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Garbage accumulation around terrestrial nature reserves poses a risk to many species. We monitored
animal visitation patterns and foraging behaviour at
garbage dumps near a forested area in Uttarakhand
Himalaya, India, to examine plastic consumption by
animals. We recorded 32 species of birds and mammals visiting garbage dumps and classified them as
‘peckers’, ‘handlers’ and ‘gulpers’ based on their
foraging behaviour. Gulpers (carnivores and ruminants) were observed feeding more frequently and
spent longer durations (3.8  0.2 min) at garbage
dumps. Our results highlight the importance of
at-source segregation of waste to prevent wild and
domestic animals from ingesting hazardous wastes,
including plastics at garbage dumps.
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THE ecological impact of non-biodegradable waste accumulation is an issue of global concern1–4. Aggregation of
plastics in marine ecosystems is a threat to several endangered species, communities and ecosystems 5,6. While
marine ecosystems have been extensively researched for
plastic litter and its impacts, solid waste as a conservation
issue has been poorly examined in terrestrial ecosystems 7.
Plastic ingestion can impact animal health and mortality
in terrestrial ecosystems too 8–12. Additionally, toxic compounds leaching from plastic, e.g. bisphenol A (BPA) and
phthalates pose serious risks to animal health and reproduction13–15.
Expanding human settlements in terrestrial ecosystems
has resulted in rapid increase in garbage dumps and landfills in and around natural habitats 16. Such sites attract
several vertebrate species as they provide constantly
available food at invariant locations 16, leading to diet
shifts of wild species towards food waste 17–20. Regular
feeding on garbage can alter animal movement, resource
utilization, impact social systems 16,21, may potentially increase human–animal conflicts22,23 and exacerbate disease
transmission risk due to interaction of domestic and wild
species at garbage dumps 16,19.

*For correspondence. (e-mail: geetukatlam@gmail.com)
2322

Accidental ingestion and entanglement in plastic has
been reported in over 250 vertebrate species24. Plastic ingestion could cause lethal injuries and blockages in the
digestive system leading to satiation, starvation, reduced
body mass, ulceration or perforation of the digestive
tract11,25. Entanglement in plastic can cause external abrasions, impaired movement and feeding, reduced fitness,
growth problems and premature death 5,26,27. Further, acute
and chronic toxicity induced by chemicals released from
plastic can alter development of reproductive and neurological systems, and cause abnormal hormonal functioning7,28. These physical and toxicological complications
have been reported in several marine and some terrestrial
vertebrates29,30. Though there are reports of altered food
habits due to garbage in terrestrial vertebrate species such
as red fox (Vulpes vulpes)19, grizzly bear (Ursus arctos)31, black bear (Ursus americanus)32 and Asian
elephant (Elephas maximus)33,34, very few studies have
been conducted on plastic ingestion by terrestrial vertebrates35–37. Insufficient research on exposure of terrestrial
species to garbage requires systematic surveys to understand the occurrence, behaviour and vulnerability of wild
species at garbage dumps. In this study, we have characterized the profile of vertebrates that frequented garbage
dumps to identify behavioural and life-history traits of
species vulnerable to plastic ingestion.
This study was conducted in the Himalayan state of
Uttarakhand in North India, which has over 45% forest
cover 38. Uttarakhand receives >20 million tourists annually, many of whom visit nature reserves39. Expanding
tourism leads to increasing generation and disposal of
waste near natural areas 40.
We studied garbage dumps along the edge of a moist
temperate mixed forest dominated by oak Quercus leucotrichophora, pine Pinus roxburghii and rhododendron
Rhododendron arboreum41,42 in one village (village name
has been kept confidential to avoid targeting one place
for this widespread problem) in the Nainital district. The
study location is an area of conservation importance, with
more than 200 bird species and 75 mammalian species.
We carried out field study during May–June 2015, coinciding with the peak tourist season. We monitored two
garbage dumping sites: the main garbage dumping site of
the village (henceforth GD; 554 m2, where residents and
business owners disposed unsegregated waste), and a
compost pit (henceforth CP; 36 m2, where only
organic food waste was disposed). At GD, food waste
was interspersed with non-biodegradable waste, including
plastics (packaging, snack wrappers, bottles, tetra-packs),
glass bottles, metal cans, light bulbs, cartons, etc. Food
waste was the same in GD and CP, which included fruit
and vegetable peels, meat and leftover cooked food.
We examined whether vertebrate foraging morphology
and behaviour influenced the risk of plastic ingestion by
different species. We hypothesized that visitation patterns
at garbage dumps would vary across species with different
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foraging behaviour; and animals with different morphology and foraging behaviour would have different probabilities of ingesting plastic.
We used direct observations and camera-traps to document animal visitation patterns and foraging behaviour
at the garbage sites. Two observers using binoculars carried out scan and focal sampling of diurnal visitors for
25 h each at GD and CP. The observations spanned different daylight hours equally (0600–1800 h), and were
conducted for a minimum 2 h to maximum 3 h daily on
different days, completing 25 h within two months of the
study period. Garbage sites were scanned every 10 min to
note the number of individuals of different species. Between scans, individuals actively foraging were randomly
chosen across species from the individuals foraging at
that point of time, for focal observations. During focal
observations we recorded duration of feeding activity and
the number of times the animal was observed to handle,
gulp or peck on food, plastic, metal or glass, till its departure from the dump site. Also, because the individuals
were chosen randomly, we could record arrival and departure times only for a few individuals and not for all
visitors. Passive infrared camera-traps (Reconyx HC500)
were deployed to record nocturnal and crepuscular animals (larger GD = 5 cameras, 100 trap nights; smaller
CP = 2 cameras, 28 trap nights). Cameras were placed
60–120 cm above ground and programmed to obtain a
sequence of 5 images per trigger, 1 sec apart43
(Supplementary Appendix 1).
To examine how animals processed unsegregated waste
and retrieved food contained in garbage bags, we set up
two experiments (‘bag’ and ‘open’) which mimicked typical human waste disposal behaviour practiced locally. In
‘bag’, mixed waste (leftover food, vegetable peels, soiled
polythene bags and plastic wrappers) was packed in a
polythene bag; in ‘open’ mixed waste was left exposed as
such (Supplementary Figure 1). All waste was procured
on site. Experiments were carried at GD, run for 24 h,
replicated across ten days, and monitored using cameratraps (Supplementary Appendix 2) to provide an index of
relative visitation frequency of different animal species.
Frequency of animal visitation was calculated from scan
(diurnal) and camera-trap (nocturnal + crepuscular) data
separately. To observe the difference between groups in
plastic contact rates and stay length (count variables),
GLM analysis was performed with Poisson distribution
using R software 44.
Based on animal foraging behaviour observations at
garbage dumps, visitor species were classified into three
categories (Supplementary Figure 2). (a) Peckers –
animals with beaks which pulled out food from plastic
and other inedible waste. This included all observed birds
(19 species) which gleaned through garbage to access
food such as annelids, arthropods or edible food waste.
(b) Handlers – animals with dexterous hand appendages
that were capable of separating food from other waste.
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This included primates (two species) which removed food
from inedible packaging using their hands. (c) Gulpers –
animals that lacked dexterous hand or mouthparts, and
consequently could not separate food from plastic and
other indigestible matter before ingestion. This included
all ruminants, carnivores, ungulates and rodent mammals
(nine species) which had limited ability to separate food
from plastic and frequently swallowed indigestible matter
along with edible waste. Plastic was the most commonly
observed non-biodegradable waste that was handled or
processed by animals at GD. Other materials such as
glass and metal were rarely handled by the animals.
Thirty-two vertebrate species (13 mammals, 19 birds)
were recorded feeding on garbage. More species were
recorded at the larger GD (11 species each of birds and
mammals) compared to the smaller CP (7 birds, 5 mammals) (Supplementary Table 1). The proportion of wild
animals (84.3%) visiting garbage dumps was observed to
be over five times higher than domestic animals (15.6%).
Visitation patterns were classified as diurnal (0600–
1800 h; n = 24 species), crepuscular (0500–0600 h or
1800–1900 h; n = 8) and nocturnal (1900–0500 h;
n = 12). The diurnal species visitation rate at GD was not
different from CP (GD: 2.02  0.19/h, CP: 1.02  0.17/h;
rank mean: CP = 13.71 and GD = 19.28, U = 83.5,
Z = 1.75, P > 0.05, r = 0.31). In contrast, visitation rate at
GD was higher than that at CP for nocturnal and crepuscular species (GD: 31.29  2.07/h, CP: 26.64  1.45/h;
rank mean CP = 16.85 and GD = 18.14, U = 133.5,
Z = 0.38, P > 0.05, r = 0.06) (Supplementary Figure 3).
On an average, vertebrate visitors spent 2.8  1.3 min
at the garbage dump sites. Amongst all visitors, largebilled crow Corvus macrorhynchos had the highest contact rate with plastic (214  125.6/h), whereas sambar
(Rusa unicolour) had the lowest (12.5  5.8/h). The higher rate of contact with plastic could be attributed to the
least time spent at the dump sites by large-billed crow
(1.6  0.4 min/visit) in comparison with all other species,
including the sambar which spent the longest time
(5.3  1.6 min/visit) (Supplementary Figure 4).
While foraging for food at GD, handlers and peckers
encountered plastic more than twice as frequently as
gulpers (GLM, P < 0.001) (Table 1 and Figure 1 a). However, gulpers were observed feeding more frequently and
spent longer duration (3.8  0.2 min) at GD compared to

Table 1.

Detailed model for GLM for plastic contact rate

Stay length

Estimate

Standard error

z value

Pr(>|z|)

Gulper
Handler
Pecker

2.98145
1.71064
0.84921

0.01243
0.01669
0.01583

239.78
102.51
53.64

<2e-16***
<2e-16***
<2e-16***

Asterisks indicate significant differences: ***P < 0. Null deviance:
59,232 on 627 degrees of freedom. Residual deviance: 48,906 on 625
degrees of freedom; AIC: 50532.
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Figure 1. Average plastic contact (a) and stay length (b) for different feeding groups at the unsegregated garbage dump site
(GD). Lines represent standard error and asterisks indicate significant differences: ***P < 0.0001.

Table 2.

Detailed model for GLM for stay length

Stay length

Estimate

Standard error

Gulper
Handler
Pecker

1.35297
–0.57563
–0.56331

0.02807
0.08366
0.0528

z value

Pr(>|z|)

48.197 <2e-16***
–6.881 5.96e-12***
–10.669 <2e-16***

Asterisks indicate significant differences: ***P < 0.0001. Null deviance: 2208.9 on 628 degrees of freedom. Residual deviance: 2062.7 on
626 degrees of freedom; AIC: 3684.2.

handlers (3.6  1.0 min) and peckers (2.2  0.2 min).
GLM analysis showed significant difference in stay
length for all three categories (P < 0.001) (Table 2 and
Figure 1 b). Animals foraging at CP did not encounter
any plastic or non-biodegradable waste material as none
was present at the site.
In the ‘bag’ experiment, 51% of bags were torn open
by animals attempting to feed on the contained waste;
35% were moved from the original location and could not
be traced, while the remaining were found intact after
24 h. The time-delay sequence from camera-traps showed
that gulpers were most commonly associated with partially
torn status (76%) of polythene bags ( 2 = 51.332, df = 6,
P < 0.001) (Figure 2).
Unsegregated garbage aggregating near natural habitats
as a result of increased tourism poses a huge conservation
threat 10. We found a diverse range of domestic and wild
species groups such as ruminants, carnivores, primates
and rodents among mammals; bulbuls, babblers, thrushes,
ravens, passerines, doves, woodpeckers and francolins
among birds frequenting garbage dumps in a Himalayan
landscape.
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Figure 2. Association of foraging groups with polythene bags containing mixed waste after 24 h. To mimic typical waste disposal behaviour, polythene bags with a measured quantity of food and plastic waste
were left in front of camera traps to observe the animal foraging behaviour. ‘Low’ refers to intact bags and ‘intermediate’ refers to partially
torn bags. When the bag was completely torn it was assigned to ‘bag
torn’. ‘Not assig.’ refers to those bags, where the status of the
polythene bags could not be assigned or moved from the location and
could not be traced.

Although we found that gulpers had lower contact rates
with plastic, they spent longer periods foraging at garbage dumps and were more likely to tear open polythene
bags. In contrast, although peckers and handlers came into direct contact with plastic more often, they were not
seen ingesting plastic unlike gulpers; plastic ingestion
among diurnal gulper species was recorded in cow during
scan. Whereas in camera-traps, although nocturnal gulper
CURRENT SCIENCE, VOL. 115, NO. 12, 25 DECEMBER 2018
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species were seen holding plastic in their mouth (which
we categorized as contact with plastic) in the photograph
sequences, we could not confirm plastic ingestion from
these images captured by camera trap. Macaques (handlers) frequently opened garbage bags with their hands to
pick out food material carefully 10. Insectivorous birds
searched trash for grubs and food remains. Gulpers such
as deer, civets and martens were unable to extract food
efficiently from the bags and thus spent more time foraging at garbage dumps.
Plastic remains have been frequently reported from the
stomach contents and faeces of gulpers, including mammals such as red fox and elephant, as well as birds with
large beaks such as storks and vultures 19,36,37,45. Indeed,
selective feeders with specialized feeding apparatus
(mouth or hand parts) such as primates or insectivorous
birds may be less susceptible to plastic ingestion and
phthalate accumulation46 compared to elephants, ruminants or carnivores, which are incapable of selectively retrieving food contained in plastic.
To the best of our knowledge, there are no scientific
studies from Asia on the impact of inadequate waste
management on terrestrial ecosystems. We conducted this
case study to understand animal visitation patterns at
human-mediated food resources. Our results underscore
an urgency to tackle waste disposal in and around nature
reserves which are popular tourist destinations. Reserve
managers should be involved in formulating and implementing clear policies for solid waste management in and
around the reserves. We emphasize the need of an extensive study covering multiple sites to get a better understanding of the scale of impact of plastic and nonbiodegradable waste on terrestrial biota10. Creating public
awareness on waste segregation and discouraging disposable plastics coupled with preventive measures such as
fencing garbage dumps and landfills and shifting garbage
dumps away from the forest edge will help reduce exposure of wildlife to plastics and other harmful waste.

1. Barnes, D. K., Galgani, F., Thompson, R. C. and Barlaz, M.,
Accumulation and fragmentation of plastic debris in global environments. Philos. Trans. R. Soc. London, Ser. B., 2009, 364,
1985–1998.
2. Browne, M. A. et al., Accumulation of microplastic on shorelines
worldwide: sources and sinks. Environ. Sci. Technol., 2011, 45,
9175–9179.
3. Elliott, J. E. and Elliott, K. H., Tracking marine pollution. Science,
2013, 340, 556–558.
4. Thompson, R. C., Swan, S. H., Moore, C. J. and vom Saal, F. S.,
Our plastic age. Philos. Trans. R. Soc. London, Ser. B., 2009, 364,
1973–1976.
5. Gregory, M. R., Environmental implications of plastic debris in
marine settings – entanglement, ingestion, smothering, hangerson, hitch-hiking and alien invasions. Philos. Trans. R. Soc. London, Ser. B., 2009, 364, 2013–2025.
6. Wilcox, C., Van Sebille, E. and Hardesty, B. D., Threat of plastic
pollution to seabirds is global, pervasive, and increasing. Proc.
Natl. Acad. Sci. USA, 2015, 112, 11899–11904.
CURRENT SCIENCE, VOL. 115, NO. 12, 25 DECEMBER 2018

7. Schulte-Oehlmann, J. et al., A critical analysis of the biological
impacts of plasticizers on wildlife. Philos. Trans. R. Soc. London,
Ser. B., 2009, 364, 2047–2062.
8. Al-Qudah, K. M., Al-Majali, A. M. and Obaidat, M. M., A study
on pathological and microbiological conditions in goats in slaughterhouses in Jordan. Asian J. Anim. Vet. Adv., 2008, 3, 269–274.
9. Fromsa, A. and Mohammed, N., Prevalence of indigestible foreign
body ingestion in small ruminants slaughtered at Luna Export
Abattoir, East Shoa, Ethiopia. Asian J. Anim. Vet. Adv., 2011, 10,
1598–1602.
10. Plaza, P. I. and Lambertucci, S. A., How are garbage dumps impacting vertebrate demography, health, and conservation? Global
Ecol. Conserv., 2017, 12, 9–20.
11. Reddy, M. V. B. and Sasikala, P., A review on foreign bodies with
special reference to plastic pollution threat to livestock and environment in Tirupati rural areas. Int. J. Sci. Res. Publ., 2012, 2, 1–8.
12. Wright, S. L., Thompson, R. C. and Galloway, T. S., The physical
impacts of microplastics on marine organisms: a review. Environ.
Pollut., 2013, 178, 483–492.
13. Crain, D. A. et al., An ecological assessment of bisphenol-A: evidence from comparative biology. Reprod. Toxicol., 2007, 24, 225–
239.
14. Cuvillier-Hot, V. et al., Impact of ecological doses of the most
widespread phthalate on a terrestrial species, the ant Lasius niger.
Environ. Res., 2014, 131, 104–110.
15. Talsness, C. E., Andrade, A. J. M., Kuriyama, S. N., Taylor, J. A.
and vom Saal, F. S., Components of plastic: experimental studies
in animals and relevance for human health. Philos. Trans. R. Soc.
London, Ser. B., 2009, 364, 2079–2096.
16. Bateman, P. W. and Fleming, P. A., Big city life: carnivores in
urban environments. J. Zool., 2012, 287, 1–23.
17. Fedriani, J. M., Fuller, T. K. and Sauvajot, R. M., Does availability of anthropogenic food enhance densities of omnivorous mammals? An example with coyotes in southern California.
Ecography, 2001, 24, 325–331.
18. Newsome, T. M. and Van Eeden, L. M., Food waste is still an underappreciated threat to wildlife. Anim. Conserv., 2017, 20, 405–406.
19. Reshamwala, H. S., Shrotriya, S., Bora, B., Lyngdoh, S., Dirzo, R.
and Habib, B., Anthropogenic food subsidies change the pattern of
red fox diet and occurrence across Trans-Himalayas, India. J. Arid
Environ., 2017, 150, 0–1.
20. Sengupta, A., Mcconkey, K. R. and Radhakrishna, S., Provisioning and plants: impacts of human cultural behaviours on primate
ecological functions. Primates, 2015, 10, 1–13.
21. Santana, E. M., Food habits and anthropogenic supplementation in
the diet of coyotes (Canis latrans) along an urban–rural gradient.
Human-Wildlife Interact., 2010, 11, 1–59.
22. Gunther, K. A. et al., Grizzly bear–human conflicts in the Greater
Yellowstone Ecosystem, 1992–2000. Ursus, 2004, 15, 10–22.
23. Home, C., Pal, R., Sharma, R. K., Suryawanshi, K. R., Bhatnagar,
Y. V. and Vanak, A. T., Commensal in conflict: livestock depredation patterns by free-ranging domestic dogs in the Upper Spiti
landscape, Himachal. Ambio, 2017, 46, 655–666.
24. Miranda, J. P., de Matos, R. F., Araújo, R. C. S., Scarpa, F. M.
and Rocha, C. F. D., Entanglement in plastic debris by Boa constrictor (Serpentes: Boidae) in the state of Maranhão, northeastern
Brazil. Herpetol. Notes, 2013, 6, 103–104.
25. Ramaswamy, V. and Sharma, H. R., Plastic bags – threat to environment and cattle health: a retrospective study from Gondar city
of Ethiopia. IIOAB J., 2011, 2, 7–12.
26. Laist, D. W., Impacts of marine debris: entanglement of marine
life in marine debris including a comprehensive list of species
with entanglement and ingestion records. In Marine Debris:
Sources, Impacts and Solutions (eds Coe, J. M. and Rogers, B.
D.), Springer, Berlin, Germany, 1997, pp. 99–139.
27. Thompson, R. C., Moore, C. J., vom Saal, F. S. and Swan, S. H.,
Plastics, the environment and human health: current consensus and
2325

RESEARCH COMMUNICATIONS

28.

29.

30.

31.
32.

33.

34.

35.

36.
37.

38.

2326

future trends. Philos. Trans. R. Soc. London, Ser. B., 2009, 364,
2153–2166.
Flint, S., Markle, T., Thompson, S. and Wallace, E., Bisphenol A
exposure, effects, and policy: a wildlife perspective. J. Environ.
Manage., 2012, 104, 19–34.
Davison, P. and Asch, R. G., Plastic ingestion by mesopelagic
fishes in the North Pacific Subtropical Gyre. Mar. Ecol. Prog.
Ser., 2011, 432, 173–180.
Wright, S. L., Thompson, R. C. and Galloway, T. S., The physical
impacts of microplastics on marine organisms: a review. Environ.
Pollut., 2013, 483–492.
Peirce, K. N. and Daele, L. J. Van, Use of a garbage dump by
brown bears in dillingham, Alaska. Ursus, 2006, 17, 165–177.
Beckmann, J. P. and Berger, J., Rapid ecological and behavioural
changes in carnivores: the responses of black bears (Ursus americanus) to altered food. J. Zool., 2003, 261, 207–212.
Fernando, P., Kumar, M. A., Williams, A. C., Wikramanayake, E.,
Aziz, T. and Singh, S. M., Review of human–elephant conflict
mitigation measures practiced in South Asia. WWF-World Wide
Fund Nat., 2008, 178, 21.
Joshi, R., Evaluating the impact of human activities during the
Maha Kumbh 2010 fair on elephants in the Shivalik elephant
reserve. Trop. Natl. Hist., 2013, 13, 107–129.
Henry, P., Wey, G. and Balança, G., Rubber band ingestion by
a rubbish dump dweller, the white stork. Waterbirds, 2011, 34,
504–508.
Peris, S. J., Feeding in urban refuse dumps: ingestion of plastic
objects by the white stork. Ardeola, 2003, 50, 81–84.
Sazima, I. and Angelo, G. B. D., Handling and intake of plastic
debris by wood storks at an urban site in south-eastern Brazil: possible causes and consequences. North-West. J. Zool., 2015, 11,
372–374.
FSI, State of the Forest Report 2009, Forest Survey of India,
Ministry of Environment & Forests, Govt of India, Dehradun,
2009.

39. Lyngdoh, S., Mathur, V. B. and Sinha, B. C., Tigers, tourists and
wildlife: visitor demographics and experience in three Indian tiger
reserves. Biodivers. Conserv., 2017, 26, 2187–2204.
40. Sati, V. P., Tourism practices and approaches for its development
in the Uttarakhand Himalaya, India. J. Tourism Challenges
Trends, 2013, VI, 97–112.
41. Champion, F. W. and Seth, S. K., A revised survey of the forest
types of India. Government of India Press, Delhi, India, 1968.
42. Sultana, A. and Khan, J. A., Birds of oak forests in the Kumaon
Himalaya, Uttar Pradesh, India. Forktail, 2000, 16, 131–146.
43. Prasad, S. et al., Who really ate the fruit? A novel approach to
camera trapping for quantifying frugivory by ruminants. Ecol.
Res., 2010, 25, 225–231.
44. R Core Team, A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria,
2016; https://www.R-project.org/
45. https://timesofindia.indiatimes.com/city/mysuru/Plastic-pieces-in-elephant-dungworries-officilas/articleshow/9030048.cms (accessed on
17 January 2018).
46. Hardesty, B. D., Holdsworth, D., Revill, A. and Wilcox, C., A
biochemical approach for identifying plastics exposure in live
wildlife. Meth. Ecol. Evol., 2015, 6(1), 92–98.

ACKNOWLEDGEMENTS. We thank Nature Science Initiative,
Dehradun and Asian Adventures, New Delhi, for financial support and
providing the necessary logistics. We also thank Ganesh Adhikari and
Taukeer Alam for assistance in the field work. Constructive comments
from Dr Kim McConkey and Anant Pande improved the manuscript.
We also thank Dr Nirala Ramchiary and Abdul Rawoof for their valuable suggestions and support.
Received 26 April 2018; revised accepted 4 October 2018
doi: 10.18520/cs/v115/i12/2322-2326

CURRENT SCIENCE, VOL. 115, NO. 12, 25 DECEMBER 2018

