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Online media reveals a global
problem of discarded containers
as deadly traps for animals

Krzysztof Kolenda®?, Monika Pawlik?, Natalia Kusmierek®3, Adrian Smolis©? &
Marcin Kadej®?*

The widespread occurrence of litter is a severe threat to global ecosystems. We have analyzed online
media, to assess the diversity of animals that are prone to getting trapped in discarded containers
and check which kind of containers is the most common trap for animals. A total of 503 records from
around the world (51 countries, 6 continents) have been found. These include invertebrates (17 taxa,
ca.1050 dead individuals), and vertebrates (98 taxa, 496 individuals including 44 carcasses). The latter
group was most frequently represented by mammals (78.5% of all cases), then reptiles (15.3%), birds
(1.2%), fish (1.0%) and amphibians (0.4%). Nearly 12.5% of the determined vertebrates are classified
as vulnerable, endangered or critically endangered, according to the IUCN. Although most trapped
individuals were smaller animals, bigger ones such as monitor lizards (Varanus spp.) or large carnivores
were also recorded. In most cases, animals were trapped in glass or plastic jars (32.4%), drink cans
(16.5%), and steel cans (16.3%). Our results demonstrate that discarded containers can be a threat

to all major groups of animals. In order to address this phenomenon, it is necessary to decrease a
global production of debris, implement container deposit legislation and organize repeatable cleanup
actions.

Growing human population and urbanization has led to a decrease in natural habitats and thus to human-wildlife
conflicts'. Currently, one of the major environmental challenges is litter pollution®?. In 2016, more than two
billion tons of debris were produced worldwide®. Landfilled sites poses a serious threat to ecosystems, e.g. by
penetration of toxic substances into the soil* and water, or the release of greenhouse gases®. Over time, litter that
accumulates in the environment becomes a permanent element of ecosystems or even creates new ecosystems
like the Great Pacific Garbage Patch’. Animals get used to the presence of litter and some groups even prefer
littered habitats® and use anthropogenic particles for nest building® or to nest inside!®!!. Another problem is that
some litter becomes evolutionary traps for animals which confuse them with mates or food'?. Anthropogenic
products are ingested by both terrestrial and aquatic fauna'®!>. Animals can ingest directly (when consuming
prey or attacking items resembling prey) or indirectly (by ingesting prey which itself contains debris) small
particles such as micro- or macro-plastic'®', but also bigger items such as single-use plastic bags, bottles, ropes,
and fishing lines which commonly cause internal injuries or death!>181,

Discarded food and beverage containers are currently one of the most common litter categories in the
environment®® and offer a specific kind of ecological trap. The characteristic smell of putrefaction attracts many
animals, which may suffer injury or get trapped when trying to extract food remains?'~?*. Animals dying in this
way can also be “bait” for other, e.g. necrophagous organisms. Additionally, some rodents use discarded contain-
ers as shelter or enter containers during exploratory activities®*’. Consequently, a vast number of containers
constitute a lethal trap for animals. Despite reports suggesting that invertebrates are the most threatened?®-%,
most authors have focused on the effect of litter traps on small mammals?»*>?*! and there are only single reports
mentioning mortality of amphibians or reptiles??**2. However, to our knowledge there are no reports suggesting
the potential risk of discarded containers for birds and larger mammals such as ungulates or carnivores.

In recent years, scientists are increasingly embracing Internet resources, especially when data from the litera-
ture appear to be outdated or insufficient®>?. Reasons for this trend are the dynamic development of technology,
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Figure 1. Number of reports concerning animals getting stuck in discarded containers shared on social media
between July 1999-November 2019.

easy access to the Internet, and a resulting increased flow of information®*. Alternative data sources, other than
conventional scientific literature, can provide completely new information or supplement existing knowledge®*?”.
In particular, it applies to social networks like YouTube, Twitter, Instagram or Facebook, which allow the col-
lection of large-scale data from various fields of science®*. Moreover, it is free and relatively quick to obtain the
source of data that would often be difficult to receive by traditional research methods. Data obtained from the
Internet have been used for many years and in many fields of science, especially social sciences such as psychol-
ogy, sociology or human behavior®*-%. They are also increasingly used in natural sciences, including animal
behavior’”*!, environmental protection*?, wildlife monitoring*’, human-animal and/or nature interaction**-*6,
and conservation biology*’~*°.

Because the knowledge of the impact of discarded containers on fauna is still insufficient, the aims of the
current study were to assess: (i) the diversity of animals that are prone to getting trapped in discarded contain-
ers by using data shared on online media by citizens, (ii) which type of containers form the most common trap
for animals.

Results

A total of 491 reports (184 movies, 307 photos) of 503 containers where animals got stuck inside were collected
(see Supplementary Table S1 online). The data included events published between July 1999 and November 2019.
Spearman’s rank correlation showed a significant positive association between the year of publication and the
number of reports (Spearman r=0.95, p=0.0001; Fig. 1). In 456 (90.6%) cases, location was allocated across a
total of 51 countries and 6 continents (see Supplementary Table S2 online). Six cases (1.2%) could be classified
only at continental level and in 41 remaining cases (8.2%) the location could not be determined. Most events
occurred in the USA (176), Great Britain (46), followed by Australia and India (42 each).

In 386 cases, it was possible to classify the habitat where the container with the trapped animal was found.
We found that these were most often urbanized habitats (n =278 reports, 72%) rather than natural/semi-natural
(n=108, 28%) (chi-square test=149.7, df=1, p<0.0001).

Invertebrates (Fig. 2a) were found in 20 (4%) containers (10 drink cans, 9 bottles, and 1 cup). Among them,
17 taxa belonging to five major taxonomic units (Arachnida, Diplopoda, Gastropoda, Insecta, Malacostraca)
were distinguished, of which 8 were successfully determined to a species level (see Supplementary Table S3
online). Except for two crabs and one fly, all invertebrates were found dead. In total, about 1050 individuals
died in containers.

Most containers (n = 485, 96.4% of all) constituted a trap for a total of 496 vertebrates (Fig. 2b,c), which were
classified into 98 taxa, including 80 to species level (see Supplementary Table S4 online). The most numerous
order represented was mammals, which got stuck in 395 (78.5%) containers, followed by reptiles (n=77, 15.3%),
birds (n=6, 1.2%), fish (n=5, 1.0%) and amphibians (n=2, 0.4%). Three individuals of single species were found
trapped in four separate containers; the species were viviparous lizard Zootoca vivipara, southern alligator lizard
Elgaria multicarinata, wood mouse Apodemus sylvaticus, and Trowbridge’s shrew Sorex trowbridgii. Two goats
Capra hircus had their heads stuck in the same item of litter. In addition, two individuals of different taxa (cat
Felis catus with an undetermined mouse, and two species of lizards: sand lizard Lacerta agilis with viviparous
lizard) were found in single containers on two separate occasions. In the remaining cases, containers contained
only a single vertebrate. Additionally, in two containers with vertebrates, invertebrates were found as well.

Usually, the vertebrate’s head was stuck (n=447, 92.1%) in a container. Whole body entrapment was noted
less frequently (n=30, 6.1%) and, in the case of only 9 (1.8%) animals, it was a body part such as a tongue or paw.

In five (1.0%) cases, vertebrates were able to escape themselves from the containers. In 394 (81.2%), they were
rescued by a human and, in 9 (1.9%) cases an unsuccessful attempt was made to help (an animal, partially stuck
in a container, ran away). In 36 (7.4%) containers, the animals found were dead (a total of 44 dead individu-
als), and in three cases (0.6%) they had to be euthanized after being found. In the remaining 38 (7.9%) cases,
no information was found regarding whether animals were able to free themselves or if someone helped them.
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Figure 2. Examples of animals that got stuck in different type of discarded containers: (a) dor beetle
Anoplotrupes stercorosus in beer can, translation of the caption in the photo: remains of ca. 60-70 dor beetles,
photo by Konrad Hozler, source: https://www.youtube.com/watch?v=705aiset] DY, (b) harvest mouse Micromys
minutus in Coca-Cola plastic bottle, photo by Olga Wojciechowska, source: https://www.facebook.com/
photo.php?fbid=889881771382671&set=p.889881771382671&type=3&theater, (c) racoon dog Nyctereutes
procyonoides in glass jar, photo by Bartosz Jaszewski, source: https://www.facebook.com/photo.php?fbid=20586
77897551258&set=pcb.2058724980879883&type=3&theater&ifg=1.

Animals that were rescued from 144 containers were injured (most often: open wounds, swelling, dehydratation,
and breathing problems).

Among 80 identified vertebrate species, 72 are listed on the IUCN Red List, including 63 (87.5%) species in
the least concern (LC) category, followed by vulnerable (VU; n=6, 8.3%), endangered (EN; n=2, 2.8%), and
critically endangered (CR; n=1, 1.4%) (see Supplementary Table S4 online). The proportion of species in the
LC category significantly differed from the number of species considered to be endangered (VU, EN and CR
classified together; chi-square test=81, df=1, p <0.0001).

A glass or plastic jars were the containers in which trapped animals were the most often observed (163 cases,
32.4%), followed by drink cans (n =83, 16.5%), steel cans (n=82, 16.3%), cups (n=>58, 11.5%) and bottles (n=57,
11.4%). The remaining 60 (11.9%) were classified as ‘others’ (Table 1).

The most common order in almost all container types was mammals; in jars, cups, and ‘others’ they consti-
tuted more than 90% of all described cases (Table 1, Fig. 3). Moreover, they accounted for over 60% of all bottle
victims. The only exception were drink cans, were reptiles dominated (69%). The proportion of particular orders
of vertebrates significantly differed between container types (chi-square test =340.1, df =25, p<0.0001; Table 1).

Among reptiles, drink cans constituted the highest threat to snakes (43 containers, 74.1% of all with reptiles),
while bottles and steel cans to lizards (n=6, 75% and n=5, 83.3%, respectively). Furthermore, only turtles got
stuck in cups, and one snake was trapped in a jar (Table 1, Figs. 4a, 5).

Small mammals dominated in cups (n=29, 52.7% of all with mammals), while ‘other’ types of container were
most dangerous to medium size mammals. ‘Other’ types of container also posed a relatively high threat to large
mammals (n=19, 33.3%) (Table 1, Figs. 4b, 5). The proportion of a particular group of mammals significantly
differed between the types of container (chi-square test=156.9, df=10, p <0.0001).

Discussion

Data collected during the course of the study came from six continents, covered various habitats—from cities
to undisturbed wilderness—and concerned both invertebrates and vertebrates. This indicates that the impact of
littering in the environment on fauna is a widespread global problem. It should be emphasized that, due to the
specific selection of keywords used to search and probable inaccurate translation of some of them by Google
Translate, the data collected during this study only covers a proportion of the data available on the Internet.
In addition, undoubtedly not all cases that occurred in the past were noticed, documented, and made public,
especially those in which the whole animal has been trapped in a container, as these could be easily overlooked.
This is confirmed by the results of this study: only 4% of the containers contained dead invertebrates, and only
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Bottle Jar Drink can | Steel can | Cup Others

nc | % nc | % nc | % nc | % nc | % nc | %
Invertebrates 9 |155 0|0 10 | 11.9 0|0 1 |17 0 |0
Fishes 4 169 0|0 0 |0 1 |12 0 |0 0 |0
Amphibians 0 |0 1 |06 1 |12 0 1]0 0 |0 0 |0
Reptiles 8 138 1 |06 58 |69 6 |73 2 |34 2 |33
Birds 2 |34 0|0 3 |36 1 |12 0|0 0 |0
Mammals 35 1603 | 161 |98.8 |12 |143 |74 |90.2 |55 |948 |58 |96.7
Reptiles
Lizards 6 |75 0|0 15 | 259 5 |833 0 |0 1 |50
Snakes 2 |25 1 |100 |43 |74.1 1 |16.7 0 |0 0 |0
Turtles 0 |0 0|0 0 |0 0|0 2 | 100 1 |50
Mammals
Small 14 |40 5 |31 3 |25 4 |54 29 | 527 3 |53
Medium 21 |60 148 |91.4 9 |75 68 | 919 |26 (473 |35 |614
Large 0 |0 9 |56 0 |0 2 |27 0 |0 19 1333

Table 1. Percentage share of particular group of animals that got stuck in different types of discarded

containers. NC number of containers.
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Figure 3. Share of particular animals that got stuck in different types of discarded containers. Container
symbols mean (from upper left corner): bottle, jar, drink can, steel can, cup.

5.9% of the containers with vertebrates concerned small animals with the whole body stuck. It is also possible
that some of the container victims were eaten by scavengers®. Similar problems can be encountered during the
estimation of the scale of animal mortality on roads™. The abovementioned factors therefore generate problems in
estimating the real scale of the problem under study; however, based on few literature sources, it can be assumed
that the extent of this phenomenon is huge. Moates®! suggested that 2.9 million small mammals such as mice,
shrews, and voles die in discarded containers in Great Britain each year, while Lavers et al.*° estimate a combined
mortality of half a million hermit crabs on the beaches of the Cocos and Henderson Islands.

The available data indicates a predominant share of invertebrates and small mammals (mice, shrews, voles)
among animals threatened with getting stuck in discarded containers?"*-3!. The main cause of this phenomenon
may be the widespread occurrence of these animals in the environment at high densities and, because they are
small, they can easily enter any type of container. However, this is not supported by our results, because most
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Figure 4. Number of reptiles (a) and mammals (b) that got stuck in different types of discarded containers.
Animal symbols mean: (a) lizards, snakes, turtles, and (b) small, medium and large size mammals, respectively.
Container symbols as in Fig. 3.
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Figure 5. Correspondence analysis showing relationships between the most common groups of animals:
invertebrates, reptiles (lizards, snakes, turtles), mammals (small, medium, large) and different types of discarded
containers (symbols as in Fig. 3).

cases shared on the Internet concerned vertebrates, in particular medium-sized mammals, but also included a
relatively large number of carnivores. This can be explained by the following facts. Firstly, most cases concerned
synanthropic (e.g. racoons, hedgehogs, skunks, etc.) and domestic species (dogs, cats, including those that range
free) and occurred in urban areas. This may be a result of the common observations of nature in the surround-
ings of human settlements, increased amount of litter in such areas, as well as an increased number of animal
populations that penetrate the anthropogenic environment®. One of the reasons is that these animals use waste
as food sources®. Moreover, it is more likely that animals which are stuck in containers in urban areas are noticed
by passersby. However, almost one third of incidents occurred in semi-urban or even natural habitats such as
forests (far from cities), deserts or national parks, which indicates that littering is common wherever humans set
foot™°. Secondly, they include many charismatic species such as monitor lizards Varanus spp., bears Ursus spp.,
Iranian wolf Canis lupus pallipes or Indian leopard Panthera pardus fusca, which arouse sympathy and compas-
sion in people. They are well known among citizens and often serve as a symbol of biodiversity conservation®.
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On the other hand, a significant percentage of recorded cases come from urban areas, which may prove that
growing anthropopression forces them to coexist with humans®”*%. Such biases as non-random sampling in online
media based studies are expected®*®, therefore results should be carefully interpreted. We, thus, cannot simply
conclude that medium-sized mammals are the most commonly prone to getting stuck in discarded containers.
Instead, our results provided a complementary data and allowed us to extended the list of threatened animals
beyond small sized animals reported in scientific literature.

Although most trapped animals are within the category of least concern, some are rare at local scale (e.g. red
squirrel Sciurus vulgaris in Great Britain, the endemic beetle Entomochilus horatii and many-spotted tree iguana
Liolaemus nigromaculatus in Chile). Others are listed as endangered (red-crowned crane Grus japonensis, eastern
quoll Dasyurus viverrinus) and critically endangered (Bermuda rock skink Plestiodon longirostris) according to
TUCN®. One of the main threats to the population of the latter is indeed discarded containers??. Despite lower
species richness, similar results are also found in the literature®; in their study on the mortality of small mam-
mals in bottles and drink cans in the Cherokee National Forest in the United States, 18% of individuals were
noted as rare species.

Usually single individuals get trapped in containers, thus this phenomenon should probably not have a sig-
nificant impact on the population size of a particular species. However, the exceptions are sporadic situations
in which a single container can intensively affect local groups of animals, resulting in the death of even several
dozen mammals®, or when littering occurs on a large scale in a relatively small area, e.g. on islands®>*.

So far, bottles*?!, drink cans®, and cups®! have been considered as the most dangerous to animals. However,
most records found in our study concerned jars and steel cans. Additionally, in some cases containers originally
did not contain foodstuffs but detergents or fuel. Although we cannot exclude the possibility of food remains
or small animal carcasses that lured other individuals in, we suggest that animals do not always explore garbage
in search of food but also out of curiosity, while playing or while looking for a shelter”. Mammals were most
common in almost all types of analyzed containers; however, depending on animal size, they were susceptible
to different kinds of container. The exception were drink cans in which reptiles dominated; reptiles were also the
second most numerous group of animals found in our study. This may be a result of a relatively large number of
records from Asia and Australia, where these animals are very common, often live in urban areas®?, and presum-
ably entered these containers because they offered shelter. It can be concluded that no single type of container
can be considered the most dangerous, because different types affect different groups of animals in varying
ways. For example, containers with narrow openings such as bottles and drink cans are the most dangerous to
invertebrates, small mammals, and reptiles, while containers with wide openings are a danger to medium sized
and large mammals. It should be also emphasized that other types of litter not analyzed in this study, e.g. plastic
bags, are a lethal threat to fauna. As well as trapping animals, litter poses a threat of injury e.g. fragments of
broken glass, ingestion or entanglement!?>-66,

In most incidents, citizens tried to help trapped animals, even if it posed a threat to their own health (e.g.
the rescue of venomous snakes or dangerous predators). This corresponds with the high level of involvement of
volunteers in wildlife rescue®” and confirms that they have empathy toward animals®®. Sometimes the materials
shared in social media were noticed by journalists from information portals and, as a result, they reached wider
audience, helping to raise public awareness of how discarded debris in the environment can affect animals. Our
study has shown that the number of incidents reporting animals getting stuck in containers that were shared on
social media has significantly increased in recent years (Fig. 1). The main causes of this phenomenon may be
general increase in littering in the environment, human empathy towards suffered animal®, as well as an increase
in the number of social media users as a result of global accessibility and growing popularity®*. Importantly,
social media plays an indispensable role in supplying scientific data related to the protection of nature and the
impact of people on the environment®%, For instance, social media has been used to assess the influence of
human-impacted habitats on collisions between primates and vehicles*, for the monitoring of cetaceans in the
central Mediterranean®’, for mapping the distribution of pollinators and flowering plants in Australia”®, and as
a method of tracking global illegal wildlife trade”"”.

Conclusions

Urbanization, which constitutes a drastic change in land use, has forced animals to live in increasingly littered
habitats. Despite its global scope, the problem of the effect of garbage on terrestrial animals is often underesti-
mated or ignored. However, our study shows that discarded containers are deadly traps for animals from small
invertebrates to large carnivores and in various habitats including undisturbed wilderness. Assessment of the
actual impact of littering on the decline of any particular species, especially globally or regionally threatened,
requires further research; data obtained from animal rescue organizations that often help trapped animals’ can
be helpful.

The scale of littering of terrestrial ecosystems requires immediate action. Policymakers, consumers and indus-
try together must take steps to reduce litter pollution by responsible product management and limitation of
consumerism. Recent studies illustrate a significant positive effects of ‘container deposit legislation’ on reducing
discarded beverage containers’, but still many countries have been not implemented any economic incentives
to control land-based litter. Additionally, local scale extensive volunteer cleanup action can contribute to decline
in litter in the wider environment (especially beverage containers)”. Such actions should be regularly repeated
at the same sites, supported (e.g. providing gloves and bin bags, payment of litter disposal) and ideally managed
by local government or other institutions’®. Importantly, participation in such actions also has educational value
by strengthening good, pro-environmental habits and raising public awareness’®””. Finally, we hope that photos
and videos shared through online media raise citizen awareness of the consequences of littering on wildlife.
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Material and methods

Data collection. Our study material consists of cases documented on online media of animals interact-
ing with discarded containers and encountering difficulties freeing themselves. We manually explored internet
platforms such as Google Images, YouTube, Facebook, Instagram and Twitter from July to the end of November
2019. Different combinations of the following key words were used: animal (replaced by common name of vari-
ous taxa) + dead/stuck/trapped + bottle/ can/container/jar/tin (see Supplementary Table S5 online for details). In
addition to English, using Google Translate, the search was conducted in seven of the world’s most-used lan-
guages (Mandarin Chinese, Hindi, Spanish, French, Arabic, Bengali, and Russian; based on Ethnologue’®) and
Polish. Only good quality videos or pictures and only cases in which the animals independently interacted with
containers were used. Cases when one author published a photo series documenting a single event, or when the
same event was published across different platforms were treated as one record.

Animals were determined to species or the lowest possible taxonomic rank and, if possible, classified accord-
ing to the International Union for Conservation of Nature Red List category*”®. Mammals were additionally
grouped into three categories of size criterion following Lessa and Farina™: (i) small—less than 1 kg mass of adult,
(ii) medium—Dbetween 1 and 100 kg, (iii) large—more than 100 kg. If possible, the number of animals stuck in
a single container (in case of most invertebrates, only the estimated number), the locality (continent, country)
and habitat type (urban—cities, villages, parks, etc. or natural/seminatural—forests, meadows, deserts, protected
areas, etc.; recorded based on photograph/movie or information in the text) were noted.

Containers that were traps for animals were classified as follows: (i) bottle—plastic or glass narrow-necked
container for liquid storage, (ii) jar—plastic or glass with a wide opening container used for food storage and
preservation, (iii) drink can—single-use aluminum container used for storing beverages or other liquids, (iv)
steel can—steel container with a wide opening used for the distribution or storage of goods, e.g. cat/dog food, (v)
cup—open-topped plastic or paper container used to hold liquids (including those with lids), (vi) others—con-
tainers that do not fit into any of the previous categories (made of glass, metal, plastic, etc. and used for different
purposes such as milk or coffee storage). Cases of getting stuck in other litter products (e.g. plastic bags, chips
bags, toys, buckets, watering cans, etc.) were excluded from the analysis.

Three categories were used to distinguish the way of being stuck in containers: (i) ‘whole body’—when a whole
animal was trapped in a container, (ii) head’—when only the head or head with neck and torso was stuck, (iii)
‘part of body’—when different body parts such as a limb or beak were stuck.

The data collected also took into account whether the animal was alive or dead. If alive, the animal’s condi-
tion (with or without injures) was noted, as well as whether it was able to get out of the container on its own,
and if not, whether people helped it. This information was recorded only if it was available in the movie or in
the photo description.

Statistical analysis. Spearman’s rank correlation coefficient was used to check whether there is a correla-
tion between the publication year and the number of documented reports of animals that got stuck in contain-
ers. The chi-square test was used to compare (i) the proportion of containers with trapped animals found in
urbanized habitats with those from natural/semi-natural habitats, (ii) the proportion of species classified as of
least concern with those classified as endangered (including vulnerable, endangered, critical endangered), (iii)
the proportions of particular groups of animals against the type of containers in which they get stuck. The latter
analysis was also performed only for mammals. The analyses were performed using Statistica 13.5 (Dell Soft-
ware). Additionally, we used correspondence analysis (CA) to present graphically the relationships between the
most common groups of animals (invertebrates, reptiles, mammals) and different types of discarded containers.
This analysis was carried out in R 3.6.2 using factoextra and FactoMineR packages®*®!.

Data availability
All data analysed during this study are included in this published article (and its Supplementary Information
files).
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