via boat.
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Figure 1. Map showing locations of coastal debris surveys around mainland Australia and the
southern island state, Tasmania. This map includes locations of school debris surveys (blue
squares), engagement with the ‘Kids Teaching Kids’ program (green stars) and CSIRO surveys (red
circles).
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The two last major areas that required surveying in the last year were across the Kimberley region
(which required the use of a float plane to survey sites from Broome to Darwin) and Tasmania.
Tasmania surveys were conducted by vehicle, on foot and via float plane (in the west and south
west of the state where there is no road access). The national coastal debris surveys were
completed in June 2013. We are particularly pleased to have completed this mammoth fieldwork
component of the project without a single major health and safety incident!

From our CSIRO national coastal debris survey we estimate that there are more than 115 million
bits of rubbish on Australia’s coastline (including Tasmania but excluding the >350 outlying islands).
This is based upon the coast being 35,877km in length and takes into account that we found an
average of 6.439 items of anthropogenic debris on each 2m wide transect we carried out. Given
that the population of Australia is estimated at 22.32 million people (population clock:

), this averages about 5.2 pieces of debris for every person in the country.

Overall, we find that about 75% of all waste is plastic, 24% is glass and metal, and 1% is cloth. Of
the plastics, it looks like 2% of debris is discarded monofilament (and hence is associated with
recreational fishing). Because most plastics float whereas glass and metal sink, we can separate out
to some extent the terrestrial versus marine components of debris we find on beaches.

In further analysing the data we consider a number of important components or inputs to marine
debris along our coastline. We include two figures to describe the anthropogenic debris at the
surveyed sites, and extend that, using model predictions for rubbish along the coast. The first figure
(Figure 2) shows the density of debris along the coastline corrected for factors that would cause
local sampling bias (such as shape of the coastline, substrate, steepness of the beach [gradient],
and backshore substrate type). The second figure (Figure 3) incorporates corrections for sampling
bias and incorporates factors that drive terrestrial inputs to debris such as local and regional
population density, distances to roads, etc. The spatial pattern shown therefore represents the
leftover or residual variation which is inferred to be the marine input of debris (with terrestrial
sources and sampling variation removed).

Tasmania data are not included in either figure because we have not had time to input those data
and analyse them given how recently surveys were completed. In the coming months we will
complete analysis of the entire Australian coastline.
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The map (below,) shows the relative density of anthropogenic debris along the Australian coast.
This takes into account where surveys were carried out but extends to create a ribbon plot of
coastal debris density based upon observed debris and factors that affect debris accumulation at
sampling sites (e.g. variables such as shape of the coastline, substrate, gradient and backshore
substrate type). Lighter colours represent more debris (note that in the top end of Australia the
model predicts high levels of debris, though that region was not surveyed using our methodology).
This high level is likely an artefact of the fact that the surrounding areas that were surveyed had
increasing quantities of debris so the model predicts even more debris in the top end. This
prediction should be ignored until further data can be collected. It is worth noting that the ‘dirtiest’
areas are not necessarily associated with the highest population densities. The southeast region of
Australia and the northwest of the country look to have higher levels of debris than do other areas
with lower population density.

Debris on the Australian Coast
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Figure 2. Relative density of anthropogenic debris along the Australian coast.

We next considered the component of debris that is likely coming from the marine environment. In
the second model we included not only the shape of the coastline, substrate, gradient and
backshore substrate type, but we also took into account the population within 5 km and within 50
km of the surveyed site as well as the distance from the survey site to the nearest road. In this
second model, the population parameter at each of the two distances was significant. At 5 km
radius from the survey site there is a negative relationship between population density and
anthropogenic debris. At the 50 km distance category considering the population density there is a
positive relationship. This suggests that at the local scale, where you have more people, you find
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beaches having less debris. At the regional scale in contrast, higher population density is associated
with an increase in the amount of rubbish on beaches.

Marine Component of Debris on the Australian Coast
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Figure 3. Component of debris that is likely coming from the marine environment.

We will soon be adding analyses from the Tasmania survey sites to the analysis, to complete the
continental scale picture.

In addition to the 10-day Southern Surveyor research expedition with teachers, we were able to
take advantage of another vessel of opportunity to add to the data gaps for where marine debris is
in our coastal and offshore waters. Early in 2013 the CSIRO team was able to hitch a ride on one of
the AIMS research vessels that was working in Queensland. On board this vessel we were able to
conduct more than ten sets of surface trawls in coastal Queensland waters (inside the Great Barrier
Reef from north of Cairns to north of Brisbane).

The TeachWild intensive research expedition from Broome to Darwin was a tremendous success, in
spite of initial rough conditions at sea which made for a challenging first few days at sea. Everyone
adapted quickly to life on board the ship, and we were able to complete trawls at approximately 23
sampling stations — a tremendous feat!
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Figure 4. Map showing locations of surface trawl surveys around the continent. Different colours
represent different research cruises. In total, marine debris trawls have taken place during nine
different voyages and we have sampled at more than 60 sites around the country. Analyses of these
data are underway and we hope to have publication of these results before the end of 2013.

Figure 5. Deploying the surface trawl net aboard the Southern Surveyor
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Teachers have played an important role in collecting data for at-sea marine debris trawl
samples. Sorting samples takes a lot of time and patience, but can be rewarded with seeing
some exciting marine life as well!

Figure 6. Photos of teachers and researchers collecting data and sorting samples above the
Southern Surveyor.
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The data portal was established in the first year of the project so that individuals and groups could input
data and see summaries of information from across the country. However, in the course of using the
database, a number of issues arose with the Atlas of Living Australia data portal site. While it was not
within our area of the project to do so, CSIRO staff have now revised the web portal data entry site (see
Appendices B and C) to make the site more user friendly and intuitive. The feedback regarding the changes
has been positive.

In the past twelve months we have carried out Scientist for a Day activities in Northern Territory, Victoria,
Western Australia, Tasmania and Queensland. We spent a week each in the Melbourne surrounds in August
2012, a week in Exmouth, Carnarvon and surrounding areas in November 2012, a week in the greater Perth
region in February 2013 and a week near Gladstone at the end of May 2013. TeachWild scientist visits to
three schools in Tasmania have also taken place independently by CSIRO staff (April/May 2013).

In addition to these live face-to-face interactions with school groups, we have increased our
Skype/videoconferencing interactions with school groups. CSIRO staff have had some fantastic Skype/web
chats with numerous other primary and secondary school kids throughout the year, including talking with
primary school students in Victoria and a year 11 Chemistry class from Western Australia. Having live chats
with students while in the field allows us to not only teach kids about marine debris, but also shows them
some of the opportunities available for careers in science.

In total, we have engaged with more than 3,000 students since the inception of the TeachWild program,
exceeding our goal for numbers of students with whom to interact. Feedback from schools has been very
positive and it is heartening to see and learn about some of the creative solutions to reducing rubbish that
are being established and gaining traction in schools.

In addition to school engagement, we have delivered TeachWild to a number of Shell Graduates. Graduate
days in Melbourne, on Rottnest Island near Perth and in Queensland have all received positive feedback.
Importantly, they have provided us with an excellent opportunity to promote learnings from TeachWild to
Shell staff, increasing their understanding of the marine debris issue and Shell’s role in supporting leading
research efforts and their commitment to social investment on extremely relevant and timely topics.

The clear message from Shell employees is that they appreciate the company they work for and they are
excited about the opportunities provided by Shell. Learning about marine debris impacts on wildlife has
been quite an eye opening experience for many of the participants (or so we understand from feedback
from participants). It has been rewarding for us to see some of the personal and professional changes that
some of the participants have been interested in developing and implementing at work, home and in their
communities.
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In the second year of the TeachWild program we have delivered science and learning for five intensive
experience trips for teachers. These have included:

- A Southern Surveyor voyage (3-12 September 2013) from Broome to Darwin with 3 teachers
- North Stradbroke Island (24-30 September 2013) with 8 teachers/educators

- Phillip Island (11-14 October 2012) with 9 teachers/educators

- Phillip Island (9-13 April 2013) with 10 teachers/educators

- Rottnest Island (18-20 April 2013) with 8 Shell staff

Activities for the intensive expeditions have been varied but have included coastal debris surveys, at-sea
surface trawl surveys (and associated sorting of debris), necropsies of turtles and seabirds,
spectrophotometry measurements to look at spectral characteristics of plastics, recording net and other
material characteristics for items that have ensnared southern fur seals, and seabird colony surveys to look
at debris levels in and near breeding colonies.

We have exceeded the goals and obligations for intensive field expeditions in the last year, and with
agreement of all partners, we were able to move some of the deliverables for next year forward to this
year. The intensive expeditions have been very successful and have contributed to important data
collection needs by CSIRO staff and research partners.

It is worth mentioning that one of the fantastic educators we have worked with, teacher Karen Johns from
Victoria, has not only been very inspired by her involvement in the program but she has also been
exceptionally inspiring. After her participation in one of the Phillip Island trips she submitted a grant
application to work in the Antarctic as part of the artists and educators in Antarctica program. CSIRO
scientists wrote a support letter for her application and she continues to be an excellent educator as well as
an enthusiastic ambassador for the TeachWild marine debris program. Karen has continued to work with
CSIRO staff and will be co-author on a publication we aim to submit (based upon some of the net
characteristics work she has been doing with us). She has also participated as a CSIRO volunteer in a second
Phillip Island expedition, sharing her knowledge, enthusiasm and experience in TeachWild to further inspire
others — students and teachers alike.

Seabird risk analysis: We now have made global scale predictions of exposure to marine debris for 193
seabirds. The expected risk ranges over 7 orders of magnitude. We are now comparing predictions with
observations from the literature (last 25 years of published works) addressing stomach contents. We aim to
complete this and submit for publication in the coming few months.

Cetacean risk analysis (see IWC in section 3.8): After publication of the turtle risk assessment, the
International Whaling Commission has contacted us asking about extending that approach to cetaceans.
We have just gained access to species distribution information available and are looking to carry out a
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similar analysis to that described above for seabirds - though this will focus on entanglement rather than
ingestion and it incorporates fishing effort and gear loss at a global scale.

Chemical marker assay: We have successfully developed a chemical marker assay to identify plastics
exposure in seabirds. With a simple field-based method we can quickly and with minimal intrusion, swab
the uropygial gland of a bird to test for some of the main plasticizers used in plastics manufacturing.
Furthermore, we have initiated a collaboration with Bird Life International on chemical marker approaches

to quantify plastics ingestion in seabirds. (Figure 7)
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Figure 7. Chromatograms showing examples of phthalates (plasticizer residues) and their occurrence in
different samples. (A) Three standards: dimethyl phthalate (DMP), dibutyl phthalate (DBP) and bis (2-
ethylhexyl) phthalate (DEHP); (B) Procedural blank showing no phthalate residues; (C) Extract of preen oil
collected from a dead Shearwater with abundant plastic content in stomach (contains DBP and DEHP); (D)
Extract of preen oil collected from a live Bridled Tern, Houtman Abrolhos Is. (little or no plastic content in
stomach).

Page | 234



Juvenile turtle movement and vision experiments: Denise spent a week at Heron Island working with
University of Queensland (UQ) collaborators (Townsend, Schuyler and Marshall) focusing on some of the
marine turtle components of the project. Satellite transmitters were attached to five juvenile green turtles
to look at turtle movements and foraging patterns. This will contribute to our understanding of where and
what age classes of turtles are more likely to encounter and be impacted by marine debris. We’re already

getting good tracking data and we can see where turtles at Heron Island are spending their time. (Figures 8
and 9)

How to catch a turtle ... Satellite tag and flipper tag on turtle - prior to release ...

We ensure that all is well with newly tagged turtles prior to release (swimming in tank at Heron Island Research
Station).

Figure 8. Turtle tagging on Heron Island.
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Figure 9. Tracks of turtle movement near Heron Island, Qld.

We also carried out experiments to look at how turtles see (turtle vision experiments) in an effort to better
understand how and why turtles may mistake plastics for food. (Figure 10)

Figure 10. Experiment to investigate turtle vision. This is a focus of PhD student Qamar Schuyler’s work.
Results are not yet completed but will be by the end of 2013.
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Waste management efficacy: With a visiting international student (Clementine Maureaud), we have

also begun the process of carrying out surveys at the regional and state level to look at efficacy of

council waste management strategies. Our aim is to link council practices, policies and efforts to our

coastal debris survey data and identify policy effectiveness. Interviews have been completed for those

regions with high and low quantities of rubbish at surveyed beaches from all states and territories. Data

analysis is underway and will be completed before the end of 2013.

3.7

Stakeholder and policy impacts

CSIRO marine debris staff have been increasingly called on to act as experts and to share information about

their marine debris research findings. In the last twelve months CSIRO staff have:

Given an informal talk at the Coast to Coast Conference in Brisbane to participants/stakeholders as
part of their field excursion to N. Stradbroke Island (September 2012)

Presented our work as an invited speaker at a multi-agency task force/stakeholder meeting in
Cairns which aimed to address issues around retrieval, disposal and data collection of ghost nets in
Qld and Federal Waters (e.g. derelict fishing gear issues at sea). Talk title ‘Identifying ghost net
hotspots, looking for sources, and ameliorating the issue’. Participants included staff from SEWPAC,
Cairns Turtle Rehab Centre, GhostNets Australia, QPWS, DAFF, AFMA, QDAFF, Customs and border
Protection, SeaNet/Ocean Watch) (February 2013)

Acted as a marine debris expert and panel advisor at the South Australia state marine debris
workshop which involved NGO, state, UNEP, and SEWPaC staff. We shared our methodology,
findings to date and encouraged engagement with numerous stakeholder groups who would like to
share data and contribute to the national marine debris database (May 2013)

Participated in a Marine Debris stakeholder meeting in Canberra (with attendees from CSIRO,
GBRMPA, DAFF Fisheries, Dept. of Innovation, AMSA, GhostNets Australia, DIT, SEWPaC, JCU, and
Tangaroa Blue. (March 2013). See handout (Appendix C) provided to participants

Participated as keynote speaker at Tasmania Public Marine Debris Community Forum (Hobart, May
2013)

Gave a World Ocean’s Day presentation for Shell staff in Perth (May 2013)
Participated as scientist in the TeachWild World Ocean’s Day Event in Melbourne (May 2013)

Gave invited public seminar on marine debris research for the Royal Society Southern Highlands
group of New South Wales

Participated as marine debris expert and panel advisor at the Airlie Beach Marine Debris
stakeholder meeting in Queensland (June 2013). See handout (Appendix D) provided to participants

As a demonstration of project impact at State and Federal Levels, CSIRO scientists have also

Had regular engagement/discussion with SEWPaC marine section staff
Been invited as marine debris expert for meetings in SA, Qld, Tas, NSW

Provided support for more than 5 organizations who asked for support as part of the recent Caring
for Country Biodiversity fund applications for marine debris work
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- Had their ghost nets marine debris work selected for a Prime Minister Science note “Hot Science
Topic” (May 2013)

Been invited to present research findings and provide comment on the proposed national container
deposit scheme

- Been approached by and had multiple exchanges with the Australia Packaging Covenant/Australian
Food and Grocery Council/Packaging Stewardship Forum about our marine debris findings

CSIRO's international profile in marine debris work is being increasingly recognised. Not only do we receive
emails and queries from people wanting to participate in the TeachWild program from overseas (US, Africa,
Europe, Asia), but we have participated in a number of scientific and public outreach activities in the past
twelve months:

- Invited speaker and workshop participant at the First International Marine Debris Entanglement
Workshop hosted by the World Society for the Protection of Animals in Miami, Florida. We
presented our work on ghost net impacts on globally threatened turtles. (USA, Dec 2012)

- Invited workshop participant at the marine debris working group supported by the National Center
for Ecological Analysis and Synthesis working group in Santa Barbara, California. This is essentially a
global think tank that brings together researchers to address hot topics in the ecological/
environmental fields. The weeklong workshop was fruitful and will undoubtedly result in additional
publications with other globally recognised leaders in the field. It was clearly acknowledged and
recognised that there is no comparable dataset by any researchers at any similar scale around the
world — and certainly nothing of this scale has ever been done in the southern hemisphere — this
was highlighted in regards to coastal surveys, at-sea surveys and citizen science engagement with
school groups. There is a follow up meeting to this one scheduled for November 2013 which we
hope to attend. (March 2013)

- Invited workshop participant and guest speaker at the International Whaling Commission Marine
Debris workshop in Woods Hole, Maryland. The IWC is particularly interested in our risk analysis
approach to cetacean entanglement and ingestion (USA, 13-17 May)

- Invited guest speaker at the African Marine Debris Summit in Cape Town, South Africa. Talk title
Marine debris global garbage: (citizen) science tackling a global issue. CSIRO also led the field
expedition to carry out a beach clean-up and marine debris survey. International adoption of the
CSIRO developed coastal debris survey methodology by delegates from Kenya, South Africa and
possibly other countries (5-9 June 2013). (see Appendix E)

In 2012-13 the national marine debris project was the subject of much media interest (see list below). This
does not include media associated with the World Ocean’s Day event in Melbourne, 7 June 2013, as that
information has been summarised by the Red Agency and provided to Earthwatch Australia already.

In addition to the list of media below, National Geographic magazine is potentially interested in a story on
our marine debris work.
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It is worth noting the broad reach of ABC’s Catalyst program and our marine debris project exposure on the

show. This exposure has increased project profile at the national level and is a continued source of

conversation. We often incorporate the Plastic Oceans episode into Scientist-for-a-Day and Intensive Field

Excursions.

CSIRO organized, coordinated and gave an Ustream interview which was live-streamed to interested school

groups and members of the public (November 2012). A follow up interview presenting results from

research findings to date would be worth considering during the final year of the project.

The marine debris project has also been featured in CSIRO’s internal newsletter Monday Mail, as well as on

Twitter and Facebook. The CSIRO project team manages the Facebook page ‘Marine Debris Australia’.

Recent media:

http://www.csir.co.za/enews/2013_jun/19.html

http://www.heraldsun.com.au/news/breaking-news/more-sea-debris-than-people-in-aust-csiro/story-
fniOxqi4-1226658481849

http://www.smh.com.au/environment/five-pieces-of-rubbish-per-person-on-our-beaches-20130606-
2nrss.html

http://www.heraldsun.com.au/news/victoria/schools-aid-litter-survey-and-expose-a-sea-full-of-
rubbish/story-fniOfit3-1226658039656

9 May 2013. ABC radio Tasmania. The morning show
9 May 2013. ABC radio Hobart

The Mercury Newspaper 9 May 2013. http://www.themercury.com.au/article/2013/05/09/378757_
tasmania-news.html

The Tasmanian Times 9 May 2013. http://tasmaniantimes.com/index.php?/pr-article/lets-start-talking-
rubbish-/

10 April 2013. WIN television 6pm and late night news. National marine debris project

http://www.smh.com.au/environment/litter-data-recycles-case-for-bottle-and-can-refund-20130410-
2hlty.html

ABC pm Radio Regional Queensland. 9 April 2013. CSIRO, GhostNets Australia and Ghostnets in the Gulf
of Carpentaria

ABC pm Radio Mackay. 9 April 2013. CSIRO and Ghostnets removal in the Gulf of Carpentaria
ABC pm Radio Darwin. 8 April 2013. CSIRO and Ghostnets in the Gulf of Carpentaria

ECOS magazine 11 Feb 2013. Sea turtles caught up in ghost nets’ random harvest
http://www.ecosmagazine.com/paper/EC13023.htm

ABC News. http://www.abc.net.au/news/2013-01-28/experts-study-ghost-nets-
impact/4487086?&section=news. 28 Jan 2013

ABC Far North Radio. CSIRO scientists in the Gulf of Carpentaria. 25 Jan 2013

ABC News Far North Radio. CSIRO scientists track disused fishing nets. 25 Jan 2013
ABC Western Qld. CSIRO scientists in the Gulf of Carpentaria. 25 Jan 2013

ABC Radio Pacific Islands. Phantom nets target turtles interview. 22 Jan 2013

Torres Strait Radio interview, ghost net impacts on threatened turtles. 21 Jan 2013
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2MCE radio. Indigenous rangers and scientists are working to track ghost nets. 21 Jan 2013
NITV Sydney Indigenous rangers are helping to track down abandoned ‘ghost’ fishing nets. 21 Jan 2013
ABC NQ Townsville. CSIRO interview about ghost nets. 21 Jan 2013

Ghost nets threaten sea turtles in Australia. http://www.cusdn.org.cn/news_detail.php?id=242469 21
Jan 2013

ABC News 24. Sydney weekend breakfast. Ghostnets interview on national morning news. 20 Jan 2013
ABC1, Canberra Weekend News. Abandoned fishing nets drifting in Australian waters. 20 Jan 2013

ABC Saturday evening news. http://www.abc.net.au/news/2013-01-21/ghost-busters/4473598
?section=nt 19 Jan 2013

ABC1 Hobart, ABC Weekend News. Abandoned fishing nets drifting in Australian waters. 19 Jan 2013
ABC1 Adelaide, ABC Weekend News. Abandoned fishing nets drifting in Australian waters. 19 Jan 2013
ABC1 Brisbane, ABC Weekend News. Abandoned fishing nets drifting in Australian waters. 19 Jan 2013
ABC1 Darwin, ABC Weekend News. Abandoned fishing nets drifting in Australian waters. 19 Jan 2013
ABC1 Perth, ABC Weekend News. Abandoned fishing nets drifting in Australian waters. 19 Jan 2013
ABC1 Sydney, ABC Weekend News. Abandoned fishing nets drifting in Australian waters. 19 Jan 2013
ABC News 24. Abandoned fishing nets drifting in Australian Waters. 19 Jan 201

ABC Radio Australia News. http://www.radioaustralia.net.au/international/2013-01-19/scientists-
rangers-team-up-to-track-ghost-nets/1075604 Scientists, rangers team up to track ghost nets. 19 Jan
2013

ABC Radio, Ghost net impacts on marine turtles; interview with Ben Cole. 18 Jan 2013
Program protects marine life. North Queensland register. Townsville, Qld. 17 Jan 2013

ABC Northwest radio. CSIRO has uncovered hotspots where discarded nets threaten marine life. 16 Jan
2013

‘Ghost nets’ said to threaten marine life. Big News Network.com. 15 Jan 2013

Ghost nets a menace to sea turtles in Australia. The Hindu. 15 Jan 2013

‘Ghost nets’ said to threaten marine life. Upi.com. 15 Jan 2013

Phantom fishing nets endangering marine turtles in northern Australia. Wildlife Extra. 15 Jan 2013
Lost fishing nets threatening marine biodiversity. The Fish Site. 15 Jan 2013

Curtin FM Radio, Perth, Afternoons with Jenny Seaton. Ghostnets interview. 15 Jan 2013

Radio 6RTR, Perth, Morning Magazine interview. 15 Jan 2013

Ghost nets threaten sea turtles in Australia. China.org.cn 14 Jan 2013

Ghost nets threaten sea turtles in Australia: CSIRO research. Shanghai Daily 14 Jan 2013

John Stokes speaks to Denise Hardesty, Research Scientist at CSIRO. ABC Radio, Sunshine and Cooloola
Coasts, 14 January 2013

Channel 7 News Queensland. Study to save turtles from Plastic. 1 October 2012.
http://au.news.yahoo.com/video/queensland/watch/f338e2c2-db1a-370f-9f32-11cc07929fd0/study-
to-save-turtles-from-plastic/

Behind the News: Plastic Oceans. ABC1. 18 September 2012. Re-aired 20 Sept 2012.
http://www.abc.net.au/btn/story/s3591476.htm
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=  Marine debris interview. ABC Radio Morning Magazine Interview. 11 September 2012
=  Marine Debris interview. Broome, ABC Radio WA. 6 September 2012

= Catalyst: Plastic Oceans. ABC. 6 September 2012; re-aired 8 Sept 2012. http://www.abc.net.au/
catalyst/

= Scope Oceans Episode I, 16 August 2012. http://ten.com.au/video-player.htm?movideo
p=41452&movideo_m=213080

= Emphasis Newsletter, Scientists in Schools, August 2012. Spotlight on Citizen Science

= Marine debris project interview for ABC radio Queensland. 28 July 2012

It has been a productive year in terms of scientific output, with several papers already published and others
in advanced stages of preparation and/or under review.

The research team has had a paper newly accepted for publication in the high-ranking international journal
Conservation Biology:

Schuyler, Q, BD Hardesty, C. Wilcox and K Townsend 2013. A global analysis of anthropogenic
debris ingestion by sea turtles. The paper is in the final proof stages with the publisher and we will
provide a copy of the paper when it is published.

We have also had a paper published that looks at transboundary issues, intervention points and livelihood
issues in ghost net marine debris across the top end of Australia:

JRA Butler, R Gunn, HL Berry, GA Wagey, BD Hardesty, C Wilcox. 2013. Value chain analysis of ghost
nets in the Arafura Sea: identifying trans-boundary stakeholders, intervention points and livelihood
trade-offs. Journal of Environmental Management 123: 14-25.

Our first risk analysis work has been completed and published in the top ranking international journal
Conservation Letters:

Wilcox, C, BD Hardesty, R Sharples, DA Griffin, TJ Lawson and R Gunn. 2013. Ghost net impacts on
globally threatened turtles, a spatial risk analysis for northern Australia. Conservation Letters, DOI:
10.1111/conl.12001.

With our co-advised PhD student Qamar Schuyler and in association with UQ collaborator Kathy Townsend,
a paper looking at debris selectivity by marine turtles in Australia has been published in the international
journal PLOS One:

Schuyler, Q, K Townsend, BD Hardesty and C Wilcox. 2012. To eat or not to eat: debris selectivity by
marine turtles. PLOS One 7(7): e40884. DOI:10.1371/journal.pone.0040884.
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In association with our Conservation Letters paper, we were asked to provide a popular article for The
Conversation on our ghost nets work:

Hardesty BD and CV Wilcox 31 Jan 2013. Ghostnets fish on: marine rubbish threatens northern
Australian turtles. The Conversation http://theconversation.edu.au/ghostnets-fish-on-marine-
rubbish-threatens-northern-australian-turtles-11585.

International masters student Heidi Acampora has completed her master’s thesis entitled ‘Assessing the
impacts of plastic ingestion on short-tailed shearwaters (Puffinus tenuirostris) in northern Australia’. This
thesis formed the basis for a paper which is in the final stages of preparation for submitting to Marine
Pollution Bulletin:

Acampora, H, Q Schuyler, K Townsend and BD Hardesty. 201. Quantification and an inter-annual
comparison of marine debris ingestion by Short-tailed shearwaters (Puffinus tenuirostris). To
submit to Marine Pollution Bulletin.

Due to our work in the marine debris field, Hardesty and Wilcox were asked to contribute to a review paper
identifying the key threats and impacts of marine debris on wildlife:

Vegter, A., Barletta, M., Beck, C., Borrero, L., Burton, H., Campbell, M., Eriksen, M., Eriksson,
C., Estrades, A., Gilardi, K., Hardesty, B.D., Assuncdo | do Sul, J., Lavers, J., Lazar, B., Lebreton,
L., Nichols, W.J., Ramirez Llodra, E., Ribic, C., Ryan, P.G., Schuyler, Q., Smith, S.D.A., Takada,
H., Townsend, K., Wabnitz, C., Wilcox, C., Young, L., & Hamann, M. (2014). Global research
priorities for the management and mitigation of plastic pollution on marine wildlife. In press
Endangered Species Research.

In addition to the risk analysis work on marine turtles, we have recently carried out a global review of
marine debris literature on seabirds and, coupled with oceanographic modelling, have completed a global
risk analysis for marine debris ingestion in seabirds which we aim to submit to the journal ‘Proceedings of
the National Academy of Sciences of the United States of America’:

Wilcox, C, BD Hardesty, TJ Lawson, E van Sebille. 2013. A global risk analysis for marine debris
ingestion in seabirds. In preparation for PNAS.

With one of our fantastic TeachWild teachers (Karen Johns of Victoria) and with one of our collaborators
from Phillip Island Nature Parks (Roger Kirkwood), we have been working to analyse data to assess
entanglement and net characteristics in Australian Fur Seals:

Lawson, TJ, K Johns, R Kirkwood, BD Hardesty and C Wilcox. 2013. Net characteristics and
entanglement in Australian Fur Seals. In preparation for Marine Pollution Bulletin.

With PhD student Julia Reisser, analyses of at-sea coastal debris surveys have been completed. This work
compares where debris occurs at sea with where debris is predicted to occur, based upon oceanographic
models and empirical data. The paper will be submitted to PLOS One before the end of 2013:

Reisser, J, J Shaw, C Wilcox, BD Hardesty, M Proietti, M Thums and C Pattiatchi. Quantification and
characterization of plastic debris in Australian waters. Submitted to PLOS One (July 2013).
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We have high hopes for this final (third) year of the national marine debris project. In addition to
visiting with schools in north Queensland (Townsville region), South Australia and NSW, we are
excited for the upcoming intensive field programs we have scheduled at Phillip Island and North
Stradbroke Island. We would like to ensure that all participants in TeachWild receive a Certificate of
Participation, as we think this has value for students and teachers alike.

We would also like to see a web-based conference take place, as that was one of the aspirational
goals of the project. We believe that a web conference would raise the profile of TeachWild, the
important research being carried out, and would go a long way towards increasing our depth (not
just breadth) of engagement with the many schools and students with whom we have engaged.

While it was identified as a challenge to overcome in the first year of the project, we still have not
implemented a strategy for addressing the increasing numbers of ad-hoc inquiries. We had not
envisaged such a broad and deep level of interest in the work, but it is a happy problem to have
such interest in the project. We continue to strive to respond to every query and have done so
100% of the time. Ensuring we have the best communication possible between organisations will
help to ensure enquiries do not ‘fall through the gaps’ and that interested parties see us all as being
responsive and interested in engaging with as many group as we can.

With the increasingly high profile of the project and the strong scientific output has also come an
increase in media attention. This certainly favours the project and points very strongly to the high
impact of the marine debris work we are doing, but it also requires resources beyond those
budgeted for and envisaged when we set out on this path. We are ensuring a mindful, professional
and appropriate response to the many media enquiries, and paying particular attention to deliver
the TeachWild message. This consistency is important in highlighting all TeachWild partners.
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Derraik, JGB (2002). The pollution of the marine environment by plastic debris: a review. Mar. Pollut. Bull.
44: 842-852.

Good, T. P,, June, J. A,, Etnier, M., and Broadhurst, G. (2010) Derelict fishing nets in Puget Sound and the
Northwest Straits: Patterns and threats to marine fauna. Marine Pollution Bulletin 60, 39-50.

Hardesty, BD and C Wilcox (2012). Understanding the effects of marine debris on wildlife: A progress report
prepared for Earthwatch Australia by CSIRO.

Ocean Conservancy. 2012 International Coastal Cleanup - Top 10 Items Found. Available at:
http://www.oceanconservancy.org/our-work/international-coastal-cleanup/2012-ocean-trash-
index.html
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Appendix E. Instructions for data entry with updated data portal (Transects).

TeachWild: National Marine Debris Project

Database instructions: Transects
To enter data, you first need to be registered.

1) Enter your username and password, press the “Login” button.

TEACFGILD  NATIONAL MARINE DEBRIS PROJECT

I Sign in

Welcome to Teachwild!

If you have not already registered, you can do so by Clicking Here

If you already have a Username and Password, please sign in below.
Please enter your Username

Please enter your Password

forgot your passwaord?

ST TECAEILD

2) Click on the “Transect Survey” button.
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Data Entry Beach Survey

Site details

Teacher Resources

Beach Litter Survey Methodology (file opens in new window or right click to save)
download survey data forms

Curriculum (web page opens in new window)

Hotes on How to navigate in application

Change Password

There are two ways to navigate back to where you came from
1. use cancel button or other links

2. use breadcrumbs near top of page
——————————————— Enter Site Details

Ifyou are unsure how to use this application, itis notwarking or does notinclude something that you think it should,
Please contact Tina Lawson

email: tina lawson@csiro.au

phane: (03} 0545 2132

or Margaret Miller

email: margaret miller@csiro.au

phane:(07) 3833 5944

Choose Data Entry Type

Standardised Beach Surveys

The beach survey is a standard method for surveying a beach using formal technigues to produce a scienifically rigorous assessment of marine debris presence and impact in 3 specific location

If you are a teachwild registered school then you are likelyto have completed emu parade or fransects

3) Enter in the ‘surveyor details’, these are the same details as can be found on your ‘Marine Debris
Beach Survey’ data sheets. NOTE: The “latitude (Decimal Degrees)” field must be negative (e.g.

-35.12546).

[[ER&H]LU : NATIONAL MARINE DE @ SEARTHWATEH @
Data Entry

Site details » Site Edit

SURVEYOR DETAILS
( return to site details - do not save changes ) l: Clear data from page J (;M -
Organisation/School -

Survey Type Transect *

* Surveyor Hame

Surveyor Contact Number
Latitude (Decimal Degrees}

Longitude {Decimal Degrees)

GPS Accuracy (m)

Total Transect ! Emu Parade Count

4) Enter in the ‘site details’ as required, these are the same details found on your ‘Marine Debris

Beach Survey’ data sheets.
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SITE DETAILS

*Australian State/Territory
#Beach Name

* Survey Date (dd.mm.yyyy)
*Weather Conditions

*Wind Speed

*\Wind direction (compass)

Wind direction (relative to shore)
Last Clean up Known or Unknown
Date of last clean up if known (dd.mm.yyyy)
Number of Humans:

#Time of Day (HH24Mi or 0000)
Visible Distance (m)

No. of People visible

Comments

—Select State ~

-

—Select Weather Conditions — ~

—SelectWind Speed -

— SelectWind direction—- ~

—SelectWind direction - =

Known

“

Last Clean Comments

Page | 248




5) Click either the “save” or “save and load photos” button —

a. If you clicked the “save and load photos” button, enter in a description such as ‘beach
looking north’ then navigate to where your photo is stored, click on it then press the
“upload” button. The screen will come up with an ‘action processed’ box (this means your
data has been uploaded and you can load subsequent photos) then you will need to press

|”

the “cancel” button to get back to your site to enter transect details.

Action Processed.success

b. Clicking “save” will take you back to the front screen where you can now enter your

transect data.

‘\ Transect Sites.
Go To Edt  State BoachName L3Wwde  Loagitude ﬁff.m Total Trp Weather  ¥ind direction m"”
Transects ©0) (00) ™ Y Transects  Leader Speed (compass) (relatcve
10 shore)
\ Rictetts : z : " 0- caim
Z we oo 3750637 14501957 SEAWK  Clear Sicocun ®
;\.
moderate
Dreele
(smad
Z wc if:;‘mm 3854617 14534108 2 3 ™ Clear wawes 3 el
breaking
crests
10-25umh,
6-20 knots)
1-50¢
Dreele
Z w ﬁ_“,‘:‘;’;' 3851021 14515087 3 ‘ TEACHW  Clear (wavelats, S side on
y <10kmvh
<6 Inoks)
1.0
Dreee
Zz w s::;’ 385043 1452569 3 2 ANTHON  Clear (wavelets, S on shore
& <10kmvh
< Inots)
. . . . , .
6) To enter transect details, click on the icon under ‘go to transects’, and then click on the

“Create Transect Record” button.
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7) Enter in all the ‘transect data’ noting that these are the same details on your “Transect Data” data

sheet. NOTE: Again the “latitude (Decimal Degrees)” must be negative (e.g. -35.12546).

Site Details

07-MAR-2013

10 Ricketts Point
School | Organisation Name (Ll LE R0

Transect Data

( Return to Beach Transects (does not save changes) ) W i

Beach Name: Ricketts Point
Transect Number of

*Transect Width (m) 2

Number of Student Number of Adult
*Year Level GlassNamcs Surveyors for this transect Surveyors for this transect
Site Date 07.03.2013
* Start Time (HH24MI) ] *End Time (HH24MI)

*Start Latitude (dd.dddd)

* Start Longitude {ddd.dddd)
Start GPS accuracy (m)
*End Latitude (dd.dddd)
*End Longitude (ddd.dddd)
End GPS accuracy (m)
Distance to Debris Line {m)
Photo Comments

Photo count

*Transect Length (m)

8) Click either the “save” or “save and load photos” button —
a. Ifyou clicked the “save and load photos” button, do the same steps as you did previously.

b. Clicking “save” will take you back to the transect data screen where you can enter your

collection data.
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ST T 10-APR-2013

N THETITY Cape Woolamai

School / Organisation Name [#313(¢]

Transects
((Retum to Ste Detads ) ((Crante Transect Record))
Collection Eait Transect number Transect width (m) Start time £nd Time Transect Start latitude Trans
V4 74 1 2 0915 09:46 .38 54617
/4 7.4 2 2 0915 09:28 -38.54651
V4 Z 3 2 0923 09:43 -38.54684

9) To enter your collection data, click on the 4 icon under ‘collection’, then enter all your data

using the “create” button once you have entered in the debris category, type, color and number.

COLLECTION entry

*Debris category — Selectfom list— +

Transect number j§ *Debris colour - Selectfrom list~ ~

Transect Length EVIUDY | *Count of debris

Comments
Collection Report
] Net
. Debris  Debris Debris  Debris. Debris  Meshsize area jfied  Modified  Upload
Edit  category type other  colour count fem) (sq. Comments g, Datetime  Pholo

m)

b Lo —

10) Click on the “enter/edit size classes” button, click on the “add ten rows” button and enter your size

class data.

Repeat steps 6 to 10 for each transect.
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Appendix F. Instructions for data entry with updated data portal (Emu parade). TeachWild: National

Marine Debris Project

Database instructions: Emu Parade
To enter data, you first need to be registered.

1) Enter your username and password, press the “Login” button.

b DEBRIY PROJECT

Sian in

Welcome to Teachwild!
If you have not already registered, you can do so by Clicking Here

If you already have a Username and Password, please sign in below.

Please enter your Username

Please enter your Password

forgot your password?

@ eoone @ TEHEMID

2) Click on the “Emu Parade Survey” button.

TR - NTIPHL MARN SRS PROLE M ecvomyer  ED fscome Tl Loseut
Data Entry Beach Survey
Site details.

Teacher Resources

Beach Litter Survey Methodology (file opens in new window or right click to save)
download survey dala forms

Curriculum (web page opens in new window)

Notes on How to navigate in application

Change Password

There are two ways to navigate back to where you came from
1. use cancel button or other links
2. use breadcrumbs near top of page
Enter-SHeDelalls =i

If you are unsure how to use this application, itis not working or does not include semething that you think it should.
Please contact Tina Lawson

email: tina lawsan@csiro.au

phone: (03} 9545 2132

or Margaret Miller

email: margaret miller@csiro.au

phone:(07) 3833 5944

Choose Data Entry Type

Standardised Beach Surveys

The beach survey is a standard method for surveying a beach using formal techniques to produce a scientifically rigorous assessment of marine debris presence and impact in a specific location

If you are a teachwild registered school then you are likely o have completed emu parade or transects
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3) Enter in the ‘surveyor details’, these are the same details as can be found on your “Marine Debris
Beach Survey” data sheets. NOTE: The “latitude (Decimal Degrees) must be negative (e.g.

-35.12546).

D : TN RN 06 T [ S SR 1)

Data Entry

Site details » Site Edit

SURVEYOR DETAILS

( return to site details - do not save changes ) C Clear data from page ) 'M &
Organisation/School -

Survey Type Transect b

*surveyor Name

Surveyor Contact Number
Latitude {Decimal Degrees}
Longitude (Decimal Degrees)
GPS Accuracy (m)

Total Transect /| Emu Parade Count

4) Enter in the ‘site details’ as required, these are the same details as can be found on your “Marine

Debris Beach Survey” data sheets.

SITE DETAILS

#Australian StatefTerritory - SelectState~ »
*Beach Name

* Survey Date (dd.mm.yyyy)

#Weather Conditions — Select Weather Conditions — +
#Wind Speed - Select Wind Speed — ¥
*Wind direction {compass) - Select Wind direction— ~
Wind direction (relative to shore) - SelectWind direction—-
Last Clean up Known or Unknown Known =

Date of last clean up if known (dd.mm.yyyy) i Last Clean Comments

Number of Humans:
*Time of Day (HH24MI or 0000)
Visible Distance (m)

No. of People visible

Comments

5) Click either the “save” or “save and load photos” button —
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a. If you clicked the “save and load photos” button, enter in a description such as ‘beach

looking north’ then navigate to where your photo is stored, click on it then press the

“upload” button. The screen will come up with an “action processed” box and you will then

|”

need to press the “cance

Action Processed.success

button to get back to your site to enter transect details.

6) Clicking “save” will take you back to the front screen where you can now enter your transect data.

Transect Sites
GoTo Latitude  Longitude  SPS Total Trip Vied Wiad drecton
Transects EOt  State  BeachName ;) (0D) ("‘.f"“" Transects Leader  WOIBOr ool m‘) (relabeve
10 shore)
Ricketis s 0-caim
Z w Pokt 3759637 14501957 SEAWK  Clear (et 0cesn)
2-
moderate
breeze
(small
Z w S-‘:):.\m 3854617 14534106 2 3 ™ Clear wawes SE e
beeaking
crests
10-25kmh,
6-20 knots)
1-Bght
breeze
Z w ,5;’;‘:‘:' 3851021 14515067 3 4 TEACHW  Clear (wavelets, S sice on
y <10kmh
«<§ mots)
1-ngnt
breeze
2 w 385043 1452569 3 2 ANTHON  Clear  (wavelets, S on shore
<10kmh
<5 knots)
. . i ’ H “"
7) To enter transect data, click on the icon under ‘go to transects’, and then click on the “create

Transect Record” button.
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8) Enter in all the ‘transect details’ noting that these are the same details on your “Transect Data”

data sheet. NOTE: Again the “latitude (Decimal Degrees) must be negative (e.g. -35.12546).

Site Details

07-MAR-2013

10 Ricketts Point
School | Organisation Name (Ll LE R0

Transect Data

( Return to Beach Transects (does not save changes) ) W i

Beach Name: Ricketts Point
Transect Number of

*Transect Width (m) 2

Number of Student Number of Adult
*Year Level GlassNamcs Surveyors for this transect Surveyors for this transect
Site Date 07.03.2013
* Start Time (HH24MI) ] *End Time (HH24MI)

*Start Latitude (dd.dddd)

* Start Longitude {ddd.dddd)
Start GPS accuracy (m)
*End Latitude (dd.dddd)
*End Longitude (ddd.dddd)
End GPS accuracy (m)
Distance to Debris Line {m)
Photo Comments

Photo count

*Transect Length (m)

9) Click either the “save” or “save and load photos” button —
a. Ifyou clicked the “save and load photos” button, do the same steps as you did previously.

b. Clicking “save” will take you back to the transect data screen where you can enter your

collection data.

Page | 257



School / Organisation Name [&5120e]

((Retum to Ste Detais ) ((Create Transect Record,)

Collection Eait Transect number Transect width (m) Start time £nd Time Transect Start latitude Trans
7 7.4 1 2 0915 09:46 -38.54617
4 Z 2 2 0915 09:28 -38 54651
V4 Z 3 2 0923 09:43 -38.54684

4

10) To enter your collection data, click on the icon under ‘emu parade’, then click on the same

icon next to the size category you want to enter.

Add/EditDebris  Debris size class  Comments  Modified By Modified Datetime  Count Debris Records Entered
& 1=0-1cm2 . . = 1
s 2=1-2cm'2 - - - g
& 3=2-4cm'2 . - ] =
72 4=4-8cmh2 - = = 7
7 5=5-16 cm'2 = - 2 4
7 6=>16 com"2 = - - 1

11) Simply enter the number of items you collected in that size category for that type/color of debris.

Add Other Debris_) (_Sawe.)
Debris Size Class 1
Category  Type Description  Clear/ White Red / Pink Orange. Yellow Green Blue / Purple Brown
Hard
Plastic plastic it 15 1 1 iz 21
Plastic
Plastic bags
Plastic  Plasticfilm
Other soft
Plastic plastics 1 1
Packing
Plastic strap 15 it
Plastic Fishing net
Fishing
Plastic g
Rope | string,
Plastic Twine twine, rope
Non-plastic St
Cloth Rope / nmng‘m a
Twine i
Glass Glass
Metal Fish hook
e.q. steel
Metal Hard Metal
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12) Repeat steps 6 to 10 for each emu parade.
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Appendix G. Marine Plastic Pollution in waters around Australia: Characteristics, Concentrations, and
Pathways, PLOS One 2013

B PLOS | one
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Characteristics, Concentrations, and Pathways

Julia Reisser' 2, Jeremy Shaw®, Chris Wilcox™5, Britta Denise Hardesty"‘s, Maira Proietti®,
Michele Thums"*’, Charitha Pattiaratchi’*

15chodl of Envinonemental Sydterms Enginesting, Univesity of Wesem Austrafia, Pedh, Wessm Australia Austiafia, 3 0csans instinate, University of Westenn Ausalla
Perth, 'Westenn Mstesfia, Austrafia 8 Wealth from Orear Flaghip, Commanw eaith Scientific and industial Rese and Ooganicstion, Floneat, Western Australia, Austrafis
@Centre for Miooscopy, Charsmesation and Analpuy Unfversty of Western fuamafis Parth, Western Austrafis, Austrafis. 8 Marine and Atmospheric Resssrch,
(Correm o sith 5 dentific snd industrisl Besearch Orgeniss Son, Hobart, Tesmania, A rafia, & instituto de Ocesnogpo s, Univenids de Fadersl do Rio Grande, Bio Gonde,
o Grande da Sul, Brazdl, T Australish institute of Madne Science, Peh, Westem Australla Astrails

Abstract

Plastics represent the vast majodty of human-made debris present in the oceans However, their characteristics
accumulation zones, and transport pathways remain poorly assessed. We characterised and estimated the concentration of
maring plastics In waters around Australia using surface net tows, and inferred their potential pathways using partide-
tracking models and real drifter trajectordes. The B33 marine plastics recorded were predominantly small fragments
{"microplastics”, median length = 28 mm, mean length =4.9 mm) resulting from the breakdown of larger objects made of
polyethylene  and pohrpmpy!ene (eg. packaging and fishing items). Mean sea suface plastic concentration was
4256.4 places km ™7, and after incorporating the effact of vertical wind rrdxhg,ﬂsua]ueirmuedmaﬁﬁa piaces km™".
Mﬂaﬂt«:wnheummd\ﬂﬁawﬂermﬁmnﬁmmwmsmgdsmuthelr
intemational and domestic sources, including populated areas of Australia’s east coast This study shows that plastic
contamination levels in suface waters of Australia are similar to those in the Caribbaan Sea and Gulf of Maine. but
considerably lower than those found in the subtropical gyres and Mediterranean Sea. Micoplastics such as the ones
descibed here have the potential to affect organisms ranging from megafauna to small fish and zooplankton.

Citation: Retmer |, Shae J, Wikooe © Hardesty BID, Profetti M, e'ld.{mﬂ]lhrm: Plestc Polluon in Waters amund Awstalls Charsctenstics, Conces nrstian, and
Patvways PLoS OHE 811 «80666 doi10 1 371 fourma Lpone 008

Editorn Gmame Cive Hayy University of Wales Swarmes United #ngdom
Recelved Jufy 23 201 % Accepted Ootober 1, 2015 Published bovember 27, 213

Copwight: & 2013 Resser et al This & an open-amess artide distriibuted under the terms of the Creative Cammans Attdbution Licenss, which permits
urresthcted use digtribation and reproduction inosnhy mediem, provided the odginal suthor snd souse ane credited.

Funding: Thin prajed wa funded by Univerity of Westemn fAostasiis fhitcfeww iwa edu s and Commone ssith. Scientilic and industrisl Aessanch fhai’)
whrwiciinaa] it hes abo been supporied by Austrafia’s Marine National Facllity, Awnntal Rihedes, Austrafian institue of Marine Schenos, TS0 Flagship
postgesduate scholsrship (JA] and the Shell wodal investment pogram @DH snd OW) The funden hed no mle in study design, dta collection and analyss,
decinon to publah, or pheparation of the manusofpt.

Competing Interests: The suthor have the following inteest This study was partly funded by Awstal Fisheries and the Shell social investment program.
There am na patents, produets inode velopment or make td podus 1o declse Thicdioes ot alter their sdherence 1o il the PLOS OME palicies. on shating dats
and maiefsh, & detailed online in the guide for sauthars.

* E-mail: jupe buve o8 grm siloim

Introduction large-scale gyres (South and North Pacific, South aml North
) . Adantic, and Indian [B-10]k
Plastics are a diverse group of materiak  derived  from

Marine plastics are known o undergo fragmentation o
increasingly smaller pieces by photochemicz]l, mechanical and
hiological processes [6,11], Plastics are: also directly manufactured
in anall sizes (< Smm}, which may find their way into the oceans
These include wirgin plastic pellets (pelletwatchaorg  [12])
srnthetic fibers from clathes [15], mico beads from cosmerics
[14], and synthetic sandblasting” media (6], There is nereasing

perrachemicals [1]. Their global producton has grown espanen-
tially fram 1,700,000 tonnes in 1950 o 280,000,000 tonnes in
2011 [2]. The disposability of plastics, together with their low
revyeling rates, has contributed 1o 2 significant rise in the amount
of waste produced globally [5]. For instance, in Auswalia,
L4536 wonnes of plastics were used in 2000-2001, of which

anly 204 was recycled, Maoreover, around 37% of this plastic was
for the manufacturing of single-use disposable packaging [4].
Plastics are mansported from populated areas o the marine
evironment by rivers, wind, tides, rainwater, gorm  drains,
EWRGE dispns:d, wndd even flood evems It can ako reach the sea
from vessels jeg fishing gear) and offshore installations [5), Onee
in the oeeans, they will ether float at the ooean surface, or snk to
the sealloor I made from polymers denser than seawster [6].
Buoyant plastics may be mst ashore by inshore currents or winds
[7], or may enter the open ooean, where they tend to accunwlate
in convergence wones such as the ones formed by the five

PLOS ONE | www plosone.ong

awareness that these small plastc particles (often called micro-
plastics when smaller than 5 mm [6]) represent a significant
propartion of the human-made debris present in the oceans,
However, their stsea spatial and temporal dynamics remain
poarly ssessed, mostly due woa lack ofdaia on their cha racteristios
and atsen occurrence [15,06]. In Australis, the anly poblished
information on microplastics. comes from 2 global study thar
recorded their occurrence in the sediments of Bussdion beach
(Weaern Avaralia) and Port Douglas (Clusensland) [T3], Aparn
from this, our current knowledge on plastic contamination in the
Anstralian marine environment s resimicied o (1) beach litier

Movember 2013 | Volume 8 | lssue 11 | ebbiss
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deanups that record mainly the oocurrence of relatively large
objects (eg. [I7-19]), 2} land-based surveys of marine megatauna
impacted by marine debris (e.g. [17,20-22)), and (5 inferences
based on plastie pollution reports from New Zealand (eg. [235]

The impacts of plastics on marine verehrates, such s wrtles,
mammals and hirds, have heen well recogmized sinee the B0's
[24,25]. However, anly recently has concem abhout the effects of
small plastic partickes on food wels and marine ecosystans been
rased, More than half of modern plastics contuin at least one
hazardow ingredient [26] and these that end up in aguoatic
sysiemns can become increasingly e by adsorbing persisien
wrganic pollutants on their surface [27), Thee ooncentrated toxins
might then be delivered 0 animals via plastic ingsdon and/or
endocynsis [28,20] and transferred up their food webs [30-32],
This hic-magnification proess is more likely 10 happen when
plastics are small enough to be ingested by organims that are dose
1 the hattom of the oeean food web, such as planktivorons feh
[53] and zooplankton [54]. For instance, it was inferred that small
plastic particles found in the stomach contenis of Southern Bluefin
tuna captured close o Tasmania [53] were coming from the guis
al their prey: mycophid fsh [36]. In this scenario, plasic
oontaminants can be tranderred o the affected arganian and then
biommagnified up the food chain, If this proces is mking pluce,
plastics can affect the health of food webs, which include humans
a5 41 apes predator,

Avsralia’s acknowledgement of plastic threats o marine
ecoaystems i moatly limited 1o impacts fom reatively hege debris
ey, abandoned fehing nets, plastic bags) on narine megafauns
(e turtles, mammals, birds) [37]. A first step towards a betrer
understanding of the extent of marine plastic hazards o Australian
organisns and emwironments s a better assesment of the
occurrence and characteristics of plastic debris at-sea, To this
end, we characterized Gize, type, color, polymer) and estimated
oneentration [pieees km %) of plastics in waters around Ausiralia
wsing surlace net tows, Additionally, potential pathways taken by
the collected plastics were inferred using outputz of & dispersal
miided and wajectaries of sarellite-racked drifting buovs,

Materials and Methods

Ethics Statement

Permits to conduct this fiekd research were obtained from the
Grear Barrier Heef Marine Park Authority (GBRMPA: permin
G/ BM3TRIL No ather special permitting was requived becaise
smpling was limited to the collection of marine delyris.

During seven  transit  voyages  aboard  Ausralian  vesaels
Figure 1), we undertock three consecutive 15-minute net ows
mean = gandard dedation tow length = L320.50 km) & 57
bcations hereafter called “net smtions’), while the ship was
travelling at a speed of 2 — 4 knots. These net tows sampled the air-
s interface, wing 3 Mevston net (L2#0.6 m mouth, 355 pm
mesh) o 4 Manta et (1 =007 momouth, 555 g mesh), Afier
each net tow, the collected material was ransferred 1o a container
filledd with seawater and examined for foating plastic pleces for st
least an hour by o frained observer (JR.). Each plastic piece was
picked up with forceps and placed in & graduared dish w0 be
counted, measured lengrh), phorographed and dassified inw ype
thard, soft, line, expanded polystyrene, pelle), and color. A
random sample of 200 plastic pieces was selected for polymer
oompostion analysis by Fourier transform infraved spectrometry
(FT-IR; range =500 — 4000 em” ), Polymer type was determined
by comparing sample FT-IR spectra against known spectra from a
database [Perkin-Elmer ATR of Polymers Liwary),

PLOS ONE | www plosone org

Marine Flastic Pollution in Australia

To enimate sea surface plastic concentrations (Cs, pleces km™3),
we first divided the number of plastic pieces Bund in the cod-end
af each net tow by i wwed area, which was estimated by
multiphying net mouth width by tow length idetermined from GPS
position datat, Mean (3 was then estimated for each of the 57 net
aations by averaging the Ci of its three net tows, To our
lmowledge, this s the first sdy o ahke net tow replicaes for
marine pastic sampling. Apart from providing us meaaurements of
i yariahdity, our approach e, evecution of 3 short net tows
instead of 1 long traowl) also avoided net clogging by gelatinom
#noplankion,

Since buoyant plastics are vertically distributed due 1o wind-
driven mixing, we alo estimated thll'l.—i.ntrgmtnd plastic concen-
tratios (C1, pieces k) by applying 2 onedimensional column
model [15):

Ci

Ci=—
| g~

Where:

o= immersion depth of the surface-towed net; equal 1w 0,17 m
for the Manta net wws full irmmersion of the netframe) and 0.3 m
for the Neuston net tows (half ol the frame immersed),

wy=hooyant ree velocity of marine plastics; equal o 0,02 m
<" Preliminary experiments indicate that it ranges from 0,005 -
0.035 m 5 [15],

A, =nearsurface turbulent feddy) exchange cocfficdent, which
was estimaned by;

Ao =L 5w kM

Where:

A=von Karman consiant eqoal o 0.4,

H,=significant wave height (m),

tte,, = frictional velocity of water fm s},

Both H, and we, were taken from the ERA-Interim model [58),
There was a considerable similarity hetween wind fickds of the
ERA-Intwrim forecast model (875 and the wind speed measumed

an amemomeier (@) on fve of our seven YOy S
(L= 0,854 L e, =079, N =139 net stations), indicaring that
the use of the modd outputs is adequate.

To nfer potential pathways taken by the collected plastics, we
iwed two approaches: (1) application of the Avwstealian Connectiv-
ity Interface Connie? (eiroau/comie?), and (2] trajectories of
stelite-iracked buoys from: the Global Drifier Program (aoml.-
noa gy phodAdacy, In owr st approach, an avea ol (.17
Latitude by 0,17 longinde was created sround each net siation and
partice-racking models were run hackwards in time, Particles
were relesed within these areas over o Siday period (25 particles
per day], and subaequently tracked for a dispersal time equal to 45
days, These model were forced by sveraged ocean current fields
2002 — 2006) of the month when the net station was sampled.
Details of the paride wacking mode, and the eddy-resolving/
data-assimilating ocean general drculation model can be found in
[30]) and [41], respectively. In our second approach, an area of 47
latirode hy 47 longitede was centered on each net station and
drifters idrogued and un-drogued) that reacheed these regions were
slected, The tracks siarting from the drifter release point untd
they entered one of the pet station areas were then platied onto

TS,
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1. Location of the 57 net stations sampled during this study. Dot colors indicate the woyaos when the net station was sampled and
numbers follow the chronological order of @mpling. Pictures of the two types of net used are shown in the right pansl
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Results

We recorded B39 pieces of plastic, ranging in lemgth from
04 o BLEmm (median =28 mm, mean £ sandard e
tor =40+0.27 mm, Figore 2, The majoriy of these plasic
pieces had Jow dredarity in ther shape when compared to
mamifacrured plastic particles (e.g. pellers and microbeads from
coanetics), suggesting they mostly resulted from the breakdown of
arger items. The main plastic tvpe was hard plastic (N=0653,
median kength =24 mm, range = 0.7 - 570 mm) fallowed by sf
plastic  (N=142, median lmgth=50 mm, rnge=05 —
750 mm), plstic line N=5, median  length =103 mm,
range = 200 - BL6 mm), expanded polydyeene (N =8, mediam
length="29 mm, range =1.3 — 24.3 mm}, and pdlet (N=2, both
4 mmi), Most plastics were white/ramparent #84.7%|, but hlue
{B.3%) and other colors {7%) were also presat. OF the 200 pieces
mbjected 0 FI-IR, 67 5% were made of palvethylme, 51% ol
polypropylene, 1% ol expanded polysyrene, and 0.5% al ethylene
vinyl acetate (Fgure 3.

Approsimately B0% of our net wws (136 out of 171}, and 95%
of our net stations (55 out of 57), had at least one piece of plastic
frange; 1) — 68, median=2, mean * standard crror =4.920,63
pieces per net tow), Estimated sea surface plastic concentrations
(23 for each net tow ranged from 0 o 488956 pieces km ™
{median=1932.1 pieces  km ™, _mean = sandud  a-
ror = 42564275779 pieces km™7) and  the mean Cr of net
stationa varied betwern O and 236107 pieces kom™ -~ (Figure 4
Table 1),

Relatively high mean 5 (=15500 pieces km ™) were estimated
anly at low wind speeds (<7 m s7", Fgure 5a), There was an
mverse w.‘Jzuiuunh'q; between 5 and wind fordng (k=—1.77 in
Ci=dlits)"), which was relatively consisient with the hiophysical
mode applied here [Figuee 3hl. When taking into secount the
efect of wind-mixing, net tow plastic concentrations increased by

PLOS ONE | wwwoplosoneorg

a mean factor of 28 frange: 104 - 100, median = 1.9}, Henee, the
amount of plastics collected by our net tows (O represents
anywhere between [0.0% and 96.1% {median = Y, moean.
sandird deviation = 50,0224 47%) of the estimated (o0l amount
al plastic present in the water eolumn (€3 Faore 6]
Depth-integpeated  plastic  concentration  estimatss (5] for
each  met ranged from 0 to  [05438.0 pieces kom 2
imedian = 436357 pieces . mean  *  mandard  er-

W
km™,
ror = B066, 32 1 550,75 pieces km ™) and the mean & of nel
stations ranged from 0 to 431945 pieces km—? (Figure 7). In this
wenarin, plstic concentratione higher than 15500 pieces km™
(red dots} were quite comman, and thos higher than 31500 pieces
km™ (dark red dow) were found clese w0 populated areas
Bristune and Fiji} a2 well a2 in some remote ooastal regions
fanuthwest Tasmania} and oceanic areas (Fgure 7).

A wide range of pathways was wken by the virinal particles
arriving at the net satiors Figure 8 and Maps 81L The routs
taken by real drifters, from their release points 1o the net smtions,
dhowed similar panemns bt covered larger areas due 1o theis
longer drifting e and wider range of relemse date (Figure 9 and
Maps 852},

Discussion

We found that the sudace waters around Auvstralia are
contaminated with small plastics that are mestly a by-peoduct of
the degradation of larger ohjers made of polyethylene and
polypropylense. The high prevalence of plastc fragments smaller
than 5 mm in Australian waters is consitent with other regons of
the waoirkd's aoeans, where microplastics were found o be the maost
ahwmdant type of debris in all oypes of marine vironment [§-
I0,1541,42]. Phaic pallution levels were moderate when
compared 0 concentestions in other marine areas [B-104%5 44,
Hugher amounts of plastic were found cose to cities an Anstralia's
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Fligure 2. Sire and types of marine plastics collected around Australia. Bars indicate the numbe of plasic pleces within each sze category
(<35 25 -49 5 - 10, =10 mm} and colors show the amount of each plastic type within size categories. Bamples of the types of plastic we
collectad are shown in the photos, induding our biggest fragment of hard plastic (length =57 mm, net station 33}, soft plastic (length =73 mm. net
station 57, note the Indonesan words), and expanded polystyrens (Styrofoam cup fragment, length=24.3 mm, net station 28}

dol: 10,137V jpumal.pon e 0080466, 002

s coast, a8 well as i remote locations west Tasmania and including large marine vertebrates [45] and fish [50-32,46]. As
Narth West Shelll, Recent studies reported tosicological efects of ach, small plastics wre a type of harmful marine debris, implying
these small aml conaminated plastics on a host of ocganisms,
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Figure 3. Mean infrared spectra of the plastic pieces within each polymer type.
doi: 10137 jpumal pon e00ED66.0 003
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plastic particdes micro and nanoparteles). In addition, peost potential to eliminare this limitation & the application of molecular
processing techniques for sorting particks are abo likely 1o mis mapping by reflectance micro-FT-IR epectroscopy, which does
anall fragments [47]. An example al 4 new method with the
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Figure 7. Mean depth-integrated plastic concentration (&) at the 57 net stations. White oosss indicate location of major Australian cities
[population 1 million]l. From west to east: Perth Adelaids, Melbourns, Sydney, and Brshane.
daoi: 10,137 Vjoumal pon e 00B0466.9 007
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Figure 4. Mean sea surface plastic concentration (O at the 57 net stations. White oosses indicate location of major Australian citiss
ipopulation =1 million). From west to east: Penh Adelaide, Melbourne, Sydney, and Brisbans.
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that plastic hazards 10 Ausralian species and ecological commu-
nities are likely 1o be broader than those oflically n‘ﬁ@\i#d.

Characteristics of marine plastics
('.{Juurﬂ'l ]ﬂ,l_sliu' pa.l‘lin:J{'s |:|.|lg|~c| m size from 0.4 - B2 6 mun,
Ihe frequency distribution of different sied plasties, which was

dewed towards smaller particles, provides evidence for the
existenor of amaller Jia_i tics. Clorrent methods for Mﬁcsu’ug _plasrir
pollution at the ocean surface rely on the use of nets, which omins
plastic particles outside the collectible range of their meth [47). It
will be eritical for future investigations w develop efficient and
reproducitle techniques capable of detecing smaller booyant

* observations
" | =—=modal, Hs=1.85m
—— modal, He=0.47m
. |- =-model, Hs=4 78m
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Flgure 5. 5ea surface plastic concentration [Cs) versus a) wind speed (U7 and b) water fricion velocity (u._). In |b] we alio show the
limar fit {C;:n{u.\,la'] and theoretical model estimates for Cs, when depth-integrated plastic concentration (O] is equal to 8986 (mean O of the 171
ret tows] and significant wave helght (Hs) is equal to the mean {185 m), maximum 478 m) and minimum Q47 m) values estimated for the 57 net

stationz

doi: 10,1371 joumalponeB0R0466 g 005
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Fratabiity (%)

= =i

Flgure 8. Cumulative probability distribution of virtual particles arriving at the 57 net stations. The month when the virual partides (25
per dayl were released s indicated in each pansl Backiracking dispersal time wa equal to 45 days and amving destinations [net stations] are marked

with purple dots. See also Maps 510
doi: 10,137V joumalpon e 0080660 0B

not rely on visal selection of plaste particdes for characterization
Eqiﬂ'lgl.a.u:l phsﬁgs wrre 'tly far the mosi oomman PL:IStil' ype Fovemal
(75,44}, but soft plastics (e.g. fragments of plastic wrappers) and
lines (mostly fishing lines) were 2o relatively eommon {16.5% and
4%, respectively), I is interesting to note that sofi plastics were
mare ahundant in the larger size clas (=24 mm). Chur findings
are condstent with recent studies documenting plastic pallution at
the oeean surface, although explinations for varations n hard/
sft plastic trends are not given [B,1049], Plastics gradually lse
by ancy in seawater as & result of biofilm formation [50]. We
sggest that negarve buoyaney due w0 biofouling oocurs more
quickly in soft/thin than in hard/thicker plasic fragments,
resulting in a declme in the occurrence of solt plasics at the
ocean surface, as they hecome smallerfolder and hegin to sink.
Indirect evidence for this is that the proportion of soft plastics
found in our coasial net stmtions was higher than that reparted
open ocean setings further away from potential sources [44],
While a amall number of experimental studies have confirmed tha
hiofilms decrease the buoyaney of plastic items [30.51], none of
them repart the magninde or geed of this procss aoos different
types al small fragmenis,

The plastics reparted  here were mostly  white /fransparent
B4.7%) or blue (B3%), which is comistent with reports [rom
ather nvestigations an buoyant marine plasties [49,52]. Depend-
ing on the feeding ecology of the affected animal, ingeited plasic
lor proportions can differ from what s available i the
environment {32}, For instmnce, ngested plastic color ];lm]'nmms
n Ausrralion shearwaters (g paeifioe and deds
are different fram those r\r.portu:l by this sty [20,21], As 1.11;442
hirds are known to wse color viion 1o select ther food [21.55],
oolor can play 4 role in the ingestion risk asociated with 4 cerain

PLOS ONE | www.plosoneorg

plastic item, In contrast, the eolor proportion of plastics found in
seats of fur seals (Arbegplder gpp) ot Maceuarie Liland (Australia)
reflected what was svailable 2 flomam in this environment [36].
These plastics are likely to be coming from the stomach contents of
their main prey: the myctophid Efdrona acdagpes, which are
pelagic small fish known o leed at night, aelecting their food hased
an size rather than color [56).

The vast majority (9% 5%) of the plastics deteced were made of
polyalding (polyethylene and polypropylens), which is in agree-
ment with what has been found for this size range of plastics in
ather marine regions around the workd [4749]. Polyethylene and
polypropylene account for mest of our glohal plastic production
(58% and 2%, respectively [6]) and they are typically applied in
the manufachiring of single-use dispeaahle packaging. In addition
1 packaging, which reaches the oceans primarily from eoasial
areas, fishing equipment made of these polyoldins feg. fsh crates
nets, ropes, fehing lines [17]) ave also likely sourees of the plastic
particdes registiered here, Chiher types of polymers found in this
sty include twn pieces of expanded polysiyrene Styrofoan), a
rype of plastic ako wsed in packaging and fihing gear, and one
[ragment of ethylene vinyl acetate, which has severs] applications
mich as the making of shoe soles znd foam mats.

Concentrations and sources

Che overall mean ses surtiee plastic concentration (&) was
42564 pieces lcru_:, which & similar o mean values reported for
ather regions outside subtropical gyres, such the Caribhean Sea
mean €x=1414 pieces dan~ 7 and Gulf of Maine {mean
i =15%4 pieces k™7 [49), Within subtropical gyres, €3 values
tend to be higher but within the same order of magnitude:
HI528 pieces tm~? in the Nprth  Aidlantc Gyre 3], and
R0 pieces km™? in the South Padfic Ciyre [H]. The scceprion
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Figure 9. Real drifter pathways arriving at the 57 net stathons. Pumls dots indicate net station lecations and asterisks indicate drifer release

arzas. See aso Maps 52,
dol: 100137V journalpone DOE04E6.g BOG

wems 1o be the subtropical waters of the North Pacific and
Mediterranean, which presem mean €3 values that are an order of
magnitude higher than those reported here; 116000 pieces km ™~
in the Mediterranean [43], 174000 pieces km™® in Northwest
Pacific [44], and 354271 pieces km™ in Northeast Pacific [10].
The latter is also doown as the “Grear Pacific Garbage Pach”
[E0], which is the lorgest sggregator of floating moarme particles
B4,

Chur findings show that the digribution of marine plastics &
quite witlespread (95% of our net smtiors had at least one plastic
piecel, patchy fle. high varahility within and hetween net smations’
(i) and dynamic (€5 ranged from 10% 0 91% of (3}, Therelore,
bener spatictempaoral dam coverage B required in oorder o
identify plastic  polludon  hospots within Ausiralian waters,
However, our data already indicate some spatial patterms: we
ohaerved high plastic concentrations close 1o Sydney and Brishane
cities, This sugwess that plastics along Awstralia’s east coast are
moatly associred with domestic inpots, $ince high quantities of
plastic were abao found close to Vid Levo (Fijil, we hypothesize that
part of the plastics coming from ooastal sress remain in the vicinity
af their sources for 2 long time, while fragmenting into smaller
pieces, This sugmestion of local retention of plstic debris s in
agreeroent with findings of recent studies je.g. [7]) and could be
iestied by developing higheresolution model able 0 simulae
plastic pansport in coastal vironment,

While the relatvely high concentrations of plastic found close o
the Fast Awstralian coast (net stations 18-20, 22 57 seem o
ariginate from local sources of plasties, these Bund in southwest
Tasmanialeastern South Australia (net stations 5, 6, 8), and the
Morth West Shell (net smtion 34 could be asociated with
internatioml syurces andor maritime operations. The presence of
mternatonally-based plastics is supmested by (1) & fragment with
Indonesian words that was colleded m MNorth West Shelf {se
Figure 2} and (2 beach suveys, which registered in South
Ausiralia plastic debris from South Africa and South America
[14]. High plastic concentrations in the southern tip of Tasmania
(net swtion 5 might be cansed by convergence effects of the
encounter of the Eas Anstralian and Zeehan coasal currents [19],
whereas those found off the east coast (g, net station 57) could be
amocated with mes=seale eddies of the East Australian current
[55].

Aside from this smdy and the one thar devdoped the
hiophyrical model we applied here [15], we are oot aware of
any nvestigation that quantitatieely considers the dfect of vertical
mixing processes on plasic concentrations. This effea needs w be
mken ino account in fumre smdies asesing a-sea plasic
pollution w0 allow beter omperisons between data collected
inder different sea state, An important step towards mproved
amulationg of plastic disriboton along the waier column s o
better quantfy the buovant rise velocty (g of plestic particles
from different oceanic and coasal surface waters. This variahle
has & conaderable impact on the output of the model applied here,
Furthermare, other emvironmenial variables that were not taken
into gocount inour cne-dimensional column maodel (e, Langmuir
drealation, breaking waves, mixed layer depth) coukd to be
incorpom ted in this rype of modding,

Potential pathways
The modd cutputs and routes tken by real drifters showed that

plastics we found could have moved via 2 wide range of routes,

PLOS ONE | woww plosoneorg

This is hecawse our net stations are within regions that scperienaoe
different hydrodynamic (eg. Korth Wea Shell, Great Auaralian
Bright, Coral Sea, Tasman Sea) [40], Plastics have the potential to
reach the sampled sites by avelling wirh 4 range of currents,
including; | I} Antarctic Circumpolar eurvent [56], which can carry
plastics from a wide area o several of our net stations, particularly
these slong the coast of Tasmania, south coast of Australio, and
Tasman Sea (net stations 1-15, 38 and 39) 2] South Equatorial
curtent in the Pacific Ocean [56,57], which can bring interm-
tiomal plastics o the east coast of Avsralia (net stations 1624, 40—
45, 36, 57) and areas close to Fiji and New Caledonia (nef stations
25-%5); (3 East Australian current [3556], which can carry
plastics from domestie highly populated regions je.g. Brishane and
Sydney) to the net stations along the coast of 'Tasmania (net st ation
5, 15, 38, 39, east coast of Awstralia {net statiors 16-24, 36, 57)
and the Tasman Sea (net sations 1-4); (4 Holloway, Leeowin,
South Avstralivn, and Zeehan coastal current systems [58-G1 ],
which can bring plastics from international areas connected 1o the
Indonesian Throughflow and Indian Gyre (eg, Southeast Asiaf
Inclonesia [16]), as well as from domesic popolated areas, o the
net stations of the North West Shelfl inet stations 43-57], off Perth
inet station 14, and along the south coast of Ausralia, Bass Steait,
Tazman Sea, and coast of Tasmania {net stations 1-15, 15-17, 57—
305 and (5) West Avsralia current [T, which coukl tanspor
internationa ] marine plastics that accumuolated n the Indian Gyre
to the net gations in the North Weat Shell inet sations 45-57 ) and
off Perth (net station 14),

Lt i impartant 1o note that running models baebwards and nsng
drifter trajectories arriving st smpled locations can only provide
an indication ol the divections that the collected plastics could have
taken. To preciely estimane plastic pathways & quite challenging,
mestly because plastic source locations and quantities are still
largely unknewn, Mareover, there are still no methods to estimate
the “age” (drifting time] of 4 certin plastie particle. For instance,
only plastics with long drifting times {years) coukl have maiched
the long wacks of drifters. Another limitaion of the real drifier
approach & that the resulting pathway formed by all drifier tracks
arviving at a certain region s not only dependent on the ocean
current systems, but also oo the locations where most of the
drifters were rdeased. For ingance, sumplal sites in the Naorth
West Shell {net smtions 48-57) had only a few drifters arviving ar
them: This is mosly due w0 the nor-exisience of drifiers in the
shallow waters of the Indonesian archipelago. The creation of &
shallow-water drifier e, [62] release program in this ares conkd
bring crucial information to help inform marine plastic pathways
and sourees.

Final remarks

This investigatiom shows that the ashundant and widespread
anall marine plasties around Australis are lkely coming from 4
variety of domestic and mternatoml, land- and ocean-based
soureed, Even thoogh marine plastic pollimon s 2 glohal
envirormental Baoe, moatly caused by our masive production of
plaztic single-use dispraahle itemy, there are a@ill no anemps 1o
regulate plagic dispom] on lind st an inermatonal Jevel [26],
Additionally, dumping of plastes into the oceans remains &
sgnificant  issue owing the difficulties with regubition  and
erforcement [17,63], We suggest further at-sen stdies on the
characterizanon, spatial diswibution, and pathways of marine
plastics in enastal and oceanic regions around Atralia, s well 45
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an marine plastic foxin loads and interactions betwern small
plastic particles and organisms at all trophic levels of the food weh,
This would mprove our corrent knowledge on the effects of plasic
an the marine eonsystem as 2 whaole,

Supporting Information

Table 81 Net tow data (N=171). Calumns indicie net
station number, sampling date (day.maonth,year), location {(degrees
minuted), and s surface plastic concentation (€3 pieces per
b )
¥DF)

Maps 51 Cumualative probability distribution of virtual
particles arriving at the 57 net stations. The month when
the virtusl particles 25 per day) were released & indicated in each
panel. Backiracking dispersal time was equal 0 45 deys and
arriving destinations (net satons) are mirked with red dota

PDF

Maps 52 Heal drifler pathways arviving at the 57 net
stations. Purple dots indicate net sation kcations and asteriss
ndizate drifier relemse areas,

(PDF)
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Abstract

Millirmeter-sized plastics are abundant in most marine surface waters, and known to carry fouling omanisms that potentially
play key roles in the fate and ecological impacts of plastic pollution. In this study we used scanning electron microscopy to
characterize biodiversity of organisms on the surface of 68 small flosting plastics [length range=1.7-24.3 mm,
median=32 mm) from Australla-wide coastl and oceanic, tropical to temperate sample collections. Diatoms were the
most diverse group of plastic colonizers, represented by 14 generm. We also recorded ‘epiplastic’ coccolithophomes (7
genera), bryozoans, bamacles [Lepas spp.), a dinoflagellate (Ceratium], an Isopod (Asellota), a marine worm, maring insect
eqgs (Halobates sp.), as well as rounded, elongated, and spiral cells putatively identified as bactera, cyanobacterla, and
fungl. Futthermore, we observed a varlety of plastic surface microtextures, including pits and grooves conforming to the
shape of microonyanisms, suggesting that blota may play an important role in plastic degradation. This study highlights
how anthropogenic millimetersmd polymers have created a new pelagic habitat for microomanisms and invetebrates,
The ecological ramifications of this phenomenon for marine organism dispersal, ocean productivity, and biotransfer of
plastic-assoclated pollutants, remalne to be elucidated,
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Introduction Apart from providing long-lasting buoyant substrata that allow
many organisms to widely disperse [28-58], marme plastics may
ako supply energy for microbiota capable of biodegrading
polymers and/or associated compounds [27, 30437, and perhaps
for invertehrates capable of grazing upon plastic inhabians, The
hydrophobic nanre of plastc surfaces suomulates rapid formation

Millimeter-gzed plastes resuling from the disincegration of
synthetic products (known as “miceoplastics” & amaler than 5 mm)
arcalmmdant and widespread at the sea surface [ 7], These small
mitrine plastics are a toxic hazard w food webs gnce they can
contain harmful compounds from the manofacmring proces e
Bisphenol A}, a5 well a= contaminants adsoched from the
surrounding water (e polychlorinated hiphenyls) 111, These
substances can be carried across marine regions and  transferred
from plastics to & wide range of organisms, from zooplankton and

small fish o whales [8,12-19], Furthermore, they can physically

of hiofilm, which drives succssion of other migo- and macro-
organtms, This ‘epiplastic’ community appears 0 influmee the
fate of marine plastic polluoon by affecting the degradation rage
{27447, buoyancy [5.4546], and moecicity level [45] of plasnes.
Mareover, cpiplasic microbioa could have impace on the
microflora of s consumers, and mfectious organians may reach

damage suspension-  and  depositfeeding fauna (eg. mtermal
abrasions and blockages after ingestion) [20], and alier pelagic
and sediment-dwelling biota by modifying physical properties of
their hahitats [21]. Finally, these small marine plastcs can
rransport rafting species [20-27], potentally changing  their
namral rangs to become non-native speces and even invasive

pests,

PLOS ONE | www.plosone.org

their hoas through plastic ingestion [27,4547],

Although epiplastic organisms may play an important role in
determining the fare and ecological impacs of plastic pollurion,
litthe research has been directed o such smdy, pardoularly on the
inhabimnt of the widely digpersed and atmdant millimerer-sieed
marine plastica [#3]. In 1972, two papers first repored the
ocourrence of organsms (diatoms, hydroids, and bacteria) on amall
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Figure 1. Sampling locations of the 68 plastics analyzed in this study. Black lines delimit marine regions of Australia fenvironmeantgovau/
topics/marine/marine-bioregional-plans); dots indicate areas where the andyzed plagtics were collected: numbers represent how many plastics were
taken for scanning electron microscopy anahbyses at these locations Samples coflected were fagments of hard plastic (N =65), except at locations
marked with an asterisk: one pecs of Styrofoam cup in Fijian waters, one pellet in South Australia, and one piece of soft plastic in the Australia’s

Morth-west marine region.
doi10.1371 fjoumalpone 0100269, gdo1

plastics (015 mm long) collected by plankton nets [22,275].
Further at-sea studies forusmg on micraplastc foulmg biota only
emerged in the 200005 [21,27 48], Zerder et al, (2005 conducted
the first comprehensive characterizadon of epiplasic microbial
communitics, which they coned the “Plastisphere”™ [27]. These
authars vsed scanning electron microsoopy (SEM) and  nest-
generation sequencing o analyze three polyethylene and three
polypropylens  plsic pieces (approx.  2-20mm  long) from
offshore waters of the North Atlantic, This pionecr smdy revealed
a unigue, diverse, and comples microbial communiry  that
included diatms, ciliates, and bacteria

Here, we used SEM o examine types of organgms inhabiting
the surface of 68 anal marine plasties (length range=1.7-
245 mm,; median =32 mm; from inshore and offshore waters
from around the Australian continent Figure L}, We oontribaed
many new recards of tmm asockted with millimeter-gzed marine
plaztics and imaged a variety of marine plastc shapes and surface
rexmires resulring from the interaction of polymers with environ-
ments and organisms

Materials and Methods

Ethizz Statement, Permits o conduct fiekd research within the
Great Barvier Beefl area were obtained from the Great Barrier
Roeef Marine Park Authority (GERMPA; permic GLL/34378.1),
Mo other special permit was roquired gnce sampling was lmired to
marine debris

Buoyant plastics were collected using surface net tows in waters
around Ausmalia e demis in [4490) and preserved in 2.5%
ghitaraldehyde buffered in fikered seawarer. Prior to analysis with
& scanning eledron microscope, plastcs were debydrated through
& series of increasing ethanol concentrarions jup o L00%), critical

PLOS OME | wwiw.plosoneong

point dried wing GOz mounted on aluminm stubs with carbon
tapee, and sputter coated with a 2030 nm layer of gold. We used a
Zass 1555 VPFESEM scanning clectron microscope operated at
102006V, -5 mm working disrance, and [0-30 pm aperture.
We randomly selecred 65 hard plastces among those small enough
o fir ontn SEM sobs (< 1) mm) and lage enough m be easily
handed (=1 mm]. For comparson, a pieee of {1} soft plastic, (%
mnduzrrial plasic peller, and (3} expanded polystyrene (Styrofoam)
were also ecamined, totaling 68 plastic picces ecimined with
SEM. These plastics were colleaed from offshore waters of the
South-west Pacific (N = 19) and from different Australisn marine
regioms  (environment geonsan/ tojrics S marine/ marine-bioregiona -
plansi: North-west (N=13], South-west (N=13), South-east
(= 13), Temperate Eas (N = 6}, and Coral Sea (N=4; Figure 1,

The different types of organims detocted on each plastic piece
were imaged, measured uzing Image] (ength and width, hirpes /
rebv infonihogov/ i), dassified o mxonomic/ morphological
groups, and the fraquency of occwrrence (FO for cach type was
calculated, We used online resources g marnnmepecicsorng,
westerndiatomacolorado.adu), primary axonomic veratmre (e
[50-54]), and expert conaultation (s acknowledgments section) o
identify the organisms at the lowest possible txonomic level, Long
filamenz were very common but were excluded from the anabyas
due o difficulty in determining if they were organiums or
mucilage.

For cach plastic picoe obecrved, an mage of the entire picee was
taken at S0 xmagnification, These mages were uploaded ©
Image] to measure plastic particles’ size parameters (length, area,
perimeter, aspect ratioj and shape parameters (circularity and
solidity indexes [55,36]), Surface fractures, pits and  grooves
[57 5H] were also observed, recorded, and imaged while examn-
ing the entie surface of the plastics ar magmificanons of [0-

Juna X314 | Violume 9 | Issue & | 100289
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=] IFI
® Coral

Figure 2. Overall appearance of marine plastics, as shown by scanning electron micrographs. Dot color indicates the manine region
wherz the plece was sampled [se& legend and Figure 1). Pieces are hard plastic fragments, with the exception of the soft plastic frrgment {red dot}
pellet frellow datl, and Styrofoam fragment fgreen dot] shown at the bottom of the diagram and marked with a white asterisk All images are at the

zame magnification [see scale bar at lower right).
doi101 371/ joumal pone 01 0089 gh02

500, Chher peculiar misrotextures observed ar higher mamiti
catioms, such as those suggesting inferacoons with bio@, were also
recorded and |I||_'u'|<‘|'|. Afier SEM .ul.‘d‘_..'-.“-. pl_._;rlr- were washed
with distilled water and submited 1o Fourier Transform Infrared
spectrometry (FT-IR) for polymer identification, Two plastic
pieces were destroyed while being cleaned for FT-1R: as such, we
identfied the polymer of 66 out of the 68 plastics examined using

SEM.

PLOS ONE | wwwplosone.ong

Results

We camined 65 hard plastic fragments with lengths ranging
from 17 o B3 mom jmedian = 3.2 mmj, ooc 4 mm-wide plasos
peller, ane BT mm portien of & 15 mm long soft plastic fragment,
and one 7 mm picce of a 24,5 mm Soyrofoam cup fragment. Apart
from the Styrotoam oup fragment (expanded palystyrene), plasties

were made of palyethylene (N =54} and pobpropylene (N=11},

June 2014 | Volume 9 | Issue & | 2100289
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Figure 3. Types of epiplastic organisms detected at sach of the
marine reglons sampled in this study [see Figure 1). Lines
connect types of organisms {squares} to the marine regions {drcles)
where they were observed. Line color indicates type of organism, with
black lines representing invertebrates. Line thickness is proportional to
the organism’s frequency of cccumence (FO=<25%, 25-50f%, 50-75%,
= T5%).

doi10,1371/jounalpone.0100289.9003

Hard plastics had a diverse range of shapes Salidity meex= 007
0.9, droulariny inde = 0.26-0.83; Figure 2) and rypes of surface
microtestres, nelnding linear fracmares, pirs, and scraping marks
(Figure 51). Diatoms and bacteria frounded, and dongated cells)
were by far the most frequentdy observed organems,; being
detected in all sampled marine regions (Figure 5}, Plastics’ FT-IR
spectra, 1143 SEM micrographs, and 2 matrix confaining
information from colleetion sites, plastics characteristics, and

PLOS ONE | www.plosone.org
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organsm/ microtexmre presence-absence data are available in
[539)

Diatoms were the most shundant, widespread, and diverse
group of plastic colomizers (Figures 5 and 4). These organisms were
frequently ohserved (FOV= 78%, N=68 plastics) and inchided
Masagloia sp., Haslar sp.; Figure 4a—c}, Nirschinids (Mtzsshoa spp.,
Nitzwhin bngivime Figure 4d-f], monoraphids | Casansis spp.,
Adinanthes sp; Funire 41, contrics {Minidans ocnltns, Theleso
sira spoy Figure 45}, araphids (Thalorionana mitzsobiosds var, parva,
Micratabelle spp., Licmophom spp., Grammatapbors spg Figore 4l o),
and asymmetrical  hiraphick  (dmplors  app.  Cimbdl
Fgure 4mn), Most distoms were growing flat on the surface
{adnate and modle diaroms), but some were erect, artached m
plastics by mucous pads or stalks/podundes, The genus Nezscke
was the mast frequent distom FO=426%), followed by dmpfore
(13.2%), Licmophora (11 8%), Memeuk (B8%), Meicratabedla (5.9%),
Coceoners (4.4%), Thaleseorema (29% ), and Mmdsmr (2.9%), The
ather six gencra were only detecied on a sngle plastic piece
(FO=15%) These frequencies of occurrenee are likely to be
underestimared, as many diatoms could not be dentified from
girdle-view poattions (FO unidentified diatoms =45.6%),

Caleareous coccolithophores were abserved only on plasics
from southern Ansmalia (South-eas and  South-awest marme
reginns; FO=37.5%, N=16 plasics; Figure 3, Figure Sa-hi.
Emitionie heckyi (Figure She), Gephyocapia ocarnica (Figure 5d),
Umteloiphama  tmwir  Figure  5Se),  Umbtbcophanr  faelburtiog
(Figure 5f), Coccolithur peligiows Figure 5g), and Cabiomlaia o,
(Figure Shj. Many of these obsavations related 1o detached
cocoolith scales- held i place by mucilage and chinn filaments
resembling  thoese  peoduced by diaroms  (eg. Thelssasnr
Figure Shil. However, intact coccopheres were also present
(Figure 5c.df]. Additionally, one specimen of the dinoflagetlae
Ceratiem cf, macmesros was present on a 8.2 mm plastic from South-
wiest Anstralie (Figure 3, Funure 5i),

We found several unidentfied organiams of varions morpho
rypees and sizes, mostly resembling hacterial, cyanohacterial, and
fungal cells (Figure 6], After diatoms, rounded/oval cells Jength-
width ratio =<L5; Figure Ga—ci-m) were the most frequentdy
observed morphatype FO=72%, N=68 plsics; Figuee 5
Rounded/oval eells with widths <1 pm and =1 pm had an
overall FO of 582% and 54.4%, repectively. Elongated cells
{length-width ratio =15; Fgure Ge-h} were also frequentdy
abserved, being deeced on 59% of the plasics examined
(Figure 3. Those with widths <=1 gm and =1 pm had an everal
FOy of 51.5% and 11.7%, respectively. Spiral cells (Figure Gd} had
similar appearinces (resambling spirochacte bactena) and sines
(02005 pwm width), and were only observed o the South-west
Pacific region (FO =51 6%, N= 19; Figure %), Several plastic pis
and grooves conmined bacteria-like cells dosely resembling their
shape (Figure fi-m). They were particularly common on plastics
covered by large rounded cells Figure Gk,

A few invertelvates were observed on the milimeter-sized
plastics (FO= 16,2%, N =68 plastics; Figrures 3 and 75 Colonies of
endcrusting hryozoans were the most comman epiplastic animal
(FO= 8.8%; Figure Ta—d}. They occurred on two fragments from
the Temperare East marine region and on four fragmems from
oceamic waters of the South-west Pacific {plasnc length =151
5.4 mm). Four of these beyozoan colonies were hosting abundant
wame (Figure 7a), Amphont sp. (Figure 7¢), and Mitzsdus sp.
(Figure 7d}. Additionally, lepadomomh barnacles (Eaga spp;
Figure 7ef) were amached to the 245 mm Styrofoam cup
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Figure 4. Examples of epiplastic diatoms. a: Movicwio sp b: Maosfogiols sp.; o small naviculoids; o Mitzschio sp. & Nitzschia sps f: Nitzschio
longizmima. g: Cocooneis sp. he Cocooneis sps & Achnanthes sp; |: Thalassosing sp; k: Thalassionema nitzschioides; |: Microtabella sp m: Amphoro sp.n:
Amphara spe o Licmophara sp

dotif137 1 joumalpone 0100289 ghid

trapment and w a 8.2 mm-long hard plastic; an Aselloe Bopod plastics (4.6 and 5.5 mm longk and a unidentified marine worm
Figure 7g) was found on the Styrofoam oup fragment, eges of the (Figure 7ij}) was found on a 6 mm hard plastc fragment.

marine nzect Habbaes sp. Figure 7hi were observed on two

PLOS ONE | wwwplosone.om 5 June 3014 | Volume 9 | lssue & | 100289
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40urm

Figure 5. Exam ples of epiplastic coccoliths and dinoflagellate.
a: Cakidiscus leptoporus; b o Emiliania hudeyi o Gephyrocapsa
oceania; & Umbsllosphaem tenuis; £ Umnbilicosphasa hulburtiana; g:
Coccolithus pelagicus; e Galdosolenia spg & Ceratium of. maoooeros
dinaflagellata.

doi: 10,1371/ joumalpone 0100285, glds
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Discussion

There now exis a large body of evidence thar milimeter-szed
plasncs are abundant and widespread in marine environmens [ |

dremonstratng that they are colonized by 2 wide ronge of biom,

particularty diatom and bacteria species (Table 1, [3.22 24277,
We more than doubled the number of known diatom geoera
inhabiting millmetersized marne plastics and provide the first
identifications of coccolithophore genera atached to these floatng
plastic particles. We also recorded a fow invertehrate specics living
on these small plastics, As such, our findings provide further
evidenee that not only large debriz [28-38] serve as vehicles for
organem dispersal, Ahundant ‘microplastics” are equally providing
a new pelagic habitar fo many microorganism and a few
imvertelrate taxa,

We observed fouling distoms m be diverse and widespread on
marine plastics, These diatoms seemed to firmly artach to the
plastic, resisting water mrbulence and wave action. All the
identified dintom genern are well known o form biofilms on
estiarine and marine sediments and rocks (epilithicl, vegemtion
(epiphytic), and anmak- fepizoic) [A{-63); marine plastics thus
creare a novel, longlsting and atindant foanng habitr for
‘benthic' datoms, m a light and nomient-filled environment that is
stable and beneficial to these organians, Funmire epiplastic diatom
research shoukd forus on the quantmtive contribirion of these
organkms to enhancing primary and secondary productivity of
different marine regions, such as within subropical gyres where
produciviny tends o be low bur plastic pollunon level high [1
S.66]. Berause of their rapid growth and production of cxracek
lular subatances [677], epiplasic diaioms may provide an important
food source for invertehrare grazers. As plastic debris can contain
harmful substances [8,10-12, 19, it remains unclear if such grazer-
plastic relatorships would have a positive or negative impact on
the populations mvolved in this new ope of food web,

A significant number of coccalithophore species were present on
millimetersincd marine plastics. These planktonic organisms are
not commanly recognized as fouling or rafing arganians [56],
although thelr occasional socurrence on marine plastics was hriefly
mentioned in recent smdies [26,27]. Some of our olzervations
were of dusters of mixed cocoolith species, resembling moplank-
ton fecal pellets, and of solitry coocolithe, likely detached from
living coccospheres and smck o clingy parts of the plastc biofilm.
However, enfire coccolithophores were alo seen amached
plastics; suggesting that these organsms could be using ocean
plastics &5 ‘floaring deviees. We only observed coccoliths on
plastics from southem Aunstraliag as such, additional smdies in
these wemperare waters may help bener undersand this potental
coconlith-plasie reledmship. Another arypical organian detected
was the plankronic dinoflagellare Cemtium of, muoroems. Recent
studics have found plasdes heavily fouled by dinoflagellates;
meluding mdividuals and oy of the poentally harmiul speoes
Cratrepiis sp., Coolin sp., and Aleodmem spp, [27.51], but here we
only deteciod a single specimen of this group.

Scveral nmidentificd organtans {rounded, oval, elongated, and
spiral} resembling bacterial cells were flourishing on millimerer-
simed marine plasics, This supports previons studics thar deseribe
well esmhlished bacterial populanons growing on plastic fragments
[2627]. Many of these unidentfied celbk were apparendy
mteracting with the plaste surface by forming pits and grooves.
Within the group of “pi-formers”, colonies of rounded cells
(aroumd 5 micron e diameter) covered large arcas of the plastc
surface. They were similar to some previously unidentified
epiplastic organisms from the Nomh Adantic [27], These SEM
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Tpm

Figure 6. Examples of epiplastic rounded, elongated and spiral cells. a, b o rounded cells; d: spiral “spirochaste” cell &, f. g, ke elongated

cells: L.k I m: pits and grooves on plastics with rounded celis.
doi1. 1371 joumal pone 0100280 ghls

ohaervations, along with detecrions
barteria genes on marine plastics

of hydrocarhon-degrading
] and experiments demaon-
strating that marine bacteria can biodegrade polymers [27, 3944,
stromgly sugest that plastic hiodegradation is ocourring af the sea

surface. Such process could pardaly mphn why quanttes of

millimerer<ized marine plastics are not inoreasing & much &
exXpCtod Smdies of the “Plamgsphere” from different marine
regions worldwide will prove invaluable for ecending our
knowledge on epiplastic marine microbial commumities, and
may support the development of biotechnological solstions for
teetrer plastic waste disposal pracices [68-70].

PLOS ONE | wwwoplosone.arg

A number of imverchrates nhabited the small plastice examined
here: brynanans, hamacles Teparapp. an Asellots isopod, a2 marine
worm, and eprs of the marine insece Habbas sp. Even though
microphisic-associated amimals are rarve and less diverse when
compared to thos associated  with macroplastices  [268-38],
ceological mplicanoms. of ths phenomenon may be significant
c.g [48]L miven the large quanntes and wide disribarion ranges
of millimeter<ized plastics in the marine environment [1-6,22 23]
Among the effecos plastc

have is 1o shape
‘epiplasic’ microbiota by hosting unique epizoic sssemblages on
their bodics. For instance, the bryoeoan colonies cxamined here
covered a large proportion of their plastie-host, with some of them

ASAOCIATES  TEHLY
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Figure 7. Examples of epiplastic invertebrates. a: Bryozoan colony harboring an abundant asemblage of Mitzschia longi mima {zoomed image
shows part of this assemblage, scale bar= 20 pm); b bryozoan colony relatively free of fouling; o2 bryozoan-plastic interface displaying 2n abundant
eplzoic assemblage of Amphona sp.; d: bryczcan-plastic interface displaying an abundant epizoic assemblage of Mizschiz sp; e, f bamacles |Lepas
=ppl: g Azellota kopod h:egg of the manne insect Halobares sp @ manine worm | zoom on the surface of the unidentified manne worm.
doi1 1371/ joumalpone 0100280, gb07

harboring unigue distom-dominated assemblages. Previous smdies microbial coloniers | , with some species: offering a
have shown thar bryceoans do not represent nevral mitaces tor taverable habitar for diaroms when compared to the surrounding
PLOG OME | www.plozoneorg ] June 2014 | Volume 9 | lssue & | o1 00280
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substratum {eg. by protecting against predators and supplying
nutrients through flow generared by palypids [75]) Further smdies
focusing on both cpiplastic microorganems and vertehrancs have
the potential m further clocidate symbiotc and/or competitve
relationshipe berween inhabitanes of this new type of pelagic
hahitat,

In summary, this smidy showed thar milimerer<ized marine
plastics are providng & new niche for several types of microor-
ganisms and some mveriehrames. This phenomenon has consider-
able ecological ramifications and deserves further rescarch, As
dizcissed here, addinonal observational and experimental studhes
on the inhabitans of these anall plasoc fragmens may beter
elucidate several key plastic pollution processes that remain poorly
aamesaed. such as arsea polymer degradation and mineralisation,
mpacts of epplate communities on thar consumers, and

changes in the disributional range of pecies by plastc rafting,

Supporting Information

Figure 51 Examples of marine plastics” sorface tex-
tures, a, d: polypropylene plastics with linear fractures and pits; b,
1 higher magniticanon of the plastc surtare shown in ‘2’ mote

PLOS ONE | wwwoplosoneong

Table 1. List of known gener occuring on milllmeter-sized pelagic plastics,

Group Abundance/FO Genera

Barterig®s= #1833 per mm Acinenbacia”, Allidavalion™, All 5", Amadbophiin®, Baceris "

' o Bealwibe®, Blastopirellie”, Devasid”, £ 1ef, § = F,
Haliserimenahacter™ Hellsa™, Henricialis™ W Merterdng®, M
Lewinrglla®™ mﬂm" mmi' ummh" Wit timeuctar™.
Oveaniserpertila® Parvalarcua®, Pelagib Phydhsphaeea®™ Plormidus®,
WW“"'*"‘ 15, P et o, Poychvabarter,
", Rivularid”, Roseovarin ™, W" Sediminitacierim’,

S,nu‘mns" Thalrsunbie®, Thiolie®, Tenorioruler®. Thaktsssbin®, Vibrie

Doy = *77.9%° 1188 per mm Amphors”, Achshanthes”, Chaetocerss”, Cocconels’. Cyclotelld”, Cymbelis”,
Grammatophors”, Mk, u:m:p.bw.l‘ Maioglola™, Microtsballd",
Minidisces”, Naviana®, Nigschia™®, Pleurosigma®, Sdlcphn'uh
Swwroneis”, Thalasionems”, Thalessiogrd

Coccdithi 2= HAH Citlcidiscus™, Enifianid’, Gephyrocapsa®, Uinbelosphaerd,
Umbilimsphaers’, Coceofthus, Coldosvenis®

By oene™™ 3% Membranipornd, leliyells®, Bowerbonkia®, Filicrisa”

Hiydbricks™ = Clytidf, Ganathyraed, Obella®

Paiychaste® - Spirabis, Hydroddes

Diirvallagediaes® == 5% Aot i, Ceritfinm®

Insect eggs™™ 29% Halobates™

Barnaches” "2 0% Lapad

Rhodophyts™ - Fosliein®

Fosramiinifers® - D aahyis®

Madiotaria®s - Circarthegma®

[e - Ephelata®™

Digansm goeps ffitst cohemn], eir sbwndane: and/od frequency of cocunrence {when svailsbie: s cond column], snd genesa fthind cohemn]. Bsfenences ane indicatad

by supsriaript bettery and given &1 the bottam of the table slong with approsimats ength singe of plastics examinéed. Ganera in bold indicale thaode Bt detected in

this stucy.

*This study {17-243 mml,

SZettier o &l X013 @-20 mm) [27],

“Carpenter and Smith 1972 {25-5 mm) @3],

SCarsn o sl X113 {1-10 mm) 24,

"Galdsiein o sl 2014 J-5 mm) (38

‘Gragary 1978 2-5 mm) 24],

SGmgary 1983 {1-5 mm] 1251

Cnjer =t a1 2012 -5 mm) P4

‘Gobdstein el al 2012 {1.2-65 mm] (48]

Canpenter o 8 1972 §0.1-2 mm) 23]

a1 0137 1fjowrnal pone 0100289 1001

very smmilar pits — one cmpty and one with a eell conforming its
shape}; €1 higher magmification of the plasoc surface shown in 'd’
(noie three equally spaced decp pitsh; £ polyethylene soft plasoc
with linear fractues, producng squared microplastics; g2 higher
magnification of the plasoc surface shown in T (note shallow pis
likely formed by Cocanes sp; by rounded scrape mark amilar w
the ones found cleee o the wormdike animal (see Figure Gi; Lk
sub-parallel scrape marks; j: large plastc pir likely formed by an
ey of Halobater ap.

(TIF}
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Abstract

Marine wildlife faces a growing number of threats across the globe, and the survival of many species and
populations are dependent on conservation action. One threat in particular that has emerged over the last four
decades is the pollution of oceanic and coastal habitats with plastic debris. The increased occurrence of
plastics in marine ecosystems mirrors the increased prevalence of plastics in society, and reflects the high
durability and persistence of plastics in the environment. In an effort to guide future research and assist
mitigation approaches to marine conservation, we have generated a list of 17 priority research questions based
on the expert opinions of 26 researchers from around the world, whose research expertise spans several
disciplines, and covers each of the world's oceans and the taxa most at risk from plastic pollution. This paper
highlights a growing concem related to threats posed to marine wildlife from microplastics and fragmented
debris, the need for data at scales relevant to management, and the urgent need to develop interdisciplinary
research and management partnerships to limit the release of plastics into the environment and curb future
impacts of plastic pollution.

Key words - Marine wildiife, plastic, pollution, priority, global
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Introduction

As a material, plastic has existed for just over a century (Gorman 1993) and mass production began in eamest
in the 1950s (Beall 2009). By 1988, 30 million tons of plastic products were produced annually (O'Hara et al.
1988), reaching 265 million tons by 2010 (PEMRG 2011) and accounting for eight percent of global oil
praduction {Thompson et al. 200%). Most plastic products are lightweight, inexpensive, and durable. These
defining characteristics make plastics a convenient material for the manufacture of everyday products.
However, these same atiributes make plastics a threat to ecosystems due to their persistence in terrestrial,
aquatic and marine environments. Marine litter, plastic pollution in particular, is ubiquitous and in fact the
proportion (in terms of mass) of ocean debris that is plastic increases with distance from the source (Gregory &
Ryan 1997). Plastic pollution is now recognized worldwide as an important stressor for many species of marine
wildlife and their habitats (Moore 2008).

Marine wildlife is impacted by plastic pellution through entanglement, ingestion, bioaccumulation, and changes
to the integrity and functioning of their habitats. While macroplastic debris is the main contributor to
entanglement, both micro and macro debris are ingested across a wide range of marine species. The impacis
to marine wildlife are now well established for many taxa, including mammals (Laist 1987, 1997, Page et al.
2004), seabirds (Laist 1997, van Franeker et al. 2011). sea turtles (Beck & Barros 1991, Tomas et al. 2002,
Wabnitz & Nichols 2010, Guebert-Bartholo et al. 2011, Lazar & Gratan 2011, Shuyler et al. 2013), fish
(Boerger et al. 2010, Possatto et al. 2011, Ramos et al. 2012, Dantas et al. 2013, Choy & Drazen 2013), and a
range of invertebrates (Chiappone et al. 2005). Over 170 marine species have been recorded to ingest man-
made polymers that could cause life-threatening complications such as gut impaction and perforation, reduced
food intake and transfer of toxic compounds (Muller et al. 2012). Although marine debris affects many species
{Laist 1997, Convention on Biological Diversity 2012}, there are limited data from which to evaluate the
collective impact at community and population levels, even for a single species.

Until recently, the vast expanse of the ocean coupled with the perceived abundance of marine Iife led resource
managers to dismiss the proliferation of plastic debris as a potential hazard and to overlook this significant
threat (Dermraik 2002). Researchers began studying the occurrence and consequences of macro categories of
plastic debris in coastal and marine environments during the 1970s. However, once in the marine environment,
plastics degrade and fragment into smaller pieces. Scientists are now increasingly aware that these fragments
of plastic or small virgin plastic pellets pose a substantial threat to marine biota {Carpenter & Smith 1972,
Derraik 2002, Bames et al. 2009, Ivar do Sul & Costa 2013). Since the discovery of microplastics in the North
Atlantic (Carpenter & Smith 1972, Carpenter et al. 1972) and through subsequent research on the continued
accumulation of plastic in all ocean basins (e.g. Moore et al. 2001, Law et al. 2010, Titmus & Hyrenbach 2011,
Eriksen et al. 2013), the significance of plastic pollution as a threat to marine wildlife has been increasingly
recognized at intemational (e.g. UNEP 2009) and national (e.g. Australia's Marine Debris Threat Abatement
Plan and the U.S. NOAA Marine Debris Task Force) scales. However, despite increased scientific and public
awareness, gaps in our knowledge of the prevalence and impacts of plastic pollution persist, and it remains
challenging to both better understand and mitigate the effects of this type of material on marine species and
ecosystems.

Given ongoing plastic production and the related problem of increasing amounts of plastic debris in oceans, it
is timely to identify key areas in which we need to further our understanding of plastic pollution to enable
effective mitigation of the impacts of plastic debris on marine wildlife. In a similar fashion to Hamann et al.
(2010}, Donlan et al. {2010), Sutherland et al. (2011) and Lewison et al. (2012), we develop a list of priority
research questions that could aid the control and mitigation of impacts from plastic pollution on marine wildlife
and habitats. Our study differs from previous priority setting studies because this is the first study that brings
together leading marine pollution and marine wildlife experts from around the world to address knowledge gaps
for an important threatening process impacting on marine habitats and many species of marine wildlife.
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L Methods

To quantify the global research effort on the topic of plastic pollution in the marine environment, we searched
the Scopus literature database (up to December 2013) for publications related to plastic pollution in the marine
environment using combinations of the search terms 'MARINE + PLASTIC POLLUTION', "MARINE + LITTER
and ‘'MARINE DEBRIS’. We repeated the search adding terms io allow quantification of research effort on air
breathing marine wildlife "MARINE TURTLES" or “SEA BIRDS” or "MARINE MAMMALS". From the literature
output on marine wildiife we compiled a list of 46 authors with either more than one peer-reviewed paper on
plastic poliution published between 2007 to 2012, or one or more publications cited more than five times by
others. The 46 authors were invited to suggest up to 10 priority research guestions to assist the mitigation of
plastic pollution impacts on marine wildlife and associated ecosystems.

A total of 26 (13 male and 13 female) marine scientists contributed 196 initial research questions. These
scientists were based in nine countries and represented working experience from all oceans where plastic
poliution is known to affect marine fauna and their habitats, specifically: Eastern Pacific (16% of authors),
Central Pacific (10%), Western Pacific (16%), Western Atlantic (10%), Central Atlantic (6%), Eastern Atlantic
and Mediterranean (9%), Indian Ocean (16%), Southern Ccean (10%), South Atlantic (6%). Questions were
then compiled and sorted to reduce redundancy and to create overarching categorical questions as per
Hamann et al. (2010) and Lewison et al. (2012). Based on these responses, we assembled a final list of 16
priority research questions, which are presented in no particular order of importance (see Table 1). Following
each guestion, we include a summary of information related to the guestion topic and suggestions for further
research.

Results
Literature search

Our literature search identified 561 publications from 192 scientific journals on various aspects of marine
plastic pollution (Fig. 1). Approximately half (47%) were published in Marine Pollution Bulletin. The first
publications of plastic pollution appeared in the scientific literature in the 1960s, and by the mid-1980s marine
ecologists were starting to acknowledge that plastic debris in the ocean would have significant long-term
impacts on marine ecology (see Shomura and Yoshida 1985 and the special edition of Marine Pollution
Bulletin 1987, volume 18, 6B). Of the 561 publications, 143 were related to interactions of marine plastic
pollution with air-breathing marine species. In addition, the Proceedings of the First International Marine Debris
Conference included 11 abstracts documenting marine plastic pollution interactions with marine wildlife
(Shomura & Yoshida 1985). Some of these were likely published in subsequent peer-reviewed literature. The
earliest paper on the impacts of plastic poliution on wildlife reporied a gannet (Sula bassana) with a yellow ring
of plastic coated wire around its leg (Anon 1955), however, from the account provided it is not possible to
determine whether it was a case of entanglement or a deliberate banding. We found the earliest accounts of
ingestion were published in 1969, documenting seabirds consuming plastic (Kenyon & Kridler 1969). In the
early 1970s, the first accounts of microplastics at sea emerged in the Atlantic Ocean (Carpenter et al. 1972,
Carpenter & Smith 1972, Gochfeld 1973, Rothstein 1973, Hays & Cormons 1974) and the first interactions
between microplastics and marine mammals and sea turtles were published in 1978 (Waldichuk 1978) and
1987 (Carr 1987) respectively, although records with marine turtles were reported in the first marine debris
symposium (Balazs 1985). It is possible that we missed some of the early literature or literature contained in
journals that are not indexed by online databases. However, it is evident that since the 1970s, and particularly
since year 2000, there has been an increasing trend in the number of publications on plastic poliution and its
relationship to marine ecosystems (Fig. 1).
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Table 1. Summary table of priority research guestions

Global research priorities to mitigate plastic pollution impacts on marine wildlife

i 1

2.

8.

9.

What are the impacts of plastic pollution on the physical condition of key marine habitats?

What are the impacts of plastic pollution on trophic linkages?

. How does plastic pollution contribute to the transfer of non-native species?

. What are the species-level impacts of plastic pollution, and can they be guantified?

. What are the population-level impacts of plastic pollution, and can they be quantified?
. What are the impacts of wildlife entanglement?

. How will climate change influence the impacts of plastic pollution?

What, and where, are the main sources of plastic pollution entering the marine environment?

What factors drive the transport and deposition of plastic pollution in the marine environment, and

where have these factors created high concentrations of accumulated plastic?

10. What are the chemical and physical properties of plastics that enable their persistence in the marine
environment?

11. What are some standard approaches for the quantification of plastic pollution in marine and coastal
habitats?

12. What are the barriers to, and opportunities for, delivering effective education and awareness
strategies regarding plastic pollution?

13. What are the economic and social effects of plastic pollution in marine and coastal habitats?

14. What are the costs and benefits of mitigating plastic pollution, and how do we determine viable
mitigation options?

15. How can we improve data integration to evaluate and refine management of plastic pollution?

16. What are the alternatives to plastic?
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Priority research questions
1. What are the impacts of plastic poliution on the physical condition of key marine habitats?

Plastic pollution now impacts all marine and coastal habitats to varying degrees. In particular, there are
substantial empirical data identifying, and in some cases quantifying, the impacts of plastic and other debris in
oceanic waters, on the sea floor, on sandy beaches and in other coastal environments (Fig 2). It is also clear
that effects onh-lhamtal condition are not uniform, and depend on the ecological, economic and social value
aitributed to the habitat, the physical environment, and the type, size, accumulation and/or degradation rates of
plastic. In addition, there is substantial spatial and temporal variation in accumulation patterns, polymer type
and source of plastics (e.g. Willoughby et al. 1997, Ribic et al. 2010, Eriksen et al. 2013).

Quantifying the impact of plastic pollution on the physical condition of habitats has received little attention (but
see Votier et al. 2011, Bond and Lavers 2013, Lavers et al. 2013, Lavers et al. 2014) relative to impacts of
plastic pollution on organisms (e g. Derraik 2002, Gregory 2009). However, in intertidal habitats, accumulation
of plastic debris has been shown to alter key physico-chemical processes such as light and oxygen availability
{Goldberg 1997) and temperature and water movement (Carson et al. 2011). This leads fo alterations in
macro- and meiobenthic communities (Uneputty & Evans 1997) and interruption of foraging pattemns of key
species (Aloy et al. 2011). On sandy beaches, the occurrence of microplastics may change permeability and
temperature of sediments with consequences for animals with temperature-dependent sex-determination, such
as some reptiles (Carson et al. 2011). In addition, heavy fouling can lead to loss of important biogenic habitat,
which may have considerable flow-on effects to broader ecosystem processes (Smith 2012). Large plastic
debris may change the biodiversity of habitats locally by altering the availability of refugia and providing hard
surfaces for taxa that would otherwise be unable fo settle in such habitats (Katsanevakis et al. 2007). Similar
observations have been made in subiidal habitats, including the deep sea (Watters et al. 2010, Schilining et al.
2013).

In tropical and subtropical shallow-water coral reef habitats decline in the condition of corals has been
attributed to progressive fouling caused by entangled fishing line, as well as direct suffocation, abrasion and
shading of fouled colonies caused by nets (Yoshikawa & Asoh 2004, Richards & Beger 2011). This may
contribute to ecological phase-shifis at heavily affected sites (Asch et al. 2004, Yoshikawa & Asoh 2004,
Richards & Beger 2011). Taxa with branching morphologies (e.g. gorgonians, spenges, milleporid and
scleractinian corals, macroalgae and seagrass) are most likely to be affected by entanglement. While some
taxa may be able to overgrow entangling debris, it is unclear how this may affect their integrity, longevity, and
resilience to change (Chiappone et al. 2005, Smith & Hattori 2008).

Overall there is a general bias toward studies reporting on impacts of plastic pollution on the condition of sandy
beaches and urban coastlines, and less knowledge on the condition of other habitats (e g estuaries,
mangroves, benthic habitats, deep sea zones), especially those in remote areas with limited human access.
Hence, advancing knowledge about how plastic pollution impacts the condition of diverse marine habitats
remains a priority. Useful starting points would be 1) field based experimental research that either documents
change in condition/ function of habitats or establishes thresholds of concern that can be then used as
indicators for menitoring and 2) Design and testing of survey techniques to determine baseline condition and/or
changes to condition in remote or difficult to access habitats. These could include the application of rapid
assessment techniques, remote sensing or citizen science. Fulfilling these knowledge gaps is important
because information on habitat condition can assist management agencies in quantifying the degree of impact,
setting priorities, and implementing mitigation.

2. What are the impacts of plastic pollution on trophic linkages?

Ingestion of microplastic has been reported in almost every level of the marine food web, from filter-feeding
marine invertebrates (Wright et al. 2013), to fishes (Choy & Drazen 2013, Boerger et al. 2010), seabirds, sea
turtles and marine mammals (Fig 3, see Q4, and 5). Plankion and plastic pariicles <333 pm in size co-occur in
marine systems and smaller (<100 pym) diameter polymer fibers have been identified in sediments suggesting

6
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J"Lhal plastics exposure is occurring at the base of the food web (Thompson et al. 2004, Browne et al. 2011).
Recent studies have identified impacts to marine inveriebrates associated with foraging on nano- and
microparticles of polystyrene (Wegner et al. 2012, Besseling et al. 2013) and laboratory studies have
demoenstrated and examined plastic ingestion by zooplankton {e.g. De Mott 1988, Bern 1990, Cole et al. 2013).
There is also recent evidence that ingested microplastics can bridge trophic levels into crustaceans and other
secondary consumers (Farrell & Nelson 2013). Furthermore, recent research has detected plastic-derived
compounds in the tissues of seabirds that had consumed plastics (Lavers et al. 2013, Tanaka et al. 2013,
Lavers et al. 2014; see Q4,5).

When taken in conjunction, it is clear that plastic pollution is impacting food webs through ingestion and
bioaccumulation of particles and toxic chemicals and thus is likely to be influencing ecosystem processes in
ways that have yet to be elucidated. In particular, there is a need to better understand the influence of nano-
and microplastics on zooplankton and planktivorous species (especially in a natural seiting), the role(s) of
plastic ingestion at several trophic levels in the transfer of organic pollutants along the food chain, and the
influence of plastic pollution on epipelagic ecosystems (e.g. Ryan & Branch 2012, Setala et al. 2014). Fulfilling
these knowledge gaps will require developments in both field and laboratory science. From a laboratory
research perspective useful starting points would be improving knowledge of plastic chemistry and the fate of
chemicals in biological systems as well as thresholds of concem. From a field science perspective more
knowledge is needed about rates and patterns of accumulation; a starting point could be the development of
biclogical indicators, such as investigating the use of "plastic in fish-gut treatments” (e.g. on large factory
trawlers) that have low-labor inputs but sample large numbers of planktivorous fish with acceptable precision
and measurable variance.

3. How does plastic pollution contribute to the transfer of non-native species?

A number of transport mechanisms exist for the transfer of marine species to non-native environments, such
as hull fouling, ballast water, aquaculture, dry ballast, rafting, and the aquarium trade (Crensanz et al. 2002,
Hewitt et al. 2004a,b, Haydar 2012). However, relatively liftle is known about species rafting (as biofouling) on
plastic debris or non-native bacterial biofouling of plastics (i.e. biofilms) (vet see Winston et al. 1997, Lobelle &
Cunliffe 2011). Introduced species have a higher propensity to foul man-made substrates, such as plastics
(Whitehead =t al. 2011}, than native species (Wyatt et al. 2005, Glasby et al. 2007, Tamburri et al. 2008).
Couple this propensity with the durability and persistence of plastics, and the likelihood of plastics transporting
non-native species increases substantially. Consequently, species that have a propensity to foul plastic will
have a greater likelihood of dispersing further by rafting or hitchhiking on debris.

A wide range of species is known to foul debris, and the level and composition of fouling of debris varies
spatially and temporally (e.g. Ye & Andrady 1991, Artham et al. 2009) with the type of substrate and the
distance from source areas {(and hence residence time at sea). For example, Whitehead et al. (2011)
determined that of stranded debris in South Africa, kelp and plastics were the most frequently colonized (33%
and 29%, respectively). In contrast, Widmer and Hennemann (2010) reported that only 5% of marine debris
was biofouled in southern Brazil (27°S), of which 98% of items were plastic (Widmer & Hennemann 2010).

To date, relatively few published articles have focused on rafting of introduced species on plastic debris.
Although the biomass of fouling species carred by plastic debris is far less than that carried on the hulls of
ships (Lewis et al. 2005), debris represents a large amount of surface area available for colonization. A key
starting point would be to quantify the potential and actual contribution of rafting on plastic debris for the
primary introduction of a species into a new region and then the secondary spread within that region. Another
key area that warrants further investigation is to better understand the transport of non native biofilms,
molecular science could offer a useful starting point (Barnes & Milner 2005, Lewis et al. 2005, Goldstein et al.
2012).
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4. What are the species-level impacts of plastic pollution, and can they be quantified?

Plastic pollution affects marine species of all trophic levels, ranging from zooplankton to whales (Laist 1987,
Passow & Alldredge 1999, Jacobsen et al. 2010). Both macro and micro plastic debris can affect individual
species ejther through ingestion or entanglement {inciuding entrapment) (Day et al. 1985, Laist 1987, Moore
2008, Ceccarelli 2009, Schuyler et al. 2012, Kaplan-Dau et al. 2009) (see Q6). Large plastic debris items, such
as rope, cargo straps, fishing line, fishing pots and traps, and net, are the main contributors to entanglement,
while both whole and fragmented micro and macro plastic debris is ingested across at least 170 marine
vertebrate and invertebrate species (Carr 1987, Laist 1987, Bjorndal et al. 1994, Derraik 2002, Ceccarelli 2009,
Boerger et al. 2010, Jacobsen et al. 2010, Baulch & Perry 2012, Fossi et al. 2012, Schuyler et al. 2012,
Besseling et al. 2013). In general, the size of ingested plastic items is related to body size (e.g. Fumness 1985,
Ryan 1987) and ontogenetic phase (Ramos et al. 2012, Dantas et al. 2013). The degree of impact is likely
related to the size, shape, and quantity of the ingested items and a range of physiological, behavioral, and
geographical factors.

Ingestion effects include gut perforation, gut impaction, dietary dilution, toxin introduction, and interference with
development (Ryan 1988a, Bjorndal et al. 1994, McCauley & Bjorndal 1999, Mader 2006, Teuten et al. 2009,
van Franeker et al. 2011, Gray et al. 2012, Tanaka et al. 2013). Importantly, swallowed plastic does not need
fo be large in quantity to cause serious injury to an animal (Bjorndal et al. 1994). Gastrointestinal perforation
caused by swallowed hooks and hard plastic can cause chronic infection, septicaemia, pertonitis,
gastrointestinal motility disorders, and eventual death (Day et al. 1985, Jungling et al. 1994, McCauley &
Bjorndal 1999, Cadee 2002, Guebert-Bartholo et al. 2011). Impaction of the gastrointestinal tract affects many
species,; the offending blockage can paralyze the gastrointestinal tract, inhibit the digestive process, and result
in symptoms such as bloating, pain, necrosis, and mechanical abrasion or blockage of absorptive surfaces in
the digestive tract (Mader 2006). Nutrient dilution is the result of a reduction of nutritious food intake due to
ingestion of non-nutritive and space-occupying plastic reducing fitness and affecting both adult and juvenile
animals (Day et al. 1985, Ryan 1938a, Bjorndal et al. 1994, Auman et al. 2004, McCauley & Bjomndal 1999,
van Franeker et al. 2011, Gray et al. 2012).

Some species are more susceptible than others to the ingestion of marine debris. For example, sea turiles are
particularly susceptible due to their feeding sirategies (i.e. some specialize on jellyfish for which floating debris
may be mistaken), as well as downward facing papillae on their esophageal mucosa that have evolved to allow
efficient ingestion of food but that inhibit the ability of sea turtles to regurgitate (Wyneken 2001). Seabirds,
especially those that feed in oceanic convergence zones, consume plastic debris directly, but also feed it to
their chicks (Ryan 1988ab, Cadee 2002, Moore 2008, Ryan 2008, van Franeker et al. 2011, Kuhn & van
Franeker 2012, Verlis et al. 2013). Species that are adapted to regurgitating indigestible dietary items like
squid beaks may off-load ingested debris, but species that lack these adaptations are more vulnerable to the
effects of cumulative ingestion (Ryan 1988b). A useful starting point for managing species-plastic interactions
could be a review that quaniifies the risk each species faces within a global setting. A proxy for this review
could be the mean load size of ingesied plastic as a propertion of body mass or identification of long-term
tfrends (e.g. Schuyler etal. 2013).

Causes of ingestion and entanglement need to be better understood across most marine species impacted by
plastic pollution. Many studies on plastic consumption have shown species-based preferences for different
colors, tastes, types, and sizes of debris, but evidence remains largely speculative (Day et al. 1985, De Mott
1988, Ryan 19687, Bjomndal et al. 1994, Bugoni et al. 2001, CIiff et al. 2002, Colabuono et al. 2009, Mrosovsky
et al. 2009, Boerger et al. 2010, Denuncio et al. 2011, Gray et al. 2012, Schuyler et al. 2012, Lavers et al.
2014). Current hypotheses for why animals consume marine debris include mistaken identity (mimicking
natural prey items), curiosity/play and failure of distinction (plastic debris mixed with normal dietary items)
(Balazs 1985, Eriksson & Burton 2003, Schuyler et al. 2012). These hypotheses need more testing across a
wide range of species and would constitute a useful starting point for future field and laboratory research.
Furthermore, because the size categories and definitions for macro and micro debris vary in the literature a
review (with recommendations) of ecologically relevant size classes for plastic items. in light of research
findings such as overlap with plankton size ranges, would be useful (Eriksson & Burton 2003, Cole et al. 2011).
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5. %hat are the population-level impacts of plastic pollution, and can they be quantified?

Details of long-term survivorship impacts from marine debris are poorly known, and the links between plastics
and their harmful effects at the population level are not clear. Notably, survival and reproductive rates of
Laysan albatrosses (Diomedea immutabilis) from the early 1960s on Midway are virtually identical to rates
today, despite increases in the rates of plastic ingestion (Fisher 1975, van der Werf & Young 2011). For most
species it is challenging to identify even the proportion of individuals impacted, let alone the population
mortality rate attributable to plastic ingestion. Furthermore, most studies look at lethal impacts, as sub-lethal
impacts to populations are likely to be harder to identify (Bauich & Perry 2012).

A further area of concern is the potential toxicological effect of plastic on growth rates, survivership and
reproduction, all of which are important areas for population stability. Plastic marine debris contains not only
potentially harmful plasticizers incorporated at manufacture (Meeker et al. 2009), but plastics can adsorb and
accumulate additional toxic chemicals such as PCBs and heavy metals from seawater (Mato et al. 2001,
Ashton et al. 2010, Holmes et al. 2012, Rochman et al. 2014 and see Q15, 16). Tagatz et al. (1986) showed
that high concentrations of dibutyl phthalate, a commonly used plasticizer, significantly affected the
composition and diversity of macrobenthic communities. While chemicals can leach into the tissues of wildlife
that ingest plastic(Teuten et al. 2009, Tanaka et al. 2013, Lavers et al. 2014) quantification of population scale
effects warrants further research. Animals exposed to compounds such as phthalates and BPA showed
adverse impacts on reproductive functionality, parficularly during developmental stages (Talsness et al. 2009),
and exposure to chemicals in ingested plastic has led to hepatic stress in fish (Rochman et al. 2013a).
Adsorbed chemicals from ingested plastics such as DDTs, PCBs, and other chlorinated hydrocarbons may
decrease steroid levels and lead to delayed ovulation (Azzarello & VanVieet 1987). The potential function of
plasticizers as endocrine disruptors has been hypothesized to have resulted in a disproportionately high level
of mortality in female fulmars (Fulmarus glacialis) during a 2004 stranding event (van Franeker et al. 2011,
Bouland et al. 2012). However, the links between plastic ingestion and population drivers such as reproductive
timing and female survivorship have yet to be shown conclusively.

To understand the long-term, population-scale impacts of plastic pollution, it is critical to assess plastic impacts
on life history traits such as fecundity, reproductive success, mortality rates, and even potential behavioral
changes which might influence courtship, migration, and other reproductive activities. Useful starting points for
research would be quantifying baseline levels of chronic and acute exposure and the degree of both direct and
indirect impact. Doing this will require both field and laboratory based physiology and ecology and the design
of monitoring programs fo ensure that relevant tissue samples and environmental information are collected.
Furthermore, quantifying the magnitude of impacts on different populations and life stages (e g entanglement
vs._ ingestion; physical blockages vs. perforations vs._ toxicological effects, and how the magnitude of these
impacts compares with other stressors) would improve efficacy of various management approaches.

6. What are the impacts of wildlife entanglement?

Marine debris entanglement is now an intemnationally recognized threat to marine taxa (Shomura & Yoshida
1985, Kaplan-Dau et al. 2009, Gilardi et al. 2010, Allen et al. 2012) with at least 135 species recorded as
ensnared in marine debris including sea snakes, turtles, seabirds, pinnipeds, cetaceans and sirenians (Laist
1997, Possatto et al. 2011, Udyawer et al. 2013). Wildlife become entangled in everything from monofilament
line and rope to packing straps, hair bands, discarded hats, and lines from crab pots. Entanglement effects
include abrasions, lesions, constriction, scoliosis (Wegner & Cartamil 2012), or loss of limbs, as well as
increased drag, which may result in decreased foraging efficiency (Feldkamp 1985, Feldkamp et al. 1989) and
reduced ability to avoid predators (Gregory 1991, 2009). To date, there are scant data overall to provide a
global estimate of the number of animals affected by entanglement, mostly because reports are either
restricted to opportunistic observations of animals or are from heavily visited coastal regions. Given that we
likely observe only a small fraction of entangled or injured wildlife (e_g. scaming, BDH pers. obs_), actual or total
rates of wildlife entanglement are not known.

Entanglement is a key factor threatening survival and persistence of some species (see Q1, Henderson 2001,
Boland & Donohue 2003, Karamanlidis et al. 2008), including the northern fur seal (Callorhinus ursinus, Fowler
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1987) and endangered species such as Hawaiian and Mediterranean monk seals (Monachus sp.) (Votier et al.
2011). Among marine mammals there are important age-class drivers of entanglement rates; for example, in
pinnipeds, younger animals (e.g. seal pups and juveniles) may be more likely to become entangled in nets,
whereas subaduits and adults are more likely to become entangled in line (Henderson 2001). In general,
younger, immature animals are more often reported as entangled, at least in pinniped studies for which age
class is reported (Fowler 1987, Hanni & Pyle 2000, Henderson 2001). Ghost nets also ensnare cetaceans,
turtles, sharks, crocodiles, crabs, lobsters, and numerous other species (Poon 2005, Gunn et al. 2010, Wilcox
et al. 2013).

Overall, we lack sufficient information to determine whether injury and mortality from incidental entanglement
has population-level effects on many marine species (Gilman et al. 2006). A priority research avenue is to
investigate whether most entanglement occurs when wildlife encounters lost, abandoned, or derelict fishing
gear, or ‘ghost nets', and if there are spatial and temporal links to species entanglement in derelict fishing gear
and other forms of plastic debris._ If so these could have implications for fisheries management as the amount
of fishing gear lost to the ocean is estimated to be 640,000 tons per year (Macfayden et al. 2009) and retrieval
of nets has considerable financial, environmental and safety implications (Gilardi et al. 2010).

7. How will climate change influence the impacts of plastic pollution?

Changes to sea level, atmospheric and sea surface temperatures, ocean pH and rainfall patterns are each
associated with global climate change. These factors will alter biophysical processes that in turn will influence
the source, transport and degradation of plastic debris in the ocean. Coastal cities and towns represent one of
the main sources of plastic pollution, serving as point sources for the flow of plastic into the sea via urban and
natural drainage systems (e.g. Faris & Hart 1994). Changes to precipitation patterns could alter the rate and
periodicity of plastic pollution transport into the sea and/or change the functionality of storm water filters and
trash guards, reducing the ability of these systems to remove solid debris before it enters the ocean.
Additionally, sea level rise and the increased frequency and duration of severe weather events may inundate
waste disposal sites and landfills. Storms and rising sea levels also release litter buried in beaches and dune
systems. These factors could lead to larger amounts of plastic debris deposited into the marine ecosystem
through runoff, and may introduce toxic materials into the marine environment (Derraik 2002). Thiel and Haye
(2006) discuss the importance of extreme weather events, such as intense hurricanes/cyclones, for
transporting organisms and pollutants into and through oceanic systems. Overall, the pattern of extreme
weather events is expected to change, potentially affecting the transfer of plastic pollution, and possibly, non-
native, invasive species (see Q3).

Ocean currents and gyres play a significant role in the distribution and concentration of floating marine plastics
(Lebreton et al. 2012). Alterations in sea surface temperatures, precipitation, salinity, terrestrial runoff, and
wind are likely o influence the speed, direction, and upwelling or downwelling patterns of many ocean
currents. This could, in turn, influence areas of plastic accumulation and spread plastics to previously less
affected regions, altering exposure rates of marine wildiife. For example, changes to the currents interacting
with the Southem Ocean may lead to the transport, establishment and spread of plastics and/or invasive
species into areas such as Antarctica (lvar do Sul et al. 2011). In addition, changes to ocean circulation could
cause further damage to benthic environments through increased deposition of plastic onto the sea floor,
altering the composition of normal ecosystems and causing anoxic or hypoxic conditions (Goldberg 1997).

It is clear that the impacts of climate change will vary temporally and spatially, and will affect the environment
in a variety of ways. The interaction of climate change and other ecosystem stressors is an important area of
research, but how climate change affects plastic pollution has yet to be investigated.

B. What, and where, are the main sources of plastic pollution entering the marine environment?
Sources of plastic pollution are extensive and are generally categorized as being either ocean- or land-based
(Sheavly & Register 2007), with land-based debris recognized as the most prevalent (Gregory 1991, UNESCO
1994, Nollkaemper 1994). Land-based debris generally originates from urban and industrial waste sites,
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sewage and storm water outfalls, and terrestrial litter that is transported by river systems or left by beach users
(Wilber 1987, Pruter 1987, Karua 1992, Williams & Simmaons 1997, Santos et al. 2005, Corcoran et al. 2009,
Ryan et al. 2009, Campbell 2012, O'Shea et al. 2014). Consequently, large urban coastal populations are the
main source of debris (Cunningham & Wilson 2003) entering the marine environment and advected elsewhere
by ocean currents (Martinez et al. 2009). Ocean-based marine debris is material either intentionally or
unintentionally dumped or lost overboard from vessels (including offshore oil and gas platfiorms) and includes
fishing gear, shipping containers, tools, and equipment (Jones 1995, Santos et al. 2005). Specific fishing-
refated debris includes plastic rope, nets (responsible for ‘ghost fishing’, Cotlingham 1988), monofilament line,
floats, and packaging bands on bait boxes (Jones 1995, Ivar do Sul et al. 2011).

Currently we lack sufficient understanding of the sources of plastic pollution at management-relevant scales,
such as catchments, municipal areas or coastal areas. If it were possible for managers to identify the step(s)
along the product disposal chain where plastic is being lost to the environment, targeted mitigation approaches
could be implemented. This would likely enable cost-efficient and successful management. A key starting point
for research could include; research and development of new technologies for processing waste, design and
evaluation of alternate packaging types or sirategies, infrastructure to prevent waste from entering the
environment, technigues to remove plastic from the environment, improving the ability to recycle waste.
Especially in developing nations andfor remote towns and communities or the development of rapid
assessment techniques to identify polymer types (see @11,12,13). In addition, in areas with predictable rainfall
patierns (i.e. locations with distinct wet seasons), research and monitoring could focus on understanding and
mitigating impacts of urban storm-water and riverine loads entering the marine environment during the “first
flush”.

9. What factors drive the transport and deposition of plastic poliution in the marine environment, and
where have these factors created high concentrations of accumulated plastic?

In the mid-1980s, Archie Carr described the convergence zones in the Atlantic as white lines of expanded
polystyrene and likened the plastic debris littering the Torfuguero Beach in Costa Rica to hailstones (Camr
1986, 1987). It is now clear that plastics are distributed throughout the world's oceans, deposited on most
coastlines, and found in very remote areas including the deep sea (e.g. Convey et al. 2002, Eriksson & Burton
2003, Barnes et al. 2009, see Q8). The diverse physical and chemical nature of plastic polymers affects
buoyancy, and thus influences transport and distribution of plastics in the marine water column. Transport
mechanisms and the location of sources and sinks have been a research area of interest for some time.
Indeed, a one-day workshop focusing on this topic was held at the 5 International Marine Debris Conference
in Hawaii (Law & Maximenko 2011). Recent approaches fo understanding the transport of debris have used
combinations of ocean circulation models including Lagrangian particle tracking (Lebreton et al. 2012,
Maximenko et al. 2012, Potemra 2012, Van Sebille et al. 2012, Carson &t al. 2013) and direct tracking (e.g.
using aircraft or satellites) of ghost nets (Wilcox et al. 2013, Pichel et al. 2012) and debris from the 2011
Japanese tsunami (Lebreton & Borrero 2013). Central to these recent approaches has been the rapid
improvement of computing power, as well as GIS and remote sensing technology (Hamann et al. 2011).

To date, most models have been developed at large scales (global, ocean or basin): there is now a need for
researchers to develop localized models to better understand near-shore transport mechanisms at scales
relevant to management, such as state or national levels (e.g. Potemra 2012, Carson et al. 2013, O'Shea et al.
2014). Furthermore, the identification of sinks, not only for pollution within the water column, but also for
benthic debris (Schlining et al. 2013), especially in relation to key habitat areas for marine wildlife (such as
foraging areas, migration pathways and breeding sites) is needed. First steps could be the refinement of
existing high-resolution hydredynamic models and combining these models with satellite or aerial imagery, in
order to understand river input, wave and wind drag influence on fransport, beaching and washing of debris
back into the water. This could include testing the influence of wind drag on plastic with different degrees of
buoyancy and the use of 3D hydrodynamic models to improve modeling of the movement of less buoyant
plastics.
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10. What are the chemical and physical properties of plastics that enable their persistence in the
marine environment?

Plastics absorb ultraviolet (UV) radiation and undergo photolytic, photo-oxidative, and thermo-oxidative
reactions that result in degradation of their constituent polymers (Gugumus 1993, Andrady et al. 1998). The
rate and process of various types of degradation of synthetic polymers is likely to depend upon a number of
factors, including the bonds present within the material and the amount of light, heat, ozone, mechanical
stress, or number of microorganisms present. Overall, the structure of a polymer determines its surface area,
degree of crystallinity, polymer orientation, material components, accessibility to enzymes, presence of
additives and degree of persistence in the environment. The polymer structure is thus critical in determining
degree of theymaterial's biodegradability (Palmisano & Pettigrew 1992). However, there are limited data to
make conclusions about biodegradability for most polymer types. Additionally, fittle is known about how
physical properties such as weight and shape determine whether or not plastics will float or be air-driven, and
how long they will persist as surface pollution before sinking.

Environmental factors affecting the persistence of plastics in the environment include physical and chemical
factors such as wind and wave exposure, pH, temperature, sediment structure, oxidation potential, moisture,
nutrients, oxygen, and the presence of inhibitors. Microbiclogical factors are also likely to affect the
biodegradability of plastics and these will be influenced by the distribution, abundance, diversity, activity, and
adaptation of microorganisms (Palmisano & Pettigrew 1992) Additionally, activities of macrofauna, such as
maceration of plastics by insects or rodents, and potentially fish, may influence the rate of biodegradation by
increasing the surface area available for colonization by microorganisms.

Research has also demonstrated that plastic pellets can adsorb hydrophobic compounds such as persistent
organic pollutants (POPs) from the water (Mato et al. 2001, Teuten et al. 2007, Karapanagioti et al. 2011,
Holmes et al. 2012). The degree to which plastics adsorb organic pollutants from the water is likely to depend
on the underlying chemical structure This also underpins the resilience and durability of the plastic once in the
environment, and when it breaks down, its degree of buoyancy (Cooper & Corcoran 2010). There are likely
strong links between the chemical and physical properties of the plastic and its persistence in the marine
environment, yet for most polymers, these links remain to be quantified.

Research is needed to better understand the effects of different degradation products from plastic polymers on
marine wildlife. There is a need for further information on the interactions between molecular structure and
physical form of plastics (including biodegradable plastics), methods of microbial attack, and environmental
factors influencing degradation. A key area to start would be to understand which of the polymer types have
the greatest impact on marine wildlife, and then to determine the physicochemical factors that influence the
polymer degradation in order to identify steps in the manufacturing process that might be altered to reduce the
generation of these polymer types. Such an understanding is critical when conducting life cycle assessmenis
for products and common types of waste and in developing risk or threat abatement strategies. Hence this
remains a key knowledge gap with substantial scope for future research.

11. What are some standard approaches for the quantification of plastic pollution in marine and coastal
habitats?

Understanding rates and patterns of dispersal, accumulation and abundance of plastic in the environment is an
important step toward understanding habitat and species vulnerability. However, comparisons among regions
(and among studies in the same region) are handicapped by a lack of uniformity in approach to quantification
(Ryan et al. 2009). A particularly common problem is the failure to standardize, or even report, the lower size
range of litter items sampled, with drastic implications for resultant density estimates (Ryan 2013).

One established method of following changes in marine plastic abundance is by regular shoreline (strand-line)
surveying (Cheshire et al. 2009). Although commonly employed, the technique has many challenges (Ribic &
Ganio 1996, Velander & Mocogni 1999). The first is that the human propensity to stroll along beaches and pick
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up litter is both common and laudable. More challenging factors affecting beach surveys are the local
processes that affect beach debris deposition, such as tides, wave surge, wind speed, and direction, all of
which increase the temporal and spatial variances of beach surveys, making change (e g. due to mitigating
actions) harder to detect (Ryan et al. 2009, Kataoka et al. 2013). Though not commonly done on a daily basis,
collection of debris each day can provide improved variance estimates (Eriksson et al. 2013, Smith and Markic
2013). Despite being challenging, shoreline cleanups can be used to increase social awareness of the issue,
identify particular plastic items to target mitigation efforts (e.g. uncut strapping bands, six-pack beverage rings,
plastic pellets and weather balloons) and if done systematically, provide a comparative baseline on distribution,
abundance and accumulation of plastic debris (Edyvane et al. 2004, Ribic et al. 2010, 2011, 2012a, Wilcox et
al. 2013, Rosevelt et al. 2013, Thiel et al. 2013, Eriksson et al. 2013). Improving data collection from beach
surveys and ensuring that data collection is useful for managers will require an improved understand how local
circulation and weather patterns (e.g. tide cycle, wind strength and direction, and storms) affect the number
and type of plastic marine debris items that wash ashore and are washed back into the water (i.e. can be
bounced along a coastline).

While debris loads on shore can reflect debris loads in coastal waters (Thiel et al. 2013), understanding debris
loads in the open ocean is challenging due to economics (e.g. ship costs for dedicated surveys) and the spatial
area for surveying (Morishige et al. 2007). However, these issues could be at least partially overcome by
implementation of techniques that use ships of opportunity (Ryan 2013, Reisser et al. 2013), which have been
used successfully for continuous at-sea monitoring of parameters such as chlorophyll, salinity, and even
zooplankton. Regular data flows from instruments deployed on commercial vessels that agree to participate
could be used to monitor plastic pollution loads. Additionally, it is possible that relatively “low-tech” sampling
can be developed to access materials filtered from seawater intakes for engine cooling water used by shipping,
ballast water sampling protocols that have been developed may be a reasonable starting point for this. Also,
field techniques currently used for biological oceanographic studies could be refined or developed to quantify
debris loads, particularly microplastics, e.g. plastic debris can be quantified in known volumes of sea water
sieved by neuston net, plankton net or even by known surface areas and depths sampled by other means such
as by pump (e.g. Hidalgo-Ruz et al. 2012, Howell et al. 2012, Eriksen et al. 2013). Larger macroplastic items
(too large to be sampled by nets) can be surveyed with ship-based or aerial surveys (e.g. Lecke-Mitchell &
Mullin 1997), though understanding the many biases associated with these types of surveys for plastic marine
debris needs development (Ryan 2013). There may be future possibilities in using satellite imagery of the sea
surface to estimate the abundance of debris and also o characterize the wavelength reflectance of plastics to
distinguish them from foam and organic materials.

Irrespective of the habitat being sampled the greatest limitation to the quantification of marine plastic debris
loadings remains its general dependence on the human eye. While many other disciplines overcome similar
challenges to provide quantitative measures, avenues for future research would be to improve the way data on
plastic pollution is collected by visual cues, refinement of sampling techniques for fragmented plastic poliution
and development of a quantitative “characteristic chemical signature” analysis systems for plastic polymers.
These would expand our understanding of the ubiquity of plastic items and their potential impact on marine
wildlife.

12. What are the barriers to, and opportunities for delivering effective education and awareness
strategies regarding plastic pollution?

Public concern over marine debris received a tremendous boost after the 1999 discovery of a region in the
North Pacific in which plastic litter was accumulating, later termed the “Great Pacific Garbage Patch” (e.g.
Moore et al. 2001, Moore 2008). By the mid-2000s the sensationalized media portrayal of a mythical floating
island of plastic waste created a wave of outrage against the amount of plastic in the ocean. The plastics
industry, environmental organizations, legislators wishing to calm constituents, and entrepreneurs of all Kinds
raced to understand and explain the problem and solutions on their own terms, creating a glut of
misinformation about the size, contents, source, and fate of plastic in the ocean. Media strategies have ranged
from dozens of short films, to a variety of advertising campaigns aired on television, the web, billboards, and in
print. While it is clear that traditional and social media can work in tandem to distribute a story widely, research
in the health sector is demonstrating that more emphasis should be placed on the outcome evaluation of
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comimunication strategies (Schneider 2006).

Delivery of an education and awareness strategy to minimize current and future impacts of plastic pollution on
marine wildlife and their habitats requires developing and distributing messages aimed at altering human
behaviors associated with the manufacture, purchase, use, and disposal of plastic products. The message
needs to be built on a communication and interpretation science, accurate scientific information and delivered
to the public and decision makers through traditional and social media, conferences, popular press, websites,
and advertising. However, the provision of information is only part of the solution (Bates 2010, Weiss et al_
2012). A key role for research in developing and communicating education and awareness strategies involves
—developing and testing incentives aimed at inducing effective behavior change. There is a substantial body of
empirical literature on eliciting behavioral change in the public health and environmental sectors (see review by
Darnton 2008). However, few studies relate specifically to minimizing plastic pollution (see Slavin et al. 2012
for a focus on marine debris, including plastics). As a starting point, there is a need for researchers to test the
models used in environmental psychology (e g. theory of planned behavior, Ajzen, 1991), environmental
economics (see Butler et al. 2013), persuasive communication (see Ham et al, 2008) and social marketing
(e.g. Peattie & Peattie 2009) to understand factors that will influence changes to behavior and how to test the
effectiveness of marine debris campaigns. It is impertant to involve these disciplines because they directly
inform a greater understanding of the barriers and opportunities that drive human behavior and governance, as
well as determining the costs versus benefits of these changes.

13. What are the economic and social effects of plastic pollution in marine and coastal habitats?

One of the more obvious knowledge gaps for plastic pollution mitigation relates to social and economic
aspects. Indeed, less than 5% of the relevant literature (i.e_ in Fig 1) comprises social or economic studies {but
see Nash 1992, Mcligorm et al. 2011). Changes to the condition of natural assets due to plastic pollution can
influence social and economic systems by altering environmental quality for future generations (e.g. beach
litter, Balance et al. 2000), decreasing the value of ecosystem services, and potentially causing negative health
implications (Talsness et al. 2009). The cleanup of existing debris, which can be very costly, often falls on local
authorities and environmental organizations, and often relies heavily on volunteer workforce. For example the
cost of debris-related damage to marine industries in the Asia-Pacific rim and in Sweden were recently
estimated at US51.26 billion and USS$3.7 million per annum, respectively (Hall 2000, Mcllgorm et al. 2011).
Power companies in Europe report spending more than US3%75,000 each year to keep their water intake
screens clear of debris. However it is not clear how many intakes are screened (Hall 2000).

Research is needed to examine the direct and indirect costs and benefits of plasiic manufacture, use and
disposal, and relative comparisons between the use of plastic and alternative materials. Useful starting points
for this research could include surveys of people regarding the use and disposal of plastic products and the
collection of empirical information on the cost of disposal and recycling gathered from waste management
companies There is a clear need for future research to include collaboration with economists, neuroscientists
and psychologists to quantify the cognitive and economic benefits provided by healthy, unpolluted waterways.
These benefits likely include relaxation, insight, self-reflection, a sense of well-being, and creativity (White et al.
2010). Fouled environments may add to emotional stress and diminish social well-being.

14. What are the costs and benefits of mitigating plastic pollution, and how do we determine viable
mitigation options?

There are a range of tools available to manage environmental issues such as plastic pollution, including
government requlation, market instruments (e g incentives), and technical and operational procedures
{Kolstad 1986). The costs and benefits of these management options vary according to a number of factors,
which for marine pollution, typically include distance to point source, population size, and wealth (poverty) of
coastal populations. Preventative technical measures, such as debris-retention booms that intercept plastic
debris prior to dilution at sea, can significantly reduce damage to wildlife and economic costs to industry
(Durrum 1997, Carson et al. 2013). Requlatory approaches to environmental management are commonly
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used, as they ty,JpricaIIy have low fransaction costs due to operator compliance (Mcligorm et al. 2008).
Unfortunately, legislation specifically designed to address the marine pollution issue (e.g. MARPOL Annex V)
has not reduced the amount of debris entering the sea or the impact of debris on marine wildlife (Armould &
Croxall 1995, Henderson 2001).

Economic incentives e.g. container deposit recycling schemes; Bor et al. (2004) and programs that explicitly
pass costs for packaging such as shopping bags (e.g. Ryan et al. 1996, Convery et al. 2007, Ayalon et al.
2009) or packaging (e.g. Barlow & Morgan 2013) onte the consumer are increasingly used in environmental
management (Ferrara & Missios 2005), but their success is rarely evaluated. Operational programs such as
beach cleanups can require substantial financial and social input to build and maintain networks, with benefits
either limited to a small area, or not cbserved at all (e.g. no direct benefit for wildlife reported; Mcligorm et al.
2008, Page et al. 2004). A key research question is — do the cost-benefit ratios differ between measures aimed
at preventing plastic pollution entering the marine system, rather than reactive measures (e.g. beach clean ups
Mcllgorm et al. 2008 or derelict fishing gear recovery Gilardi et al. 2010). Furthermore, clean up events are
likely to have social benefits and these can be difficult to quantify and may be underestimated (Storrier &
McGlashan 2006, Topping 2000). A useful starting point for research could be to quantify the costs and
benefits of removing marine debris and how/if cleanup events can be organized to achieve higher ecological,
social and economic value (see Q10).

The complexity and increasing scale of the marine plastic pollution issue is too large for any single agency or
country to resolve (Donohue 2003), hence the need for empirical data at scales related to management and
the development of cost effective regulatory tocls to reduce and prevent debris at its source. Key priorities for
research include developing and testing economic and social mechanisms that can be used to compare the
relative costs and benefits of different mitigation technigues and research to develop and test new products
and technologies that may prevent the release of debris into our waterways (see Q17). An aspect of this could
include research that improves our knowledge of alternatives to plastic use in high-risk applications (e.g.
single-use plastics), the promotion of recycle-friendly packaging that does not generate litter-prone items, and
development of more efficient waste disposal systems.

15. How can we improve data integration to evaluate and refine management of plastic pollution?

One problem with combatting the global issue of plastic pollution through local or regional initiatives is that it
requires coordination and management across a number of different fronts . This requires the development of
aligned sampling and collection intiatives coupled with intent to share data (e.g. Carr et al. 2011, Duffy et al.
2013, Meiner 2013, Yang et al. 2013). For example, at a regional scale, the United Nations Environment
Program (UNEP) is using its Regional Seas Programme (RSP) to develop response activities to the marine
debris issue (UNEP 2009) and to collect and disseminate information. However, while 18 regional seas are
recognized within the RSP, only 12 are participating in UNEP-assisted marine liter activities. Most of these
regions have limited data on the magnitude of the problem, have no standardized reporting or archiving of
data, and few recognize marine debris as an emerging issue. This lack of information needs to be addressed in
order to have a scientifically based global understanding of the plastic pollution issue.

First steps towards addressing this issue should include the promulgation of standard approaches and
methods for collecting (Q10), archiving, and reporting data, in addition to efforts to reduce barriers concemed
with educating people and raising awareness (Q11). Another priority for national and regional mitigation of
plastic paollution is the development of databases that store standard information that can then be shared via
the internet(e.g. Simpson 2004, Simpson et al 2006, Carr et al. 2011, Costello et al 2013). By providing a
standardized suite of database fields, or creating open commons data sharing, information can be made
available for national or global assessments (Simpson et al. 2006}, with appropriate strategies being developed
to help refine management of plastic pollution. For example, in the US, the West Coast Govemnor's Agreement
Marine Debris Action Coordination Team has recently established an online database to collate standardized
marine debris data available for the entire US West Coast hitp://debris-db westcoastoceans.org and in
Australia, a non-profit organization, Tangoroa Blue has created a similar online database for storing beach
clean up data hitp //www_tangaroablue org/database.html. These are relatively recent and spatially limited
initiatives however continued research, monitoring and use of these databases and development of similar
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L databases in additional regions will enable identification of strengths, weaknesses and where possible
improvements and coordination. This will be especially true if these and similar databases are able to record
baseline marine wildlife impacts and thus enable identification of future changes to impact rates of occurrence.

16. What are the alternatives to plastic?

The plastics industry is one of the largest and fastest growing manufacturing industries worldwide, driven to a
large extent by increased global consumerism and social pressure to favour convenient, single-use products.
However, although plastic products offer short term benefits, the longer term, or whole of life, costs are rarely
calculated (Rochman et al. 2013b). An important area for future work will be in the development of indicators
and techniques to assess the benefits of a product relative to the costs of its lifetime environmental, carbon
and toxic footprints. Single-use plastic products (e.g. packaging, straws, disposable cutlery, cups, food trays,
and bags) may be suitable products for such risk assessment.

Very few empirical data exist on the carbon and toxin footprint of single-use plastics (Yates & Barlow 2013,
Hendrickson et al. 2006), but work on alternatives to plastic has focused on this group of products. Included in
the growing list of alternate materials are biodegradable materials such as those made with prodegradant
concentrates (PDCs), additives known as TDPA (Totally Degradable Plastic Additives) or MasterBatch Pellets
(MBP). However, the environmental cost of biodegradable alternatives is rarely assessed and warrants further
research attention. As an example, plastics made from polylactic acid (PLA), a polymer-derived plant sugar,
require a specific controlled environment in order to degrade: temperatures must be very high and oxygen
absent for bacteria to break down PLA plastics. The majority of landfills and at-home composting systems
cannot provide these conditions, resulting in degradation times for PLA products similar to those of traditional
plastic items (ref?). Other emerging problems with "biodegradable plastics” are that they often cannot be
bundled with traditional plastic items for recycling, and are often considered contaminants in recycling centers.
Furthermore, biodegradable plastics may fragment at a great rate, resulting in an increase in the environmental
burden of microplastics, and packaging labeled as biodegradable may lead to increased littering. Hence there
is a clear need for further research to develop and test approaches for comparing the relative life cycle cost
and benefits of alternate materials when compared to the plastic products they replace.

One method of reducing plastic is to use products made from a wide range of alternative materials such as
cotton/hemp (e.g. shopping bags), stainless steel (e.g. lunch boxes or drink containers), or glass (e.g. straws).
Yet, rarely have the efficiency and effectiveness of these changes been assessed(Barlow & Morgan 2013).
Moreover, while it is clear that engineering and product design efforts are ongoing, and the development of
alternative products or materials to reduce plastic footprints is gaining momentum, there is a clear need for
research on economic and social drivers to ensure uptake of alternatives. Explicit costing of the cradle-to-grave
cost of ‘free’ plastic packaging is an effective way to change consumer behavior (Ryan et al. 1936), but there is
substantial scope for further economic and social based research in this field.

Overall, the key challenge is to understand the relative economic, environmental and social costs and benefits
of products, and new alternative materials. Collectively these data are essential to allow effective evaluation of
product changes in order to ensure a net long-term environmental benefit.

Discussion

Harnessing the knowledge and ideas of multiple experts on a single topic is powerful because it highlights
important research questions or topics to help focus attention on areas considered to be issues of immediate
importance for the conservation of affected wildlife and habitats (Hamann et al. 2010, Sutheriand et al. 2010,
Laurance et al. 2011, Lewison et al. 2012). Herein, we identified as critical the improvement in our
understanding of the magnitude of the plastic pollution issue, the threats of plastic pollution to marine wildlife
and their habitats, how these threats are currently managed, how mitigating actions are currently implemented
and evaluated, and how mitigation measures can be improved in the future. Collectively, the questions
generated in our study demonstrate that understanding and mitigating the impacts of plastic pollution on
marine wildlife will require a multi-disciplinary approach delivered across various spatial and temporal scales.
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- While it is clear that plastic pollution impacts a large number of marine wildlife species, our study reveals an
obvious need to (1) understand vulnerability at the level of species or other management units (e.g. genetic
stocks, Dethmers et al. (2006) or regional management units (Wallace et al. 2010) and (2) improve knowledge
of species, populations or habitats at scales relative to management. Ultimately, understanding vulnerability to
plastic pollution at a mix of ecologically and management relevant scales (species or geographic) can assist
with both local and regional priority setting and mitigation across a range of pressures.

We have provided a context for the key research questions to guide management of plastic poliution impacts to
marine wildlife. We identify a strong need to involve disciplines related to understanding economic and social
barriers and opportunities to change behavior (individual and govermnance), market for change (Stern 2000,
Brulle 2010, Ham 2013) and evaluate the benefits. Understanding human behavior has traditionally been the
purview of psychology and there is substantial scope to test and apply behavior change models such as the
Theory of Planned Behavior (see Darnton 2008 for a review) or Prospect Theory (see Kahneman & Tversky
1979, Wakker 2010} to adjust social attitudes towards managing plastic pollution (e.g. Tonglet et al. 2004) and
changing littering behaviors (see Cialdini 2003). Similarly, there is scope to include business themes such as
social marketing (see Peattie & Peattie 2009), viral marketing (see Leskovec et al. 2007), social network
analysis (see Scoft 1988, Weiss et al. 2012) and cost-benefit analysis to support alterations in consumption,
use, disposal and recycling to achieve the best outcomes (e.g. Butler et al. 2013). Research in these social
domains should increase knowledge and allow targeted dissemination of information, improve attitudes
towards plastic pollution impacts and its mitigation, improve aspirations toward enabling changes (e.g. Ham
2013), and enable evaluation of management instruments and strategies (e.g. plastic bag use, Luis & Spinola
2010, Dikgang et al. 2012) to quantify benefit.

This paper reflects the ideas from an expert group of researchers with a broad range of backgrounds._ It is the
most current attempt to assemble the opinions of experts in the field of plastic pollution and its impact on
marine wildlife and their habitats By focusing effort and expertise on what are collectively agreed on as priority
research questions for the mitigation of plastic pollution impacts on marine species around the globe, we aim to
move research and management forward. Although there are still many questions surrounding the issue, the
numerous negative impacts of plastic pollution make it clear that we must strive to reduce the amount of
plastics reaching our oceans. Given that methods for doing so are attainable (i.e. reducing plastic use,
improvements in waste management, better access ta recycling) and the costs are non prohibitive we should
act now to deal with what is uitimately an entirely avoidable problem.
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Figure headings

Figure 1. Trends in the number of publications on ‘"MARINE + PLASTIC POLLUTION' or MARINE DEBRIS’ or
‘MARINE + LITTER' using a Web of Science search from 1972 to 2013. The publication spikes in 1985 and
1987 relate to the proceedings of the first International Marine Debris Conference and a special edition of
Marine Pollution Bulletin covering the theme of plastics at sea from the 1986 International Ocean Dispersal
Symposium respectively.

Figure 2. Clockwise from top left — Beach debnis from a remote beach in Catholic Island, Grenadines (courtesy
Jennifer Lavers), debris accumulation on an urban beach (Stradbroke Island, Australia) (courtesy Kathy
Townsend), entanglement and damage to soft coral by fishing line (courtesy Stephen Smith), and fishing line
entanglement of a pier with algae and sponges growing on it (courtesy Kathy Townsend).

Figure 3. Clockwise from top left — Magnificent frigatebird (Fregata magnificens) carcass from Battowia Island,
Grenadines, with orange foam contained within stomach (courtesy Jennifer Lavers), Antarctic fur seal
(Arctocephalus gazella) with plastic ring entanglement in King George Island, Antarctica (courtesy Juliana Ivar
do Sul), juvenile green turile (Chelonia mydas) trapped in discarded crab trap and plastic fragments recovered
from the gut of a juvenile green turtle (courtesy Kathy Townsend).
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Fig. 2 Cloclowise from top left — Beach debris from a remote beach in Catholic Island, Grenadines (courtesy
Jennifer Lavers). debris accumulation on an urban beach (Stradbroke Island. Australia) (courtesy Kathy
Townsend), entanglement and damage to soft coral by fishing line (courtesy Stephen Snuth). and fishing line
entanglement of a pier with algae and sponges growing on 1t {courtesy Kathy Townsend).

Page | 312



Fiz. 3 Clockwise from top left — Magmificent frigatebird (Fregata magnificens) carcass from Battowia
Island, Grenadines, with crange foam contained within stomach (conrtesy Jennifer T avers) Antarctic
fur seal (dretocephalus gazella) with plastic ring entanplement in King George Island. Antarctica
{courtesy Juliana Ivar do Sul). juvenile green turtle (Chelonia mydas) trapped in discarded crab trap
and plastic fragments recovered from the gut of a juvenile green turtle (courtesy Kathy Townsend).
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Abstract

Marine debris is a growing probilem for wildife, and has been documented to affect more than 267 species worldwide, We
Imvestigated the prevalence of marine debrs ingestion In 115 sea turtles stranded in Queensland between 2006-2011, and
assessed how the ingestion rates differ between species [ Eretmochelys imbricata vs. Chelonia mydas) and by turthe size class
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composition of the debris present in the marine environment. Based on this proxy measurement of debris svailability, we
modeled turtles' debrs preferences (color and type) using a resource selection function, a method traditionally used for
habitat and food selection. We found no significant difference in the overall probability of ingesting debris batween the two
species studied, both of which have similar |ife histories. Curved carapace length, however, was inversely corelated with the
probability of Ingesting debris; 54.5% of pelagic sized turtles had ingested debds, whereas only 25% of benthic feeding
turtes were found with debds in their gastrointestinal system, Benthic and pelagic sized turtles also exhibited different
selectivity ratios for debis ingestion. Benthic phase turtles had a strong selectivity for soft, clear plastic, lending support to
the hypothesis that sea furtles ingest debris because it resembles natural prey iterns such as jellyfish. Pelagic turtles were
much less selecthve in their feeding, though they showed a trend towards selectivity for rubber items such as balloons. Most
Ingested Items were plastic and were positively buoyant This study highlights the need to address increasing amounts of
plastic In the marine environment and provides evidence for the disproportionate ingestion of balloons by marine turtles,
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Globally, stimates of debris ingestion rames n martdes vary
dramarically with geographical region, species, and year. Recent
work from Sourh American populations of marine mrtles found

Introduction
Marine Debris and Sea Turtles

Marine debris has become a sgnificanr global saie norecent
years, Chver the past five decades, glohal plastic produmion has
increased exponentially [1]. Concurrentdy, plastc has rapidly
hecome: the dommant component of marine debrs, representng
asmuch as 3% in areas [2,9]. Despite increasing awarceness of the
prevakenes of plastic deteris, theree i linde data on the total amount
of debris in the marine emvironment, or how thet quantry may
have changed through dme [453] The impacs of ths debri,
however, have been widely documented, with at least 267 marine
species known 1o be affected by anthropogenic debeis [6], Debris
can canse @ number of differene problems for wildlife, bur all fall
under two main categorics: mpads from entanglement and from
ingestion. Entanglement can kill wildlife by drowning or inhibitng
the ahility o escape predadon or feed nommally, while the
implicatons of debris ingeston inchide death through perforation
or impaction of the digesgive system [7]. Additonal sublethal
mmpacts include dietry dilution [8] and eqosure o chemical
leaching from plastic [9]. All sk species of sea mrtde listed on the
IUCN Red list [10] have been documented o ingest debis [,
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that up to 0% of srandead mrles conmined marine debris in
ther gasmointestnal sysiems [11], The problem affects mirtles of
all life stages, from post-hamchlings through aduls [12-14). Tt iz
unknown why sca turdes ingest plastic: e hypothess s thar
plastic bags resemble a nypical prey tem, jellyfish [15]. Although
this may be the case for turtles thar mgest plastic hags, it does not
explain the ingeston of other forms of plastic, Styrofoam, rubber,
ropes, and the myriad of other items thar have been found in
rurtdes [L6-21]. Although sea mrtles can and do utiltee olfacion o
arient to prey, they are primarily visual feeders [22], The presence
of at least three different cone photopigments in sea mrtle refinas,
as well as electrophysiological messurements and  behavioral
smudies, indicate their ability to discriminate color [25-25]. This
color vision may play a role in feeding choices, as has been
demonstrated in nboratory trials [25-28]. IF this &3 the case,
monitoring the color of debris ingested by turdes may offer insights
to the resons why mirtles ear debes, and may also lemd o
conservation and management recommendations, Color prefer-
ence (or avoklance) has already been investigated as a possible
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method for decreasing sea rurtles” interactions with the bait used in
longline  fisheries,  Unformmarely, althogh  mrdes  exhibic a
preference for namral bait over blue dyed bait in a lahoraory
simarion, dyed bait docs not appear to reduce long line
interactions in field wal [28].

Hawksbill Turtle and Green Turtle Life History

Both Chelonny myde (green turdes) and Eremachels embricats
(hawkshill mutles) begin their developmental phase m the open
ocean hefore recruiting back as latter stage juveniles w the coastal
environment, where they spend the rest of their lives [29], Before
recruitment, the post-hanchling turtdes and early srage juvenies live
and feed primarily at the ocean’s surface, occasionally diving w
shallow depths [50] They are thought w drift with the currems,
aggregating i downwellng lines along with other floating
hiolegical material and debeis [12]. Dunng this phase they feed
on plankon, compreing primarily molloses, crusmceans, and
gelatinous - orgamisms [20], Living in downwelling sones may
provide the young turtdes with inereased shelter and food

opportunitics, bur also exposcs them to concentrated arcas of

Aoatng debris,

The mumles’ feeding behavior changes dramancally once they
recruit to the nearshore environment. The size of first recruimment
varies between spedes and geographic region, bur on the east coast
of Awralia, green turtles recruit ot approcimarely 40 on curved
carapace lengrh (CCL) [31], and hawkshill mrtles at =35 em CCL
[52). These coastal turtles feed primarily on benthic resources such
A3 SEAETAIA,  CIUSAceans, sponges, and algae although even
primarily herbivorous green nirtles will oppormnigically feed on
jelbfish when availahle [3354]. Green mrtdes are known 1o be
selecrive in their feeding, choosing partoular speces of scagrass
over others, and even tending “grazing plots” to gather new shoot
that are casier o digest and have higher nuritional value [35].
Hawlshill turdes abo feed sclectvely, preferennally ingesting
certin items even when they are less readily avsilable in the
environment [36].

With this diversity in feeding habitar and style beoween pd;tglc
and benthic sage mrtks, we predice thar exposure 0 marine
debiis would differ between the wo groups, These differences
could be exacerbated by the varahiliy n types, colors, and
quantities of debes present in benthic and oceanic mvironments
[E]. 0 is likely that pelagic stage turdes, which drift in current lines
along with other floating debris, would be ar greater risk of marine
debiris ingestion than the larger benthic anmalk [12,535], Becanse
of their different dicts and feeding styles, pelagic and benthic
turtes may vary not only inthe amounts of debris they ingest, but
alio in the type. Analyzing the npe and color of debris gves-us
metrics - compar: the varabiiny m delwis selection berween
turtles ar different 1ife stages

Ohr aims were o 1] myestigate whether the inddence of debris
'mg‘sti:nn varics between turtle species and between life history
stages, 2 determine whether mrtles prrd'fnmually ingest particular
types a.ru:l colors of debris by comparing the ingested debeis m
whar 15 available in the environment, and 35 analyze whether
selectiviry varies between life history stages and between spedes,

Materials and Methods

Thiz research was reviewed and approved by the University of
Cheensland . Nanve/Fxotic Wildife and Marine  Animals
(WEWMA} Animal Ethics Commimee The ethics  approval
mumber is ANRTA/MBRS/182/11. Animals involved in the
sty were already deoeased, 20 no steps were mken oo amelicrate
suffering,
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From 20052011, 115 nirdes were obtamed in southeast
Croeensland from two sources dead sranded sea mortles from
Narth Stadbroke ldand (n=64), and sea mrtles that did not
survive mestment at the marine wildlife rehabiliaton tacilivy at
Underwater Warld, in Mooloolaba (n=>51L Eighty-cight were
greenaea murtes () mypdad, 24 were hawlshill mrdes (E. pbrao), 2
wire loggerhead urtdes (€ awetal and one was a flathack nuetle U8
depregins). The mrdes ranged from 54-105.8 em CCL, with a
median size of 454 cm. Becanse of the anall sample sime of
loggerhead and flathack nirtles, all investigations of mrerspedes
differences were restricted o green and hawkshill mrdes,

MNecropsies were perfrirmed on all animals wsing standard
techniques [57]. Gontentz of the gasmomiesmal sysem were
sleved o retrieve any forcign mater, Debris found in the muotles
was washed and stored for analysis, Fach piece of debris was
weighed (oo within 001 g and categoried inte one of sx main
categories and additional aibcategories, based on a classdication
system combining  both composinon - and  morphology. The
categories were: hard plastie, soft plastic, foam, rope/sming,
rubher, and miscellancous (ncludes glass, mewml, paper, cloch),
Hard and 2oft plastic ohjees were further cateporized by color
Positive or negative buoyancy was alss measured for each mem,
For six of the mrtdes, debris samples were not retained; so detaied
caregorical mformarion iz not available. The majority of rope and
srmg items (5% ) were composed of plastic marerial, but were
categorteed separately due to their morphology.

We calculated the frequency of ingestion of cach category of
debris using the following equation;

F=(Ni/N}» 100

where A} is the number of turtles having ingested a partcular npe
of debris, £ and Nis the moral number of murtles far which detatled
debris - information s availlable [3H]. We also determined the
relative percent abundance of dehris types ingested by each mrtle
by calculatng the percentage

Yo = Nd /Nt » 100

where M is the number of items af cach npe of debris, and A s
the total number of items of debris found in the mrde, Turtles
were divided into two groups; pdagic sted feeders and henthic
sized animals. We categorized pelagic feeders as those animals
amaller than 55 .0 em, and benthic feeders as those =55 em CCL,

To esrmmate availability of anthropogenic debriz, we condueted
beach surveys bersoen 200892001 on four beaches on N,
Stradbroke Eland and four beaches on the Sunshine coast, in
the region where the Underwarer Word mirtles stranded, We
collected all pieces of debris over 5 mm found in a 100 m long
sirip wansect running parallel o the water lme on each beach, The
strip transect width varied depending on tide and the beach in
question, but emecompassed the distance from the waterline to the
dominant landward vegetaton line, Beach debris was ssigned o
the same ategorics as debris found in mrdes, We caleulated the
reative abundunce ol each type and color of plastic deris found
in the environment wing equations parallel o those above, For
simplicity of analyss, and becanse no indmidual color represented
maore than 10% af the sample, we combined our color and debris
types to create 1 categorics in order oo measure selectvity indioes
for the turtles. These nypes were; hand white plastic, hard colored
plastic, hard clear plastic, soft white plasric, soft colored plasnic, soft
clear plastic, rope/sming, rubber, foam, and miscellaneous
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Debris Selectivity by Marine Turtles

Table 1. Debns ingestion probability for pelagic and benthic stage turtles, and chamacteristics of these turtles,

o] 0.1 37 jounnal psome D04 08584 1001

We used a hinomial regression to predict the probability of
ingestion based on the descripive variables CCL and species (2
mydes and E mmbreatn), and a chi square amalyas o determine
differences berween ingestion probabidities for life hisory stages,
For the turtes thar had ingested debris, we wsted the relatonship
between CCL and debris load (hoth total weight and also mumber
of pieces of debre ingested) wsing a generaliwed Inear model
(GLM, Ganssian madell Finally, we calculated Manly's selectiviry
rafin for each debris category ingested for both life hisory stages,
This technipue has been widedy vsed to estimate resource selection
functions for habitat or diet [39. The ndex takes mro account the
availability of each type of resource in the environment. A vale
greater than | indicates a posive selectivity for thar category,
while & vahie less than one suggess that turtles svond ingesting thar
type of debre compared w what is available in the eovironment.
All analyses were performed using B version 2,14, package nnet
and adehsbitar [40-42],

Results

Debris Ingestion

M the 115 necropsied anmak;, 22 were oceanic-gaze turtles, and
95 were from benthic habitis (Table 1), A rotal of 35.9% NN =459
of the mrtlks were found to have ingesed debris. Ingestion
frequencies differed significantly berween oceanic (n= 12, 54.5%)
and benthicsized mretkes n=27, 200%), despite 0w uncven
sample sizes (chisgquare 408, df=1, p=0{45). There was a
significant negative correlation between CCL and probabilicy of
deliris ingestion (p={003%8}, but oo corvelatdon with the weight of
debris ingested (p= (K42, or al oumber of picces of debris
ngeated (p= (.215). Nor was there a significant effect of species on
the probabiliy of ingesting debiia (p =0.445), ar a gpecies by dze
interaction (p =043} Becanse we do not have detailed debris
information for six of the mrtles, alkulatons on the weight and
total number of debri items were carried out only on n= 33
rurtles.

A toiml of 1157 pieces of debris were ingested by 55 murtles. The
munher of pieces ingested by each individal] turde ranged from
1-52% with an average of 31,72 10,18 &.e) pieces per mrte, The
rotal weight of all tans found within each mrde ranged from non-

avallable (n= 33).

Mumbeer of turthes having
Total number of turtles  ingested debris % of totall Range of CCL [cm) Mean CCL (+/= se.)
AL fuprthes 15 39 (339%) 54-1058 3081935
Pelagic n 12 |545%] 54-349 2044 %1151
Benthic | 27 (2909 I531-447 473721608

detectable (<001 ) o 1041 g. The average proportion of
positively uoyant items ingesred by the mirtes was approximately
Bl and did not vary simificantly hetween the mwo life stages
{Tahle 2}, Hard plastc comprised 55, 11% of the woml number of
debiris items ingeated, 3.259% was soft plastic, and plastic rope
fallowed ar 15,06% (Table 35), Tncluding fishing line and packing
sraps, the wral amount of plastic debeis ingested by turtdes made
up nearly 90% of all debris items. When data were anabyzed by life
history stages, oceanie siwed turtles ingested agnificenty maore
hard plastic and rubber than benthic mrtles, while henthic metles
mgeated more foam and rope than pelagic turdes Fig. 1), Colars
varied betwern the twio classes, but not sgnticantly, The calor of
plaztic debriz found in bath pelagic and benthic mirles was
primarily elear or transucent, followed by white (Fig. 2) Black
debris comprised mainly black plastc baga, while green and bhue
were modly plistic rope and soing, Other colons {red, orange,
yellow, and brown) were found in very small quantities,

Ervironment and Selectivity

The majority of the debris found during all beach surveys was
hard plastc, with anly one other Gregory imiscellancous) at over
15% {Tig. 1). White debris made up over 30% of collected itams,
followed by blue and clear/ ranslueent (Fig, 2), Uksing heach debiris
as & measure of envirommental svailzbiling, Manly's scleativity
ratio highlighted the selectiviry differences berween turtles from
different life stges, Benthic sized mrtdes showed strong selecivity
for soft plastics in general, partcularly for clear soft plastics; and
far rope. They appeared to avoid hard white and colored debiris
{Fig. 3. Pelagic mrtles had the highest selection ratios for rubber,
rope, and hard plaste, but these did noe difer agnificantdy from
the environment {Fig. 4}

Discussion

Marine debriz or more spectfically, plastic ingestion by sea
turtes 15 & global phenomenon, affecting populations worldwide.
The vast majority (nearly 9%} of all ngesad items in thie smdy
were plastic in origin, a finding commaon to most other sidies
reporting debrts ingestion in mrtles [16,45-43). This reflecrs the

Table 2. Characterstics of debris items found within turtles that had ingested debds, for which detailed debris information is

Mumber of items ingeted
jper turtle javg = sel

Turttles, dn= 53] 1-328 Fi7£1000

Pelagic in=11) 1-69 {25674

Benthic {n=22] 1-329 @Eaa+1501]

Weight of ems ingested % of positively buoyant ftems
lawg = s.e) ingested (avg = s.e)
nd-10.41 g {1.58=0.50) 150700

003-216 g {IBE=033) 80511391

nd-10.41 g {1.89=0.70) 11 99847

ot ] 00137 1 jownnal pome 004 0884 1002
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Debris Selectivity by Marine Turtles

Table 3. Number of tuntles ingesting each type of debris, and proporticns of total for diferent debris categodes fout of n=33
turtles for which detailed debrs categories are available).
Number of turthes {and % of total] with Permtage of total amount of debris
Type of debris ingested debris ingested by all turtes (n=1057)
Hiard plastic 19 | STE%) 3311
Soft plastic 24(727%) 3425
Plastic ropa/stringtwine 14 (A2A%) 1306
Man plastic mpe 1 309 1.80
Packing siraps 1 @09 312
Fishing ftems 15 {45.5%) 473
Balicans 10 (3039) im
Other tl.lE:er 5{152%] a3
Foam 4 1219 £
Oithyer 10 (30.3%) 23
o1 37 \jounnal pone 0040884 1003
0
a0
50
2 w0 U
§ ® Benthic
=
= £l Palagic
ﬁ a0
& O Beach
[+
20
10

n .h;

&

Hard
Plastic
Soft Plastic
Rubber
Misc

Figure 1, Debris types found in turtles and on beaches. Types of debriz found during beach surveys. and in the gagtmintestinal system of
stranded sea turtles Reported as an average of the percentage of each category found within each anirmal {benthic n= 22, pelagic n=11] and during
gach beach sunvey in =25). Bror bars indicate standard error.

doi10.1371/ joumal pon e B040EE. ghD1
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Figure 2. Debris colors found in turtles and on beaches. Colors of debris found during beach surveys, and in the gastrointestinal system of
stranded sea turtles Reported as an average of the percentage of each category found within each animal (benthic n= 22 pelagic n=11] and during

each beach survey fn =25). Bror bars indicate standard error.
dot10.1371/ joumalpon e H040EE4. gbO2

significant contribution of plasic w the global marine debris
problem [5].

This smdy discovered no sgnificant differences in debiris
ingeation between the species investigated; C npdor and E
embriarte, This is perhaps due o the fact that the two species
exhibit amilar feeding behavior, with amaller mrtles feeding
pelagically, and lrger mrtles shifiing o benthie feeding [46].
Although species had linde effect on debris ingestion rates, size did.
The probability of debris ingestion was inversely correlared with
size (CCL), and when broken down it size dasses, analler
pelagic murtdes were significantdy more likely 1o ingest debris than
larger benthic feeding mrtes These resuls are n line with
research conducied by Balazs [47] and Plotkin and Amas [17],
though other smadies found no significant reationship berween aze
or life hisory sage and debris mgesion, Most of these smdics
imvestigated the relafonship between mrde see (CCL) and weight,
number, ar size of the pieces of debris ingested, b did not
analyze the probahiliry of debris mgesnon [16,44,45], nor did they
mvestigate differences berween life hisory smges [16,43]. Bjorm-
dal's [13] analysiz of ingestion probabiliny and size clas of green
turtles suggested thar a higher percenmge of mrtes <50 cm had
ingested debris in comparison w their larger counterparts,
however this difference was nor significant. Size class or life
history smge appears 1o be an impor@ant facwor i derermining the
probabiliny of debrs mgeston, but the number of pieces, wal
weight, or volume of ingested debris rarcly correlates wirth size
clazz or ife hetory smge, as highlighted by this and other smidies.

I@ PLoS ONE | www.plosone.ong

Turtles i thiz smdy from different life hisrory stmges varied not
only in ther likdihood of ingesting debriz, bur also in the opes of
debris ingested, Pelagic turtes ingested significantly more rubher
and hard plastc than did benthic feeding turdes, who primarily
ingesied soft plastic (Fig. 1L While there was not a signifimnt
difference in the colors ingesed berween the two groups, they did
differ from what was mailable in the environment, ingesting clear
debris in greater proportons, and bloe ar lower proportions
{Fig. 2). Manly's selectivity ratio, and iz signifiance level, also
varied with life hismory stage, Neritic mrles actively selecied white
and clear soft plastics; while avoiding hard whiee and colored
plastics Fig. 1}, They ako showed selecrivity for rope and sring,
but this could be an artifact of the way the samples were @llied.
Caouns of the toral number of items were used o quantfy the
amonnt of debriz moeach category, Multi-sranded rope and string
may more readily unravel nro smaller (and therefore, more
numerous pieces within the gasirointestinal system than other
rypees of debris, which could be reflected in our resulis,

Pelagic mrtles were much les selective than their neritic
counterparts, with most of their selectviry indices not found o be
significandy different w environmenml levels Cnly foam (with
zero pieces ingeged; and hard coloved delwie fell significantdy
below |, indicating svoidance of these categories. Interestingly, the
single highest preference in the pelagic mrdes was for rubber,
Although the preference waz not sanstcally sigmificant, this may
be due n part to the smaller sample size of the pelagic mrdes. OF
the 41 pieces of rubber found inside all mrtles, 52 picees (TH%)

July 2012 | Volume 7 | lssue 7 | 40884

Page | 318



Dehris Selectivity by Marine Turtles

12

Global Selection ratios (+/~ CI )
l

%
i 3

Soft wiite

=
A

colored
b

|_

I e -

LI

B

coloned

Hard clear
Hard white

Figure 3. “Jellyfish" balloon. Esach-washed balloon found after brittle fracture, Note the resemblance to jellyfish, common prey items forturtles,

dot10.1371 foumalpone 040884, o003

were fi nts of balloons; When belinm balloons are released
into the environment, they rise o a height of approximarely H
kilometers before undergomg o prooess kmown as “hrinde
fracture”, wheee the balloon fragments into long strands [448].
The remlting debris bears a strong resemblance o jelish or
squid Fig. 5. Indeed, the brittle fractrning of balloons ereates
tentacle-like structres oypical of Scybomedine which all species of
zea mrdes have been documented to ear [46,49-51], Thi may he
the cawse for the high ngestion selectivity seen in both pelagie and
neritie furtdes. Several smidies have reporied ingeston of baloons
by sea mrdes [11,175253]), and ancedoral evidence exists for
ingestion of balloons by whales and dolphine [54]. Waorldwide
cleanupe sponsored by the Oeean Conservancy over the past 25
years-have fomd over 1.2 million balloons, or abour 4.7 % of all
debiris frems colleced [55]. This is in line with our sudy, which
found a towal of 9% of rubber items on the beach, Although
halloons and other rubber items make up only a small fraction of
the ol amowt of debris collected, the cirrent dats indicating
that turtles may selectively mgest balloons and other rubher could
provide guidance for policy makers addresing mas  balloon
releases,

The differences in debriz preference and selecovity may be a
result of feeding styles; young pelagic mrths live an epipelagic
lifestyle, foating at the surface and freding within the op five
meters [30). As they drift with the curvents, enconmiering pelagc
gyres and downwelling zones where debris acoomulates, they may

-@ PLoS ONE | www.plosoneong

e suseepiible w accidental or purposcful ingestion of debres along
with thar namral food sources. The presence of encrusting
organkms further blurs the line between food and debris, Post
hatchlings are thought o be relatively non<elective feedera [56], &
finding aupported by this resarch. Conversely, benthicfeeding
green murdes and hawkshill rtles are thought to be more sdective
about their dier [35,5%6]. They also may be less likely to come into
conmct with plastne manne debris, much of which is positively
buoyant [57,58]. However, they also eat gelatinous organisms,
which are umually oft and transparent, much like the debris thar
they mosr commenly ingest. Chur findings lend further support w
the hypothesis thar mrdes mismkenly eat plastie becanse of is
similarity o jellyfish [15]. Ovther factors may also conmibute w the
differences in mgestion rares; for example as mrtles grow, the
internal dizmerer of their digestive tract becomes larger, making it
cager for plasgics w0 pass through, and not accumulaee. Pelage
rurtles, therefore, may experience a higher risk of mortality from
delris ingestion, not only becanse they are more likely 1o mgest
debris, but als because they are smaller n this life history stage
than they are m the henthic sage and their digestive maa is
correspondingly amaller. Hence, this may result in an mereased
poazihility of impaction or perfaration of the gastrointeatingl tract.

There are lmitations to using beach surveys as a proxy for the
debris that sea e encounter. Differences in buoyancy,
degradability, and ather character gtics may resolt meertaim rypes
of marine debris more frequenty stranding on or being retained
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Figure 4. Manly selectivity measure for benthic turtles. Selectivity index for various types of debis ingestad by benthic-feeding turtles. Where
index iz larger than one, selectivity for that item is greater than its availability in the environment Error bars indicate 95% confidence imerval

dot10.1371/ joumal pone 0040854, g004

on beaches. Conversely, some landebased materials disposed on
beaches may not ultimarely end up in the marine covironment,
and thus avaidable o turths, However, despite thes oonstrains,
heach debre has widely been used as an indizator of marine
debris, for several key reasons [3960). Firs, it 58 much less
resouree intensive to monitor beach debris, and collected debris
can he characterized comprehensively, unlike with visual at-sea
sampling, Second, becanse debris accumulates on heaches,
smtistically robust mample sizes can be gathered, while n-water
sampling can lead 0 a paucity of dam and the need to extrapolate
from small sample sizes [601]. Finally, ittms on the heach are in
dynamic flux with the nearshore marine environment, and can
eaily heoome resuspended [61], s0 while not ideal, beach debris
meaarements provide a reasomable proxy for environmental
availability, However, it B recommended that more n-water
sampling of marine debrs be carried out o provide quantirative
eafimates of marine dehris and rypes of marine debiris, especially in
areas where nurtles are likely to oocur,

Rescarch in Australia and ekewhere has shown an inverse
correlation berween the amount of beach debeis and the distance
from major population centers [362], suggesting thar neritic
turtles in SE Queensland, near Australia’s 3™ largest ciry, Brishane
(populaton =2 million), might come into contact with different
amounts of debris- than would open ocean murtles, Despite thi,

_@ PLoS ONE | www plosoneorg

pelagic mrtes in thiz sudy are more likely o ngest debris than are
the benthic nurtles. This leads us o speculane as o whether pelagic
turtles encounter increased mmounts of debrs in oceanic gyres and
in wind rows [63], whether they are les sdective due 1o the
decreased food availabiliny in the open ocean, or whether their
feeding ecology amply places them at higher risk for debris
ingration.

Conclusions

This amdy found thar pelagic and neritic mrtles exchibit
significant differences in ther likeihood of mgesting debeis, as
well as in their seleavity of debris types, These difermces are
likely related ro their life shle and feeding habits, but may alao be
linked o differing debrs availability in the habitas that they
frequent. In arder o assess popolation scale impacts from debiris
ingestion, a greater understanding of the distributon of debris, as
well as the long and shorterm impacs of ingested debnis is
required, Further research and modeling of debns in bath the
nearshore and oceanic environment, n addition to research on the
lethal and sublethal mpaers of varioe types of debris loading wall
provide mare accurate and precee estimates of what s availsble o
marine wildlife, the lkdihood of encounter rate, and ultimately
the risks associated with anthropogenic marme debris ingestion.
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Debriz Selectivity by Marine Turtles

Figure 5. Manly selectivity measure for pelagic turtles. Selectivity index for various types of debris ingested by pelagic-feeding turtles. Where
index is larger than one, selectivity for that item is greater than its availability in the envimonment Brror bars indicate 95% confidence interal

10,1371/ jounalpon 2 040884 gOOS

It is also mpormnt to continue conducting necropses and to
creare standardized reportng mechanems, as the percent and
types of debrie ingested may be used as an indicamwor of the impacs
of marine debris o wildlife, and only with long-term consistent
data collection and recording can we begin o inderstand how this
may change through tme,

Close to ninety percent of the debris ingested by tordes 0 this
smucy was plastic in origin, Observatonally it would appear over
half of the animals had 4 von-trvil debris load. As the glohal
production and use of plsics contnues w rise, T & lkdy thar
impacts w turtles will not abare, Addinonally, the observed mend
rowards selectivity for rubber items, particularly balloons, high-
lights the need for mrgeted pollution preventdon plans, Appropees
ate waste diposal measures o reduce debms through local
measures would help o decrease the amount of anthropogenic
debris enterng the ocean; an important fisst step in reducing
encounter rates and impacts to marine wildlife from ingestion ar
cntanglement,
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Global finalysis of Anthropogenic Debris Ingestion by
Sea Turtles
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Abstract: [npestion of marine debris can Bave lethal and subletbal effects on sea mrties and otber wildlife.
Althangh researchers bave reported on fngestion of anthropogenic detbris by marine turtles and fmplfied inci-
dences of debris ingestion bave increased over Wme, there Bas nol been a global synibesis of the phenomenon
since [985. Thus, we analyred 37 stidies prublishbed from 1985 to 2002 thar report on data collected from
bgfiore 900 thromgh 200 1. Specifically. we investigated whether ingestion prevalence bas changed over time,
what types of debris are most commoniy ingested, the geographic distribution of debris ingestion by marine
turtles refaiive to giobal debris distribution, and which species and life-bistory stages are most likely o ingest
debris. The probability of green (Chelonia mydas) and leatherback furtles (Dermochelys cotiaceal ingesting
debris incredsed signifficantdy over (e, and plastic was fhe most commonly ingestod debris. Tirtles in neardy
all regions studied ingest debris, bt the probabidity of ingestion was nol related (o modeled debris densities
Frrtbermore, smaller. oceanic-stage frtles were more [kely fo ingest debris than coastal foragers, whereas
carnivarmis species were less likely 1o imgest debris than bertivores or gelatinovores. Our results indicate
ocedanic leatberboack trirtles and green firdes are i the preatest risk of bodh fetbal and swblerbal effects from
ingested marine debris. To reduce fivis visk, anthrofopenic debris must be managed af a global ferel.

Keywords: Carcita carctia, Dermrochelys coriacea, Ereimochelys imbricata, garhage, Lepidochelys kempii,
litter, rubbish, trash

Andlisis Global de la Ingesta de Residuos Antropogenicos por Tortugas Marinas

Resumen: La fngesta de residios marinos puede fener efectos letales y subletales sobre las forfngas marings
¥ ofros anitmdles. Aungue Bay investigadores gre ban reforiado fa ingesia de residios auiropogenicos faor
fortugas marinas y la incidencia de la ingesta de residuos ba incrementado con @ empo, wo ba babida
tira sintests plodal del fendmeno desde [O85, Por esto analizanios 37 estadios prolicados, desde 19835 Dasta
2 2, gque reportan datos coleciados desde antes de 00y a lo larpo del 201 1. Investigamos espectficamente
si @l pradominio de la ingesta ba cambiado con el Hempo, gué Hpos de restdios s¢ ingleren comiinmente, la
distribcion geogrdffod de (a imgesia de resfdios por forfigas marinas en relacion o o distribrcion global
de residios ¥ crdles esprecies ¥ elafus de vida Henen mds profbabiiltdod de ingerir residuos. La probabilidad
de guee las tortigas verdes (Chelonia mydas) ¥ lanid (Dermochelys coriaceal ingleran escombros incremenia
signiffcativamente com el Nempao, pdstico fue el residuo qiee mas se ingirio. Las torfugas en casé todas
las repiones esttidiadas ingleren resfduos, pero fa probabilidad de ingesta no estuvo relacionada con las
densidades modeladas de residuos. Ademas de esto, lortugas mas frequenas, en eldfa ocednica de vida,
eieron wna mayor probabilidad de ingerir residnos gue las fortngas forrdjeras tervestres, mieniras qne las
espectes carnivords mrieron menos probabilidad de ingerir residuos gue las berbivoras o las gelaiinfvoras.
Nuestros restillados indican gue las tortugas vevdes y faiid tenen ef mayor riespo de efectos fetales y sibietales

Paprer subrvitbed Angeest 22, 2002, revised manusonipt accepited Fetrrearny 15, 200 1
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de la ingesta de residios marinos. Para reducir el rigsgo, los residuos aniropogénicos deban mansfarse en un

mivel glofal,

Palabras Clave: basura, Carctta carctta, Dermochelys coriacea, escombros, Erctmochelys imbricata, Lepi-

dochelys kempii, residuos

InLrndt]:cu'un

Plastics in the Environment

Although there are little to no empirical data on the quan-
tity of anthropogenic debris (hereafter debris) entering
the marine environment, estimates place it at approxi-
mately 6.4 million tons annually (UNEP 2005), about 80%
of which is thought to originate from land-based sources
(Faris & Hart 1994). However, these estimates do not
take into account aperiodic events that can cause dra-
matic point-source increases, such as the 2011 Japanese
tsunami which created an estimated 1.5 million tons of
floating debris (NOAA 2012). Because there is presently
no way to map the movement of debris in real time,
best estimates of where debris accumulates come from
oceanographic models. Recent work by Lebreton et al.
{201 2) predicts that floating debris accumulates in 5 main
oceanic gyres and ocours predominantly in subtropical
regions. Debris gathers in drift lines and convergence
zones, which are also important feeding areas for many
oceanic species, including sea birds, pelagic fish, and sea
turtles (Ashmole & Ashmole 1967; Carr 1986).

Plastic is the primary type of debris found in marine
and coastal environments (Derraik 2002), and plastics
are the most common form of debris ingested by wildlife
{Mrosovsky et al. 2009; van Franeker et al. 201 1; Schuyler
et al. 2012). With the exponential increase in global plas-
tic production over the past 60 years (PlasticsEurope
2009, it is likely that effects on marine wildlife from
ingestion of plastic have also increased. Ingestion of ma-
rine debris affects over 170 species (Laist 1997). Debris
ingestion can result in death by perforation or impaction
of the gastrointestinal system and toxic compounds in
plastics may have sublethal effects on development and
population dynamics (Ochlmann et al. 2009,

Six of the wordd's 7 species of sea turtles have been
found to ingest debris, with the exception of the flat-
back sea turtle (Natator depressus) (Balazs 1985; Cec-
carelli 20093, All & are listed as globally vulnerable or
endangered (TUCH 2012). In 1985, Balarzs summarized all
known cases of sea turtle interactions with marine debris.
Since then, researchers from around the world have in-
vestigated debris ingestion by turtles on local or regional
scales (e.g.. Tomas et al. 2002; Larar & Gracan 2011;
Schuyler et al. 20123, Results of a historical analysis of de-
bris ingestion by leatherback turtles showed a long-term
increase in ingestion frequency (Mrosovsky et al. 2009),
but there has been no global review of debris ingestion for
all turtle species since 1985, Understanding the factors
that affect debris ingestion by turtles, including types

Conservation Hiofopy
Volume 28, No. 1, 2014

of debris ingested, global distribution of debris, and life
history and feeding ecology, may help focus management
priorities on reducing plastics in the marine environment
and decreasing the potential for debris ingestion.

Turtle Life History and Feeding Ecology

Sea turtle species have different lifestyles. At various
stages of their lives, they may live and feed primarily
in open ocean, predominantly in neritic areas, or they
may switch back and forth. (Walker & Parmenter 1990;
Bolten 2003; Godley etal. 2008; Rees etal. 2012), Turtles
living in oceanic or coastal environments and feeding
pelagically or benthically may encounter very different
densities and types of marine debris and may therefore
have different probabilities of debris ingestion.

Feeding preference may also affect the probability of
debris ingestion by turtles. Most neonate turtles have gen-
eralist diets that become more specialized as they recruit
to the coastal environment (Plotkin et al. 1993; Boyle
& Limpus 2008). Adult green turtles are primarily her-
bivorous (Bjorndal 1997), whereas loggerhead (Caretta
caretia) and Kemp's ridley (Lepidochelys kempil) tur-
tles are primarily carnivorous and eat crustaceans, mol-
luscs, and other hard-bodied organisms (Bjomdal 1997}
Although flatback turtles are also carnivorous, they eat
primarily soft-bodied invertebrates (Speding et al. 2007},
Olive ridley (Lepidochelys olfvacea) and hawksbill tur-
tles (Eretimochelys fmbricata) are omnivorous, although
hawksbills feed mostly on sponges and algae (Bell 2012).
Leatherback turtles feed exclusively on jellyfish and
other gelatinous organisms (Shaver 1991; Bjorndal 1997).
These different feeding preferences may affect the types
and amount of debris turtles encounter and are likely to
ingest,

Estimating Frequency of Plastic Ingestion

There is currently no reliable method for assessing plas-
tic ingestion in live turtle populations. Results of some
dietary studies in which lavage (Seminoff et al. 2002;
Witherington 2002) or fecal analyses were used showed
turtles ingested plastics (e.g.. Seminoff et al. 2002; Casale
et al. 2008), but these techniques almost certainly un-
derestimate debris ingestion because only a small subset
of the gastrointestinal tract is sampled. Seminoff ct al.
(2002 found 1.9% of 101 lavaged turtles had ingested
debris: 41 of these turtles were kept in a tank and their
feces collected. Of these, 19% excreted debris, 10 times
the amount found through lavage. Seven turtles from the
same population died and their stomach contents were
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Table 1. Articles published since 1985 that report on studies in which a systematic survey of turtles (s = 7 animals ) was conducted and necropsies

were performed to determine contents of the gastrolntestinal system.

Country Neumber of Turtles with
Reference Study dates  or vegion fririfes in stidy  Species ingested detiris (%)
Bjorndal et al (1994 1988-1993  [15A 51 multiple 49
Bovle and Limpus (2008) H02-2006  Australia 54 green, logperhead G5
Bugoeni ot el (20013 1997-1998  Brazil 50 multifrle 0
Burke ct al. (19943 1985-1989  UsA 18 Kemp's ridley 0
Cannon { 1998) 15404 SA 158 multiple 11
Casale et al. (2008) 2001-2005 central Mediterranean 33 loggerhead 52
Dhiguy (1997) 1978-1995  France 141 tmultiple 17
Duguy ot al. (2000) 1979-1999  France BT leatherback 55
Duronslet et al. (19913 1987-1989 UsA 32 multiple 59
Foley et al. (2007) 2000-2001 US4 44 oreen 2
Frick ct al (2009) 19862001  Azores 12 Ioggerhead 25
Gamcu ep al (1985) 1979 Australia 41 grecn o
Guchert olo etal (2011)  2004-2007 Bl 76 preen 7
Hasbun etal. {20005 1997 UAE 13 green 0
Kaska et al. {2004) 2001 Turkey 65 loggerhead 5
Lazar and Gracan {20117 2001-2004  Eastcrn Adriatic 54 loggerhead is
Limpas et al (2001) 1989-1998  Australia 47 loggethead o
Lopee-Mendilaharsu (2005) 2000-2002  USA 24 preen 0
Mrosovsky ot al, (2009) 1885-2007  Global 408 leatherback 34
Parker et al. (2005 1990-1992 porthern Pacific 52 loggethead 35
Parker et al. §2011) 1900-2004 1154 10 grecn TO
Peckham et al. (20113 2O03-2007  TI8A B2 loggerthead ]
Plokin & Amos (19907 1966-1988 Texas 23 green, hawkshill 61
Plotkin et al (1993) 1986-1988  Texas B2 loggethead 51
Cuincnes et al. (20107 1987 Peru 192 green 42
Revelles et al. (2007) 2002-2004  Mediterranean 19 loggerhead 37
Riss { 1985) 1977-197% Oman 9 green 0
Russo et al, (20037 1994-1998  Mediterrancan 45 green, logperhead 18
Sadowve and Motteale {1989 19701988 UsA 116 multiple 12
Santos el al, (2011 2007-2008  Braril 15 green 20
Schuylet et al. (2012) 2000-2011  Australia 115 mudtiple 33
Seminoff et al, (2002) 1995-1999  Mexico 7 oreen 29
Seney and Musick (20073 1983-2002 18A 166 loggerthead o
Shaver (1991) 1983-1989 UsA 101 Kemp's ridley 29
Shaver (1998) 1984 sA 37 Kemp's ridley 19
Tomas ct al. (2002) N/A Spain 54 Inggerhead 80
Tourinho et al. (20100 2006-2007  Braril 34 grecn 106

analyzed; 2 had ingested debris. Necropsy, therefore, is
the most effective method of identifying debris ingestion
by turtles; however, necropsy limits the study population
to deceased animals.

We analyzed literature published since 1985 to compile
1 global assessment of the prevalence of marine debris in-
gestion by sea turtles. We focused on factors that might be
useful in prioritizing management actions by investigat-
ing whether ingestion prevalence changed over time, the
types of debris most commonly ingested, the geographic
distribution of debris ingestion by marine turtles relative
to global debris distribution, and the species of wrtle and
life-history stages at which turtles are most likely to ingest
debris.

Methods

We reviewed the literature on the pastrointestinal con-
tents of sea turtles published after Balazs’ (1985) review.

We searched ISI Web of Knowledge and the Aquatic
Sciences and Fisheries Abstracts for the terms feeding
ecology, foraging ecology, or diet and plastic, debris,
marine debris, litter, flotsam, detritus, or tar balls. In
each string of terms we included sea ruwrtle plus the
genus and species names of all 7 species of sea turtles.
Because analysis of gastrointestinal contents is the most
accurate way to determine the presence or absence of
marine debris, we used only studies in which a system-
atic necropsy of at least 7 individuals was conducted.
Most of the articles we included in our study were peer-
reviewed publications, but we also included 3 confer-
ence proceedings (Sadove & Morreale 1989; Plotkin &
Amos 1990; Duguy et al. 20000 and 3 government reports
(Duronslet et al. 1991; Cannon 1998; Shaver 1998). For
papers that did not explicitly report debris ingestion, we
asked authors whether debris had not been found or
whether it was not reported. When we were unable to
contact an author, we assumed debris was not found.
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Figure I. Change in probability of ingestion of debwis over time for different species of sea turtles (black dots,
presence [1.0] or absence [0.0] of debris in turtles from one iteration of a Monte Carlo function; gray lines, inverse
logit calculation of the probability of a turtle ingesting debris on the basis of the median slope and intercept for
100 fterations of the Monte Carlo function; p valies, median values for 100 fterations of the Monte Carlo
Sunction). For the leatberback turtle graph, data are for all leatberback turtles, and for the leatberback post 1985
graph, data from Mrosovsky et al. (2009) are excluded
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When studies reported on the same set of turtles (Plotkin
& Amos 1990; Plotkin et al. 1993 Duguy 1997. Duguy
et al. 2000; Mrosovsky et al 2009), we counted each
turtle only once in our analyses.

Because each study varied in length and no study spec-
ified how many turtles were analyzed each vear or the
proportion that ingested plastic in each year, we used a
Monte Carlo simulation to determine whether the likeli-
hood of marine debris ingestion by turtles changed over
time (sensu Efron & Tibshirani 1994), We randomly as
signed turtles with and without debris from each study
to years, drawn with replacement, for the duration of
each study. We then fit a logistic regression to the full
simulated data set across all studies. We repeated this
process to generate 100 logistic regressions fit to in-
dependently simulated data and calculated the median
slope, intercept, and p value from all regressicns. To de-
termine whether there were differences among species,
we ran the same analyses individually for each species.
Although we analyzed only papers published after Bal-
azs’ 1985 review, one paper reported on a compilation
of studies of leatherback wrtles since 1895 (Mrosovsky
et al. 2009). Because we did not conduct an exhaustive
literature search for other studies in this time frame, we
conducted a second analysis for leatherbacks excluding
the Mrosovsky data

We calculated the total number of studies reporting
ingestion of multiple types of debris. We mapped the
percentage of turtles found to have ingested debris at
each study site overlaid on a global map of marine debris
accumulation, as modeled by Lebreton et al (2012). Due
to a lack of standardized reporting in studies, we were
unable to investigate quantitatively the effects of debris

..
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Figure 2. Total number of studies
repariing on mgestion of particular
types of marine debris by sea turiles,
In many cases, multiple types of
debris were found. so a stredy could
be counted in more than ong

category.

oF

ingestion on different life-history stages; however, we
considered these effects in qualitative terms. To deter-
mine which species were most likely to ingest debris, we
aggregated reports from all studies for each species and
used logistic regression to determine the species’ effect
on the probability of ingesting debris.

Results

Thirty-seven studies met our criteria (Table 1). Over 116
vears (1895-2012), the probability of debris ingestion
increased significantly for green and leatherback mrtles
{median p = 0.001) and increased nonsignficantly for
loggerhead urtles (median p = 0.053) (Fig. 1). The prob-
ability of leatherback wirtles ingesting debris did not
change significantly from 1985 to 2012, The probabil-
ity of Kemp's ridley turtles ingesting debris also did not
change over time. The probability of debris ingestion for
hawlsbill turtles decreased from 1985 to 2012,

Of 31 studies providing details of ingested debris,
96.8% (n = 30, reported that sea turtles ingested some
form of plastic. Some studies differentiated between soft
{n = 19) and hard plastic (n = 12). Rope, fishing line,
Styrofoam, tar, and fishhooks were other commonly in-
gested items (Fig. 23 About half the studies that reported
debris ingestion (n = 16} did not report whether inges-
tion was the primary cause of death. In 15 studies, re-
searchers determined whether debris ingestion resulted
in mortality, Of these studies, 11 reported debris was
responsible for 2-17% of total rtle morality; 5-35% of
the trtles that ingested plastic were reported as being
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Figure 3. Locations of studics of ingested debiris by sea turtles worldwide renlargements: faf the Gulf of Mexico
and [b] the Mediterranean) overlaid on a 30-year model of global debris distribution (red and yellow areas on
maps, bigh debris concentration) (Lebreton et al. 2012). Circles are sized relative to the total number of turtles
necropsied (Iarge, 100 turtles; small, 10 turtles). Red areas in civcles indicate the percentage of turiles in each
stuedy found with ingested debris. All species bave been amalgamated. (Background map veprinted from Marine
Polluetion Bulletin Vol 64], L C-M. Lebwreton, 8. 1. Greer, and J. C. Borrero. Numerical Modelling of Floating
Debris in the World's Oceans. Pages 653-661. Cofnwight 20012, with permission from Flsevier.)

killed by it. Four studies, of 12-37 animals each, reported
that debris ingestion killed no turtles.

There was no discernible peographic pattern of debris
ingestion relative to global models of debris distribution
(Fig. 3. In all regions studied, aside from the Persian Gulf,
turtles ingested debris

Hawkshill turtles were most likely to ingest debris,
followed by green and leatherback turtles (Fig. 4). The
carpivorous species (loggerhead and Kemp's ridley) were
least likely to ingest debris. Aside from the hawksbill.
which did not differ significantly from either green or
Inggerhead turtles, all species differed significantly from
one another in probability of ingesting debris (logistic
regression, p - 0.0148 for all factor levels). Ingestion of
debris by a flathack turtle was reported only once, so we
excluded it from our analyses.

Conservulion Hiclogy
Vohame 28, No. 1, 2014

Discussion

Debris Ingestion over Time and Debris Types

The majority of debris consumed by all turtles was com-
posed of plastic (Fig. 2). Even in 1985, when plastic pro-
duction levels were still relatively low, plastic was the
most widely reported debris item inpested (Balazs 1985).

The likelihood of 2 green murtte ingesting debris nearly
doubled from an approximate 30% likelihood in 1985 to
nearly 50% in 2012 (Fig. 1). Leatherbacks showed a sig-
nificant increase in debris ingestion when historical data
were included in the analyses, but the increase leveled off
after 1985, Data from 1985 to 2012 did not show a signif-
icant increase in the probability of debris ingestion. This
result is consistent with that of Mrosovsky et al. (2009),
who also found that debris ingestion by leatherback
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ingested debris. Different letters above bars indicate significant differences between species (p = 0.05) (. total

number of turtles necropsied for each species).

turtles leveled off in the 1980s. The results with
leatherback turtles suggest the environment has reached
1 saturation point, at least with respect to debris dis-
tribution. When running oceanic debris models similar
to C. W. Lebreton's (unpublished datay noted that after
releasing hypothetical debris particles for about 10 years,
debris distribution stabilized (ie.. debris continued to
enter the system, but it ended up in the same areas). This
possible saturation might also explain our results with
Kemps' ridley turtles.

The decrease in hawksbill turtle ingestion of debris we
found may be due to small sample size. Only 2 studies
reported on hawkshill gt contents. and these smdies
were conducted at the very beginning and very end of the
litersture-review period (Plotkin & Amos 1990; Schuyler
et al 2012).

It is possible that increasing awareness of debris inges-
tion may have affected necropsy methods. As more stud-
ies were published on debris ingestion, researchers may
have become more meticulous in their necropsy tech-
nigues, However, because our analyses included feeding
studies, in which gut contents are investigated carefully,
and studies reporting null ingestion, it is reasonable to
expect that observed increases were not due to differ-
ences in necropsy methods among studies. Additionally,
our finding of increasing plastic ingestion is consistent

with findings of other researchers for both turtles and
seabirds (e.g., Mrosovsky et al 2009; van Franeker et al.
2011

Many of the turtles examined in the studies we re-
viewed did not ingest large quantities of debris. How-
ever, even small amounts of ingested debris can result
in gut obstruction and mortality (Bjorndal et al. 1994).
Although many studies did not report mortality of tur-
tles, for those that did, about 4% of the total number
of turtles necropsied (m = 1106) were reportedly killed
by plastic ingestion. Of those turtles that ingested debris
n = 454) 42 (9%) were killed by it (range 0-35%). Al-
though this number is relatively small. mortality is not the
only risk associated with debris ingestion. Plasticizers,
such as bisphenolA (BPA) and phthalates, incorporated
into plastics at production can leach into the environ-
ment or into tissue (Oehlmann et al. 2009, One group
of researchers hypothesizes that plasticizers function as
endocrine disruptors (Krishnan et al. 1993) and thus may
have populationlevel effects on seabirds (van Franeker
& SMS Fulmar Study Group 20117 Floating plastics also
readily absorb heavy metals and other toxins from the
ocean and can release these into the tissues of animals
upon ingestion (Teuten et al. 2009), although litde is
known about the effects of metal or toxin release on
marine species.

Conservation Séology
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Location of Tartles and Debris

Debris ingestion by sea turtles occurs worldwide. Al
though not every study reported turtles with ingested
debris, in every region of the world where gastrointesti-
nil contents were examined, debris was detected. Simi-
Larly, Bakasz ( 1985) reported debris ingestion by turtles at
19 locations worldwide. including all continents except
Antarctica, where turtles do not occur.

Mo relation was observed between high proportions of
debris ingestion at locations where stranded turtles were
found and areas of high debris concentrations as deter-
mined from ocean-current modeling. We considered ana-
lvzing the correlation between coastal human population
density and debris ingestion by turtles at study sites, but
decided this analysis would have little relevance due to
the large-scale migratory paths and motility of turtles and
the wide distribution of marine debris from its source. For
instance, results of a study conducted in the Mew York
Bight, adjacent to the New York City metropolitan area
{1990 population 16_4 million inhabitants) (Bureau of the
Census 1990, showed only 12% of turtles ingested debris
(Sadove & Morreale 1989). The results of a second study 5
years later in the same region showed no evidence of de-
bris ingestion (Burke et al. 1994). Conversely, Tourinho
et al. (2010 studied trtles in a “relatively undeveloped”™
area of southern Brazil. Here, over 200 km from Porto
Alegre (2010 metropolitan area population 4.4 million)
{IBGE 201073, 100% of turtles surveyed had ingested de-
bris. Because most turtles migrate long distances during
their posthatchling pelagic phase and during breeding
migrations (Musick & Limpus 1997; Luschi et al. 2003),
they are highly likely to encounter ocean-borme debris at
some life stage, particulady when they passively drift in
oceanic gyres, where debris acocumulates. Because debris
does not decompose as rapidly as food items and given
that the physiclogy of turtles does not permit regurgi-
tation or expulsion (Sheavly & Register 2007), turtles
may encounter and ingest the debris far from where they
strand.

Life-History Stage of Turtles

Anthropogenic debris accumulates in oceanic gyres far
from shore (sensu Lebreton et al. 20012 (Fig. 3. Accord-
ingly, one might expect oceanic-phase turtles to be more
likely to ingest debris than coastal foragers. The 4 studies
that reported on turtles sampled from oceanic waters
found an average of 49 2% of turtles (m = 128) inpested
debris (Parker et al. 2005; Bovle & Limpus 2008; Frick
et al. 2010; Parker et al. 2011). Casale et al. (2008) inves-
tigated loggerhead tunles accidentally caught in oceanic
waters on longlines and those accidentally caught in
neartw benthic waters by trawl fishers, Of the oceanic
turtles (m = 13), 64% had ingested debris, whereas 22%
{n = 9 of benthic turtles had ingested debris. Similarly,

Conservation Riology
Volume 28, No. 1, 2014

Dleforis gestion by Sax Turlies

results of 3 comparison of 2 populations of similarly sized
juvenile loggerhead turtles with different foraging strate-
gies showed that 35% of animals that foraged in the open
ocean had ingested debris (Parker et al. 20053, whereas
none of the coastal benthic-feeding turtles ingested debris
(Peckham et al. 201 1), Other studies in which stranded
turtles were analyzed repont that smaller oceanic mrtles
are more likely to ingest debris than larger tuntles (Plotkin
& Amos 1990; Schuyler et al. 2012). Balazs (1985) pre-
sented similar results: 69% of immature wrtles ingested
debris, whereas 31% of adult turtles ingested debris. This
means young oceanic turtles may be more at risk from de-
bris ingestion than older benthic-feeding turtles. Mot only
are they more likely to ingest debris, but their relatively
small, thinner digestive systems will be more vulnerable
to impaction by and perforation from the debris (Schuyler
etal 2012).

Species

All species studied ingested debrs, bot green and
leatherback turtles were significantly more likely to ingest
debris than were Kemp's ridley or loggerhead turtles.
Hawkshills were the most likely to ingest debris, but the
sample size was small (n = 32) and came from only 2
studies, so other factors such as geography or life stage
may have skewed results (Plotkin & Amos 1990; Schuyler
et al. 2012). Our results differ from Balazs' (1985), who
reported that green turtles were most likely to ingest
debris ( 32%), followed by lopgerhead (26%), leatherback
(24%), and hawksbill {19%) mrles. However, his data
were reported only as the total number of cases for each
species, not on the basis of the percentage of the total
number of animals of that species that had ingested de-
bris, given all animals sampled.

Carmivorous species (e.g., loggerhead and Kemp's ri-
dley turtles) appear less susceptible to debris ingestion
than herbivores (green), gelatinovores (leatherback), and
omnivores (hawkshilly, or perhaps they are less likely to
retain the ingested debris. One possible explanation of
the lower incidence of debris ingestion in carnivorous
species is that noncarnivores may be more likely to ingest
debris or be more likely to die from ingestion of debris
than carnivorous turtles. This could be because they have
a greater affinity for gelatinous organisms and eat soft
plastic because of its similarity to their prey, because they
are less selective and feed on a variety of items including
plastics, or because they feed in areas that accumulate
debris.

The differences in debris ingestion by species may also
be attributed to differences in the biology of the ani
mals and how their digestive systems cope with debris
once ingested. Adult and subadult loggerhead sea turtles
have a larper-diameter digestive tract than green turtles
of a similar age class; thus, they may more readily pass
ingested materials (Bugoni et al. 2001) or perhaps they
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have different enzymes or microflora that act differently
on ingested debris (Bjorndal 1997

Debris Management

The differences in how debris ingestion is investigated
and reported make it challenging to develop relevant
global analyses on which to base management recom-
mendations. Standardized reporting methods on debris
effects on wildlife, including debris type and size, species,
and life-history stage of animals affected, would go a long
way toward creating a globally consistent and compara-
ble data set. Furthermore, increased efforts to understand
debris effects in underresearched areas where turtles oc-
cur in great numbers (especially Southeast Asia, western
and nonthern Australia, South America, and Africa), and
in mid-ocean pelagic turtles would be beneficial.

Owr results show clearly that debris ingestion by sea
turtles is a global phenomenon of increasing magnitude.
O finding that oceanicstage green and leatherback e
tles are at higher risk than benthic-feeding camivorous
turtles means management actions to target these species
and life stages should be considered. This is particularly
important for leatherback turtles that spend the bulk of
their lives in oceanic waters, and are listed as critically
endangered (ILUCN 2012,

Ingestion prevalence at stranding locations was not
related to predicted debris density, likely due to the long
migrations of turtles. Thus, conducting coastal cleanups
will not solve the problem of debris accumulation in the
pelagic environment, where animals are most commonly
affected, although it is an important step in preventing
marine debris input into the ocean. Anthropogenic de-
bris is not only a problem for endangered turtles and
other marine wildlife, but also affects human health and
safety {e.g., discarded sharps and medical waste and ship
encounters with large items). Debris also has aesthetic
and economic conseguences and may result in decreased
tourism (Ballance et al. 20000, reduced economic benefits
from fisheries (Havens et al. 20083, and damage to ves
sels (Jones 1995). Furthermore, debris destroys habitats
and aids in the transport of invasive species (Sheavly &
Register 2007). It is therefore a high priority to address
this global problem. An estimated 80% of debris comes
from land-hased sources; hence, it is critical to implement
effective waste management strategies and to create and
maintain a global survey and comprehensive database of
murine debris ingestion and entanglement. Additionally,
it is worth engaging with industry to create and imple-
ment appropriate innovations and controls to assist in
decreasing marine debris.
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Abstract

Badkground: There are two predominant hypotheses as o why animals ingest plastic 1) they are opportunistic
feeders, eating plastic when they encounter it, and 2) they eat plastic because it resembles prey items. To assess
which hypathesis is most likely, we created a model sea turtle visual systern and wsed it to analyse debris samples
from beach surveys and from necropsied turtles. We investigated colour, contrast, and luminance of the debris
iterms as they would appear to the tuntle, We also Incorporated measures of testure and translucency to determing
which of the two hypotheses is more plausible as a driver of selectivity in green sea turtles.

Results: Turtles preferred more flexible and translucent items to what was avallable in the environment, lending
suppart to the hypothess that they prefer debris that rssembles prey, particulary jellyfish, They also ate fewer blus
fterns, suggesting that such items may be less conspicuous agalnst the background of apen water where they forage.
Condusions: Lising visual modeling we determined the characteristics that dive ingestion of manne debris by s
turtles, from the point of view of the turtles themselves, This technigue can be utilized to determine debris preferences

of other visual predators, and help to more effectively focus management or remediation actions

Keywords: Cheionia mydas, Chromatic space, Bretmochelys imbricata, Marine debris, Vorobyew-Osorls model

Background

Sea turtles, like many other marine taxa, are increasingly
prone to marine debris ingestion and assodated problems
[1]. Despite many studies recording instances of debris
ingestion e.g. [2,3], little is known about the cues that
attract turtles to eat plastic debris. The predominant
hypotheses are that 1) turtles, as opportunistic feeders,
simply consume items in proportion to what they encounter
in the environment, incuding plastics; and 2} that turtles
feed on plastic because of its similarity to prey; particulardy
jellyfish [4,5]. Though the proportion of gelatinous prey
in a turtle’s diet varies depending on the life stage and
the species of the turtle, all species do target these prey
at some stage of their lives [6,7].

Turtles are primarily visual predators. Research indicates
that loggerhead turtles have limited ability to find food
based on chemical stimuli alone [8], which may explain
why they are primarily caught during the day on longline
fishing lines, and rarely at night [9]. Similady, when pre-
sented with both chemical and visual cues, leatherback

* Carrespondence: O Schuylengug eduay
*Schonl of Biological Sciences, Unnersity of Quesnslard, St Luci, Australia
Full list-of authar informason is avatlable at the end of the amide

() BioMed Central

turtles responded exclusively to visual cues [10]. There-
fore, the visual similarity between plastic bags and jellyfish
can cause confusion even in the absence of chemical
stimuli associated with food sources. Loggerhead sea
turtles have been shown to approach plastic bags in a
similar manner to gelatinous prey, indicating that they
use visual characteristics to select their food [11].

The spectral sensitivity of an animal depends not only
on its photopigments, but also on the transmissivity of the
ocular media and, in the case of turtles, of the oil droplets
associated with the cones. Turtles have a well-developed
visual syseem with at least three different photopigments,
indicating the ability to see colour [12]. The visual sys-
tem of sea turtles is similar to that of fresh water turtles;
however, the sea turtles’ visual pigments are slightly shifted
towards the shorter wavelengths, due to the differences
in spectral characteristics of the waters in which the
different animals live [13]. Sea turtles generally inhabit
clearer, oceanic waters, whereas fresh water contains
many dissolved organics and sediments, shifting the
maximum light transmission to longer wavelengths
[13-15], The bulk of sea turtle vision studies to date
have been conducted on green (Chelonia mydas) and
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loggerhead (Carefta caretta) sea turtles e.g. [16,17].
Liebman and Granda found 3 photopigments in the
green turtle retina absorbing maximally at 440 nm (SWS),
502 nm (MWS), and 562 nm (LWS) [18]. Recent evidence
indicates that green turtles are also likely to have a fourth,
ultraviolet sensitive (U'VS) photo-pigment, like their fresh-
water relatives [17], Turtles possess at least four different
types of oil droplets, again indicating they have four spectral
sensitivities, like birds [17]. Each type of oil droplet may be
associated with a spedific photopigment, or may combine
with different photopigments to produce multiple cone
receptor types [14,19].

Turtles, like many other vertebrates, also possess double
cones, a spedalized structure consisting of two cones joined
together [20]. The function of the double cone is still un-
known; however it has been hypothesized in both birds and
reptiles to play a role in discriminating between levels of lu-
minosity or brghtness [20-23 ], Although the exact compos-
ition of the double cone structure is unknown, in fresh
water turtles both of the members that make up the double
cone have LWS photoreceptors [19].

We created a chromatic space model of the green turtle
visual system (sensu [24]) to Investigate the following ques-
tions: Are green, hawkshill, and flathack turtles selectively
ingesting particular types of debris over others, and if so,
what characteristics of that debris (colour, texture, translu-
cency, luminance, or background contrast) are most
relevant to turthes’ foraging choices?

Results

Chur visual model resulted in peak sensitivities of 365, 4440,
515, and 560-565 (Figure 1). The mixed effects modelling
results indicate that sea turtles select the debris they ingest
based on a varety of physical properties. In fact, debris
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ingested by turtles was significantly different from beach
debris for all environmental varables investigated with
the exception of background contrast and the contribu-
tion of the UV cone (Table 1). Turtles differentiated
items most strongly based on their luminance (p< 0.001,
selectivity ratio = (.640), flexibility (p< 0.001, selectivity
ratio =0.437), and translucency (p=0.001, selectivity
ratio = 0.290). ltems ingested by turtles tend to be less
bright (i.e. lower luminance value), more flexible, and
maore translucent than items found in the environment.
With respect to wavelengths, items ingested by turtles
had significantly lower short wavelength spectrum values
{p < 0,001, selectivity ratio = 0,215,

A simple inspection of the turtle visual space models
{Figure 2} shows the difference in the wawelengths of
ingested debris and beach debris. The averape value of
debris ingested by turtles is lower in the short wave-
fength spectrum than that of beach debris, indicating
that the items turtles eat are less blue than what is avail-
able to them in the envirpnment.

There were no significant differences observed between
plastics ingested by sea turtles of different life history
stages (new recruits and juvenile turtles) with respect to the
factors tested (colour, texture, translucency, luminance,
and background contrast). However, hawkshill and fathack
turtles did exhibit some significant differences compared
green turtles. Because we only had a small sample size for
hawksbills (n = 2) and flathacks (n = 1), we omitted them
from analyses,

Discussion

The spectral sensitivities we calculated (365, 440, 515
and 560-565) are well matched with previously published
electroretinography (ERG) data of C mydas spectral
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Figure 1 Modelled spectral sersitivity of C. mydas. Fach peak represents the photopgment multiphed by the tarsmssiity of s assodated
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Table 1 Model coefficients for physical factors influencing the selectivity of debris ingestion by sea turtles

Intercept SE of intercept Turte effect SO of turtle effect p-value Selectivity ratio®
Flexibility [755 Q085 arey FAEE] <0Dar 0437
TrarshiceEnoy 1285 62 0375 QT ooar= 0230
SWE 0268 00s 0058 Qg <0001 0215
MWS 0xal ams Q028 FLi i ooare Q%G
Lws Q3n s Q040 oz Qoo T
Lvs Q130 ooy 0010 Qo1 D345 Q075
Contrast F5981 1551 —1.468 235 573 Q057
Luminane {sum of cones) 23977 16225 —153 144 24 563 <00ar= QA0
Luminanc (doubde cone) 74973 480 —43.441 TAT <Qoar 0579

Hote that the seleclvity ratio indicates the relative strength of the turies’ selecBvity hased on eadh factor. *indicate p valiss that are significant &t the 0,05 level
*Caloulated a3 the aboolule vahee of @ ratio of the it of B e afec to the sie of the intencept.

sendtivities Levenson and colleagues [25] abserved well-
defined peaks at 515 and 570, with a relatively constant
sensitivity below 500 nm; an earlier study found peaks
at 450, 520, and 600 [18]. The technique of high frequency
flicker ERG used by Levenson et al. [25] is likely more
accurate in the longer wavelengths, as it more success-
fully isolates the cone response from the rod response.
However, the turtles in this study were older than those
used by Lisbman and Granda and may have experienced
a dedine in short wavelength vision similar to elderly
humans, explaining the lack of a defined short wavelength
peak [25], Our model, therefore, matches observed sensi-
tivities based on ERG.

We assumed that beach debris was a reasonable proxy
for ooean-borne debris in the nearshore area inhabited by
these turtles, and therefore represents the debris “available”
to the turtles. Although there are limitations of using beach
debris as a proxy for ocean debris, it has been widely
used in previous studies [26], Thiel et al. [27] conducted
a multi-year comparison of anthropogenic marine debris
on beaches and in nearshore waters, finding the propor-
tinns of different items to be similar. Locally, an analysis
of beach debris and nearshore trawl debris for locations
around North Stradbroke Island found similar proportions
of different colors of debris in both beach and trawl surveys
(unpublished observations, C). Schuyler). We are therefore
confident that focal beach debris is representative of near-
shore ocean debris available to turtles analysed here.

It is clear from the statistical results, as well as from
inspection of the rurtle visual space data that turtles are
selective in what they eat (Table 1, Figure 2). Turtles do
not tend to ingest debris that is reflective in the short
wavelengths; ie blue items. When turtle preferences
were analysed based on a human categorical description of
colour rather than a turtle visual space model, blue was
similarly found to be less prevalent in turtle samples than
in beach surveys [28]. Also in support of our findings, a
labormtory-based study of loggerhead and Kemp's ridley tue-
tles indicated that both species avoided blue dyed bait [29].

Colour is not the only visual factor employed in food
selection, In other animal species, contrast has been found
to be as important or even more influential than colour in
selecting food sources [3031], The fact that turtles are
selecting against blue items could indicate that blue plastics
are less readily visible againgt the blue background of the
open ocean, We measured this contrast value by calculat-
ing the tetrachromatic distance between each debris item
and a background measurement of open ocean water, hut
found that turtles did not selectively ingest items based on
contrast. However, this may be partially due to limitations
of the model. Similar models calculating colour space
distances have reliably predicted honeybee behaviour
when visiting orchid mimics. Bees were more likely to
visit an orchid mimic when there was a small colour
distance between the orchid and its preferred food sowrce
than when the colour space distance was large; in other
wards, when the mimic was a similar colowr to their
preferred food choice [32]. However, the honeybee model
was only successful when incorporating second order visual
processing, assuming interactions between photoreceptor
types [33]. Our model did not incorporate these interac-
tions, which may explain why turtles did not appear to
select for high contrastirems.

Turtles selected debris with significantly lower luminance
values than those of beach debris, possibly because dark ob-
jects stand out better against the bright ocean background
[34] However, we cannot completely exclude the possibility
that the prevalence of darker objects in the turtles is
partially an artefact of our study design, as the debris
in the turtles’ gastrointestinal system is exposed to di-
gestive fluids and other waste, which may result in a
reduction of luminance. Further work on clarifying the
differences in selectivity between contrast and colour
would help to elucidate these results.

The visual space model investigates colour and lumi-
nance, but other characteristics influence ingestion se-
lectivity in turtles even more than colour, Turtles select
plastics most strongly based on their flexibility and
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Figure 2 Colour space triangles. The visual space of a tetrachromatic s=a turtle can be represented as a tetrahadron PA). Each wertex
rer}re.ilnihme oriribution from a different cone, The lower left comer is the medium wawelength cone, the lower right comer ks the UV
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translucency. Our model suggests that turtles prefer
highly flexible and translucent objects, both of which
are key characteristics of one of their preferred natural
prey items: jellyfish, This work demonstrates that turtles
are indeed selective, and it also provides support for the
widely postulated “jellyfish hypothesis”. Proper waste
disposal, particularly for common end user items such
as plastic bags and other soft, translucent items which
are preferentially ingested by marine turtles, may help
to reduce the rapidly increasing debris ingestion rates in
threatened sea turles. We hope this research can inform
conservation efforts not only for endangered sea turtles,
but we also suggest applying similar analyses for other
visual predators to investigate the key factors that drive
ingestion rates and anthropogenic debris selectivity.

Conclusions

Using models to visualize how turtles “see” the plastic they
ingest, we find strong support for the hypothesis that they
ingest plastic because of its resemblance to a typical prey
item, jellyfish. Our model can be extended to other spedes
to better understand why wildlife consume plastic and to
effectively focus conservation and remediation efforts,

Methods
Visual system model
We modelled the spectral sensitivity of the green sea turtle
by incorporating measurements of the photopigments,
oil droplets, and ccular media. We generated generic spec-
tral photopigment curves [35-37] based on the peak absor-
bances for the three known green turtle photopigments:
440 nm, 502 nm, and 562 nm [18], Since measurements of
the green urtle UVS pigment have not been conducted, we
simulated a UVS curve based on the UVS pigment of the
freshwater wrtde Psewdonns scripta. As freshwater wurtles
tend to have pigment maxima at longer wavelengths
than sea turtles, we shifted the peak absorbance for the
Psendomys UVS curve 7 nm shorter to 365 nm [19].
For ail droplet measurements, we assumed that the
orange oil droplets were associated only with photore-
ceptors containing the LWS visual pigments, yellow with
the MWS, clear (UV-reflective) with the SWS pigments,
and colourless (UV-transmissive) with the UVS photore-
ceptors. We used published curves for yellow and orange
oll droplets from green turtles [18], and clear oil droplets

from Pseradorys seripta [19]. We shifted the clear oil droplet
spectrum shorter by 15 nm, corresponding to the difference
in peak wavelength between the SWS pigments of P seripla
and of C wydas [19]. We were unable to find published
spectra for the L'V-transmissive oil deoplet in witles, but as
it has no significant absorbance above 325 nm, & would not
affect the shape of the UV photopigment curve.

We applied the Hart correction to each oil droplet
|38], converted to transmissivity, and multiplied the
photopigment curve by the transmissivity of its associated
oil droplet. We then multiplied the four resulting curves
by the transmissivity of the ocular media [17] and nor-
malized the result for each cone to an absorbance max-
imum of 1 to create a modelled spectral sensitivity curve
for green sea turtles

Debris collection and measurement

We conducted necropsies on sea turtles stranded in
southeast Queensland, Australia, between 2006 and 2013,
and collected all pieces of debris that had been ingested
by the animals (Table 2). For more details see [28]. OF
115 necropsied animals, nineteen had ingested sufficent
quantities of debris for our analysis (16 green turtles, 2
hawlsbill turtles, and 1 flatback turtle). To estimate the
debris to which animals would have been exposed we
conducted ten beach sarvevs on each of two different
ocean-facing beaches on North Stradbroke 1sland
(Flinders Beach and Main Beach) between 2011-2013 (for
detailed methodology see [28]). All items of anthropogenic
debris over 5 mm in length between the water line and
the dominant vegetation line were collected in a 100 m
transect. We selected 20 random debris subsamples from

Table 2 Characteristics of necropsied turtles
All turtles necropsied  Turtles with debris

Speces
Gresn g8 {17]
Hawishill 4 2
Hathacdk 1 1
Loggerhead 2 Li]

Sire class
Pebgic (OO <35 cm} 22 ¥
Benthic {000 >35) a3 7
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each beach and each wrtle sample. Three of the turtles
had ingested fewer than 20 items of debrs, so for these
turtles, all pieces were analysed.

We assigned each piece of debris a measurement of
flexibility between 1 {impossible to bend without breaking)
and 3 (easily malleable). We also assigned a measure
of translucency between 1 {completely opaque) and 3
(possible to read text through the item). We chose
translucency and flexibility because they are visual charac-
terstics in addition to colour which might be used for
prey selection. Using an Ocean Optics JAZ spectro-
photometer we measured the reflectance of each item
between 300-800 nm wavelength. In 49 of the plastic
samples we did not dark-calibrate the spectra, so some
of the reflectances were slightly below zero. To each of the
measurements for these samples we added a constant value
(equal to the largest negative value for the sample) in order
to ensare that the minimum value was non-negative.
Because the negative values were quite small with re-
spect to the maximum reflectances, and represent only
a linear shift, this corredtion factor did not affect the
outcome of our modelling.

We used our caloulated green turte spectral sensitiviies
to model how each item of debris would appear in the tur
tles' visual space [39]. Because there are virally no studies
on the visual systems of hawlksbill and flathack turtles (but
see [40]), we used the green turtle spectral sensitivity
curves (as modelled above) for all species. The visual space
for a tetrachromatic animal can be represented as a three
dimensional tetrahedron with one vertex for each cone
Plotting the relative excitation of each photoreceptor
within this space generates a representation of the colour
of an object as it would appear to a turtle’s visual system.

Usdng the Vormbyev-Osoro noise-limited chromatic
space model [41] we also calculated the three-dimensional
distances between each piece of debris and 2 measarement
of background colowur that turtles would be likely to en-
counter; open ocean water. This gives an indication of the
contrast of each item to the background colour. This
calculation relies on an estimate of the proportions of
cones present in the retina Although these data are not
known for sea turtles, the proportions of oil droplets are
[17], o we assumed the proportions of cones in the pe-
tina to be equal to the proportions of oil droplets
associated with them. Finally, we calculated two different
measures of luminance. For the first we added the total
reflectance values for all four cones. Since the double
cone may be responsible for luminance discrimination, we
calculated a second measurement using the total reflec-
tance of the LWS cone only [19].

In order to determine whether turtles exhibited a se
lectivity for debris based on the physical characteristics
measured (colour, texture, transtucency, luminance, and
background contrast), we used linear mixed effects models
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(R version 301, package Imed) [42] with the physical fac-
tors as response variables, and the location the plastic was
found (turtle or beach) as the predictor varable. In order
to control for autocorrelation among plastic items within
a beach or stormach sample, we incorporated a random ef
fect for each beach or turtle sample. We also investigated
the differences between species and life history stages of
turtles with respect to each physical chamcteristic. Becauss
of the complex nature of the data set, we analysed each fac-
tor separately. In order to obtain a relative measurement of
the strength of each term, we calculated the absolute value
of the ratio of the effect size to the intercept term. Note
that the larger the ratio, the more highly selective the turtles
are for the varable.
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ARTICLE INFO ABSTRACT

Keywords Numerous spedes of seabirds have been shown to ingest anthropogenic debris, but fow studies have
Tigestion compared ingestion rates bebween adults and juveniles of the same spedes. We investigated marine
Mlarine delrk

debris ingestion by short-tailed sheanwaters (Puffinus remuresns) obtaingd through two stranding events
on Morth Stadbroke [sland, Australia in 20010 (n =102; adult) and 2012 (n= 27; juveniles). Necmopsies
were conducted and solid contents found in guts were categorized into type and color, Ohwer 67 of hirds
ingested anthropogenic debris; 3299 pieces of debris were identified. We found no significant mlatdonship
batween body condition of birds which had ingested anthropogenic debris and those that had not
Juvenile birds were more likely to ingest debris than were adult birds and juveniles ingested signifiantly
maore pieces of debris than did adults. Male and female birds ingested similar amounts and weights of
debris. To determine if P. mnutrostis actively selects for certain ty pes of debris, we compared ingested
debris to samples obf@ined from boat-based tows. Significant differences were found, sugpesting that
the birds seled for hard plastic, rubber and balloons.

Plastic-Puflous femumsris
Surface trawl sampling

@ 2014 Published by Elsevier Ltd

1. Introduction

Marine debris, defined as anthropogenic waste that reaches the
ocean, is a global issue. It is composed primarily of plastic polymers
(Derraik, 2002), despite the fact that plastics have existed for less
than a century {Corman, 1993}, It has been suggested that the
deposition rate of plastics has now outgrown production rate
{Muoore, 2008} and that plastice are overly represented in the envi-
ronment due to their slow and varlable decomposition times
(Gregory, 1978), Many plastic polymers are buovant, allowing
them to be entrained in currents and i ncreasing their ability to tra-
vel long distances far from their source. This buovancy means they
are available to a wide range of pelagic-feeding maring species
{Schuyler et al,, 2013},

Worldwide, at least 267 marine species are known to have been
affected by plastic debris including numerous pelagic seabirds
{Lalst, 1987). Many studies have hypothesized why marine animals
ingest anthropogenic debris. However, the role of selectivity by
seabirds when assessing marine debris as a potential food item is
currently not fully understood. Selectivity relies beavily on the for-
aging strategy of the animals, which will automatically include or
exclude certain types of debris due to its specific gravity (does it

« Corresponding authir, Telila: &1 (013 6232 5232
E-mall aebrest: denslse hardes il calin.au (B0, Hardesiy)

0025-326¢]% - ses from mater & 2074 Published by Elsevier Lid.
bt fieksabal asrag' 10U Y (P16 ) e i fleis] 61311 0K

Moat, sink or is it neurally buovant) and its visual charaaeristics
{does it mimic a prey item in shape or color). Hypotheses as o
why wildlife ingest food include misidentification of prey items
(Mrosovsky etal, 2009; Schuyler et al, 2012) and debris becoming
hidden or masked within natural food sources (Balazs, 1985),

Derratk (2002} suggested that the ingestion of plastic by sea-
birds is directly connected to diet, foraging strategy and foraging
location. For example researchers in Alaska found that plastic frag-
ments in bird stomachs were small and brown, leading to the con-
clusion that these could have been mistaken as fish eggs or larvae,
the natural prey items of the focal species {Day, 1980) Also, birds
that forage via “pursuit diving” in open ocean areas tend to have
increased plastic ingestion (Day et al, 1985) Procellariiformes
such as shearwaters are pursult divers that take advantage of gyres
and upwellings (Hunt et al., 1996}, where debris also accumulates
(Laist, 1987; Lebreton et al, 2013)

It Is important to understand the possible mediani sms that may
drive birds to ingest debris. For example, is there selectivity for
color ot size? Moser and Lee (1992) presented evidence that some
seabirds select certain shapes and colors of plastic, possibly mis-
taking them for prey items, Arzzarello and Van Vieer (1987) be-
liewed that planktivores are more likely to ingest plastic particles
than are piscivores, while starving birds might not be selective at
all, Furthermore, in some studies, plastic loads in adults and
juveniles have been shown to differ, with juveniles containing
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higher plastic loads than adults of two related shearwater species
off the east coast of Australia (Hutton et al, 2008 )

Our focal species, the short-tailed Shearwater ( Puffinus tenuiros-
rris; Termminck 1835) feeds primarily at sea and is own to forage
by pur suit diving { plunging from height while searching for surface
prey) and hydmplaning{Mu[gan, 1982: Oei, 1990, It is likely that
while on the wing it is hard 2o distinguish between prey and deb-
ris, particularly if debris are similar in size, shape or color to prey
items {Day et al, 1985) It has been proposed that vision is the
main sense used by seabirds when searching for food (Lovvorn
et al, 2001; Martin, 1998 ). This is suppor ted by the suggestion that
if seabirds feed through tactile or che mical cues, they would be less
likely to ngest non-food items (Martin and Prince, 2001)

With respect to visual acuity and perception of prey, the retina
of the wedge-tailed shearwater ( Puffinus pacificus), a closely related
species, contains five different types of visual pigments in Seven
different classes of photoreceptors, giving them enhanced color vi-
sion (Hart 2004), It is reasonable to expect that the closely allied
short-tailed shearwater shares the same photoreceptors, An
important question becomes ‘are plastic particles likely mistaken
for familiar prey items?’ Pursuit or plunge diving birds must cope
with the refraction of the position of the underwater prey and also
with the reflection of skylight from the surface (Katzir, 1993; Lyth-
goe, 1979) so it is possible that species with different photorecep-
tors andfor foraging strategies may be more or less likely to ingest
particular types, colors, sizes or shapes of debris,

Like other pursuit diving Procellar formes, short-tailed shear-
waters have 3 narrow passage connecting the proventriculus to
the gizzard, which restricts their ability to regurgitate non-digest-
ible material (Carey, 2011}, The gizzard is a thick-walled part of a
bird's gastrointestinal system, in which food is physically broken
down by muscular action and contact with small stones. Indigest-
ible items such as cephalopod beaks, fish owliths and plastics are
often found trapped within the narrow-necked gizzard (Furness,
1985). This can potentially become a problem when chicks are
fed by their parents. Because chidks have a reduced ability to
regurgitate, debris ingestion can retard growth and development,
and debris ingestion has been identified as a source of mortality
in some seabirds (Auman et al, 1997; Frov et al, 1987 Priddel
et al., 2006; Sileo, 1993},

By understanding the charaderistics of the marine debris avail-
able in the oceans, we can better understand potential selectivity
by marine fauna This requires comparing what is available in
the environment to what is found within the gastrointestinal sys-
tem of targeted taxa For example, Schuyler et al. {2012) showed a
positive selectivity for soft clear plastics by sea turties, bevond
what was available in the environment,

Our alm was to quantfy and describe marine debeis ingested by
short-tailed shearwaters (P fenuwirosiris) during two separate
stranding incidents in 2010 and 2012 amd to ask the following
questions: (1) Do E. renuirosms ingest anthropogenic debris? T
sa, what type{s} of debris do they eat? (2] Is there a difference in
the guantity or type of debris ingested between birds of differing
ages of sexes? (3) s there a discernible difference in body condi-
tion berween birds which had and had not ingested debris? (4) Is
debris ingested by P tenuirosris representative of that which we
finnd in the marine environment, or do they select for certain types
or colours of debris?

2. Material and methods
2.1. Smdy area amd focal speaes

Morth Soradbroke Island is located 40 km east of Brisbane, along
the southeast mast of Queensland, Australia (27°20-

27°455153°200-153"35EL In October 2010 and Aprdl 2012,
mass-strandings of short-tailed shearwaters occurred along the
eastern shore of the island along Main Beach (Fiz 1A) One hun-
dred and two short-tailed shearwaters were collected at random
from the estimated 1200 birds washed ashore during the 2010
event. These birds were labeled and frozen for later necropsy. In
April 2012, a similar yet smaller stranding event occurred at the
same location. As in 2010, weather conditions were rough (wind
speeds up to 33 kmlh with rainfall in the region of 19-193 mm
{Austral ian Bureau of Meteorology, 2012), which likely contribured
to the stranding event Twenty-seven dead shearwaters were in
suitable state to necropsy.

Birds were necropsied using standard techmiques (following van
Franeker 2004) and stomach, gizzard and intestinal contents were
recorded separately. For each of the three sections of the digestive
tract, contents were washed in water and stained through a
0,33 mm mesh sievero separate prey or other solid items ingested.
Solid fragments including anthropogenic debris as well as squid
beaks, pumice, small rocks and digestion remaing, were quantified
and identified using a light microscope (Olympus 5251} The length
and wid th of the ingested contents were measured using elecronic
calipers and weighed using a high precision digital scale (HM-202)
We recorded the type and color of each item. Particles were
scraped vsing a scalpel to determine original colors. All collected
iterns were assessed for posiive or negative buoyancy (i sea water,

22 Trawl sampling

Berween November 2011 and May 2012, 41 tows for marine
debris in the nearshore environment were collected at different
locations in Queensland, Australia (Fiz 1B), using a manta trawl
net (mouth size 600 = 200 mm). All trawls were conducted for
30 min at a speed of 1-5 knots, All debris items =033 mm were
collected and analyzed the same way as for the gut contents,

To compare near-coast debris with oceanic marine debris, a pi-
lot study was cond ucted using the same type manta trawl net {de-
scribed above) to sample for foating debris in the high seas Four
tows were conducted along the coast between Yeppoon and
Townsville, through the Southern Great Barrier Reel aboard the
AIMS (Auvstralian Institute of Marine Science) Research Vessel Cape
Ferguson during two days in May 20012 (Fig. 1B). Each tow was con-
ducted for 30 min, at a speed of 3-5 knots, The samples were ana-
lyzed the same way as for near-coast trawl samping

23 Sratistical analyses

Data were analyzed using R (Studio Version 0.95.263 2009 —
2011 R Stusdio, Inc.), To check for equal representation of the differ-
ent classes of debris, we divided debris into the following catego-
ries: Hard Plastic, Soft Plastic, Rope/String, Rubber, and Balloon
and analyzed using a Chi-Square test 'We used generalized linear
models (GLM) to estimate whether birds of different ages or gen-
ders differ in the quantity, total area, or weight of debris ingested.,
and whether the quantity, total area, or weight of ingested debris
affected the BMI of the birds. Body mass index {BMI) was calcu-
lated as the ratio between mass and wing length (Jones et al,
2009), BMI of birds that had and had not ingested debris were also
compared using a GLM,

We used the Adonis model (package vegan) (Oksanen et al,
2013) to run permutational multivariate ANOVA (PERMANOVA)
tests o determine whether ingestion of different caegories and
different colours of debeis differed for birds of different ages or
SENEs,

To discern whether there was a difference between anthropo-
genic debris in high seas and near-shore enviroiments we used a
PERMAMNOVA test, We then compared anthropogenic debris
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ingested by beach washed birds to debris available in the marine
environment as sampled from our surface trawls. We employed
the same procedures as above to test for color preference,

3. Results

A total of 129 birds were sampled during the two stranding
events: 102 adult birds in 2010 and 27 juvenile birds in 2012,
Given that stranding event in 2010 took place when adults are
likely completing migration to their breeding grounds in southern
Australia, we expected that stranded birds were adults, Gonad
state and plumage characteristics supported this assumption. Birds
im the 2012 stranding event were identified as juveniles based on
plumage, time of vear and gonad state.

66 Birds were females, 49 were males and 14 were of unknown
sex, 67X of our total birds sampled had ingested a total of
399 pieces of anthropogenic debris. Anthropogenic debeis items
averaged 11.36mm in length (range of 0.97-80.79,+557),
3.98 mm in width {range of 0.24-44.07 + 2.85) and 386 g in mass
(range of 0.01-58.06 = 0.10)

OF the 102 adult birds, 63% (N =64) had ingested debris. Gender
was approximarely even: 52% of sampled birds were females. The
average welght was 360 g (310-400 g) and the mean BMI was 13.0
(range = 105-162). In the second stranding event, 85% of the nec-
ropsied birds had ingested anthropogenic debris. OF these juvenile
birds (a5 determined by plumage and moult) 48% were females,
The average weight was 291 g (range of 208-538¢) with a BMI
of 126 (range = 90-19.5}

In total, we found 305 pieces of ingested anthropogenic limer
from the 2010 stranding event Of these, 261 pieces were plasdc,
accounting for 48% of the total of solid items found in the guts of
adult birds. Other debris items including rubber, string and balloon
were also recorded. Among the non-anthropogenic dietary items
were squid beals, pumices and small rocks, small gastropods, bits
of wood and seeds (Talle 1)

In 2012, plastic accounted for 50% of items found in gut by
quantity with a total of 129 particles out of 168 pieces of anthropo-
genic debris. Hard plastic, rubber, string balloons, foam and an
intact glowstick are examples of anthropogenic debris that were
consumed by birds sampled in this study. Other dietary items in-

cluded squid beaks, pumice, wood, seeds and gastropods, as well
as algae, pieces of day, insects, fish vertebrae and teeth (Table 1)

Most anthropogenic debris was found in the gizzard (51% and
67% respect vely for 2010 and 2012), followed by the stomach with
37% and 23%, respectively {Fig. 2). The average number of particles
per birds was 4.5 for adult birds and 7.14 for juveniles. Overall, 7066
antd 72% (2010, 2012 respectively) of particles were positively
buoyant,

Mear-coast mawls and offshore trawls showed no significant dif-
ference in color categories (p=0.415), so they were combined for
all color analyses. Significant differences were observed when
comparing color of debris ingested by birds and that available in
the maring environment from our trawl samples (p= 0001,
Fig. 3). Near-coast and ocean trawls differed, however, when we
compared the presence of different ategories of debris
(p=0.021} which may be due to the small number of ocean trawl
samples. For this reason, we used only near-coast trawls in our
analyses of selectivity of debris categories,

Tabde 1
Treskdown ol items ingsted by shon-railed dearwaters (by cont) (rom st anding
evenls b 200 and 2032

Tems 2000 (Adulrs) 2002 (Juveniles)  Total proportion ()
At i geriar

Masiie 26t 129 4599
Tishieat 3 3 4532
Faam (1] 21 264
Dallgon T 13 251
Stig 4 2 075
Mol

Pumice 108 E: 15329
Stpukd beak 60 a1 1269
Stnall mock at o a4l
Cast o 2 4 314
Sead 2 T 1.13
Wi 3 2 063
Feal eriTier 3 1] 034
Algas o 3 034
Fish veriehrae 1] 1 013
Fish toodh o 1 0.13
Clay o % 013
Insact o 2 015
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‘We found a significant difference in the proportion of debris
categories ingested by the shearwaters as compared to trawl sam-
ples (p=0.001), suggesting birds were selecting for certain types of
debris (Fig. 4). However, juveniles and adults showed no difference
in ingestion of debris types (p=0204) nor was there a difference
berween males and females (p= 0866}, Overall 48 and 50% of all
items found © be ingested by shearwaters in 2010 and 2012 were
plastic, This was followed by pumice (19%) and squid bealks (11%)
for 20010 birds, and squid beaks (15%), foam (8%) and pumice {6%)
by 2012 birds.

There was no significant difference in the size (area), weight or
number of pieces of debris ingested between males and females
(p>0.2inall cases) juveniles did not differ from adults in the size
or weight of debris pieces they ingested; however they did ingest
significantly higher numbers of pieces of debris (p< 0.0001).

The BMI was not affected by elther the total weight or number
of pieces of debris that were ingested. The BMI was significantly
lower in birds that had ingested a larger towl size of debris
p=000188) however this was due to one outlier. When the out-
lier was removed, there was no correlation between BMI and nuim-
ber of pieces of debris ingested. Also, there was no significant
difference in BMI between birds that had and had not ingested
debris, Birds sampled in 2010 (adults) had a higher BM
(p=0.00188) than birds sampled in 20012 (juveniles ). Overall, birds

Fercentage of debris
-

rerererr—

Pl g Wark ‘While Hreram fled

were underweight compared to the known average mass for short-
tailed shearwaters (see discussion).

4. Discussion

We found that 67% of stranded P fenuirostris had marine debris
in their gastrointestinal system (GIS ) with the majority of the deb-
ris being plastic in composition. This is comparable o other studies
which have shown that among all seabirds, Procellariiformes
(especially shearwaters) are most likely to ingest plastic, with at
least 8% of Procellariiformes recorded to contain plastic in their
GIS {Colabuono et ab, 2009: Robards et al, 1995; Ryan, 2008)
For that reason, Fulmarus gladali (Northern Fulmar) has beenused
in the Morth Atlantic and Nocth Pacific Oceans a5 2 monitoring tool
for the health of the environment regarding marine debris trends
{van Franeker et al, 20011} Other researchers have also observed
that plastic debris found on the beach contains peck marks made
by birds, suggested that birds could be mistaking plastic fragments
for natural prey items such as cuttlebones, which are commonly
and intentionally ingested by birds {Cadée, 2002),

We found significant differences in the amount and type of
marine debris consumed by juvenile and adult birds. Substanti ally
more juvenile than adult birds were found to have ingested marine
debiis in our study (85% vs. 62.7% ), and the juveniles ingested more
debris by count than adults ingested. Young birds may be more
prone o ingesting marine debris because they are naive consum-
ers. Additionally, these birds might still be carrying partides fed
to them by their parents before fledging, (Carey 2011; Rodriguez
et al 2012), Adules would have been foraging in Australian waters
during the breeding season and may have picked up plastic debris
thiey subsequenty fed to their young. Therefore, juveniles would
have ingested debris coming from Australian waters in either case,
whether through direct feeding or receiving food from adults prior
to fledging Conversely, adult short-@miled shearwaters malntain an
annual cycle in the offloading of plastics when they feed debris to
their chicks (Ryan et-al, 1988). Perhaps this is why Skira( 1986) no-
ticed a reduction in plastic load in adult birds when they were in
their southern breeding season compared to the Northern
hemisphere,

The birds in 2010 {adults on thelr southward migration) had
consumed plastic particles comprised of primarily clear and dark
colors and Redging birds in 2001 2 consumed mostly dear particles
{Fig 3). Perhaps the slight differences in colours consumed by the

GreEn Grey [ 1% Crnrgs  Puaple Pink

3. The perentage of different colored antlropogenic debris fomd in var i @ chons of the gasrno nvestinal system of short-tailed she arw sters in 200 0 | degbed columns |

anit 2012 {solid eolumng]
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two age classed birds sampled in two different years reflects the
different foraging grounds and the colours of plastics available in
these regions. Carey (2011) found a prevalence of clear plastics in-
eested by juvenile short-tailed shearwaters, although grey, black
and red plastics were also recorded. Other recent studies indicate
that short- tafled shearwarers have 2 preference for light colors
(Vhetstra and Parga, 2002), while Skira (1986) reported that
short-tailed shearwaters in Tasmania selected bright colors such
as yellow, green and red. In contrast, Day (1980) sugeested that
shearwaters show no color preference and that the ingestion of
particular colors might reflect regional patterns or that starving
birds might pick anything when they are in poor body condition
Stranding events are common in shearwaters perhaps because
they travel long distances between their breeding and feeding
grounds, Such events also appear to occur more frequently in inex-
perienced Immature birds (Work and Rameyer, 1999; Gould et al,
2000}, This may simply be a function of weather during fledgling
periods or may also be associated with naivety in searching for
food. We did not find a significant relationship between the guan-
ticy of debris consumed and the body condition of the birds, a find-
ing consistent with those of other authors who also did not detect
clear evidence of an impact on the body cond ition of birds that had
ingested plastics (Carey 2011; Rodriguez et al, 2012}, In contrast,
Connors and Smith (1982) found a negative correlation between
the amount of plastic ingested and fat deposits in Red Phalaropes

(Fhalaropus fulicorius i bowever phalaropes are coastal feeding
birds, Spear et al. (1995) found that heavier seabirds had higher
plastic loads and he hypothesized that birds in better physical con-
dition are more prone to ingesting plastics because they are more
fit and they feed in different areas. However, among the birds that
had consumed plastics, the number of particles were negatively
correlated with body condition indicators (Spear et al., 1995)
While ideally we would have ideally sampled adulr and juvenile
birds during the same year, stranding events are serendipitous
and we did not have this opportunity,

Adult birds had a significantly higher BMI and were heavier
than juveniles {mean mass of 360 and 291 g, respectively). We
attributed this difference to age, Overall, however, birds sampled
in this study were no@bly underweight: the average weight for
an adult short-tailed shearwater should range from 480 w B00 g
[Onley and Scofield, 2007, Given that beached washed birds were
often wet andfor covered in sand, BMI results should be taken with
caution. While studies often find that pre-fledging chicks weigh
more than adults, it is worth noting that in both sampling years
birds typically had no fat or only a trace of fat and likely would
have been in poor health prior to stranding.

Our work suggests that birds select anthropogenic debris in dif-
ferent proportions to that which is available in the marine environ-
mient, with short-tailed shearwarers dispropoc ionately consuming
hard plastic, rubber and balloons (Fiz 4), Perhaps some of these
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iterns are more consplicuous in the marine environment or birds
may be selecting them for some other currently unknown reason.
It has been suggested that balloons may be mistaken for cephalo-
pods, a common prey item of shearwaters (Weimersldarch and
Cherel, 1998) Keeping consistent, detailed records of ingested deb-
ris type and comparing ingested debris to that available in the
environment will increase ouwr understanding of the role that
choice plays in ingestion of anthropogenic debeis.

This study adds to a growing body of literature quantifying the
mypes and amounts of anthropogenic debris ingested by marine
taxa, Importantly, we also compared types of debris ingested to
that available in the marine environment which is a relevant addi-
tion that we hope other studies can also include. Seabirds have
been shown to be good indicators of marine health (Furmess and
Camphuysen, 1997). Monitoring the occurrence of plastic in mar-
ine taxa and understanding where marine [auna are encountering
and ingesting debris demonstrates the utility of using wildlife as
indicators of environmenal health,
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Appendix N. CSIRO information flyer — Understanding the effects of marine debris on wildlife.
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Understanding the effects of marine debris on wildlife

CSIRO scientists are working with colleagues at the University
of Queensland, the University of Tasmania and the University
of Western Australia to provide knowledge that can underpin
management decisions relating to the effects of marine

debris on wildlife.

They are involved in a survey and
education project with Earthwatch
Australia; research on abandoned
fishing nets with GhostNets Australia;
and studies of marine turtles with the
University of Queensland. The work
addresses issues identified in Australia’s
National Threat Abatement Plan.

GhostNets

Research in association with GhostNets
Australia has shown that combining
models of marine debris with species
occurrence data could pinpoint areas
where prevention and clean-ups could
make a difference to biodiversity.

The work has also highlighted cost-
effective areas for surveillance and/or
interdiction of derelict fishing gear.

A model simulation of the likely

paths ghostnets take to get to their
landing spots on beaches in the Gulf of
Carpentaria found that entanglement
risk for turtles is concentrated in an
area along the eastern margin of

the Gulf and in a wide section in the
southwest extending up the west coast.

Marine turtles

Surveys of marine debris composition
and ingestion by 115 sea turtles stranded
in Queensland in 2006—2011 highlighted
increasing amounts of plastic in the
marine environment and provided
evidence for the disproportionate
ingestion of balloons by marine turtles.

The study found differences between
ingestion in the turtles’ benthic

and pelagic phases, and that

most ingested items were plastic
and were positively buoyant.

TeachWild

TeachWild is a national three-

year marine debris research and
education program developed by
Earthwatch Australia in partnership

with CSIRO and funding Partner
Shell to understand the extent of the
global issue of marine debris and

its impacts on Australian wildlife.

The program engages Australian
teachers and students, and employees
of Earthwatch, Shell and CSIRO in
research activities including ocean
trawls for debris, beach surveys,
oceanography experiments, marine
observations, and seabird, turtle

and marine mammal research.

So far, scientists have engaged

with more than 2700 students from
some 45 schools Australia-wide,
conducting 29 school beach surveys.

They have conducted ocean surface
trawls from 78 sites around the
continent collecting 235 surface trawl
samples and surveyed 161 coastal
sites from Cape Tribulation clockwise
around Australia to Darwin.

Five satellite tags on green sea turtles to
monitor their movement, and breeding
site surveys have been completed

for more than 15 seabird species.

National Marine Debris Database

Data from citizen volunteers and
scientists are entered into the National
Marine Debris Database online via the
Atlas of Living Australia. The database
is intended to assist the formulation
of waste management policies and
practices by state governments and
coastal councils, and to contribute to
a global marine debris database.

Working together

Groups such as Tangaroa Blue, The
Surfrider Foundation, Clean Up
Australia other coast care groups
and volunteer organisations conduct
beach clean-ups around the country.
Efforts are made to coordinate with
these activities and complement
their work where appropriate.
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Surveys, data
analyses, modelling
and visualisation

CSIRO provides research
expertise in survey design
and data collection,
oceanographic and
ecological modelling, and
statistical analysis, as well as
supporting data handling,
analysis and visualisation.
The activities include:

+ collecting consistent
coastal and offshore data
relating to the sources,
distribution, and ultimate
fate of marine debris,

+ collecting data on
the distribution of
vulnerable wildlife;

+ investigating factors
affecting the ingestion
and entanglement of
debris by wildlife;

+ using oceanographic
models to predict
the distribution of
debris in the ocean,
and compare this with
wildlife distributions to
identify key areas and
species of concern;

-

identifying factors

(such as ocean currents,
population densities

and waste management
policies) that influence the
volume and distribution
of marine debris; and

.

identifying low-cost, long-
term monitoring sites for
marine rubbish and its
impacts on wildlife; and

.

providing analyses to
help governments and
the public tackle the
problem of marine debris.
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CONTACT

Lead scientists: Denise.Hardesty@csiro.au
and Chris.Wilcox@csiro.au

School enquires: teachwild@earthwatch.org.au

WEBLINKS
Teachwild: teachwild.org.au/

Marine Debris Database on Atlas of Living Australia: teachwild.ala.org.au/bdrs-core/portal/17/home.htm
Citizen science training: www.ala.org.au/blogs-news/fielddata-software-citizen-science-training-course/

facebook: www.facebook.com/pages/Marine-Debris-Australia/233284236732809

CONTACT US

t 1300 363 400
+613 9545 2176
enquiries@csiro.au
Www.csiro.au

YOUR CSIRO

Australia is founding its future on science and
innovation. Its national science agency, CSIRO,
is a powerhouse of ideas, technologies and
skills for building prosperity, growth, health and
sustainability. It serves governments, industries,

business and communities across the nation.
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Appendix O. CSIRO information flyer — Tackling Marine Debris

Tackling marine debris

CSIRO scientists are working to provide knowledge that can
underpin management decisions relating to marine debris

and its effects on wildlife.

They are involved in a survey and
education project with Earthwatch
Australia; research on abandoned
fishing nets with GhostNets Australia;
and studies of marine turtles with the
University of Queensland. The work
addresses issues identified in Australia’s
National Threat Abatement Plan.

GhostNets

Research in association with GhostNets
Australia has shown that combining
models of marine debris with species
occurrence data could pinpoint areas
where prevention and clean-ups could
make a difference to biodiversity.

The work has also highlighted cost-
effective areas for surveillance and/or
interdiction of derelict fishing gear.

A model simulation of the likely

paths ghostnets take to get to their
landing spots on beaches in the Gulf of
Carpentaria found that entanglement
risk for turtles is concentrated in an
area along the eastern margin of

the Gulf and in a wide section in the

southwest extending up the west coast.

Marine turtles

Surveys of marine debris composition
and ingestion by 115 sea turtles stranded
in Queensland in 2006-2011 highlighted
increasing amounts of plastic in the
marine environment and provided
evidence for the disproportionate
ingestion of balloons by marine turtles.

The study found differences between
ingestion in the turtles’ benthic

and pelagic phases, and that

mast ingested items were plastic

and were positively buoyant.

TeachWild

So far, scientists have engaged with
more than 3000 students from 50
schools Australia-wide, completing
35 school beach surveys. They have
conducted ocean surface trawls
from 78 sites around the continent
collecting 235 surface trawl samples
and surveyed some 200 coastal sites
from Cape Tribulation clockwise
around Australia to Darwin.
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Distant waste

Cox Bight and New River
Lagoon on Tasmania’s
south-western coast are
hundreds of kilometres
from human settlements.

From the air they appear
as pristine sands amid
wilderness greens and
Southern Ocean blues.

Up close it’s a different
story. Despite their
isolation, the beaches
here are littered with
buoys, bottles, nets,
boxes, gumboots, packing
straps and ropes.

CSIRO scientists took a
float plane from Hobart

to five of Tasmania’s most
remote beaches in May 2013
during the final stage of

the national marine debris
survey. They landed on flat
water near the coast, and
hiked to the survey sites.

Other far-flung locations,
such as Cape Queen
Elizabeth on Bruny Island,
were reached after hours
of driving and walking.

This was a milestone

in a marathon journey:

a continent away from
the first survey at Cape
Tribulation, Queensland,
18 months earlier.

Some 200 beaches

were surveyed; not one
was rubbish-free.

Giblin River, Tasmania



Publications

Butler JRA, Gunn R, Berry HL, Wagey
GA, Hardesty BD and Wilcax, CV {2013)
Value chain analysis of ghost netsin the
Arafura Sea: identifying trans-boundary
Stakeholders, intervention points and
livelihood trade-offs. Accepted, Journal
of Environmental Management.

Schuyler @, Hardesty BD, Wilcox CV and
Townsend K (2013) Are turtles eating
more debris? A global analysis since
1900. Accepted, Canservatian Bialogy.

Wilcox CV, Hardest BD, Sharples R,
Griffin DA, Lawson Tl and Gunn R
(2013) Ghost net impacts on globally

National Marine
Debris Database

Data from citizen volunteers

and scientists are entered online
into the National Marine Debris
Database. The database is intended
to assist the formulation of waste
management policies and practices
by state governments and coastal
councils, and to contribute to a
global database of marine debris.

Completed coastal

Working together

Groups such as Tangaroa Blue, The
Surfrider Foundation, Clean Up
Australia other coast care groups
and volunteer organisations conduct
beach clean-ups around the country.
Efforts are made to coordinate with
these activities and complement
their work where appropriate.

threatened turtles, a spatial risk analysis
for northern Australia. Censervation
Letters, DOI: 10.1111/conl12001.

beach surveys |

Schuyler @, Townsend K, Hardesty BD

and Wilcox CV (2012) To eat or not
to eat: debris selectivity by marine
turtles. PLOS One 7(7): e40884.
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(2010) Tackling ‘ghost nets”: Local
solutions to a global issue in northern
Australia. Ecological Management
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Hardesty BD and Wilcox CV (2013)
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The Conversation. 31 January 2013.

Hardesty BD and Wilcox CV (2011
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and potential selutions. The
Conversation. 23 August 2011,

Hardesty BD and Wilcox CV (2011)
Understanding the types, sources and
at-sea distribution of marine debris
in Australion Waters. Final report to
the Department of Sustainability,
Environment, Water, Health,
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Lead scientists: Denise.Hardesty@csiro.au
and Chris.Wilcox@csiro.au

School enquires: teachwild@earthwatch.org.au
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Citizen science training: www.ala.org.au/blogs-news/fielddata-software-citizen-science-training-course/
facebook: www.facebook.com/pages/Marine-Debris-Australia/233284236732809

CONTACT US
t 1300363400
+613 9545 2176
e enquiries@csiro.au

W www.csiro.au

YOUR CSIRO

Australia is founding its future on science and
innovation. Its national science agency, CSIRO,
is a powerhouse of ideas, technologies and
skills for building prosperity, growth, health and
sustainability. It serves governments, industries,
business and communities across the nation.
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Appendix P. TeachWild handout

developed by

during coastal debris surveys.

Mapping marine debris
around Australia

Scientists from CSIRO are surveying beaches
and birdlife around Australia to better
understand the sources and distribution of
marine debris and the threat it poses 1o
Australian wildlife,

The marine debris survey began at Cairns in
late 2011 and is stopping every 100
kilometres around the coastline. Debris is
recorded alang three to flve survey lines at
each beach or rocky shore.

Data collected during the survey will
contribute to a national marine debris
database designed to assist the farmulation of
wasts managemeant policies and practices
intended to protect marine ecosystems.

The marine debris survey is part of TeachWild,

a national three-year marine debris research and
education program developed by Earthwatch
Australia together with CSIRO and Founding
Partner Shell,

Volunteers can get involved
in and collect datz to
contribute to this national
project

TeachWild offers students and teachers

the opportunity to jein the national
marine debris survey

School groups from Year 6-10 can take
part in an excursion (to local beaches or
waterways) that meets key learning
areas of the Australian Curriculum.

Science teachers can apply 1o take part
in a funded week-long land and sea
based expedition with the science team.

Interested!

.. . teachwild.org.au

@ ‘*‘EARTI' IN‘\II.INI!.I| @

CSIRO to share with interested citizens encountered

Mapping marine debris
around Australia

Scientists from CSIRO are surveying beaches
and birdlife around Australia to better
undarstand the sources and distribution of
marine debris and the threat it poses 1o
Australian wildlife.

The marine debris survey began at Cairns in
late 2011 and is stopping every 100
kilometres around the coastline. Debris is
recorded along three to flve survey lines at
each beach or rocky shore.

Data collected during the survey will
contribute to a national marine debris
database designed to assist the farmulation
of waste management policies and practices
intended to protect marine ecosystems.

The marine debris survey is part of TeachWild,

a natienal three-year marine debris research and
education program developed by Earthwatch
Australia together with CSIRO and Founding
Partner Shell.

==
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Volunteers can get involved
in and collect data to
contribute to this national
project

TeachWild offers everyone an

apportunity to join the national marine
debris survey

School groups, scout groups, citizens
around the country can collect data to
contribute to the national database.

Iterested?

. . . teachwild.org.au

@



Appendix Q. CSIRO marine debris project selected for prime minister’s science update.

PRIME MINISTER’S SCIENCE UPDATE - DRAFT 2013

Marine biodiversity - CSIRO targets abandoned
fishing gear to save threatened turtles

CSIRO research is identifying hot spots for abandoned fishing gear, estimating the impact
on biodiversity, particularly threatened marine turtles, and providing information needed to
intervene.

Approximately 640,000 tonnes of fishing gear

is abandoned worldwide each year. Abandoned
fish nets, known as ghost nets, are carried by

the currents and tides before washing ashore,
entangling seabirds, marine mammals and sea
turtles throughout the oceans for many years and
causing significant loss of biodiversity.

Ghost fishing is harmful to all marine species
including threatened species, commercially viable
species and undersized fish.

Australia is home to six of the world’s seven
threatened species of marine turtle. During

a recent Gulf of Carpentaria beach cleanup

80 per cent of the species recorded in nets were
marine turtles.

Research 1dent1f1y1ng ghOSt net hot spots Ninety per cent of marine debris is of a fishing nature
In collaboration with GhostNets Australia and and originates from all parts of South East Asia
Indigenous rangers, CSIRO researchers have Photo: Alistar Dermer

identified hot spots where abandoned fish nets A global biodiversity problem being targeted
are having an impact.

With the knowledge gained from this research, the

Using ocean current models and data collected ocean paths ghost nets take can be targeted for
by Indigenous rangers on ghost nets being prevention, intercepting the ghost netting before it
washed ashore, researchers are able to simulate reachs high density turtle populations.

the paths ghost nets take to get to beaches in
the Gulf of Carpentaria, and estimate the impact
on biodiversity, particularly threatened marine

This research is also helping to understand the
global threat from marine debris and making
predictions that can guide regulation, enforcement

trtles. and conservation action.

Identifying the global hot spots where marine
Ghost nets on Australia’s shores come mainly debris meets commercially valuable or threatened
from Indonesia, Japan, Korea, Taiwan and marine species enables researchers to understand
Thailand. ~ where prevention and clean-ups could really make

a difference.

_-

Further Information

Megan Clark

Chief Executive, CSIRO www.csiro.au

t 026276 6621 Keep up to date with CSIRO on
e megan.clark@csiro.au Facebook and Twitter

Page | 352






Appendix R. CSIRO participation in international marine debris meeting in South Africa highlighted.
CSIRO team member led field trip with >40 participants to demonstrate methodology and carry out
beach surveys and coastal clean up efforts as part of international delegate.

The Council for Scientific and Industrial Research (CSIR) in South Africa is one of the leading scientific and technology research, d.
implementation organisations in Africa. It undertakes directed research and d

for socio- ic growth. Google™ Custom

eNews home : CSIRinternet site Subscribe

June 2013
o Natural Environment
LR R ITE 2 CSIR participates in first African Marine Debris Summit
AR IR The first African Marine Debris Summit vas held from 6 to 8 June 2013 at the i
South Africa launches its South African National Biodiversity Institute (SANBI), Cape Tovn. Attended by .

indigenous knowledge

N delegates from across the African continent and as a far afield as Australia,
recording system

the Summit coincided vith World Environment Day on S June, and World

Award for CSIR top chemist Oceans Day on 8 June. The theme of the summit was 'African Lessons to
CSIR Intellectual Property Inspire Local Actions’. Dr Linda Godfrey, CSIR principal scientist, was invited
expert appointed to NIPMO to present a paper on the work of the CSIR’s pollution and vaste group,

Ad £y Board focussing on job creation opportunities in the South African waste sector. Her

Innovation in rail-break paper, Resource-intensive local job creation opp ities in waste cle ing and

detection leads to award
nomination for CSIR and IMT

collection, explored opportunities for local, community-based employment in

the avoidance and collection of marine debris along the South African Undertaking a marine debris survey under the guidance of
CSIR bioscientists nominated coastline. Tonya van der Velde, CSIRO Australia
for NSTF-BHP Billiton Awards
for new disinfectant Organised by the United Nations Environment Programme, Plastics SA, the Department of Environmental Affairs, and SANBI, the
CSIR shares R&D ideas with summit was aimed at bringing together marine debris researchers, natural resource managers, policy-makers, industry
Uganda representatives, and the non-governmental community; to highlight research advances, allow sharing of strategies and best practices

Anncincemsents Sacond to assess, reduce, and prevent the impacts of marine debris, and provide an opportunity for the development of specific bilateral or

SA-GEO Symposium, 10-12 multi-country strategies.
September 2013
The final day of the Summit, on World Ocean Day, included a field training session vith Tonya van der Velde of the CSIRO Australia,

L L ies Do mobee on the methodology adopted in the national Australian Marine Debris Survey (for more information see http://vivwe.csiro.au/science

technology for health in
KwaZulu-Natal gather /marine-debris). The summit was rounded off vith a beach cleanup along the Milnerton Beach. "It’s very sad to see the amount and
momentum types of waste washing up along our coastline, vhich we know is directly impacting marine life,” says Godfrey. "When you see plastic

CSIR research architact now straws, ear buds, bottle tops, and shopping bags (amongst other things) lying on the beach and you see the shocking photos of

leader of health engineering vhat these objects do to our birds, penguins, turtles, and seals, it's really a vake-up call to think about what we do vith our rubbish.”
body
The group was joined by Ray Chaplin, adventurer, who is currently undertaking a 2 300 km riverboarding source-to-sea expedition

CSIR laser process gives SA
B = along the Orange River, to raise awareness of the pollution vithin and along our rivers (for more information see

steel-maker an added
advantage http://ravchaplin.com/orangeriver).
Numerical modelling used to Enquiries:

understand violent fluid Dr Linda Godfrey

CSIR data acquisition and lgodrey@csir.co.za
communication protocol for
mines ready for uptake
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CONTACT US FOR FURTHER INFORMATION

t 1300363 400 Oceans and Atmosphere Flagship
+61 3 9545 2176 Britta Denise Hardesty

e enquiries@csiro.au t +61 3 6232 5276

W WWW.CSiro.au e denise.hardesty@csiro.au

W WWW.csiro.au/science/marine-debris

YOUR CSIRO

Australia is founding its future
on science and innovation. Its
national science agency, CSIRO,
is a powerhouse of ideas,
technologies and skills for
building prosperity, growth,
health and sustainability. It
serves governments, industries,
business and communities
across the nation.

Oceans and Atmosphere Flagship
Chris Wilcox

t +61 3 6232 5306

e chris.wilcox@csiro.au

W WWW.csiro.au/science/marine-debris



