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Abstract · In animal acous�c communica�on, it is necessary that signals arrive to the receiver with reduced degrada�on and a�enua�on for a be�er 
transmission of the message. The noise pollu�on resul�ng from anthropogenic ac�vi�es in ci�es reduces the efficiency and efficacy of acous�c 
communica�on. Some species respond to high levels of noise increasing the minimum frequency of their vocaliza�ons to avoid noise masking, but 
this may affect how sounds transmit in the environment because sounds with higher frequencies experience greater levels of a�enua�on and 
degrada�on. Using a transmission experiment, we analyzed how minimum frequency shi�s affect the sound transmission proper�es of the song of 
the Southern House Wren Troglodytes musculus in urban areas that differ in the level of anthropogenic noise. We broadcasted songs with minimum 
frequencies between 1.2–1.8 kHz, and the same songs with minimum frequencies ar�ficially incremented one semitone, at 2.1–2.6 kHz, in high and 
low noise level territories at four distances. We quan�fied signal-to-noise ra�o, tail-to-signal ra�o, blur ra�o, and excess a�enua�on. Our results 
showed that songs with lower minimum frequencies in low noise territories transmit with higher signal-to-noise ra�o, lower blur ra�o, and excess 
a�enua�on at longer distances. Songs with increased minimum frequencies only showed higher signal-to-noise ra�o in noisier territories at longer 
distances. These results support the hypothesis of producing frequency shi� to increase the communica�on distance in noisier environments. This is 
the first experimental study that tests the effect of shi�ing frequency on acous�c communica�on transmission on bird territories with different noise 
levels.

Resumen · Los cambios en la frecuencia del canto en una especie de ave urbana op�mizan la transmisión acús�ca en áreas urbanas ruidosas.
En la comunicación acús�ca es necesario que las señales lleguen al receptor con una degradación y atenuación reducidas para mejorar la transmisión 
del mensaje. La contaminación acús�ca resultante de las ac�vidades antropogénicas en las ciudades reduce la eficiencia y la eficacia de la 
comunicación acús�ca. Algunas especies responden a altos niveles de ruido aumentando la frecuencia mínima de sus vocalizaciones para evitar el 
enmascaramiento del ruido, pero esto puede afectar la forma en que los sonidos se transmiten en el entorno, porque los sonidos con frecuencias más 
altas experimentan mayores niveles de atenuación y degradación. Usando un experimento de transmisión de sonidos, analizamos cómo los cambios 
de frecuencia mínima afectan las propiedades de transmisión de sonido del canto de Troglodytes musculus en áreas urbanas que difieren en el nivel 
de ruido antropogénico. Transmi�mos cantos con frecuencias mínimas entre 1,2–1,8 kHz, y los mismos cantos con un incremento ar�ficial de 
frecuencias mínimas de un semitono, con frecuencias mínimas a 2,1–2,6 kHz, en territorios con niveles de ruido alto y bajo a cuatro distancias. 
Cuan�ficamos la relación señal-ruido, la relación cola-señal, la reverberación y el exceso de atenuación. Nuestros resultados mostraron que los cantos 
con frecuencias mínimas inferiores en territorios de bajo nivel de ruido transmiten con una relación señal-ruido más alta, reverberaciones y un exceso 
de atenuación más bajos a distancias mayores. Los cantos con frecuencias mínimas aumentadas solo mostraron una mayor relación señal-ruido en 
territorios ruidosos a distancias mayores. Estos resultados respaldan la hipótesis de producir un cambio de frecuencia para aumentar la distancia de 
comunicación en entornos ruidosos. Este es el primer estudio experimental que prueba el efecto del cambio de frecuencia en la transmisión de 
comunicación acús�ca en territorios de aves con diferentes niveles de ruido.
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INTRODUCTION

Birds vocalize to communicate with conspecific and heterospecific individuals (Bradbury & Vehrencamp 2011). Vocaliza�ons are used 
for territory defense, mate a�rac�on, social interac�ons, and an�predator behaviors (Langmore 1998, Marler 2004, Catchpole & Slater 
2008, Bradbury & Vehrencamp 2011). Therefore, it is important that acous�c signals reach the intended receiver with minimal sound 
degrada�on or a�enua�on (Boncoraglio & Saino 2007, Ey & Fisher 2009). To minimize a�enua�on and degrada�on animals may em-
ploy several strategies, including perches with greater exposure (surrounded by less obstacles; Barker et al. 2009), singing at �me pe-
riods in which other sounds are infrequent (e.g., cicadas sound or anthropogenic noise; Hart et al. 2015), or when weather condi�ons 
are favorable (e.g., less wind or no rain; Lohr et al. 2003, Krams 2001, Mathevon et al. 2005, Fuller et al. 2007).

In ci�es, anthropogenic noise (e.g., motors, traffic, or industrial machinery) makes bird acous�c communica�on inefficient 
(Slabbekoorn & Pe� 2003, Slabbekoorn & den Boer-Visser 2006). This noise pollu�on occurs at frequencies below 3 kHz; therefore, 
birds that vocalize within this frequency range will have to modify their behavior or sound characteris�cs to increase the probability of 
communica�ng when high levels of noise pollu�on occur (Slabbekoorn & Pe� 2003, Slabbekoorn & den Boer-Visser 2006, Redondo et 
al. 2013). For example, some species vocalize at night (Fuller et al. 2007), other species shi� sounds to higher frequencies (Slabbekoorn 
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& Pe� 2003, Slabbekoorn & den Boer-Visser 2006, Redondo et 
al. 2013), and other species increase sound energy (Lombard 
effect; Brumm & Todt 2002, Brumm et al. 2004, Brumm et al.  
2009). However, it is under debate if increasing the frequencies 
of an acous�c signal is a response to noise pollu�on or a by-
product of the Lombard effect (increase in the vocaliza�on en-
ergy when vocalizing in loud environments; Nemeth & Brumm 
2010, Cardoso & Atwell 2011, 2012, Nemeth et al. 2012, 2013, 
Slabbekoorn et al. 2012, Zollinger et al. 2012, Potvin & Mulder 
2011).

Using a sound transmission experiment, we analyzed how 
minimum frequency shi�s affect the sound transmission of 
Southern House Wren Troglodytes musculus songs in urban ar-
eas with high and low anthropogenic noise level. The Southern 
House Wren is a widely distributed species that inhabits open 
(e.g., urban area gardens, parks, or farms) and semi-open areas 
(e.g., secondary forest edges, coffee planta�ons, or wood plan-
ta�ons) in the Costa Rican Central Valley (S�les & Skutch 1989, 
Juárez et al. 2020), the most urbanized area in the country. Many 
of these areas are located close to or between sources of high 
anthropogenic noise, including highways, factories, or airports 
(Redondo et al. 2013, Juárez et al. 2020). Previous studies in this 
species showed that wrens increased the minimum frequency of 
songs in noisy condi�ons (Redondo et al. 2013) and a have 
smaller song element repertoire (Juárez et al. 2021) sugges�ng 
that those changes play an important role for communica�ng in 
noisy environments, as occurs with several other bird species in 
urban areas (Slabbekoorn & Pe� 2003, Slabbekoorn & den Boer-
Visser 2006, Slabbekoorn et al. 2012, Mendez et al. 2021). 
Specifically, we analyze how anthropogenic noise affects the 
sound transmission of songs produced at different minimum fre-
quencies but same amplitude. If minimum frequency shi�s im-
prove sound transmission distance under low-frequency noise 
condi�ons (i.e., urban noise), we predict that songs with in-
creased minimum frequency will transmit with less a�enua�on 
and degrada�on at territories with more noise and at longer dis-
tances. 

METHODS

Study sites. We conducted this study in two sites: Campus of the 
Universidad de Costa Rica, San Jose province (09°56'N, 84°05'W; 
al�tude: 1200 m a.s.l.), and Jardín Botánico Lankester, Cartago 
province (09°50'N, 83°53'W; al�tude: 1400 m a.s.l), where 
Southern House Wrens are common inhabitants in gardens and 
natural thickets (Juárez et al. 2020). Both study sites are located 
inside an urban matrix in which the anthropogenic noise level 
varies across it. Vegeta�on is similar in both sites; both areas are 

characterized by open gardens where isolated trees and bushes 
are abundant, with a mixture of small areas of young secondary 
forest and natural thickets.

Selec�on of test song for experiment playbacks. We used 
ten different songs from ten males (one per individual) living in 
territories with low noise levels (far from roads, sidewalks, or 
motors) recorded in 2016 as our tes�ng songs (Table 1). We 
chose only those songs with the highest signal-to-noise ra�o 
and no overlapping background sounds (Figure 1). We recorded 
tes�ng songs using a solid-state recording Marantz PMD-661 
(WAVE format, 44.1 kHz sampling rate, and 16-bit accuracy) 
a�ached to a direc�onal microphone Sennheiser ME66/K6 
(Sennheiser Electronic, Germany). We did not choose songs 
recorded from males living in territories with high levels of 
noise because the structure of these songs varies in other fea-
tures besides minimum frequency (Redondo et al. 2013, Juárez 
et al. 2021). For example, males from noisy territories include 
different elements to produce songs with longer thrills (Re-
dondo et al. 2013, Juárez et al. 2021), a characteris�c that can 
influence song transmission. Therefore, using only the songs 
from low-noise territories allowed us to control for the effect of 
song structure in our sound transmission experiment. 

We isolated and filtered the ten songs using the passive op-
�on of the Fast Fourier Transformed filter in Audi�on 1.0 
(Adobe Systems, San Jose, CA). For each song we used a differ-
ent filter because each song had a different bandwidth (Table 
1). All tes�ng songs were standardized to –1 dB using the Nor-
malize feature in Audi�on 1.0. Then, we increased minimum 
frequency of the ten selected and filtered songs by one semi-
tone, using the Pitch Shi� with high precision feature included 
in the Constant Stretch Effects of Audi�on 1.0. We did not use a 
higher increase in the minimum frequency because songs do 
not sound natural.

We created a single song file composed of all 20 prepared 
songs using Audi�on 1.0. Each song was separated by 1 second 
of silence, and each low minimum-frequency song was followed 
by its high minimum-frequency-adjusted song (separated by 1 s 
of silence), crea�ng a sequence of 20 songs. The sequence of 20 
songs was played five �mes in each trial with 1 s of silence be-
tween the last song of one sequence and the first song of the 
next sequence.

We stored the test songs in an iPod Touch Nano (Apple, Cu-
per�no, CA) for playing back in the field using an AN-Mini loud-
speaker, frequency response 0.1–15 kHz (Anchor Audio, Carls-
bad, CA). We re-recorded the playback tes�ng songs using a 

Table 1. Filters used to create the twenty s�mulus of Southern House Wren songs used in the transmission experiment. Song code include one le�er from song type 
and Low in songs with low-minimum frequency, and High in songs with increased minimum frequency.
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solid-state recording Marantz PMD-661 (WAVE format, 44.1 kHz 
sampling rate, and 16-bit accuracy) a�ached to an omnidirec-
�onal microphone Sennheiser ME62/K6 (Sennheiser Electronic, 
Germany), via a microphone preamplifier (Sound Device MP-1; 
frequency response: 0.02–22 kHz). We set up the preamplifier at 
0 dB gains from transmission experiment conducted between 5 
to 20 m of distance between the loudspeaker and microphone, 
but at –18 dB for experiments at 40 m of distance. Playbacks 
were reproduced at 80 dB sound pressure level measured at 
1.25 m from the speaker using a Sper Scien�fic Digital Sound 
Meter (NIB-850014, Sco�sdale, AZ) with A weigh�ng and fast re-
sponse.

Transmission experiment set-up. We conducted the study 
from 16 to 19 May 2016, during the breeding season of Southern 
House Wrens in Costa Rica (S�les & Skutch, 1989), within eight 
territories with similar vegeta�on structure (isolate trees, sparse 
bushes, and grassland areas). Four territories were allocated in 
areas with high levels of noise (next to roads and sidewalks) and 
four territories in areas with low levels of noise (far from roads, 
motors, or sidewalks). All transmission experiments were con-
ducted between 6:00 and 10:00 h, when Southern House Wrens 
are ac�ve vocally.

In each territory, we played the songs across four horizontal 
distances (5, 10, 20, and 40 m between loudspeaker and micro-
phone). The speaker and microphone were placed at a height of 
1.5 m, which represents a common height of singing Southern 
House Wren males in both study sites. The 20 m distance repre-
sents the average distance between members of the pair in this 
species in the study area, the maximum distance was selected by 
doubling the 20 m distance, while 5 and 10 m represent one 
quarter and half of the average distance respec�vely. Within 
each territory, we distributed the four distances at different axes, 
following the new approach for this experiments that allows for 
a more representa�ve sampling of territory characteris�cs (San-
doval et al. 2015, Piza & Sandoval 2016, Graham et al. 2017). 

Sound analyses. We used SigPro 3.25 so�ware (Pedersen 
1998) to analyze the first three re-recorded songs of each of the 
20 songs included in a sequence, that were not overlapped for 
other sounds. We compared our re-recorded songs with songs 
re-recorded at a distance of 1.25 m, with the speaker oriented 
upwards and the microphone hanging directly overtop in the 
center of a vegeta�on gap of 30 x 25 m. This approach allows us 
to control for changes in songs that may be produced for the 
playback equipment, and avoid recording songs with reverbera-
�ons produced by the vegeta�on and the ground.

We measured four degrada�on and a�enua�on variables, 
a�er elimina�ng the background noise beyond the range of the 

signal of interest, using the filter se�ng for each song: (1) sig-
nal-to-noise ra�o, (2) tail-to-signal ra�o, (3) blur ra�o, and (4) 
excess a�enua�on (for details of this measurements see Dabel-
steen et al. 1993, Holland et al. 1998, Lampe et al. 2007). We 
excluded 60 of the 480 measurements of the 40 m playbacks 
sessions from the analysis, because noise levels in the fre-
quency range of the playback song were too high to properly 
recognize songs in SigPro.

Sta�s�cal analysis. We conducted four Linear Mixed-effect 
Models (LMM) to compare how songs with different minimum 
frequencies a�enuate and degrade. Each LMM included as in-
dependent variables: (1) song type (low vs high minimum fre-
quency), (2) distance between the speaker and microphone (5, 
10, 20, and 40 m); (3) territory noise level (low and high levels 
of noise); and (4) second order interac�ons. We included (1) 
songs used in playback and (2) the territory where the experi-
ment was conducted as random factors, to control for the in-
trinsic varia�on of each one. Finally, we used (1) signal-to-noise 
ra�o, (2) tail-to-signal ra�o, (3) blur ra�o, and (4) excess a�enu-
a�on as our response variables, each per LMMs. For all LMM 
we conducted all pairwise comparisons as post-hoc tests to de-
termine which variables were significant. All values reported as 
mean ± SE. Sta�s�cal analyses were conducted in JMP (version 
10.0; SAS Ins�tute, Cary, NC, USA).

RESULTS

We found that tail-to-signal ra�o (F₃.₁₇₆₅ = 200.28, P < 0.001) 
and blur ra�o (F₃.₁₇₆₂ = 1004.07, P < 0.001) increased with dis-
tance (Figure 2). Signal-to-noise ra�o decreased with distance 
though difference was not significant between 20 and 40 m (F₃.
₁₇₆₂ = 1249.00, P < 0.001; Figure 2). Excess of a�enua�on was 
significantly higher at 40 m than at the other distances (F₃.₁₇₆₁ = 
56.53, P < 0.001; Figure 2). The noise level (low vs. high) had no 
effect on signal-to-noise ra�o (F₁.₆ = 0.10, P = 0.76), tail-to-signal 
ra�o (F₁.₆ = 0.44, P = 0.53), blur ra�o (F₁.₆ = 0.59, P = 0.47), nor 
excess a�enua�on (F₁.₆ = 0.78, P = 0.41; Fig. 2). We found that 
blur ra�o was higher in the song with high minimum frequency 
than in songs with low minimum frequency (F₁.₁₈ = 7.99, P = 
0.01; Figure 2). However, we found no differences for signal-to-
noise ra�o (F₁.₁₈ = 0.56, P = 0.46), tail-to-signal ra�o (F₁.₁₈ = 0.30, 
P = 0.59), and excess a�enua�on (F₁.₁₈ = 1.70, P = 0.21) on both 
song types (Figure 2).

Second order interac�ons between independent variables 
varied among the four measurements of a�enua�on and 
degrada�on (response variables). Signal-to-noise ra�o was high 
in territories with low noise for distance between 5 and 20 m, 
but higher in territories with high levels of noise at 40 m (F₃.₁₇₆₂
= 50.35, P < 0.001; Figure 3). Tail-to-signal ra�o increased in ter-

Figure 1. Sonograms of two of the Southern House Wren songs used for the transmission experiment. High represent the songs in which the minimum frequency was 
ar�ficially increased and Low represent the songs with the minimum frequency as it was recorded in the field. The le�ers represent the song code.
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ritories with high noise at 10 and 20 m, and in territories with 
low noise at distances of 10 and 20 m (F₃.₁₇₆₅ = 38.25, P < 0.001; 
Figure 3). Blur ra�o increased in territories with high noise at 5, 
20 and 40 m, and in territories with low noise at 10 m (F₃.₁₇₆₂ = 
54.89, P < 0.001; Figure 3). Excess a�enua�on increased in terri-
tories with high noise at 5 and 20 m, and in territories with low 
noise at 40 m (F₃.₁₇₆₁ = 85.95, P < 0.001; Figure 3).

We found that both blur ra�o and excess a�enua�on mea-
surements varied with the interac�on of distance and frequency 
level of song types. Blur ra�o was significantly lower in song 
types with low minimum frequency only at 40 m, but not at 5, 
10, and 20 m (F₃.₁₇₆₂ = 54.89, P < 0.001; Figure 3). Frequency level 
did not affect excess a�enua�on at distances between 5 and 20 
m, but excess a�enua�on significantly decreased in songs with 
low minimum frequency at 40 m (F₃.₁₇₆₁ = 7.56, P < 0.001; Figure 
3). For signal-to-noise ra�o (F₁.₁₇₆₁ = 1.08, P = 0.36) and tail-to-sig-
nal ra�o (F₁.₁₇₆₁ = 0.97, P = 0.40) we found no significant effect of 
the interac�on between minimum frequency level (song types) 
and distance (Figure 3).

We found a significant effect of the interac�on of noise level 
× minimum frequency level for signal-to-noise ra�o. Signal-to-
noise ra�o increased in territories with low level of noise and 

songs with low minimum frequency; and in territories with high 
level of noise and songs with higher minimum frequency (F₁.₁₇₆₁
= 18.47, P < 0.001; Figure 3). For tail-to-signal ra�o (F₁.₁₇₆₁ = 3.20, 
P = 0.07), blur ra�o (F₁.₁₇₆₁ = 1.25, P = 0.26), and excess a�enua-
�on (F₁.₁₇₆₁ = 1.46, P = 0.22) we found no significant effect of the 
interac�on between frequency level (song types) and levels of 
noise (Figure 3).

DISCUSSION

Our study directly compared how transmission proper�es of 
songs (a�enua�on and degrada�on) varied with different mini-
mum frequencies (low and high) on territories with different 
anthropogenic noise levels. This study demonstrated that 
shi�ing minimum frequency in noisy environments improved 
the acous�c communica�on of Southern House Wrens since 
their songs are less masked and a�enuated. We also found that 
the frequency shi� does not nega�vely affect song transmission 
up to 20 m, but it does at 40 m, where the transmission proper-
�es of the songs decrease. These results indicate that vocaliza-
�ons used to communicate at longer distances were more 
affected when the minimum frequency is shi�ed upward in re-
sponse to noise pollu�on, the response more commonly re-
ported in studies of noise effect on bird vocaliza�ons (Martens 

Figure 2. Differences in four degrada�on or a�enua�on measurements rela�ve to the distance to the sound source, noise levels inside territories, and values of song 
minimum frequency. Error bars are standard errors of the mean. Different lowercase le�ers above the bars indicate significant differences of post-hoc tests; bars with 
the same le�ers are not sta�s�cally different.
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and Geduldig 1990, Slabbekoorn & Pe� 2003, Slabbekoorn & 
den Boer-Visser 2006, Redondo et al. 2013, Slabbekoorn 2019, 
Duque�e et al. 2021).

As we predicted, when we broadcasted songs with mini-
mum frequency shi�s inside noisier territories, these songs ex-
perienced less degrada�on and a�enua�on (Figure 3), improv-
ing song transmission. On the contrary, songs with lower mini-
mum frequency transmi�ed in territories with lower noise level 
experienced less degrada�on (i.e. higher signal-to-noise ra�os) 
than songs with minimum frequency shi�s (Figure 3). But, when 
we broadcasted songs with minimum frequency shi�s inside ter-
ritories with lower noise, and songs with lower minimum fre-
quency inside noisier territories, both degraded and a�enuated 
more (Figure 3). Consequently, our results support previous cor-
rela�ve studies, which reported that minimum frequency shi�s 
in noisy environments, such as ci�es, increase the sound com-
munica�on efficiency (e.g., Martens and Geduldig 1990, 
Slabbekoorn & Pe� 2003, Slabbekoorn & den Boer-Visser 2006, 
Slabbekoorn et al. 2012, Redondo et al. 2013, Slabbekoorn 2019, 
Duque�e et al. 2021).

Contrary to our expecta�ons, distance did not affect the 
transmission proper�es of songs broadcasted at two minimum 
frequencies (low or high), when noise level was not considered 

(Figure 3). Songs with different minimum frequency showed 
comparable levels of degrada�on and a�enua�on from 5 to 20 
m. The social interac�ons performed by Southern House Wren 
pair members o�en occurred within short distances (pers. 
obs.), so shi�ing minimum frequency of songs in noisy sites may 
improve sound communica�on, as has been previously argued 
(Hu & Cardoso 2009, Slabbekoorn et al. 2012, Slabbekoorn 
2013). However, at the furthest distance tested (40 m), fre-
quency shi�s begin to affect the transmission of the song; as ex-
pected for high-frequency sounds according to the acous�c 
adapta�on hypothesis, songs with high-minimum frequencies 
experience more a�enua�ons and sca�ering (Boncoraglio & 
Saino 2007, Ey & Fisher 2009), compared to songs with low-
minimum frequencies (Figure 3). These results indicate that the 
benefit of frequency shi�s is distance dependent: at short dis-
tances they avoid the frequency masking by noise, but those 
frequency shi�s at further distances increase degrada�on and 
a�enua�on, reducing the sound communica�on efficiency.

Frequency shi�ing, as we tested experimentally, likely im-
proves sound communica�on in noise-polluted habitats as it re-
duces the probability of sounds being masked by low-frequency 
noise (Hu & Cardoso 2009, Luther & Derryberry 2012), reducing 
a�enua�on of the emi�ed songs when arriving at the poten�al 
receiver. However, frequency shi�s may be limited by at least 

Figure 3. Interac�ons between distance and territory noise level (black = high; white =low), between distance and song minimum frequency (black = high; white = low), 
and between territory noise level and song minimum frequency (black = high; white = low). Error bars are standard errors of the mean. Different lowercase le�ers above 
the bars indicate significant differences of post-hoc tests; bars with different le�ers are sta�s�cally different. Graphics without le�ers represent cases in which no differ-
ences were detected between categories in the LMM.
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two aspects: 1) it is energe�cally expensive because it requires 
greater syrinx contrac�ons (Lambrechts 1996, Suthers et al. 
1999, Hu & Cardoso 2009, Sandoval 2011) and 2) has more 
a�enua�on and sca�ering because trees, leaves, or branches in-
crease the interference with their higher frequencies (Wiley 
1991, Bradbury & Verhencamp 2011). It is then intui�ve to ex-
pect that frequency shi� occurs, despite its cost, only if sound 
transmission is improved, as has previously been suggested (Hu 
& Cardoso 2009, Slabbekoorn et al. 2012, Slabbekoorn 2013). In 
our case, minimum frequency shi� of songs is worthy for closer 
communica�on interac�ons, such as pair members’ communica-
�on or territory interac�ons at the territory border.

In conclusion, although our results appear to be contradic-
tory because some of them showed a significant effect of shi�ing 
minimum frequency upward in noisy places, others fail to sup-
port it. These results just showed how the transmission proper-
�es of the minimum frequency of sounds are affected by differ-
ent noise levels in the territories. First, the frequency shi� does 
not affect sound transmission at close distances but it reduces it 
at further distances, as predicted by the acous�c adapta�on hy-
pothesis, therefore affec�ng communica�on. Second, frequency 
shi�s improve sound transmission inside noisy territories though 
reducing a�enua�on and degrada�on, as suggested in previous 
studies which found higher minimum frequencies in places with 
high-noise level (e.g., ci�es and next to roads, rivers or oceans) 
than in places with low-noise level (Lohr et al. 2003, Bermúdez-
Cuamatzin et al. 2009, Redondo et al. 2013, Luther & Derryberry 
2012). This is the first detailed study that compares the fre-
quency shi� effect on song transmission on territories with 
different noise levels. We encourage more inves�gators to con-
duct these transmission experiments to directly test the effects 
of minimum frequency shi�s on sound transmission under nois-
ier condi�ons.
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