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Abstract 

Worldwide, half of the bird species are declining, largely as a consequence of 

increased human activities. Roads and traffic are one such form of disturbance and 

can affect reproductive behaviour in birds. Increasing knowledge about how 

human activities affect bird behavior is essential to implement conservation 

actions. This Master’s thesis investigated if and how traffic noise affects parental 

care in Great Tits (Parus major) depending on the distance from a road. The study 

was conducted on 31 nest boxes located in the forests of Grünau im Almtal, 

Upper Austria. When chicks were 10–13 days old, I broadcast traffic noise near 

the nest for one hour and recorded (1) parental time spent at the nest, and (2) the 

number of parental food deliveries. I compared each of these behaviours to a one-

hour control period without broadcast traffic noise. The treatment and control 

order was randomised at every nest to control for time-of-day effects. Parental 

behavior did not differ significantly between control and treatment periods, even 

after accounting for factors such as ambient noise and distance from a road. 

However, feeding rate increased with brood size. While this study shows and 

confirms the resilience and the adaptability of Great Tits to noisy environments, 

further studies are needed to investigate road mortality on fledglings. Moreover, it 

is recommended to work also on other species, considering possible interspecific 

differences in behavior. 

 

 

 



3 
 

 

 

1. Introduction 

Biodiversity is declining around the globe at alarming rates (Pimm et al., 2014). 

This is mainly due to human activities, such as land use changes, pollution and 

climate change (Oliver & Morecroft, 2014).  Land use changes, such as the 

conversion of natural habitats into urban and agricultural areas, significantly affect 

several ecological communities across taxa (Newbold et al., 2020). For instance, 

amphibian dispersal in urban and suburban areas is likely to be impeded (Hamer & 

McDonnell, 2008). In addition, fertilizers and heavy metals together with pesticides 

lower survivorship of amphibians living in urban areas (Sparling, 2003, Casey et 

al., 2005, Snodgrass & Massal, 2007, Boone et al., 2024). Moreover, pesticides 

deployed in agriculture damage aquatic (Hasenbein et al., 2016) and terrestrials 

(Gunstone et al., 2021) invertebrate communities. 

Avian species that largely rely on invertebrates (e.g. songbirds) are also affected by 

these activities (Wilson et al., 1999). Indeed, BirdLife International report that one 

in eight species (1,409 species in total) are threatened with extinction (BirdLife 

International,2024a) and 60% of global bird populations are now declining (IUCN 

Red List, 2024). Together with urbanization, road length and associated traffic will 

increase substantially in the near future (Meijer et al., 2018), leading to deleterious 

effects on bird populations (Kociolek et al., 2011). 

Traffic has different components that can affect bird species, including noise, 

vibrations, light, and flue gases. Some studies have demonstrated that light 

pollution has substantial effects on the timing of reproductive behavior and on 

individual mating patterns (Kempenaers et al., 2010), while others focused on 

noise (Herrera-Montes & Aide, 2011). Noise has two major components: 

frequency (Hz) and amplitude (dB). Songbirds dealing with an increase of noise 

frequency try to mitigate the impairments on their communication caused by masking 

noise (Brumm et al., 2004). Birds that are forced to sing with higher amplitudes have 

to bear the increased energetic costs of singing, which can considerably affect the 

behavioral ecology of singing males (Brumm et al., 2004). Some case studies reported 

https://www.sciencedirect.com/science/article/pii/S0006320708002747?casa_token=zeR_zgQ61-UAAAAA:sIfPcFuY2FsiijE1ObkJiUabRzTbIbthekrTaQEOapMqhjJ-svDL1ptvFT7AG8GSqRDcRiGGmg#bib16
https://www.sciencedirect.com/science/article/pii/S0006320708002747?casa_token=zeR_zgQ61-UAAAAA:sIfPcFuY2FsiijE1ObkJiUabRzTbIbthekrTaQEOapMqhjJ-svDL1ptvFT7AG8GSqRDcRiGGmg#bib27
https://www.sciencedirect.com/science/article/pii/S0006320708002747?casa_token=zeR_zgQ61-UAAAAA:sIfPcFuY2FsiijE1ObkJiUabRzTbIbthekrTaQEOapMqhjJ-svDL1ptvFT7AG8GSqRDcRiGGmg#bib27
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that begging behavior is also influenced by noise. For instance, tree swallow 

(Tachycineta bicolor) nestlings consistently increase call amplitude in response to 

ambient noise (Leonard et. al., 2005). Some studies indicate that noise can shape 

species richness and abundance (Summers et al., 2011). The presence of roads can 

decrease Pied Flycatcher (Ficedula hypoleuca) breeding success through adult 

mortality (Kuitunen et al., 2003), and in tree swallows can also directly affect 

chicks’ development and health (Injaian et al., 2018). Therefore, roads are known 

to reduce bird density populations and shape species distribution and composition 

(McClure et al., 2017), acting as geographical barrier and masking bird songs 

(Slabbekoorn et. al. 2008, Parris & Schneider 2009). Some studies highlighted 

that high traffic noise level may interfere with the detection of alarm calls, such as 

those signaling the presence of predator: this is the case in the Northern Cardinal 

(Cardinalis cardinalis), which relies on Tufted Titmouse (Baeolophus bicolor) 

alarm calls to escape predators (Grade & Sieving 2016).  

Nevertheless, traffic effects vary between and within different species and the 

mechanisms that affect different species are still uncertain. One study reported a 

serious fitness decrease after noise exposure in secondary cavity-nesting birds 

breeding near natural gas fields in New Mexico, caused by glucocorticoid-

signaling dysfunction (Kleist et al., 2018). In addition, it was shown that high 

noise levels could reduce nestling body size and feather growth (Kleist et al., 

2018). Another study suggested that chronic traffic noise levels reduce fledgling 

mass, independently from clutch size (Halfwerk, et. al., 2011). Whether this was 

related to higher stress levels, reduced foraging, or decreased communication was 

difficult to disentangle, but it does suggest that noise interference could affect 

food provisioning to the chicks (Halfwerk, et. al., 2011). 

 Food delivery is not the only variable that may be affected by noise. Indeed, a 

recent study suggested that nest attendance may also be altered during the 

incubation period, and this could be due to differences in noise structures that lead 

to miscommunication between male and female (Viigipuu et al., 2023). 

Differences in nest attendance between older and younger parents during urban 

noise exposure have been reported in Great Tits, depending also on the 

personality of the individual (Grunst et al., 2021).  
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Twenty-four years of banding activity performed in four different habitats of the 

Austrian valley of Grünau im Almtal revealed a 50% species decline in bird 

species. Of these, 80% are insectivores and 30% are secondary cavity-nesting 

birds. The causes of this dramatic reduction in avian diversity are puzzling and 

important conservation actions have been taken to reverse the decline of 

secondary cavity-nesting birds (Vogel, 2022). Over the last 30 years, projects 

erecting new nest boxes, implementing the use of feeders, and improving the 

management of woods and agricultural fields have been developed, but no clear 

benefits have been recorded for the local avian diversity. One understudied 

hypothesis that could contribute to this local decline in bird species may be the 

presence of roads and associated traffic. 

This study aims to measure the effect of traffic noise on parental food delivery 

rate and nest attendance in Great Tits (Parus major). This study examines the 

effect of experimentally broadcast traffic noise at nests located close (0–50 m) and 

further (100–150m) from a road in four different locations in the Grünau valley. I 

expect that parents will reduce their food delivery rate and nest attendance during 

exposure to traffic noise, with a stronger effect at nests that are located further 

from the road. Furthermore, I expect a lower response in parents nesting near 

natural ambient noise sources.  
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2. Materials and methods 

2.1 Study site 

The study area is located in the Grunau im Almtal valley, Upper Austria. It stretches 

for 130 ha, and it is dominated by mixed deciduous forest. A road (Österreichische 

Romantik Strasse) crosses the valley from north to south, ending in proximity to 

the Almsee. The study area has been divided 

into four macro-areas: KLF Forest (blue), 

Cumberland Wild Park (yellow) 

Oberganslbach (OGB) (green) and Meadow, as 

shown in Figure 1. Since 2022, 190 nest boxes 

have been deployed to support cavity-nesting 

bird species, such as Great Tits, Blue Tits 

(Cyanistes caeruleus), Coal Tits (Parus ater), 

Marsh Tits (Poecile palustris), European 

Crested Tits (Lophophanes cristatus), Eurasian 

Nuthatches (Sitta europaea) and Collared 

Flycatchers (Ficedula albicollis). Once a week, 

each nest was checked to know which species 

occupied the nest box, the day of the first laid 

egg, and the number of eggs or chicks. These 

were necessary to estimate the hatching and 

ringing date. Hatching normally occurs after a 

12–14 day incubation period (Haftorn & Svein 

1981). Ringing the nestlings was necessary to 

understand the development stage of the 

nestling. Nestlings could be underdeveloped or 

overdeveloped with respect to their effective 

age, depending on the amount of food that they 

have received (Royama, T. R. 1966, Royama, 

T. 1970, Naef-Daenzer et al. 2000). Of the 190 

nest boxes, 38 have been occupied by Great 

Tits. To avoid differences in sound transmission due to different environments, I 

 

Figure 1(a) above: Four macro-areas 
into which our study site was 
divided. Figure1(b) below: Meadow 
field, blue dots correspond to nest 
boxes. 

 

https://www.google.com/search?sca_esv=86ba961531420a8b&rlz=1C1SVED_enIT402IT402&q=osterreichische+romantik+strasse&nfpr=1&sa=X&ved=2ahUKEwjjq8ag6MSJAxXm_rsIHdfBHqYQvgUoAXoECBUQAg
https://www.google.com/search?sca_esv=86ba961531420a8b&rlz=1C1SVED_enIT402IT402&q=osterreichische+romantik+strasse&nfpr=1&sa=X&ved=2ahUKEwjjq8ag6MSJAxXm_rsIHdfBHqYQvgUoAXoECBUQAg
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only used nest boxes installed in the same habitat type (mixed forest). In this way, 

sound transmission did not differ from one location to another (Cook & van 

Haverbeke 1972, Bucur 2006, Gilricht et. al., 2003).  

2.2 The nest boxes 

Great tits at our study site used two different types of nest box: wooden and concrete 

(Figure (A1) in the Appendix). The wooden nest boxes were quadrangular and 

made from spruce wood, with a lid that could be folded back to monitor the nest 

occupants. The external dimensions were 25 × 12.5 × 16 cm, with an internal 

chamber that was 23 × 8.8 × 12 cm. The concrete nest boxes were purchased from 

Schwegler Germany (model 1B) and were cylindrical and made from a mixture of 

cement and other materials (Lambrechts et al., 2016), with a removal frontal lid. 

The external dimensions were 26 × 17 × 18 cm, with an internal chamber of 

diameter 12 cm and height 17.5 cm. The entrance for both nest box types had a 

diameter of 32 mm (Vogel, 2022). 
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2.3 The species 

The Great Tit is a passerine bird belonging to family Paridae. It is a common visitor 

to garden bird feeders (Tryjanowski et al., 2015). Outside urban areas, it is primarily 

a species of scrub and deciduous woodland (Calladine et al., 2019). The Great Tit, 

has a bluish-green back and a yellow breast divided by a central black stripe. The 

sexes are similar, but in males the black stripe is more pronounced (Figure 2) 

  

Figure 2: The difference between male (left) and female (right) Great Tits. Photo credit: Edoardo Bonte 

It is a vocal species with a wide range of songs and calls; its most familiar 

vocalization is its repeated ‘teacher-teacher-teacher’ song, which can be heard 

throughout woodlands in spring (Krebs et al., 1978). Great Tits nest in cavities. 

Some populations use nest boxes and others nest in tree cavities and other structures 

(Maziarz et al., 2016, Lambrechts et al., 2017) 
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Figure 3: on the left Great Tits eggs, on the right Great Tit hatchlings, picture of Edoardo Bonte 

Its population number is stable, and it is listed from International Union for 

Conservation of Nature (IUCN) as “least concern”. Great Tits inhabit mostly 

deciduous and mixed forests but also conifer forests, parks, and gardens (BirdLife 

International, 2021a). They build nests out of moss, plant fibers and grass and a 

layer of wool, hair and feathers, and they are frequently found using nest boxes 

(Mänd et al., 2009). Great Tits usually lay from six to eleven eggs, and they start 

laying eggs between March and April (Amrhein et al., 2008). The female incubates 

the eggs for 12–14 days, during which the males support her with food. Nestlings 

are provisioned by both parents and leave the nest when they are three weeks old 

(Jongsomjit et al., 2007; Pietz et al., 2012). Great Tits sometimes lay second 

clutches, depending if the first one was laid early in the season (Verboven et al., 

2001). Delayed first clutches are usually small and take longer to hatch than non-

delayed ones (Barba et al., 1995).  

This species was chosen for the experiment because it was the most abundant in the 

territory, and because the chances to find a nest were higher than other species. In 

addition, Great Tit was used as model species for studies on avian ecology 

(Dingemanse et al., 2012, Smallegange et al., 2010), including effects of 
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anthropogenic disturbance on avian behaviour (Caorsi et al., 2019, Dominoni et al., 

2020). 

2.4 Experimental design 

2.4.1 Traffic noise preparation 

For the traffic noise playbacks, we used four synthetic noise files with the frequency 

spectra of a vehicle passing by a recorder. In order to obtain reliable results, I took 

four vehicle passing events from recordings made by a passive recorder (Song 

Meter Mini, Wildlife Acoustics) deployed near a road around the Konrad Lorenz 

Forschungsstelle (KLF) (47.8349657, 13.9510416) and clipped 4-second files (± 2 

seconds from the peak amplitude). Then in R (v. 4.3.2), using the package seewave 

v. 2.2.3, I created mean frequency spectra for each event with the “meanspec” 

function (see Figure (A2) in the appendix). I used these mean frequency spectra to 

filter white noise created using the software Audacity v. 3.3.3 (all with the same 

amplitude -1 dB as appear in Figure (A3) in the appendix); for the filtering, I used 

the function “ffilter” from the R package seewave. The R script code is available as 

“traffic noise filtering code R”  in the Appendix. For every synthetic noise file (N 

= 4), two audio files of 2-hour duration were created using Audacity v. 3.3.3, in 

which silence was generated before and after traffic noise.   
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2.4.2 Noise playback experiment 

Of the 190 monitored nest boxes, 38 were occupied by Great Tits and 29 were 

selected and tested as described below. At first, nest boxes occupied by Great Tits 

were selected depending on: habitat type (Mixed Forest) and nestling age (on 

average 12 days) so that sound dispersion would remain the same across nest boxes 

and the feeding rate would not vary as a function of nestling age (Barba et al., 2009). 

Therefore, nestlings were aged the day before running the experiment, during 

ringing following Austrian Ornithological Centre (AOC) protocols. All the trials 

were made between 6th May and 23rd of June between 6 and 11am because 

according to some studies, this time of the day reaches the peak of feeding trips 

(Kluijver et al., 1950, Pagani-Núñez & Senar, 2013). Before starting the 

experiment, the speaker was calibrated with the help of a digital sound level meter 

(Voltcraft SL-100) so that the traffic noise could reach 80 dB at 2m (Halfwerk, et. 

al., 2011).  

The speaker (JBL Clip 4 see Figure (d) in the appendix) was positioned at the base 

of the tree where the nest box was located (2m from the nest) and the behavior of 

the parents was recorded with a video camera (GoPro Hero7 or Hero9) set in high 

zoom mode placed on the ground and fixed on a small tripod approximately 4 m 

from the nest box to ensure good visibility, but slightly covered up with grass so 

that bird’s behavior was not affected. Each nest box was observed for two hours: 

for one hour in the absence of noise playback (control period) and one hour during 

exposure to noise playback (treatment period). The order of the treatment and 

control periods was randomised so that the silence was sometimes after the traffic 

noise. Four different traffic noise tracks were alternated at different nests to avoid 

pseudoreplication. 

 The number of trips was recorded during control and treatment periods. Therefore, 

the feeding rate was expressed as the number of trips in one hour, while nest 

attendance was expressed as the total amount of time (s) that parents spent inside 

the nest. Nest attendance was calculated starting from the moment when the bird 

entered with its whole body until the moment in which the bird took off. Other 
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events, such as the bird perching at the nest box entrance, were counted separately 

and not included in data analysis.  

2.4.3 Ambient noise measurements 

 Ambient noise measurements were taken to understand if ambient noise could 

affect bird behavior during the playback experiment. To do so, a digital sound 

level meter (Voltcraft SL-100) was set on A-weighted decibel (dBA) and ambient 

noise was sampled twice at every cardinal point at 2 m from the nest, producing a 

total of eight measurements at every nest (each measurement lasted 1 min). Then 

measurements were mean-averaged in one single measurement. All the recordings 

were made in the same time span of the experiments (6–11am). Measurements 

were averaged in one single measurement (see Table (A1) in the appendix). The 

distance of the nest from road was measured using Google Maps updated in year 

2024 (10 m resolution). 

3. Data analysis 

Data analysis was performed using R (v4.1.1; R Core Team 2024). Linear mixed 

models (LMMs) were conducted using the ‘lmer’ function in lme4 package v. 1.1-

32 (Bates et al., 2015) and the backward stepwise approach was used. Models 

initially included two-way interactions between all fixed effects with interactions 

removed if not statistically significant (P < 0.05). The same procedure was adopted 

for both the response variable: food delivery (feeding rate) and nest attendance 

(time spent in the nest).  

To test the relationship between food delivery and traffic noise, an LMM was used 

with feeding rate as response variable. This model included clutch size (number of 

nestlings), location (KLF Forest, Cumberland Wild Park, OGB, and Meadow) and 

playback type (control and treatment) as fixed effects and nest attempt as a random 

effect. We initially also included three interactions terms between playback type 

and distance from the road, ambient noise, and playback order, respectively, but 

these were not statistically significant and subsequently removed from the model. 

An identical LMM was performed with nest attendance (log-transformed) as 

response variable. Model fit was tested using “DHARMa” and the residual 



13 
 

distribution was tested using “Shapiro.test” for every model to ensure reliable 

results. More information on the R script is available in the Appendix section. 

 

4. Results 

4.1 Feeding rate and traffic noise 

Table 1: Output from linear mixed models testing which factors influence feeding rate. Model (a) is a 
full model containing interaction variables with the treatment which revealed to be not significant ( 
Distance from the road:  t-value = 0.125, P-value = 0.901, Ambient noise: t-value = -0.549, P-value = 
0.588,  Playback order: t- value = 1.669, P-value = 0.109) therefore removed  together with not 
significant fixed effects. 

 Estimate Std. Error t value P value 

Fixed effects, N = 58 

observations 

    

from 29 nest attempts     

a) Full model     

Distance_road 0.00 0.03 -0.11 0.915 

Type[Treatment] -11.20 19.40 -0.58 0.566 

n_nestlings 3.20 0.97 3.31 0.003 ** 

Location[Meadow] 3.83 8.21 0.47 0.645 

Location[OGB] -11.19 8.33 -1.34 0.194 

Location[Wildpark] -10.06 6.29 -1.60 0.124 

Ambient_noise 0.10 0.33 0.29 0.776 

Playback_order -7.90 4.35 -1.80 0.078 

Distance_road:Type[Treatment] 0.00 0.03 0.13 0.901 

Type[Treatment]:ambient_noise -0.16 0.30 -0.55 0.588 

Type[Treatment]:Playback_orde

r  

11.61 6.95 1.67 0.109 
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(b) Reduced model      

N_nestlings 3.41     0.90   3.86 0.0007  

Location[Meadow] 4.07     7.72   0.53 0.603 

Location[OGB] -11.50      5.94  -1.94 0.064 

Location[Wildpark] -10.24      4.43   -2.31 0.029 * 

Type[Treatment] -3.80      2.52  -1.49 0.147 

 

Feeding rate did not vary significantly between the control and treatment periods 

(t = -1.49, p = 0.147) The feeding rate did not change significantly in OGB (t = -

1.94, p = 0.194) and Meadow (t = 0.53, p = 0.603). but in the Wild Park, feeding 

rate was lower respect to other locations (t = -2.31, p = 0.029). The distance of the 

nest box from the road did not affect the response to the treatment (t = -0.11, p = 

0.915). Ambient noise did not affect feeding rate (t = 0.29, p = 0.776) as appear in 

table 1. On the other hand, the number of nestlings affects the feeding rate (t = 

3.31, p = 0.003). 
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Figure 4: This graph represents mean food delivery rates (number of trips per hour) directly proportional 

to brood size (number of nestlings). Voids represent each nest attempt, while the thick line represents 

the regression line.   

4.2 Nest attendance and traffic noise 

Table 2: This table illustrates the outputs of the models for nest attendance log-transformed. 
Model (a) is a full model containing interaction variables with the treatment which revealed 
to be not significant ( Distance from the road:  t-value = 0.909, P-value = 0.372, Ambient 
noise: t-value = -0.752, P-value = 0.459,  Playback order: t- value = -0.016, P-value = 0.988) 
therefore removed  together with not significant fixed effects.  In both Model(a) and (b) the 
treatment does not affect nest attendance (p-value = 0.582, p value = 0.527) 

 Estimate Std. 

Error 

t value P value 

Fixed effects, N = 58 observations     

from 29 nest attempts     

(a) Full model      

Distance_road 0.00 0.00 0.44 0.661 

Type[Treatment] 0.25 0.44 0.55 0.582 

n_nestlings -0.01 0.02 -0.60 0.577 

Location[Meadow] 0.00 0.20 -0.02 0.988 
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Location[OGB] -0.06 0.20 -0.33 0.743 

Location[Wildpark] -0.08 0.14 -0.56 0.582 

Ambient_noise 0.00 0.00 -0.20 0.846 

Playback_order -0.12 0.10 -1.16 0.254 

Distance_road:Type[Treatment] 0.00 0.00 0.91 0.372 

Type[Treatment]:ambient_noise 0.00 0.01 -0.80 0.459 

Type[Treatment]:Playback_order  0.00 0.16 -0.02 0.988 

(b) Reduced model      

Type[Treatment] 0.00     0.00 0.64    0.527 

Playback_order -0.12     0.00 -2.06    0.049  

 

Nest attendance did not differ significantly between control and treatment periods 

(t = 0.64, p = 0.527) as depicted in table 2. The time spent by the parents inside the 

nest did not vary between locations (OGB: t = -0.33, p = 0.743, Wild Park: t = -

0.56 p = 0.582, Meadow: t = -0.02, p = 0.988) and the distance of the nest from the 

road did not predict parental response (t = 0.44, p = 0.661). Furthermore, ambient 

noise did not influence the behavior of the parents during the treatment (t = -0.20, 

p = 0.846) as appear in table 2. The number of nestlings did not influence the time 

spent in the nest by the parents (t = -0.60, p = 0.577) 
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Figure 5: Food deliveries(a) and nest attendance(b)  plotted for both control and treatment condition 

In Figure 5(a), raw data points for each nest are plotted for the control and treatment 

periods. There was no substantial difference between control and treatment. Figure 

5(b) outline a similar scenario, despite the presence of two outliers, nest attendance 

remained mostly unaltered between control and treatment.  

 

 

 

5. Discussion 

My results show that feeding rate increased with brood size (number of nestlings). 

Contrary to my predictions, feeding rate and nest attendance were not reduced 

during the experimental noise treatment. This may be because birds at the study site 

have already experienced traffic noise and adapted to the stimulus (Blas, 2015). 

This would explain why ambient noise did not affect their response during the 

treatment. It has been demonstrated that in Great Tits signal efficacy improved 

during noise exposure. In fact, birds counteract low frequency noise in urban 

environments by increasing the frequency of their song (Langemann et al., 1998). 

Another possible explanation for these results is that Great Tit nestlings increased 
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begging amplitude to overcame traffic noise masking. This would be in contrast 

with findings of impaired communication in Blue Tits (Lucass et al., 2016). Given 

that nestling begging can significantly affect food provisioning (Bengtsson et al., 

1983), Great Tits may have increased their ability to discriminate begging calls over 

traffic noise (Pohl et al., 2012).  

While previous research found that exposure to pre- and postnatal traffic noise 

cumulatively impaired nestling growth and physiology and aggravated telomere 

shortening across life stages until adulthood (Meillère et al.,2024), However, 

differently from what was hypothesised by Halfwerk et al. (2011), my results 

demonstrate that traffic noise does not have direct negative effects on parental care.  

While this research improves our understanding of traffic noise and its effect on a 

breeding bird population, these results cannot necessarily be generalized to other 

species that share the same habitat and that may be affected by the presence of a 

road, such as Blue Tits, Coal Tits, Marsh Tits, European Crested Tits, Eurasian 

Nuthatches and Collared Flycatchers. Perhaps the urban-adaptability of a species 

is a more relevant predictor of its noise tolerance: urban-adapted birds may be 

more tolerant of noise compared to non-urban-adapted species. Australian 

Magpies (Gymnorhina tibicen) and European Starlings (Sturnus vulgaris) appear 

to be well adapted to urban noise (Linley et al., 2018, Walthers et al., 2020), while 

others like the Goldcrest (Regulus regulus), and the declining European Turtle 

Dove (Streptopelia turtur) are not (Patón et al., 2012).  Indeed, bird species that 

are generalists (i.e. having a large niche breadth), with large clutch size, are 

among the most urban-tolerant bird species. Conversely, specialized feeding 

strategies (i.e. insectivores and granivores) are negatively associated with 

urbanization (Callaghan et al., 2019).  

Indeed, one study tested whether traffic noise reduced breeding success in Tree 

Swallows in urbanized areas and demonstrated that exposure to traffic noise altered 

growth rates and subsequent survival in chicks (Injaian et al., 2019). Another study 

on White-crowned Sparrows (Zonotrichia leucophrys) found that nestlings 

developed faster close to the road because paternal provisioning rates increased 

with road proximity (Crino et al., 2011). Whereas traffic noise effects on parental 
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care were still uncertain and varied between different species, this study provides 

new evidence on the resilience of this Great Tit population. 

In this study, nests were experimentally exposed to continuous traffic noise source, 

but  discontinuous traffic noise could lead to different results. Another aspect that 

limited this study was that all the nest boxes tested were in the same habitat. 

Different habitat types could influence traffic noise transmission and so generate 

different results. Unfortunately, it was not possible to create a sound map of the 

area because high-quality microphones were not available. The relationship 

between the proximity to a road and the breeding success was not investigated in 

this study and needs to be verified in further studies. 

6. Conclusions 

My study showed that there was no effect of traffic noise exposure on feeding rate 

or nest attendance in Great Tits. The ambient noise around the nest box and the 

distance from the main road did not affect parents’ response to the playback. This 

suggests that Great Tits are relatively tolerant of short-term noise near the nest. 

Future research might consider other factors (i.e. the effects of longer-term noise 

pollution) that may affect diverse species that share the same habitat. 

In fact, other studies revealed deleterious effects of traffic on bird populations 

(Patón et al., 2012), one in particular highlights traffic noise as the major component 

that affects species presence along a road (McClure et al., 2013). In many cases, the 

reasons why traffic noise could be deleterious for some species remain unknown or 

unclear. This research contributed to fill the gap in knowledge, revealing that Great 

Tit parental care was not affected by traffic noise, in contrast with Halfwerk, et. al. 

(2011). Nonetheless, traffic noise persistence may still reduce breeding success. 

Further studies need to investigate whether these findings may be applied to other 

species, considering that different species may react differently to the same 

stimulus. To better understand the implications of these results, future studies could 

address long-term effects of traffic major components, such as noise, vibrations, 

and lights, on bird communities recruitment of the area. Further research is needed 

to determine the relationship between traffic and mortality rates to establish 

concrete conservation actions.   
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traffic noise filtering code R  

library(seewave) 

library(tuneR) 

 

# read white noise 

 

white_noise <- readWave("white_noise.wav") 

 

#read vehicle noises 

 

car_1 <- readWave("car1.wav") 

car_2 <- readWave("car2.wav") 

car_3 <- readWave("car3.wav") 

car_4 <- readWave("car4.wav") 

 

#create mean spectrum for each file 

 

car1_meanspec <- meanspec(car_1) 

car2_meanspec <- meanspec(car_2) 

car3_meanspec <- meanspec(car_3) 

car4_meanspec <- meanspec(car_4) 

 

#filter white noise according to mean spectrum profile of each vehicle sound 
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white_noise_1 <- ffilter(white_noise, wl = 512, custom = car1_meanspec, output 

= "Wave") 

meanspec(white_noise_1) 

 

white_noise_2 <- ffilter(white_noise, wl = 512, custom = car2_meanspec, output 

= "Wave") 

meanspec(white_noise_2) 

 

white_noise_3 <- ffilter(white_noise, wl = 512, custom = car3_meanspec, output 

= "Wave") 

meanspec(white_noise_3) 

 

white_noise_4 <- ffilter(white_noise, wl = 512, custom = car4_meanspec, output 

= "Wave") 

meanspec(white_noise_4) 

 

#write wave files 

writeWave(white_noise_1, filename = "continuous_car_noise_1.wav") 

writeWave(white_noise_2, filename = "continuous_car_noise_2.wav") 

writeWave(white_noise_3, filename = "continuous_car_noise_3.wav") 

writeWave(white_noise_4, filename = "continuous_car_noise_4.wav") 

 

#R code for nestbox playback experiment 
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# First install all the required packages  using the following templates. You only 

need to do this once: 

install.packages("effects") 

install.packages("gridExtra") 

install.packages("grid") 

install.packages("ggpubr") 

install.packages("lmtest") 

install.packages("MuMIn") 

install.packages("ggplot2") 

install.packages("plyr") 

install.packages("dplyr") 

install.packages("plotrix") 

install.packages("conflicted") 

install.packages("ggbeeswarm") 

install.packages("lme4") 

install.packages("lmerTest") 

install.packages("tidyverse") 

install.packages("DHARMa") 

 

# R script for conducting data analyses and producing graphs 

# Packages to load: you need to load these every time you open R. 

 

library(effects) #version 4.2-2 

library(gridExtra) #version 2.3 
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library(grid) #base package 

library(ggpubr) #version 0.6.0 

library(lmtest) #version 0.9-40 

library(MuMIn) #version 1.47.5 

library(ggplot2) #version 3.4.1 

library(plyr) #version 1.8.8 

library(dplyr) #version 1.1.1 

library(plotrix) #version 3.8-2 

library(conflicted) #version 1.2.0 

library(ggbeeswarm) #version 0.7.1 

library(lme4) #version 1.1-32 

library(lmerTest) #version 3.1-3 

library(tidyverse) #version 2.0.0 

library(DHARMa) 

 

conflict_prefer("rename", "plyr") 

conflict_prefer("select", "dplyr") 

conflict_prefer("filter", "dplyr") 

conflict_prefer("lmer", "lmerTest") 

 

# Import supplementary data file (sheet: "Dataset"), naming the dataset 

"NestData" 

NestData <- readXL("C:/Users/Utente/Desktop/Data 

analysis/FoodDelivery_parental care_data_2024-08-21.xlsx", rownames=FALSE, 

header=TRUE, na="", sheet="Foglio1",  
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  stringsAsFactors=TRUE) 

 

# Check number of rows in dataset 

nrow(NestData)  

 

# Run linear mixed model testing which factors predict feeding rate, incuding 

three interaction terms 

model.1 <- lmer(Feeding_Rate ~ Distance_road*Type + n_nestlings + Location + 

ambient_noise*Type + Type + Type*Playback_order + (1|NestAttemptID), data = 

NestData) 

summary(model.1) 

rand(model.1) 

plot(allEffects(model.1)) 

 

# Reduced model without any interactions 

model.1<- lmer(Feeding_Rate ~ Distance_road + n_nestlings + Location + 

ambient_noise + Type + (1|NestAttemptID), data = NestData) 

summary(model.1) 

rand(model.1) 

plot(allEffects(model.1)) 

 

# Fully reduced model 

model.1<- lmer(Feeding_Rate ~ n_nestlings + Location + Type + 

(1|NestAttemptID), data = NestData) 

summary(model.1) 
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rand(model.1) 

plot(allEffects(model.1)) 

 

#Checking model fit (DHARMa) 

res=simulateResiduals(model.1) 

plot(res) 

 

#Testing model fit 

plot(resid(model.1)~fitted(model.1)) + abline(h=0) 

hist(resid(model.1)) 

qqnorm(resid(model.1));qqline(resid(model.1)) 

normalityTest(~resid(model.1), test="shapiro.test", data=NestData) 

 

# 'Time in nest' as response variable 

 

# possible transformations 

# square-root, cube-root, logarithmic (log10) 

 

# Run linear mixed model testing which factors predict time in nest, incuding 

three interaction terms 

model.1<- lmer(log10(Time_in_nest) ~ Distance_road*Type + n_nestlings + 

Location + ambient_noise*Type + Type + Playback_order*Type + 

(1|NestAttemptID), data = NestData) 

summary(model.1) 

rand(model.1) 
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plot(allEffects(model.1)) 

 

# Reduced model without any interactions 

model.1<- lmer(log10(Time_in_nest) ~ Distance_road + n_nestlings + Location + 

ambient_noise + Type + Playback_order + (1|NestAttemptID), data = NestData) 

summary(model.1) 

rand(model.1) 

plot(allEffects(model.1)) 

 

# Fully reduced model 

model.1<- lmer(log10(Time_in_nest) ~ Type + Playback_order + 

(1|NestAttemptID), data = NestData) 

summary(model.1) 

rand(model.1) 

plot(allEffects(model.1)) 

 

#Checking model fit (DHARMa) 

res=simulateResiduals(model.1) 

plot(res) 

 

#Testing model fit 

plot(resid(model.1)~fitted(model.1)) + abline(h=0) 

hist(resid(model.1)) 

qqnorm(resid(model.1));qqline(resid(model.1)) 
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normalityTest(~resid(model.1), test="shapiro.test", data=NestData) 

 

############# 

## Figures ## 

############# 

 

######################################### 

# Treatment vs Control: Number of feeds # 

######################################### 

 

#+++++++++++++++++++++++++ 

# Function to calculate the mean and the standard deviation 

   for each group 

#+++++++++++++++++++++++++ 

# data : a data frame 

# varname : the name of a column containing the variable 

  to be summarized 

# groupnames : vector of column names to be used as 

  grouping variables 

data_summary <- function(data, varname, groupnames){ 

  require(dplyr) 

  summary_func <- function(x, col){ 

    c(mean = mean(x[[col]], na.rm=TRUE), 

      SEM = ((sd(x[[col]]))/sqrt(length(x[[col]]))), na.rm=TRUE) 
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  } 

  data_sum<-ddply(data, groupnames, .fun=summary_func, 

                  varname) 

  data_sum <- plyr::rename(data_sum, c("mean" = varname)) 

 return(data_sum) 

} 

 

df3 <- data_summary(NestData, varname="Feeding_Rate", 

                    groupnames=c("Type")) 

df3$Type=as.factor(df3$Type) 

head(df3) 

 

mean_data <- group_by(NestData, Type) %>% 

             dplyr::summarise(Feeding_Rate = mean(Feeding_Rate, na.rm = TRUE)) 

 

pd <- position_dodge(0.20) 

 

# Create plot with data points 

NumberOfFeeds <- ggplot(NestData, aes(x=Type, y=Feeding_Rate, 

group=NestAttemptID)) + geom_line(position = pd) + 

geom_point(position = pd, size=4, shape=21, fill = "white") + 

scale_fill_manual(breaks=c("Control","Treatment"), 

labels=c("control","treatment")) +   

theme(panel.border = element_blank(), panel.background = 

element_rect(fill="white"), panel.grid.major = element_blank(), 
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panel.grid.minor = element_blank(), axis.line = element_line(colour = "black"), 

axis.title.x = element_text(colour="black", size=16), 

axis.title.y = element_text(colour="black", size=16)) + 

labs(x="playback condition", y="food deliveries") + theme(axis.text.x= 

element_text(colour="black", size=16), 

axis.text.y= element_text(colour="black", size=16)) + coord_cartesian(ylim=c(0, 

70)) +  

    scale_y_continuous(breaks=seq(0, 70, 10)) + scale_x_discrete(labels= 

c("control", "treatment")) + theme(legend.position = "none") 

 

###################################### 

# Treatment vs Control: Time in nest # 

###################################### 

 

#+++++++++++++++++++++++++ 

# Function to calculate the mean and the standard deviation 

  # for each group 

#+++++++++++++++++++++++++ 

# data : a data frame 

# varname : the name of a column containing the variable 

  #to be summarized 

# groupnames : vector of column names to be used as 

  # grouping variables 

data_summary <- function(data, varname, groupnames){ 

  require(dplyr) 
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  summary_func <- function(x, col){ 

    c(mean = mean(x[[col]], na.rm=TRUE), 

      SEM = ((sd(x[[col]]))/sqrt(length(x[[col]]))), na.rm=TRUE) 

  } 

  data_sum<-ddply(data, groupnames, .fun=summary_func, 

                  varname) 

  data_sum <- plyr::rename(data_sum, c("mean" = varname)) 

 return(data_sum) 

} 

 

df3 <- data_summary(NestData, varname="Time_in_nest", 

                    groupnames=c("Type")) 

df3$Type=as.factor(df3$Type) 

head(df3) 

 

mean_data <- group_by(NestData, Type) %>% 

             dplyr::summarise(Time_in_nest = mean(Time_in_nest, na.rm = TRUE)) 

 

pd <- position_dodge(0.20) 

 

# Create plot with data points 

TimeAtNest <- ggplot(NestData, aes(x=Type, y=Time_in_nest, 

group=NestAttemptID)) + geom_line(position = pd) + 
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geom_point(position = pd, size=4, shape=21, fill = "white") + 

scale_fill_manual(breaks=c("Control","Treatment"), 

labels=c("control","treatment")) +   

theme(panel.border = element_blank(), panel.background = 

element_rect(fill="white"), panel.grid.major = element_blank(), 

panel.grid.minor = element_blank(), axis.line = element_line(colour = "black"), 

axis.title.x = element_text(colour="black", size=16), 

axis.title.y = element_text(colour="black", size=16)) + 

labs(x="playback condition", y="time inside nest (secs)") + theme(axis.text.x= 

element_text(colour="black", size=16), 

axis.text.y= element_text(colour="black", size=16)) + coord_cartesian(ylim=c(0, 

2200)) +  

    scale_y_continuous(breaks=seq(0, 2000, 500)) + scale_x_discrete(labels= 

c("control", "treatment")) + theme(legend.position = "none") 

 

# ------------------------------------------------------------------------------------------------ 

# Combine two figures into single panel 

# ------------------------------------------------------------------------------------------------ 

 

Panel1 <- ggarrange(NumberOfFeeds, TimeAtNest, nrow=1, ncol=2, widths = 

c(1,1.1), align = c("h")) 

Panel2<- annotate_figure(Panel1, top = textGrob("(a) number of feeds", x = 

unit(0, "npc"), y   = unit(0.6, "npc"), just=c("left"), 

         gp=gpar(col="black", font=3, fontsize=20))) 

Panel3<- annotate_figure(Panel2, top = textGrob("(b) time inside nest", x = 

unit(0.5, "npc"), y = unit(-0.4, "npc"), just=c("left"), 
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         gp=gpar(col="black", font=3, fontsize=20))) 

 

# save figure as pdf 

ggsave(file="Nest_Figure1.pdf", dpi = 200, width =30, height = 17, units = 

c("cm")) 

 

########################################## 

# Number of nestlings vs number of feeds # 

########################################## 

 

#-------------------------------------------------------------------------------------------# 

#--- Create a scatterplot that separately plots both control and treatment feeding 

rates ---# 

#-------------------------------------------------------------------------------------------# 

 

# plot the scatterplot, with separate lines-of-best-fit for the treatment and control 

periods 

ggplot(NestData, aes(x=n_nestlings, y=Feeding_Rate)) + geom_smooth(method = 

"lm", se=FALSE, color="black", aes(linetype=Type), lwd=1.2) + 

geom_beeswarm(aes(color=Type, shape=Type, fill=Type), color="black", size=3, 

stroke=0.7, cex = 2.0) + 

scale_shape_manual(breaks = c("Control", "Treatment"), values=c(21,21)) + 

scale_fill_manual(breaks = c("Control", "Treatment"), values=c("white", 

"grey75")) + 

scale_color_manual(breaks = c("Control", "Treatment"), values=c("black", 

"grey75")) + 
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scale_linetype_manual(breaks = c("Control", "Treatment"), values=c("solid", 

"dashed")) + 

theme(panel.border = element_blank(), panel.background = 

element_rect(fill="white"), panel.grid.major = element_blank(), 

panel.grid.minor = element_blank(), axis.line = element_line(colour = "black"), 

axis.title.x = element_text(colour="black", size=20), 

axis.title.y = element_text(colour="black", size=20)) + 

labs(x="Brood size", y="Food deliveries") + 

theme(axis.text.x= element_text(colour="black", size=20), 

axis.text.y= element_text(colour="black", size=20), 

legend.text=element_text(size=16), 

legend.key.width = unit(4,"line"), legend.key.height = unit(2,"line"), legend.key= 

element_rect(fill = NA, color = "NA"), legend.box.background = 

element_rect(colour = "black", linewidth=2.5), legend.margin = margin(-0.2, 0.2, 

0, 0, "cm"), legend.title=element_blank()) + 

coord_cartesian(xlim=c(0,10)) + scale_x_continuous(breaks=seq(0, 10, 2)) + 

coord_cartesian(ylim=c(0, 70)) + 

scale_y_continuous(breaks=seq(0, 70, 10)) + guides(color = 

guide_legend(keyheight=0.5), default.unit="cm") 

 

# save figure as pdf 

ggsave(file="Nest_Figure2.pdf", dpi = 200, width =24, height = 15, units = 

c("cm")) 

 

#--------------------------------------------------------------------------------------# 

#--- Create a scatterplot that plots the mean feeding rate for each nesting attempt -

--# 
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#--------------------------------------------------------------------------------------# 

 

# calculate the mean feeding rate per nesting attempt 

number_nestlings <- data_summary(NestData, varname="Feeding_Rate", 

                    groupnames=c("NestAttemptID","n_nestlings")) 

 

# plot the scatterplot 

ggplot(number_nestlings, aes(x=n_nestlings, y=Feeding_Rate)) + 

geom_smooth(method = "lm", se=FALSE, color="black", lwd=1.2) + 

geom_point(color="black", size=3, stroke=0.7, shape=21) + 

theme(panel.border = element_blank(), panel.background = 

element_rect(fill="white"), panel.grid.major = element_blank(), 

panel.grid.minor = element_blank(), axis.line = element_line(colour = "black"), 

axis.title.x = element_text(colour="black", size=20), 

axis.title.y = element_text(colour="black", size=20)) + 

labs(x="Brood size", y="Food deliveries") + 

theme(axis.text.x= element_text(colour="black", size=20), 

axis.text.y= element_text(colour="black", size=20), 

legend.text=element_text(size=16)) + 

coord_cartesian(xlim=c(0,10)) + scale_x_continuous(breaks=seq(0, 10, 2)) + 

coord_cartesian(ylim=c(0, 70)) + 

scale_y_continuous(breaks=seq(0, 70, 10)) 

 

# save figure as pdf 
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ggsave(file="Nest_Figure2b.pdf", dpi = 200, width =20, height = 15, units = 

c("cm")) 

 

Pictures: 

  

Figure (A1): Examples of the concrete (left) and wooden (right) nestboxes used in this study. Photos: 

Edoardo Bonte 
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Figure (A2):  graph representing mean frequency spectra used to filter white noise during traffic noise 

preparation, each line represents one vehicle passing along the road stimulus files. 

 

Figure (A3): graph representing the spectrogram of one filtered traffic noise files. As you can see, the 

frequency (y axes) and amplitude level (on the right) remain the same along the whole duration (x axes) 

of the stimulus.  
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Figure (A4): on the left JBL speaker and Apple iPod, on the right decibelometer 
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Table (A1): Ambient noise recorded twice (e.g. N = first recording, N‘ = second 

recording) at every cardinal point and then mean-averaged (last column on the 

right.  

 


