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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
Hardesty et al. (2014) | 1

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 postgraduate 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 km2 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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Part I

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
question 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 VII and VIII.
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Figure 1. Map depicting the initial proposed coastal debris survey sites. Note that Tasmania was not originally
included in the plan and that portions of coastal Queensland, South Australia, Western Australia and the Northern
Territory were also initially excluded.
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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.
Hardesty et al. (2014) | 9

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 II

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.

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 III

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
questions. 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

Hardesty et al. (2014) | 13

encompassed the largest geographic distance for surveys around mainland Australia (see Section 5.2
for details).

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 I)
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:

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 <1cm2,
2cm2, 4 cm2, 8cm2, 16cm2 and >16cm2.

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.
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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
“o” 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

1 day

-

1 week

8

1 day

42

1 week

19

1 day

2

1 week

13

1 day

7

1 week

6

1 day

7

1 week

7

-

116

Primary students

Secondary students

Emu parade

Adults

Primary students

Secondary students

Transects

Scientists
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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.

Figure 10. The mean density (items.m2 ± 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.

Figure 11. The mean density (items.m2 ± 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
(χ210 = 4.1; P>0.8). This suggests that the citizen scientist were detecting marine debris of a similar
composition to that found by scientists.

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-1) followed by secondary school students (0.6 person-day-1).

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

52 | Understanding the effects of marine debris on wildlife

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.

54 | Understanding the effects of marine debris on wildlife

Part VIII

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 cleanup 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
• 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-atrecord-pace/
68 | Understanding the effects of marine debris on wildlife

ABC local - http://www.abc.net.au/news/2013-08-09/green-sea-turtles-eat-more-plastic-thanever2c-researchers-say/4877322
Guardian - http://www.theguardian.com/environment/2013/aug/09/green-turtlesswallowing-plastic-study
News.com.au - http://www.news.com.au/breaking-news/national/turtles-eating-recordamounts-of-plastic/story-e6frfku9-1226693992742
MSN.com - http://now.msn.com/green-sea-turtles-eating-more-plastic-than-ever-researchsays
Straitstimes.com - http://www.straitstimes.com/breaking-news/technology/story/green-seaturtles-eat-more-plastic-ever-study-20130809
Softpedia.com - http://news.softpedia.com/news/Sea-Turtles-Eat-Twice-More-Plastic-ThanThey-Used-To-Just-25-Years-Ago-374589.shtml
Inhabitat.com - http://inhabitat.com/green-sea-turtles-are-ingesting-twice-as-much-plastic-asthey-did-25-years-ago/
Zeenews.india.com - http://zeenews.india.com/news/eco-news/endangered-sea-turtleseating-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-plasticthan-ever-16877
Manoramaonline.com (Malayan)- http://english.manoramaonline.com/cgibin/MMOnline.dll/portal/ep/contentView.do?contentId=14730255&tabId=1&programId=1156
5556&channelId=-1073865025
The Inquisitor - http://www.inquisitr.com/896702/endangered-green-sea-turtles-eating-moreplastic/
Deccan Herald - http://www.deccanherald.com/content/350159/endangered-sea-turtleseating-more.html
Wallace J Nichols - http://www.wallacejnichols.org/234/555/new-study-endangered-seaturtles-eat-more-plastic-than-ever.html
Econews.com.au - http://econews.com.au/news-to-sustain-our-world/report-green-seaturtles-eating-more-plastic/
Brisbane Times.com.au - http://www.brisbanetimes.com.au/queensland/turtles-eatingrecord-amounts-of-plastic-20130809-2rlv0.html
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Inquirer News - http://newsinfo.inquirer.net/462047/green-sea-turtles-eat-more-plastic-thanever-study
University Herald - http://www.universityherald.com/articles/4171/20130809/endangeredturtles-eating-more-plastic-green-leatherback.htm
Business Standard - http://www.business-standard.com/article/pti-stories/endangered-seaturtles-eating-more-plastic-than-ever-113080900354_1.html
Jagran Post (Hindi) - http://post.jagran.com/endangered-sea-turtles-eating-more-plastic-thanever-study-1376049880
Before Its News - http://beforeitsnews.com/environment/2013/08/more-plastic-bags-meanbad-news-for-worlds-turtles-2477146.html
Examiner.com (Tampa Bay)- http://www.examiner.com/article/endangered-sea-turtles-eatingmore-plastic-than-ever
ReptilesCanada.com - http://www.reptilescanada.com/showthread.php/69013-NY-PressEndangered-Turtles-Eating-More-Plastic-than-Ever-Study
CriEnglish (China) - http://english.cri.cn/6909/2013/08/09/2361s781070.htm
Perthnow.com - http://www.perthnow.com.au/news/breaking-news/turtles-eating-recordamounts-of-plastic/story-fnhrvfuw-1226693992742
Globalnews.ca - http://globalnews.ca/news/771031/sea-turtles-consuming-record-amountsof-plastic-study-finds/
Euronews.com - http://www.euronews.com/2013/08/09/ingestion-of-plastic-at-record-highfor-sea-turtles/
WildSingapore.com - http://wildsingaporenews.blogspot.com.au/2013/08/green-turtlesswallowing-more-plastic.html#.Ugwe2OBqnAY
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-eatingrecord-amounts-of-plastic/story-fni0xqi3-1226693992742
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-theyused-to-just-25-years-ago/
OneNewsPage - http://www.onenewspage.com/n/Science/74vzeg48k/Green-sea-turtles-eatmore-plastic-than-ever.htm
NewsWhip - http://www.newswhip.com/MoreInfo/Green-sea-turtles-eat-more-plastic-nowt/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-sciencesnews/cluster40913982/
Asean business news - http://asean-business-news.com/singapore/industries/green-seaturtles-eat-more-plastic-than-ever-study/
Silobreaker - http://news.silobreaker.com/green-sea-turtles-eat-more-plastic-now-than-everstudy-5_2267019634815270913
Anygator.com - http://uk.anygator.com/article/green-sea-turtles-eat-more-plastic-than-everstudy__731772
News fiber – Phys.org, NZ Herald, Guardian http://www.newsfiber.com/p/s/h?v=Ejx5xPKsBntQ%3D+LamiIZAPKKo%3D
WorldLatest News - http://www.newslatestworld.com/?p=14307
OceanSentry.org - http://www.oceansentry.org/en/7124-endangered-sea-turtles-eat-moreplastic-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-newsfor-worlds-turtles/
eWallstreeter - http://ewallstreeter.com/more-plastic-bags-mean-bad-news-for-world-sturtles-5269/
Democratic Underground.com - http://www.democraticunderground.com/112751313
International Whale protection org http://www.internationalwhaleprotection.org/forum/index.php?/topic/5966-green-turtlesswallowing-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-plasticpacificdebris/?utm_source=Twitter&utm_medium=Social&utm_content=link_tw20140414newsoceatra&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.uq.edu.au/news/?article=26558.
Media interest in the recent publication was not limited to the domestic audiences. A brief
summary is provided below:
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).

1. 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.

2. 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.

3. 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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4. 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.

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

6. 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.

7. 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-rubbishthreatens-northern-australian-turtles-11585.

8. 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.

9. 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

10. 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.

11. 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): e100289. doi:10.1371/journal.pone.0100289.

12. 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):
e80466. doi:10.1371/journal.pone.0080466.
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13. Schuyler, Q, K Townsend, C Wilcox, BD Hardesty and J Marshall 2014. Marine debris through a turtleeyed view. BMC Ecology. http://www.biomedcentral.com/1472-6785/14/14.

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.

15. 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.

16. Vegter A, M Barletta, C Beck, J Borrero, H Burton, M Campbell, M Eriksen, C Eriksson, A Estrades, K
Gilardi, BD Hardesty, J Assunção I 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.

17. 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.

18. 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.

19. 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.

20. 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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1

Overview

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

Page | 223

-

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.
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2

Year One in Review (a brief synopsis)

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

3

Accomplishments and achievements in Year 2

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.

3.1

Coastal debris surveys
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.

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:
http://www.abs.gov.au/ausstats/abs@.nsf/0/1647509ef7e25faaca2568a900154b63?OpenDocume
nt), 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.

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.

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.

3.2

At sea surveys
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.

Page | 231

3.3

National data portal (improvements)

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.

3.4

Scientist for a Day

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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3.5

TeachWild Intensive Research Teams

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.

3.6

Other CSIRO research activities

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)

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 (2ethylhexyl) 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).
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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.

Page | 236

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

-

3.8

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

International engagement

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)

3.9

Communications and media

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/storyfni0xqi4-1226658481849
http://www.smh.com.au/environment/five-pieces-of-rubbish-per-person-on-our-beaches-201306062nrss.html
http://www.heraldsun.com.au/news/victoria/schools-aid-litter-survey-and-expose-a-sea-full-ofrubbish/story-fni0fit3-1226658039656
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-talkingrubbish-/
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-201304102hlty.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-netsimpact/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/scientistsrangers-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/studyto-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

Page | 240

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 II, 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

3.10 Publications completed or in advances stages of preparation
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-marinerubbish-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., Assunção I 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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4

Anticipated achievements in Year 3 (Looking
forward)

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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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.

2) Click on the “Transect Survey” button.
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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)” field must be negative (e.g.
-35.12546).

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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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.

b. Clicking “save” will take you back to the front screen where you can now enter your
transect data.

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).

8) Click either the “save” or “save and load photos” button –
a. If you 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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9) To enter your collection data, click on the

icon under ‘collection’, then enter all your data

using the “create” button once you have entered in the debris category, type, color and number.

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.

2) Click on the “Emu Parade Survey” button.
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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).

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.

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 “cancel” 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.

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).

9) Click either the “save” or “save and load photos” button –
a. If you 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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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.

11) Simply enter the number of items you collected in that size category for that type/color of debris.
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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
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Appendix H. Millimeter-Sized Marine Plastics: A New Pelagic Habitat for Micro-organisms and
Invertebrates, PLOS One 2014
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Appendix I. Global research priorities to mitigate plastic pollution impacts on marine wildlife.
Endangered Species Research 2014 in press.
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Appendix J. To Eat or not to Eat? Debris Selectivity by Marine Turtles, PLOS One 2012
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Appendix K. Global Analysis of Anthropogenic Debris ingestion by Sea Turtles, Cons Biology 2013
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Appendix L. Mistaken identity? Visual similarities of marine debris to natural prey items of sea turtles
BMC Ecology 2014.
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Appendix M. Comparing plastic ingestion in juvenile and adult stranded short- tailed Shearwaters
(Puffinus tenuirostris) in Eastern Australia, Marine Pollution Bulletin 2014.
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Appendix N. CSIRO information flyer – Understanding the effects of marine debris on wildlife.
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Appendix O. CSIRO information flyer – Tackling Marine Debris
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Appendix P. TeachWild handout developed by CSIRO to share with interested citizens encountered
during coastal debris surveys.
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Appendix Q. CSIRO marine debris project selected for prime minister’s science update.
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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.
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