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Abstract

Marine debris is a major persistent pollutant of oceans worldwide, with far
reaching effects on the inhabitants and users of the marine environment. Marine
plastic pollution is recognised as a key threatening process in Australia because of the
harm it can cause wildlife through ingestion and entanglement (Chapter 1). More than
56 % of seabird species globally have been impacted by marine debris, but little is
known about marine debris interactions in East Australian seabirds. The southern
Great Barrier Reef (GBR) supports a high percentage of breeding and nesting seabirds,
however no research existed on the interactions of marine debris with wildlife in this
ecologically important area. This project was the first to examine the prevalence of
marine debris on southern GBR beaches, and the first to examine marine debris
interactions with two seabird species, the wedge-tailed shearwater (Ardenna pacifica)
and the brown booby (Sula leucogaster). A risk matrix for marine debris interactions
was applied to help inform decision makers about this pollution threat. The utility of
the created risk matrix is that it can be expanded to other organisms or regions within
Australia.

The prevalence of marine debris within offshore sites in the southern GBR
(Capricorn-Bunker Group of islands) was examined, and compared to levels of marine
debris on near-shore beaches (Sunshine Coast, Queensland, and Coffs Coast, New
South Wales) (Chapter 2). Near-shore sites had double the amount of debris items
(0.08 m™) than offshore (0.04 m™) sites, with significantly higher rates of accumulation
near-shore than offshore (U= 0.000, p = 0.050). Levels of debris increased between the
first and second sampling periods at near-shore beaches only, indicating the possible
influence of environmental conditions on the deposition and exhumation of debris

items. More sampling is needed to confirm this trend. A Marine Debris Pollution Index



was developed to aid in monitoring debris pollution at surveyed sites based on mean
amounts and size of collected debris items.

Off/white-clear coloured debris items dominated survey collections (39 % near-
shore; 31% offshore). Hard plastic items were the most prevalent debris type at both
near-shore and offshore sites (56 % and 42 %, respectively). Some differences in debris
type existed between near and offshore beaches, for instance more fibrous plastic and
sheet plastic were recovered at near-shore sites, and these differences were attributed
to source influences. For example, near-shore sites were more heavily influenced by
land-based sources of pollution (Fj; 60 = 546.811, p = 0.021).

Plastic ingestion was studied in wedge-tailed shearwaters (Chapter 3) at
offshore GBR sites and near-shore locations in southern QLD and northern NSW that
were also surveyed for beach marine debris (Chapter 2). Overall on average ~13 % of
late-stage wedge-tailed shearwater chicks had been fed marine debris plastic over two
survey seasons with these birds most often ingesting off/white-clear coloured plastics
(~40 %). Interestingly, significant differences existed between debris colour and
material type on surveyed beaches compared to that fed to chicks nesting offshore
suggesting a selective feeding pattern on these plastics. This trend was not apparent in
late-stage chicks nesting at near-shore sites. Ingestion appeared to be more frequent
in near-shore birds (~17 %), although this was not a significant pattern (Fj; 11; = 4.792, p
=0.065). While, the number of ingested plastic pieces per bird was significantly higher
offshore (U = 40.000, p = 0.032). Marine debris ingestion did not appear to have a
negative interaction on the health of surveyed late-stage chicks as indicated by their
body condition (U = 1091.00, p = 0.204).

Marine debris from oceanic sources was common in the nests of brown
boobies with over one-third containing this anthropogenic material (Chapter 4). Using

a novel photographic technique developed for surveying the nest material of this



species, differences in levels of nest marine debris items were determined. The
outcomes of this technique detected that the Swain Reefs nests were considerably
more contaminated (58 %) than Capricorn-Bunker nests (11 %). Hard plastic debris
dominated Swain Reefs anthropogenic nest material (82 %) and beach debris (77 %) at
all surveyed locations. There was a higher prevalence in nests for blue-purple coloured
plastic items in Swains and Fairfax nests (28 % and 29 %, respectively). Specific debris
items were chosen by brown boobies for use within nests, limiting the use of nests as a
substitute for beach surveys as an indicator of environmental debris levels. The use of
marine debris within the nest material of brown boobies did not appear to negatively
affect the brown boobies during the sampled periods, with no birds found entangled.
A new risk matrix developed by modifying the IMO matrix (IMO, 2014) was
applied to determine the level of risk marine debris posed to a region (Chapter 5). The
marine debris beach survey data and seabird interaction data gathered from this
research was applied to the risk matrix as a proof of concept demonstration. A traffic
light colouring was used with the matrix based on marine debris interactions and
amounts in in the environment. The results of the applied risk matrix from this study
were ‘green’ and ‘yellow’ for seabirds in the southern GBR and nesting locations on the
East Australian coastline. The yellow designation given to birds at Heron Island and
those nesting in the Swain Reefs is at a tolerable risk level, but calls for actions to be
taken to reduce marine debris levels when possible. The green designation given to
birds at Northwest Island and Muttonbird Island, represent a more broadly acceptable
risk level that requires monitoring and should be reduced further when practical.
Further data is needed (i.e. more birds sampled) to provide a more accurate
understanding of the risk to seabirds in the surveyed areas however.
Recommendations from this research include the need for continued

monitoring of marine debris levels (and interactions) on Australian beaches to address



this issue; to ascertain the effectiveness of any preventative measures; and to gauge
the continued performance of current legislation aimed at mitigating or ameliorating
the marine debris problem. Management strategies targeted at the marine debris
issue in south-east Australia could be strengthened through enforcement of current
legislation. This is especially important as increased ship traffic is anticipated
throughout the region and shipping debris has been shown to be one of the common
sources of marine debris in the surveyed areas.

This thesis aimed to provide a baseline on the current presence and
interactions of marine debris with two seabird species common to this ecologically
important area. A number of new and novel tools were developed to undertake this
monitoring and can be used by others to help best inform upon this pollution threat.
The data collected and presented herein will provide new insights that will aid both the
management of seabirds in this region and to improve the management of marine

debris.
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CHAPTER 1

Marine Debris: a Modern Contaminant, a Global Issue
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1.1 Why Marine Debris is an Issue

Marine debris is one of the main threats facing oceans worldwide (UNEP, 2005)
and is listed as a Key Threatening Process (KTP) by the Australian Commonwealth
Government under the Environmental Protection Biodiversity Conservation (EPBC) Act
1999 (DEWHA, 2009). There are a number of different definitions of marine debris,
some of which are ensconced in legislation. The ‘harmful’ marine debris definition
given in the Australian EPBC Act is not used in this thesis due to the limitations of not
including items such as glass, paper, metal and crockery, that are permitted to be
expelled over the side of the boat if more than 12 nm from land. As these items have
the potential to be transported within and around the marine environment and can still
cause harm to marine life (SCBD and STAP-GEF, 2012), this definition was not
appropriate. In this thesis, | have used the following definition for marine debris, as it
is one of the most commonly referred to definitions in the literature and is used by the
United Nations Environmental Programme (UNEP):

“Any persistent, manufactured or processed solid material discarded, disposed
of or abandoned in the marine and coastal environment. Marine debris consists
of items that have been made or used by people and [are] deliberately
discarded into the sea or rivers or on beaches; brought indirectly to the sea with
rivers, sewage, storm water or wind; or accidentally lost, including material lost
at sea in bad weather” (Galgani, et al., 2010, p1).

Marine debris is a multi-faceted issue that is continuing to increase in scope
and severity. It can have far reaching repercussions on the marine and coastal
environment, as well as impacts to the economy of a region, to human health, and to
wildlife, including seabirds (Dixon and Dixon, 1986; Wiber, 1987; Redford, et al., 1997;

Santos, et al., 2005; Arafat, et al., 2007; Sheavly and Register, 2007). A number of
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factors have influenced the increased occurrence of marine debris on beaches,
including the mass-production and use of durable, long-lasting synthetic products, such
as plastics (National Research Council, 1995; Redford, et al., 1997; UNEP, 2005; Sheavly,
2010) and long-held views of the ocean as being an easy receptacle for garbage (Laist,
1987; Karau, 1992; Butt, 2009). Despite global regulation to control the inputs of waste
into the marine environment, marine debris persists and in some areas levels continue
to increase (Lentz, 1987; Coe and Rogers, 1997; STAP, 2011). Over 152 parties or
member states are signatories to MARPOL 73/78 representing 99 % of the world’s
registered shipping tonnage (IMO, 2013). However, the effectiveness of this legislation
is dependent on its adoption, interpretation and enforcement at a national
jurisdictional level (Coe and Rogers, 1997).

Increasing human populations and urbanization especially near coastal areas
(Coe, 2000; Santos, et al., 2009), insufficient waste management strategies both on
land and at sea (Gregory, 1990; Liffman and Boogaerts, 1997), and a lack of awareness
or willingness of and by the public to address their role in pollution also contribute to
the marine debris issue (Ten Brink, et al., 2009; GPA, 2011b). Often there are
inadequate financial resources and/or technology to address different levels of this
issue (i.e. especially in developing nations with insufficient infrastructure and disposal
mechanisms) and a lack of enforcement of legislation that is already in place to deal
with marine pollution (Coe, 2000; Ten Brink, et al., 2009; GPA, 2011b). The
interconnectedness of the oceans and the ability of debris to be carried vast distances
away from its point of origin (Leous and Parry, 2005; Maximenko, et al., 2012) make
the issue of marine debris truly global in scope, with debris found in every ocean and
on beaches of every continent (Carpenter and Smith, 1972; Gregory, 1977; Wiber,

1987; Redford, et al., 1997; UNEP, 2005; Barnes, et al., 2009).
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1.2 General Threats to Humans Associated with Marine Debris

Marine debris has been shown to be hazardous to humans and their
livelihoods. Terrestrial animals and humans can be harmed when medical, toxic
chemical, or sewage-related waste washes ashore, and they may suffer cuts or
abrasions from broken glass, or metal debris (Dixon and Dixon, 1981; Horsman, 1982;
National Research Council, 1990; Wagner, 1990; Whiting, 1998; Sheavly and Register,
2007). Divers, snorkelers and swimmers can be harmed, or killed by debris that has
sunk beneath the ocean surface (Pruter, 1987; Jones, 1995; Sheavly, 