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Abstract 
 
The project was performed in the Val Müstair region of the canton of Graubünden in southeastern 
Switzerland at altitudes of 1900 to 2300 m. a. s. from 26 to 28 June 2017. Individual male Alpine 
Tits were recorded and subjected to three different playbacks of varying frequencies. Reactions 
were recorded and investigated for song matching, song variation and general trends. It was shown 
that male Alpine Tit songs can be grouped into five distinct categories. Furthermore intra-
categorical variation readily occurs in syllable structure. Results suggest aggression levels are 
signalled by variation in song. Agitated birds tended to sing at lower frequencies.  
  



 
 
 

3 
 

1. Introduction 
 
A great majority of the bird species of the world use long distance vocalizations to communicate 
with each other. Song is the most spectacular sound produced. In most cases in the northern 
hemisphere, song is produced by the male with the double function of attracting mates and 
defending the territory (Catchpole et al. 2008; Eriksson et al. 1986). However, the nature of bird 
song is all but simple and some species produce more than one type of song. Several hypothesis for 
the development of variations in song have been proposed (Catchpole et al. 2008). One is that 
different song types have separate functions for attracting a mate and defending the territory 
(Ficken et al. 1965). That different song types act as an honest signal of male condition and quality 
is a second hypothesis (Baker et al. 1987). Another theory suggested by Searcy et al. (2000), is that 
song type variations are used to signal varying grades of aggression. A third hypothesis of the 
function of song type variations is that a broad repertoire would prevent habituation amongst 
neighbours (Fall et al. 1982). While a simple song would easily become a subject of habituation, 
this could be prevented by altering the song type (Fall et al. 1982). In some species, such as the 
Song Sparrow Melospiza melodia, the function of the variations has been mentioned as a way 
interacting males match the song of a rival as a signal of threat (Beecher et al. 1999). For a true 
matching, both males need to have the song type in their repertoire (Catchpole et al. 2008). 
However, as shown by Burt et al. (2001), Song Sparrows can perform a partial match if the specific 
type is not shared. When a bird sings a matched song type, three different reactions have been 
recorded: the first is regarded as an escalating signal, the second as neutral and the third as a de-
escalation in aggression. Either the type match is replied with the same song, leading to an 
escalation, or another song within the two individual’s repertoire is used to maintain the level of 
aggression. The de-escalating response was performed as a switch to an unshared song (Burt 
2008). In the genus Poecile to which the Alpine Tit belongs, the Black-capped Chickadee P. 
atricapillus which occurs in North America has been observed to perform song matching. 
Depending on the ranking of the individual, the reaction to song matching differed, where higher 
ranked birds answered with a lower level of agitation than low-ranked males (Mennill et al. 2003). 
 
Not only does the structure of the song vary but also the pattern in which it is sung, depending on 
noise in the surroundings. For birds communicating vocally within the same frequency range, the 
acoustical interference caused by simultaneous song is a problem. As the song interferes either 
inter- or intra specifically with other individuals, the message of both songs is masked, leading to a 
mutual waste of energy. By adjusting their singing pattern not to overlap with the song of the rival 
and sing only during the intersong intervals of the other, birds may avoid the problem of masking 
(Popp et al. 1985). Since conspecifics share the same frequency range, neighbouring birds can 
temporarily adjust their singing pattern to those in its close vicinity (Wasserman 1977; Schroeder et 
al. 1983). Another strategy to avoid acoustical interference is to change the song frequency to sing 
higher or lower compared to the interfering sound (Hart et al. 2015). 
 
To study the function of song variation we chose the Alpine Tit, Poecile montanus montanus, an 
alpine subspecies of the Willow Tit P. montanus. Their territorial song is composed of five to ten 



 
 
 

4 
 

consecutive elements, mostly on an even pitch but sometimes with a falling tone. Each element has 
a duration of 0.15 to 0.25 seconds (Maumary et al., 2007). The inter-element intervals tend to be 
shorter at higher frequencies and longer at lower. While a song phrase remains on an even pitch, 
the frequency of phrases may differ, creating the studied variations in the song (Harrap et al., 
2010). 
 
The objective of this study is to aid in understanding the function of song type variations in birds. 
Knowledge gained would give us a greater perspective on the field of how birds affect each other 
interspecifically which has only been documented in a narrow assemblage of species. Even though 
song matching seems to be a common phenomenon in birds, its function is not well known. This 
study aims to provide additional information from a species never investigated before. The 
following questions will be examined: (1) In what extent does the song of the Alpine Tit vary; (2) 
does song matching occur between interacting males of the species; and (3) do males switch 
frequency to avoid intraspecific acoustical interference simulated by playback. 
 
2. Materials & Methods 
 
The project was performed in the Val Müstair region of the canton of Graubünden in southeastern 
Switzerland at altitudes of 1900 to 2300 m. a. s. from 26 to 28 June 2017. Here lie the beginnings 
of the alpine meadow zone (2100 to 2500 m. a. s.). This zone boasts a high variety of flora and 
fauna favouring lower altitudes and some favouring higher altitudes (arcto-alpine species). Two 
sampling areas were explored (Figure 1). 

Figure 1. The map of two sampling study areas near Buffalora and Lü, where we recorded most birds 
(Source: map.geo.admin.ch).  
 
This method is designed to uncover the extent of song variation in male Alpine Tits, including song 
matching. Natural songs of individual male Alpine Tits are sampled either using a Zoom H1 Handy 
Recorder together with a Rode Videomic Go microphone, or a Tascam DR-44WL with a Sennheiser 
ME66/K6. Recordings were made from 5:3o until 10am. A pre-playback song of a male individual 
is recorded until three to six phrase repeats have been recorded. The same individual is only 
recorded once, yet pseudo replication cannot be excluded. Following a successful pre-playback 
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song recording, a playback from a UE Boom or JBL Charge 2 speaker with a constant amplitude is 
played. While playback amplitude is moderated according to distance, it does not fluctuate during 
playback. The playback (Schulze, 2003) consists of three different pre-recorded male Alpine Tit 
song types, here named: Low (L), Medium (M) and High (H).  Low denotes a low-frequency phrase 
of 3000 Hz. Medium, refers to a mid-frequency phrase of 3600 Hz. High designates a high-
frequency phrase of 4000 Hz. Each classification is treated with a variation margin of +/- 100 Hz. 
To start, the mid-frequency playback is played six times consecutively. Following this playback, a 
low- or high-frequency playback is played accordingly. If the individual changes to a higher 
frequency, the high-frequency will be played to rival the individual’s pitch. Should the individual 
change to a lower frequency, the low-frequency playback will be played to rival its pitch. If an 
individual ceases to respond for over a minute, a last-resort playback of two mid-frequency, two 
low-frequency and two high-frequency phrases can be played to stimulate a response. The average 
phrase duration of all playbacks is 1.7 seconds and the average intersong interval is 2 seconds. The 
playback is directed towards an individual male Alpine Tit, whereby the playback and its resulting 
reactions are recorded. If no natural Alpine Tit song is heard, low amplitude playback can be used 
to gently encourage a song. In this case high amplitude playback is prohibited as this would 
discourage a natural song entirely.  
In this study one phrase is defined as a single group of similar syllables, while a song is the total 
number of phrases produced by an individual. For description of song components, see the 
sonagram below. 

 
Figure 2: Sonagram of Alpine Tit’s song with all studied characteristics and all defined names. 
 
All audio analysis was completed with Raven Lite 2.0.0 software. In total, five characteristics were 
measured: the lowest and highest phrase frequency, phrase length, phrase frequency range, 
intersong interval (Figure 2). Microsoft Excel was used to quantify data. The quantified data was 
graphed and charted using Statistica 12 software. Charts of sonagrams were created with Adobe 
Illustrator.  
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3. Results 
 
A total of 23 male Alpine Tit individuals were recorded and 589 phrases were analysed (see 
appendix for territories on map).  
 
3.1 Song variation 
 
The Alpine Tit phrase frequencies varied between 2800 and 4700 Hz. The average phrase duration 
was 1.56 seconds, the maximum 3.04 seconds and the minimum 0.57 seconds. Phrase frequency 
range lies between 140.20 Hz and 833.30 Hz. 5.93 seconds marks the average intersong interval 
length, with a standard deviation of ±3,16 (Table 1).  
 
Table 1. The table presents variations in the frequencies used by Alpine Tits, the length of phrase, frequency 
range and the duration of intersong intervals in recorded Alpine Tits. Values are taken from before and 
after playback recordings (n=589 phrases). 
 

 average ±SD minimum maximum 

lowest phrase frequency (Hz) 3677,79 255,00 2808,80 4275,70 

highest phrase frequency (Hz) 4041,28 245,84 3232,90 4699,70 

phrase length (s) 1,56 0,34 0,57 3,04 

single phrase frequency range (Hz)
  

363,49 87,55 140,20 833,30 

intersong interval (s)  5,93 3,16 1,68 53,42 

 
Based on the visual clusters shown in Figure 3, five song types were defined. The frequency range 
of each song type is shown in Table 2. Song types 2 to 5 are most commonly used while song type 1 
was only recorded in two males. Song type 4’s frequencies are most favoured by Alpine Tits, as the 
respective grouping is the densest. 
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Figure 3. Lowest and highest frequency combination preferences of male of Alpine Tits. The individual 
groupings of similar frequency combinations are framed in red with their respective titles in bold. 
 
Table 2. Five song type categories, with 1 being the lowest frequency range and 5 the highest. 
 

song type (= type) Frequency range 

1 2.8 kHz - 3.0 kHz (3.1 kHz) 

2 3.0 kHz - 3.5 kHz (3.6 kHz)  

3 3.3 kHz (3.4 kHz) - 3.8 kHz (3.9 kHz) 

4 3.7 kHz (3.8 kHz) - 4.1 kHz (4.2 kHz) 

5 4.0 kHz - 4.5 kHz 
 
The widest frequency range have songs of lowest frequency and the narrowest frequency range 
have songs with highest low phrase frequency (Figure 4). 
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Figure 4. Graph shows the descending trend in width of phrase frequency range. 
 
Besides different song types we recorded also huge variability in shapes of syllables across all 
frequencies (Figure 5). The frequency range of theses syllables that descends in frequency are 
wider than the normal type with a constant frequency (dark blue). This gives them the shape of a 
sickle whereas they will henceforth be referred to as “Sickle syllables”. 
 

 
Figure 5. The sonagram is showing five different examples of Alpine Tit’s songs which are coded with 
different colours. The songs in the sonagram were chosen in order to show how a variety in shapes of 
syllables occur in all five song types. 
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3.2 Song function 
 
Changes from type 4 to type 5, type 3 to type 2, type 3 to type 5 and any involving type 1 do not 
occur before playback. Very common are changes between song type 2 to 4 and backwards. After 
playback, switches to either song type 2 or 5 are the most frequent. Overall more changes were 
recorded after playback than before (Figure 6). 

 
Figure 6. The diagrams shows the number of song type changes before playback (BP, blue) and after 
playback (AP, orange). For song (frequency) types see Figure 3. Higher song type numbers denote a higher 
frequency song. 
 
A decrease in lowest and highest average frequencies is visible after playback (Figure 7). The lowest 
average frequency decreases by 100 Hz. This also applies to the highest average frequency. The 
Alpine tits’ intersong interval increased on average by 1 second after playback (see Figure 8 in 
appendix). 
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Figure 7. Comparison of lowest average phrase frequency (blue) and highest average phrase frequency 
(grey) between before playback (BP) and after playback (AP).  Square/ring = median; ends of the box = 
25% and 75% quartiles, lines = 1.5 times the interquartile range; circle = outlier; asterisk = extreme value.  
 
More overlaps than song matchings were recorded (Table 3). 
 
Table 3. Total number and percentage of overlaps and song matchings after playback (AP). 

 Total number Percentage of tot. AP songs 
(n=433) 

Overlaps 44 10.2% 

Song Matchings 15 3.5% 
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4. Discussion 
 
First and foremost we discovered a clear grouping of five different song types as seen in Figure 3. 
The classification is based on frequency variations. In all five song types, variations with a broad 
frequency range occurred as a result of the birds using a different type of syllable. These are 
presented in Figure 5 as the “Sickle syllable”. This shows that the birds not only use several song 
types with different frequency but also alters the song structure. 
  
Interestingly, song type 1 was rarely recorded. This is due to song type 1’s frequency range being 
low and simultaneously broad (Figure 4). Hence we assume it is the hardest song type for a male 
Alpine Tit to produce. This might be an explanation to why it was only sung by two birds and may 
be an honest signal of the males being of good quality as suggested by Baker et al. (Baker et al. 
1987). Another possible function of the song variation of Alpine Tits is that they signal different 
grades of aggression. More changes of song type were performed after playback, when the bird was 
agitated, than before (see Figure 6). This suggests that varying song type is an aggressive reaction 
and thereby supports the hypothesis of Searcy et al. (Searcy et al. 1987). The song type variations 
presented in the results would then derive from female sexual selection of males with a broad 
repertoire. Males also tended to turn to song types with lower frequencies after being played 
playback as seen in Figure 7. A song with lower frequency could therefore be regarded as a sign of 
aggression. No evidence of song matchings were found whereas the hypothesis of Beecher et al. can 
be excluded (Beecher et al. 1999).  
 
Surprisingly the average intersong interval before playback and after playback did not change 
significantly (Figure 8, see Appendix). Neither did the birds strictly avoid overlaps since 10.2% of 
the songs overlapped with the playback (Table 3). This contradicts previous research on 
intraspecific acoustical interference (Wasserman 1977; Schroeder et al. 1983). When the intersong 
intervals were measured in Raven Lite 2.0.0, song pauses where the bird ceased singing were 
included. As these song pauses were contrastingly long in comparison with the intersong intervals, 
the average length of the latter was prolonged. Therefore a change of one second after playback 
does not show any significant trend. Recordings were made in several types of weather which 
might have affected the song activity of the birds. During rain the song activity dropped and song 
pauses were longer which contributed to the errors in intersong interval measurements. The 
problem with pseudo replication by recording the same individual twice could not be excluded. If 
the birds would have been colour marked before the study, double counts could have been avoided 
by individual recognition. Because of time and resource limitations, this was not possible for our 
investigation.  Since the playback is not interactive and cannot react to the recorded Alpine Tit, we 
cannot ensure that we recorded conventional reactions. In opposition to natural interactions with 
other males our recordings with the playback may not show the birds usual communication 
behaviour. 
 
Based on the results from Figure 3 we conclude that male Alpine Tits in the area of Val Müstair 
have five different song types. Apart from the most commonly used syllable with a constant 
frequency, another syllable with a descending tone, named the “Sickle syllable” occurs. Therefore, 
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the conclusion that Alpine Tits of the area vary not only their song type but also the structure 
within these song types can be drawn. As far as our results show, the function of the song type 
variations is to signal varying levels of aggression where types with lower frequency were used by 
agitated birds. Song matching does not seem to be used by interacting males of the species. No 
evidence for avoidance of intraspecific acoustical interference was recorded, yet it cannot be 
excluded due to possible errors in intersong interval measurements. 
 
To further investigate the function of the song type variations, both observationally and 
experimentally, would be a relevant topic for future studies. By using interactive playback that 
better simulates a rivalling male, more reliable results of the reactions and context of song 
variation could be obtained. A study of song variations in geographically separated populations 
would also be interesting to see if the same variations frequents across the subspecies distribution 
area. Since no conclusions regarding the avoidance of intraspecific acoustical interference can be 
drawn, it could be the focus for future studies.  
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7. Appendix 
 
7.1 Alpine Tit territories 
In the following figures the sampling areas are shaded red. The sampling area includes a total of 21 
sampling sites, denoted by red points and recognised as territories of individual male alpine tits. 
Four red points to the north of the first area are treated as external individual territories. One lone 
territory, 823’077.9, 169’104.2, was discovered on a trail northeast of Tschierv. This lone point is 
not portrayed on either map. 

 
Figure 8. Alpine Tit territories above Alp Buffalora (Source map.geo.admin.ch). 
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Figure 8. Alpine Tit territories above Lü (Source map.geo.admin.ch). 
 
7.2 Intersong intervals 

 
Figure 8. Average intersong interval length (Y-axis) before playback (BP) and after playback (AP). 
Square/ring = median; ends of the box = 25% and 75% quartiles, lines = 1.5 times the interquartile range; 
circle = outlier; asterisk = extreme value. 


