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Abstract 

 

 
Birds are some of the most acoustically active animals on Earth. Many studies trying to 

understand and decipher their vocal communication have been published over the years. 

Song is one of the widely studied vocalisations by ornithologists. Attempts to understand 

the song began with informal field notes describing their attributes as perceived by human 

ear. With advancement in science, newer and more robust methods of quantification opened 

a plethora of questions that can be asked about the song. From an evolutionary perspective, 

many studies provide evidence that song functions as sexual display in many birds. This 

thesis attempts to explore the similar theme in a highly abundant species of sunbird in the 

Indian subcontinent, the Purple sunbird (Cinnyris asiaticus). It is a small passerine with a 

characteristic long-curved bill. Very few studies have tried to explore the structural aspects 

of the song in this species. This thesis looks at both note structure and phrase structure of 

the song in both breeding and non-breeding season. Such a comparative account has 

provided evidence in the changes that occur between the seasons highlighting season 

specific characters. Many birds are known to utilise multimodal sexual displays. Thus, to 

identify any such behaviour in this species, a behavioural study was also conducted in the 

non-breeding season. An overall time-activity budget analysis showed that the bird 

displaces from one position to another the most, which agrees with the dynamic nature of 

this bird. It was found that the male is usually stationary during the song bout and performs 

body movements at the perching position. On comparing this data with a similar study in 

breeding season can yield more insight into whether visual mode aids in sexual display in 

this sunbird species.
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Chapter 1: Introduction 

Animal communication is defined as the mutually beneficial production of a signal by a 

signaller resulting in a behavioural change in a receiver (Alcock, 2010). The signalling 

takes place through the environment.  

 

 

There are four modes of communication: visual, acoustic, olfactory, and tactile, each 

utilising a different sensory organ. Signals can either be transmitted through one mode 

(unimodal) or multiple modes (multimodal).  

Acoustic is one of the most common modes of communication in the animal kingdom. This 

mode of communication incurs many benefits which are summarised below:   

 

 
Fig 1.2: Four modes of communication in animals with their pros and cons (adopted 

from C. Cathchpole & Slater, 2008). 

Fig 1.1: Pictorial representation of animal signalling 
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Birds are some of the most acoustically active animals.  The vocalisations of birds are 

categorized as songs and calls. A general definition of the song is “long, spontaneous, 

complex vocalisations produced by males in breeding season” (C. Catchpole & Slater, 

2008). This definition is modified according to the characteristics of the study species. Song 

bouts have been also been observed in non-breeding season in some birds (Song sparrow: 

Voigt, Leitner, & Gahr, 2001). Females are known to sing as well in some species 

(Garamszegi, Pavlova, Eens, & Møller, 2007; Langmore, 1998; Ota, Gahr, & Soma, 2015). 

Calls are “shorter, less spontaneous, simpler vocalisations produced by both sexes 

throughout the year” (C. Catchpole & Slater, 2008). An important difference, which is 

widely accepted is that calls have a behavioural, and often a social context. For instance, 

flight calls are made by individuals while flying, often to keep the flock together (Sibley, 

Elphick, & Dunning, 2009).  

The song can be simple or complex. The complexity in song can arise in song output, song 

repertoire size, and element repertoire size. Studies have shown that individuals vary their 

song output and other parameters with respect to their pairing success (Hennin, Barker, 

Bradley, & Mennill, 2009). Some species show a single song type and others might show 

multiple song types (C. Catchpole & Slater, 2008). Studies in male chaffinch have shown 

that their song is made up of most basic unit called an element or note. These elements 

combine in sections to form phrases (C. Catchpole & Slater, 2008). Sometimes elements 

can overlap (or occur in very short time intervals) to form syllables, which may become the 

basic unit of the song (C. K. Catchpole, 1976).  Variation in element/syllable repertoire has 

been reported (Harris & Lemon, 1972). 

Song is hypothesised to play a role in sexual selection in many species. It is believed that 

song acts as an honest signal of fitness (Read & Weary, 1990). Also, different song traits 

provide information about different characteristics of the sender, including age and survival 

(Rivera-Gutierrez, Pinxten, & Eens, 2010). There are two main pathways in which sexual 

selection operates in song evolution; male- male competition (intra-sexual selection) or 

female choice (inter-sexual selection) (C. K. Catchpole, 1987). Hence, the song can be used 

for mate attraction and/or male competition. Female cowbirds, Molothrus ater (West, King, 

& Eastzer, 1981) responded to playbacks of male songs by displaying their readiness to 

mate, hence giving evidence that mate attraction can be the purpose of the song display. 

Female response is heightened by more song rate (Radesäter, Jakobsson, Andbjer, Bylin, 

& Nyström, 1987; Wasserman & Cigliano, 1991). Increase in number of song types can 
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elicit more response from females depending on the species (Searcy & Marler, 2010). Other 

than song rate, repertoire size also shows positive correlation with pairing success (Howard, 

1974). Females are also known to distinguish conspecific song from others (Searcy, Marler, 

& Peters, 1981) and prefer larger song repertoire (Searcy, 1984). Females canaries are 

known to be attracted to certain phrases more than the others (Vallet & Kreutzer, 1995). 

Female choice hence plays a role in the evolution of the song. Male songs also play a role 

in territorial defence from rival males, i.e the Beau-Geste hypothesis which states that new 

males move away from territories having males with higher repertoire because it seems like 

the location is already crowded  (Alatalo, Lundberg, & Björklund, 1982; Krebs, Kacelnik, 

& Taylor, 1978). Variation in song at an individual level provides information about the 

competitive ability of a male (Cate, Slabbekoorn, & Ballintijn, 2002). A large song 

repertoire size leads to more female response (Searcy & Marler, 2010) and holding 

resourceful territories for longer periods (Hiebert, Stoddard, & Arcese, 1989), both possibly 

leading to more reproductive success.  

Since song is associated with sexual selection, it is likely to vary depending on the breeding 

physiology of the organism. Seasonal variation on song production has been studied 

greatly. Some species, especially in tropics are continuous breeders, and hence song can be 

heard all year long (Stutchbury & Morton, 2008). In some seasonal breeders, song output 

increases rapidly just before clutches are laid (C. K. Catchpole, 1973) and reduces gradually 

towards the end of breeding season. On the other hand, in other seasonal breeders, song can 

be heard in non-breeding season as well, but the song properties amongst the two seasons 

may differ. In Island canary, song length and structure varies between seasons (Voigt et al., 

2001). Nuttall's white crowned sparrow shows variation in length and complexity of its 

song in different seasons (Brenowitz, Baptista, Lent, & Wingfield, 1998). Breeding season 

songs contain more attractive elements, and temporal variations is seen across seasons 

(Voigt & Leitner, 2008). In Pied flycatcher, the song becomes less frequent, shorter with 

lower repertoire size once the male is paired, hence showing variation within the breeding 

cycle itself (Espmark & Lampe, 1993). At a physiological level, song production has shown 

to depend on levels of testosterone in the males, which increases during breeding season 

(Rost, 1990). 

Thus, song makes an important component of reproductive fitness in songbirds. But these 

sexual displays to attract a mate can be multimodal. This helps in enhancing the female 

sexual response (O’Loghlen & Rothstein, 2010). Females are also known to eavesdrop on 
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multiple male-male interactions including song display and aggression to choose a mate 

(Amy et al., 2008). Blue capped cordon bleu uses visual, acoustic and tactile modes in its 

sexual display (Ota et al., 2015). Male superb lyrebirds vocalise four different song type 

and each is accompanied by a different set of dance movements (Dalziell et al., 2013). 

The order Passeriformes is known to have the most developed song. Purple sunbird 

(Cinnyris asiaticus) is a passerine bird species which is resident in the Indian subcontinent. 

It is the most commonly reported sunbird species in Northern India (Grimmett, Inskipp, & 

Inskipp, 2011a). It is about 10 cm long with a characteristic long bill. The breeding season 

is noted from the months of March-June in areas of Northern India (Ali & Ripley, 2001). 

(But the breeding plumage has been observed till August in the study area for this 

thesis).The breeding plumage of the male is metallic dark blue and purple. The belly is dark 

purple separated from the breast by an inconspicuous reddish-brown band. The pectoral 

tufts are bright yellow and scarlet (Ali & Ripley, 2001). The pigmentation and structure of 

these feathers have been studied via microscopy and diffraction (Mahapatra, Marathe, 

Meyer-Rochow, & Mishra, 2016). In the non-breeding season, the males adorn an eclipsed 

plumage with pale olive-brown back and a characteristic broad blue-black band runs down 

the middle of throat and breast. The females are olive-brown with a dull yellow breast, 

throughout the year (Ali & Ripley, 2001). Its bill and tongue are adapted to feeding on 

nectar, as it forms majority of the diet (Ghadirian, Qashqaei, Dadras, & Abbas, 2008). It 

can be seen on many flowering trees, like Madhuca indica, Borassus palms and loranthus 

clumps. It also catches insects and small spiders specially to feed the young. Some 

examples of insects used as food are Tinied and Geometridae larvae, weevils (Myllocerus 

sp.), bugs (Cydnus nigritus), jassids and small flies (Ali & Ripley, 2001). Flycatching has 

also been noted in this species (Nair, 1994). 

It has been seen that males in breeding season perch on a high open space and utter a 

“cheewit cheewit” rapidly two to six times, while pivoting side to side and raising and 

lowering its wings, to displays its pectoral tufts which are erected laterally. In non-breeding 

season it utters a low twittering, continuous song without any pause (Ali & Ripley, 2001). 

A previous study in our lab has shown that the sunbird song in the early-middle breeding 

season is made up of 27 defined phrases which are composed of a set of 24 notes. The 

phrases have a well-defined structure with a prefix, body and suffix (Chorol & Jain, 

unpublished 2019) This species also shows vocal adjustments in the song in response to 



5 
 

background noise levels by modifying its amplitude to overcome the masking (Lombard 

effect) (Singh, Jaiswal, Ulman, & Kumar, 2019).  

Females contribute to nest building significantly higher than males which takes from about 

six days to three weeks to build (Ali & Ripley, 2001). The nest is oval-shaped, the materials 

(dry leaves and grass, paper, wires, narrow pipes) and construction time of which can vary 

significantly in rural and urban settings (Mazumdar & Kumar, 2014). Incubation is only 

performed by the female for 14 or 15 days. Nesting period is of 13 to 17 days where 

nestlings are fed and attended to by both parents (Ali & Ripley, 2001). 

Very few evidence-based studies have been conducted on this widespread species. Most 

accounts are field based observations. My work is an attempt to understand the male song 

in this species, quantify it and study the structural variations over breeding and non-

breeding seasons. A structural comparison could highlight parts that may indicate sexual 

attractiveness (Hill, Amiot, Ludbrook, & Ji, 2015; Howard, 1974; Searcy, 1984). This study 

also gives a glimpse of other behaviours that are portrayed by the species in non-breeding 

season. Comparing this behaviour study with a subsequent one in breeding season can 

highlight presence of a visual sexual display. 

Thus, the objectives of this study are: 

1. To study song diversity of Purple Sunbird in breeding season by characterising note 

diversity and phrase diversity. 

2. To study song diversity of Purple Sunbird in non-breeding season by characterising 

note diversity and phrase diversity. 

3. To compare song diversity of Purple Sunbird in breeding and non-breeding season 

by characterising note diversity variation and phrase diversity variation. 

4. To study temporal variation in various behaviour of Purple sunbird in non-breeding 

season 
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P1: Purple sunbird (male and female/juvenile) during breeding season showing various 

behaviours 
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P2: Male purple sunbird showing change in plumage colour from breeding to non-

breeding season (Picture credits-IS: Imran Sayyed) 
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P3: Male purple sunbird in non-breeding season showing various behaviours (Picture 

credits-IS: Imran Sayyed) 
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Chapter 2 

 

2.1  Objective 

To study song diversity of Purple Sunbird in breeding season by characterising note 

diversity and phrase diversity. 

 

2.2   Methodology 

2.2.1 Sampling location and acoustic recordings  

Recordings were made opportunistically during the day from various locations on the 

IISER Mohali campus (30.6650° N, 76.7300° E, Punjab) from June to August 2019. A 

solid-state recorder (Marantz pmd 661 MK II, frequency response: 20 Hz-24 kHz) attached 

to a directional shotgun microphone (Sennheiser K6 frequency response: 40 Hz-20 kHz) 

with a foam windshield was used to make focal male recording of the song bout (sampling 

rate: 44100 Hz and 16-bit rate). The place, date, and time of the bout were said into 

microphone at the end of the recording. All recordings were tagged, and clean recordings 

were selected for further analysis. Sampling used were from June 2019 to July 2019. 

 

2.2.2 Data Analyses  

Around 1.3 hours of data was analysed comprising of 5453 note instances and 445 phrase 

instances. The recordings were annotated for various note types in sound analysing 

software, (Raven Pro 1.5, developed by Cornell Laboratory of Ornithology, Ithaca, New 
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Fig 2.1(a) Structural description of male song in Purple sunbird  
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Fig 2.1(b) Structural description of male song in Purple sunbird  
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York, USA) based on audio-visual analysis. The spectro-temporal characters of 

fundamental frequency were also used for analysis (spectral: Frequency 5% (Hz), 

Frequency 95% (Hz), Bandwidth 90% (Hz), Peak Frequency (Hz), Centre Frequency (Hz); 

temporal: note duration (s)) (adopted from Chorol & Jain, 2019 unpublished). Notes with 

n>=5 were considered for analysis.  

Notes occurring together in a short time frame (inter-phrase vs intra-phrase duration) were 

considered as a phrase. Naming of phrases was based on combinations of notes and their 

ordering pattern. 

 

 

For analysis, the phrases have been classified based on two characters: Abundance and 

Structure (Fig 2.2). Abundance is the number of repetitions that are observed for each 

phrase: common phrases have n>=3 and rare phrases have n<3. Structure is the presence 

and organisation of various parts of the phrases. Structured phrases have well-defined parts 

(eg: prefix, body, suffix). This includes presence of other phrases that are devoid of those 

parts. This comparison helps ascertain presence/absence of these parts. Unstructured 

phrases lack such a comparison. 

An overall abundance graph highlighting the common phrases has been plotted. The prefix 

graph shows the abundance of prefix in all phrases. “M” acts as the prefix in the breeding 

season (Chorol & Jain, 2019 unpublished). Phrases that start with a “M” note have been 

considered as “With prefix”. Intra-phrase duration is the entire length of the phrase, 

whereas inter-phrase duration is the distance between simultaneous phrases. Some phrase 

pairs have shown a specific pair of notes present between the body and suffix. This has 

been termed as pre-suffix (PS). Phrases have been observed without PS and S, with just PS, 

Fig 2.2: Classification of phrases based on “Abundance” and “Structure” 
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with just S, and with both PS and S. For the suffix and pre-suffix graphs, only structured 

phrases have been considered. Some phrases show sudden appearance of certain notes. 

Since the sample size of each is very small, the word ‘sudden’ is used. These are termed as 

erratic parts. They are mostly seen in unstructured phrases. They are classified into three 

categories: trill parts, extended body and incomplete suffix. Trill parts occur in short series, 

anywhere in the phrase, giving a trilling sound. Very rarely the trill notes are present 

independent of one another. Extended body includes notes after PS or S or between S. 

Incomplete suffix arises when the most common suffices are incompletely represented in 

the phrases. The graphs of erratic parts have been plotted in unstructured and rare phrases. 

Inter-note duration graphs have been plotted for both structured and all phrases (which 

includes unstructured phrases). For the latter, already identified suffix is treated as such. 

Inter-note duration means the time-interval between two consecutive notes in a phrase. For 

P, B and E parts, inter-note duration of all notes is plotted. For S, inter-note duration 

between certain notes is plotted, to highlight a possible mini breath (as seen in Chorol & 

Jain, 2019 unpublished). Similar method is used for PS. All trill notes are considered 

together as “Tr” due to their tendency to occur together and combine to give a trilling sound. 

 

2.2.3 Statistical Analyses 

Statistical tests were run in Statistica version 10. Test for normality (Kolomogorov-

Smirnov and Lilliefors test, Shapiro-Wilk test) showed that the dataset for the notes was 

not normal and hence non-parametric tests were employed. Kruskal-Wallis ANOVA 

showed significant differences (alpha=0.05) between various parameters of different note 

types. Hence, a post-hoc Mann-Whitney test was run. To negate the effect of sample sizes 

on the Mann-Whitney U test, bootstrapped iterations (DiCiccio & Efron, 1996; Efron & 

Tibshirani, 1993) were performed on the test for various parameters in R (MWU-i test, Fig 

A 3.1). The bootstrapping was designed in such that for a given pair of notes with unequal 

sample sizes (say n1<n2), the iterations were performed by randomly choosing data points 

from the note set with larger sample size (making n1=n2’). MWU test (alpha=0.05) was 

then performed on these two sets of notes, for each parametr. The algorithm performed 

1000 such test iterations for each parameter of all note combinations. To consider 

significant difference between notes, for a given parameter, at least 800 out of 1000 cases 

(i.e 80%) had to show a significant p-value (alpha=0.05). A hierarchy of parameters have 

been chosen to represent the statistically different notes. More weightage is given to 



14 
 

spectral parameters due to the robustness of their measurement in the Raven Pro 1.5 

program. 

Statistical tests were run for inter-phrase duration vs intra-phrase duration and inter-note 

duration (for structured and all) phrases. Test for normality (Kolomogorov-Smirnov and 

Lilliefors test, Shapiro-Wilk test) showed that the data was not normal and hence non-

parametric tests were employed. Kruskal-Wallis ANOVA (for inter-note duration) showed 

significant (alpha=0.05) differences. Hence, a post-hoc Mann-Whitney test was run 

(alpha=0.05).  

 

2.3  Results 

Based on aural-visual analysis, a total of 29 distinct notes (Fig A 3.2) have been found in 

the song of the purple sunbird in breeding season. Majority of these notes are significantly 

different at least by one parameter, based on the post hoc analysis (MWU-i test; p<0.05 for 

at least 80% cases, Fig 2.4). The mean values of all spectral and temporal parameters are 

given in table 2.1. From abundance plot (Fig 2.3), it was seen that note type “L” is most 

common note followed by A, whereas notes R, W, g52 are rare. Out of the 29, 10 notes 

show spectro-temporally different morphs (Table 2.2, Fig A 3.2). 
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Table 2.1 Mean and std. values of various parameters of different notes in breeding 

season 
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.  Fig 2.3: Graph depicting abundance of various note types (n>=5) in breeding season 
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Table 2.2:  Abundance, mean and std. values of various parameters of the morphs of 

note types in breeding season 
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Fig 2.4: Hierarchical classification of notes showing significant result for MWU-i test 

in breeding season (Order of hierarchy is represented in figure) 
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A total of 117 different types of phrases were found in the song of the purple sunbird in 

breeding season. The abundance plot (Fig 2.5, Table A 1.1) showed that “MBEQL” is the 

most common phrase, followed by “HA”. There are multiple phrases with just one 

occurrence. Table (2.3) shows the mean values of various parameters for common phrases. 

There is a significant difference (p<0.05) between the inter-phrase duration and intra-

phrase duration, with the latter being higher (Fig 2.6, Table A 2.1). Hence, most space in 

the song bout is empty. Prefix is present in more than half the total phrases (Fig 2.7). Suffix 

is present in one-fourth of the structured phrases (Fig 2.8, Table A 1.2), out of which “JFL” 

is the most abundant and “UN” the least (in agreement with Chorol and Jain, 2019 

unpublished). “JZ” is a new suffix observed (Fig 2.9). Pre-suffix is a new part introduced 

which is present in around 15% of the structured phrases (Fig 2.10, Table A 1.3). Amongst 

the structured phrases, prefix lies the farthest away. Inter-note duration of pre-suffix (less 

than 40ms) lies mostly between body and suffix. The inter-note duration of suffix is least 

(less than 20ms) (Fig 2.11, Table A 2.2). Erratic parts are present in more than half of the 

rare and unstructured phrases (Fig 2.12, Table A 1.4), out of which “Extended Body” is 

most abundant (Fig 2.13). Amongst all phrases prefix still lies farthest. Erratic parts have 

an inter-note duration which lies between the inter-note duration for body and pre-suffix 

(Fig 2.14, Table A 2.3). 
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Fig 2.5: Graph depicting abundance of common phrases observed in breeding season 

(Table A 1.1) 
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 Table 2.3:  Mean and std values of various parameters for common phrases in breeding 

season 
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Fig 2.6: Graph depicting intra-phrase and inter-phrase duration in breeding season. 

Mann-Whitney U test showed significant difference between them (p<0.05). (Table A 

2.1). * represents significant difference. Extreme outliers may be omitted. 

Fig 2.7: Pie-chart depicting abundance of prefix in all phrases in breeding season 

n(intra)=245 

n(inter)=216 
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Fig 2.8: Pie-chart depicting abundance of suffix in structured phrases in breeding 

season (Table A 1.2) 

Fig 2.9: Pie-chart depicting abundance of various suffices in suffixed phrases in 

breeding season 
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Fig 2.10: Pie-chart depicting abundance of pre-suffix in structured phrases in breeding 

season (Table A 1.3) 

Fig 2.11: Graph depicting inter-note duration of various parts of phrases (structured 

phrases). Mann-Whitney U test showed significant difference between them (p<0.05) 

depicted by different letters (a,b,c,d). P: prefix; B: body; PS: pre-suffix; S: suffix. 

(Table A 2.2). Extreme outliers may be omitted. 

n(P)=46 

n(B)=75 

n(PS)=7 

n(S)=20 
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Fig 2.12: Pie-chart depicting abundance of erratic parts amongst unstructured and rare 

phrases in breeding season (Table A 1.4) 

Fig 2.13: Pie-chart depicting abundance of various erratic parts in breeding season 
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2.4  Conclusion 

Out of the 29 note types, 20 note types have been observed before (Chorol & Jain, 2019 

unpublished). Two note types, namely “U” and “N” (in Fig A 3.2) had low sample size 

(n<5). Whereas two other note types, namely “P” and “X” (in Fig A 3.2) described before 

(Chorol & Jain, 2019 unpublished) have not been observed here. 

 

Out of 117 phrase types, 13 phrase types have been observed before (Chorol & Jain, 2019 

unpublished). The most abundant phrase in the breeding season is “MBEQL” (whereas 

“MDOKL” in Chorol and Jain, 2019 unpublished). In a song bout, inter-phrase duration is 

significantly higher than the phrase duration. The prefix “M” has a high abundance and lies 

farthest from all phrases as already studied (as observed in Chorol and Jain, unpublished 

2019). Suffix syllable has a low abundance and is produced in a very short time frame as 

studied before (Chorol and Jain, 2019 unpublished). Pre-suffix is less common that suffix 

Fig 2.14: Graph depicting inter-note duration of various parts of all phrases 

(assumptions included) in breeding season. Mann-Whitney U test shows significant 

difference between them (p<0.05) depicted by different letters (a,b,c,d). P: prefix; B: 

body; PS: pre-suffix; S: suffix. (Table A 2.3). Extreme outliers may be omitted. 

 

n(P)=67 

n(B)=118 

n(PS)=14 

n(S)=36 

n(E)=13 
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and is produced in a time interval higher than the suffix but lesser than the body. Moving 

from prefix to body to pre-suffix and to suffix, shows a gradual and significant decrease in 

inter-note duration. Erratic parts have a low abundance overall but could be the reason for 

some phrases being unstructured and rare.
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Chapter 3 

 

3.1  Objective 

To study song diversity of Purple Sunbird in non-breeding season by characterising note 

diversity and phrase diversity. 

 

3.2  Methodology 

3.2.1 Sampling location and acoustic recordings  

Same as Chapter 1 (2.2.1). Sampling was done from October 2019 to February 2020. 

Recording utilised are from October 2019, December 2019, and February 2019. 

3.2.2 Data Analyses  

Around 40 minutes of data was analysed comprising of 8831 note instances and 1093 

phrase instances.  

Same as Chapter 2 (2.2.2) 

An overall abundance graph highlighting the common phrases has been plotted. Intra-

phrase duration v/s inter-phrase duration is also plotted. Since, “M” acts as the prefix in the 

breeding season a prefix graph for non-breeding season is also plotted. The abundance of 

trill parts in all phrases has been plotted, highlighting the abundance of phrases that start 

with a trill in a separate graph. The suffix and pre-suffix abundance graphs have been 

plotted.  

 

3.2.3 Statistical Analyses 

Same as Chapter 2 (2.2.3)  

 



30 
 

3.3 Results 

Based on aural-visual analysis, a total of 32 distinct notes (Fig A 3.2) have been found in 

the song of the purple sunbird in non-breeding season. Majority of these notes are 

significantly different atleast by one parameter, based on the post hoc analysis (MWU-i 

test; p<0.05 for atleast 80% cases, Fig 3.2). The mean values of all spectral and temporal 

parameters are given in table 2.1. From abundance plot (Fig 3.1), it was seen that note type 

“Tr” is most common note followed by “D”, whereas notes “E” and “W” are rare. Out of 

the 32, 13 notes show spectro-temporally different morphs (Table 3.2, Fig A 3.2), pointing 

to more distortion of notes. 
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Table 3.1: Mean and std. values of various parameters of different note types in non-

breeding season 
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Fig 3.1:  Graph depicting abundance of various note types (n>=5) in non-breeding 

season 
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Table 3.2:  Abundance, mean and std. values of various parameters of the morphs of 

note types in non-breeding season 
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 Fig 3.2: Hierarchical classification of notes showing significant result for MWU-i test. 

(Order of hierarchy is represented in figure) in non-breeding season 
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A total of 327 different types of phrases were found in the song of the Purple sunbird in 

non-breeding season, out of which single-noted phrases (phrases with a only one distinct 

note, either with one or multiple repetitions) are the most abundant. The abundance plot 

(Fig 3.3, Table A 1.4) showed that “A” is the most common phrase, followed by “M”. 

There are multiple phrases with just one occurrence. Table 3.3 shows the mean values of 

various parameters for common phrases. There is a significant difference (p<0.05) between 

the inter-phrase duration and intra-phrase duration, but there is good overlap between the 

two populations (small effect size) (Fig 3.4, Table A 2.4). This tells us that the difference 

is possibly not biologically relevant. Hence, it points to a continuous vocalisation. “M” as 

a prefix is present in around 18% of the total phrases and appears as a single-noted phrase 

with a frequency of 10% (Fig 3.5). Trill parts are seen in around 26% of phrases (Fig 3.6), 

with 10% of total starting with a trill, and around 9% phrases are single noted “Tr” phrases 

(Fig 3.7). Suffix and pre-suffix presence in structured phrases are almost negligible (Fig 

4.9). Amongst the structured phrases, prefix lies the farthest away. The inter-note duration 

(Fig 3.8, Table 2.5) of body is significantly different from the pre-suffix and suffix, but the 

effect size is small. Hence, there is enough overlap. No significant difference is found 

between the inter-note duration of pre-suffix and suffix, whereas the effect size is large. 

This indicates that the sample sizes are small. But considering their low abundance 

(amongst structured phrases) in non-breeding season, it might not be possible to get a large 

enough sample size. 
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Table 3.3:  Mean and std. values of various parameters for common phrases in non-

breeding season 
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Fig 3.3: Graph depicting abundance of various common phrases (n>=3) observed in 

non-breeding season 

Fig 3.4: Graph depicting intra-phrase and inter-phrase duration during non-breeding 

season. Mann-Whitney U test showed significant difference between them (p<0.05) 

(Table A 2.4). * represent significant difference. Extreme outliers may be omitted. 

* 

N=1093 

All n>=3 

n(intra)=1092 

n(inter)=944 
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Fig 3.5: Pie-chart depicting abundance of prefix in all phrases in non-breeding season 

Fig 3.6: Pie-chart depicting abundance of trill parts in all phrases in non-breeding 

season 



39 
 

 

                 

 

 

 

 

 

3.4  Conclusion 

Fig 3.7: Pie-chart depicting abundance of phrases starting with trill in non-breeding 

season 

Fig 3.8: Graph depicting inter-note duration of various parts of phrases (structured 

phrases) in non-breeding season. Mann-Whitney U test showed significant difference 

between them (p<0.05) depicted by different letters (a,b,c). P: prefix; B: body; PS: pre-

suffix; S: suffix. (Table A 2.5). Extreme outliers have been omitted. 

n(P)=33 

n(B)=84 

n(PS)=2 

n(S)=2 
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Out of the 32 note types, trill notes are the most abundant. Notes have shown more 

distortion. Most common phrases are sing-noted. Inter-phrase and intra-phrase duration 

have a considerable overlap, pointing towards a continuous vocalisation. Prefix ‘M’ is 

present in low number of phrases. Trilling is present in a considerable number of phrases 

and a low proportion of phrases start with a trill. Prefix lies farthest away from the phrase. 

There is less difference between body with pre-suffix and suffix. Whereas, the same cannot 

be concluded for just pre-suffix and suffix since their abundance is low in non-breeding 

season. This considerable overlap between all parts points towards possibly less breath 

modulation and an overall ambiguity between various phrase parts.
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Chapter 4 

 

4.1 Objective 

To compare song diversity of Purple Sunbird in breeding and non-breeding season by 

characterising note diversity variation and phrase diversity variation. 

 

4.2  Methodology 

The results of the structural study of the song in breeding (BS) and non-breeding season 

(NBS) are discussed in a comparative manner. To understand the organisation of notes into 

phrases, proportion vs number of distinct notes (in order) of each phrase is plotted. For this 

a dataset comprising of number of note repetition per phrase in BS was compared to its 

NBS counterpart. Test of normality showed that this data was not normal. Hence, Mann-

Whitney U test (alpha=0.05) was performed. 

 

4.3  Results 

In BS, out of 1.3 hours of recordings, 5453 note repetitions and 445 phrase repetitions were 

obtained. This comprised of 29 distinct note types (Table 2.1), and 117 distinct phrases 

(Table A 1.1). In NBS, 40 minutes of recordings, 8831 note repetitions and 1093 phrase 

repetitions were obtained. This comprised of 32 distinct note types (Table 3.1), and 327 

distinct phrases (Table A 1.4). The phrase duration and inter-phrase duration, during 

breeding season, show a significant difference with a large effect size (fig 2.6, Table A 2.1). 

In non-breeding season, the difference between the two parameters is significant but the 

effect size is small (Fig 3.4, A 2.4). These show that the song in non-breeding season is 

more continuous (example in Fig A 3.4). There is substantial difference between the note 
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repertoires in the two seasons. 19 notes are mutual in the two seasons, but their abundance 

differs (Fig 4.1). 11 notes are unique to BS, whereas 13 notes are unique to NBS. In BS, 10 

notes showed morphs (Table 2.2), while in NBS 13 notes showed morphs (Table 3.2). This 

could point to more distortion of notes in latter season (examples of structural variation in 

“K” and “L” notes in two seasons depicted in Fig A 3.3). 

The phrase repertoire and their abundance are quite different in the two seasons. 

Considering classification of phrases based on “abundance”, in the BS, there are 35 

common phrases (each n>=3), whereas in NBS, there are 21 common phrases. Out of these 

only 4 phrases are mutual to both seasons, but their abundance differs (Fig 4.2). 31 common 

phrases are unique to BS whereas 17 common phrases are unique to NBS. Considering 

classification of phrases based on “structure”, in the BS a larger proportion (85%) of 

phrases fall in the structured category compared to the NBS (60%) (Fig 4.3). 

The number of notes per phrase (for all phrases) in BS lies in a more limited area but the 

data for NBS is quite spread out with multiple outliers (Fig 4.4, Table A 2.6). For common 

phrases, 5 is the highest number of distinct notes (per phrase) in BS, whereas 1 per phrase 

in NBS (Fig 4.5, Table A .6). Similar results can be seen for structured phrases (Fig 4.6, 

Table A 1.7). This points to the fact that even though some longer phrases exist in NBS, 

most common and structured are single noted. 

A structured phrase is made of many parts like prefix, body, and suffix (pre-suffix and 

erratic parts introduced in Chapter 2). Comparing their abundance and identity across the 

seasons gives insight into their structural variation and their signalling aspects (if any). The 

presence of trill parts is much more in NBS phrases than in BS phrases (Fig 4.7). “M” as a 

prefix appears much more frequently in BS, than in NBS (Fig 4.8). In fact, in NBS around 

10% phrases begin with a trill (Fig 3.7).  

The abundance of suffix and also pre-suffix in structured phrases was checked. Both pre-

suffix and suffix reduces greatly in the NBS (Fig 4.9). Thus, suffix and pre-suffix are 

proposed as to have a role in sexual selection. On comparing the inter-note durations, a 

significant difference is seen between prefix of BS and NBS, but the effect size is small 

(Fig 4.10, Table A 2.7). No differences were seen for body, pre-suffix, and suffix in the 

two seasons (Fig 4.11, Fig 4.12, Fig 4.13, Table A 2.7, Table A 2.8). But different parts 

showed significant difference in their inter-note duration with medium/large effect size in 

the BS (Fig 2.11, Table A 2.2). Whereas in NBS, either there was not a significant 
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difference, or the effect size was small (Fig 3.8, Table A 2.5). This indicates that even 

though there is no difference between the same parts over season but overall, the parts in 

BS (over temporal scale) are more distinguishable from one another than in NBS. 

 

 

 

 

 

Fig 4.1: Graph depicting abundance of mutual notes in the two seasons 

Fig 4.2: Graph depicting abundance of mutual phrases in the two seasons 
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Fig 4.3: Graph depicting abundance of structured phrases in the two seasons 

Fig 4.4: Graph depicting distribution of number of notes per phrase in the two seasons 

(Table A 2.6). * represents significant differences. Extreme outliers may be omitted. 

n(BS)=448 

n(NBS)=944 
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Fig 4.6: Graph depicting proportion of structured phrases vs number of distinct notes 

(in order) in the two seasons (Table A 1.7) 

Fig 4.5: Graph depicting proportion of common phrases vs number of distinct notes (in 

order) in the two seasons (Table A 1.6) 
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Fig 4.7: Graph depicting abundance of trill parts in the two seasons 

Fig 4.8: Graph depicting abundance of prefix in the two seasons 
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Fig 4.9: Graph depicting abundance of suffix and pre-suffix in the two seasons 

Fig 4.10: Graph depicting inter-note variation in prefix over two seasons. Mann-

Whitney U test shows significant difference (p<0.05), with small effect size (Table A 

2.7). * represents significant difference. Extreme outliers may be omitted. 

n(BS)=46 

n(NBS)=33 
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Fig 4.11: Graph depicting inter-note variation in body over two seasons. Mann-

Whitney U test shows no significant difference (p>0.05) (Table A 2.7). N.S. represents 

non-significant difference. Extreme outliers may be omitted. 

Fig 4.12: Graph depicting inter-note variation in pre-suffix over two seasons. Mann-

Whitney U test shows no significant difference (p>0.05) (Table A 2.8). N.S. represents 

non-significant difference. Extreme outliers may be omitted. 

 

n(BS)=75 

n(NBS)=84 

n(BS)=7 

n(NBS)=2 
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4.4  Conclusion 

The song bout in breeding season is structured with spaced phrases, whereas in non-

breeding season it is a continuous vocalisation without any set structure. Note repertoire 

changes, with some unique notes in each season. But, the change in phrase repertoire is 

much more pronounced. In breeding season, males produce medium length unique-noted 

phrases, whereas in non-breeding season, they are mostly isolated single-noted phrases. 

The proportion of both structured and common phrases reduces in non-breeding season, 

with an increase in distortion of notes. Trilling during song bout becomes a much more 

pronounced phenomena during the non-breeding season. Amongst the structured phrases, 

the abundance of suffix and pre-suffix falls immensely in the non-breeding season, 

providing further evidence into checking their role in sexual selection. The inter-note 

durations show that there is more difference between different parts in breeding season 

compared to non-breeding season, indicating more definite structure in the breeding season. 

 

 

Fig 4.13: Graph depicting inter-note variation in suffix over two seasons. Mann-

Whitney U test shows no significant difference (p>0.05) (Table A 2.7). N.S. represents 

non-significant difference. Extreme outliers may be omitted. 

 

n(BS)=20 

n(NBS)=2 
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Chapter 5 

 

5.1 Objective 

To study temporal variation in various behaviour of Purple sunbird in non-breeding season 

 

5.2  Methodology 

5.2.1 Sampling location and behavioural recordings 

Pre-liminary field observations and video recordings were used to construct the ethogram. 

This ethogram was then used to conduct the sampling on field. Focal animal sampling was 

employed with 1 min sample and 1 min rest in the IISER Mohali campus (30.6650° N, 

76.7300° E, Punjab). All behaviours observed were noted down in the rest period. Date, 

time slot, location, sex of focal animal and behaviours observed were noted down. 

Sampling sessions were 75 minutes long and spread to cover each slot (between 6 am to 6 

pm) twice in a week. Data was collected from two locations on campus for 33 days. In one 

week, while data was collected from one location, presence of individuals was ascertained 

at the other location. 

 

5.2.2 Data Analyses 

All data (presence/absence) was replicated in an excel file. Seven distinct behaviours were 

observed, namely: Vocalisation, Displacement, Foraging, Grooming, Antagonism, Body 

Movement and Stationary. Out of these, the first five behaviours are believed to utilise most 

energy, and hence used to study the time activity budget (TAB) and diel patterns. The 

frequency table of various behaviours portrayed during song bout was constructed. One set 

represents all singing data points and thus the proportion of different behaviours amongst  
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those data points. The other set represents middle singing points, i.e the first and last 

samples of an entire song bout were removed. This is to ensure that behaviours that were 

exhibited before or after song bout are not mis-represented. On field observation suggests 

that the focal male is perching at one location during the song bout. It usually shows 

grooming activities and other body movements during this time. Hence, “Body Movement” 

and “Stationary” behaviours have been included in this analysis. 

5.2.3 Statistical Analyses 

A total of 802 samples of 1 minute each were obtained. These accounted for 13 hours and 

37 minutes of recording. Statistical tests were run in Statistica version 10. The sample set 

of data points for each behaviour was constructed by taking the proportions in each 

sampling duration for the specific timeslot (Table A 1.8). 

5.2.3.1 Time-Activity Budget (TAB) 

Test for normality (Kolmogorov-Smirnov and Lilliefors test, Shapiro-Wilk test) showed 

that data was not normal for all behaviours and hence non-parametric tests were employed. 

Kruskal-Wallis ANOVA showed significant (p<0.05) difference between the proportion of 

all behaviours throughout the day. Hence, a post-hoc Mann-Whitney U test was employed 

(alpha=0.05).  

5.2.3.2 Diel Pattern of behaviours 

Test for normality (Kolmogorov-Smirnov and Lilliefors test, Shapiro-Wilk test) showed 

that data was normal for ‘FORAGING’ and not normal for other behaviours. Hence, for 

‘FORAGING’, one-way ANOVA was performed (alpha=0.05). The difference between 

different time slots was not significant. For other behaviours, Kruskal-Wallis ANOVA 

(alpha=0.05) was conducted.  

5.2.3.3   Behaviours associated with song 

Continuous song bout samples (more than 3) coming from single individuals were 

separated to perform statistical analysis. Proportion for each behaviour for each individual 

was calculated which gave the sample set (n=11 for each behaviour) to run the analysis. 

Test for normality (Kolmogorov-Smirnov and Lilliefors test, Shapiro-Wilk test) showed 

that data was not normal for all behaviours and hence non-parametric tests were employed. 
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Kruskal-Wallis ANOVA showed significant (p<0.05) difference. Hence, a post-hoc Mann-

Whitney U test was employed (alpha=0.05).  

 

5.3 Result 

The ethogram of all behaviours with their definitions is given in Table 4.1. All seven 

behaviours were recorded through the sampling. The TAB (Fig 5.1) shows that 

“Displacement” is the most common behaviour (and is significantly different from others, 

MWU, p<0.05) which agrees with the dynamic nature of this bird. This is followed by 

“Vocalisation” (significantly different from others, MWU, p<0.05), and then “Foraging” 

and “Grooming”, which do not show a significant difference (MWU, p>0.05). 

“Antagonism” is the least abundant behaviour (and significantly different from others, 

MWU, p<0.05) in non-breeding season. The frequency of each behaviour during each time 

slot is given in Fig 5.2 (Table A 2.9). None of the behaviours showed a diel pattern (MWU, 

p>0.05) (Fig 5.3, Table A 2.11). During the song bout, the male is mostly stationary and 

performs body movements at a place. This is portrayed by both the frequency table and the 

statistical test (Fig 5.4, Table A 2.10). The two most abundant behaviours namely stationary 

and body movement do not show a significant difference between them (MWU, p>0.05, 

Fig 5.5). This is followed by grooming and foraging behaviours (not significantly different 

from one another, MWU, p>0.05, Fig 5.5). And the least abundant is antagonism. 
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Table 5.1 (a): List of behaviours (ethogram) observed in non-breeding season 
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Table 5.1 (b): List of behaviours (ethogram) observed in non-breeding season 
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Fig 5.1: Graph representing time activity budget of different behaviours. Mann-

Whitney U tests shows significant difference between most groups (p<0.05) (Table A 

2.9). Different letters (a,b,c,d) represent significant differences. Extreme outliers may 

be omitted. 

Fig 5.2 (a): Graph representing proportion of behaviours during 0600-0800 hours. 

Mann-Whitney U tests (alpha=0.05). NS: Non-significant. Rest are significant. (Table 

A 2.12). Extreme outliers may be omitted. 

 

n= 63 

repetitions 

each 

n= 9 

repetitions 

each 
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Fig 5.2 (b): Graph representing proportion of behaviours during 0800-1000 hours. 

Mann-Whitney U tests (alpha=0.05). NS: Non-significant. Rest are significant. (Table 

A 2.9). Extreme outliers may be omitted. 

 

Fig 5.2 (c): Graph representing proportion of behaviours during 1000-1200 hours. 

Mann-Whitney U tests (alpha=0.05). NS: Non-significant. Rest are significant. (Table 

A 2.9). Extreme outliers may be omitted. 

 

n= 9 

repetitions 

each 

n= 13 

repetitions 

each 
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Fig 5.2 (d): Graph representing proportion of behaviours during 1200-1400 hours. 

Mann-Whitney U tests (alpha=0.05). NS: Non-significant. Rest are significant. (Table 

2.9). Extreme outliers may be omitted. 

 

Fig 5.2 (e): Graph representing proportion of behaviours during 1400-1600 hours. 

Mann-Whitney U tests (alpha=0.05). NS: Non-significant. Rest are significant. (Table 

A 2.9). Extreme outliers may be omitted. 

 

n= 12 

repetitions 

each 

n= 12 

repetitions 

each 
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Fig 5.2 (f): Graph representing proportion of behaviours during 1600-1800 hours. 

Mann-Whitney U tests (alpha=0.05). NS: Non-significant. Rest are significant. (Table 

A 2.9). Extreme outliers may be omitted. 

 

Fig 5.3 (a): Graph depicting diel pattern of Vocalisation during non-breeding season. 

Mann-Whitney U test (alpha=0.05) showed non-significant (NS) differences. (Table A 

2.11). Extreme outliers may be omitted. 

 

n= 8 

repetitions 

each 
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Fig 5.3 (b): Graph depicting diel pattern of Displacement during non-breeding season. 

Mann-Whitney U test (alpha=0.05) showed non-significant (NS) differences. (Table A 

2.11). Extreme outliers may be omitted. 

 

Fig 5.3 (c): Graph depicting diel pattern of Foraging during non-breeding season. One-

way ANOVA (alpha=0.05) showed non-significant (NS) differences. (Table A 2.11). 

Extreme outliers may be omitted. 
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Fig 5.3 (d): Graph depicting diel pattern of Grooming during non-breeding season. 

Mann-Whitney U test (alpha=0.05) showed non-significant (NS) differences. (Table A 

2.11). Extreme outliers may be omitted. 

 

Fig 5.3 (e): Graph depicting diel pattern of Antagonism during non-breeding season. 

Mann-Whitney U test (alpha=0.05) showed non-significant (NS) differences. (Table A 

2.11). Extreme outliers may be omitted. 
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Fig 5.4: Graph depicting proportion of other behaviours whilst Singing.  N1: All song 

points sample size; N2: Middle song points sample size 

 

Fig 5.5: Graph depicting proportion of other behaviours whilst Singing from 11 

individuals. Mann-Whitney U test (alpha=0.05) was performed. NS: Non-significant. 

Rest are significant. (Table A 2.10). Extreme outliers may be omitted. 

 

 

n= 11 

repetitions 

each 
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5.4 Conclusion 

The time-activity budget showed that “Displacement” is the most common behaviour 

throughout the day during the non-breeding season. Also, “Antagonism” is the least 

common. No diel variation in behaviour was observed. While the males sing, they are 

mostly “Stationary” and show “Body Movement” at one position. Also, foraging and 

antagonism during the song bout are the least. 
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Chapter 6: Discussion 

 

This thesis provides evidence that there is structural variation in the song of the Purple 

sunbird (Cinnyris asiaticus) over breeding and non-breeding seasons. No diel pattern is 

observed in the behaviours in non-breeding season. The males are mostly found to be 

stationary and perform body movements at the same position while in a song bout during 

the non-breeding season. A similar behavioural study in the breeding season, can possibly 

highlight any visual sexual display by comparing the frequencies of behaviours in the two 

seasons. This can also help quantify the response of conspecifics to a male song which can 

further provide a basis to run various playback experiments. Song output (C. K. Catchpole, 

1973) and structure (Hennin et al., 2009) is also documented to change through the breeding 

season. A similar output study can help understand the functionality of the song and its role 

in sexual selection. A study focussing on structural variation in song over the breeding 

season can help understand the development of song in the early fledglings (born in earlier 

months of breeding season) and the late fledglings. This done with tagged fledglings can 

help ascertain any differences between their songs, as early fledglings are able to hear more 

song bouts (through the rest of the breeding season) compared to the late fledglings. Since 

a strong variation was found in the abundance of suffix and pre-suffix between the two 

seasons, its role in sexual selection can be tested through playback experiments. The inter-

note results of phrases in breeding season highlights that the time interval falls gradually 

from prefix to body to pre-suffix to suffix or can be sudden from body to suffix. This 

modulation of time interval and thus breath would be an interesting aspect to investigate. 

Some studies suggest that trilling is expensive, produced more in the breeding season, 

possibly being an indicator of better quality (Hill, Amiot, Ludbrook, & Ji, 2015). In this 

study, the opposite is observed with trilling increasing during the non-breeding season. To 

decode this, the definitions and characteristics (like trill rate, frequency range, trill duration, 

trill note duration and others) used in the two studies would have to be compared foremost.
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If the idea is similar, then there could be physiological reasons behind this variation, 

studying which could yield some interesting behavioural aspects in the model species 

Testosterone dependent changes in song trills have been reported before (Black redstart: 

Apfelbeck, Kiefer, Mortega, Goymann, & Kipper, 2012; White-crowned sparrow: 

Whaling, Nelson, & Marler, 1995). It was noted during field observations that the males 

prefer a certain range of sunlight (local temperature/warmth) to begin a song bout. This can 

possibly be tested by measuring the lux levels at the perching position during a song bout. 

Anecdotal field observation also suggests that song output showed a cyclic pattern over the 

year, with high intensity during the breeding season, falling gradually through the months 

of September and October, and very low in December and January and rising up gradually 

through February and March and into the next breeding season. Similar anecdotes were 

observed for amplitude of the song bout which is much higher in breeding season compared 

to the non-breeding season. Hence, a study designed to quantify variation in both these 

characters would yield more insight into its song acoustics. At the level of individual, 

variation has been reported in song repertoires (Osiejuk, Ratyńska, Cygan, & Dale, 2003) 

and element/syllable repertoire (Harris & Lemon, 1972) and thus, can be studied. Studies 

can be done on a larger geographical area, with varying environmental factors. This can 

help understand the repertoire variation with vegetation, climate, anthropogenic effects 

(Red-winged blackbirds: Hanna, Blouin-Demers, Wilson, & Mennill, 2011; Purple 

sunbird: Singh et al., 2019) and other geographical factors. Since this bird is widespread 

across India, attempting a dialect study in various regions would be interesting. Dialect  has 

been reported in the song of Song sparrows (Bell, Slabbekoorn, & Jesse, 2003; Harris & 

Lemon, 1972). Many sister sunbird species are present in India. These occur in allopatric 

regions (like olive-backed sunbird; Andaman and Nicobar Islands, India) and sympatric 

regions (purple rumped sunbirds; southern India (Grimmett, Inskipp, & Inskipp, 2011b). 

Thus, comparing the presence and structural similarity of song amongst all these species 

can give insight into the evolution of song. 

This study opens avenues to study different levels of variation in the song structure. There 

are multiple questions that can be asked on variation in individual, group, species, space, 

and time themes. 
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APPENDIX 1: Data tables 

 

 

 

A 1.1: Table of all phrases in breeding season highlighting their abundance 

and classification 
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A 1.2: Table of all structured phrases with suffix and their counterparts in 

breeding season 

A 1.3: Table of all structured phrases with pre-suffix and their 

counterparts in breeding season  
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A 1.4: Table of all unstructured and rare phrases having erratic parts in 

breeding season. (Highlighted phrase has two types of erratic parts) 
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A 1.5: Table of all phrases in non-breeding season highlighting their 

abundance and classification 



80 
 

 



81 
 

 



82 
 

 



83 
 

 



84 
 

 

 

 

 

 

 

 

 

 

 



85 
 

 

 

 

 

 

 

 

 

 

A 1.6: Table of number of distinct notes (in order) per phrase and their 

proportions amongst common phrases in the two seasons 

A 1.7: Table of number of distinct notes (in order) per phrase and their 

proportions amongst structured phrases in the two seasons 
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A 1.8: Table of all merged behavioural samples (1 min each) taken during the 

same slot (time and day), to obtain proportions of each behaviour during non-

breeding season 



*Green highlight indicates that that even though test shows non-significant results, the effect size 
is large. This means that sample size of the two groups is not large enough. Hence, the test needs 
to be repeated with a larger sample size (if possible). [r= IzI/sqrt (N), where N is cumulative sample 
size. 0.1=<r<0.3, small; 0.3=<r<0.5, medium; 0.5=<r, large) 
 
 

APPENDIX 2: Statistical tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 2.1: Statistical test table on inter-phrase and intra-phrase duration in 

breeding season 

A 2.2: Statistical test table on inter-note duration in different phrase parts 

(structured) in breeding season 

A 2.3: Statistical test table on inter-note duration in different phrase parts 

(unstructured) in breeding season 

A 2.4: Statistical test table on inter-phrase and intra-phrase duration in 

non-breeding season 



*Green highlight indicates that that even though test shows non-significant results, the effect size 
is large. This means that sample size of the two groups is not large enough. Hence, the test needs 
to be repeated with a larger sample size (if possible). [r= IzI/sqrt (N), where N is cumulative sample 
size. 0.1=<r<0.3, small; 0.3=<r<0.5, medium; 0.5=<r, large) 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 2.5: Statistical test table on inter-note duration in different phrase parts 

(structured) in non-breeding season 

A 2.6: Statistical test table on number of notes in each phrase in the 

breeding and non-breeding season 

A 2.7: Statistical test table on inter-note duration variation between 

different parts (prefix, body, suffix) in breeding and non-breeding season  

A 2.8: Statistical test table on inter-note duration variation between 

different parts (pre-suffix) in breeding and non-breeding season (t-test) 



*Green highlight indicates that that even though test shows non-significant results, the effect size 
is large. This means that sample size of the two groups is not large enough. Hence, the test needs 
to be repeated with a larger sample size (if possible). [r= IzI/sqrt (N), where N is cumulative sample 
size. 0.1=<r<0.3, small; 0.3=<r<0.5, medium; 0.5=<r, large) 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

A 2.9: Statistical test table on time activity budget for various behaviours 

in the non-breeding season 

A 2.10: Statistical test table on proportion of various other behaviours 

performed by males during the song bout in non-breeding season 

A 2.11: Statistical test table on diel variation in different behaviours 

during the non-breeding season 



*Green highlight indicates that that even though test shows non-significant results, the effect size 
is large. This means that sample size of the two groups is not large enough. Hence, the test needs 
to be repeated with a larger sample size (if possible). [r= IzI/sqrt (N), where N is cumulative sample 
size. 0.1=<r<0.3, small; 0.3=<r<0.5, medium; 0.5=<r, large) 
 
 

 

 

 

A 2.12: Statistical test table on proportion of various behaviours during 

different timeslots of the day in the non-breeding season 
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APPENDIX 3: Figures 

 

 

#import libraries required to read and write excel files 

library(readxl) 

library(xlsx) 

  

#read excel file 

notes=read_excel('………', sheet ='…………') 

  

#define function to run wilcox test for given two groups and parameter  

mwu_bs=function(group1,group2,par) { 

  x=c() #x is list that stores values of group1 

  y=c() #y is list that stores values of group2 

  r=c(1:length(notes$`Note Type`)) 

  for(i in r){ 

    if(notes$`Note Type`[i]==group1){ 

      x=c(x,par[i]) 

    }else if(notes$`Note Type`[i]==group2){ 

      y=c(y,par[i]) 

    } 

  } 

  p=c() #p is list of p-values from the test from all iterations 

  yes=c() # yes is a list 1's which represent significant p-values  

  xl=length(x) 

  yl=length(y) 

   

  #following loops are for bootstrapping wilcox text for group1 and 

group2 

  if (min(xl,yl)>=5){ 

    if (xl>yl) { 

      for(i in c(1:1000)){ 

        z=sample(x,yl,replace=F) 

        w=wilcox.test(z,y) 

        p=c(p,w$'p.value') 

        if (w$'p.value'<0.05) { 

          yes=c(yes,1) 

        } 

      } 

    }else if(xl<yl){ 

      for(i in c(1:1000)){ 

        z=sample(y,xl,replace = F) 

        w=wilcox.test(z,x) 

        p=c(p,w$'p.value') 

        if (w$'p.value'<0.05) { 

          yes=c(yes,1) 

        } 

      } 

    }else { 

      p=c(p,wilcox.test(x,y)$'p.value') 

      w=wilcox.test(y,x) 

      if (w$'p.value'<0.05) { 

        yes=1000 

      } 

    } 

    sumyes=sum(yes) 

    peryes=sumyes/1000 

A 3.1:  R-script for the Mann-Whitney U iteration (MWU-i) test 
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  } else{ 

    sumyes=-1000 

    peryes=sumyes/1000 

  } 

  #sumyes is number of total significant results from the bootstraps 

  #peryes is percentage of total significant results 

  return(c(sumyes,peryes)) 

} 

  

#define data.frame for values of all parameters 

par_values = data.frame('Peak Freq. (Hz)'=notes$`Peak Freq. (Hz)`, 

'Freq. 5% (Hz)'=notes$`Freq. 5% (Hz)`,'Freq. 95% (Hz)'=notes$`Freq. 95% 

(Hz)`,'Duration (s)'=notes$`Duration (s)`,'Center 

Freq.(Hz)'=notes$`Center Freq.(Hz)`,'BW 90% (Hz)'=notes$`BW 90% (Hz)`) 

  

#define list of all parameter names 

par_names=colnames(par_values) 

  

#define list of all group names 

grp_names=c() 

lnote = notes$`Note Type` 

for (i in seq(length(lnote))){ 

  if (i == 1){ 

    grp_names = c(grp_names,lnote[i]) 

  }else if (lnote[i] != lnote[i-1]){ 

    grp_names = c(grp_names,lnote[i]) 

  } 

} 

  

#define data.frame for the output for all combinations of groups and 

paramters. 

DF=data.frame(group1=rep(0,6*2500),group2=rep(0,6*2500),parameter=rep(0,

6*2500),sumyes=rep(0,6*2500), peryes=rep(0,6*2500)) 

rowcounter=1 

for (i in seq(length(grp_names))){ 

  for (j in seq(length(grp_names))){ 

    if (i<j){ 

      parcounter = 1 

      for (k in par_values) { 

        print(c(grp_names[i],grp_names[j],par_names[parcounter])) 

        out=mwu_bs(grp_names[i],grp_names[j],k) 

        if (out[1] != -1000){ 

          

DF[rowcounter,]=c(grp_names[i],grp_names[j],par_names[parcounter],out[1]

,out[2]) 

          rowcounter = rowcounter + 1 

          parcounter = parcounter + 1 

        } 

      } 

    } 

  } 

}  

  

#save the output data.frame containing peryes for each ombination of 

groups and parameter  

write.xlsx(DF, file='……………', sheetName = "………………", col.names = TRUE, 

append = FALSE)s  
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A 3.2:  Spectrograms of all notes observed in male song (* repetitions of 

the same note) 
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A 3.3(a):  Structural variation in note “K” in the two seasons 
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A 3.3(b):  Structural variation in note “K” in the two seasons 



101 
 

 

 

 

A 3.4: Comparing inter-phrase durations in both seasons 


