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Preface

The ocean is of eminent importance to mankind. Twenty-three per cent of the 
world’s population (~1.2 billion people) live within 100 km of the coast (Small 
and Nicholls 2003), a figure, which is likely to rise up to 50 % by 2030 (Adger 
et al. 2005). Furthermore, the ocean sustains nearly half of the global primary pro-
duction (Field et al. 1998), a great share of which fuels global fisheries (Pauly and 
Christensen 1995). The marine environment hosts a substantial biodiversity, and 
tourism is an important and constantly growing economic sector for many coastal 
countries. Although human welfare is intricately linked with the sea and its natural 
resources, people have substantially altered the face of the ocean within only a few 
centuries. Fisheries, pollution, eutrophication, deep-sea hydrocarbon exploration, 
ocean acidification and global ocean warming accompanied by sea-level rise as a 
consequence of rapid glacier melting and thermal expansion of sea water (IPCC 
2014) are prominent examples of man-made pressures exerted on the oceans with 
severe ecological and socio-economic repercussions. As a result, marine environ-
mental protection and management have become integral political and societal 
issues in many countries worldwide. However, effective environmental manage-
ment requires a proper understanding of the ecological implications of human 
activities and should, therefore, be accompanied by sound multidisciplinary 
research, scientific advice, education and public outreach.

In recent decades, the pollution of the oceans by anthropogenic litter has been 
recognized as a serious global environmental concern. Marine litter is defined as 
“any persistent, manufactured or processed solid material discarded, disposed of 
or abandoned in the marine and coastal environment” (UNEP 2009). Since its first 
mention in the scientific literature in the 1960s, research efforts addressing marine 
litter have constantly grown as has the amount of litter in the oceans. Many stud-
ies have shown that it consists primarily of plastics with a continuously increas-
ing global annual production of 299 million t (PlasticsEurope 2015). It has been 
estimated that 10 % of all plastic debris ends up in the oceans (Thompson 2006), 
and Barnes (2005) suggested that the 1982 figure of 8 million litter items entering 
the oceans every day probably needs to be multiplied several fold. Eriksen et al. 
(2014) estimate a minimum of 5.25 trillion plastic particles weighing 268,940 tons  



Prefacex

afloat in the sea, but this figure does not include debris on the seafloor or beaches. 
The increasing use of single-use products, uncontrolled disposal of litter along 
with poor waste management and recycling practices is the main reason for the 
accumulation of litter in the sea. Increasing quantities of litter are lost from munic-
ipal waste streams and enter the oceans (Barnes et al. 2009). The ubiquity of litter 
in the open ocean is prominently illustrated by numerous images of floating debris 
from the ocean garbage patches and by the fact that the search for the missing 
Malaysia Airlines flight MH370 in March 2014 produced quite a few misidentifi-
cations caused by litter floating at the water surface.

Since plastic accounts for the majority of litter items in the sea, the chapters of 
this book primarily focus on plastic litter and its implications for the marine envi-
ronment. Numerous quantitative reports on marine anthropogenic litter from vari-
ous parts of the world’s oceans indicate that anthropogenic litter is ubiquitous at the 
shores as well as in the pelagic and benthic realms. Global surveys revealed that plas-
tics have already reached the shores of the remotest islands (Barnes 2005) and even 
polar waters far off urban centres (Barnes et al. 2010; Bergmann and Klages 2012). 
The use of advanced technology, such as remotely and autonomously operated vehi-
cles, revealed that anthropogenic litter has conquered the deep sea before mankind 
set eye upon it suggesting that the deep seafloor may constitute the ultimate sink for 
marine litter (Pham et al. 2014). However, we are just beginning to understand how 
litter actually “behaves” at sea and to identify the drivers of the temporal and the 
spatial distribution of litter in the oceans. Still, we have already started to generate a 
mankind memory made out of plastic in the world ocean.

Marine anthropogenic litter causes harm to a wide range of marine biota. 
Seabirds, fish, turtles and marine mammals suffer from entanglement with and 
ingestion of marine litter items as illustrated by countless pictures of animals 
injured and strangled by discarded fishing gear in the public media. However, 
we have only limited knowledge about the implications of marine litter for the 
many less charismatic invertebrate species that easily escape public percep-
tion but play important roles in marine ecosystems. Although already mentioned 
in the late 1980s (Ryan 1988), it took Thompson’s time series (Thompson et al. 
2004) to raise public awareness of the widespread presence of microplastics, 
which are used in industrial production processes, cosmetics and toothpaste or 
generated through degradation of larger items. Indeed, substantial concentrations 
of microplastics were recently reported from remote and presumably unspoiled 
environments such as the deep seafloor (Woodall et al. 2014) and Arctic sea ice, 
which is considered a historic global sink at least until its plastic load is released 
into the ocean during the projected increase of ice melts (Obbard et  al. 2014). 
Microplastics are available for ingestion by a wide range of organisms, and there 
are indications that microplastics are propagated over trophic levels of the marine 
food web (Farrell and Nelson 2013; Setälä et al. 2014). However, scientists have 
only recently started to investigate whether the contamination of marine organ-
isms with plastics and associated chemicals is causing harm to ecosystems and 
human health (Browne et  al. 2013; Bakir et  al. 2014; De Witte et  al. 2014; Van 
Cauwenberghe and Janssen 2014).



Preface xi

The accumulation of litter at sea and along coastlines worldwide and the many 
open questions concerning the amount, distribution and fate of marine litter and 
potential implications for marine wildlife and humans have raised public awareness, 
stimulated scientific research and initiated political action to tackle this environmental 
problem (UNEP 2014). Identification, quantification and sampling of marine litter do 
not necessarily require professional scientific skills so that NGOs as well as commit-
ted citizens and other stakeholders have contributed substantially to the collection of 
data on marine litter pollution and to the global perception of the problem (Rosevelt 
et al. 2013; Anderson and Alford 2014; Smith and Edgar 2014). Scientists, politicians, 
authorities, NGOs and industries have started to share knowledge at international 
conferences aimed at developing managerial solutions. These joint activities, public 
awareness and, finally, the scientific curiosity of numerous committed researchers 
have stimulated a rapidly increasing number of publications from various scientific 
disciplines in dedicated volumes (Coe and Rogers 1997; Thompson et al. 2009). This 
latest volume on Marine Anthropogenic Litter was inspired by the remarkable recent 
progress in marine litter research. A large proportion of the references reviewed in 
this book was published in the last three years demonstrating the topicality of this 
book and the issue as a whole. Because of the high dynamics in this field of research, 
this volume may already be outdated when published.

This book consists of five major sections. In the first section, Peter Ryan gives 
a historical synopsis of marine litter research starting from the first mention of 
floating debris in the famous novel 20,000 Leagues Under the Sea by Jules Verne 
in 1870 but with a focus on the past 50 years, which have seen a strong increase 
in the production of plastics. The reader will learn about the rapid development 
of this research field, and a series of international key conferences such as the 
“Honolulu Conferences”, which brought together scientists, environmentalists, 
industry, NGOs and policy makers and fuelled numerous publications and new 
research and management schemes.

The second section of the book addresses abiotic aspects of marine litter pol-
lution. François Galgani, Georg Hanke and Thomas Maes portray the abundance, 
global distribution and composition of marine litter, which illustrates the ubiq-
uity of litter in the oceans from the urban centres of human activity to the Earth’s 
remotest sites. Anthony L. Andrady describes the physical and chemical processes 
involved in the degradation of plastics in the marine environment.

The third section of the book covers the biological and ecological implications 
of marine litter. Susanne Kühn, Elisa L. Bravo Rebolledo and Jan A. van Franeker 
summarize the deleterious effects of litter on marine wildlife. The authors com-
piled an extensive list of 580 species, ranging from invertebrates to fish, turtles, 
birds and mammals that have been shown to suffer from the effects of marine 
litter. Toxicity of contaminants associated with marine plastic debris as well as 
health implications is described by Chelsea Rochman who demonstrates that plas-
tics are more than a mechanic threat to marine biota. Tim Kiessling, Lars Gutow 
and Martin Thiel show how marine litter facilitates the dispersal of marine organ-
isms, which are capable of colonizing litter items floating at the sea surface. The 
authors compiled a list of 387 taxa that have been found rafting on floating litter, 
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and they evaluate how marine litter might facilitate the spread of invasive species. 
This may alter the face of biodiversity with yet unknown consequences for ecosys-
tem functioning.

The fourth section of this book is dedicated entirely to the young but rapidly 
expanding field of microplastic research. Since the recent rise in public awareness 
of microplastics in the marine environment, intensive research on this topic has 
yielded a considerable amount of important scientific results. Accordingly, this 
topic deserves an entire section, which is introduced by a synopsis of microplas-
tic research by Richard C. Thompson. The various primary and secondary sources 
of microplastics and the pathways through the environment to the biota are out-
lined by Mark A. Browne who also highlights the need for hypothesis-driven 
approaches in microplastic research. Because of the small size and the diversity of 
plastic polymers, the detection, proper identification and quantification of micro-
plastics are challenging, which hampers the comparability of results from differ-
ent studies. Therefore, Martin G.J. Löder and Gunnar Gerdts composed a critical 
appraisal of methods and procedures applied in this field including a case study 
that demonstrates how improper methodology easily leads to a misevaluation of 
the contamination of habitats and organisms. The global distribution and the envi-
ronmental effects of microplastics are summarized by Amy Lusher. She compiled 
a list of 172 taxa, which have been found to ingest microplastics either in the field 
(131) or in laboratory experiments (46) with variable effects on the behavior and 
health status of the organisms.

Although deleterious effects of microplastics have been demonstrated for a 
considerable number of marine organisms, the role of these particles as vectors 
for chemicals from the environment to the organisms is subject to intense debate. 
Albert A. Koelmans used a modeling approach to critically evaluate the transfer 
of environmental contaminants to marine organisms. Nanoparticles are of even 
smaller particle size (<1 µm). They are of particular concern as they are more 
likely to pass biological membranes and affect the functioning of cells including 
blood cells and photosynthesis. Albert A. Koelmans, Ellen Besseling and Won J. 
Shim summarize what little is known about this litter fraction, whose significance 
in the marine environment is just coming to light.

The final section of this book moves away from natural science towards the 
socio-economic implications of marine anthropogenic litter. Tamara S. Galloway 
reviews the current knowledge on how chemicals associated with plastics may 
affect human health. As top consumers of ocean-based food webs, humans likely 
accumulate contaminants, which may compromise fecundity, reproduction and 
other somatic processes. The accumulation of litter in the oceans can be consid-
ered a result of market failure on land. The root of the problem is probably—as so 
often—that producers/manufacturers of goods (plastics) are not economically held 
responsible for the products they sell. Stephanie Newman, Emma Watkins, Andrew 
Farmer, Patrick ten Brink and Jean-Pierre Schweitzer describe economic instru-
ments that were used in different parts of the world to reduce litter inputs to the 
sea. Although a number of international policies have been in place for quite some 
time to manage the input of litter to the sea, their shortcomings make them unlikely 
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to result in significant reductions of marine litter (Gold et al. 2013). Chung-Ling 
Chen describes and assesses key multilateral and national regulative measures 
with respect to their sufficiency to tackle marine litter pollution. Another way to 
reduce the input of litter to the ocean is suasion of citizens and stakeholders, which 
requires public awareness of the problem through education and outreach activities 
(Hartley et al. 2015). Ideally, such initiatives also generate data that can be used for 
assessments of marine litter pollution and distribution. In the last chapter, Valeria 
Hidalgo-Ruz and Martin Thiel review the potential of “citizen science” initiatives 
for supporting research on this global environmental issue.

The solution of the marine litter problem requires expertise from various sec-
tors, including industries, science, policy, authorities, NGOs and citizens. We hope 
that this book will facilitate the exchange of knowledge amongst the various actors 
and contribute to finding solutions to this challenge.

Bremerhaven, Fiskebäckskil, 2015	 Melanie Bergmann
Lars Gutow

Michael Klages
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