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Introduction 

Marine debris is defined as “any persistent, manufactured or processed solid material discarded, 

disposed of or abandoned in the marine and coastal environment” (UNEP, 2009).  

Nowadays, it is well recognized that marine debris is one of the major aspects of marine 

pollution, posing a serious threat to marine life (KÜHN et al., 2015). It is ubiquitous in all the 

world's oceans and can be found in all size classes even in remote places (THOMPSON et al., 

2004; BARNES et al., 2009).  

This thesis covers two major aspects of marine debris pollution research. One aspect discovers 

the occurrence and impacts on marine mammal species, the second one the distribution of 

marine debris in the environment of the North- and Baltic Seas. 

The mentioned “solid material” includes metal, glass, processed wood and synthetic polymers 

or “plastics”. Next to increasing production and usage, the careless disposal of these materials 

causes more and more difficulties, e.g. an increasing trend of debris occurrence in the marine 

environment (PRUTER, 1987; THOMPSON et al., 2004; BARNES et al., 2009; THOMPSON et al., 

2009). Especially one material is of concern: synthetic polymers or “plastics”. Due to their 

durability and lightness together with a cheap production, they are one of the most used and 

required raw materials for various products (THOMPSON et al., 2009). Since these do not 

degrade, plastics remain in the environment for a long time. Next to extensive use and 

inappropriate disposal, this is also the reason why plastics build the highest share among marine 

debris. 

It was estimated that 5.25 Mio. plastic particles with a total weight of 268,940 tonnes alone are 

floating in the world’s oceans (ERIKSEN et al., 2014). Furthermore, possible six garbage patches 

are present in the world’s oceans, describing an aggregation of debris items floating together 

due to prevailing circulations (VAN SEBILLE et al., 2012). In 2010, it was estimated that between 

4.8 and 12.7 million metric tonnes of debris were dumped into the marine environment taking 

the data on solid waste production, population density and waste management of 192 countries 

into account, which are located close to the seashore. In this respect mostly Asian countries 

contribute to the high input of debris due to a fast increase of the population and an absence of 

a suitable waste disposal system (JAMBECK et al., 2015; SCHMIDT et al., 2017). Together with 

the steady increase of the world’s population over the years, the demand for plastic rose as well. 

While in the 1950, 1.5 Mio. tonnes were produced globally, in 2009, 230 Mio. tonnes were 
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manufactured (HAMMER et al., 2012), in 2016 production reached 335 Mio. tonnes 

(PLASTICEUROPE, 2018). 

It is thus not surprising that marine debris represents a serious threat to the marine wildlife. It 

affects all kind of marine biota such as fish, turtles, birds, seals and cetaceans (LAIST, 1987; 

1997; FOEKEMA et al., 2013; KÜHN et al., 2015). Entanglement in objects such as fishing gear 

(e.g. netting, ropes, fishing lines), being either lost or discarded, can cause injuries such as 

wounds or chronic infections of the skin and the sub cutis (LAIST, 1997; ALLEN et al., 2012; 

KÜHN et al., 2015). Moreover, it can change the behaviour of the individual by restricting 

movement, hindering diving, hampering foraging and thus food intake as well as causing 

negative energetic effects. It might even cause strangulation or drowning of animals by 

preventing surfacing for breathing (FELDKAMP et al., 1989; KIRKWOOD et al., 1997; VAN DER 

HOOP et al., 2017a; VAN DER HOOP et al., 2017b).  

Ingestion of marine debris objects can cause suffocation and the perforation or blockage of the 

gastro-intestinal tract (GIT). Furthermore, marine debris in the GIT can cause starvation due to 

a false feeling of satiety without providing the needed nutrients. Furthermore, food uptake of 

native prey organisms is ceased (BAIRD & HOOKER, 2000; GREGORY, 2009; JACOBSEN et al., 

2010; SIMMONDS, 2012; BAULCH & PERRY, 2014; KÜHN et al., 2015; SIMMONDS, 2017; VAN 

FRANEKER et al., 2018). The uptake of debris items by marine fauna happens due to mistaking 

it for food or by taking it up together with natural prey (KATSANEVAKIS, 2008).   

Due to different environmental factors, such as UV-light, larger plastic objects crack into 

smaller plastic particles (micro plastic particles <5 mm) and are transported within the food 

web (TEUTEN et al., 2009; FARRELL & NELSON, 2013; FOEKEMA et al., 2013; SETALA et al., 

2014; RUMMEL et al., 2016; NELMS et al., 2018). Furthermore, they are known to be able to 

absorb chemicals and are, thus, vectors for transporting pollutants (ANDRADY, 2011; BAKIR et 

al., 2012) and releasing them in organisms (BAKIR et al., 2014; KOELMANS et al., 2014).  

Nowadays, 557 marine species of the marine fauna are recorded to be impacted by marine 

debris. Marine mammals are particularly affected by either getting entangled in or by ingesting 

debris objects. 65.9 % of all marine mammals species investigated are affected by marine 

debris, 67.5 % of all investigated cetaceans species and 42.1 % investigated seal species (KÜHN 

et al., 2015).  
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First incidents of ingestion of plastics in seabirds was observed in the 1960`s. In the 1980`s, 

when observations of entanglements increased and concerns about uptake of chemicals related 

to plastic rose, the impacts on the marine environment came more into focus of research 

(THOMPSON et al., 2009). Since then, the number of research projects dealing with a variety of 

topics on marine debris increased over the years covering analyses on occurrence in and impacts 

on the environment (RYAN, 2015).  

In the North- and Baltic Seas three marine mammal species are regularly occurring: the harbour 

porpoise (Phocoena phocoena), harbour seal (Phoca vitulina) and grey seal (Halichoerus 

grypus).  

The harbour porpoise is the only true resident cetacean species in German waters (BENKE et al., 

1998; SIEBERT et al., 2006b). Three separate populations inhabit the North- and Baltic Seas and 

adjacent waters: the North Sea population (NS), the Inner Danish Waters (IDW) population and 

the Baltic Proper (BP) population (HUGGENBERGER et al., 2002; WIEMANN et al., 2010; 

GALATIUS et al., 2012). During the large aerial and ship based survey “Small Cetaceans in 

European Atlantic waters and the North Sea” in 2016 (SCANS III) the abundance of harbour 

porpoises in the North Sea was last estimated to be 345,373 (CV: 0.25; CI: 95 % 16,055-

42.128). The abundance of the Kattegat and Belt Sea was estimated to be 42,324 (CV: 0.18; 

CI: 95 % 23,368-76,658) (HAMMOND et al., 2017). In the North Sea the harbour porpoise 

population is categorized as “least concern” by the IUCN, the population in the Baltic Proper 

as “critically endangered” due to the evidence of fewer than 600 animals and a still on-going 

decline (HAMMOND et al., 2008).  

Haul-outs of harbour and grey seals can be found on sandbanks along the coastline of the 

German North Sea, in the German part of the Baltic Sea only a few infrequently used haul outs 

exist. Aerial surveys conducted in 2017/2018 revealed 9,285 harbour seals and 1,377 grey seal 

pubs in the Wadden Sea (BRASSEUR et al., 2018; GALATIUS et al., 2018). 

In the German North Sea harbour seals breed between May and June and moult in August. Grey 

seals have their main pupping season in German waters between November and January (ABT 

& KOCH, 2000). During this time and during the moulting period (March-April), Helgoland and 

a sandbank near Borkum are important haul-outs for grey seals in the German Wadden Sea.  
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The sperm whale (Physeter macrocephalus) is a deep diving species characterized by its global 

distribution. The adult females inhabit tropical and subtropical waters while adult males migrate 

up to the polar region foraging for larger prey organisms (squid). They then return to the equator 

for mating (WHITEHEAD, 2018). On their way to and from higher latitudes, they forage in 

Icelandic and Norwegian waters. In 2016, 30 young male individuals ended up in the North Sea 

possibly due to a variety of factors and where examined after they stranded on different 

locations of the North Sea coast (IJSSELDIJK et al., 2018). 

However, information on impacts of marine debris on marine mammals in German waters are 

scarce, only a few studies are available for the North Sea Region of individuals stranded in 

Dutch waters (BRAVO REBOLLEDO et al., 2013; VAN FRANEKER et al., 2018). Thus, evaluations 

on the interactions are urgently needed in line with data on the distribution of floating debris 

(TEKMAN et al., 2017). This study helps to understand the situation in German waters and 

complements studies from the North Sea region. 

The North- and Baltic Seas are surrounded by densely populated countries and characterised 

by high human exploitation (HALPERN et al., 2008; HALPERN et al., 2015). The Wadden Sea in 

the North Sea and the whole Baltic Sea were classified as “Particular Sensitive Sea Areas” 

(PSSA), for which the input of marine debris is strictly prohibited (IMO, 2018).  

Research on the distribution of floating marine debris started in the North Sea in 1983 (DIXON 

& DIXON, 1983), information collection of beach litter in 1987 (VAUK & SCHREY, 1987) 

identifying ships as the main source for marine debris on the beaches of Helgoland. More recent 

research covers, next to ship-based observations of floating debris (THIEL et al., 2011; GUTOW 

et al., 2018), information on the occurrence of marine debris on the seafloor (KAMMANN et al., 

2017; GUTOW et al., 2018; MAES et al., 2018; URBAN-MALINGA et al., 2018) and on beaches 

(SCHULZ et al., 2015; HENGSTMANN et al., 2017; SCHERNEWSKI et al., 2017). For identifying 

the possible origin of marine debris in the marine environment, modelling of particle 

transportation was conducted to possibly identify the perpetrator of marine debris input 

(CALLIES et al., 2011; NEUMANN et al., 2014) or gain information on trends concerning beach 

litter occurrence over the years (SCHULZ & MATTHIES, 2014). In the North Sea,  65 % of floating 

marine debris were identified as plastic objects, on the seafloor almost exclusively plastic items 

were recovered in a study conducted in the North Sea (GUTOW et al., 2018). On beaches, the 

percentage of plastic items among beach litter range from 52-91 % (SCHULZ et al., 2015).  
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This study covers two important issues on marine debris pollution: 

a) the prevalence of marine mammal interactions with marine debris and b) the occurrence in 

the marine environment. In both cases the analysis presented in this thesis used large time 

spanning data sets of high quality, representing a solid basis for assessing marine debris burden 

in the North- and Baltic Seas. It complements existing studies and fills gaps of urgently needed 

information on impacts of marine debris in German waters. More decisive, evaluating aerial 

survey data of floating marine debris and assessing necropsy data of marine top predator species 

inhabiting German waters was conducted for the very first time. This unique analysis is thus 

invaluable for management purposes and needs to be considered for further monitoring 

developments.  

The MSFD oblige member states to ensure that, by 2020, “properties and quantities of marine 

litter do not cause harm to the coastal and marine environment” and that a “Good Environmental 

Status” (GES) is achieved by that time. Marine debris is positioned as descriptor 10 and is thus 

considered to be one of the major aspects for achieving a GES by minimizing the input. 

Moreover, monitoring the current occurrence and impacts is essential as well as establishing 

protective measures and a constant, prospectively monitoring to observe changes and variations 

in the GES. Since marine debris drifts between all the world’s oceans, actions on an 

international scale are mandatory for successfully reducing and preventing marine debris 

pollution in the future. 

Besides the MSFD, the Habitats Directive (Council Directive 92/43/EEC) was adopted in 1992 

for “the conservation of a wide range of rare, threatened or endemic animals and plants” 

(HABITATS DIRECTIVE, 1992). Within this EU directive, the three marine mammal species 

regularly occurring in German waters, the harbour porpoise, the harbour seal and the grey seal 

are listed in Annex II (Animal and plant species of community interest whose conservation 

requires the designation of special areas of conservation) since 1992. Harbour porpoises are 

additionally listed in Annex IV (Animals and plant species of community interest in need of 

strict protection), harbour seals and grey seals are also registered in Annex V (Animals and 

plant species interest whose taking in the wild and exploitation may be subject to management 

issues). 

Both, the MSFD and Habitats Directive, oblige Germany to reduce harm to the marine 

environment. This study contributes greatly to assess the burden in German waters and is thus 
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of great use to fill in the gaps of knowledge on marine debris impacts and occurrence in the 

marine environment. Moreover, it serves to complement the existing research results of 

previous projects to establish a solid baseline. Furthermore, it helps to take another monitoring 

options into account and reflects the need of standardised protocols for both, collecting 

information on marine debris in the environment as well as conducting examinations of 

impacted marine mammals.  

Necropsy data were analysed for gaining information on incidents of entanglement and 

ingestion of marine debris items in the three top predator species (harbour porpoises, harbour 

and grey seals). Moreover, it reveals potential health impacts caused by entanglement or 

ingestion of debris by analysing the health database with respect to the occurrences of macro 

debris and related injuries. Data go back to 1990 (harbour porpoises) and 1995 (seals), 

respectively, covering the North- and Baltic Seas (chapter 1). 

Ingested marine debris in sperm whales (Physeter macrocephalus), which stranded in early 

2016 on different coastlines of the North Sea (Germany, The Netherlands, France, Great 

Britain, Denmark), give additional insight into the marine debris burden (chapter 2). 

Furthermore, information on floating marine debris gained during survey flights conducted for 

harbour porpoise distribution and abundance estimations were evaluated, verifying the 

applicability of opportunistically collected data for identifying high density areas of floating 

marine debris and its use as future monitoring method in comparison to ship-based 

observations. Aerial surveys are conducted since 2002, for this evaluation, all data between 

2002 and 2016 were analysed (chapter 3). 

The conducted analyses deliver a detailed insight into impacts of marine debris on top predator 

species and a profound view on the distribution of floating marine debris in the North- and 

Baltic Seas. For the first time, debris findings in marine mammal species inhabiting German 

waters as well as the occurrence and distribution of floating marine debris collected during 

aerial surveys were evaluated. As such, it complements former studies, helps to complete the 

global picture of marine debris pollution and the marine debris burden in the North- and Baltic 

Seas in particular. Furthermore, this evaluation helps to assess the risk for marine mammals of 

being affected by marine debris. In addition, the assessment serves the European Marine 

Strategy Framework Directive (MSFD; Directive 2008/56/EC of the European Parliament and 

of the Council) for implementing the demanded requirements. 
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Abstract 

Records of marine debris in and attached to stranded harbour porpoises (Phocoena phocoena), 

harbour seals (Phoca vitulina) and grey seals (Halichoerus grypus) were studied comprising 

information on 6587 carcasses collected along the German coast between 1990 and 2014, the 

decomposition state allowed for necropsy in 1622 cases. 

Marine debris items were recorded in 31 carcasses including 14 entanglements (5 harbour 

porpoises, 6 harbour seals, 3 grey seals) and 17 cases of ingestion (4 harbour porpoises, 10 

harbour seals, 3 grey seals). Objects comprised general debris (35.1 %) and fishing related 

debris (64.9 %). Injuries associated with marine debris included lesions, suppurative ulcerative 

dermatitis, perforation of the digestive tract, abscessation, suppurative peritonitis and 

septicaemia. 

This study is the first investigation of marine debris findings in all three marine mammal species 

from German waters. It demonstrates the health impacts marine debris can have, including 

severe suffering and death. The results provide needed information on debris burdens in the 

North- and Baltic Seas for implementing management directives, such as the Marine Strategy 

Framework Directive (MSFD). 
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Introduction 

Marine debris is defined as “any persistent, manufactured or processed solid material discarded, 

disposed of or abandoned in the marine and coastal environment” (UNEP, 2009). Today, it is 

recognised as a major threat to the marine environment (SHEAVLY & REGISTER, 2007). Debris 

has been shown to negatively affect many marine biota, including turtles, birds, seals and 

cetaceans (LAIST, 1997; PAGE et al., 2004; GREGORY, 2009; ALLEN et al., 2012; MOORE et al., 

2013; KÜHN et al., 2015). In marine mammals, debris has been shown to cause injuries 

(SIMMONDS, 2012; MOORE et al., 2013; BAULCH & PERRY, 2014), which often lead to secondary 

infections with negative health impacts (ALLEN et al., 2012; MOORE et al., 2013), be responsible 

for suffocation and starvation (SHEAVLY & REGISTER, 2007). Entanglement in plastic items and 

derelict fishing gear, as well as ingestion are the major risks marine debris poses to marine 

mammals (SHEAVLY & REGISTER, 2007; KÜHN et al., 2015). The North- and the Baltic Seas are 

two of the most heavily utilized marine areas of the world (HALPERN et al., 2008). The majority 

of marine debris originates land-based (UNEP, 2009) and the bordering states of the North- and 

Baltic Seas are populous. The fact that they are exposed to a large variety of anthropogenic 

activities, such as fishing and tourism additionally promotes the input of debris. For both, the 

North- and Baltic Seas concerns on debris amounts has officially been recognised, and 

embedded in the HELCOM agreement (Helsinki Convention) (HELCOM, 2015) for the Baltic 

in 1972. Furthermore, in 1992 it was additionally included in the course of the OsloParis 

Convention (OSPAR) for the Northeast Atlantic comprising the North Sea, amongst others 

(UNEP, 2009). Despite assumed large quantities of marine debris in both seas (GALGANI et al., 

2000) the impact of marine debris on native marine mammals in German waters has not yet 

been investigated. Necropsies performed on 22 out of 30 sperm whales (Physeter 

macrocephalus) stranded in the North Sea in 2016 revealed large amounts of marine debris in 

the gastro-intestinal tract (GIT) in nine of these animals (UNGER et al., 2016), which had 

accidentally entered the North Sea. Several items recovered from the stomachs, such as nets 

which were classified as likely originating from the local shrimp fishery due to its mesh size 

and colour, suggested ingestion in the North Sea (UNGER et al., 2016). 
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Harbour porpoise (Phocoena phocoena; Ppho), harbour seal (Phoca vitulina; Pvit) and grey 

seal (Halichoerus grypus, Hgry) are the three marine mammal species regularly inhabiting the 

North- and Baltic Seas. 

Harbour porpoises are widely distributed in both the North and the western Baltic Sea 

(HAMMOND et al., 2002; HAMMOND et al., 2013). Lowest harbour porpoise densities in the study 

area are found in the eastern Baltic Sea, where the endangered Baltic Proper subpopulation 

resides (HAMMOND et al., 2002; HAMMOND et al., 2008; BENKE et al., 2014). Harbour seals 

occur in high numbers in the Wadden Sea (GALATIUS, 2016) and comparably low numbers in 

the Baltic Sea. Grey seal abundance is comparably low in both the southern North Sea and the 

Baltic Sea (BOWEN, 2016; BRASSEUR, 2016).  

In general, all three species are categorized as “least concern” on the IUCN Red List of 

threatened species (HAMMOND et al., 2008; BOWEN, 2016; LOWRY, 2016). However, the Baltic 

Sea subpopulation of the harbour porpoise is “critically endangered” (HAMMOND et al., 2008).  

Within the EU habitats directive (Council Directive 92/43/EEC on the Conservation of natural 

habitats and of wild fauna and flora), all three species are listed as species of community interest 

within Europe in Annex II, the harbour porpoise additionally in Annex IV, harbour seals and 

grey seals in Annex V. OSPAR in the North Sea and HELCOM in the Baltic Sea, cover the 

conservation of all three species. The main focus is to reach a “good state of conservation” in 

terms of aiming a reduction of any restrictions within their range caused by anthropogenic 

impacts. Furthermore, the same objective is pursued for the harbour porpoise by the agreement 

on the conservation of small cetaceans in the Baltic, North East Atlantic, Irish and North Sea 

(ASCOBANS) under the auspices of the Convention on Migratory Species (CMS or Bonn 

Convention) (SHERRINGTON, 2014). 

All three species are confronted with a variety of anthropogenic impacts within their natural 

habitat, such as bycatch, noise and chemical pollution, as well as the reduction of available prey 

(KOCK, 1996; HERR, 2009; SIEBERT, 2012; DÄHNE, 2013). Especially pollutant burdens are 

reflected in the health status, including parasitic and bacterial infections, emaciation and 

impairment of the immune system which promotes the vulnerability to illnesses (BEINEKE et 

al., 2005; DAS et al., 2006; SIEBERT et al., 2007). Fatal consequences of entanglement in marine 
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debris arising from chronic infections of associated skin lesions have been found in harbour 

seals between 1996 and 2005 (SIEBERT et al., 2007). Likewise, ingestion of marine debris with 

fatal consequences was found in a harbour porpoise with plastic items stuck in the oesophagus, 

resulting in suffocation (BAIRD & HOOKER, 2000). 

Collecting information on impacts of marine debris on marine mammals is difficult. 

Entanglements can sometimes be observed in the wild (ALLEN et al., 2012), however, only 

necropsies can reveal cases of ingestion and associated effects. Stranding events thus are a 

valuable source of information on the occurrence and possible impacts of marine debris on 

marine mammals (SIMMONDS, 2012). 

In this study, information on marine debris found in and attached to marine mammal carcasses 

collected along the beaches of the German federal states of Schleswig-Holstein (SH) and 

Mecklenburg-Western Pomerania (MWP) collected since 1990 is summarized. This analysis 

aims to provide first information on marine debris interactions, both external and internal, of 

marine mammals from the German North- and Baltic Seas. Marine debris records from 

carcasses collected within a stranding scheme are used to assess entanglement and ingestion 

rates in harbour porpoises, harbour seals and grey seals. These data are needed by management 

schemes and conservation plans assessing the health status of these populations including 

pollutant burdens. Both, entanglement and ingestion were taken into account for giving a 

complete overview of possible marine debris interactions. 

Material & Methods 

Collection of carcasses 

Marine mammal carcasses have been collected within the frameworks of two ongoing stranding 

schemes of the federal states of SH and MWP, respectively. The coasts of SH include beaches 

of the North- and Baltic Seas, while the coasts of MWP are all located along the Baltic Sea 

(Figure 1). Beaches are patrolled twice a day by seal rangers as well as trained volunteers. 

Additionally, strandings are also reported by tourists. Carcasses are then collected for further 

investigations. In SH, carcasses of harbour porpoises and seals have been fully investigated 

since 1990 and 1995, respectively. All protocols between 1990 and 2014 for porpoises and 

between 1995 and 2014 for seals were taken into account. For MWP, records on harbour 
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porpoise from 1990 to 2014 were used, for seals the protocols from 2001 to 2014 were available 

for further investigation. 

Pathological investigations of carcasses 

Pathological investigations, including histopathological examinations, were conducted 

following the guidelines of Kuiken and Hartmann (KUIKEN & GARCÍA-HARTMANN, 1993) and 

Siebert (SIEBERT et al., 2001). According to Siebert et al. (2001) the carcass state of decay was 

assessed in five categories (1 = extremely fresh to 5 = mummified). Depending on the state of 

decay not all carcasses could be fully necropsied. The necropsies were conducted in a dissection 

hall. In case of a high state of decay the carcasses were only examined externally. In the 

following only animals of which the gastro-intestinal tract (GIT) was investigated are referred 

to as necropsied. As part of the necropsies, the GIT was investigated macroscopically for the 

occurrence of marine debris (e.g. plastics). Histopathology was carried out from the tissue 

adjacent to the foreign bodies to identify and characterize the lesions most likely caused by 

marine debris. Items were then categorized as a) marine debris without evidence of tissue 

alterations or b) intralesional marine debris indicating that the debris represents the most likely 

cause of the tissue damage. 

Among information detailed for each carcass, age class (juvenile or adult), and sex were 

recorded. The nutritional status was categorised as “good”, “moderate” or “emaciated” 

(SIEBERT et al., 2001). Marine debris findings were documented during necropsies and in some 

few cases the items were preserved. If the state of decay permitted, pathological lesions 

associated with marine debris were assessed histopathologically. 

Documentation of marine debris 

A detailed visual inspection was conducted on the outside of all carcasses and anomalies 

including e.g. attachments of marine debris were recorded. During the necropsies, the GIT was 

investigated for the occurrence of marine debris and histopathologically for associated lesions. 

If marine debris was found, the location of the debris item was noted. Wood is only considered 

as debris if it is processed and thus noted in the protocol. 
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Analysis of information 

The following information was noted for each species and sea: 

a) the total number of collected carcasses 

b) the number of necropsied carcasses (i.e. carcasses of which the GIT was investigated) 

c) the number of marine debris records, separated into external (on the outside of the 

 body) and internal (within the GIT) findings 

d) information on the type of injuries associated with marine debris 

e) sex, age class and stranding location of carcasses with marine debris findings 

The term age classes refer to the categories “juvenile” and “adult”. For evaluating entanglement 

rates, the number of entanglement cases was put into relation with the total number of recorded 

animals. For ingestion rates, the number of internal findings was put into relations with the 

number of necropsied animals only. 

The categories “bycatch” and “entanglement” are clearly distinguished in the protocols of the 

conducted necropsies. A bycaught harbour porpoise (or seal) is freshly dead, found by a 

fisherman in his operating fishing gear. Furthermore, the pathological investigations confirm 

that the animal was killed being bycaught. Lesions indicating bycatch include netmarks, 

subcutanous bleedings especially in the head region and/or bleeding in the eyes as well as 

congestion of internal organs such as the central nervous system. In case of entanglement, a 

harbour porpoise or seal which has been stranded is entangled in parts of nets and/or ropes. In 

these cases the pathological investigations identify a circulatory failure as cause of death as a 

consequence of the entanglement. Only animals directly delivered by fishermen are classified 

as bycatch. Any suspicion for bycatch arising later during inspection of carcasses or during 

necropsy can only lead to classification as “suspected”, a third category. This category may 

comprise animals with netmarks and other scars obtained from either active or derelict fishing 

gear. 

For the assessment of marine debris entanglement, cases of bycaught animals were not 

considered as entanglement cases. However, these animals were still included in analyses of 

additional (possibly previous) entanglements or ingested marine debris. Indications for bycatch 

in or interaction with fishing gear (noted as “suspected bycatch”; showing signs such as net 
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marks) were neither considered as cases in this study, although some of these interactions might 

have been caused by derelict fishing gear such as ghost nets (ALLEN et al., 2012). Instead, these 

were presented as a separate category, because it cannot be distinguished with certainty whether 

active or derelict fishing gear was responsible for the indicative markings. 

Additionally, cases providing indication that entanglement had only occurred post mortem were 

not included in the analysis (e.g. rope attached to fluke for recovery of carcass). Furthermore, 

individuals showing perforations in the GIT, but without presence of debris items were not 

included in the analyses of this study either, since no clear evidence for marine debris being the 

cause for these perforations was available. 

All marine debris objects were categorised into fishing related or general debris. General debris 

includes consumer and industrial debris items (compare (VAN FRANEKER et al., 2009)). 

Protocols from SH with lacking information on the exact finding location concerning North- or 

Baltic Seas were taken into account for the total number of registered animals but were excluded 

for analysis of the prevalence of marine debris findings in the North- and Baltic Seas. 

Results 

In total 6587 carcasses were collected in SH (n = 5814) and MWP (n = 773), 69.2 % from the 

North Sea (4555) and 30 % from the Baltic Sea (1,979). 1.1 % (73 records) collected in the 

Federal State of SH lacked information on the exact locality (North Sea or Baltic Sea) where 

the carcass was found. Numbers of collected carcasses were highest for harbour porpoises (n = 

4006) followed by harbour seals (n = 2326) and grey seals (n = 255). Of the total of collected 

carcasses, 1622 individuals (548 harbour porpoises, 951 harbour seals, 123 grey seals) were 

necropsied on the GIT (Table 1); 27.0 % of all carcasses from the North Sea and 20.0 % of all 

carcasses from the Baltic Sea, 13.7 % of harbour porpoise, 40.9 % of harbour seal and 48.2 % 

of grey seal carcasses were necropsied, respectively. 

In 25.0 % of all collected carcasses the state of decay allowed for necropsy. In 0.5 % of all 

carcasses marine debris was found, internally or externally. 

Marine debris was attached or ingested in 31 carcasses (9 harbour porpoises, 16 harbour seals, 

6 grey seals), of which in 17 cases items were found in the GIT (4 harbour porpoises, 10 harbour 

seals, 3 grey seals) and 14 findings were external entanglements in marine debris (5 harbour 
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porpoises, 6 harbour seals, 3 grey seals). In 0.2 % of all recorded animals external findings were 

noted (n = 14), in 1.0 % of all animals necropsied individuals on the GIT marine debris findings 

were revealed (n = 17). In none of these cases both entanglement and ingestion was revealed. 

Altogether 37 debris items were recovered from the carcasses, in some cases more than one 

ingested items was revealed (Table 2). 

Regarding the age classes, most registered individuals were categorized as “juveniles” in all 

three species (harbour porpoises: 67.0 %; harbour seals: 84.1 %; grey seals: 68.8 %). In harbour 

porpoises no age classes being affected by marine debris is clearly dominating (juveniles: 44.4 

%; adults: 33.3 % and N.A.: 22.2 %). In harbour seals and grey seals interactions with marine 

debris mostly occurred in young animals categorized as “juveniles” (harbour seals: 75 %; grey 

seals: 66.7 %). 

Furthermore, sixteen of the individuals being impacted were noted to show a moderate or 

emaciated nutritional status (55 %). Only seven were categorized as well nourished, in eight 

cases no information is available. 

169 individuals were bycaught (SH: harbour porpoises: 115, harbour seals: 4; MWP: harbour 

porpoises: 44; harbour seals: 2; grey seals: 4) and 159 harbour porpoises were classified as 

“suspected bycatch” during necropsy (SH: 145; MWP: 14). Furthermore, 21 individuals 

showed perforations of the GIT without the perpetrator being present. In nine cases photographs 

were taken (photo database). In 12 cases the debris objects were recovered and preserved 

(archive). 

Table 1. Number of collected and necropsied carcasses of marine mammals from Schleswig-Holstein (SH) (1990-2014) and 
Mecklenburg-Western Pomerania (MWP) (1990-2014 for harbour porpoises, 2001 to 2014 for seals). NS = North Sea; BS = 
Baltic Sea; N.A.: Not available). 

species 
collected carcasses necropsied carcasses 

SH MWP NS BS n.a. SH MWP NS BS n.a. 
harbour 
porpoise 

3435 571 2299 1693 14 404 144 241 295 12 

harbour 
seal 

2258 68 2155 132 39 925 26 899 39 13 

grey seal 121 134 101 154 0 78 45 70 53 0 

sum 5814 773 4555 1979 73 1407 215 1210 387 25 

total 6587 6587 1622 1622 
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ID species ID origin
federal 

state
sea

year of 

recovery
age (est.)

state of 

decay

nutritional 

state

pathological findings on 

location of finding

location of 

debris 

finding

debris 

items

1 Pvit_01 Eiderstedt SH NS 1997 juvenile 4 N.A. no pathological investigation stomach
plastic 

sheeting

2 Pvit_02
Isle of 

Helgoland
SH NS 1998 juvenile 2 moderate

b) severe wound around the 
neck, corner in the mouth 

and tongue, severe 
granulomatous inflammation 
in skin,  blubber and tongue 
(no histology conducted)

jaw
netting 

remains 

3 Ppho_01 Isle of Sylt SH NS 1998 adult 3 emaciated
a) no lesions associated 

with debris
stomach

plastic 
piece and 
fish line 

4 Ppho_02 Eiderstedt SH NS 2000 juvenile 2 good
a) no lesions associated 

with debris
stomach

three 
plastic 
pieces 

5 Ppho_03
Isle of 

Helgoland
SH NS 2002 juvenile 4 N.A. no pathological investigation jaw

monofilame
nt netting 

6 Pvit_03 Isle of Amrum SH NS 2002 juvenile 3 moderate
a) no lesions associated 

with debris
stomach

several 
wooden 
pieces 

7 Pvit_04 Eiderstedt SH NS 2002 adult 2 moderate
b) perforation of the 

oesophagus, oedema of 
surrounding tissue

oesophagus
fish hook 

(mackerel) 

8 Pvit_05 Eiderstedt SH NS 2006 juvenile 2 moderate
b) large wounds and severe 
ulceration with suppurative 

dermatitis
neck netting loop 

9 Ppho_04 Kiel Bight SH BS 2007 juvenile 4 moderate
a) no lesions associated 

with debris
stomach fish hook

10 Ppho_05
Isle of 

Fehmarn
SH BS 2007 juvenile 5 N.A. no pathological investigation fluke fish line 

11 Ppho_06 Kiel Bight SH BS 2009 adult 5 good no pathological investigation fluke
netting 

remains

12 Ppho_07 Isle of Sylt SH NS 2009 adult 4 moderate
a)    no lesions associated 

with debris
mouth bracelet 
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ID species ID origin
federal 

state
sea

year of 

recovery
age (est.)

state of 

decay

nutritional 

state

pathological findings on 

location of finding

location of 

debris 

finding

debris 

items

13 Pvit_06
Eckernförde 

Bight
SH BS 2010 adult 2 good

a) no lesions associated 
with debris

stomach

rubber bait, 
sweets 

wrapper, 
lead sinker 
for rubber 

bait

14 Pvit_07 Großenbrode SH BS 2010 juvenile 3 emaciated
b) intestinal rupture, severe 
suppurative serositis and 

peritonitis

stomach, 
intestine

nylon 
string, fish 

hook 

15 Pvit_08 Eiderstedt SH NS 2010 juvenile 4 N.A. N.A. neck
rubber 
band

16 Hgry_01 Lübeck Bight SH BS 2011 adult 3 good

b) perforation of the 
oesophagus, with 

abscessation and final 
septicaemia due to 

hemolytic streptococci

oesophagus fish hook

b) large wounds and severe 
ulcerative 

dermatitis and panniculitis 
with fibrosis, final 

septicaemia due to 
hemolytic streptococci

18 Pvit_09 Isle of Sylt SH NS 2011 juvenile 3 moderate

b) large wounds and severe 
ulcerative dermatitis and 

panniculatis with granulation 
tissue with final septicaemia 

due to hemolytic 
streptococci

neck
monofilame
nt netting  

19 Pvit_10 Isle of Föhr SH NS 2011 juvenile 3 emaciated
a) no lesions associated 

with debris
stomach

green 
plastic 
piece

20 Pvit_11 Eiderstedt SH NS 2012 juvenile 4 emaciated
a) no lesions associated 

with debris
stomach

several 
wooden 
pieces 

201117 Hgry_02 Isle of Sylt SH NS juvenile 3 moderate neck
netting 

remains
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ID species ID origin
federal 

state
sea

year of 

recovery
age (est.)

state of 

decay

nutritional 

state

pathological findings on 

location of finding

location of 

debris 

finding

debris 

items

21 Pvit_12 Isle of Sylt SH NS 2012 juvenile 3 emaciated

b) large wounds and focal 
necrosis with severe 

suppurative deep dermatitis 
and panniculitis 

neck
monofilame

nt netting

22 Pvit_13 Isle of Sylt SH NS 2013 juvenile 3 emaciated
b) moderate gastritis (type 
not identifiable due to state 

of decay)
stomach thread 

23 Hgry_03 Isle of Sylt SH NS 2014 juvenile 2 emaciated

b) large wounds and severe 
suppurative dermatitis with 
suspected final septicaemia 

due to hemolytic 
streptococci

neck
netting 

remains

24 Pvit_14 Kiel Bight SH BS 2014 juvenile 5 good
a) no pathological lesions 

macroscopically detectable
neck

netting 
remains

25 Pvit_15
Elbe River 
(Wedel)

SH
NS (Elbe 

River)
2014 adult 3 emaciated

b) moderate mononuclear 
gastritis

stomach rubber bait

26 Pvit_16
Isle of 

Hiddensee
MWP BS 2002 adult N.A. N.A.

b) perforation of fish hook 
into abdominal cavity

stomach fish hook

27 Ppho_08
Groß 

Schwansee
MWP BS 2008 n.a. N.A. N.A. N.A. body

netting 
remains

28 Ppho_09 Brook MWP BS 2009 n.a. N.A. N.A. N.A. body
netting 

remains
29 Hgry_04 Isle of Rügen MWP BS 2009 adult N.A. N.A. N.A. stomach fish hook

30 Hgry_05
Peninsula of 

Usedom
MWP BS 2010 juvenile 1 good

b) wounds around the neck, 
no histology

body
entangled in 
monofilame

nt netting  

31 Hgry_06
Thiessow, 

Peninsula of 
Mönchgut

MWP BS 2010 juvenile N.A. good
b) suspected perforation of 
the stomach, no histology

stomach
wooden 

stick 
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The geographical locations where the carcasses with marine debris were found are shown in 

Figure 1. 

 
Figure 1. Stranding locations of harbour porpoises, harbour seals and grey seals carcasses with marine debris findings. 

 

In Table 2 the level of pathological investigation for all animals with marine debris findings is 

shown. Lesions were documented in cases of entanglement (Figure 2; a, b, e, f, g, h). These 

included associated cuts and large wounds in the skin, tongue and jaw. 

Furthermore, ulcerations and necrosis with associated suppurative inflammation of the skin, 

panniculitis, fibrosis and granulation tissue were detected. Additionally, one harbour and one 

grey seal (Hgry_02, Pvit_09; Table 2) with monofilament netting around the neck were 

diagnosed with final septicaemia due to hemolytic streptococci/streptococcus phocae. 

In eight individuals ingested items, such as fish hooks and rubber baits were found (Figure 2; 

d). This caused gastritis, perforation or rupture of the GIT which additionally resulted in 

different stages of oedema, suppurative serositis and peritonitis, abscessation and septicaemia 

due to hemolytic streptococci in five animals (Pvit_04, Pvit_07, Hgry_01, Pvit_15, Pvit_16; 
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Table 2). Eight animals (Ppho_01; Ppho_02; Pvit_03; Ppho_04; Ppho_07; Pvit_06; Pvit_10; 

Pvit_11; Table 2) showed no associated lesions, in one animal (Hgry_04; Table 2) information 

on pathological findings are lacking. 

At least eight of the examined individuals with full pathological examination either suffered 

severely or even died from the consequences of marine debris (Table 2; Pvit_02, Pvit_05, 

Pvit_07, Hgry_01, Hgry_02, Pvit_09, Pvit_12, Hgry_03). 

While most marine debris interactions were recorded in harbour seals, proportionally, 

prevalence of marine debris in grey seals was the highest. Entanglement (external findings) was 

found in 1.2 % of all grey seal, 0.3 % of all harbour seal and 0.1 % of all harbour porpoise 

carcasses collected. Ingested items were found in 2.4 % of all necropsied grey seals, 1.1 % of 

all necropsied harbour seals and 0.7 % of all necropsied harbour porpoises. Altogether, ingested 

marine debris was found in 1.0 % of all necropsied carcasses. 

Table 3 shows the results from a binomial proportion test using the total number of individuals 

as trial for the impact rates of all three species assuming that the proportion of cases is the same 

in all three species (H0). The results show no significant differences concerning ingestion and 

entanglement and illustrate the overlapping ranges of values in all the species. 

Table 3. Statistical analysis of internal and external marine debris occurrence in all three species. P = sample estimate; se = 
standard error. 

Species Ingestion Entanglement Total P Se 

Harbour Porpoise 4 5 9 44.44 % 16.56 % 

Harbour Seal 10 6 16 62.50 % 12.10 % 

Grey Seal 3 3 6 50.00 % 20.41 % 

In the Baltic Sea, entanglement in marine debris was found in 0.3 % of all collected animals, 

compared to 0.2 % of all animals collected in the North Sea. Ingestion of marine debris was 

recorded in 1.8 % of all necropsied carcasses from the Baltic Sea and in 0.8 % of all necropsied 

carcasses from the North Sea. 

Entanglements in marine debris were found around the fluke, the head, the jaw and the neck or 

around the whole body and comprised netting, fishing lines and a rubber band (Table 2; Figure 
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2, a + b, e-h). Except for the rubber band (Pvit_08; Figure 2 e) all externally attached marine 

debris was classified as fishing related debris. 

Internal findings of marine debris were found in the intestine, stomach, oesophagus and mouth 

(Table 4). Most items ingested were made of synthetic materials and included netting, fishing 

line, rubber bait (Figure 2, d), undefined plastic items, a thread and a sweet wrapper (Figure 2, 

d). A plastic bracelet was found in the mouth of a harbour porpoise (Figure 2, c). In three 

animals, wooden pieces were documented. Metal items found included one lead sinker for baits 

(Figure 2, d) and six fish hooks. 

In total the share of fishing related items (64.9 %) was higher than the share of general debris 

(35.1 %) in both internal and external findings (share external: 92.9 %; share internal: 48.0 %). 

The share of items made of synthetic materials (e.g. plastic sheeting, netting) was highest (73.0 

%) compared to metals (19.0 %) and wooden items (8.1 %). 

Table 4. Classification of marine debris items and location in carcass. 

 
external internal total 

fishing related debris 
 

netting 12 
 

12 

fishing line 1 2 3 

fish hook 
 

6 6 

rubber bait 
 

2 2 

lead sinker for rubber bait  1 1 

general debris 
 

plastic items (incl. foil) 
 

6 6 

rubber band 1 
 

1 

thread 
 

1 1 

bracelet 
 

1 1 

wood 
 

3 3 

sweet wrapper 
 

1 1 

total  37 
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Figure 2. Photographs of marine debris interactions. a) Ppho_03: monofilament netting around neck and jaw; b) Pvit_04: 
swallowed mackerel hook, fishing line visible on the outer body part; c) Ppho_07: bracelet in mouth; d) Pvit_06: rubber bait, 
sweet wrapper and sinker for rubber bait (metal) found in stomach; e) Pvit_08: rubber band and associated lesions; f) Hgry_02: 
entangled in fishing net and with associated lesions; g) Pvit_09: monofilament netting around neck and associated lesions; h) 
Pvit_12: monofilament netting around neck and jaw. The frame colours correspond with the species colour in Fig. 1. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Discussion 

This study provides important new information about the prevalence of marine debris in marine 

mammals from the German North- and Baltic Seas. A large sample size of registered and 

necropsied carcasses was assessed for investigating the quantity of marine debris occurrence 

and associated impacts. Despite a high number of assessed carcasses comparably low marine 

debris and impact rates were identified. Nevertheless, recognized impacts led to severe 

consequences on individual level leading to lesions, like inflammations and perforations or even 

strangulations and were also reported in other studies (BAULCH & PERRY, 2014; KÜHN et al., 

2015). In eight cases it can be assumed that it caused suffering or even death. 

The results indicate that ingestion of marine debris occurred at higher rates than entanglement. 

Grey seals showed the highest prevalence of marine debris despite the lowest quantity in both 

the number of collected and necropsied carcasses. These results point to a high susceptibility 

for ingestion of and entanglement in marine debris. This conclusion is supported by previous 

studies where high rates of entanglement in grey seals occurred on haul-out sites (ALLEN et al., 

2012). 

In both seal species more juveniles were affected by marine debris interactions than adults. 

Especially in young harbour seals marine debris was found, described as well by Bravo 

Rebolledo et al. (BRAVO REBOLLEDO et al., 2013). This may be indicative of inexperience and 

curiosity in young seals (HAMMER et al., 2012). Furthermore, juvenile seals were also observed 

to be more often bycaught than adults (CRONIN et al., 2012; COSGROVE et al., 2013). Our results 

suggest that this may also be the case in entanglement. 

Moreover, the share of emaciated animals and animals in moderate nutritional condition in this 

study may point to health impacts caused by ingested debris. Marine debris interaction may 

have contributed to hampered food intake, either directly or due to or restrictions in movement. 

However, it may also indicate that especially animals in poor nutritional conditions are likely 

to ingest debris items (BAIRD & HOOKER, 2000; DE MEIRELLES & DO REGO BARROS, 2007). 

Our study demonstrates the risk fishing related debris poses to marine mammals as also shown 

in other studies (JACOBSEN et al., 2010; SIMMONDS, 2012; BAULCH & PERRY, 2014). This 

underlines that fishing related debris is of special concern with marine debris interactions. Apart 
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from fishing related debris items, plastics played a major role of ingested items. The persistence 

of the material causes plastic items to contribute to marine debris in a high proportion 

(ANDRADY, 2015) and, thus, is more likely to constitute a major threat to marine wild life. 

Processed wood was also found ingested. Compared to plastic items wood shows less durability 

and persistence in the marine environment. 

In comparison to the North Sea, the prevalence of marine debris was higher in carcasses from 

the Baltic Sea. The low circulation potential in the Baltic Sea, as a semi-enclosed sea with 

limited water exchange and influx of many rivers (FENNEL, 1996), may increase the probability 

of marine debris occurrence and, thus, the risk of impacting marine mammals in the Baltic Sea. 

However, this remains highly speculative due to the comparably low number of animals being 

impacted and limits the power of statistical tests when stratifying in North- and Baltic Seas 

subsamples. 

Based on the results from this study, effects on population level seem unlikely. However, 

information on undetected cases is lacking. On the one hand, it can be assumed that many cases 

of interaction with marine debris remain unrevealed since not all carcasses are washed ashore 

but sink to the seafloor without being detected (WILLIAMS et al., 2011; HAMMER et al., 2012). 

On the other hand, those carcasses washed ashore may not be representative for the population 

since animals with health impacts (e.g. due to marine debris) are more likely to die. This might 

be reflected in the poor nutritional status of the impacted animals. On top, strongly decayed 

stranded carcasses could not be necropsied and any internal marine debris findings would have 

remained undocumented. It is thus likely, that the overall number of marine debris interactions 

would have been higher, if all carcasses were fresh and permitted a full pathological 

investigation. Furthermore, the small number of 31 affected individuals disallows a temporal 

analysis. It has to be taken into account that the number of necropsied animals increased over 

time and at the same time awareness for marine debris occurrence rose. These would likely 

make any temporal analysis uninformative. 

Also, in the case of entanglement, items attached to carcasses may have been lost at any point 

during life, after death or even transport to the necropsy. Likewise, carcasses with net marks 

(i.e. suspected bycatch) were not considered as cases of marine debris entanglement in this 

study. These cases may contain individuals affected by “abandoned, lost, or otherwise discarded 
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fishing gear” (ALDFG, compare (MACFADYEN et al., 2009; BAULCH & PERRY, 2014)). In the 

absence of the agent, however, net marks could not have been attributed to either active or 

derelict fishing gear in our study. However, ingested fish hooks found in our study may 

originate from depredation on active fishing gear and would as such not be indicative of marine 

debris interaction. 

Carcasses with perforations that could not definitely be attributed to marine debris were not 

included in this study, but may be indicative of further debris interaction since the perpetrator 

might just have been excreted before detection. Additionally, secondary pollution for 

entanglement, such as attachment of netting after the stranding process could be excluded in 

this study since it was only diagnosed when associated lesions inflicted ante-mortem were 

present. 

As such our results represent minimum rates of entanglement and ingestion. 

Nevertheless, the number of carcasses washed ashore is high and the investigation of stranded 

carcasses is currently the best approach to evaluate marine debris interactions. In addition, our 

extensive data source allows for evaluating the occurrence of marine debris and associated 

health impacts. 

This study provides first information on the occurrence and nature of potential impacts of 

marine debris on marine mammals from the German North- and Baltic Seas. It can serve as 

baseline information crucial for management issues such as the European Marine Strategy 

Framework Directive (MSFD; Directive, 2008/56/ EC; Descriptor 10) and its need of assessing 

the current status to determine the GES (“Good Environmental Status”). Therefore, a regular 

monitoring on the distribution and impacts on marine biota is essential for achieving the oblige 

implementation of the MSFD and should be continued. The presented results add to available 

information on harmful effects of marine debris on marine mammals using the best available 

method in necropsying stranded carcasses. 
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Abstract 

30 sperm whales (Physeter macrocephalus) stranded along the coasts of the North Sea between 

January and February 2016. The gastro-intestinal tracts of 22 of the carcasses were investigated. 

Marine debris including netting, ropes, foils, packaging material and a part of a car were found 

in nine of the 22 individuals. Here we provide details about the findings and consequences for 

the animals. While none of the items was responsible for the death of the animal, the findings 

demonstrate the high level of exposure to marine debris and associated risks for large predators, 

such as the sperm whale. 
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Introduction 

Marine debris is defined as “any persistent, manufactured or processed solid material discarded, 

disposed of or abandoned in the marine and coastal environment” (UNEP, 2009). It is a serious 

threat to marine life. Marine debris can be found in all of the world's oceans (THOMPSON et al., 

2004; BARNES et al., 2009). It can be ingested (internal findings) (DE STEPHANIS et al., 2013) or 

cause entanglement which may lead to lesions or even strangulation (external findings) 

(GREGORY, 2009). Furthermore, if too much debris is swallowed, stomach fullness can be 

reached without obtaining nutrients (SHEAVLY & REGISTER, 2007) and might lead to starvation 

and death (PAGE et al., 2004; ALLEN et al., 2012; MOORE et al., 2013). Marine debris may 

consist of many different materials. Due to their characteristics, such as durability, synthetic 

materials (plastics) constitute the highest proportion of marine debris (BARNES et al., 2009). 

Depending on the size of the organism and its habitat, different debris items are of concern. 

Marine debris findings are recorded in many different marine biota, including copepods (COLE 

et al., 2015), bivalves (COLE & GALLOWAY, 2015), fish (LUSHER et al., 2013), birds (VAN 

FRANEKER & LAW, 2015) and seals (BRAVO REBOLLEDO et al., 2013). 

Occurrence and impacts in cetaceans were recently summarized by Baulch and Perry (BAULCH 

& PERRY, 2014) and Kühn et al. (KÜHN et al., 2015). For sperm whales, 17 cases of debris 

ingestion have been documented worldwide between 1895 and 2009 (listed in de Stephanis et 

al. (DE STEPHANIS et al., 2013)). Debris findings in marine mammals raising concerns also for 

deep diving cetaceans, such as sperm whales (SIMMONDS, 2012). Another recent case was a 

plastic bottle found in a sperm whale stranded in Denmark (HANSEN et al., 2016). Among the 

effects of marine debris ingestion in cetaceans, gastric ruptures, pylorus blockage and gastric 

obstruction were identified as fatal consequences (TARPLEY & MARWITZ, 1993; JACOBSEN et 

al., 2010). The negative impact of marine debris was also observed during an endoscopic 

procedure of a pygmy sperm whale (Kogia breviceps), where removal of a plastic piece found 

between the main and pyloric stomach healed the previous lack of appetite in the animal 

(STAMPER et al., 2006). These findings demonstrate that ingested marine debris may severely 

affect cetaceans. 

Information on debris ingestion in cetaceans can usually only be obtained from necropsies. 

Thus, stranding events provide a valuable source of information on ingested debris. Sperm 
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whales live in deep-water habitats of depths �1000 m (RICE, 1989; WHITEHEAD, 2003). 

Strandings of sperm whales are occasional events, that seem to occur clustered in a few places 

around the world, one of them being the North Sea (JAUNIAUX et al., 1998; PIERCE et al., 2007; 

VANSELOW et al., 2009); a shallow marginal sea that is also referred to as the “sperm whale 

trap” (SMEENK, 1997). Sperm whales of the North Atlantic population migrating from the 

Norwegian shelf edge to the Azores sometimes swim into the North Sea, for reasons that are 

still hypothesized about (VANSELOW & RICKLEFS, 2005; PIERCE et al., 2007). This shallow 

water habitat is highly unsuitable for a deep-diver like the sperm whale. Sandbanks, mudflats 

and tides make the coastline of the southern North Sea prone to sperm whale strandings 

(CAMPHUYSEN, 1996; SMEENK, 1997; JAUNIAUX et al., 1998). Strandings of sperm whales in 

the North Sea have been reported for centuries and well documented in the past (CAMPHUYSEN, 

1996; SMEENK, 1997; PIERCE et al., 2007).  

In early 2016, 30 sperm whales stranded in the North Sea (IJSSELDIJK et al. 2016, submitted). 

In this paper we report on the findings of marine debris in the necropsied animals, describe the 

debris items in detail and suggest conclusions about potential origin and risks associated with 

ingestion. 

Material & Methods 

Between 8th January and 24th February 2016, 30 sperm whales stranded on different locations 

along the North Sea coast (IJSSELDIJK et al. 2016, submitted; Figure 3). A total of 14 sperm 

whale stranding events of groups of up to 8 individuals were recorded along the coasts of 

Germany, The Netherlands, the United Kingdom, France and Denmark.  
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The gastro-intestinal tract (GIT) of 22 of these animals was opened from stomach to anus and 

investigated for debris (Table 5). Seven of these GITs were additionally rinsed and the contents 

were sieved over 500 and 1000 �m mesh. Five of the obtained sieve fractions were machine-

washed (following BRAVO REBOLLEDO ET AL., 2013, online supplement) to dissolve organic 

materials and isolate hard prey remains (bones, otoliths and beaks) and foreign objects (such as 

plastic particles). For details on GIT treatment see Table 5. Prey remains found in the GITs 

were preserved for further analysis. Additionally, faeces samples of 12 animals were taken and 

stored in glass jars for later analyses on the presence of microplastics. The nutritional status of 

each whale was judged according to the blubber thickness and muscle condition. Samples for 

histopathological examinations were taken from most stomachs and intestines in which marine 

debris was found (Table 5). 

  

Figure 3. Stranding locations of all 30 sperm whales. Numbers of stranded animals/investigated gastro-intestinal 
tracts/animals with debris findings are listed in brackets behind each stranding location. 
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Lat Lon

GER-01 Wangerooge 53.7806 7.9757 08.01.2016 n / n /

GER-02 Wangerooge 53.7806 7.9757 08.01.2016 y / y y ITAW Büsum

GER-03 Eversand 53.7412 8.5111 12.01.2016 n / n /

GER-04 Helgoland 54.2146 7.9131 12.01.2016 y / y y ITAW Büsum
GER-05 Helgoland 54.2146 7,9131 12.01.2016 y / y ITAW Büsum

GER-06 Büsum 54.0852 8.5889 13.01.2016 y rinsed y y ITAW Büsum

GER-07 Kaiser-Wilhelm-Koog 53.9426 8.9002 31.01.2016 y / y y ITAW Büsum
GER-08 Kaiser-Wilhelm-Koog 53.9426 8.9002 31.01.2016 y / y ITAW Büsum
GER-09 Kaiser-Wilhelm-Koog 53.9426 8.9002 31.01.2016 y / y ITAW Büsum
GER-10 Kaiser-Wilhelm-Koog 53.9426 8.9002 31.01.2016 y / y ITAW Büsum

GER-11 Kaiser-Wilhelm-Koog 53.9426 8.9002 31.01.2016 y / y ITAW Büsum

GER-12 Kaiser-Wilhelm-Koog 53.9426 8.9002 31.01.2016 y / y ITAW Büsum
GER-13 Kaiser-Wilhelm-Koog 53.9426 8.9002 31.01.2016 y / y ITAW Büsum
GER-14 Kaiser-Wilhelm-Koog 53.9426 8.9002 31.01.2016 n / n ITAW Büsum
GER-15 Büsum 54.0852 8.5889 03.02.2016 y / y y ITAW Büsum
GER-16 Büsum 54.0852 8.5889 03.02.2016 y / y ITAW Büsum
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Lat Lon

NET-01 Texel 53.1841 4.8472 12.01.2016 y rinsed/washed y ?
Faculty of Veterinary 

Medicine, Utrecht

NET-02 Texel 53.1841 4.8472 12.01.2016 y rinsed/washed y ?
Faculty of Veterinary 

Medicine, Utrecht

NET-03 Texel 53.1841 4.8472 12.01.2016 n / ?
Faculty of Veterinary 

Medicine, Utrecht

NET-04 Texel 53.1841 4.8472 12.01.2016 y rinsed/washed ?
Faculty of Veterinary 

Medicine, Utrecht

NET-05 Texel 53.1841 4.8472 12.01.2016 y rinsed/washed ?
Faculty of Veterinary 

Medicine, Utrecht

NET-06 Texel 53.1841 4.8472 14.01.2016 y rinsed/washed ?
Faculty of Veterinary 

Medicine, Utrecht

UK-01 Hunstanton 52.9473 0.4887 22.01.2016 n / ? Institute of Zoology, London

UK-02 Gibraltar Point 53.0940 0.3373 24.01.2016 y / ? Institute of Zoology, London

UK-03 Gibraltar Point 53.0940 0.3373 24.01.2016 n / ? Institute of Zoology, London

UK-04 Skegness 53.14 0.3496 24.01.2016 y / y ? Institute of Zoology, London

UK-05 Friskney Flats 53,0481 0.2632 25.01.2016 n / ? Institute of Zoology, London
UK-06 Old Hunstanton 52.9592 0.5030 04.02.2016 y / ? Institute of Zoology, London

FRA-01 Pas-De-Calais 50.9864 1.9593 02.02.2016 y rinsed y n
Littoral Environnement et 

Sociétés, La Rochelle

DK-01 Blåvand 55.5621 8.073 24.02.2016 n / n /

Additional 

Treatment 

(rinsed/samples 

washed in 

washing 

mashine)

Debris 

found

Histopatholo

gical 

samples

Sample holderID Stranding location 
GPS Position

Date
GIT 

investigated
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Any debris items found were isolated and most were measured and photographed. All 

measurements were conducted with a folding rule and a calliper. The floating capacity of 

objects was tested if uncertain (netting, rope, car part, bucket, foil). Thin plastic pieces (mostly 

transparent) were categorized as “foil” when no suture was discovered to classify it as “plastic 

bag”. Thicker, black foil, which is mostly used in agriculture for protecting e.g. hey bails is 

categorized as “agricultural foil”.  

Findings were classified into fishing related and general debris objects. Items were grouped 

according to the material they were made of (plastic, wood, etc.), and evaluated visually. Where 

appropriate, details were obtained from manufacturers. Monofilaments (net remains after 

netting is unravelled) were counted and listed as “bundle”. 

Results 

Marine debris was found in nine out of 22 dissected sperm whales.  

In total, 322 debris items of varying sizes were collected Table 6 from the GITs of these animals. 

Among the collected items, 250 (78 %) were classified as fishing related including 

monofilaments (Figure 6 d), nets (Figure 5, Figure 9 b), ropes (Figure 4, Figure 8 b), pieces of 

netting yarn (Figure 6 a, Figure 9 a) and a fish hook (Figure 8 a). The remaining 72 (22 %) were 

classified as general debris. In this category were two chocolate/cereal bar-wrappings (Figure 

6 f), a coffee capsule (Figure 6 c), foils, duct tape, parts of plastic bags, agricultural foils, 

strapping tapes, a screw-cap (Figure 6 e), a plastic bucket (listed as two objects, since one part 

was discovered in the pharynx, the other in the stomach) (Figure 7 a and b) and a plastic part of 

a car engine cover (Figure 7 c). All debris items were made of synthetic materials, apart from 

six pieces of wood and a fish hook. For netting and yarn, the fabric was identified as 

Polyethylen/Polypropylene. Based on expert opinion the nets from sperm whales (GER-02, 

GER-06, GER-15) were recognised as fishing nets, likely “protection nets” from shrimp 

fisheries. Protection nets are rather solid nets placed around the actual fishing nets to protect 

the more delicate shrimp nets from scrubbing and to prevent fish from entering the shrimp net. 

The complete number and description of all debris items per animal are listed in detail in Table 

6. 

It has to be taken into account that not all gastro-intestinal tracts in which debris was found 

were rinsed (Table 5). Therefore, the number of smaller items might be underestimated. The 
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amount and weight of ingested marine debris differed greatly between the individuals. FRA-01 

had the highest burden of marine debris concerning the summed weight (24.84 kg; Table 6), 

and the number of swallowed items were highest in GER-06 (78, excluding single 

monofilaments). The lightest burden of all affected individuals was observed in UK-01 (<1 g), 

where only two small plastic sheets were found. In FRA-01 netting pieces with a total length 

of 13.01 m were found. GER-06 had ingested a large net with a total length of 13.5 m and a 

width of 1.2 m, which was found (Figure 5 a, b) in the first stomach compartment. Additionally, 

monofilaments were found in the same compartment varying between 0.9 cm and 16.6 cm of 

length. The debris filled most of the stomach in both cases. The largest hard pieces of debris 

were found in GER-15: one piece of a broken blue plastic bucket was found in the pharynx 

(Figure 7 a, red square) and two bigger pieces in the first compartment of the stomach. 

Moreover, a black car part was found in the first compartment of the stomach (Figure 7 c) with 

a size of 68 × 23.5 cm. A closer examination by the manufacturer revealed that it was a part of 

an engine cover of a ©Ford SUV (Figure 7, magnification). 

Other prominent findings included a fish hook likely used in longline fishery found in NET-01 

(Figure 8 a), three longlines (Figure 8 b) and agricultural foil (Figure 8 c) in NET-02. None of 

the marine debris findings could be identified as the cause of death. All dissected animals were 

well nourished, which was underlined by the high count of squid beaks, fish bones and otoliths 

found in the animals’ stomachs, indicating that they had fed shortly before stranding. 

No internal injuries, which could be attributed to swallowed marine debris items, were 

discovered. The gastro-intestinal tracts investigated displayed no macroscopic or 

histopathologcial lesions to indicate that the objectives were causing any impact to the digestive 

process or health of the animals.
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Table 6. List of all marine debris findings in sperm whales stranded in Germany (GER), The Netherlands (NET), the United 
Kingdom (UK) and France (FRA). In some cases the material could be identified: Polyethylene (PE), Polypropylene (PP), 
Polyvinyl chloride (PVC) and Polyamide (PA). 

 

 

 

Animal No. Locality in body Debris items Size (cm) / Diametre (cm) Material Comment
Total 

weight (kg)

Net 250 x 150 / 0.4: mesh size: PE
Foil 0.9 x 0.2

Wood (3) between 0.8 x 0.25 - 0.13 x 0.6

Rope 98 x 1.5 PP, PE
Foil 9 x 9

Duct tape 2.9 x 1.6 
Thread 3.3

Net 1355 x 1.2 / 0.3;  mesh size: 5 PE
Most likely shrimp 
fishery (scrubbing 

protection)

Net 156 x 0.51 / 0.1; mesh size: 3

Most likely shrimp 
fishery (scrubbing 

protection), net for 
preventing fish entering 

the shrimp net

Net 42 / 0.2; mesh size: 8 PE
Most likely shrimp 
fishery (scrubbing 

protection)

Netting yarns (30) between 5.4 x 0.4 and 169 x 0.6

Rope 441 x 0.4 Long-line rope

Strapping tapes (3) between 5-15 x  0.5 and 20 x 0.5
Coffee capsule Diametre: 3

Monofilaments (66) between 1.1 and 16.6 

Foil 8.6

Net 46.5 x 24.5 / 0.6; mesh size: 10
Most likely shrimp 
fishery (scrubbing 

protection)
Foils (9) between 3.3 x 2.3 and 26 x 14.7

Screw-cap Diametre; 7 PP

Plastic tube 18.1 x 1
"Snickers" wrap 13.4 x 9.3

Netting yarn 43.3 x 0.3

Strapping tape 30.7
Monofilaments (64) between 0.9 and 15.9

Plastic piece 1 x 0.6

Plastic cap 1.7 / 0.7
Netting yarn 5.7 x 0.1
Woods (3)  0.7-1.5 x 0.3

Plastic bag 3.3 x 1.2 PE
Part of a plastic bag 

(suture)

Plastic pieces (8) between 2 x 2.1 and 8.3 x 0.1

Netting yarns (4) between 13 x 0.3 and 21.5 x 0.4 / 0.5
Rope 9.3 / 1.4 

GER-07 Jaw/Mouth Thread 161
Synthetic material (flame 

test)
0.002

0.22

10.53

0.078

Stomach 

(n.d.)
0.016

GER-02
Stomach 

(1. 
Compartement)

2

GER-04

Stomach 

(1. 
Compartement)

GER-06

Stomach
 (1. 

Compartement)

Stomach

 (2. 
Compartement)
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Animal No. Locality in body Debris items Size (cm) / Diametre (cm) Material Comment
Total 

weight (kg)

Car part 68 x 23.5 PP

Engine protection 

(against wind, ©Ford), 

one strapping tape and 
one rope attached

Plastic bucket Diametre: 32

Foils (3) between 31 x 32.5 and 101.5 x 96 PVC Plane, agriculture

Plastic bag 32 x 19 PE
Part of a plastic bag 

(suture)

Pharynx Plastic part of a bucket 10.8 x 14.5

NET-01
Stomach 

(n.d.)
Fish hook 5.6 x 2.1 x 0.18  Used in long-line fishery 0.001

Fragment plastic 13.5 x 7 x 2

Ropes (3) 381-1314 x 0.5 Long-line ropes

Ribbon 7.3 x 0.46
Used for ballons or 
present wrapping

Ropes (7) between 22.3 x 0.25 and 168.2 x 0.05
Most likely fishery 

related

Threadball 3.4 x 3.2 

Foil 17 x 13
Accumulation of foils 

and bags (suture)

Strapping tape 53.4 x 0.51

Packaging material Sutures

Foil Plane, agriculture

Sheetlike plastic (4) between 28 x 28 x 0.05 and 188 x 83 x0.02
UK-01 Stomach Plastic pieces (2) 2-3 < 0.001

Plastic bag (2) 55 x 55 and 75 x 30

(Cereal bar) wraps 10 x 3
Plastic cable 10 x 0.1

Strapping tape (4) between 4 x 2 and 140 x 1
Jute canvas 75 x 60

Plastic sheeting 130 x 115
Textile lifting strap (3) between 170 x 7 and 600 x 7

Ropes (13) between 45 x 0.8 - 2000 x 0.8 Rope with plastic sleeve

Netting yarns (39) between 8 x 0.4 and 280 x 0.5
Net (2) 45x10 mesh size:1 - 35x8 mesh size:0.5

Bundle of monofilament (3) PA

Net 105 x 22 / 1; mesh size:5
Net 200 x 10 / 0.4; mesh size:7
Net 140 x 50 / 0.4; mesh size:14

Nets (4) (total) 466 x 170 / 0.3 mesh size:15

Net 300 x 140 / 0.3; mesh size:15

NET-02
Stomach 

(n.d.)
0.453

FRA-01 Stomach 24.84

GER-15

Stomach 
(1. 

Compartement)
0.66
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Figure 4. Rope found in GER-04 in the first stomach compartment. ©ITAW. 
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Figure 5. Netting in GER-06; a) netting in the stomach during necropsy; b) netting enrolled after removal. ©ITAW. 
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Figure 6. Findings in GER-06: first stomach compartment: a) netting yarn; b) strapping tape; c) coffee capsule; d) 
monofilaments; second stomach compartment: e) screw-cap; f) ©Snickers-wrap; compartment not definable: g) plastic bag 
(suture). ©ITAW. 
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Figure 7. Debris from GER-15: a) in situ-localization of the found debris items; b) blue plastic bucket found in the first 
compartment of the stomach. The part in the red square was found in the pharynx and belongs to the rest found in the stomach; 
c) Car part (engine cover) found in the first compartment of the stomach. This car part was used in a ©Ford SUV. ©ITAW. 
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Figure 8. Debris items found in the animals from The Netherlands: a) NET-01: fish hook; b) NET-02: long line; c) NET-02: 
agricultural foil. Photo a and b © Steve Geelhoed and photo c ©Elisa L. Bravo Rebolledo. 
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Figure 9. Debris items found in FRA-01: a) overview of all items; b.) netting. © Ghislain Dorémus - Observatoire PELAGIS. 
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Discussion 

In this study, marine debris items were found in nine out of 22 necropsied sperm whales. This 

is a high proportion of the total number and points to a high susceptibility of sperm whales to 

ingestion of debris. However, it remains unclear, if the fact that ending up in a foreign habitat, 

without access to their natural food, led to an increased uptake of unusual items of assumed 

prey. 

Until recently, few findings of debris in sperm whales have been reported (cases listed in de 

Stephanis et al. (DE STEPHANIS et al., 2013)) and so the threat may have been assumed to be 

low. Since discovery of marine debris in marine mammals requires both, the washing ashore of 

the dead animal and the state of decay being sufficient enough for a full necropsy, the number 

of incidents may be underestimated (WILLIAMS et al., 2011).  

The data in this study represent additional valuable information on the ingestion of marine 

debris by sperm whales. The high rate of debris ingestion found in this study, however, may 

not be representative of population level, since the stranded sperm whales died in a foreign 

habitat and it remains unclear whether they ingested the debris items prior to entering the North 

Sea or while in the North Sea. Nevertheless, the fact that the debris objects were exclusively 

found in the upper digestive system and stomach, with no items found in the intestine, suggests 

that debris was ingested shortly before stranding. Otherwise, objects small enough for gastro-

intestinal passage would have been expected to be present in the intestine. Moreover, analyses 

of the net types found in the stomachs, taking mesh size and thickness of the netting yarn into 

account, indicate that the nets most likely originated from the local North Sea shrimp fishery. 

This also suggests ingestion in North Sea waters. However, discarded parts of netting may also 

drift over considerable distances; therefore no final conclusion about a possible area of intake 

of the nets can be drawn. 

Depredation by the sperm whales in shrimp trawl fishery is highly unlikely and incidents would 

have likely been reported. Possibly the nets were discarded or lost at sea and then ingested by 

the whales. However, the longlines found (GER-06, NET-01 and NET-02) and the fish hook 

(NET-01) may be the result of a depredation event. Sperm whales are known to take fish from 

active long lines (STRALEY et al., 2014; O'CONNELL et al., 2015). While longline fishery is more 
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common in the Atlantic, it is also carried out to a small extent in the North Sea haddock fishery 

(FOOD CERTIFICATION INTERNATIONAL LTD, 2014). 

Monofilaments as found in the stomachs are used in fisheries e.g. as set nets, but can also be 

the result of the degradation of ropes or larger nets. The fact that the monofilaments were found 

in GER-06, together with the large pieces of nets, allow the conclusion that they are the result 

of the netting being unravelled due to the peristaltic movements.  

In addition, it remains unclear if the gastric acid in the stomach promoted the detachment since 

no information is available on the properties and effects on synthetic materials of the gastric 

acid in cetaceans. Nevertheless, it is more likely that the monofilaments originated from the 

netting material rather than having been taken up independently. 

All of the animals had healthy nutritional statuses and recent food consumption was evident 

from squid beaks in the stomachs. The good nutritional status of the animals with large amounts 

of ingested debris, especially animals FRA-01, GER-06 and GER-15, suggests a rather recent 

uptake of the marine debris items. These items would likely have hampered food intake and 

digestion in the long term (JACOBSEN et al., 2010). While none of the ingested items led to the 

death of the animals, it can be assumed, that over time, especially the larger swallowed items, 

might have caused health issues for the respective animals, as seen in other cases, such as two 

stranded sperm whales in northern California where netting caused a rupture in the stomach and 

blocked the pylorus (JACOBSEN et al., 2010). This can be considered as another argument for 

debris uptake during the last days they spent in the North Sea. 

Sperm whales are deep water suction feeders and feed on squid (cephalopods) for which they 

forage during their deep dives (WHITEHEAD, 2003). In canyons off the west coast of Portugal, 

debris was encountered in depths up to 4.574 m (MORDECAI et al., 2011).  

Thus, sperm whales, as a deep diving and teutophageous species, could be valuable sentinels 

of the marine debris presence in deep water habitats. It is assumed that sperm whales also 

plough through the sediment with their lower jaws during their dives in search for benthic food 

(HEEZEN, 1957; WALKER & COE, 1989). The assumption that debris is incidentally ingested 

during capturing prey (WALKER & COE, 1989) is amplified by the fact that even stones were 

found in the GIT's during stranding events (DE STEPHANIS et al., 2013). Stones were found in 

three animals and sand could be identified in another individual (pers. Comm. Uwe Piatkowski). 
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Findings of marine debris with floating properties in sperm whales provides evidence for 

capture from the water column or maybe even from the sea surface, (JACOBSEN et al., 2010; DE 

STEPHANIS et al., 2013) using both visual and acoustic abilities (WHITEHEAD, 2009). The 

objects found in this study mainly showed floating characteristics (e.g. netting, rope, car part, 

bucket, foil). The fact that no growth potentially causing sinking of the nets could be identified, 

lead to the suggestion that the sperm whales captured these items in the water column. Whether 

they mistook these items for prey or captured them in lack of any other available prey, remains 

speculative. Walker and Coe (WALKER & COE, 1989) suggested that mistaken ingestion of 

debris items due to resemblance to prey is unlikely in odontocetes because of their echolocation 

ability and that ingestion is more likely to happen incidentally during feeding or may be part of 

the stranding process. 

No debris items were found in the intestines. However, faeces samples were taken and will be 

analysed for microplastics. This will give some indication about the burden of sperm whales 

concerning microplastics.  

In Europe, the Marine Strategy Framework Directive (MSFD) aims to maintain or restore the 

good environmental status of marine ecosystems (EUROPEAN PARLIAMENT AND COUNCIL, 

2008). One specific target of MSFD is to limit the amount of marine debris ingested by marine 

species. 

Some species, such as fulmar (Fulmarus glacialis) or sea turtles, have already been identified 

and used as tools to quantify trends in marine debris (VAN FRANEKER et al., 2011; GALGANI et 

al., 2014). However, research on alternative indicator species is still required to monitor the 

various ecosystems across European waters, and evaluate the adverse effects of debris on a 

wider range of marine organisms (BRAVO REBOLLEDO et al., 2013; GALGANI et al., 2014). The 

Scientific Committee of the International Whaling Commission (IWC) demands further effort 

on this topic for intensifying the understanding of the interaction between marine debris and 

cetaceans (IWC, 2016). Our study contributes important information on this matter. 

Although no associated injuries could be detected in this study, the risk of severe consequences 

by marine debris ingestion was clearly demonstrated by the quantity and quality of the found 

items. The findings of this study prove a high susceptibility of sperm whales towards the 

ingestion of marine debris and associated risks. Moreover, the results point to a high marine 
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debris burden in the North Sea and North Atlantic where items are likely to have been ingested. 

They provide insight into the composition of marine debris and underline the high share of 

fishing related debris as well as plastics. Efforts to reduce marine debris in our environment 

must be continued and intensified to decrease pollution burdens for marine life, especially in a 

highly exploited area like the North Sea, to achieve the good environmental status of marine 

ecosystems required by the European Marine Strategy Framework Directive. 
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Abstract 

This study is the first analysis to provide information on the distribution of floating marine 

debris in German waters using aerial survey data for harbour porpoises conducted between 2002 

and 2016.  

191,167 km were covered and 26,512 floating debris items recorded (Average Encounter Rate: 

0.1387 items/km). On average, debris was encountered more regularly in the North- than in the 

Baltic Sea (0.16 items/km; 0.08 items/km). The Average Encounter Rate was higher in offshore 

than in coastal areas and highest in spring. Fishing related debris added to the total count to 

varying degrees; 1.59 % of all items recorded in the BS and 10.08 % in the NS. In specific 

survey years fishing related debris contributed up to 25 % of the total amount.  

This study shows that evaluating opportunistically collected data is valuable for identifying 

high density areas of floating debris. This knowledge is essential for implementing the Marine 

Strategy Framework Directive. 
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Introduction 

Marine debris is ubiquitous in all the world’s oceans (BARNES et al., 2009; PHAM et al., 2014; 

GALGANI et al., 2015). A global plastic debris input of 4.8 to 12.7 million metric tons annually 

was estimated from land based sources only, showing an increasing trend (JAMBECK et al., 

2015). Besides its immediate physical impact on marine animals, by ingestion and 

entanglement, its presence deteriorates the quality of marine habitats (MOORE, 2008; VEGTER 

et al., 2014).  

Winds and currents transport floating marine debris over large distances and it can be found 

even in remote places. Due to their characteristically low weight and high durability, plastic 

items in particular contribute a large share of all observed floating marine debris 

(KATSANEVAKIS, 2008; HAMMER et al., 2012). It is estimated that approximately 5 trillion 

plastic items with a total weight of 250,000 metric tonnes are currently floating in the world’s 

oceans (ERIKSEN et al., 2014). 

Most of the countries bordering the North- and Baltic Seas are populous and use the sea 

extensively, creating a multitude of anthropogenic disturbances. The North- and Baltic Seas are 

categorised as two of the most heavily impacted seas of the world (HALPERN et al., 2008; 

HALPERN et al., 2015). The act of dumping debris at sea in the North- and Baltic Seas is 

regulated since 1973 by the International Convention for the Prevention of Pollution from Ships 

(MARPOL, Annex V). As “articular Sensitive Sea Areas” (PSSA), the input of plastic garbage 

and fishing gear into the North- and Baltic Seas is strictly prohibited (IMO, 2018). Despite this 

regulation, it was estimated that, together with land-based sources, 6.6 million pieces  (round 

about 8,600 metric tonnes) are being added annually forming a volume of 600,000 m³ of debris 

on the sea floor of the North Sea (OSPAR, 2000). Debris on the seafloor constitutes 70 % of all 

marine debris present in the marine environment, next to floating debris (15 %) and debris on 

beaches (15 %) (UNEP, 2005). A more recent study using a bottom trawling method revealed 

a high share of plastic objects on the sea floor (North Sea: 83 %, Baltic Sea: 66 %) (KAMMANN 

et al., 2017). 

Information on floating marine debris is particularly important in the context of marine 

conservation and management. Marine Debris is considered within the Marine Strategy 

Framework Directive (MSFD) and constitutes one of the descriptors for establishing a “Good 

Environmental Status” (GES): The “Descriptor 10” requests that “properties and quantities of 
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marine litter do not cause harm to the coastal and marine environment”. Therefore, the 

distribution and whereabouts of introduced debris into the environment have to be evaluated to 

reduce its input. 

Information on the spatial distribution of floating marine debris in German waters is scarce. 

Especially for the Baltic Sea, mainly information on debris on beaches are available 

(HENGSTMANN et al., 2017; SCHERNEWSKI et al., 2017). The first survey for floating debris in 

the North Sea was conducted from a ship and showed a wide distribution of marine debris 

(DIXON & DIXON, 1983). Plastic items in particular were observed at large distances from the 

coast. For German waters, the amount of debris was described to be highest off the North-

Frisian islands and in areas far from the coast (within the German Exclusive Economic Zone, 

EEZ) (DIXON & DIXON, 1983). Ship survey data from 2006 - 2008 confirmed this high density 

of plastic objects, particularly off the East-Frisian Islands (38.8 items/km²) and around the 

island of Helgoland (28.0 items/km²) (THIEL et al., 2011).  

Floating marine debris can be monitored either by ship or by airplane. While ship based surveys 

allow for precise item identification even of small objects, aerial surveys can efficiently cover 

large areas in a relatively short time and provide information on the large scale distribution of 

floating marine debris (SCHEIDAT & FEINDT-HERR, 2012). Up until now, mostly ship based 

surveys were conducted in the North- and Baltic Seas (DIXON & DIXON, 1983; THIEL et al., 

2011; GUTOW et al., 2018).  

This study presents the results from an analysis of floating marine debris based on a large aerial 

survey dataset collected over 15 years of harbour porpoise monitoring. To our knowledge, this 

is the first aerial data set that has been analysed to assess the spatially and temporally explicit 

distribution of floating marine debris in the German North- and Baltic Seas. The aim of this 

study is to map marine debris distribution in German waters and to identify high density areas 

of floating marine debris. This information provides a baseline for the assessment of conflict 

potential for marine mammals.  
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Material & Methods 

Study area 

This study evaluated data from aerial surveys covering the German parts of the North Sea (NS) 

and Baltic Sea (BS). The North Sea is a marginal sea of the north-east Atlantic Ocean. In total 

it covers an area of 750,000 km² and is connected with the Baltic Sea in the east through the 

Skagerrak (OSPAR, 2000). The Baltic Sea is a semi-enclosed sea with a size of 420,000 km² 

(HELCOM, 2018). 

In total, German marine waters cover an area of 56,541 km² (NS: 41.034 km²; BS: 15.507 km²) 

both in coastal and offshore waters (BFN, 2018). 45 % of German waters are currently defined 

as areas in need of special protection (BFN, 2018).  

 

Aerial surveys  

Aerial surveys for marine mammal observations have been conducted regularly since 2002 in 

order to estimate the abundance and distribution of harbour porpoises (Phocoena phocoena) in 

German waters of the North- and Baltic Seas. In the course of these surveys, sightings of 

floating marine debris were recorded. For aerial surveys, the standardised “line transect distance 

sampling” methodology was used (BUCKLAND et al., 2001). Details on the protocol of marine 

mammal monitoring using aircrafts as platform are provided in Scheidat et al. (SCHEIDAT et al., 

2008) and were revised in Gilles et al. (GILLES et al., 2009) and Hammond et al. (HAMMOND et 

al., 2013). These records included time and position of the sightings, and sometimes 

specifications on items such as material, size or specific identification (e.g. plastic box). Items 

from the size of a milk carton (TetraPak ©, 23cm x 7 cm) upwards were recorded from the 

standard flying altitude of 600 ft.  

 

Data preparation and analysis 

Survey data sets were split into annual and seasonal subsets. All records of floating debris items 

were categorised into general debris (household debris, industrial debris, plastics, processed 

wood) and fishing related debris (nets, fishing gear, and lost buoys). The total number of general 

debris items, fishing related debris items and the total survey effort of each subset were 

summarised per grid cell (using the 10 km grid provided by the European Environmental 

Agency, https://www.eea.europa.eu/data-and-maps/data/eea-reference-grids-2). The Average 
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Encounter Rates (AER) were calculated for both debris categories (fishing related debris, 

general debris) and the total number of debris items, which sums the prior two categories. The 

gridded results of data subsets enabled the identification of spatio - temporal patterns and 

possible high density areas of marine debris in German waters. Special attention was paid on 

marine debris distribution and density in Special Areas of Conservation (SAC) of the EU 

Habitats Directive (HABITATS DIRECTIVE, 1992) (Figure 10).  

All analysis and data preparation was done in R Version 3.4.0 (TEAM, 2018) using the packages 

sp (PEBESMA & BIVAND, 2005; BIVAND et al., 2008; BIVAND et al., 2013) and maptools (LEWIN-

KOH & BIVAND, 2009). 

Results 

Both seas were covered with an effort of 191,166 km (NS: 137,149 km; BS: 54,017 km) 

between 2002 and 2016. Marine debris was observed in varying quantities in all areas of the 

North- and Baltic Seas (Figure 10). Apart from a few offshore areas and coastal waters of the 

North Sea and around the islands of Rügen and Usedom in the Baltic Sea, we regard marine 

debris as ubiquitous. Overall, a total of 26,512 debris items were recorded between in 15 years 

along 191,166 km of effort. A total of 21,930 items were recorded in the North Sea along 

137,149 km of effort and a total of 4,582 items along 54,017 km were recorded from the Baltic 

Sea. The AER (total debris) was almost twice as high in the North Sea (0.1598 items/km) 

compared to the Baltic Sea (0.0848 items/km). The share of fishing related debris was higher 

in the North Sea (10.08 %) than in the Baltic Sea (1.59 %) (Table 7). In the North Sea, areas 

with a high AER (total debris) (> 0.1 item/km) were found exclusively within the German EEZ 

and not in coastal areas. In the Baltic Sea, high AER (total debris) were found in the Kiel Fjord 

and around the isle of Usedom. In the coastal areas of both seas, the AERs were comparably 

low. 
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Table 7. Average Encounter Rate of marine debris in the North- and Baltic Seas for general and fishing related debris items in 

items / km. Number of items: Number of floating marine debris items recorded on effort; Average encounter rate: average 

number of items per kilometre observed [items/km]; percentage: relative contribution of items to total number of items [%]; 

Effort: total length of transects observed on effort [km]. 

Sea Category 
Number of 

items 

Average 

Encounter 

Rate 

(items/km) 

Percentage 

(%; items 

to total 

number of 

items) 

Effort 

(km) 

North Sea 

General 

debris 
19,719 0.1444 89.92 

137,149 
Fishing 

related 

debris 

2,211 0.0161 10.08 

Total  21,930 0.1598   

Baltic Sea 

General 

debris 
4,509 0.0835 98.41 

54,017 
Fishing 

related 

debris 

73 0.0014 1.59 

Total  4,582 0.0848   

Total                   

North- & Baltic 

Seas  

General 

debris 
24,228 0.1267 91.39 

191,166 
Fishing 

related 

debris 

2,284 0.0119 8.61 

Total  26,512 0.1387   

 

Within the SACs “Sylt Outer Reef” (DE1209301) and “Borkum Reef Ground” (DE2104301) 

(both situated in the North Sea) the AER (total debris) varies locally between 0.006 and 0.1000 

items/km (compare Figure 10, light blue labelling). In the harbour porpoise protection area the 

AER (total debris) varied locally between 0.001 and 0.0300 items/km (compare Figure 10, dark 

blue labelling). In the SAC “Odra bank” (DE1652301) in the Baltic Sea the AER varies between 

0.001 and 0.0300 items/km as well, with higher values between 0.0310 and 0.1000 items/km. 
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Figure 10. Marine Debris distribution in the North- and Baltic Seas presented as Average Encounter Rate (total debris) per 

grid cell (10x10 km) (aggregated data from 2002-2016, grid provided by the European Environmental Agency, 

https://www.eea.europa.eu). 
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In the North Sea, the years with the highest AER (total debris) were 2002, 2005 and 2006 

(Figure 11). In the Baltic Sea, 2002, 2005 and 2006 were the years with the highest AER (total 

debris), respectively. However, no aerial surveys were conducted in the Baltic Sea in 2007, 

2009, 2012, 2014 (Figure 11).  

The AER of fishing related debris in the North Sea varied between 0.007 and 0.0519 items/km 

between years. It was highest 2006, followed by 2007 and 2005 (Figure 11). The AER of fishing 

related debris in the Baltic Sea varied between zero and 0.0035 items/km. It was highest in 

2016, followed by 2006 and 2005 (Figure 11). The share of fishing related debris sightings in 

the North Sea was highest in 2006 (18.95 %), in 2009 (17.95 %) and in 2014 (13.79 %). In the 

Baltic Sea it was highest in 2016 (25 %), in 2011 (4.29 %) and in 2006 (2.33 %).  
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Figure 11. Average annual Encounter Rate of Marine Debris (total debris) in the study area of the North- and Baltic Seas from 

2002-2016 in items/km. Dashed bars indicate fishing related debris and solid bars general debris. na = data not available, i.e. 

no aerial survey in these years. 
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In both the North- and Baltic Seas, spring (March-May) was the season yielding the highest 

AER (total debris) of marine debris. Especially in the Baltic Sea, the AER (total debris) in 

spring was up to 3 times higher than in the other seasons (Table 8).  

Table 8. Average seasonal Encounter Rate of marine debris in the North- and Baltic Seas for general and fishing related debris 

items in items / km. Number of items: Number of floating marine debris items recorded on effort; Average encounter rate: 

average number of items per kilometre observed [items/km]; percentage: relative contribution of items to total number of items 

[%]; Effort: total length of transects observed on effort [km]. Month with highest AER in grey. 

Sea Season Category 
Number 

of items 

Average 

Encounter 

Rate 

(items/km) 

Percentage 

(%; items 

to total 

number of 

items) 

Effort 

(km) 

North 

Sea 

Spring 

General debris 7,775 0.1673 89.77 

46,463 Fishing related debris 886 0.0191 10.23 

Total 8,661 0.1864   

Summer 

General debris 9,129 0.1372 89.25 

66,554 Fishing related debris 1,100 0.0165 10.75 

Total 10,229 0.1537   

Autumn 

General debris 2,546 0.114 92.18 

22,337 Fishing related debris 216 0.0097 7.82 

Total 2,762 0.1236   

Winter 

General debris 269 0.15 96.76 

1,793 Fishing related debris 9 0.005 3.24 

Total 278 0.155   

  

Baltic 

Sea 

Spring 

General debris 2,447 0.1404 98.04 

17,423 Fishing related debris 49 0.0028 1.96 

Total 2,496 0.1433   

Summer 

General debris 1,318 0.0558 98.43 

23,623 Fishing related debris 21 0.0009 1.57 

Total 1,339 0.0567   

Autumn 

General debris 554 0.0619 99.82 

8,952 Fishing related debris 1 0.0001 0.18 

Total 555 0.062   

Winter 

General debris 190 0.0473 98.96 

4,018 Fishing related debris 2 0.0005 1.04 

Total 192 0.0478   

 

The highest AERs (total debris) (> 0.1 item/km) for both the North- and Baltic Seas data sets 

were calculated for spring. The highest AER (total debris) (> 0.1 item/km) for the North Sea 

was calculated for the south-western part of the offshore area between coastal waters and the 
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outer part of the German EEZ. The highest AER (total debris) for the Baltic Sea was calculated 

for the eastern part in and close to the SAC “Odra Bank” (Figure 12). 
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Figure 12. Marine debris distribution in the North- and Baltic Seas in spring presented as Average Encounter Rate (total debris) 

per grid cell (10x10 km) (aggregated data from 2002-2016, grid provided by the European Environmental Agency, 

https://www.eea.europa.eu). 
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Discussion 

The results of this study show an ubiquitous distribution of floating marine debris in German 

waters. This is in line with results of previous studies (THIEL et al., 2011; GUTOW et al., 2018). 

Both, the North Sea and the Baltic Sea are heavily used marine areas, surrounded by densely 

populated coastlines, probably leading to an increased entry of marine debris.  

This study showed that AER values are higher in the North- than the Baltic Seas. Moreover, 

highest AERs were observed in offshore regions (< 0.1 items/km), in parts overlapping with 

Special Areas of Conservations (SAC). Fishing related items built a high share of the total 

number of debris items detected (up to 25 %). Furthermore, highest AERs were evaluated in 

spring and summer. A clear assignment of the detected objects to their origin is only possible 

for fishing related objects. 

Most studies evaluated densities (items/km²) in their survey area which impedes a direct 

comparison of these results with our calculated AERs (items/km) (GALGANI et al., 2015; 

TEKMAN et al., 2017). Two studies allow for direct comparison; Encounter Rates between 1.22 

and 11.51 items/km were observed in Portuguese waters (SA et al., 2016), between zero and 

3.37 items/km in the Ligurian Sea (Mediterranean) (ALIANI et al., 2003). In our study AERs 

seam thus rather lower. However, for being able to realistically judge the burden, more 

comparisons of different areas are needed. Thus, this study rather contributes to evaluate the 

distribution of floating debris and identifies high density areas in the North- and Baltic Seas. 

Comparing both seas, the AER (total debris) was clearly much higher in the North Sea than in 

the Baltic Sea. A potential reason for this may be, that the narrowness and the circulation 

conditions (currents) of the Baltic Sea increase the likelihood of objects being washed ashore 

more quickly than in the North Sea and thus no longer contributing to floating marine debris 

(SCHERNEWSKI et al., 2017). Additionally, the anti-clockwise surface circulation of the Baltic 

Sea (FENNEL, 1996), rather causes inputs to be transported northwards, so that it, if not washed 

ashore quickly, remains in the study area only for a short period of time.  

In terms of temporal differences, highest AERs were observed in spring in both seas. Since 

wind is a major contributor to the transportation of floating objects, in seasons with lower wind 

speeds, such as spring and summer (compared to autumn and winter, were storms are more 

frequent) floating debris is more likely to remain longer in the area of origin. Due to ideal survey 

conditions the survey effort in these seasons are higher and thus the probability of detecting 
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marine debris is enhanced. For these reasons these seasons might thus be good indicators for 

the origin of marine debris.  

Regarding the spatial distribution, the higher AERs of debris sightings were observed in 

offshore waters and in the southern parts of the North Sea study area compared to coastal 

waters. This may point to a sea-based source, since the distribution is strongly influenced by 

the location of input (GUTOW et al., 2018). Earlier studies identified the origin of most debris 

found on beaches of the island of Helgoland, located centrally within the German Bight, as 

ship-based (VAUK & SCHREY, 1987). Correlations between ship traffic densities and marine 

debris occurrence was also shown in an earlier study based on a subset of our dataset (HERR, 

2009).  

Most easily, fishing related debris can be attributed to sea-based sources. Fishing gear is 

regularly lost during fishing operations. Furthermore, illegal discard of old fishing gear 

contributes to the category of “Abandoned, Lost or otherwise Discarded Fishing Gear 

(ALDFG)” (MACFADYEN et al., 2009). Worldwide, ALDFG is a significant component of 

marine debris posing an especially high risk for marine fauna, because of their inherent 

entangling characteristics. In our study, fishing related debris contributed to a reasonable share 

(NS: 10.08 %; BS: 1.59 %) to overall debris, especially in specific years, its share built up to 

25 % (Baltic Sea in 2016) confirming contribution of sea-based sources, as well as that fishing 

related debris represents a considerable share to overall marine debris. In fact, it is likely that 

the actual amount of fishing related debris to be substantially higher than reported in this study, 

since the high observer altitude during our surveys likely prevented identification of all fishing 

related debris. Probably, a certain number of items went in as household debris, because they 

were not recognised as fishing related. 

Considering all evaluations, allocating the source of the observed debris items stays speculative. 

Next to sea-based sources, land-based origins contribute to marine debris pollution. In the North 

Sea, inputs of the Rhine River largely end up in offshore waters of the German EEZ (GUTOW 

et al., 2018) and have already been suspected to be a major contributor on marine micro plastic 

pollution in the North Sea (OSPAR, 2000; MANI et al., 2015; LEBRETON et al., 2017). The 

introduction of a similarly significant amount of larger items is likely and may explain the 

higher AER (total debris) in the southern North Sea which was also shown in earlier evaluations 

(DIXON & DIXON, 1983). The same is true for the Baltic Sea. A high AER (total debris) was 
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observed north and north-east of the island of Rügen. In coastal areas the AERs was comparably 

low. This is again likely due to the fact that objects entering from land based sources will rather 

soon be washed up on beaches close by (SCHERNEWSKI et al., 2017). Therefore, a contribution 

of land-based sources to floating marine debris accumulated offshore is less likely for the Baltic 

Sea.  

The fact that a rather low AER (total debris) was detected in coastal areas can be explained by 

onshore winds that cause objects from coastal sources, such as the rivers Ems, Weser and Elbe, 

entering into the North Sea, to dispense within coastal waters before washing ashore northwards 

quickly again (NEUMANN et al., 2014; GUTOW et al., 2018). Furthermore, the major 

anticlockwise circulation of the North Sea (OSPAR, 2000) transports floating objects in the 

North Sea northwards out of the North Sea reaching more distant destinations such as the 

Danish and Norwegian shorelines before entering the North Atlantic Ocean (THIEL et al., 2011; 

NEUMANN et al., 2014; GUTOW et al., 2018).  

An especially high AER was identified in the SAC “Sylt Outer Reef” (DE1209301), the 

“Harbour porpoise protection area”, the SACs “Borkum Reef Ground” (DE2104301) and “Odra 

Bank” (DE1652301), giving reason for concern. For SAC “Borkum Reef Ground” 

(DE2104301) this observation was also made in earlier studies (THIEL et al., 2011; GUTOW et 

al., 2018). High levels of marine debris are particularly problematic in special areas of 

conservation. Marine debris may pose a threat to species for which the areas have been 

established. In the case of marine mammals in German waters, harbour porpoises and seals are 

at risk for entanglement in and ingestion of marine debris, as has been shown by Unger et al. 

(UNGER et al., 2017). The evaluation of the distribution of marine debris is essential to identify 

areas with an enhanced conflict potential between marine mammals and marine debris. 

Moreover, marine debris diminishes the quality of the habitat, which is reflected in it being a 

descriptor within the MSFD for establishing a “Good Environmental Status”. 

Altogether it has to be noted that our results represent minimum estimates of the AER of 

floating debris, as not all marine debris object on the transects might have been detected – as in 

all visual surveys. Nevertheless, due to the large time span and regularity of aerial surveys, the 

present evaluation provides a representative overview of the relative distribution of floating 

marine debris in the German North- and Baltic Seas, revealing first insights into floating debris 

loads of these waters. 



Acknowledgement
  

94 

 

This study proves aerial surveys to be a suitable tool for assessing floating marine debris 

distribution and the extent of marine pollution. Furthermore, the spring month could be 

identified as most suitable for source determination of floating marine debris. As a side product 

of marine mammal surveys, these data can be obtained at no additional costs. Despite certain 

biases, collected data provide invaluable information on pollution loads, required to meet 

assessment criteria for management frameworks such as the MSFD. Therefore, collecting 

information on marine debris during monitoring programs should be encouraged, as well as the 

evaluation of marine debris records in these data. 
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Conclusion 

This study aimed to assess the marine debris burden in the North- and Baltic Seas. Therefore, 

the impact of marine debris on marine mammals (chapter 1 and 2) and the distribution of 

floating marine debris (chapter 3) were evaluated.  

Each aspect serves as important source of information and represents a valuable contribution 

of global efforts investigating the vast topic of marine debris and its associated problems.  

Furthermore, it focusses on the following, urgent questions:  

1) Are marine mammals especially at risk in the North- and Baltic Seas of being impacted 

by marine debris? 

2) Is marine debris a major problem in the North- and Baltic Seas? 

3) What are the resulting demands and the future perspective, also with respect to 

conservation objectives and management? 

 

(1) Risk for marine mammals impacted by marine debris in the North- and Baltic Seas 
 

Floating marine debris distribution was shown to be ubiquitous in the study area, the coastal 

and offshore waters of the German North- and Baltic Seas. Nonetheless, areas with a higher 

number of debris sightings were identified rather in the offshore waters of the study area. Areas 

with a high Average Encounter Rate (items/km; AER) are partly overlapping with two 

important Special Areas of Conservation (SAC), “Sylt Outer Reef” and “Borkum Reef Ground” 

in the North Sea and the “Pomeranian Bay/Odra Bank” in the Baltic Sea. 

Harbour porpoise, harbour seal and grey seal are highly mobile inhabiting both, coastal and 

offshore waters. Earlier studies identified seasonal changes in harbour porpoise distribution in 

the North Sea. It is assumed that they move from adjacent waters into German waters in early 

spring (March-May) and aggregate in summer in the northern-eastern part of the German EEZ. 

Despite a lower effort in autumn and winter, the available data show decreasing densities in this 

time of the year (GILLES et al., 2009).  

In the Baltic Sea, two separate populations of harbour porpoises are present, one in the 

Skagerrak, Kattegat, the Belt Sea and in the south-western part and one, highly endangered, in 

the Baltic Proper (BENKE et al., 2014; CARLÉN et al., 2018). Earlier studies showed that harbour 
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porpoises of the Baltic Proper move into the eastern part of the Baltic Sea, into the Pomeranian 

Bay between January and March (GALLUS et al., 2012; BENKE et al., 2014).  

For the pinnipeds, harbour and grey seals, it was shown that they travel over long distances 

(MCCONNELL et al., 1999; SJÖBERG & BALL, 2000; CUNNINGHAM et al., 2009; KAY, 2015; 

BRASSEUR, 2017) from their haul-out sites to the foraging grounds, extensively using the North- 

and Baltic Sea area.  

However, some areas are especially for harbour porpoises of particular importance, such as the 

SAC “Sylt Outer Reef”, “Borkum Reef Ground” and the “Pomeranian Bay”. The fact that three 

SACs showed a high marine debris AER is of special concern. Especially “Borkum Reef 

Ground” as foraging area and “Sylt Outer Reef” as breeding area are frequently used by harbour 

porpoises during spring and summer (GILLES et al., 2009). Thus, mostly in summer, juveniles 

are present, and it can be assumed that due to their curiosity and inexperience they are 

particularly at risk of being affected by marine debris. Nevertheless, an increased recovery of 

carcasses results only from the fact that more animals are present during that time (SIEBERT et 

al., 2006a). The same is true for harbour and grey seals. Harbour seals and grey seals are 

intensively using haul-out sides in coastal waters during their pupping (harbour seals: May-

June; grey seals: November-January) and moulting season (harbour seals: August; grey seals: 

March-April). One of them is the sandbank “Kachelotplate” located between the East-Frisian 

Islands Borkum and Juist. Next to the large colony on the island of Helgoland, the 

“Kachelotplate” is the second important location for grey seals. Nevertheless, the proximity to 

an area with increased marine debris occurrence does not suggest that the interaction takes place 

in this specific area. However, since especially grey seals travel long distances (BRASSEUR, 

2017) and the fact that the highest prevalence was detected in this species, underlines the risk 

in the total North Sea area.  

It has to be taken into account that the foraging behaviour plays an important role as well. Next 

to the horizontal movements, the vertical movement put them to additional danger during 

foraging. While they need to surface for breathing, they dive for foraging reasons. 

Harbour porpoises are a predominantly shelf species. For the western Baltic it was shown that 

they feed on benthic/demersal fish (goby, sand eel) during daytime and forage on pelagic 

species (herring, sprat) at night (SCHAFFELD et al., 2016). Harbour and Grey seals are 

benthic/demersal feeders, target prey species are similar to those of harbour porpoises (HALL 
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& RUSSELL, 2018; TEILMANN & GALATIUS, 2018). This three dimensional habitat use of all 

three species put them at risk of marine debris interactions within the whole North- and Baltic 

Sea area. Marine debris was found on the North Sea seafloor in the coastal and offshore areas 

of the North Sea and within the SAC “Sylt Outer Reef” (GUTOW et al., 2018). Next to the 

environment, the prey organisms themselves pose a risk of affecting marine mammals with 

marine debris. Plastics were found in North Sea fish, some of them serve as prey species for 

marine mammals (FOEKEMA et al., 2013).  

To sum up, for realistically assessing the actual risk for the three species all named aspect need 

to be taken into account. Marine debris occurrence in both, the surface area (breathing) and the 

seafloor (foraging) affect marine mammals. Our study of floating marine debris is thus highly 

valuable for assessing the burden for marine mammals together with the evaluation of marine 

mammals being impacted. The occurrence of floating marine debris shows high values and 

severe consequences on interactions with marine debris are revealed. In addition, it has to be 

taken into account, that the number of impacted individuals is a minimum estimate, the actual 

extent and the number of affected marine mammals is most likely higher, since not all animals 

being impacted are washed ashore and are available for necropsy.  

The results, along with other studies, suggest that marine mammals are permanently at an 

enhanced risk of being affected by marine debris in all areas of the North- and Baltic Seas.  

The marine debris findings in the sperm whales stranded in early 2016 additionally supports 

this assumption. Ending up in a foreign environment without their natural prey being available, 

they probably started to feed on object not only present on/in the seafloor. This is shown by the 

floating abilities of the ingested objects. A recent uptake seems likely due to the swallowed 

object being present in the upper gastro-intestinal system. Therefore, in this case, they are 

assumed to be an indicator of marine debris presents in the North Sea or the North-East Atlantic. 

In both cases, the ingested objects can be associated with heavy marine debris burden in the 

North Sea, since wind and currents transport marine debris originating from the North Sea up 

north towards Danish and Norwegian waters (THIEL et al., 2011; NEUMANN et al., 2014; GUTOW 

et al., 2018). As deep-diving species (WHITEHEAD, 2003) it is most likely that they, especially 

the individuals which stranded on the German and Dutch North Sea coast, spend time in the 

deeper offshore areas which were identified as areas of high marine debris occurrence. Thus, 

the examination of those sperm whales shed light on consequences of marine debris presence 
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and complements results of the negative impacts on marine mammals inhabiting the North- and 

Baltic Seas. This study showed that the result of anthropogenic exploitation and careless 

behaviour confronts marine mammals in their habitat and threatens them directly.   

 

(2) Marine debris burden in the North- and Baltic Seas  
 

To get the whole picture, in addition to our evaluation of floating marine debris distribution, it 

is necessary to take marine debris on the seafloor and on beaches into account for assessing the 

burden of marine debris pollution in the North- and Baltic Seas. Recent studies report between 

16.8 items/km² on average for the North Sea (KAMMANN et al., 2017), while other studies 

estimated much higher approximate numbers of marine debris (NS: 156 debris items/km²; BS: 

126 debris items/km²) (GALGANI et al., 2000). GUTOW ET AL. (2018) even found areas with up 

to 5,000 and more items/km² in the North Sea. Regarding the distribution, this study correspond 

locally with our data (GUTOW et al., 2018). Furthermore, it has to be taken into account that 

marine debris on and in the seafloor gets resuspended and is thus still of risk for the marine 

environment.  

Evaluating the beaches of the Baltic Sea revealed an average of 47 debris items per survey, the 

number is 1.5-3 times higher on North Sea beaches (SCHERNEWSKI et al., 2017). Having a closer 

look on North Sea beaches, the exact counts show a high variability, on one beach 8,000 litter 

items were counted annually (SCHULZ et al., 2015). Next to our study, impacts on other marine 

animals are reported from the North- and Baltic Seas: in fish (FOEKEMA et al., 2013), in birds 

(SCHREY & VAUK, 1987; CAMPHUYSEN, 2008; VAN FRANEKER et al., 2011) and mussels, as well 

as lugworms (VAN CAUWENBERGHE et al., 2015). 

Taking all those collected data into account, a distinct marine debris burden in the North- and 

Baltic Seas is proven. The ubiquitous occurrence as well as the shown impacts are of concern.   

 

(3) Resulting demands and future perspective, also with respect to conservation objectives 
and management 

 
A burden is given, when there is an actual impact as well as the steady risk of a possible 

interaction. Both were shown in this study. Thus, the assessment is based on a profound 

knowledge and is hence valuable for implementing the MSFD. Next to the logical interpretation 

of the analysed data, the following aspects have to be considered for future assessments. 
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Effective measures need to be adopted for tackling the marine debris problem not only in the 

North- and Baltic Seas, but also in a global perspective.   

Putting all gained information of this study and former studies together it emerges that specific 

steps need to be taken to establish substantial achievements in tackling marine debris: 

a) Existing and newly collected data need to be analysed with the aim to learn more about 

the sink and source of marine debris. Especially the source gives indication of the 

perpetrators and helps regulating and minimizing the debris input. With respect to the 

European Waste Framework Directive (Directive 2008/98/EC) which claims the 

“polluter pays principle” this information is even more valuable.  

b) A standardized monitoring scheme for floating marine debris has to be established. This 

study shows a suitable way of frequently observe the distribution of floating marine 

debris and thus helps to assess the burden in a realistic way. Conducting aerial surveys 

as part of a regular monitoring should prevail.  

c) Stranding networks need to be established were lacking and extended and intensified if 

already present. Necropsies of carcasses are currently the most suitable way to detect 

marine mammal interferences with marine debris. Collecting information needs to be 

continued and thus the actual status monitored. This information is urgently needed to 

establish a baseline and to regularly monitor the status.  

d) Specific necropsy protocols of animals showing marine debris interaction need to be 

established. This should include all gained information of the object (e.g. size. colour, 

pictures etc.) but also the observed associated lesion. Using standardized protocols for 

conducting the necropsies is essential for facilitating and preserving the comparability 

between different countries and regions. 

 

The standardization is not only necessary to ensure comparability of collected data, but also to 

establish a baseline which allows to classify the intensity of the load in different regions or 

species. This is essential to gain a broad knowledge on the extent and burden but also to judge 

the marine debris impact on an international level. All gained information needs to get 

published to be quickly available rather than being prepared as national reports. This helps to 

utilize research results for portals such as “LITTERBASE” to compare and focus knowledge to 

get the big picture of the global marine debris pollution (TEKMAN et al., 2017). 
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From an public outreach perspective, research serves as source of information and supports a 

variety of projects raising public awareness, ranging from information boards, beach clean ups 

(The Ocean Conservancy), promoting items, such as cloths, woven from lost and recovered 

fishing gear material (Healthy Seas) or informing about cosmetics containing micro plastics 

(Beat the Micro Bead). Music about the marine debris situation and presenting solution 

approaches, targets especially children and thus their parents (Jack Johnson: “Reduce, Reuse, 

Recycle”). Moreover, campaigns to remove marine debris from the oceans, such as “fishing for 

litter” which guarantees the free disposal of marine debris for fishermen in harbours, or the 

installation of new technologies for marine debris collection (The Ocean Clean Up) promote 

public awareness and address different stakeholders. However, regulations on a political level, 

such as the European Union legislation (EUROPEAN COMMISSION, 2018) to reduce marine debris 

are clearly inevitable. All approaches are necessary to make a difference and finally act against 

marine debris successfully on a global scale.  

Marine debris is an anthropogenic impact; thus, we are the perpetrators of this situation and we 

need to change our behaviour to get a healthy environment as soon as possible. 
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Summary 

Bianca Unger - Marine debris in the North- and Baltic Seas: spatio-temporal distribution 

patterns and its occurrence in marine mammals 

Marine debris is one of the major contributors to marine pollution and poses a global problem. 

The impacts on the marine environment, particularly on marine animals in specific, are of 

special concern (KÜHN et al., 2015). Information on the distribution of marine debris in the 

marine environment and its impacts need to be gathered to assess the actual extent of the marine 

debris burden. 

This study comprises three investigations to gain information on the impact of marine debris 

on marine mammals as well as the occurrence and distribution of floating marine debris. This 

included the analysis of necropsied marine mammals from German waters and sperm whales 

(Physeter macrocephalus) stranded on different locations of the North Sea early in 2016 as well 

as the evaluation of floating marine debris observations during aerial surveys. Analysing this 

data was conducted for the very first time and the results are an invaluable contribution to the 

knowledge on marine debris pollution in the North- and Baltic Seas and thus complements our 

understanding on marine debris pollution and its consequences.   

Firstly, necropsy data of marine mammals inhabiting German waters (harbour porpoises 

[Phocoena phocoena], harbour seals [Phoca vitulina] and grey seals [Halichoerus grypus]) 

were analysed for entries on marine debris findings. Spanning 25 years, this long-term dataset 

enabled to assess the impact of marine debris on top predator species inhabiting German waters. 

1,622 out of 6,587 carcasses were dissected on the gastro-intestinal tract (GIT) of which 31 

individuals were noted being affected by marine debris due to either being entangled (n=14) in 

debris material or having ingested debris objects (n=17). The share of fishing related items was 

higher (64.9 %) than the number of marine debris classified as general debris (35.1 %). 

Furthermore, lesion most likely associated to the marine debris objects found, were assessed 

(suppurative ulcerative dermatitis, perforation of the digestive tract, abscessation, suppurative 

peritonitis and septicaemia). This analysis clearly demonstrates the risk for marine mammals 

being impacted by marine debris.  
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Secondly, the occurrence of marine debris in sperm whales was investigated during the 2016 

stranding event in the North Sea (Germany, The Netherlands, France, Great Britain, Denmark).  

Out of all 30 stranded individuals, the gastro-intestinal tract of 22 individual was investigated, 

revealing a total of 322 debris items ingested by nine of these animals. Findings included e.g. 

chocolate wrapping, a coffee capsule, parts of plastic bags, ropes, netting, a fish hook, a bucket 

and a plastic part of a car engine cover. Fishing related items dominated with a share of 78 %. 

All items were found in the stomach. The amount of items found varied between the individuals. 

One animal showed a total weight of 24.84 kg of ingested debris, another ingested a 13.5 m 

long fishing net. No associated lesions were detected and none of the animals died due to the 

ingested items. Nevertheless, it is highly likely that impacts would have occurred sooner or 

later, such as blockage of the gastro-intestinal system (e.g. fishing net, car part) or perforation 

due to sharp objects, such as fish hooks or the car part. The reason for the uptake stays 

speculative. Items were either swallowed coincidentally together with natural prey, or by 

mistaking it for suitable food or due to the lack of food in a foreign environment. The fact that 

no items were found in the intestine and the netting material was most likely used for shrimp 

fishing in the North Sea area, suggest a recent uptake prior to the stranding event on the coast 

of the North Sea. 

Thirdly, data on marine debris obtained during aerial surveys for harbour porpoises since 2002 

in German waters were evaluated to investigate the distribution of floating marine debris in the 

German coastal and offshore waters. Within a time span of 15 years (2002-2016) a distance of 

191,167 km were observed and a total of 26,512 marine debris items detected. During this time 

an Average Encounter Rate AER (items/km) of 0.1387 items/km was calculated (North Sea: 

0.1585 items/km; Baltic Sea: 0.0797 item/km) with the highest AERs in spring months (March-

May) and in offshore waters during the whole year. The AER of fishing related debris differed 

between the North- and Baltic Seas (North Sea: 10.08 %; Baltic Sea: 1.59 %), showing a high 

share of up to 25 % in certain years. An increased AER in Special Areas of Conservation (SAC) 

is alarming since especially in these sensitive areas the conflict potential between marine 

mammals and marine debris is enhanced. 

This evaluation serves to assess the extent of the marine debris pollution in German waters and 

reveals the effects on marine mammals. Thus, it contributes to the implementation of the 

European Marine Strategy Framework Directive (MSFD). Information on marine debris are 
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urgently needed to understand the distribution and impacts as baseline for developing 

productive measures to reduce the input of marine debris and to attenuate already existing 

marine debris amounts.  
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Zusammenfassung 

Bianca Unger - Meeresmüll in der Nord- und Ostsee: raum-zeitliche Verteilung und das 

Vorkommen in Meeressäugern  

Meeresmüll ist eines der brisantesten und aktuellsten Themen, da die anthropogen verursachte 

Vermüllung der Meere eines der größten Faktoren der gesamten Meeresverschmutzung ist und 

ein globales Problem darstellt. Besonders die Konsequenzen auf die Meeresumwelt, 

insbesondere die Auswirkungen auf Meeresorganismen sind besorgniserregend (KÜHN et al., 

2015). Informationen sowohl über die Verteilung von Meeresmüll in der Meeresumwelt als 

auch die damit verbundenen Auswirkungen sind dringend erforderlich, um das tatsächliche 

Ausmaß der Meeresmüllbelastung beurteilen zu können. 

Die vorliegende Studie umfasst drei Untersuchungen die dazu beitragen, mehr über die 

Auswirkungen von Meeresmüll auf Meeressäugetiere, sowie die Verteilung von treibendem 

Meeresmüll zu erfahren. Dies beinhaltet sowohl die Auswertung von Obduktionsprotokollen 

von Meeressäugetieren aus deutschen Gewässern, als auch Untersuchungen von Pottwalen 

(Physeter macrocephalus), die Anfang 2016 an verschiedenen Orten der Nordsee gestrandet 

waren. Des Weiteren wurden Informationen über treibenden Meeresmüll, die im Zuge von 

Flugzählungen gesammelt wurden, ausgewertet. Diese umfassende Auswertung wurde erstmals 

im Rahmen dieses Projektes durchgeführt und leistet einen wertvollen Beitrag zum 

Kenntnisgewinn über die Meeresmüllbelastung in der Nord- und Ostsee.  

Obduktionsprotokolle von allen drei Arten (Schweinswale [Phocoena phocoena]; Seehunde 

[Phoca vitulina] und Kegelrobben [Halichoerus grypus]) geben Aufschluss über die Form und 

Anzahl von Meeresmüllteilen und der Häufigkeit von Interaktionen zwischen 

Meeressäugetieren und Meeresmüll. Auf Grund der langen Datenaufnahme von 25 Jahren, ist 

eine Einschätzung der Auswirkungen von Meeresmüll auf Top-Prädatoren möglich. Über den 

genannten Zeitraum wurden 6.587 Tiere registriert, wovon 1.622 auf Grund ihres 

Erhaltungszustandes am Magen-Darm-Trakt (MDT) untersucht werden konnten. 31 Tiere 

wiesen entweder externe (z.B. Verstrickungen in Müllobjekten; n=14) oder interne (z.B. 

verschluckte Objekte; n=17) Meeresmüllfunde auf. Dabei war der Anteil von 

fischereibezogenem Müll deutlich höher (64,9 %) als der Haushalts- oder Industriemüllanteil 

(35,1 %). Ferner wurden Veränderungen, die höchstwahrscheinlich durch Meeresmüll 
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hervorgerufen wurden, untersucht (eitrige, ulzerative Dermatitis, Perforation des Magen-Darm-

Traktes, Abszesse, eitrige Peritonitis und Septikämien). Diese Auswertung verdeutlicht, dass 

die Interaktion mit Meeresmüll für Meeressäugetiere verheerende Konsequenzen haben kann. 

Zusätzlich wurden die Müllfunde, die in den Anfang 2016 gestrandeten Pottwalen entdeckt 

wurden, ausgewertet. Von den 30 an verschiedenen Stränden der Nordsee (Deutschland, die 

Niederlande, Frankreich, Großbritannien und Dänemark) gestrandeten Pottwale wurde 22 am 

Magen-Darm-Trakt untersucht. In neun Individuen wurden insgesamt 322 Müllteile entdeckt, 

wie z.B. Schokoladenpapier, Kaffeekapsel, Teile einer Plastiktüte, Seile, Netzreste, ein 

Angelhaken, sowie Teile einer Motorabdeckung eines Autos. Fischereibezogener Müll bildete 

mit 78 % den größten Anteil. Alle Objekte wurden im Magen gefunden und die Menge des 

Mülls variierte zwischen den Individuen. In einem Tier wurde 24.84 kg Müll gefunden, in 

einem anderen ein 13,5 m langes Fischernetz. Es konnten keine Verletzungen den Müllteilen 

zugeordnet werden und das Verschlucken der Objekte war nicht die Todesursache. 

Nichtsdestotrotz ist die Wahrscheinlichkeit hoch, dass über kurz oder lang eine Konsequenz 

daraus resultiert wäre, entweder in Form einer Perforation auf Grund spitzer Gegenstände (z.B. 

Autoteil, Angelhaken) oder einer Blockierung des Magen-Darm-Traktes (z.B. Autoteil, 

Fischereinetz). Der Grund der Aufnahme bleibt spekulativ, die Gegenstände wurden entweder 

zusammen mit der Nahrung verschluckt, mit ihrer eigentlichen Nahrung verwechselt oder für 

geeignete Nahrung in einer für sie fremden Umgebung gehalten. Die Tatsache, dass keines der 

Müllteile im Darm gefunden wurde und das geborgene Netzmaterial höchstwahrscheinlich der 

Krabbenfischerei der Nordsee zugeordnet werden kann, spricht eher für eine zur Strandung 

zeitnahen Aufnahme der Objekte. 

Im Rahmen der seit 2002 regelmäßig durchgeführten Flugzählungen zur Erfassung on 

Schweinswalen werden ebenfalls Information zu treibenden Müllteilen notiert. Diese 

Informationen wurden genutzt, um die Verteilung des treibenden Mülls in der deutschen 

Ausschließlichen Wirtschaftszone (AWZ) und den Küstengewässern zu ermitteln. Innerhalb 

von 15 Jahre (2002-2016) wurde eine Distanz von 191.167 km zurückgelegt, auf der insgesamt 

26.512 Müllteile entdeckt wurden. Unter Berücksichtigung aller erhobenen Daten wurde eine 

durchschnittliche Sichtungsrate (Müllteile/km) von 0,1387 Müllteile/km ermittelt (Nordsee: 

0,1585 Müllteile/km; Ostsee: 0,0797 Müllteile/km). Die größte durchschnittliche Sichtungsrate 

wurde in den Frühlingsmonaten (März – Mai) und ganzjährig in den küstenfernen Regionen 
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ermittelt. Der Anteil von Gegenständen, die klar der Fischerei zugeordnet werden konnten 

unterscheidet sich in Nord- und Ostsee (Nordsee: 10,08 %; Ostsee:1,59 %), in einigen Jahren 

liegt der Anteil des fischereibezogenen Mülls sogar bei 25 %. Die erhöhte durchschnittliche 

Sichtungsrate in Schutzgebieten (SACs) gibt Anlass zur Besorgnis, da hier ein erhöhtes Risiko 

der Interaktion zwischen Meeressäugetieren und Meeresmüll besteht. 

Die vorliegende Auswertung dient der Beurteilung des Ausmaßes der Vermüllung in Deutschen 

Gewässern und erfasst die Folgen der anthropogen verursachten Verschmutzung auf 

Meeressäugetiere. Damit leistet sie einen wichtigen Beitrag zur Umsetzung von Richtlinien, 

wie zum Beispiel der Europäischen Meeresstrategie Rahmenrichtlinie (MSRL). Die Ergebnisse 

sind essentiell zur Ausarbeitung von Schutzmaßnahmen zur Reduktion des Eintrages und zur 

Verringerung bereits existierender Müllmengen. 
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