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Abstract

Litter in the marine environment, in particular plastic, is a significant threat to marine
megafauna. Cetaceans are known to ingest or become entangled in marine debris, likely
impacting individuals and populations. Southeast Asia is a biodiversity hotspot and har-
bours a diverse cetacean assemblage. However, there are key knowledge gaps relating to
the impact of litter in this region due the lack of experts to survey its vast coastlines. This
study aims to address such gaps by using social media, gathering data from Facebook posts
relating to cetacean strandings and litter across Southeast Asia between 2009 and 2019.
Results show that at least 15 cetacean species have been negatively affected by litter, with
ingestion most commonly affecting deep-diving species. Epipelagic and mesopelagic for-
agers were most vulnerable to entanglement. Davao in the Philippines was identified as a
litter-related stranding hotspot. The Irrawaddy dolphin (Orcaella brevirostris) and pygmy
sperm whale (Kogia breviceps) are particularly vulnerable to litter. The combination of
social media and peer reviewed literature can help build a more complete picture of the
spatial distribution of marine litter and the scale of the impact it has on cetacean popula-
tions. In this study we provide details of a valuable online tool for helping to understand
the impact of marine litter on cetaceans and other charismatic species that are a focus of
community engagement.
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Introduction
Marine debris in Southeast Asia

Marine debris is defined as any persistent manufactured or processed solid material dis-
carded, disposed of or abandoned in the marine and coastal environment (Galgani et al.
2010). Plastics are typically the main component, accounting for approximately 60 to 80%
by volume (Moore 2008), most of it derived from mismanaged waste from land (Jambeck
et al. 2015). Plastic contamination of the marine environment was first reported in the
1960s and has significantly increased over recent decades (Ryan 2015). Due to its persis-
tence and buoyancy, marine plastic can disperse great distances, and as a result has been
detected worldwide in all major marine habitats (Moore 2008). Its ubiquitous presence
is of increasing concern due to the negative consequences it has on marine ecosystems
(STAP 2011). Although marine plastic has been commonly observed across all oceans
(Ryan 2015), there is a vast amount of spatial variability. Southeast Asia is the third most
populous geographical region globally with 70% of its human population living in coastal
areas (Bryant et al. 1998). Coastal settlements, along with massive industrial development,
contribute towards the large volumes of plastic released into the marine environment, often
transported there by rivers, drainage systems or wind (Todd et al 2010). Six countries in
this region are listed in the top 20 that mismanage their waste worldwide, with on aver-
age 79% of waste, primarily plastic, ending up in the ocean (Jambeck et al. 2015). South-
east Asia is a global centre of marine biodiversity, with many species suffering signifi-
cant declines in recent years (Yamakita et al. 2017). However, marine plastic research in
the ASEAN region (defined as Indonesia, Vietnam, Thailand, Singapore, Malaysia, Phil-
ippines, Cambodia, Laos PDR, Myanmar, and Brunei Darussalam (asean.org)) is still in
its infancy. Five out of the ten ASEAN member states have no published studies on the
ecological and environmental impacts of marine plastics (Lyons et al. 2019). Data on the
sources and quantity of plastic waste are lacking, highlighting a need for urgent risk assess-
ment and the identification of hotspots of plastic pollution to help mitigate release into the
ocean (Lasut et al. 2018).

Marine debris and cetaceans in Southeast Asia

Marine megafauna (defined as marine mammals, seabirds, marine and estuarine reptiles,
and large fish such as billfishes, sharks and tuna) are particularly vulnerable to plastic
pollution (Provencher et al. 2017; Tavares et al. 2019). According to Gall and Thompson
(2015) entanglement and ingestion of plastic are the most frequent ways in which mega-
fauna interact with debris and the frequency of reported encounters is increasing. 17% of
species reported to interact with plastic are classified as near threatened, vulnerable, endan-
gered or critically endangered on the IUCN Red List. Crucially, marine plastic could be
contributing to population declines. 78.9% of marine mammal species are reported to have
ingested or become entangled in plastic; this includes cetaceans, many of which are already
under threat from multiple anthropogenic activities (Poeta et al. 2017).

Plastic can impact cetacean populations in a diversity of lethal and sub-lethal ways.
Entanglement can cause drowning, lacerations, amputations, infections and altered behav-
iour such as decreased ability to avoid predators and obtain food, prolonged illness and
death (Laist 1987, 1997). Marine debris has been found in sperm whales since the early
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twentieth century, when fishing hooks were found in stranded individuals in Shetland,
Scotland (Turner 1904). de Stephanis et al. (2013) reported a stranded sperm whale in Gra-
nada, Spain, which had a large mass of compacted plastics in its stomach. Between Janu-
ary and February 2016, 30 sperm whales also stranded along the coast of the North Sea.
Nine of these whales had marine debris in their gastro-intestinal tract, with up to 25 kg of
debris collected from a single individual (Unger et al. 2016). A study of North Atlantic
right whales by van der Hoop et al. (2016), demonstrated how entanglement in fishing gear
increases the energy requirements of an entangled whale by up to 102%. This substantial
energetic cost has detrimental effects, possibly causing severe emaciation and mortality.
Abreo et al. (2016) reported the necropsy of a rare Deraniyagala’s beaked whale (Mesop-
lodon hotaula) which had ingested a 133 cm polypropylene rope, leading to fatal blockage
of the gastrointestinal tract. Plastic can remain in an animal’s stomach for long periods of
time, and can consequently cause satiation, ulcerations and lacerations, resulting in infec-
tions, internal bleeding and consequently prolonged illness and suffering (Day et al. 1985).
Plastics can also be a potential source for toxic chemicals when ingested (Ryan 1987).

Southeast Asia is a hotspot for cetaceans, but species distributions, threats and popula-
tion status are not well characterised due to a lack of funding and infrastructure in many
countries (SEAMAM III 2015). Southeast Asia also has an extensive and difficult to survey
coastline extending over 100,000 km and Indonesia and the Philippines alone consist of
24,000 islands (Bryant et al. 1998).

In addition to a high diversity of marine megafauna in Southeast Asia, there are also
several freshwater and estuarine species. For example, both Indo-Pacific humpback dolphin
(Sousa chinensis) (Vulnerable) and Irrawaddy dolphins (Orcaella brevirostris) (Endan-
gered) inhabit freshwater and estuarine ecosystems and face numerous threats that are
implicated in their decline (Minton et al. 2017; Jefferson et al. 2017). These estuarine spe-
cies often exist in fragmented and isolated populations with river pollution (both chemical
and litter) causing significant conservation concern (Kreb et al. 2010). There is, therefore,
an urgent need for more conservation-based research into the ecology, distribution and
threats of plastic pollution on Southeast Asian cetaceans, encompassing estuarine, coastal
and offshore species, to assess impacts at both the individual- and population- level (Abreo
et al. 2019).

Published literature

There is a lack of literature relating to cetaceans and litter, especially considering South-
east Asia’s large contribution of marine plastic pollution (Jambeck et al. 2015). According
to the Web of Science, of the ASEAN member states, the Philippines was the subject of
the most English language studies published between 2009 and 2019 (n=4), followed by
Thailand (n=2). Singapore, Cambodia and Indonesia all had one relevant study; and the
remaining member states none.

These studies include Obusan et al. (2016) who analysed strandings from 1998 to 2013
in the Philippines, with notes on the impact of fisheries interactions, and vulnerable ceta-
cean species. The study reports that 33% of the strandings were confirmed to be related
to human interaction. Aragones et al. (2010) discussed the causes of cetacean strandings
in the Philippines but did not specifically focus on marine debris. Other studies focus on
individual species; for example, Baird and Beasley (2005) revealed how bycatch is a threat
to the Irrawaddy dolphin (Orcaella brevirostris) population in the Mekong River. Overall
however, there are no standardised methods for assessing the extent of the marine litter
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problem (Nelms et al. 2015), and therefore, no comparison could be made from literature
between each ASEAN member state.

Social media data collection

To address a lack of data, both on plastics and cetaceans in Southeast Asia, we used data
from social media posts. Social media is an efficient tool for this purpose due to its acces-
sibility and global reach (Bik and Goldstein 2013), Facebook being the most widely used
social media platform with 2.6 billion users at the start of 2020 (www.statista.com). Pre-
vious studies show the utility of social media for such research. For example, Sidlauskas
et al. (2011) highlighted the utility of such platforms for successfully identifying thousands
of fish specimens in South America. Citizen science in combination with social media has
also provided valuable data on the interactions between roe deer and Northern chamois
in the Italian Alps (Mori et al. 2018). Such studies indicate the efficacy of social media
derived data that span a large temporal and spatial scale.

This study uses data from social media, specifically Facebook, to identify cetacean
stranding events associated with marine litter across Southeast Asia and provides insights
into cetacean distributions and foraging behaviour in regions where their biology is not
well understood.

Methods

Facebook was used as a source of data on the stranding of cetaceans in Southeast Asia fol-
lowing the methods of Abreo et al. (2019). For the purpose of this study, SE Asia is defined
as the ASEAN member states. Despite being landlocked, Lao PDR was still included in the
search due to it having a small population of freshwater Irrawaddy dolphins in the Mekong
River (Smith 2009). The following keywords were used in the search: Stranding + Whale
(or Dolphin)+ Country, Plastic Ingestion+ Whale (or Dolphin)+ Country and Entangle-
ment + Whale (or Dolphin) + Country. Relevant pages were scanned for any strandings of
whales or dolphins between the date range 2009 to 2019. Non-English language posts were
translated with Google Translate. Posts without photographic evidence or video footage
were excluded. Species identification was confirmed using the ‘Encyclopedia of Marine
Mammals® (Wiirsig et al. 2009). Because they are very difficult to distinguish purely from
photographic evidence, common bottlenose dolphins (Tursiops truncatus) and Indo-Pacific
bottlenose dolphins (Tursiops aduncus) were not considered separate in this study. Some
specimens were highly decomposed, so identification was not possible. Pages with posts
on the same individual were counted as the same data point. Mass strandings (two or
more individuals (Aragones et al. 2010)), and the stranding of a mother and calf, were
recorded as single stranding events. All information included in the posts was recorded,
which included: species (if known and confirmed from the photographic evidence); loca-
tion; date; cause of death and whether a necropsy was carried out. Locations, such as the
name of the beach were converted into approximate GPS coordinates from Google Earth.
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Results
Species composition

A total of 163 stranding events were posted on Facebook from 2009 to 2019 in South-
east Asia, which comprised the stranding of 221 individuals (including four mass stranding
events). 25% of strandings (n=41) showed signs of litter interaction (all data in Supple-
mentary Materials). According to the Facebook data, of the estimated 47 cetacean species
in Southeast Asian waters (SEAMAM III 2015), 15 species were recorded as stranding for
reasons related to plastic (common and Indo-Pacific bottlenose dolphins are counted as one
species), therefore, at least 32% of cetacean species in Southeast Asia are interacting with
marine litter. These stranding events involved two mysticetes: a Bryde’s whale and an uni-
dentified baleen whale; the remainder were all odontocetes. Seven species were recorded
more than once. Species which stranded the most frequently in relation to litter were the
Irrawaddy dolphin (n=6), and the pygmy sperm whale (Kogia breviceps) (n=35) (Table 1).

Interaction-type

Of the total stranding events, 25.2% were related to marine litter, either ingestion (56.1%)
or entanglement (41.5%) (Table 1). There was additionally a single case best categorised as
entrapment (a Bryde’s whale trapped in a fish corral in the Philippines).

Ingestion in deep divers is much higher in comparison to species that forage closer to
the surface, which appear more likely to become entangled (Fig. 1a). 94% of the plastic-
related strandings involving deep diving species were due to ingestion (including sperm
whales, pygmy and dwarf sperm whales, pilot whales and beaked whales), whereas 67% of
strandings of species that forage nearer to the surface resulted from entanglement (Fig. 1b).

Spatial distribution

Out of the ten countries, the Philippines had the highest frequency of strandings (n=102),
with 28.4% (n=29) in relation to litter. Litter interactions in the Philippines were the most
frequent in the Davao region (Region XI) (n=10). Indonesia had the most strandings fol-
lowing the Philippines (n=20), of which four were litter related. The Philippines also had
the most species recorded to interact with litter (n=14), followed by Indonesia and Malay-
sia (n=4). Five countries (Singapore, Myanmar, Vietnam, Brunei and Laos), however,
had no Facebook posts on strandings related to litter and Brunei and Laos had no posted
strandings at all. Singapore, Brunei and Laos have the three smallest coastlines (Laos being
entirely landlocked) and the fewest numbers of Facebook users compared to the other
member states. Our study also found Cambodia to have reported three litter-related strand-
ings on Facebook (Table 2; Fig. 2).

Strandings necropsied and litter-types
The majority of stranding events were not necropsied, with only 22% (n=236) reported as

being necropsied by a trained professional. 78% of necropsied individuals had interacted
with litter. Malaysia had the highest proportion of strandings necropsied (40%), followed
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| | Litter interaction
\ | entangled
| | ingested

Deep diving forager Pelagic / mesopelagic foragers

Fig. 1 Strandings, foraging type and type of interaction. (a) The proportion of strandings that ingested litter
vs. the proportion that became entangled for species that forage at depths> 1000 m (deep divers). (b) The
proportion of strandings for species that ingested litter vs. the proportion that became entangled that forage
in the pelagic zone

by Cambodia (33%). The Philippines and Thailand, each had 25% necropsied. Facebook
posts in Singapore, Vietnam and Myanmar all had no evidence of necropsies, and so the
frequency of ingestion could not be ascertained (Table 2, Fig. 3). The most frequent litter-
types found ingested in stranded individuals was plastic bags (23%), followed by packag-
ing, which included food wrappers and containers (Table 3).

Discussion
Species composition and types of interaction
Deep diving foragers and ingestion

Addressing data gaps on cetacean populations and the threats they are subject to is crucial
for their conservation. Seven species were observed to strand more than once throughout
the ten-year period, including: sperm whales (Physeter macrophalus), short-finned pilot
whales (Globicephala macrorhynchus) and pygmy sperm whales. These were the most
common species to strand after the Irrawaddy dolphin, and all are deep diving species.
Our results provide insight into the susceptibility of deep diving species to the ingestion of
debris.

It is likely that deep diving cetaceans are vulnerable to marine debris because their
echolocation cannot differentiate between litter and their prey items when they are in close
proximity (Lusher et al. 2015). The pygmy sperm whale was the most frequent deep div-
ing species to experience litter-related strandings which is consistent with the findings of
Beatson (2007). The ingestion of plastic by pygmy sperm whales was also reported by
(Brentano and Petry 2020) in southern Brazil where ingested plastic bags caused gastric
obstruction. Pygmy sperm whales forage on commercially important fish species such as
hake (Brentano and Petry 2020), and it has been suggested that they are more likely to
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Fig.2 Locations of stranded cetaceans which had interacted with litter in Southeast Asia 2009-2019 as
posted on Facebook. (a) Entire study area and panels show details. (b) Philippines. (¢) Mindanao, Philip-
pines

ingest litter due to the depletion of their prey from fishing activities, such as deep-sea trawl-
ing (Baird and Hooker 2000).

Epipelagic and mesopelagic foragers and entanglement

Our study indicates that species that forage in the epipelagic or the mesopelagic zone such
as bottlenose dolphins, are more susceptible to entanglement in marine debris. This is con-
sistent with Obusan et al. (2016), who found that bottlenose dolphins often become entan-
gled in drift gillnets in the Philippines. Species that spend more time near the surface may
be at risk of entanglement because of their ‘playful’ behaviour and curiosity which means
that they often investigate novel objects in their environment, such as floating plastic debris
(Mattlin and Cawthorn 1986; Laist 1987). Bycatch in small-scale fisheries in Southeast
Asia is also a serious threat to cetaceans that forage nearer to the surface (Reeves 2003).
Our study is likely to reveal less evidence of bycatch due to these incidences being not
reported as a result of the negative consequences of doing so publicly on Facebook. Entan-
glement cases were much less frequent in this study in comparison to ingestion, which
was unexpected since entanglement is more visible and does not need to be revealed by
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Fig.3 The number of stranding events compared to the number of individuals necropsied and the number
of necropsies that found litter

Table 3 Types of litter found

ingested by stranded cetaceans in Litter-type igf:tzgg

the study following necropsy
Plastic bags 229
Packaging 20.0
Fishing gear 11.4
Metal 11.4
Plastic sheet 0.06
Rubber 0.06
Other 229

necropsy (Kiihn et al. 2015). The low frequency of entanglement cases contrasts with Gall
and Thompson (2015), whose review identified more entanglement than ingestion cases
globally. Three species, the melon-headed whale (Peponocephala electra), the Risso’s dol-
phin (Grampus griseus), and the short-finned pilot whale were recorded as both ingesting
and becoming entangled in litter. This may be due to these species having lifestyles that
are quite versatile with reference to their distribution throughout the water column. Pilot
whales, although being categorised as deep divers in this study, nevertheless spend 60%
of their time near the water surface, putting themselves at risk of entanglement (Heide-
Jgrgensen et al. 2002). The melon-headed whale and Risso’s dolphin, although counted
as surface foragers here, can, however dive to depths in excess of 300 m (West et al. 2018;
Arranz et al. 2019).
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The Irrawaddy dolphin

In this study, the most frequent species to experience litter-related strandings was the
Irrawaddy dolphin which is found in coastal, lacustrine and riverine waters throughout Asia
(Stacey and Arnold 1999). Each litter-related stranding involved entanglement in fishing
gear. In Southeast Asia subsistence and commercial fisheries are extensive, and accidental
bycatch in gillnets remains a significant threat to river dolphin populations (Lewison et al.
2004). The riverine populations include the Mekong River (Cambodia, Lao PDR and Viet-
nam), the Mahakam River (Indonesia) and the Ayeyarwady River (Myanmar). Irrawaddy
dolphins as a species are now classified as Endangered by the IUCN, but freshwater popu-
lations that are isolated from the marine environment, face greater threat than their marine
counterparts. Such freshwater populations, together with those in the Malampaya Sound in
the Philippines, are considered Critically Endangered (Minton et al. 2017).

The Mekong River Irrawaddy dolphins are genetically distinct from the other riverine
populations, possibly representing a subspecies (Beasley et al. 2005). Preserving the exist-
ing genetic diversity is a high priority to ensure long-term survival of the species (Kriitzen
et al. 2018). As a result, the establishment of protected areas with no gillnet fishing have
been recently implemented for the conservation of the dolphin in Cambodia. These areas
are enforced by the Mekong River Guard Program. The program is thought to be a sig-
nificant factor in the recent increase in calf survival but the authorities need to ensure that
illegal fishermen are successfully prosecuted to achieve the goal of zero dolphin mortality
caused by fishing (Limsong et al. 2017).

Of the six Irrawaddy dolphin litter-related strandings recorded from the Facebook
search, two were in the Malampaya Sound (Philippines), one by the Mahakam River
(Indonesia), two by the Mekong River (Cambodia) and one by the Batang Matu River, in
Sarawak in Malaysia. All strandings of this species in the Philippines were recorded as a
result of entanglement in discarded fishing nets, and all other posts appeared to be bycatch
according to the text and images in the post. These results further emphasise that fresh-
water populations of Irrawaddy dolphins are more vulnerable than those in marine areas,
and that entanglement in gill nets is still a substantial threat. The Sarawak stranding is of
particular interest because the presence of Irrawaddy dolphins in this location is less well
documented, this highlights a key knowledge gap in the species’ distribution which needs
to be addressed to establish a better system for assessing and mitigating bycatch. River
mouths are known to accumulate plastics, particularly during periods of low freshwater
discharge (van Emmerik et al. 2020), making Irrawaddy dolphins particularly vulnerable
at certain periods of the year. Whilst this study has aided understanding of the Irrawaddy
dolphin’s spatial distribution, there has been no range-wide survey and further assessments
of population dynamics are required for effective long-term management.

Spatial distribution and litter-related stranding hotspots

The Philippines as a stranding hotspot

Our results show spatial variability in the frequency of litter-related cetacean strandings
throughout Southeast Asia, with the Philippines having the most litter-related strandings

posted on Facebook. Such variation could suggest differences in either the distribution of
marine debris or cetacean species richness. Alternatively, it is possible that differences are
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due to recording biases. The high frequency of stranding reports in the Philippines could
also be due to the country having a vast coastline (36,289 km, with more than 7100 islands
(Fajardo 2001)). The Philippines also has significant mismanaged waste in global terms;
Jambeck et al. (2015) estimated that this country contributes between 0.28 and 0.75 mil-
lion metric tons of plastic to the marine environment per year. In terms of percentage of
mismanaged waste, however, the Philippines (83%) is lower than in other ASEAN member
states such as Myanmar (89%) and Vietnam (88%). Therefore, it is possible that the higher
number of Facebook users in the Philippines compared to the other countries (excluding
Indonesia) contributes to higher levels of reporting. Moreover, the Philippines has Face-
book pages specifically for reporting the stranding of marine mammals, leading to higher
reporting. For example, the Facebook page ‘Philippine Marine Mammal Stranding Net-
work” (PMMSN) was an efficient source of data. The formation of the PMMSN and the
training of Bureau of Fisheries and Aquatic Resources (BFAR) personnel on the response
to marine mammal strandings led to the development of local response teams which sub-
stantially increased effort for recording and responding to stranding events (Aragones et al.
2010). Stranding events related to marine debris in the Philippines were particularly fre-
quent in the Davao region, around Davao City, in agreement with the findings of Abreo
et al. (2019). Davao City is the largest city in the Philippines and is the third-most populous
after Quezon City (which has no coastline) and Manila (Mercado 1998). Therefore, the
chances of a stranding being observed are high. It is also possible, however, that Davao is a
stranding hotspot (Aragones et al. 2010).

Strandings in Indonesia

After the Philippines, Indonesia had most stranding events posted on Facebook. Indonesia
has a large coastline (54,720 km) and number of Facebook users both greater than the Phil-
ippines. Nevertheless, Indonesia had five times fewer recorded stranding events than the
Philippines. The Philippines however, has a much larger population density (368 people per
km? compared to 151 people per km? for Indonesia) (www.worldometers.info), possibly
contributing to better reporting. Jambeck et al. (2015) estimated that Indonesia is the sec-
ond biggest contributor of plastics to the ocean in Southeast Asia. However, research has
focused on this problem and possible solutions have been developed. For example, Indo-
nesia is the only country in the world that has established its own National Action Plan on
Marine Debris (2017-2025). The application of technology to control plastic debris, such
as using plastic waste as a raw material in the construction of asphalt roads is a focus of
research (The Government of the Republic of Indonesia 2017). The plan also emphasises
the importance of societal efforts to reduce and recycle plastic. The fewer reported strand-
ings in Indonesia does not necessarily reflect that cetaceans are less severely impacted by
litter than those in Philippine waters. Rather, the success of the PMMSN highlights the
need for similar networks to be established in the other ASEAN member states.

Litter-related strandings in other ASEAN member states

As noted, Singapore, Vietnam, Myanmar, Laos, and Brunei all had no Facebook posts
regarding litter-related cetacean strandings; however, this does not necessarily indicate that
cetaceans are not interacting with marine debris in these locations. Singapore, Brunei and
Laos have the three smallest coastlines and the fewest number of Facebook users which
reduces the chance of strandings and reportings; although Singapore, being a particularly
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small state, has the largest population density out of all the ASEAN members (7866 peo-
ple per km?) (www.statista.com, accessed November 2019). Cetaceans in Vietnam have
cultural importance and so coastal communities have made efforts to reduce bycatch, such
as regulating the use of untended gillnets (SEAMAM III 2015), which could partly explain
the absence of entanglement cases posted. Despite no evidence of cetaceans interacting
with plastic on Facebook in five of the member states or from published literature, this
impact still poses a substantial risk due to the volumes of waste generated and mismanaged
in these countries. Much of the waste is released into marine or riverine environments, and
more widespread monitoring urgently needed (Ngoc and Schnitzer 2009; Jambeck et al.
2015).

Strandings necropsied and litter-types ingested in Southeast Asia

The majority of cetacean strandings were not investigated further and necropsied after
death. In the case of Vietnam, this is perhaps due to the country’s whale worship tradition,
fishermen believe that they protect them at sea (a local concept that embraces all ceta-
ceans). Vietnamese believe that cetaceans intentionally beach themselves and they give
them funerals and burials without investigating why the animals stranded (Ruddle 1998).
Cetaceans elsewhere in Southeast Asia are generally considered to be competitors for fish
and there is consequently a lack of awareness of their conservation status and ecological
importance, such as being considered sentinel species (SEAMAM III 2015). The small
number of necropsies conducted throughout Southeast Asia suggests that the problem of
litter ingestion may be much higher than this study predicts —particularly since 78% of
the necropsies carried out found litter in the stomachs of the individuals. There were spe-
cies that stranded regularly throughout the ten-year period in this study, but with little or
no information on the cause of death. For example, 18 spinner dolphin (Stenella longiro-
stris) strandings were recorded, but none were necropsied—this species could be nega-
tively impacted by ingested marine debris and further research is warranted (one case of
entanglement was reported). The majority of the entanglement cases were not necropsied;
presumably because entanglement was assumed to be the cause of death. It should also
be recognised that an animal could have become entangled post-mortem, so an accurate
assessment of cause of death is very difficult. Furthermore, an entangled individual could
have also ingested litter which can only be determined by necropsy. Our study highlights
the need for training in necropsy protocols to determine the main threats to cetacean popu-
lations (Mustika et al. 2009).

Litter composition

A major challenge in addressing marine debris is the diverse nature of litter products, and
the variety of routes they can follow to enter the marine environment (Pruter 1987; Ryan
et al. 2009). Data retrieved from this study provide insight into the potential origin of
the litter that cetaceans are ingesting. For example, photos posted on Facebook show the
brands of litter found in the stomachs of stranded individuals (Fig. 4A and B). These pho-
tographs are important because they allow the litter to be traced back to the manufacturer.

Studies suggest that most macro-litter found in the ocean is either plastic bags or pack-
aging (Di-Méglio and Campana 2017; Castro-Jiménez et al. 2019) and the most common
litter-types found ingested in stranded individuals in our study were indeed plastic bags,
followed by packaging.

@ Springer


https://www.statista.com

Biodiversity and Conservation

Fig.4 Photographic images retrieved from the Facebook pages ‘Marine Wildlife Watch of the Philippines’
and ‘Cetal Fauna’, showing brands of litter ingested. (a) Recovered from a dwarf sperm whale in 2014,
Philippines. Photo credit: Darrell Blatchley, D’Bone Collector Museum Inc. (b) Recovered from a sperm
whale in 2019, Philippines. (c¢) Plastic ingested by a short-finned pilot whale in 2018, Songkhla, Thailand

In 2018, 80 plastic bags were found in a short-finned pilot whale in Songkhla, Thailand
(Fig. 4C). Plastic bags have been highlighted as significant sources of pollution in other
studies, for example, accounting for 27% of total beach litter during a study of 23 islands
in Jakarta Bay, Indonesia (Willoughby et al. 1997). Management schemes should therefore
be established to reduce plastic bag use, such as charges for the bags or taxes on stores that
sell them (Xanthos and Walker 2017). The United Kingdom for example, introduced a suc-
cessful five pence plastic bag charge, which led to six billion fewer bags being issued dur-
ing the first year of implementation (United Kingdom Department for Environment, Food
and Rural Affairs 2015). In a positive development in Davao, non-biodegradable plastic
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bags have been banned (Somera et al. 2013); although biodegradable plastic can still take
up to three years to completely break down (Nakum et al. 2011). Biodegradable plastic
bags have been found in the gastrointestinal tracts of sea turtles, and therefore have the
potential to still cause harm (Miiller et al. 2012). It is also important to note that the litter
found in Southeast Asian waters may not all originate from Southeast Asian countries, and,
therefore, international cooperation is essential (Jambeck et al. 2015).

Conclusions and recommendations

Our study shows that the use of social media is an effective tool for assessing the impact of
marine debris on cetaceans. Facebook has provided information on litter-related stranding
hotspots and our research serves as a baseline for the wide-reaching impacts of litter. The
numbers of cetacean species negatively affected by litter presented in this study highlights
the urgent need to investigate stranding events further, with better cetacean response and
improved facilities and training to enable more necropsies. However, priority should be
focussed on global and local governance responses to effectively manage the volume of
waste before it enters the marine environment.

The small sample size makes it harder to assess any trends, and there is a bias of data
towards countries which have stranding networks. Nevertheless, there is still an indication
that management actions should be focussed around stranding hotpots such as the Davao
region of the Philippines. In addition, there are many confounding biases surrounding
stranding rates due to prevailing currents, accessibility of the coastline, numbers of beach
users (including residents and tourists), reporting rates and, in our study, numbers of social
media users. Our study was, therefore, designed to provide qualitative information on spe-
cies, distributions and types of interaction with litter, as well as providing a useful method
for others to build upon.

Our study is limited in that it is hard to assess the efficiency of science based on social
media data in comparison to published literature and other records. Also, some govern-
mental organisations may only have hard copies of stranding data that cannot be accessed
online. The small sample size of the results from Facebook can be overcome by gathering
data from other social media sites such as Twitter and/or other emerging tools including
facepy, a python-based platform, or Rfacebook, Google Social Search, Social Searcher,
rtweet, UVRX or Dataoryx. We suggest that a specific global reporting platform for strand-
ings using the combined data from various social media sites would be an invaluable tool
to fill key knowledge gaps on litter and marine megafauna. Our study provides a blueprint
for such a platform which could include other marine megafauna species, such as sea tur-
tles which are known to be the most vulnerable to plastic debris (Schuyler et al. 2014).
Data can be compiled more efficiently through accessing the API (Application Program-
ming Interface) of social media platforms, which will allow data to be available imme-
diately after posting. This extension could help build a more complete picture of marine
debris at the global-level. The known impacts of litter on cetaceans are likely to be just the
tip of the iceberg, therefore, the more stranding events that are reported and necropsied the
more we can learn about the status of cetacean populations and the threats they face.
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