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ABSTRACT. Introduction: Urbanization has affected the
materials available for bird nesting, including
anthropogenic materials that may be dangerous to the
birds. Objective: To quantify the materials used by several
bird species in an urbanized environment. Methods: We
evaluated the composition of 20 nests in the campus of
Universidad Nacional, Costa Rica. Results: 53% of nests
contained anthropogenic waste, classified in 13 types; the
most common were wool, strings and thread. The species
with the highest percentage of anthropogenic nest weight
was Campylorhynchus rufinucha. Conclusion: There is a
widespread use of anthropogenic materials to nest in
these urban Costa Rican birds.

Keywords: Nest, Plastic waste, Pollution, Wildlife-human
interactions.
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RESUMEN. “Materiales antropogénicos utilizados por
aves para anidar en un paisaje urbano en Costa Rica”.
Introduccién: La urbanizacién ha afectado los materiales
disponibles para la anidacién de aves, incluidos los
materiales antropogénicos que pueden ser peligrosos
para ellas. Objetivo: Cuantificar los materiales utilizados
por varias especies de aves en un entorno urbanizado.
Métodos: Evaluamos la composicién de 20 nidos en el
campus de la Universidad Nacional, Costa Rica.
Resultados: 53% de los nidos contenian desechos
antropogénicos, clasificados en 13 tipos; los mds comunes
fueron la lana, las cuerdas y el hilo. La especie con mayor
porcentaje de peso antropogénico en sus nidos fue
Campylorhynchus rufinucha. Conclusién: Existe un uso
generalizado de materiales antropogénicos para anidar en
estas aves urbanas costarricenses.

Palabras clave: Nido, Plastico, Contaminacion,
Interacciones humano-animal.
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Birds are recognized for their ability to build a wide variety of nest structures (Walsh,
Hansell, Borello, & Healy, 2011). The nest serves primarily as receptacle for eggs and fledglings, but
can also provide other non-exclusive functions, such as providing signals to females for mate
selection, protection against ectoparasites, a suitable microclimate for adults and offspring
(Mainwaring, Hartley, Lambrechts, & Deeming, 2014), and signaling aggressiveness to other
conspecifics (Sergio et al., 2011). Given the significant role these processes play on bird’s survival,
nests are considered as an extended phenotype under strong natural and sexual selection, where
design, construction and materials should be well adapted to local environmental conditions
(Mainwaring et al., 2014).

Urbanization processes have modified the environment for plenty bird species, changing
the type and abundance of available materials for nesting (Seress & Liker, 2015). Discarded plastics
and other anthropogenic materials are very abundant in urbanized and agricultural areas
(Townsend & Baker, 2014). These materials may constitute a threat for birds and other wildlife
species (Hartwig, Clemens, & Heckroth, 2007). A study on American crows, showed 85,2% of
sampled nests contained anthropogenic materials and 5,6% of nestlings present in those nests were
found entangled, dead, injured or malformed (Townsend & Baker, 2014). In agricultural land, 4,6%
of Osprey nestlings were found entangled in baling twine used in their nests (Blem, Blem, &
Harmata, 2002). Northern garnets use synthetic rope preferentially over natural materials and a
mean of 62 individuals die each year entangled in their nests (Votier, Archibald, Morgan, & Morgan,
2011). Entanglement is not the only threat to birds using these materials. The incorporation of
cigarette buds, have shown to have a positive effect at short term, as they serve as a parasite
repellent (Suarez-Rodriguez, Lopez-Rull, & Garcia, 2013), but birds show genotoxicity on the long
term (Sudrez-Rodriguez & Macias-Garcia, 2014). The effect of plastic pollution on terrestrial birds
has received less attention than for marine birds (Sazima & Angelo, 2016), and the use of
anthropogenic waste in nests has mostly been anecdotally reported (reviewed in Townsend & Baker
2014). Even though, most solid waste originates on land, nest affectation is particularly difficult to
measure in terrestrial environments and entanglement of birds is difficult to spot (Townsend &
Baker 2014).

In order to contribute to the understanding of the use of plastics and other anthropogenic
materials by several species of common inland birds for nest construction, we report a short
evaluation of this so far disregarded environmental issue.

We conducted this study during August 2015 at Universidad Nacional campus, located in
Heredia, Costa Rica. The campus has a mixture of buildings and gardens situated within an urbanized
matrix. We did intensive searches collecting nests located from 0,5m to 2m above ground, as higher
nests were inaccessible. During the sampling we checked if the nest was active, and we collected
only empty or abandoned nests. Each nest was georeferenced with a Garmin GPS model GPSMAP®
64s.

The nests were identified by the late Oscar Ramirez-Aldn, expert in ornithology, and some
of the authors of this manuscript who were his students. All collected nests were simultaneously
sun-dried for five hours, to eliminate humidity. The net dry weight for each nest was annotated, and
nests were subsequently dismantled. Nest components were separated and classified as either
organic components or anthropogenic materials. The latter were classified by type and the
percentage of use was estimated as the total weight of anthropogenic waste out of the total dry
weight of the nest. Graphical analysis was performed using Microsoft Excel.

We found 38 nests of which 18 (47,4%) were left in the field because they did not appear to have
any anthropogenic materials. We collected 20 nests of the following species: Turdus grayi Barteonap
1838 (n=8), Campylorhynchus rufinucha Lesson 1 838 (n=5), Zonotrichia capensis Muller 1 776 (n=3),
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and four nests from unidentified species (Fig. 1). All these nests had at least one type of
anthropogenic material (See Fig. 2 for examples).
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Fig. 1. Distribution of collected bird nests at Universidad Nacional, Heredia, Costa Rica. The campus is outlined with a
black line, and each red dot represents a nest. Turdus grayi (n=8: N1, N2, N3, N10, N18, H, |, J), Campylorhynchus
rufinucha (n=5: A, B, C, D, G), Zonotrichia capensis (n=3: N7, N19, N20), unidentified species (n=4: N6, K, L, M)

The species with the highest percentage of nest weight comprised by anthropogenic
material was Campylorhynchus rufinucha with a maximum of 19% of the total weight and an average
percentage of 7,64% (Table 1). We documented 13 different types of anthropogenic materials in
nests, where wool, plastic string and thread showed the highest percentage of use (Fig. 3). We found
one dead fledgling of C. rufinucha inside one of the collected nests.

TABLE 1
Sample size, mean percentage and range for the weight of anthropogenic waste found in nests of birds at Universidad
Nacional, Heredia, Costa Rica
Mean percentage  Range (min max)

Species (%) %
Campylorhynchus rufinucha 5 7,64 2,3-19,1
Turdus grayi 8 4,66 2,1-7,6
Zonotrichia capensis 3 0,63 0,2-1,1
Unidentified species 4 1,85 0,1-6,4
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Fig. 2. Anthropogenic waste found in nests of birds at Universidad Nacional, Heredia, Costa Rica. A) Nest of Turdus grayi

with plastic bags B) Nest of Zonotrichia capensis with a nylon fishing line C) Nest of Turdus grayi with different types of

threads D) Anthropogenic waste found in a single nest of Campylorhynchus rufinucha, including polyester fibers, wool,
and different types of threads.
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Fig. 3. Percentages of use for different types of anthropogenic waste from 20 bird nests in Heredia, Costa Rica.
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Our results demonstrate the widespread use of anthropogenic waste as nesting material as
52,6% of all nests found (n=38) showed at least some level of implementation of waste as nesting
material. Compared to other studies with inland birds, 85,3% of American crows’ nests contained
anthropogenic waste (Townsend & Baker, 2014). In addition, 89,29% of house sparrows’ nests and
86,21% of house finches’ nests have been reported to contain cellulose from cigarette buds (Suarez-
Rodriguez & Macias-Garcia, 2014). In these studies, the authors reported negative effects for birds,
especially for nestlings (Votier et al., 2011). In our study, we only report one dead Campylorhynchus
rufinucha fledgling, but as we collected nests out of the reproductive period, it is possible that dead
or injured fledglings were already predated or decomposed. In addition, 18 nests were left in the
field; meaning the actual percentage of nests containing anthropogenic materials could be even
greater. These nests can still have plastics in a very low percentage, or waste material that was not
visible from the outside. Some authors have suggested that the incorporation of plastic debris in
nests is correlated with de degree of human disturbance, for example urbanization, which increases
the amount of solid wastes in the environment (Jagiello, Lépez-Garcia, Aguirre, & Dylewski, 2020).
For example, Jagiello Dylewski, Tobolka, and Aguirre (2019), reported that the incorporation of
plastic debris in white storks’ nests in Spain is associated with human activity. They found a
correlation between plastic debris in nests and the closeness from landfills. The university campus
has a solid waste management program, although it is located into an urban matrix, surrounded by
neighborhoods and commercial areas. Also, the Pirro river runs across the campus (See Fig. 1). This
river is known for being severely degraded and for carrying large amounts of solid waste and other
pollutants (Vargas, Castro, Chacén, Monge, & Obando, 2011).

Approximately half of the materials used by birds are fibers and strings of different types
(Fig. 2). Birds may be using these materials because of their physical properties, as they can be sewn
and serve as structural support (Bailey, Morgan, Bertin, Meddle, & Healy, 2014). Polyester fibers
were highly used by C. rufinucha, and all collected nests of this species showed these fibers used as
lining.

We did not measure the effect of these materials on the reproductive success of birds. It
has been proposed that birds which use anthropogenic debris as nesting materials may experience
an increased nest predation because these materials can increment nest visibility (Borges & Marini
2010). Moreover, they can cause increased mortality in adults and nestlings due to entanglement
(Blem et al., 2002; Townsend & Baker, 2014; Votier et al., 2011). On the other hand, the use of these
materials has been seen as an opportunity for avifauna in their breeding season, and sometimes can
successfully substitute the original ones if they are scarce (Cristofoli & Sander, 2007; Cristofoli, dos
Santos, Garcia, & Sander, 2008; de Souza Petersen, Kriiger, Dezevieski, Petry, & Montone, 2016).

Waste removal from nests is impossible due to its large quantities and also this requires the
removal of the nest (Voiter et al., 2011). Hence, reducing consumption of plastics, recycling
(Lazarevic, Aoustin, Buclet, & Brandt, 2010), waste recovery (Comanita, Hlihor, Ghinea, & Gavrilescu,
2016), implementation of bio-plastics environmentally degradable by microorganisms (Imam et al.,
1999; Khoo, Tan, & Chng, 2010) and other alternatives are recommended to reduce their potential
damage to birds. Given that plastic production is increasing year after year, we can expect to find
more effects of anthropogenic nest materials on bird populations with time. More studies are
needed to understand which are the consequences for birds by using these materials in nests, and
if the benefits of incorporating these materials surpass the risks to nestlings and adults.
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