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Vultures in the southeastern 
United States ingest more plastic 
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Introduction: Plastics are found in ecosystems worldwide and can have widespread 
impacts on organisms and the environment. Cathartid vultures, including the black 
vulture (Coragyps atratus) and the turkey vulture (Cathartes aura), have adapted 
to urbanized environments, making frequent use of human-made structures and 
anthropogenic resources. Thus, urban vultures are likely exposed to more plastic 
materials than rural vultures, which they intentionally or unintentionally ingest when 
foraging or loafing.

Methods: Our objective was to determine the extent and type of plastic ingested 
by black and turkey vultures in an urban environment by (1) measuring the plastic 
content of regurgitated pellets collected along an urban-to-rural gradient, and (2) 
identifying the plastics within pellets. We dissected 1,087 pellets collected at eight 
vulture congregation sites in the Charlotte Metropolitan Area, United States between 
January 2021 and July 2022.

Results and Discussion: Sixty percent of pellets contained plastic materials, with an 
average plastic composition by weight of 2.66 ± 8.76%. Repeated measures linear 
mixed models of the proportion of pellets that were plastic suggested that black 
and turkey vultures are ingesting more plastic materials when congregation sites are 
surrounded by more developed landcover and a greater density of commercial food 
providers, such as food stores and restaurants, within 20km. Fourier transform infrared 
(FTIR) spectroscopy of a subset of pellets indicated that the most common types of 
plastic ingested by vultures were silicone rubber (used in tires and automobile/boat 
seals) and polyethylene (used in plastic bags and food packages). Future research 
should investigate the relative importance of plastic sources in vulture diets, vulture 
behavioral changes associated with plastic ingestion, and the consequences of 
plastic pollution on species health and urban ecosystem functioning.
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1. Introduction

Plastics are widely used by humans and are found in ecosystems worldwide (Barnes et al., 
2009). Common sources of environmental plastics include personal care products, plastic mulch, 
tires, and synthetic paints (Duis and Coors, 2016). In addition to urban areas, plastics have been 
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found in remote locations such as the summit of Mount Everest (Napper 
et al., 2020) and the Mariana Trench (Jamieson et al., 2019). There is 
evidence of the cycling of plastics in each of Earth’s major subsystems 
(Dris et al., 2015, 2016; Wilcox et al., 2015; de Souza Machado et al., 
2018) but the impact of pervasive plastic pollution on natural systems 
is not well understood.

Cathartid vultures (i.e., vultures from the Cathartidae family) 
have adapted to urbanized environments and are commonly 
considered pests in cities (Blackwell et  al., 2007). Black vultures 
(Coragyps atratus) are a New World vulture species that use human-
made structures and resources frequently. They regularly roost on 
transmission and cellular towers (Buckley, 1998; Avery et al., 2002; 
Seamans, 2004), nest in abandoned buildings (Stewart, 1974; Houston 
C. S. et al., 2007; Crowley et al., 2022), and forage regularly at street 
markets, dumpsters, and landfills in large numbers (Elías, 1987; 
Novaes and Cintra, 2015; Cunha et al., 2022; Hill et al., 2022). Turkey 
vultures (Cathartes aura), with a range that overlaps that of black 
vultures, may also use human-subsidized resources in urbanized 
environments, such as transmission towers in suburban and exurban 
areas for roosting, but they prefer rural and forested landscapes 
(Novaes and Cintra, 2015).

Plastic materials have been found in regurgitated black vulture 
pellets since at least the 1980s (Elías, 1987), showing evidence of 
plastic ingestion dating back decades. More recently, 30% of black or 
turkey vulture pellets in South Carolina (Hill et al., 2022) and 82% in 
the Falkland Islands contained plastics (Augé, 2017). In Patagonia, 
black and turkey vultures roosting near dumpsters and landfills had a 
high probability of ingesting plastic (Ballejo et  al., 2021) and in 
Florida, the black vulture was the only raptor species found to ingest 
plastics (Carlin et  al., 2020). This literature shows significant and 
widespread ingestion of plastic materials by black and turkey vultures 
across North and South America.

Vultures may be intentionally or unintentionally ingesting plastic 
materials by building up bulk to expel pellets (Houston D. C. et al., 
2007), mistaking plastic materials as bone fragments, or ingesting 
plastics from carcasses and other food sources. Additionally, vultures 
may be ingesting plastic materials while loafing as they are known to 
regularly pick at materials such as boat seats, rubber seals, or roofing 
materials. Regardless of the cause, the impacts of plastic ingestion on 
vulture adults and juveniles are not well understood. Plastic ingestion 
could lead to gut blockages, internal injuries, and mortality (Houston 
D. C. et al., 2007) and plastics could contain pollutants and heavy 
metals (Borges-Ramírez et al., 2021)–black vultures that ingest more 
plastic materials have worse health than those that ingest less plastic 
(Cunha et al., 2022).

Although there is evidence of black and turkey vulture pellets 
containing plastics, to our knowledge, only a single study has investigated 
the ingestion of plastics by these species and their sources in an urban 
environment (Carlin et al., 2020). Given the potential impacts to vulture 
health, environmental plastic pollution, and ecosystem functioning, our 
objective was to determine the extent and type of plastic ingested by 
black and turkey vultures in an urban environment by (1) measuring the 
plastic content of regurgitated pellets collected along an urban-to-rural 
gradient, and (2) identifying the plastics within pellets. We predicted that 
the plastic content of pellets would increase with developed landcover, 
density of commercial food providers and density of livestock and game 
producers in landscapes surrounding pellet collection sites, and 
decreasing distance to the nearest landfill.

2. Materials and methods

2.1. Study area

The Charlotte Metropolitan Area (CMA) is an urban area in 
North Carolina and South Carolina composed of 12 counties 
surrounding the City of Charlotte. The CMA human population is 
estimated at 2.8 million with rapid growth rates over the last two 
decades (US Census Bureau, 2019). The population of Mecklenburg 
County, in which Charlotte is located, is expected to grow by over 
570,000 people between 2010 and 2040, an annual rate of 2.3% 
(Future, 2019). Charlotte largely consists of developed landcover 
types, but development within the CMA is sprawling and dominated 
by developed open space and single-family housing.

Objective 1: Plastic content of regurgitated 
pellets along an urban-to-rural gradient

2.2. Pellet collections

In 2019 and 2020, for a related study, we identified 29 black 
and turkey vulture roosts within the CMA using eBird hotspots, 
expert reports, and personal observations of vulture movements 
(Partridge and Gagne, 2023). These 29 sites were active, overnight 
vulture roosts that usually hosted 20–500 individuals. As many 
roosts are inaccessible by foot, a total of eight vulture congregation 
sites were selected for this study (Figure 1). These eight sites were 

FIGURE 1

The Charlotte Metropolitan Area, USA with pellet collection sites 
identified by lettered markers and counties indicated by name. 
Developed land is shown in shades of red, open water is blue, forest 
types are in shades of green, and pasture, grassland, and cultivated 
crops are in shades of yellow (Dewitz and United States Geological 
Survey, 2021).
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regularly occupied by vultures, accessible on foot, and occurred 
along an urban-to-rural gradient. In our study area, black and 
turkey vultures occasionally roost together in roughly equal 
numbers, but study sites were ~ 95–100% composed of black 
vultures. This research is likely more indicative of black vulture 
patterns than those of turkey vultures.

We collected structurally intact vulture pellets from the ground at 
each site, aiming for 10–15 pellets collected/visit/site. Each site was 
visited 15 times between January 2021 and July 2022, with visits 
occurring approximately every 2 weeks throughout each season.

2.3. Pellet dissections

Collected pellets were stored in a freezer at -21°C before 
dissection. We air-dried frozen pellets for 48 h to reduce moisture 
content (Yahner et al., 1986). Dried pellets were then weighed using a 
Mettler Toledo PL303 balance and dissected using a Nikon SMZ1000 
stereomicroscope and a Parco compound microscope with 
magnifications of 4-100x. During dissection, we visually identified the 
natural materials (vegetation, dirt, rocks, and animal remains), plastic 
materials, and other anthropogenic materials (metal, fabric, paper, 
wood, and glass) in each pellet and weighed each material type for the 
proportion of each pellet composed of natural, plastic, or other 
anthropogenic material.

2.4. Explanatory variables

We measured four explanatory variables that could be important 
predictors of plastic ingestion by vultures (Campbell, 2014; Novaes 
and Cintra, 2015): commercial food provider density, livestock and 
game producer density, amount of developed landcover, and distance 
to the nearest landfill. Commercial food provider density, livestock 
and game producer density, and the amount of developed landcover 
were measured in circular landscapes centered on collection sites 
with 0.4, 0.5, 1, 2, 3, 4, 5, 10, 15, and 20 km radii, capturing variations 
in space use by black and turkey vultures (Houston et  al., 2011; 
Holland et al., 2019).

We used Data Axle Reference Solutions databases to identify 
commercial food providers, livestock and game producers, and 
landfills (Axle, 2022). Database records were current as of June 6, 
2022, when we accessed records. Commercial food providers included 
9,105 “Retail Trade” records with the descriptors “Food Stores” and 
“Eating Places.” Livestock and game producers included 129 
“Agriculture, Forestry, and Fishing” records with the descriptors 
“Agricultural Production  - Livestock” or “Fishing, Hunting, and 
Trapping” and landfills included 29 “Public Administration” records 
with the descriptors “Air, Water, and Solid Waste Management.” 
We calculated the density of commercial food providers or livestock 
and game producers in landscapes as the number of businesses of each 
type divided by landscape area and measured the distance from each 
congregation site to the nearest landfill. Finally, we  measured the 
amount of developed landcover in landscapes as the proportion 
composed of the National Land Cover Database developed classes 
(i.e., Developed Open Space, Developed Low Intensity, Developed 
Medium Intensity, and Developed High Intensity; Dewitz and 

United States Geological Survey, 2021). We used ArcGIS Pro 2.9.2 
(ESRI Inc., 2021) and Google Earth Pro 7.3.4.8642 (Google, 2022) to 
calculate explanatory variables.

2.5. Analysis

We used repeated measures linear mixed models to test for the 
effects of commercial food provider density, livestock and game producer 
density, amount of developed landcover, and distance to the nearest 
landfill on the proportion of pellets composed of plastic materials, with 
a log transformation to address heteroscedasticity in the data. All models 
included a random site effect to account for non-independence of 
observations from the same collection site. We modeled each landscape 
scale separately to minimize collinearity among explanatory variables. 
For some scales, commercial food provider density, livestock and game 
producer density, and/or distance to the nearest landfill were nil because 
no businesses were located in landscapes. These variables were absent 
from models when this occurred.

Variance inflation factors (VIF) and pairwise correlation matrices 
were calculated to test for collinearity in explanatory variables, which 
we defined as VIF ≥5 or r ≥ 0.7 (Dormann et al., 2013). Due to high 
levels of collinearity between developed landcover, commercial food 
provider density, and livestock and game producer density 
(Supplementary Tables A1–A11), we created a total of 23 models 
(Table 1; Supplementary Tables A12–A37). With variables separated 
into these models, all VIF and pairwise correlation values were below 
specified thresholds.

We tested for spatial autocorrelation in the residuals of each 
model using Moran’s I. Significant spatial autocorrelation did not 
occur in the residuals of any model (Supplementary Figures A1–A23). 
We  inferred the effects of explanatory variables on pellet plastic 
composition using the model with the largest log-likelihood value. 
We used RStudio v2021.09.2 + 382 (R Core Team, 2022) and the ncf 
v1.3–2 (Bjornstad, 2020), regclass v1.6 (Petrie, 2020), spdep v1.2–4 
(Bivand, 2022), stats v4.3.0 (R Core Team, 2022), and lme4 v1.1–30 
(Bates et al., 2015) packages to carry out analyzes.

Objective 2: Identification of plastics in 
regurgitated pellets

Eighty-three pellets were randomly selected for plastic analysis with 
some stratification by site and date. Given time constraints, we sampled 
three out of four study seasons and eight out of eight study sites, 
resulting in 6.2 pellets/site analyzed in fall 2021, 6.5 pellets/site analyzed 
in spring 2022, and one pellet/site analyzed in summer 2022. For the 
selected pellets, we cleaned each plastic material and performed Fourier 
transform infrared (FTIR) spectroscopy using a PerkinElmer FT-IR 
Spectrometer Spectrum Two to produce infrared spectra of each 
material. The transmittance of plastics was analyzed by wavenumbers 
450 cm−1 to 4,000 cm−1 with four scans and a resolution of 8 cm−1. 
We used Open Specy to match the infrared spectrum of each material 
to spectra within the Open Specy database, with intensity adjusted for 
transmittance, baseline correction, and using the full processed plot 
(Cowger et al., 2021). Database spectra correlated with sample spectra 
at Pearson’s r values of ≥0.75 were accepted as matches.
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3. Results

Objective 1: Plastic content of regurgitated 
pellets along an urban-to-rural gradient

We dissected 1,087 pellets, 648 (60%) of which contained plastic 
material, with an average plastic composition by weight of 2.66 ± 8.76% 
(Supplementary Figure A24). Eleven pellets (1%) were more than 50% 
plastic material, and five pellets (0.5%) were more than 75% 
plastic material.

The best model describing the plastic content of vulture pellets 
included site, date [0.03 ± 0.03 (SE), p = 0.35], distance to the nearest 
landfill [0.02 ± 0.06 (SE), p > 0.05], and the amount of developed 
landcover [0.16 ± 0.06 (SE), p = 0.01] in 20 km landscapes. Another 
model that included site, date, distance to the nearest landfill and 
commercial food provider density in 20 km landscapes had a very 
similar log-likelihood value and variable estimates (Table 1; Figure 2). 
Overall, vulture pellets contained more plastic materials when 
congregation sites were located closer to landfills or were surrounded 

by more developed landcover within 20 km. There was minimal 
variation in pellet plastic composition across sites or dates with no 
noticeable trends in plastic ingestion over time.

Objective 2: Identification of plastics in 
regurgitated pellets

We performed FTIR spectroscopy on 187 pieces of plastic, 
resulting in 171 matches with spectra in the Open Specy database. 
We report only the matches for each sample with the highest Pearson’s 
r value (Supplementary Table A23). Some samples were identified as 
different materials with the same Pearson’s r value and thus a total of 
234 identification are presented. Of all matched samples, 54.7% were 
matched with plastic materials–the remaining 45.3% were matched 
with various natural or non-plastic materials (Figures 3A,B). The six 
most common plastic materials identified in pellets were silicone 
rubber (n = 14), high density polyethylene (n = 13), polyethylene 
(n = 12), silicate bio polyethylene (n = 10), polyethylene with silicate 

TABLE 1 Variable estimates (± SE) of models describing the plastic composition of black vulture (Coragyps atratus) and turkey vulture (Cathartes aura) 
pellets in the Charlotte Metropolitan Area, United States.

Model Date Commercial 
food provider 

density

Livestock 
and game 
producer 
density

Developed 
landcover

Distance 
to the 

nearest 
landfill

Log-
likelihood

AICc ΔAICc

1 (0.4 km) 0.03 ± 0.03 −0.02 ± 0.07 −0.08 ± 0.07 −1539.63 3091.27 4.68

2 (0.5 km) 0.03 ± 0.03 −0.02 ± 0.07 −0.08 ± 0.07 −1539.61 3091.22 4.63

3 (1 km) 0.03 ± 0.03 −0.02 ± 0.08 −0.08 ± 0.07 −1539.57 3091.14 4.55

4 (2 km) 0.03 ± 0.03 0.00 ± 0.09 −0.07 ± 0.07 −1539.48 3090.96 4.37

5 (3 km) 0.03 ± 0.03 0.09 ± 0.12 −0.05 ± 0.13 −0.14 ± 0.13 −1540.30 3094.60 8.01

6 (4 km) 0.03 ± 0.03 0.06 ± 0.12 0.00 ± 0.13 −0.10 ± 0.13 −1540.39 3094.78 8.19

7 (5 km) 0.03 ± 0.03 0.00 ± 0.08 0.07 ± 0.13 −0.04 ± 0.13 −1540.37 3094.73 8.14

8 (0.4 km) 0.03 ± 0.03 0.00 ± 0.08 −0.07 ± 0.07 −1539.60 3091.19 4.60

9 (0.5 km) 0.03 ± 0.03 −0.03 ± 0.08 −0.09 ± 0.07 −1539.45 3090.91 4.32

10 (1 km) 0.03 ± 0.03 −0.05 ± 0.08 −0.09 ± 0.07 −1539.35 3090.69 4.10

11 (2 km) 0.03 ± 0.03 −0.03 ± 0.08 −0.08 ± 0.07 −1539.48 3090.96 4.37

12 (3 km) 0.03 ± 0.03 −0.11 ± 0.12 0.14 ± 0.11 −0.17 ± 0.10 −1540.04 3094.07 7.48

13 (4 km) 0.03 ± 0.03 −0.06 ± 0.11 0.09 ± 0.10 −0.13 ± 0.09 −1540.44 3094.88 8.29

14 (5 km) 0.03 ± 0.03 −0.07 ± 0.12 0.09 ± 0.12 −0.13 ± 0.10 −1540.41 3094.82 8.23

15 (10 km) 0.03 ± 0.03 0.11 ± 0.08 −0.02 ± 0.07 −1538.61 3089.23 2.64

16 (15 km) 0.03 ± 0.03 0.06 ± 0.08 −0.05 ± 0.07 −1539.27 3090.53 3.94

17 (20 km) 0.03 ± 0.03 0.12 ± 0.07 −0.02 ± 0.06 −1538.32 3088.64 2.05

18 (10 km) 0.03 ± 0.03 0.10 ± 0.09 −0.01 ± 0.08 −1538.74 3089.48 2.89

19 (15 km) 0.03 ± 0.03 0.12 ± 0.09 0.00 ± 0.08 −1538.54 3089.08 2.49

20 (20 km) 0.03 ± 0.03 0.18 ± 0.07* 0.05 ± 0.07 −1537.30 3086.59 0.00

21 (10 km) 0.03 ± 0.03 0.15 ± 0.07* 0.01 ± 0.07 −1537.96 3087.92 1.33

22 (15 km) 0.03 ± 0.03 0.15 ± 0.07* 0.01 ± 0.06 −1537.91 3087.83 1.24

23 (20 km) 0.03 ± 0.03 0.16 ± 0.06* 0.02 ± 0.06 −1537.29 3086.59 0.00

Commercial food provider density (“Restaurant”), livestock and game producer density (“LivestockDensity”), and developed landcover (“Developed”) were measured in landscapes of varying 
radii surrounding pellet collection sites (landscape size in km noted in parentheses with the model number). Distance to the nearest landfill (“LandfillDist”) was measured as the distance to 
the nearest landfill (km). Significant (p < 0.05) effects are labeled with an asterisk.
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inorganic (n = 9), and low density polyethylene (n = 7; Figure 3C). 
There was no apparent variation in plastic identification across sites 
or dates.

4. Discussion

As we predicted, our results indicate that black and turkey vultures 
are ingesting more plastic materials when congregating in landscapes 
with more developed landcover and a greater density of commercial food 
providers. Developed landcover and commercial food provider density 
had the largest effects on pellet plastic proportion when we measured 
these variables in the largest landscapes we considered, those with radii 
of 20 km. Distance to the nearest landfill was also included in the most 
supported models, although it did not have a significant effect.

The positive effects of developed landcover and commercial food 
provider density that we report, and the presence of distance to the 
nearest landfill in the best models of pellet plastic content, are 
supported by evidence from the literature and our ongoing research 
in the study area. Black vultures are regularly observed foraging at 
dumpsters and landfills (Lowney, 1999; Kluever et al., 2020) where 
they would be more likely to ingest various plastic materials with food 
items. While loafing, black vultures are known to destroy property 
such as roofing, insulation, and vehicle/boat seats and seals in urban 
and rural landscapes (Tillman et al., 2002; Evans, 2013; Kluever et al., 
2020). These patterns are also supported by ongoing research featuring 
interviews of researchers and practitioners working with nuisance 
black vulture populations worldwide. When not foraging, black 
vultures will loaf in various landscapes and pick at anthropogenic 
materials, often near a consistent food source.

The positive effect of developed landcover in our results suggests 
that plastic materials ingested by vultures in urban landscapes originate 
from a wide variety of sources, including commercial dumpsters and 

smaller waste containers, institutional and industrial waste, household 
waste, roadside waste and roadkill, and built structures themselves. The 
positive effect of commercial food provider density that we  report 
suggests that, of these potential sources, food stores and restaurants may 
be particularly important and that foraging is a primary means by which 
plastic materials are ingested. However, future research is needed to test 
this hypothesis and to investigate in more detail the roles that other 
sources and vulture behaviors play in plastic ingestion.

A cosmopolitan nature to plastic ingestion by vultures in urban 
landscapes is supported by our plastic identification results. The most 
common plastics in our sample were silicone rubber and polyethylene, 
each commonly found in the environment due to human pollution 
and the breakdown of anthropogenic objects. Silicone rubber is used 
to make automobile tires, seals, baking pans, and food molds (Shit and 
Shah, 2013) and polyethylene (low-density and high-density) is used 
to make plastic bags, food containers, and liners for landfills and pools 
(Kumar et al., 2011).

Nearly half of the samples we analyzed using FTIR were matched 
with non-plastic materials such as plant material, fur, or fabric. It is 
likely that these were materials coating or embedded within the plastic 
samples and thus, may provide insight into what the vulture was eating 
when the plastic was ingested. Interestingly, the second most 
commonly matched non-plastic material was red deer (Cervus 
elaphus) fur, which is a frequently farmed deer species in the 
United States. While this finding requires additional investigation, it 
does provide some evidence that vultures are ingesting plastic in areas 
of livestock and game production where they may be  preying on 
domestic animals. The other common non-plastic materials were silk 
slubbing fiber, which is used in clothing and bicycle tires (Madhu 
et  al., 2022) and jute fiber, which is used in twines, clothing, and 
reusable bags (Aly-Hassan, 2015).

We observed the largest effects of developed landcover and 
commercial food provider density when we measured these variables in 
landscapes of 20 km radii, the largest we  considered. This scale 
corresponds to the large home ranges of our study species – 30-60 km2 
in the southeastern US, or possibly larger, as indicated by a 900 km2 
estimate for turkey vultures near the northern limit of their range. The 
fact that the effect sizes of developed landcover and commercial food 
provider density were largest at the largest landscape scale we considered 
suggests that the scale of effect of these explanatory variables is likely to 
occur at even broader spatial scales, which future studies of vulture 
plastic ingestion should consider (Jackson and Fahrig, 2015).

5. Conclusion

We found widespread ingestion of plastic by vultures, with 60% 
of dissected pellets containing plastic materials. Vultures that 
congregated in landscapes with more developed land cover and a 
higher density of commercial food providers at broad spatial scales 
ingested more plastic, particularly silicone rubber and polyethylene. 
Vultures in urban landscapes may also be ingesting plastic at landfills 
and in areas of livestock and game production. Future research 
should seek to estimate the relative importance of sources of plastic 
in vulture diets, the vulture behaviors associated with plastic ingestion 
from different sources and of different types, and the physiological 
consequences of plastic pollution on species health and urban 
ecosystem functioning.

FIGURE 2

Effect sizes and significance of explanatory variables in models of the 
plastic content of black vulture (Coragyps atratus) and turkey vulture 
(Cathartes aura) pellets in the Charlotte Metropolitan Area, USA. 
Significant (p < 0.05) effects are labeled with an asterisk. Commercial 
food provider density (“Restaurant”), livestock and game producer 
density (“Livestock”), and amount of developed landcover 
(“Developed”) were measured in landscapes of varying radii 
surrounding pellet collection sites. Distance from pellet collection 
sites to the nearest landfill is labeled as “Landfill.” For variables that 
were included in more than one model at the same scale, the 
estimate from the best performing model was used. All models also 
included a site variable to account for the non-independence of 
pellets collected at the same site.
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FIGURE 3

(A) Fourier transform infrared spectroscopy results for 187 pieces of plastic material from 83 black vulture (Coragyps atratus) and turkey vulture 
(Cathartes aura) pellets collected in the Charlotte Metropolitan Area, USA. The samples identified as different types of plastics or natural or other non-
plastic anthropogenic materials coating or embedded in samples with the number of samples in parentheses There are a total of 234 sample 
identifications as some samples were identified as different materials with the same Pearson’s r value. (B) The number of samples identified as natural 
or nonplastic materials, identifications with less than three samples are omitted from this figure. (C) The number of samples identified as plastic 
materials, identifications with less than three samples are omitted from this figure.
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