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Abstract - Free-living birds in cities interact with humans and human-made objects. Here, we investigated whether nesting in human-made
structures that are physically unstable and prone to frequent human intervention benefits urban Southern House Wrens (Troglodytes aedon
musculus). First, we describe the behavior of individuals that repeatedly attempted to nest in a motorcycle helmet (an unsuitable structure)
based on ad libitum observations and camera trapping. We also reviewed nesting records of this wren throughout Brazilian cities deposited in
crowdsourced citizen science platforms, such as Wiki Aves, eBird, and iNaturalist. During our field study in November and December 2019,
wrens attempted to build a nest in the helmet for eight days. Each attempt was interrupted by the removal of the helmet. We recorded 103
videos of nesting activity, including three days of high nest-building effort (up to 68 twigs deposited inside the helmet within a 6-hour period)
and high territory-defense efforts. Both behaviors were sometimes followed by one of four types of vocalizations (contact call, complete song,
incomplete song, or sub-song). We found 372 Southern House Wren nesting records in online citizen science datasets: 100 were in urban areas
with 86 nests built on 24 different human-made structures. Most nests (N = 71) were in what we deemed as stable structures (safe from human
intervention) and 34 of them (47.8%) likely bred successfully (i.e., fledglings present). Only seven nests were built on unstable and unsafe struc-
tures, and four (57.1%) of these had sufficient evidence of successful nesting. Although nesting in unsuitable places in cities is less frequent,
their breeding success is comparable with nesting in suitable places. Therefore, the nesting of the Southern House Wren in human-made struc-
tures might be of benefit, even if they eventually become ecological traps due the risk of human intervention. Our study adds knowledge about
the life history of the Southern House Wren in urban environments.

Resumo - Corruiras urbanas (Troglodytes aedon musculus) nidificando em estruturas antrdépicas aparentemente inadequadas: isso vale a
pena?

Aves de vida livre em cidades interagem com humanos e seus objetos. Aqui, investigamos se o ato de nidificar em estruturas antrépicas fisica-
mente instdveis e sujeitas a intervengdes humanas é, de algum modo, benéfico a corruiras (Troglodytes aedon musculus) que ocorrem em cida-
des. Primeiro, nds descrevemos os comportamentos realizados por individuos que tentaram nidificar repetidamente em um capacete de moto-
ciclista (uma estrutura inadequada), tendo base observagées ad libitum e armadilhamento fotografico. Apds, também revisamos registros de
nidificagdo da espécie feitas em cidades brasileiras e que foram depositadas em plataformas de ciéncia cidada crowdsourcing, como Wiki Aves,
eBird e iNaturalist. Durante o estudo de campo, em novembro e dezembro de 2019, as aves tentaram construir seu ninho no capacete por 8
dias, sendo que cada tentativa era interrompida por causa do uso do capacete pelo seu dono. Nés registramos 103 videos que capturaram as
atividades de nidificagdo, dos quais observamos 3 dias de grande esforgco para a construgdo do ninho (até 68 gravetos foram depositados no
capacete em um periodo de 6-h) e grande esforgo de defesa territorial. Estes comportamentos eram, as vezes, acompanhados da emissdo de
um dos quatro tipos de vocalizagdo (chamado, canto completo e incompleto e sub-song). N6s encontramos 372 registros de ninhos de corruiras
nas plataformas de ciéncia cidada: 100 eram de drea urbanas sendo que 86 estavam construidos em uma das 24 diferentes estruturas antrépi-
cas que identificamos. A maior parte dos ninhos (N = 71) estavam em estruturas estaveis e seguras contra intervengdes humanas e em 34 deles
(48,8%) houve provavel sucesso reprodutivo (i.e., presencga de filhotes). Apenas sete ninhos estavam em estruturas instaveis e inseguras, mas
em quatro deles (57,1%) havia evidéncias de provavel sucesso reprodutivo. Embora a nidificagdo em estruturas inadequadas seja menos fre-
quente, o sucesso reprodutivo nestas estruturas é equivalente ao que ocorre em estruturas consideradas adequadas. Portanto, a nidificagdo de
corruiras em algumas estruturas antropicas pode ser vantajosa para a espécie, mesmo que eventualmente elas se tornem armadilhas ecoldgicas
devido ao risco de intervengdo humana. Nosso estudo soma conhecimento sobre a histéria de vida da espécie no ambiente urbano.
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Figure 1. a) The Museu de Biologia Prof. Mello Leitdo, located in the urban area of Santa Teresa municipality, Espirito Santo state, Brazil. The red dot in the
aerial image indicates the motorcycle parking lot where the Southern House Wren attempted nesting inside a motorcycle helmet for eight days. b) Materials
observed in the early afternoon of 11 December 2019. c) The citizen scientist showing his helmet with the nest at the end of the sampling period on 12 Decem-

ber 2019.

INTRODUCTION

Some urban birds can take advantage of human-provided
substrates for nesting, which represents an example of a
beneficial interaction with humans (Mainwaring 2015, To-
masevic & Marzluff 2017, Batisteli et al. 2020). Selecting a
site where the nest is inaccessible or visually hidden from
predators can increase reproductive success substantially
(Martin 1993). However, birds seeking to minimize the threat
of predation may increase their interaction with humans,
thereby decreasing their breeding success (Mgller 2010,
Mainwaring 2015, Pizo 2018, Ribeiro et al. 2019, Reynolds et
al. 2019).

The trade-off between predation and human intervention
is not necessarily a compromise of opposites: for instance,
some people allow these birds to continue their breeding
activities (Zuberbuhler 1953, Muralidhar & Barve 2013, Pizo
2018, Ribeiro et al. 2019), whereas others may relocate
(Salles 1986) or manipulate nests (Viana et al. 2012). Some-
times breeding is intentionally or unintentionally interrupted
by people because of the need to use the structure or object
where the nest is built (Carvalho Filho 1998, Mainwaring
2015, Pizo 2018, Reynolds et al. 2019). Therefore, it is crucial
to understand how different species behave in cities, which
adaptations are advantageous, and how birds take advan-
tage of human-made structures for nesting (Santiago-Alarcon
& Delgado-V 2017, Piratelli et al. 2017).

The Southern House Wren (Troglodytes aedon musculus)
is a small (10-13 cm, 10-15 g) insectivorous passerine that is
a common breeder in Neotropical cities (Sick 1997). This
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cavity-nesting bird exhibits considerable plasticity in nest-
site selection and substrate use, and it is often reported us-
ing natural or artificial substrates close to humans (Skutch
1953, Sick 1997). However, when wrens nest in places
deemed unsafe by humans, such as electric machinery, elec-
tric boxes, small openings in automobiles, or under sharp
surfaces (Zuberbiihler 1953, Skutch 1953, Sick 1997), people
ask themselves whether birds will reproduce successfully.
Therefore, paying more attention to unusual nesting loca-
tions and behavior observed in cities can help understand
the potential of the Southern House Wren to survive and
successfully reproduce in an urban ecosystem, and can also
provide information to people about ways to coexist with
birds that breed in urban areas.

Here we evaluate whether nesting in human-made struc-
tures in an urban environment confers a reproductive bene-
fit to the Southern House Wren. First, we describe a case
study of wrens repeatedly attempting to nest inside a motor-
cycle helmet in an urban park. Then, we analyzed hundreds
of nest photos from three citizen-collected online datasets
to document which human-made objects and surfaces wrens
use as nest sites in cities and which of these can be consid-
ered unsafe. Based on these data, we evaluate the potential
breeding success on these sites based on the presence of
nestlings or other information provided by citizen scientists
themselves.

METHODS

Field observations. We observed nesting attempts of South-
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Figure 2. Sonograms extracted from videos recorded by a camera trap to illustrate Southern House Wren vocalization types: a) complete song, b) contact call,
and c) sub-song. Incomplete (interrupted) songs are not illustrated. The videos were taken at the urban park Museu de Biologia Prof. Mello Leitdo, in Santa
Teresa municipality, Espirito Santo state, Brazil, where a camera was installed in front of a helmet that was used by the species during the nesting attempts.

ern House Wrens in the urban park Museu de Biologia Pro-
fessor Mello Leitdo (MBML), located in the urban area of the
Santa Teresa municipality (694,534 km?), Espirito Santo
state, Brazil (40°15’-40°45’W and 19°45’-20°45’S). Less than
1.5% of this municipality is urbanized (Prefeitura de Santa
Teresa 2020, Figure 1a). Although the forested hills sur-
rounding the urban area around MBML have been under
urbanization pressure (MapBiomas 2020), the park’s vegeta-
tion is in good condition and supports a variety of native ani-
mals within the city’s limits (Silva & Martinelli 2011, Wiki
Aves 2020, iNaturalist 2021).

Our observation site is a 12 m* area for motorcycle park-
ing near the park entrance, protected by a small roof and
surrounded by buildings and trees (Fig 1a). This small parking
lot is exclusively used by a few MBML employees. The gar-
dener of the park (BAD), who is also the citizen scientist au-
thor of this article, habitually leaves his motorcycle helmet
on the handlebars of the motorcycle in the parking lot, 1.5 m
above the ground.

We conducted observations on 19 weekdays between 25
November and 19 December 2019 using the following three
methods: (1) BAD conducted ad libitum observations on
weekdays from 25 November to 10 December 2019; (2) ERA
conducted ad libitum observations around the parking lot on
11 December (2 hours of sampling effort in total), and on 17,
18, and 19 December 2019 (30-min total, 10-min each day)
using Bushnell 8 x 42 binoculars from a distance of 10 m; and
(3) we used a Stealthcam STC-U840IR 2010 camera trap with
640 x 480 pixels VGA video resolution and mono sound re-
cording to record 20 s videos via a motion sensor trigger and
with 10 s intervals between videos, ensuring as little disturb-
ance as possible. We set the camera in front of the helmet
on 12 December (09:00 h—17:00 h BRT), 13 December (06:00
h—17:00 h), and 16 December 2019 (09:00 h—-11:00 h and
12:00 h—16:00 h), affixed on a pole 1.2 m away and pointing
towards the helmet’s face opening.

Between 25 November and 11 December, and on 16 De-
cember, BAD had the same routine on the 12 working days:
he parked his motorcycle at around 07:00 h and removed it
at around 11:00 h to leave for lunch. He then returned at
12:00 h and kept his motorcycle and helmet on the same
spot until the end of his workday, at around 17:00 h. Every
time BAD used his motorcycle, he also used the helmet. His
routine changed on 12 and 13 December, when he did not
use the motorcycle during the lunch period (i.e., the helmet
stayed on the same spot from 07:00 h— 17:00 h) in order to
capture the nest construction process on camera for a longer
time.

Citizen science records. We analyzed Southern House Wren
nest records from Wiki Aves (wikiaves.com.br), eBird
(ebird.org), and iNaturalist (inaturalist.org), three citizen sci-
ence platforms that are popular in Brazil for crowdsourced
bird observations. On Wiki Aves, we searched for Troglodytes
musculus records. This Brazilian platform follows the taxo-
nomic criteria of the Brazilian Committee of Ornithological
Records (Pacheco et al. 2021). As eBird and iNaturalist follow
the nomenclatural recommendations of the South American
Classification Committee (Remsen et al. 2020), on these in-
ternational platforms we used T. aedon or T. a. musculus as
search terms. From eBird and iNaturalist, we selected all
photographic records for Brazil and visually examined them
for the presence of nests. Wiki Aves accepts only records
from the Brazilian territory. We filtered Wiki Aves data for
photos and nesting records. We conducted these searches
on 7 December 2020 and found 1103 records on eBird, 539
on iNaturalist, and 310 on Wiki Aves, corresponding to the
period from 30 November 1999 — 3 December 2020.

Data analysis of field observations. Because the videos were
short and only captured images after the motion sensor at

the front of the camera was activated, many of the bird
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Figure 3. a) Six broad behavior types observed during the nesting attempts of the

Southern House Wren in a helmet in the urban park Museu de Biologia Prof.

Mello Leitdo, in Santa Teresa municipality, Brazil. These behaviors are based on 231 complete events observed on 97 camera trap videos. b) Timeline for the
three most observed behaviors on 12 and 13 December 2019. The period started when the helmet was left at the site (07:00 h) and finished when it was re-

moved (17:00 h). Note that camera trapping was not able to precisely capture th
ure illustrates the effort that wrens devoted in each nesting attempt for two days.

movements we recorded were incomplete and impossible to
categorize into a specific behavior type. Thus, we only used
complete events (i.e., movements that suggested some func-
tionality) performed by the birds and captured by the cam-
era trap (i.e., started and finished within the length of the
video) to assign into broad behavioral categories, regardless
of which individual performed them (e.g., Alexandrino et al.
2019, Table 1). After a first round of analysis of the videos,
we described six behavioral categories. Next, we counted the
occurrence of each behavioral category and quantified the
type of vocalization, when present, using three easily recog-
nizable Southern House Wren vocalization types: 1) contact
call— short tweets (Corral et al. 2012); 2) song — a series of
high-pitched and fast notes emitted within 2-5 s (Kroodsma
1977, Platt & Ficken 1987, Corbo 2007), which we considered
incomplete when abruptly interrupted; and 3) sub-song — a
lower amplitude vocalization compared to song, with a lower
diversity and less marked notes (Thorpe & Pilcher 1958, Platt
& Ficken 1987, Sawhney et al. 2006; Figure 2). We identified
the type of each vocalization using sonograms created in
Raven Pro 1.6 (Center for Conservation Bioacoustics 2019).
Sometimes several vocalization types were emitted during
one event. We also described the type, quantity and size of
the materials used to build the nest (Cristofoli & Sander
2007).

Data analysis of online records. We classified each nesting
record based on: 1) surrounding landscape (i.e., urban, rural,
or other non-human-modified landscape); 2) structure or
object where the nest was; 3) type of structure (i.e., natural
or human made); 4) general shape of the nest (following
Simon & Pacheco 2005); 5) evidence of nest use (i.e., adults
in the nest, eggs, nestlings, or fledglings); 6) signs that the
breeding event was likely successful (i.e., presence of fledg-
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e occurrence of each behavior type (see Supplementary Material 1). This fig-

lings); 7) whether the structure was purposely offered by
people as a nest, based on the information provided by the
submitting observer (these could be nest boxes or similar
objects); 8) whether the nest was on or inside a stable struc-
ture; 9) whether the structure itself was safe from human
interventions that could interrupt nesting (e.g., inside a car
engine, inside a boot, or in a motorcycle helmet in active use,
such as our case study).

As some citizen scientists uploaded more than one pic-
ture from the same nesting event on the same online
platform or in more than one platform, we discarded dupli-
cates based on the name of the observer, the time and loca-
tion of the observation, and characteristics visible on the
photograph. While these events were counted only once,
information from each record was considered as an indicator
of breeding success of each nesting event; for instance, one
picture showing nest building and another photo days after
with a fledgling leaving the same nest.

RESULTS

Nesting attempts and behavior. In total, the Southern House
Wrens attempted nest building inside a motorcycle helmet
on eight days during 19 days of monitoring (at least five days
between 25 November and 10 December; and later on 11,
12, and 13 December, Supplementary Material 1). None of
the attempts was successful because of the daily removal of
the helmet. These wrens did not attempt nest building on 17,
18, and 19 December and did not target any other helmets in
the same parking lot. We did not observe other pairs nesting
nearby.

Camera trapping yielded 125 videos (76 on 12 December,
39 on 13 December, and 10 on 16 December). Among these,
108 (86.4%) captured the birds near or on the helmet, with
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Table 1. Ethogram of Southern House Wrens during nest building in a helmet in the urban park Museu de Biologia Prof. Mello Leitdo, in Santa Teresa munici-
pality, Brazil. Note that more than one event and behavior type could be performed by the same individual in the same video. Examples of each behavior ob-
served on the camera trap are available on YouTube with links in Appendix Table A1.

Broad behavioral category Event

Location of the individual Examples of videos

Depositing nesting material inside
the nest

Territorial defense / communication

Other nest building behavior (e.g.,
observing the nest or organizing nest
material)

The individual enters the helmet with nesting material in its
beak and leaves the material inside the helmet

The individual is looking around or at the other individual
with or without vocalization

The individual is observing the helmet (inside and outside) or
adjusting the nest materials inside the helmet. Videos that
started with the individual already inside the helmet are

considered examples of this behavior, since the video started

when the bird entered the helmet.

Waiting to deposit nesting material
in the nest

Manipulating nesting material in the
beak

Searching for nesting material

The individual is next to the helmet with material in its beak,
waiting for the other individual inside the helmet to leave,
then takes the nesting material inside.

The individual is trying to get a hold of the nesting material

The individual is on the ground looking for nesting material.

Inside the helmet Video 04
Video 06

Video 12

Video 15

Inside and outside the helmet Video 02
Video 09

Inside and outside the helmet Video 04
Video 09

Outside the helmet Video 04
Video 12

Outside the helmet Video 03
Video 05

Outside the helmet Video 13

This behavior was captured only a few times, when the bird
passed by the camera frame, while on the ground.

wrens visible in 103 videos. Five videos on 16 December cap-
tured vocalizations only, with the recording triggered by peo-
ple passing by. On 12 and 13 December, 97 videos captured
the wrens building the nest. From these, we distinguished
391 events, among which 231 (58.7%) were complete (a
mean of 2.3 complete events per video). We used these 97
videos to classify behaviors and quantify vocalizations (Figure
3a).

Wrens started nest construction inside the helmet as
soon as it appeared on site, and the pace of nest construc-
tion was similar on all observation days (Supplementary Ma-
terial 1, Figure 3b). On five days, between 25 November and
10 December, these birds started nest building early in the
morning, and resumed their work in the early afternoon,
when the helmet was returned to the parking lot
(Supplementary Material 1, Figure 3b). On 11 December, the
helmet remained at the parking lot all day, and we counted
28 twigs deposited inside the helmet by 14:35 h (Figure 1b)
and 40 additional twigs by 17:00 h. These 68 twigs were
mostly plant material of different shapes (curved, straight,
and bifurcated) and a piece of metal wire (Figure 4). The size
of the twigs ranged from 2.5 to 18 cm, similar to what has
been reported in the literature (Alvarez-Lopez et al. 1984,
Cristofoli & Sander 2007). In the previous attempts, BAD.
also reported wire, cotton, and lumps of soil. Camera trap-
ping captured 74 occasions when nesting material was de-
posited (Figure 3a), and in 42 (56.7%) of these, wrens en-
tered the helmet without adjusting the twig in their bill (see
Appendix Table A1, video 05 for an example of adjusting be-
havior). Each day, the shape of the nest that the wrens were
building resembled the cavity without tunnel type, as de-
scribed by Simon & Pacheco (2005) and others (Alvarez-
Lépez et al. 1984, Cristofoli & Sander 2007).

Vocalizations were recorded during 96 complete events
(41.5% of the 231 complete events observed). The most fre-
quent vocalizations were contact calls. These were emitted
during all types of behaviors (Appendix Table A1, videos 04,
07, 13), mostly recorded with an individual inside the helmet
(Table 2). Songs were mostly emitted from outside the hel-

met (e.g., the wren sitting on the helmet, Appendix Table A1,
video 09) and as part of a behavior associated with territorial
defense (Table 2, Appendix Table A1, videos 01, 02 and 09).
Individuals emitted sub-songs mostly when they were by
themselves inside the helmet, but also during nest construc-
tion, when handling nest material (Table 2), and in-between
complete songs and calls, either at close proximity or further
away from the helmet (Table 2, Appendix Table Al video 02).

The three days of close monitoring (11, 12, and 13 De-
cember) revealed an intense and consistent effort invested
in nest construction, in which the wrens worked continuous-
ly for up to 6 h (Supplementary Material 1), performing a rich
behavioral repertoire (Figure 3).

The relationship between wrens during nest construction.
We recorded a single individual actively building the nest
slightly more times (55 of the 103 videos with birds on
frame, 53.3%) than two individuals (48 videos, 46.7%). The
videos showed that the individuals deposited nest material
and worked on the nest following the same sequence: when
one wren was inside the helmet and the other arrived with
nest material, this second bird entered the helmet only after
the first had left (Figure 3a, Appendix Table Al, videos 04
and 12), a behavior often accompanied by contact calls
(Table 2). None of the video recordings shows both individu-
als inside the helmet at the same time.

We tried to quantify the total number of individuals in-
volved in the nesting attempts in the helmet. In 10 videos,
we observed agonistic interactions between two individuals,
such as attack flights inside, outside, and away from the hel-
met (Appendix Table A1, videos 07 and 11) and one instance
of physical contact between individuals (Appendix Table A1,
video 06). In 12 videos, we observed two individuals close
(i.e., less than 30 cm) to one another in friendly interactions,
suggesting that they were mates (Appendix Table Al, video
02). On 11 December, we observed a banded bird at the hel-
met with a numbered metal band issued by CEMAVE, the
Brazilian Centre for Bird Monitoring. This individual was
probably marked during the only bird banding project nearby
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Figure 4. Nesting materials deposited in a helmet on 11 December 2019 by Southern House Wren, in the urban park Museu de Biologia Prof. Mello Leitdo, in

Santa Teresa Municipality, Brazil.

(“Did | see a banded bird!?” SciStarter 2020), as there had
been only one individual of this species banded in 2019 or
earlier in the area (Supplementary Material 2). Therefore, at
least three individuals appeared in the helmet during our
observations.

Nesting in human-made structures based on citizen science
data. In total, we found 372 Southern House Wren nest rec-
ords submitted to citizen science platforms. In 98.6% of them
(N =367), we were able to identify the actual nest structure.
Excluding repeated nesting events, we obtained 231 individ-
ual nesting records with information of the surrounding land-
scape, including 100 (43.2%) in urban ecosystems (from 04
April 2003 — 3 December 2020). These records came from 77
municipalities of 17 Brazilian federal states, with a substan-
tially higher number of them being recorded in spring-
summer (71 records between September—March) than in fall
-winter (11 records between April-August), and 18 records
had missing dates.

Of the 98 identifiable nests in urban areas, the most com-
mon types were cavity (N = 86, 87.7%) and low cup (N = 12,
12.2%); however, all low cup nests were placed inside human
-made structures, in which the structure and the nest could
be considered as a cavity by the bird. Also, for cavity-type
nest records it was not possible to confirm the presence of a
tunnel (as described in Simon & Pacheco 2005). Plant materi-
al (e.g., twigs or dry grass) were present in all nests forming
the incubation chamber, as in the nest that we observed in
the helmet.

We were able to distinguish 26 different types of nesting
structures used by the Southern House Wren in 86 urban
nest records. Twenty-four were human-made structures and
only two were natural (Supplementary Material 3). The num-
ber of nests built on or inside structures purposely offered by
humans (i.e., equivalent of a nest box) was slightly lower (N =
39, 45.3%) than those not purposely offered as nest
platforms by humans (N = 47, 54.6%). Most nests (N = 71)
were built on physically stable platforms and laces consider-
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ed safe from human interventions (Table 3). Most (76%) of
these nests had evidence of being in use by birds and nearly
half (47.8%) had fledglings or other indications that the
breeding event was likely successful (Supplementary Materi-
al 4). Among the seven urban nests that were found in unsta-
ble structures and places that seemed unsafe, four had signs
of a successful breeding event (Table 3).

DISCUSSION

Southern House Wrens nesting efforts. In our observations
of a single nesting attempt, Southern House Wrens invested
a large amount of effort in nest building and territory de-
fense. Our results concur with what is known from other
accounts: intraspecific competition may start during nest-site
selection between members of different pairs or floating/
vagrant individuals (Kendeigh 1941, Belles-Isles & Picman
1986), which demands a continuous and vigorous territory
defense (e.g., vocalizations and agonistic interactions, see
Figure 3).

The Southern House Wren is predominantly monoga-
mous (Alvarez-Lépez et al. 1984, Llambias & Fernandez 2009,
Brewer 2010, Llambias et al. 2019). Male and female partici-
pate in nest construction (Skutch 1953, Alvarez-Lépez et al.
1984, Sick 1997), a process that usually takes about 20 days
(Alvarez-Lépez et al. 1984). Although we were unable to dis-
tinguish the sex and the exact number of individuals present
near the helmet during our observations, we recorded in-
stances of a pair working together but also moments of in-
traspecific disputes.

Although camera trapping failed to capture the number
of each behavior types during the daily cycle with precision
(see Supplementary Material 1, Figure 3b), our recordings
show the observed individuals were actively working in re-
productive activities throughout the day. On many occasions,
birds flew straight into the helmet without landing near its
entrance or without adjusting the twigs in their bill
(Appendix Table A1, video 15), corroborating accounts from
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Table 2. Type of vocalizations emitted by the Southern House Wrens during the nesting attempts in a motorcycle helmet in the urban park Museu de Biologia
Prof. Mello Leitdo, in Santa Teresa Municipality, Brazil, along with the location and the accompanying behavior. The location of the vocalizing individual is in
relation to the helmet, i.e., inside the helmet, in the neck or the face opening (In); on top or next the helmet (Out); and further away from the helmet (Far).

Data are from two days of camera trapping (12 and 13 December 2019).

Location of vocalization

Broad behavioral category

Vocalization - Other nest-  Waiting to s Searching Manipulating
type N. obs. In Out Far Territorial (':Iefe'nse/ building deposit nest Deposmn'g for nest nesting material
communication . . nest material . .
behavior material material in the beak
Contact call 62 33 12 17 19 14 13 13 2 1
Song 50 10 23 17 47 2 1
Complete 33 5 17 11 32 1
song
Incomplete 17 5 6 6 15 1 1
song
Sub-song 25 14 6 5 11 8 1 5

the literature stating the high abilities of these wrens to per-
form delicate, but fast movements in a restricted space
(Zuberbiihler 1953, Sick 1997).

Our results suggest that vocalizations play an important
role in coordinating behaviors between individuals during
nest building. Songs during territorial defense have also been
described in literature (Kroodsma 1977, Platt & Ficken 1987,
Johnson & Kermott 1991, Corbo 2007, Grabarczyk & Gill
2019). A complete song is used to signal territory boundaries
and nest location (Johnson & Kermott 1991). Unobstructed
songs (e.g., from outside the helmet) and from a higher van-
tage point (e.g., on the handlebars of the motorcycle or on
top of the helmet) improve the acoustics and the message
aimed at other individuals (Marten & Marler 1977, Grabar-
czyk & Gill 2019). Incomplete songs are commonly associated
with short-distance communication between males and fe-
males (Corbo 2007), and the observed wrens used this type
of messages both inside and outside the helmet (Table 2,
Appendix Table A1, videos 06 and 08). Sub-song is used by
juveniles and adults (Sawhney et al. 2006, Corbo 2007). Alt-
hough the reasons why the adults use this vocalization is not
fully understood (Platt & Ficken 1987), we recorded sub-
songs when individuals were close to one another, which
suggests short-distance communication (Appendix Table A1l,
video 02). Sometimes, individuals emitted sub-songs when
they were alone inside the helmet constructing and handling
nest materials (Table 2, Appendix Table Al videos 03 and
06). They also used it in-between complete songs and calls,
from close proximity or further away from the helmet (Table
2, Appendix Table Al video 02).

Possible reasons why wrens nest in unsuitable human-
made structures. Most nests found in human-made struc-
tures in the citizen science platforms resemble cavities, align-
ing with the description of Southern House Wrens as a cavity
-nesting species (Sick 1997, Brewer 2010). Cavity nesting can
be a strategy to avoid certain nest predators (Belles-Isles &
Picman 1986, Martin 1993, Breen et al. 2016). In an anthro-
pogenic landscape, predation of birds that nest in or on hu-
man-made structures might be lower compared to nests in
natural surroundings, as the former might be more difficult
to find, reach, or be recognized as a food source by preda-
tors (Mgller 2010, Stanback et al. 2013, Mainwaring 2015,
Reynolds et al. 2019). Other authors have found the temper-
atures inside human-made structures might be more favora-
ble for incubation (Mainwaring 2015, Batisteli et al. 2020).
Thus, artificial cavities in cities that combine these benefits
would be worth seeking out, even in the presence of high

inter or intraspecific competition (Kendeigh 1941, Tomasevic
& Marzluff 2017).

Although there are references reporting benefits for birds
nesting in human-made structures, it is not well-known
which structures enhance breeding performance for particu-
lar species in an urban environment. Southern House Wrens
breeding in unsuitable places are reported less frequently,
but recurrently (i.e., the seven records are between 2003
and 2016), suggesting that it is not a maladaptive behavior or
it would have been eliminated from urban populations
(Evans et al. 2010, Sol et al. 2013). Instead, our results sug-
gest that breeding success in structures that are deemed
unsuitable for nesting can be as high as in suitable structures
(Table 3, see equivalent results for rural landscapes in Sup-
plementary Material 5). Thus, a conservative answer to the
question posed in the title of this article — Is it worth it? —
would be ‘yes, nesting in apparently unsuitable human-made
structures is worth it". However, there are some caveats to
this statement.

Our study has revealed that Southern House Wrens can
use a range of different human-made structures (N = 24, see
Supplementary Material 3). Additional structures have been
reported in Zuberbihler (1953), Skutch (1953), and Sick
(1997). Based on nest-box studies as a reference for nesting
in human-made structure, several variables have been re-
ported affecting nest occupancy (i.e., type of material, shape,
dimensions, orientation of the entrance, light incidence, and
period of availability), which can all affect breeding success
(Lambrechts et al 2010). In the case of the Southern House
Wren, the environment, the site of installation, the age of
the nest box and the number of times that it was previously
used were also reported relevant for breeding success
(Pacejka & Thompson 1996, Llambias & Fernandez 2009). As
our study was based on online photographs, we could not
measure these or other variables. In addition, we found few-
er nests in structures offered by humans for the purpose of
nesting (i.e., six types of artificial nest, see Supplementary
Material 3) than in structures not purposely offered, indi-
cating that wrens might use variables in their decisions that
are beyond our perception.

The only common characteristic of all nests reported was
the presence of humans nearby, leading us to assume that
unsuitable structures were more prone to human interven-
tion, as they might have been under active human use (see
examples in Supplementary Material 4). When bird nesting
compromise human well-being (Belaire et al. 2015, Mainwar-
ing 2015, Cox et al. 2018) people may intervene, causing neg-
ative consequences for the birds (e.g., Pruett-Jones et al.
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Table 3. Nest records of the Southern House Wren built in suitable and unsuitable human-made structures in urban landscapes, and nesting success parame-
ters as obtained from Wiki Aves, eBird and iNaturalist data for Brazil in 2003—2020. It was not possible to identify the stability and safety of all nests on human
-made structures, therefore the percentage of use and possible breeding success are based only on classified nests. Records of empty nests without com-

ments about nest use or breeding were excluded.

stable + safe (suitable)

Number of nests Number of nests on or inside human-

unstable + unsafe (unsuitable)

reported made structures ful . ful .
N Nest use Succ'ess ul breeding N Nest use Succ'ess ul breeding
in progress in progress
100 86 71 54 (76%) 34 (47.8%) 7 7 (100%) 4(57.1%)

2007). Therefore, considering that Southern House Wrens
invest a large amount of effort in nesting, if their search for
nest sites leads them to unstable and unsafe substrates with
high risk of human intervention (see examples in Supplemen-
tary Material 3 and 4), such as an actively used helmet, the
nesting location can become an ecological trap (Mainwaring
2015).

Take-home message — Studying urban birds through citizen
science. Published studies on Southern House Wren nesting
behavior in urban environments are lacking (Cristofoli &
Sander 2007), contrasting the plethora of studies of T. aedon
in non-urban environments or that readily uses nest boxes
(Llambias & Fernandez 2009, Lambrechts et al 2010, Ippi et
al. 2012, Carro et al. 2017). Our research added knowledge
about the breeding behavior of the Southern House Wren
and its natural history in an urban ecosystem. It was possible
because citizen scientists contributed at different levels of
the scientific process. First, our study could not have started
without the strong collaboration between the owner of the
helmet and professional scientists. This ‘collaborative’ citizen
science (Shirk et al. 2012) is still a rare way of starting orni-
thological research in urban environments in the tropics, but
should be encouraged. It can potentially lead to new discov-
eries about common species adapting their behavior to living
in cities (Pizo 2018, Alexandrino et al. 2019, Batisteli et al.
2020). We also relied on the hundreds of nesting records
provided by observers through crowdsourcing platforms.
Even though the nesting attempt of the observed individuals
in the helmet was unsuccessful, online data available from
citizen science platforms show that wrens can successfully
nest in human-made structures. As nature enthusiasts sub-
mit their data to citizen science platforms, including observa-
tions on uncommon bird behaviors, we believe citizen sci-
ence data can support future studies of behavior ecology of
many other common birds coexisting with humans (Barbosa
et al. 2021).

Finally, please note that supplementary material and Ap-
pendix Table Al are also included with this publication.
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