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Impacts of debris on marine fauna occur throughout the marine ecosystems, with

adverse impacts documented on over 1,400 species; impacts can be divided into those

arising from entanglement, and those from ingestion. Ingestion of, and entanglement

in, debris has been documented in over 60% of all cetacean species. Seabirds are

also impacted by debris predominately through entanglement and ingestion, with the

number of species negatively impacted increasing from 138 to 174 over the past two

decades. In the marine environment, cetaceans and seabirds are widely regarded as

reliable sentinels due to their position near the top of the marine food web, conspicuous

nature, and reliance on marine resources; for this reason, this paper is focused on

seabirds and cetaceans as sentinels of ocean change. In particular, two case studies

are considered in relation to different levels of environmental anthropogenic impact: the

cetaceans of the Mediterranean Sea and seabirds of eastern Australia. Here we describe

two recent studies used to diagnose the toxicological stress related to debris-associated

pressures in cetaceans and seabirds. These studies highlight the diversity and scale

of impacts being felt by marine species and the role these organisms can play in our

society as charismatic sentinels of ocean health. Seabirds and marine mammals are

exposed, in these key areas, to a variety of adversities that potentially decrease their

survival or reproductive success. These include weather, food shortages, predators,

competitors, parasites, disease, and human-induced effects and plastic pollution. Each

factor affects seabirds and marine mammals in a different way, but more importantly,

factors can also interact and create impacts far greater than any one factor alone.

The Australian and Mediterranean case studies presented here emphasize the need

to consider multiple sources of mortality when developing management plans for the

conservation of vulnerable species.

Keywords: anthropogenic impacts, apex predator, cumulative pressures, marine debris, plastic pollution,

seabirds, cetaceans

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://doi.org/10.3389/fmars.2018.00173
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2018.00173&domain=pdf&date_stamp=2018-05-23
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/marine-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:fossi@unisi.it
https://doi.org/10.3389/fmars.2018.00173
https://www.frontiersin.org/articles/10.3389/fmars.2018.00173/full
http://loop.frontiersin.org/people/237792/overview
http://loop.frontiersin.org/people/282455/overview
http://loop.frontiersin.org/people/437047/overview


Fossi et al. Plastic-Associated Pressures on Cetaceans and Seabirds

WILDLIFE AND PLASTIC INTERACTION:
THE CASE STUDIES OF CETACEANS AND
SEABIRDS

Records of interactions between anthropogenic marine debris
(hereafter simply “debris”) and wildlife have been increasing
rapidly in recent decades. In the marine environment alone, the
number of species reported to be affected by debris increased by
more than 159% during 1995–2015 (from 267 to 693 species;
Laist, 1997; Gall and Thompson, 2015) and has since doubled
in only 2 years to around 1,465 species (http://litterbase.awi.de/
interaction_detail; date accessed: 17 April 2018). The ingestion
of debris, one of the most common interaction, can occur either
directly when an animal mistakes an item for prey (Donnelly-
Greenan et al., 2014; Lavers and Bond, 2016), indirectly through
the consumption of prey that contain debris (Setälä et al., 2014;
Rochman et al., 2017), or through off-loading of debris from
adults to young through regurgitation (Carey, 2011).

Ingestion of debris can contribute to false feelings of
satiation, blockages of the digestive track, reduction of fat stores
and body condition, and can ultimately lead to death (van
Franeker and Law, 2015). Worryingly, plastic items contain
chemical additives such as UV stabilizers and flame retardants
which are compounded at the time of manufacture (Rani
et al., 2015), or adsorb to the surface of items once in the
marine environment (Mato et al., 2001; Rochman et al., 2013).
Such chemicals include persistent organic pollutants (POPs),
like dichlorodiphenyltrichloroethane (DDT), polychlorinated
biphenyls (PCBs), and heavy metals like lead and cadmium
(Massos and Turner, 2017), many of which are known
neurotoxins or endocrine disruptors (Sussarellu et al., 2016).
Once ingested, debris items can act as a vector, or pathway,
for potentially toxic chemicals to bioaccumulate across all levels
of aquatic food webs (Lavers et al., 2014; Bakir et al., 2016;
Gutow et al., 2016). These contaminants become bioavailable
through leaching into digestive fluids and transferring to the
tissues (Tanaka et al., 2015). Biomagnification is also a concern,
particularly for high-trophic predators such as seabirds, sharks,
and whales (Santana et al., 2017).

In light of the increasing pressure and diversity of factors faced
by marine wildlife in recent years, the main objective of this
paper was to review the growing threat posed by marine plastics
and associated chemicals on two charismatic groups of marine
organisms: the cetaceans of the Mediterranean Sea and seabirds
of eastern Australia. These two case studies were selected as the
regions are geographically distinct, yet the species considered
are all top predators that experience similar threats (e.g., plastic
debris). Additionally, the species included in this paper are
often considered umbrella species, providing valuable insights for
other marine life that inhabit these threatened ecosystems.

CETACEANS AND SEA BIRDS AS
SENTINELS OF OCEAN HEALTH

Indicator species or “sentinels” have been used as a tool to
communicate the health of ecosystems for decades (Zacharias

and Roff, 2001), and when used correctly, they can synthesize
large quantities of information on pollution, fish abundance, and
other natural and anthropogenic changes (Cairns, 1988; Burger
and Gochfeld, 2004). In the marine environment, cetaceans and
seabirds are widely regarded as reliable sentinels due to their
position near the top of themarine food web, conspicuous nature,
and reliance on marine resources (Furness, 1997; Durant et al.,
2009; Schwacke et al., 2013; Fossi and Panti, 2017).

Sentinel species with physiology and/or diets similar to
those of humans, such as cetaceans, may provide an early
indication of potential adverse health effects and insight into
the toxic mechanisms of a given hazardous agent (Schwacke
et al., 2013). Multiple stress factors stemming from the
bioaccumulation of anthropogenic contaminants combined with
infectious diseases, invasive species, food depletion, and climate
change pose potential hazards to both marine mammal and
seabird populations worldwide (Jenssen, 2005; Poloczanska
et al., 2013; Dirzo et al., 2014; BirdLife International National
Audubon Society, 2015). For this reason, attention is focusing
on seabirds and cetaceans as charismatic sentinels of ocean
change.

Cetaceans, in particular, have similar mammalian physiology
to humans and are long-lived, top predators, so they can be
effective indicators for chronic or slow developing pathologies
that are more difficult to detect in human populations
exposed to lower levels of the same hazard (Bossart, 2011).
In the past, cetaceans were not generally considered to
be useful sentinel species because of their protected status
and the difficulty of obtaining tissue samples. However,
after several large-scale mortality events of marine mammals
worldwide, concern from the scientific community has led
to the establishment of a global biomonitoring programs to
collect data to help elucidate temporal and geographic trends,
including for plastic pollution (IWC, 2013). To this end,
marine mammal tissue banks and marine mammal stranding
networks were established worldwide. They have proven to
be very useful tools for evaluating temporal and geographic
trends of environmental exposure to contaminants, biotoxins,
pathogens and recently plastic debris, using standardized
collection, banking, and analysis techniques for marine mammal
tissues (Schwacke et al., 2013). However, an alternative option
to monitoring the health status of marine mammals, also
related to the impact of plastic additives, is the relatively
non-invasive method of sampling skin biopsies from free-
ranging animals (Fossi and Marsili, 1997; Fossi and Panti,
2017).

The following section describes two recent studies which
diagnose the toxicological stress related to plastic-associated
pressures in cetaceans and seabirds (plastic pollution,
bioaccumulation of anthropogenic contaminants combined
with infectious diseases, food depletion, and climate change).
These studies, originating from environments exhibiting
contrasting levels of anthropogenic pressure, highlight the
diversity and scale of impacts being felt by marine species and
the role these organisms can play in our society as charismatic
sentinels of ocean health.
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IMPACT OF MARINE DEBRIS ON
CETACEANS

Impacts of debris on marine fauna occur throughout the marine
ecosystems, with adverse impacts documented on over 800
species (Gall and Thompson, 2015; Kühn et al., 2015). For
marine mammals, impacts can be divided into those arising
from entanglement, which can result in injury, drowning or
strangulation, and those from ingestion, with pathology ranging
from no discernible impact through to blockage of the digestive
tract, suffocation and starvation (Sheavly and Register, 2007).
Sub-lethal effects may compromise feeding and associated
malnutrition, disease and reduced reproduction, growth and
longevity (Moore et al., 2013). New data suggests when the
dimension of the items ingested by marine fauna range from
millimeter to nanometer in size (i.e., micro- debris 1 µm-5mm
and nano-plastics <1µm, GESAMP, 2016), this can lead to
inflammation, damage of the tissues at the cellular level, or
altered molecular pathways (Mattsson et al., 2015, 2017; Pedà
et al., 2016) . Baulch and Perry (2014) and Kühn et al. (2015)
reviewed the data on plastic ingestion and entanglement rates
available for cetaceans, showing an increase in the number of
cases being reported over the last five decades. A total of 130
papers/documents were published from 1965 to January 2018, 44
on entanglement and 86 on ingestion of debris by cetaceans. Only
2 out of the 13 cetacean families analyzed have not interacted with
debris, and ingestion appears to be the most common, occurring
in over 58% of all cetacean species, including species employing a
variety of feeding techniques throughout the water column (Fossi
et al., 2018a; Figure 1).

In contrast, entanglement events have only been
documented in ∼30% of cetacean species (Figure 1). The
majority of entanglements for cetaceans are in ghost or
active fishing gear (Baulch and Perry, 2014). Cetaceans
tend be entangled around their neck, flippers and flukes
(Moore et al., 2013; van der Hoop et al., 2014).

However, for the ingestion of debris, the number of records
does not reflect the magnitude of the issue, due to low detection
rate and difficulty in retrieving and analyzing specimens. Sixty-
three percent of the 89 species of cetaceans (excluding the
possibly extinct Lipotes vexillifer according to Committee on
Taxonomy 2017) have been reported to be affected by debris.
Items ingested are most commonly plastic (46% of all items
ingested) and range in size from small fragments (<5mm,
Besseling et al., 2015; Lusher et al., 2018) to large sheets of
plastic and netting over one meter long (Jacobsen et al., 2010;
de Stephanis et al., 2013). However, globally, the paucity and
homogeneity of data prevented a robust identification of whether,
at a species level, there are certain cetacean species particularly
prone to ingesting debris. This is mainly due to the difficulties
in performing such analysis in these species and the lack of
harmonized and standard protocols (e.g., many entanglement
events or cases of debris ingestion are not reported). Seventy
per cent of the documents analyzed were published after
2000, although only in the last few years were standardized
protocols applied, and this can affect the reliability of the results
reported.

Ingestion of Microplastics by Cetaceans
The study of microplastic ingestion by cetaceans is a challenging
task, due to the difficulty in obtaining accurate samples
during necropsies and analyzing large volumes (e.g., from large
cetaceans). Few studies have directly identified microplastics in
the digestive tracts of stranded cetaceans. Applying standard
protocols for the detection and identification of microplastics in
the digestive tract (Lusher et al., 2015), microplastics were found
throughout the stomach/intestine of seven odotontocetes species:
Ziphius cavirostris, Delphinus delphis, Stenella coeruleaolba,
Phocoena phocoena, Orcinus orca, and Tursiops truncatus
(Lusher et al., 2018; van Franeker et al., 2018). Only one
study on Mysticetes, a stranded humpback whale (Megaptera
novaeangliae), recorded the presence of microplastic in its
intestines, including fragments, and threads (Besseling et al.,
2015).

There are multiple possible routes of microplastic uptake,
including direct ingestion from the water column while feeding,
inhalation at the air-water interface, or via trophic transfer
from prey items (IWC, 2013). Uptake of microplastics has been
demonstrated in zooplankton species such as copepods and
euphasiids (Kühn et al., 2015; Fossi et al., 2018b), which are some
of the main prey of baleen whales and may thus be a source of
secondary transfer of debris to cetaceans.

MARINE DEBRIS IMPACT ON
MEDITERRANEAN CETACEANS: THE
CASE STUDY OF THE MEDITERRANEAN
FIN WHALE

The Mediterranean Sea is one of most affected areas by debris
in the world: 115,000–1,050,000 particles/km2 are estimated to
float in the Mediterranean Sea (Fossi et al., 2012; UNEP/MAP,
2015; Suaria et al., 2016). Plastics and other polymer materials
are the most common types of marine debris, representing some
80% of debris found on sea surface (Fossi et al., 2017). As
larger pieces of plastic debris fragment into smaller pieces, the
abundance of microplastics in marine habitats increases. Despite
the recent advances made within the framework of the Barcelona
Convention Regional Plan for Marine Litter Management in the
Mediterranean and the EUMarine Strategy Framework Directive
(Descriptor 10), there is still a long way ahead to tackle debris in
the Mediterranean and reduce the risks posed to Mediterranean
marine wildlife.

Recent studies suggest that debris, including micro-plastics
and chemical additives (e.g., phthalates), tend to accumulate in
pelagic areas in the Mediterranean (Panti et al., 2015; Pedrotti
et al., 2016), indicating a potential overlap between debris
accumulation areas and endangered species’ feeding grounds
(Figure 2; Fossi et al., 2016). This fact highlights the potential
risks posed to endangered, threatened and endemic species of
Mediterranean biodiversity. In one of the most biodiverse area of
the Mediterranean Sea, the Pelagos Sanctuary, cetaceans coexist
with high human pressure and are subject to a considerable
amount of plastic debris, including microplastics (Collignon
et al., 2014; Cózar et al., 2014).
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FIGURE 1 | Percentage of studied species for debris in relation to the total number of species per family in the order Cetaceans. (A) Interaction with debris including

both entanglement and ingestion; (B) percentage of species with documented/not documented entanglement; (C) percentage of species with documented/not

documented ingestion.
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FIGURE 2 | Comparison between microplastic concentration and phthalates in zooplankton samples and the cluster dendrogram resulting from the analysis of

biological parameters (mean values) measured on fin whale skin biopsies from the Sea of Cortez (Mexico) and Mediterranean Sea (Sardinian and Ligurian Sea). MP,

microplastic; MEHP, mono-(2-ethylhexyl) phthalate; CYP1A1, cythocrome P450 1A1; CYP2B, cythocrome P450 2B; LPO, lipid peroxidation; OCs: organochlorine

compounds (modified from Fossi et al., 2016).

Fin whales (Balaenoptera physalus) forage on the dense
aggregations of krill in the water column and near the surface,
engulfing an average of 71 m3 of water per mouthful (Goldbogen
et al., 2007). These whales are potentially exposed to the
ingestion of debris as a result of their filter-feeding activity.
The Mediterranean fin whale has therefore been estimated
to potentially consume more than 3,000 microplastic particles
per day, along with associated persistent, bioaccumulative and
toxic (PBT) chemicals (Fossi et al., 2014). Using phthalates (a
common plastic additive that leaches from plastic debris) as
a tracer of microplastic uptake, Fossi et al. (2014) found that
concentrations of the phthalate metabolite and organochlorines
were markedly higher in the fin whale compared to another filter-
feeders living in the same area, the basking shark (Cetorhinus
maximus). The authors attributed this to a difference in the total
plankton consumed daily and excretory activity of the fin whales,
in particular, the potential excretion of such contaminants
through the gills in fish vs. bioaccumulation in adipose tissue
in cetaceans. Particularly high levels of microplastics have been
documented in the Ligurian Sea, the summer feeding ground of
the Mediterranean fin whale, in the same order of magnitude as
the North Pacific Gyre (Cózar et al., 2015).

The interactions between cetaceans and micro-debris
items has also been investigated in free-ranging fin whales,
comparing populations living in two semi-enclosed basins, the
Mediterranean Sea and the Sea of Cortez (Gulf of California)
(Fossi et al., 2016). Fin whales are resident both in the
Mediterranean and the Sea of Cortez. As a result, fin whales are
exposed to a high potential risk of micro-debris ingestion in
their feeding grounds due to the ingestion of contaminated prey

and the direct ingestion of floating debris items. This species
can therefore function as a critical indicator of the microplastic
contamination across an entire basin (Fossi and Panti, 2017). In
this case study, a considerably higher abundance of micro-debris
and plastic additives were demonstrated in zooplankton samples
from the Pelagos Sanctuary of the Mediterranean Sea compared
to samples from the Sea of Cortez.

Given the abundance of plastics in the Mediterranean
environment (Fossi et al., 2016), high concentrations of PBT
chemicals, and biomarker responses detected in the biopsies of
Mediterranean whales compared to whales inhabiting the Sea of
Cortez, the exposure of Mediterranean whales to micro-debris
because of direct ingestion and consumption of contaminated
prey appears to pose a major threat to the health of fin
whales in this region. The temporal and regional ecotoxicological
differences support the hypothesis that the fin whale is as a
large-scale indicator of the impact of microplastics and related
contaminants in pelagic environments, as well as a sentinel of the
integrity of the marine food chain on the basin scale.

In a recent paper, Fossi et al. (2017) investigated the possible
overlap between micro-debris, meso-debris (from 5 to 25mm)
and macro-debris (>25mm) accumulation areas and the fin
whale feeding grounds in the pelagic Specially Protected Area
of Mediterranean Importance, the Pelagos Sanctuary. Models of
ocean circulation and potential fin whale habitat were merged to
compare debris accumulation with the presence of whales. Field
data on the abundance of micro-, meso-, and macro-debris, and
on the presence of cetaceans were collected simultaneously. The
resulting data were compared, as amulti-layer, with the simulated
distribution of plastic concentration and the whale habitat model.
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Field and model observations on marine debris distribution and
accumulation areas overlapped the fin whale feeding habitat,
paving the way for a risk assessment of fin whale exposure to
microplastics. The approaches used in this paper, and by Darmon
et al. (2017) for sea turtles predict where species will be the most
affected by plastic debris, enabling the identification of sensitive
areas for species-specific ingestion to be defined, and providing
a basis for the mapping of areas to be protected. Based on
data or outputs from models on both macro- or micro-plastics,
and species distribution, from plankton to large vertebrates, the
same approach could be largely used to predict areas where
the risk of ingestion occurs and the possible consequences on
biodiversity.

IMPACT OF MARINE DEBRIS ON
SEABIRDS

Seabirds are also impacted by debris through entanglement and
ingestion, with the number of species negatively impacted
increasing from 138 to 174 over the past two decades
(Laist, 1997; Gall and Thompson, 2015). The considerable
threat plastic poses to marine biodiversity has led to it
being recognized as a problem at international, national
and regional levels (e.g., Australian Threat Abatement
Plan for the Impacts of Marine Debris on Vertebrate
Marine Life, 2009). The pervasive and ubiquitous nature
of plastic debris has also led to the recommendation
that plastic be listed as hazardous waste (Rochman et al.,
2013). In Australia, at least seven species of pelagic seabird
(Family Diomedeidae and Procellariidae) have either a
significant proportion of their breeding population, or
important foraging areas, located in this region. Of these,
six (86%) species are known to ingest plastic debris
(Ryan, 1987; Carey, 2011; Verlis et al., 2013), one of
which—the Flesh-footed Shearwater (Ardenna carneipes)—
is perhaps the most heavily impacted seabird, globally
(Lavers et al., 2014).

THE CASE STUDY OF MARINE DEBRIS
AND ASSOCIATED CHEMICALS IN
FLESH-FOOTED SHEARWATERS

For some seabird species, foraging within debris accumulation
zones (e.g., the North Pacific subtropical gyre near Hawaii)
has been shown to positively influence the volume of
debris consumed by these birds (Young et al., 2009),
suggesting individuals that forage in more pristine areas
may experience lower risk of debris-associated impacts. This
pattern has also been observed for fin whales (Fossi et al.,
2016). However, an exception to this is the Flesh-footed
Shearwater.

Ingestion of Plastic by Flesh-Footed
Shearwaters
The world’s largest population of Flesh-footed Shearwaters
(∼16,000 pairs; Reid et al., 2013) breeds on the remote, UNESCO

World Heritage listed Lord Howe Island, New South Wales
(31.5◦S, 159.1◦E) with adult birds foraging almost exclusively in
the central Tasman Sea off eastern Australia (Reid, 2010). These
birds exhibit some of the highest debris ingestion rates of any
marine vertebrate (90% of birds contain an average of 17 pieces
weighing ∼3 g; Lavers et al., 2014), which suggests there may be
significant quantities of debris floating within the east Australian
marine environment. However, compared to the North Pacific
Gyre which is estimated to contain ∼334,200 items km2 (Moore
et al., 2001), the Tasman Sea is relatively pristine with only 248–
3,711 items km2 recorded during recent surveys (Rudduck et al.,
2017).

The ingestion of debris by Flesh-footed Shearwaters, and
associated exposure to chemicals, are now thought to contribute
to the ongoing decline of this species (Lavers et al., 2014; Lavers,
2015). Increased quantities of ingested debris have been linked
with higher concentrations of metals in shearwater fledglings
(80–90 days old), and have also been shown to significantly
reduce fledgling body mass and wing length, which is thought
to lower juvenile survival by ∼11% (Lavers et al., 2014). Recent
high resolution images generated using an X-ray fluorescent
microprobe (XFM) have highlighted the distribution and uptake
of elements, such as arsenic, in shearwater feathers that may
have originated from ingested debris items (Howell et al., 2012,
2017). Examination of plastic items from these same birds using
XMF suggests the surface is enriched with potentially hazardous
elements, including arsenic and mercury, likely adsorbed from
the surrounding aquatic environment (Howell et al., 2014). Once
ingested, these plastic items may leach contaminants into an
animal’s blood stream (Tanaka et al., 2015). Preliminary data also
suggest shearwater fledglings which are fed debris by parent birds
may be exposed to increased concentrations of PCBs (Lewis,
2016).

Young seabirds cannot regurgitate ingested plastics for the
majority of the nestling period (∼12 weeks in the Procellaridae),
during which time they are at greater risk from the effects of
ingested debris than adults (Carey, 2011). While adult birds
offload the majority of debris items to their chicks during the
breeding season, individuals may still be exposed to chemicals,
either through their prey or while foraging and collecting items
at-sea (i.e., short-term exposure). In Flesh-footed Shearwaters,
the mean concentration of mercury in feathers (6.04 ± 4.00
ppm; Bond and Lavers, 2011) from adult birds exceeds the
hypothesized toxic effect level (5 ppm; Burger, 1993) and are
among the highest values recorded for any seabird.

Entanglement Records of Flesh-Footed
Shearwaters
Flesh-footed Shearwaters are frequently caught in commercial
and recreational fishing debris, including nets and line (Abraham
et al., 2010; Reid et al., 2012, 2013). These types of interactions
are typically documented as fisheries by-catch (incidental take)
as the gear is in active use or recently discarded (i.e., the bird was
cut free with gear still attached). Entanglements in fishing gear
that was discarded long-ago (i.e., mortality attributed to marine
debris, not by-catch) and other types of debris (e.g., balloons,
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plastic bags) are more difficult to quantify, and are therefore
underestimated, as the data are based on anecdotal accounts
spread over a wide geographic area. Published records of Flesh-
footed Shearwaters entangled in marine debris do not exist, but
have been documented by the public (Figure 3).

AUSTRALIAN CETACEANS AND
MEDITERRANEAN SEABIRDS

The two regions investigated in this review face similar threats,
however the Mediterranean has benefitted from substantially
more research on cetaceans, probably due to being surrounded
bymore countries/people and involving several different research
institutions. In contrast, only a handful of studies are available
on cetacean-debris interactions in Australia, with most data
derived secondarily from studies focused on diet. Only one report
documented the ingestion of small pieces of plastic material
by sperm whales (Evans and Hindell, 2004). The Australian
Government’s Threat Abatement Plan (TAP) for marine debris
documented significant numbers of cetacean entanglements in
Australian waters between 1998 and 2008, unfortunately these
interactions were attributed to fishing nets of unknown status
(active or derelict) (Ceccarelli, 2009). As a result, it is not always
clear whether these interactions should be classified as by-catch
(fishing gear was active at the time of the interaction) or marine
debris (inactive gear).

Remarkably, only one study has been published on
seabird-plastic interactions in the Mediterranean basin which
suggests 70–94% of shearwaters, 13–50% of gulls, 13% of
Northern Gannets Morus bassanus, and 50% of Great Skua
Catharacta skua contain plastic debris (Codina-García et al.,
2013).

Seabirds and cetaceans may have a key role to informing
society about the health of the oceans. In the Mediterranean Sea,
cetaceans have provided valuable data as well as in Australia
data on seabirds is strong, but the data should be enhanced
by considering also seabirds and cetaceans in the two areas,
respectively. This lack of data, underline the need to further
target research efforts in the areas to understand the magnitude
of the issue of plastic pollution on seabirds and cetaceans in the
Australian and Mediterranean waters.

FIGURE 3 | Adult Flesh-footed Shearwater entangled in a mylar foil balloon,

Coogee Beach, New South Wales, 7 April 2018 (photo credit: Marina DeBris).

THE “MULTIPLE-STRESS” CONCEPT

Seabirds and marine mammals are exposed to a variety of
adversities that potentially decrease their survival or reproductive
success. These include weather, food shortages, predators,
competitors, parasites, disease, and human-induced effects (Fair
and Becker, 2000; Weimerskirch, 2002). Each factor affects
seabirds and marine mammals in a different way, but more
importantly, factors can also interact and create impacts far
greater than any one factor alone (Burger and Gochfield,
1994; Dirzo et al., 2014). For example, the cumulative impact
of mortality from hunting, oiling, predation, and habitat
destruction is reducing the ability of many sub-Arctic seabird
populations to grow, leaving populations with little room to
buffer against increased mortality in poor years (Piatt and
Naslund, 1995; Wiese et al., 2004; Lavers et al., 2008). In
remote parts of the Southern Ocean, other seabirds don’t
appear to be experiencing any less pressure. For example, the
highly constrained foraging range of penguins (compared to the
Procellariiformes) means the health of these birds mirror local
conditions. Recent data suggest pollution, habitat loss, fishing,
and climate change are all critical threats to penguin populations
(Finger et al., 2015; Trathan et al., 2015).

These same anthropogenic pressures are potentially affecting
the population stability of cetaceans and other large marine
organisms in the Mediterranean Sea where areas with high
species diversity overlap with areas that suffer cumulative
anthropogenic threats (Coll et al., 2012). Analyzing persistent
bioaccumulative and toxic chemicals (e.g., DDT, PCBs),
diagnostic markers of exposure to anthropogenic contaminants
(e.g., protein and gene expression levels of cytochrome P450) and
the genetic variation using microsatellite markers, a statistical
model revealed that, among three different subpopulations of
striped dolphin, an association between genetic diversity and
toxicological stress exists, confirming genetic variability is linked
to resilience (Panti et al., 2011; Fossi et al., 2013). Dolphins with
lower heterozygosis exhibited significantly higher contaminant
loads (50% originated from the Pelagos Sanctuary). Application
of the model provided an outline of the toxicological status of
striped dolphin populations and represented a potential tool
for the monitoring and conservation of cetacean biodiversity
and their habitats. These results underline that in areas where
several anthropogenic activities place pressure on populations,
top predators are exposed to multiple stressors including plastic
pollution, and these species may function as useful sentinels of
the consequences for the food chain and human health.

Another example of cumulative stress in Mediterranean
cetaceans comes from a recent mass stranding of seven sperm
whales along the Adriatic coast (Mazzariol et al., 2011). Necropsy
suggested a plethora of different pressure may have caused the
mass stranding. Sperm whales presented lymphoid cell depletion
acute opportunistic bacterial infections of the respiratory tract
T. gondii was detected within a wide range of tissue. Concerning
the chemical analysis the total hepatic and renal mercury
concentrations, were higher than those measured in sperm
whales involved in other mass strandings and also the levels of
PCBs and DDT metabolites in tissue samples from of all the
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seven whales. The analysis of the stomach content highlight the
presence of different parasites and debris, including fishing gear
and hooks, rope, and several plastic items (Mazzariol et al., 2011).

CONCLUSIONS

The Australian and Mediterranean case studies presented here
emphasize the need to consider other species and multiple
sources of mortality (by-catch, ship strikes, zoonosis, etc.)
when developing management plans for the conservation of
ecosystems and biodiversity. For marine debris, there is currently
a lack of evidence of impact at the level of the population
(Rochman et al., 2016) for all but a handful of species (an
exception is Lavers et al., 2014 where ingestion of debris is
thought to reduce juvenile survival by ∼11%). Across species,
if factors driving populations trends are not identified or are
ignored, effort may be concentrated on sources of mortality
which are not the most crucial for the population, resulting
in ineffective mitigation. While most anthropogenic pressures
on the marine environment are increasing in scope and
severity, for some species, the removal of certain threats has
been offset by increased pressure from another emerging on
the scene. This appears to be the case for Australia’s Flesh-
footed Shearwater, with populations continuing to decline
despite significant reductions in domestic bycatch (Reid et al.,
2012). The impacts of lastic debris and associated chemicals
are now thought to be driving population trends, at least
on Lord Howe Island (Lavers et al., 2014). This outcome

highlights the importance of continually re-assessing parameters
of highest importance whenmanaging wild species (Bottrill et al.,
2009).
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