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Abstract 
 
The warbler Prinia inornata (Plain Prinia) is a common songbird found across large parts of 

southern Asia, and it is currently divided into ten geographically distinct subspecies. It has been 

suggested by some ornithologists to possibly be a complex of cryptic species, i.e. several 

species so similar to each other that they have been taxonomically misclassified as being 

conspecific. This study used audio recordings to compare songs between individuals from 

different regions in order to see if there are distinct geographical differences, and if so, how 

these correspond to the current taxonomy. The comparison was made using two methods: A 

qualitative auditory analysis, and statistical models (NMDS and PCA) based on measurements 

from spectrograms. 

 

The results show that two main types of song exist that are highly distinct from each other, each 

taking up roughly half of the geographical range. The two main types can be further divided 

into a few subtypes, potentially as many as seven in total. The geographical distribution of these 

subtypes matches that of some of the current subspecies, but the results do not support the 

current taxonomy as a whole. It is therefore likely that P. inornata comprises at least two species 

(corresponding to the two main types), possibly more. 
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1. Introduction 
 

Taxonomy and systematics are old fields within biology, and the cornerstones on which much 

other study is conducted. Taxonomy is the identification and description of species, while 

systematics is the study of how different species are related to each other in evolutionary terms. 

Both taxonomy and systematics are important since they let us study biodiversity, which in turn 

informs the study of ecology and has direct practical applications when it comes to decision-

making for conservation and environmental policy. Several thousand new species have been 

described each year for over a century, and there is a longstanding debate over how many are 

left to discover, especially considering the rate at which species are now going extinct (Costello 

et al. 2012, Costello et al. 2013, Ceballos et al. 2017). The identification of a species is mainly 

done by studying morphology (e.g. size, form, structure, other phenotypic traits) and/or genetics 

(DNA) with further support from physiology (mechanism and function of the anatomy and 

biochemistry, e.g. lungs, digestive molecules), behaviour (e.g. vocalizations) and ecology. 

Many new species are found through field studies and inventories, primarily identified by their 

morphology, but rapid improvements in both computational power and genetic methods have 

continually lowered the costs of doing genetic analysis, making it possible for biologists to 

apply molecular methods on increasingly larger groups of organisms (Lee 2004, Campbell 

2015, Lifjeld 2015). It is not uncommon for these studies to reveal that a species has been 

systematically misplaced, requiring a reclassification and a redrawing of the phylogenetic tree 

(Stervander et al. 2016, Shu et al. 2017, Baumsteiger et al. 2017). One way this takes form is 

in a trend of changing a subspecies to a full species, either due to new discoveries or because 

of changing concepts of what constitutes a species (Isaac et al. 2004, Yeates et al. 2011). What 

was thought of as a single species may turn out to be several species that are genetically distinct 

from each other, and which may differ in multiple other ways unrecognized before then. These 

“hidden” groups are termed “cryptic species”, consisting of a complex of species so similar to 

each other in appearance that they were previously classified as conspecific (Bickford et al. 

2007). The morphological differences between them can be minute, leaving genetics or 

sometimes behaviour as the only factors differentiating them from each other. Birds have a long 

history of intensive taxonomic work, and when compared to other groups they are thought to 

have relatively few species left to discover. There are however indications that this is not the 

case, in large part due to the developments in genetic methods (Barrowclough et al. 2016). 
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Of the nearly 11 000 known species of birds, roughly half of them belong to the suborder 

Passeri, of the order Passeriformes. One of the commonly shared characteristics among this 

group is that they have a complex and varying song. This is in part due to the advanced 

development of the vocal organ, the syrinx (Suthers & Zollinger 2004), but also due to the fact 

that while other orders have a song that is inherited, Passeri – together with hummingbirds, 

parrots and bellbirds – does not have an innate song but learns it from members of the same 

species (Catchpole & Slater 1995). The song thus constitutes a form of cultural trait, and any 

modifications to it have a chance to be passed down through the generations. It has been 

observed that geographically different populations of the same species can have significant 

differences in their song, commonly referred to as regional “dialects” (Catchpole & Slater 

1995). Additionally, there can be big differences between conspecifics as to the number of song 

types or “variants” that a male knows – known as a “repertoire” – and also the characteristics 

of the song (Krebs JR & Kroodsma 1980, Gil et al. 2006). These differences can be due to many 

factors, and they further add to song variation within a population. There is thus a potential for 

the song to change at a much higher rate than that of the population’s genetic makeup. The 

reason why the character of a song is still a good indicator for species identification, is because 

of one of its main functions: males sing to court females. A female is unlikely to select a male 

whose song differs markedly from her learned template of how it should sound, since doing so 

might result in mating with a different species and thus lower the fitness for both parties. Since 

the song is thus vital for mate selection, it is likely an important factor for reproductive isolation 

between species (Slabbekoorn & Smith 2002, Verzijden et al. 2012, Lipshutz et al. 2017). If 

the song of a population would change slightly in its character, it would be less likely that 

members of other populations would interbreed with them. As the song character of the 

different populations drift apart it produces a genetic rift between them, which is the foundation 

of how new species are formed. Thus, differences in song tend to correlate with differences in 

genetic makeup. 

 

This study investigates potential regional differences in the song of the warbler Plain Prinia, 

Prinia inornata, of the avian suborder Passeri, belonging to the order Passeriformes. It is 

currently seen as a single species divided into ten subspecies that are geographically separated 

(Fig. 1). Through qualitative and quantitative methods, this study aims to find out if there are 

characters and patterns in the song across the species' range that distinguish different subspecies 

or geographical regions. The reasons for studying this is twofold: For P. inornata, no detailed 

study has been published on the variation in vocalizations throughout its range. Secondly, this 
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study is part of an ongoing investigation to evaluate whether the current taxonomy is mistaken, 

i.e. if there really is just one species, and if so, to determine how many subspecies there are. 

The evidence for this would mainly be from morphology and genetics, but differences in song 

could support such evidence. 

 

 
Figure 1. Distribution of Prinia inornata. The ten current subspecies are shown, giving a rough indication of their ranges. 
Based on Madge (2018).  
 

The Plain Prinia (Prinia inornata), belonging to the family Cisticolidae, is a small warbler 

approximately 11 cm in length and weighs between 6–9 g. Its colouring shifts a bit between the 

breeding and non-breeding season (summer and winter, respectively). During the breeding 

season, the upperside is pale grey while in the non-breeding season it becomes a warmer brown. 

The underside has colours of varying degrees of white and orange/beige. The bill and wings are 

short, but the tail is unusually long, especially during the non-breeding season. Males and 

females are similar in appearance except in one regard: During the breading season the male 



5 
 

beak is all black, while the female beak has a pale pink base to lower mandible. The species 

primarily resides in damp grasslands, marshes, and overgrown gardens. Prinia inornata has a 

distribution range across a large portion of southern Asia, making it one of the most widespread 

species of its genus (Fig. 1). It is found from east Pakistan and India across to southeast China 

and Taiwan. The southern limit is Sri Lanka and Vietnam, but there are also populations 

residing in Java and a few surrounding islands. It is a resident bird, i.e. it does not migrate but 

stays in one place year-round. There are currently ten subspecies recognized which are seen as 

geographically distinct, the names and rough distributions of which are shown in Figure 1. 

These are very similar in appearance, primarily differing in the colour saturation. (Madge 2018) 

 

 

2. Material and methods 
 

Audio recordings 

Audio recordings of Prinia inornata songs were gathered from areas that together covered a 

large part of the species range. Most of the recordings were made by the project supervisor Per 

Alström and his associates, supplemented by recordings from three websites with extensive 

audio collections that are commonly used for research purposes: Xeno-canto.org, 

Macaulaylibrary.org, and hbw.com (The Internet Bird Collection). Since the recordings were 

made with a large range of different equipment, skill levels and contexts, the result was a 

collection of recordings that differ considerably in the amount and quality of song material. 

After removing recordings with a quality or length insufficient for analysis, there remained a 

total of 142 song variations, from 100 individuals, recorded from 52 different locations (Fig. 2, 

and Appendix A for a full list of the recording locations). A variation of song or “variant” is 

any song that can be identified as different from other songs by an individual (e.g. having 

different-sounding elements or a tangible shift in pitch or timing). If two songs were close to 

indistinguishable from each other, one was ignored unless there were good evidence that they 

came from different individuals. 
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Figure 2. The 52 locations from which the 142 songs used in this study were recorded. The symbols show the seven 
potential song subtypes identified by the auditory analysis. 
  

For each variation of song, spectrograms (visual representations of audio) were created using 

the audio software Raven Pro, version 1.5 for Mac. The settings were the following: Window 

size = 256 samples; window type = Hann; 3 dB filter bandwidth = 270 Hz; overlap = 50%; size 

= 2.67 ms; DFT size = 256 samples; spacing = 188 Hz. The contrast was kept fixed at 93, and 

brightness was adjusted manually for each recording to give a good visual separation between 

the different song elements and the background noise. Ten repeated units or “phrases” (in most 

cases consecutive), separated by short silent intervals (pauses), were measured for each song 

variant (for a description of song terminology, see Fig. 3). Recordings of individuals that had 

more than one song variant, i.e. multiple different types of phrases, sometimes lacked sufficient 

material to make ten measurements of each. Since information about individual variation can 

tell us how strictly certain patterns are followed, and thus where the boundaries are between 
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different types and how likely it is that breeding occur across them, song variants with fewer 

than ten phrases were still used if they had at least four (in the case of P. inornata, the 

differences between consecutive phrases are typically very small, so measuring fewer phrases 

has little impact). When determining the frequency limits for the selection window (on which 

the measurements are based), harmonics were ignored unless they were particularly strong and 

distinct. The frequency range of “clicking” sounds was also ignored, since it can vary to a large 

extent depending on recording quality and software settings. 

 

Auditory analysis 

An auditory analysis of the similarities and differences between different regions were made by 

listening to the recordings and comparing their spectrograms. Listening was done at normal 

playback speed as well as slowed-down to 30–70% of normal, which makes it easier to pick 

out individual elements by ear. A major part of this analysis was completed before seeing the 

results of the statistical tests, in order to not be influenced by prior knowledge. 

 

The following is a list of song terminology used (also shown in Fig. 3): 

• Element: The smallest unit of song, for instance a single uninterrupted note or click. 

Can be thought of as the equivalence of syllables in a word. 

• Note: A type of element that has a clear pitch. 

• Slide: A note that increases or decreases in frequency over time. 

• Phrase: Unit of song. Phrases consist of one or more elements and are separated by 

pauses. Can be thought of as the equivalence of one or several words in a sentence. 

• Pause: A period of silence longer than the interval separating elements, which divides 

the song into phrases. 

• Trill: A single or a few different types of elements, typically short notes, that are 

repeated several times at high speed. They are too fast to count at normal listening speed. 

• Buzz: Similar to trill in that it consists of many elements, but is generally faster and less 

tonal, making it sound closer to a croak or rasp. 

• Harmonic (also called overtone): For a note (or “tone”), the lowest frequency (also 

known as the “fundamental frequency”) is generally what is perceived as the note’s 

pitch. An overtone is any frequency higher than the fundamental, and many overtones 

together give notes their character. Overtones are sometimes strong enough to change 

the perception of the pitch. 
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Figure 3. Song terminology. Spectrograms of songs of Prinia inornata recorded in Yunnan, China (left) and 
Sonkhaliya, northwestern India (right). 
 
 
Statistical analysis 

Based on the spectrograms, and aided by listening, thirteen variables were measured. Due to 

the recordings having a large range of quality, variables that are relatively unaffected by such 

differences were prioritized. Unit in parenthesis: 

• ‘Delta time (s)’  The duration of a phrase. 

• ‘Pause time (s)’  The duration of the pause between two phrases. 

• ‘1st quartile time (s)’ The quantile that divides the duration of a phrase 

    into two parts, with 25% and 75% of the 

energy     in the first and the second 

respectively. 

• ‘Center time (s)’  Like 1st quartile time, but with 50% of the energy 

    in each. 

• ‘3rd quartile time (s)’ Like the two above, but with 75% and 25%

    of the energy respectively. 

• ‘High frequency (kHz)’ The top frequency limit of a phrase. 

• ‘Low frequency (kHz)’ The bottom frequency limit of a phrase. 

• ‘Bandwidth 90% (kHz)’ The bandwidth (the difference between the lowest 

    and the highest frequency) that makes up 

90% of the     phrase’s energy, excluding 

the top and bottom 5%. 

• ‘1st quartile frequency (kHz)’ The frequency that divides the frequency spectrum 

    (bandwidth) into two parts, with 25% 
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and 75% of     the energy in the first and 

the second respectively. 

• ‘Center frequency (kHz)’ Like 1st quartile frequency, but with 50% of 

    the energy in each. 

• ‘3rd quartile frequency (kHz)’ Like the two above, but with 75% and 25%

    of the energy respectively. 

• ‘Number of elements’ The total number of elements in a phrase. 

• ‘Number of distinct elements’ The total number of unique elements in a phrase 

    (how many different types of elements 

there are). 

All frequency measures ignored clicks. The means of the ten (or fewer) phrases of each song 

were calculated for each variable, so that each song variant had a single value for each variable. 

These were standardized and used in the statistical software RStudio, version 1.2.5033 for Mac, 

to make two types of analysis: Non-metric multidimensional scaling (NMDS) with 

Mahalanobis distance method, using the data package ‘Vegan’ 2.5-6, and principal component 

analysis (PCA) with singular value decomposition (SVD), using the ‘prcomp’ command from 

the basic stats package. NMDS and PCA are both ordination techniques, which means that they 

process a dataset with multiple different variables in order to create a smaller number of new 

variables, that retain as much information from the originals as possible. The best way to 

investigate similarities and differences between a large number of samples is often to visualize 

the data and see if separate clusters form, with small distance between individuals indicating 

that they are more similar to each other than they are to those further away. However, datasets 

with many different variables cannot be easily visualized, since each variable becomes a 

dimension. Using an ordination technique, it is possible to reduce the whole dataset to a few 

dimensions in order to visualize it. 

 

NMDS was chosen because parts of the dataset were somewhat heterogeneous, with several 

variables having different probability distributions (the latter tested through q-q plots, data not 

shown), but such differences are not an issue with NMDS. The Mahalanobis distance method 

was chosen to account for correlation between variables. NMDS measures the distances 

between objects in the full-dimensional space in the form of ranks, and then re-arranges the 

objects in a space with the desired number of dimensions in such a way that the ranking order 

between the objects is largely preserved. The use of rank rather than actual distance values 
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makes this test suitable for data with different probability distributions or when variables have 

different scales (for this study; comparing frequency, time, and ordinal data). The degree to 

which the ranks in the original and the newly created space are the same will produce a stress 

value, with a low value meaning that the new configuration is a good representation of the 

distances in the original space. The test starts from an arbitrary configuration, which is then 

continually altered in order to find a progressively lower stress value. Therefore, the first 

configuration determines the result, and the test is usually re-run many times before choosing 

the one with the lowest stress value. For this study, each test was re-run a minimum of 250 

times, stopping when either the lowest stress value thus far is repeated, or 500 runs has been 

made. This process was in turn re-run ten times, and then the model with the lowest stress value 

was chosen for evaluation. To see how many dimensions were needed to produce a low stress 

value, five different NMDS-models were made for all dimensions between one and five. 

 

PCA is a commonly used ordination technique that rearranges each axis in n-dimensional space 

with the goal of maximizing the amount of variance explained. The result is a number of new 

variables called principal components (PC), where the first explains the most variance, the 

second explains the second most etc. This allows you to ignore PC:s that explain very little of 

the variance, thus reducing the number of dimensions required for analysis. The requirements 

for PCA are stricter than NMDS and you lose a minor proportion of the information, but it can 

produce a result in cases where an NMDS would have stress levels that are too high. You can 

also find out the proportions of the explained variance that each variable contributes to the 

different PC:s, and thus if any variable explains more of the variance than others. 

 

Each model produced had the datapoints coloured by first the subspecies and then by the song 

types from the auditory analysis, for direct comparison. Many of the recordings did not state 

what subspecies the birds belonged to, wherefore the categorization of this was mainly based 

on their geographical location. Since the geographical boundaries between subspecies are not 

clearly defined, some leeway must be given for potential misclassification. 

 
 

3. Results 
 

Auditory analysis 
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The song of P. inornata is characterized by a single type of very short phrase, which is repeated 

at high speed (~4–8 times per second). The length of each song can be anything from a handful 

of phrases lasting a few seconds up to a minute of continuous singing. Most of the tonal content 

is found at roughly 3000–6500 Hz. Most individuals regardless of region seem to end on one 

or a few notes (as opposed to ending on a click, buzz etc.), even if these notes in many cases 

are too short to be distinguishable at normal listening speeds. A song typically starts with a 

click or buzz (less commonly with a note before it), then either goes directly to the ending note 

or precede it with buzz, trill, or notes, often with an additional click in the middle of the phrase 

(only a single song out of 142 starts with notes and end in a click). A single individual typically 

masters several different phrase types, but they seem to almost exclusively use a single type at 

a time and thus very rarely change phrase type in the middle of a song. Among the recordings 

gathered for this study, the maximum repertoire size was seven phrase types, though long or 

multiple recordings of the same individual are rare and there is nothing indicating that this is an 

upper limit. An individual can continue using the same phrase but change the tempo or pitch, 

although this rarely happens in the middle of a burst of song. However, it is not uncommon for 

the start of a song to have a slightly lower power and pitch, that is then gradually increased over 

a couple of phrases before they stabilize. The variation of songs between individuals from the 

same region, and within an individual’s repertoire is typically quite large. They can differ in 

speed, pitch, the number and order of elements, and the type of elements used. Among the 142 

sample songs, a large majority of strophes are unique in some minor way. 

 

With very few exceptions, each song could be unambiguously categorized into one of two main 

types, “Buzzers” and “Tonals”, named after their main characteristic difference. The Buzzers 

have a relatively long phrase mainly based on one or several buzzes and/or trills, typically 

consisting of 20–30 elements in total, while Tonals have shorter phrases mainly based on a few 

notes. The two main types are geographically distinct with a dividing line going through 

Myanmar: all west of this line are Buzzers and all east of it are Tonals. The two types can be 

further divided into at least five subtypes; three for Buzzers and two for Tonals. There are 

potentially two additional subtypes, but these were difficult to categorize due to the regions 

either having too few recordings or songs of an indistinct character. A map with the distribution 

of the different types can be seen in Figure 2. 

 

The “Buzzers” main type; three distinct subtypes 
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(1) “Buzz-Trill” subtype 
Region: Pakistan, most of India to west Nepal, east to at least the western border of Bangladesh 

(Fig. 2; locations 1–15, 19). 

Song: The phrase can be divided into two parts of roughly equal length, usually with a sharp 

click between them, where the first part is always a buzz and the second part can either be a 

buzz of a different speed and pitch (typically slower), or a trill with notes of varying intervals. 

It is common for the phrase to start with a click and end by a very short note of relatively low 

pitch, though the latter is rarely distinguishable at normal listening speed. (Fig. 4) 

 

 
Figure 4. Spectrograms of the song of P. inornata, subtype “Buzz-Trill” (location in Fig. 2 in parenthesis): (a) 
Chashma Barrage, Pakistan (1); (b) Harike, Punjab, India (2); (c) Sultanpur, Haryana, India (3); (d) Sonkhaliya, 
N of Ajmer, India (4); (e) Jalgaon, Maharashtra, India (9); (f) Coimbatore, India (13). Thirteen phrases shown in 
(a); two phrases shown in each of (b) to (f). 
 

 

 

(2) “Sri Lanka” subtype 
Region: All of Sri Lanka (Fig. 2; locations 16–18), but there are some recordings from south 

India that are quite similar (Fig. 2; locations 11, 14, 15), so it is possible that this subtype is not 

restricted to Sri Lanka, or there could be a gradual transition between the subtypes Sri Lanka 

and Buzz-Trill. 
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Song: Although only five songs were available, they are distinct enough to likely be a separate 

subtype. Similar to Buzz-Trill, the main characteristic is a buzz at the start, but the phrase is 

shorter, and the second part mainly consists of one or two short, emphasized notes, which gives 

the song a rather sharp character (some have a short note at the start as well). Figure 5 shows 

songs from Sri Lanka, Figure 6 shows similar songs in south India. 

 

 
Figure 5. Spectrograms of the song of P. inornata, subtype “Sri-Lanka” (location in Fig. 2 in parenthesis): (a) 
Sigiriya forest, Sri Lanka (16); (b, c) Uva Palata, Sri Lanka (17; (d) Tissamaharama, Sri Lanka (18). Seven 
phrases shown in (a); two phrases shown in each of (b) to (d). 
 

 
Figure 6. Spectrograms of the song of P. inornata, subtype “Buzz-Trill” from south India that is similar to the “Sri 
Lanka” subtype (location in Fig. 2 in parenthesis): (a) Bangalore, Karnataka, India (11); (b) Eravikulam, Kerala, 
India (14); (c) Nirmala City, Kerala, India (15). Two phrases shown in each example. 
 

(3) “Mesh” subtype 
Region: East Nepal, east India, Bangladesh, and north to midwest Myanmar (Fig. 2; locations 

19–21, 26–28). 

Song: It is very close in character to Buzz-Trill, but there are several differences. While Buzz-

Trill usually has some tonal characteristics in the second part in the form of a trill or short notes 

of varying intervals, the Mesh subtype sounds more like a continuous buzz, usually with a 

gradual rise in pitch. The buzz itself sounds somewhat different from the other buzzer-subtypes, 

likely due to what are either harmonics or a complex sequence of many short elements. In the 

spectrogram, these give the phrase the appearance of a net or “mesh”. The structure of the 
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phrase is very consistent throughout the region, starting with a short low-pitched buzz, then a 

longer high-pitched buzz, and ending in either a single note or sometimes a short trill. (Fig. 7) 

 

There are few recordings available from the latitude of Nepal and east India, so the border 

between Buzz-Trill and Mesh is uncertain, but since Nepal has characteristics of both subtypes 

it is believed that the two meet each other at roughly that latitude. 

 

 
Figure 7. Spectrograms of the song of P. inornata, subtype “Mesh” (location in Fig. 2 in parenthesis): (a, b) Salt 
Lake, Kolkata, India (20); (c, d) Indawgyi, Myanmar (22); (e, f) Bagan, Myanmar (27). Ten phrases shown in 
(a); two phrases shown in each of (b) to (f). 
 

The “Tonals” main type: Two subtypes, potentially two more 

(1) “Big tonal” subtype 
Region: Spans across a very large area, from mideast Myanmar, north Thailand, Laos (by 

extension), north Vietnam, and all of China and Taiwan (Fig. 2; locations 22–25, 31–35, 43–

49). 

Song: Usually comprised of three notes, sometimes two and uncommonly four, typically with 

a click at the start or after the first note. Most songs have a simple theme: A lower-pitch note 

followed by a higher-pitch note. Three out of four songs fall within two common patterns or 

“archetypes”. Archetype 1 starts with a mid-pitch note, often extended and growing in intensity, 

then a lower note and back to a mid-pitch note (Fig. 8 a). Archetype 2 starts with a mid-pitch 

note, then a high note and ends with a fast downslide in pitch (Fig. 8 b). Roughly one quarter 
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of the songs cannot be clearly placed within one of these two groups, as they are all so simple 

(usually just two notes), and/or show a mix of characteristics, that they could belong to either 

(Fig. 8 c). 

 

The two archetypes might indicate that this area contains two separate subtypes rather than one, 

and the lack of song recordings from inland China makes it impossible to completely rule this 

out. However, from the recordings that are available, the two archetypes do not seem to be 

restricted to specific geographical regions within the Big Tonal range (Fig. 2; archetype 1 

locations 25, 28, 32, 33, 43, 46–48, archetype 2 locations 23, 24, 28, 31, 34, 35, 44, 46, 49, 

undetermined archetype locations 24, 28, 33, 45, 46, 48). In addition to those songs that do not 

clearly belong to one or the other main group, there is also one instance of what is likely the 

same individual singing both types. Taken as a whole, a single subtype with considerable 

variation is the more likely option as compared to two different subtypes with highly integrated 

distribution. 

 

 
Figure 8 a. Spectrograms of the song of P. inornata, subtype “Big Tonal” Archetype 1 (location in Fig. 2 in 
parenthesis): (a) Inle, Myanmar (28); (b) Van Long, Vietnam (43); (c) Guanghua, Taiwan (46); (d) Kaohsiung 
City, Taiwan (47). Eleven phrases shown in (a); two phrases shown in each of (b) to (d). 
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Figure 8 b. Spectrograms of the song of P. inornata, subtype “Big Tonal” Archetype 2 (location in Fig. 2 in 
parenthesis): (a) Inle, Myanmar (28); (b, c) Dali, Yunnan, China (24); (d) Nong Chorakhe, Thailand (35); (e, f) 
Hong Kong, China (44). Twelve phrases shown in (a); two phrases shown in each of (b) to (f). 
 

 
Figure 8 c. Spectrograms of the song of P. inornata, subtype “Big Tonal” undetermined archetype (location in 
Fig. 2 in parenthesis): (a) Dali, Yunnan, China (24); (b) Inle, Myanmar (28); (c) Kinmen County, Taiwan (45); 
(d)/(e) Chichi, Taiwan (48); (f) Taipei City, Taiwan (48). Two phrases shown in each example. 
 

 (2) “Coastal” subtype 
Region: Follows the coastline from mid to south Thailand, Cambodia, and south Vietnam (Fig. 

2; locations 36–42). 

Song: Short phrases that start with a short buzz/trill and is followed by one to three short notes, 

most often ending in an upward-slide consisting of one or two notes (Fig. 9 a). The short trill 

gives these songs a much sharper character as compared to “Big Tonal”. A few of the songs, 

especially some diverging ones with a longer buzz and a single note at the end (Fig. 9 b), are 

quite reminiscent of some songs of the Buzz-Trill or Sri Lanka subtype, but the character of the 

last note(s) and the overall sound are still more like others in the “Coastal” group. The group as 

a whole clearly uses a more tonal structure rather than buzzes. 
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Figure 9 a. Spectrograms of the song of P. inornata, subtype “Coastal” (location in Fig. 2 in parenthesis): (a, e) 
Phetchaburi, Thailand (39); (b) Bueng Boraphet, Thailand (36); (c) Rangsit Marsh, Pathumthani, Thailand (37); 
(d) Ban Khob Wua, Ratchaburi, Thailand (38); (f) Phnom Krom Marsh, Siem Reap, Cambodia (40). Nine phrases 
shown in (a); two phrases shown in each of (b) to (f). 
 

 
Figure 9 b. Spectrograms of the song of P. inornata, subtype “Coastal”, outliers (location in Fig. 2 in parenthesis): 
(a) Phetchaburi, Thailand (39); (b) Phnom Krom Marsh, Siem Reap, Cambodia (40); (c) Cân Tho, Vietnam (42). 
Two phrases shown in each example. 
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(3) “Irrawaddy Delta” subtype (potential) 
Region: Southwestern parts of Myanmar, in the regions Ayeyarwady and Yangon (Fig. 2; 

locations 29–30). 

Song: Short to medium length phrases that start with a short croaking/buzzing sound, which 

resemble the short trill common at the start of many songs in Coastal, but it is different in 

character and often not clearly audible. It is mainly followed by two or three short down- or 

upward-sliding notes over different intervals and starting frequencies. (Fig. 10) 

 

Structurally, there are similarities to both Big Tonal and Coastal, and the relatively pronounced 

individual variation in Irrawaddy Delta makes it uncertain if they should be categorized as a 

distinct subtype or to one of the two others. My best assessment, based mainly on how they 

sound rather than the structure, is that they are not a distinct subtype but rather part of Coastal, 

but my confidence level in this is low. 

 

 
Figure 10. Spectrograms of the song of P. inornata, subtype “Irrawaddy Delta” (location in Fig. 2 in parenthesis): 
(a, d, e, f) Mohingyi, Myanmar (30); (b, c) Irrawaddy Delta, Myanmar (29). Eleven phrases shown in (a); two 
phrases shown in each of (b) to (f). 
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(4) “Java” subtype (potential) 
Region: Java (Fig. 2; locations 50–52) 

Song: Only five recordings were available from Java, of which two are only slight variations 

from the same individual. While it can be confidently placed in the Tonals main type, no distinct 

character unites all the songs, and they are quite dissimilar to the other tonal subtypes. Location 

51 has two close songs that are somewhat similar to one or two individuals in both Big Tonal 

and Coastal, but they only consist of two notes and so the resemblance could be due to chance. 

 

The dissimilarity from the other subtypes could be interpreted as an indication that Java is 

separate from them, but more material is required to draw any firm conclusions. Judging from 

the overall sound character alone, it is slightly closer to Coastal than to Big Tonal. (Fig. 11) 

 

 
Figure 11. Spectrograms of the song of P. inornata, subtype “Java” (location in Fig. 2 in parenthesis): (a) 
Sumenep, Java (52); (b) Merapi, Java (50); (c, d) Arosbaya, Java (51). Six phrases shown in (a); two phrases 
shown in each of (b) to (d). 
 

 

 

NMDS 

Several NMDS models were made using the Mahalanobis distance method and based on 

thirteen variables, for each number of dimensions between one and five. For good 

representation of the data, the stress value of an NMDS model is advised to be below 0.1, while 

those above 0.2 can result in misinformation, and above 0.3 they can be considerably flawed 
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(Clarke 1993, Buttigieg & Ramette 2014). Two-dimensional representations including all 

thirteen variables – or all but one or two in different combinations – had stress values of ~0.32. 

This is too high to have confidence in the results, and while four or five dimensions gave 

comparatively good stress values of ~0.2 or lower, the difficulty in interpreting and conveying 

such graphs made them unsuitable. Thus, a model with three dimensions was used which gave 

a stress value of 0.247. While high, it ought to be good enough for general interpretations. In 

order to lower the stress value, a model with three dimensions was also made based on a reduced 

dataset that excluded six of the energy-based variables (1st quartile time, Center time, 3rd 

quartile time, 1st quartile frequency, Center frequency, 3rd quartile frequency). These variables 

were chosen for exclusion partly because they had a high degree of correlation with each other, 

and partly because energy-based measurements are more uncertain than the others due to the 

large variation in recording conditions and quality. This reduced dataset with a total of seven 

variables had a stress value of 0.211. This is still high enough that it could contain some errors, 

but comparisons with further reduced datasets consisting of 4–5 variables and stress levels of 

0.13–0.17 (data not showed) revealed that overall patterns are relatively consistent between the 

models with highly reduced datasets and the model based on seven variables. This gives some 

confidence that interpretations are likely to be fairly accurate for this model, at least on the level 

of clusters. 

 

Figures 12 and 13 show the results for the NMDS analysis based on all thirteen variables. There 

is a single cloud as opposed to separations into different clusters, indicating that the measured 

properties fall on a continuous spectrum rather than having clearly set limits. When coloured in 

accordance with the current taxonomy (Fig. 12), most songs are somewhat close to others 

belonging to the same subspecies, but no subspecies is clearly separated from others. The 

terricolor, inornata and herberti subspecies form reasonably coherent groups, while insularis, 

fusca, extensicauda, and flavirostris are less coherent still show a high degree of similarity 

between songs within a group. The remaining three, franklinii, blanfordi, blythi are more 

scattered and dissimilar, and blanfordi in particular since it can be found throughout most parts 

of the cluster except in the region with terricolor and inornata. When the same model is 

coloured in accordance with the subtypes from the auditory analysis (Fig. 13), the groups are 

more coherent and distinguishable from each other (in some part due to there being fewer of 

them). Buzz-Trill, Mesh and the majority of Big Tonal (though the latter has several outliers) 

are relatively isolated compared to the other subtypes. The same is true for Irrawaddy Delta and 

Coastal, with the difference that they are not isolated from each other, which would seem to 
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support the auditory analysis that they are very similar. Sri Lanka is a bit less coherent than 

those already mentioned and positioned between several other subtypes, making it difficult to 

assess if it should be regarded as a separate subtype or not. Java is quite scattered and the songs 

similar to several other tonal subtypes, as was predicted by the auditory analysis. The three 

subtypes that form the Buzzers main type are all close to each other on one side if the cluster, 

but there is no clear dividing line between the two main types as suggested by the auditory 

analysis. Therefore, this model does not provide good evidence for that categorization. 

 

Figure 12. Plots showing an NMDS result based on thirteen variables of song measurements. Each datapoint is a 

song variant, and colours show the ten current subspecies, mainly assigned based on geography. The four plots 

are different perspectives with a 45-degree rotation to the right between each (a, b, c, d). 
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Figure 13. Plots showing an NMDS result based on thirteen variables of song measurements. Each datapoint is a 

song variant, and colours show the seven potential song types identified through the auditory analysis. The four 

plots are different perspectives with a 45-degree rotation to the right between each (a, b, c, d). 

 

Figures 14 and 15 show the NMDS result when using the limited dataset consisting of seven 

variables. The distances between the songs are smaller overall, and there are now three clusters 

near each other, more easily seen in figure 16. Coloured in accordance with the current 

taxonomy (Fig. 14), many of the conclusions are the same as those from the full dataset model, 

but there are a few notable differences: franklinii and flavirostris are now much less scattered, 

bordering on being coherent groups. The Java-based blythi is also a bit less scattered and 

positioned towards the far edge of a cluster, but it is still not enough to call it a group.  
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Figure 14. Plots showing an NMDS result based on seven variables of song measurements. Each datapoint is a 

song variant, and colours show the ten current subspecies, mainly assigned based on geography. The four plots 

are different perspectives with a 45-degree rotation to the right between each (a, b, c, d). 

 

While still being widely scattered, blanfordi is now clearly distanced from terricolor, inornata, 

and herberti. When colouring the model after the auditory analysis (Fig. 15), the distribution is 

relatively organized compared to previous versions, with all song types except Java forming 

coherent groups. The biggest cluster is almost exclusively composed of songs from Big Tonal, 

Coastal, Irrawaddy Delta and Java, i.e. all subtypes that make up the Tonals main type. The 

other two clusters consist of the Buzzers main type, with the bigger cluster being Buzz-Trill 
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and Sri Lanka and the smaller is Mesh. It is also worth noting that the Mesh cluster is farther 

away from the Tonals despite being geographically closer. Compared to the NMDS with all 

thirteen variables, Coastal and Irrawaddy Delta are now more separated, although there are 

outliers from both in the region of the other. Coastal is now seemingly closer to Big Tonal than 

it is to Irrawaddy, which might suggest that the assessment in the auditory analysis, that Coastal 

and Irrawaddy Delta are likely the same subtype, might be incorrect. 

 

Figure 15. Plots showing an NMDS result based on seven variables of song measurements. Each datapoint is a 

song variant, and colours show the seven potential song types identified through the auditory analysis. The four 

plots are different perspectives with a 45-degree rotation to the right between each (a, b, c, d). 
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Figure 16. The same as figure 15 a, but the perspective is slightly from beneath and outlines have been added to 

more easily see the three clusters. 
 

While the NMDS model based on all thirteen variables has a stress value that is too high for a 

detailed examination, it can be of interest to look at some outliers for the version based on seven 

variables, to compare with the PCA results. Its stress level is still somewhat high, so results on 

this level can be incorrect. Several of the subtypes (Fig. 15) have a number of outliers, among 

which the most interesting are the five songs that the auditory analysis categorized as the Mesh 

subtype which in the NMDS analysis is situated in the Buzz-Trill/Sri Lanka cluster. One of 

these songs is from Nepal (Fig. 2, location 19) and is one of three songs from this location. The 

other two were categorized as Buzz-Trill and are positioned relatively close in the NMDS to 

the song in question. This, plus the fact that the songs of Nepal have characteristics of both the 

Mesh and Buzz-Trill subtypes, could mean that the auditory analysis miscategorized this song 

and that it should belong to the Buzz-Trill subtype instead. As for the other four Mesh-

categorized songs in the Buzz-Trill/Sri Lanka cluster, they are firmly in the geographic region 

of the Mesh subtype, but three of them are variants from a single individual with four total 

variants. Their positioning in the NMDS analysis could thus be due to individual characteristics, 
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which is partly supported by the fourth song variant of this individual not being an outlier. For 

the Big Tonal subtype there are three outliers, all of which are from the Yunnan region of China 

(Fig. 2, location 23–25). They share certain characteristics that are unusual for other song types, 

such as simultaneous notes (see Fig. 8 b, song c for an example), and they share characteristics 

with both the Big Tonal and Irrawaddy Delta subtype. However, there are several other 

individuals from this region which clearly belong to Big Tonal, and no songs between this 

region and Irrawaddy Delta that are like these outliers. This makes it more likely that they either 

belong to Big Tonal and have characteristics unique for that region, which is made more 

probable by the fact that Yunnan is on the northern periphery of the species’ range, or that they 

are an entirely new subtype. There are too few samples from this region to determine the validity 

of the latter. As for the remaining outliers in the NMDS, there are four from Irrawaddy Delta 

but they are all from individuals that have several variants that are not outliers, so they are likely 

due to individual variation. There are three outliers from Coastal of which one is likely 

individual variation, and the others have no specific geographical or auditory commonality that 

would set them apart. In conclusion, except for one song from Nepal that might have been 

miscategorized, most if not all the outliers are likely due to individual variation. 

 

As a last thing of note, separating the subtype Big Tonal into its suggested archetypes showed 

no consistent patterns for either of the two NMDS analyses (data not shown). 

 

 

PCA 

For comparisons with the NMDS, a PCA was done on both the full dataset with thirteen 

variables and the reduced dataset with seven variables (for the latter, six energy-based variables 

were excluded). Scree plots for both datasets (Fig. 17) show that three PC:s are sufficient to 

preserve a large portion of the information (87.6% and 88.3% respectively). Figures 18 and 19 

show the result for the full dataset with thirteen variables. There are two clusters with a thin 

connection between them, of which the left cluster is a bit smaller and denser than the right. 

this separation primarily results from the first PC, and the loadings (Table 1) show that the main 

variables responsible are the two relating to the number of elements and the five relating to 

time. The left cluster has a higher number of elements present in a phrase, as well as a higher 

duration for the whole phrase and for the different energy quantiles of it. The right cluster is 

lower in these while also higher in pause time. Since phrase length and pause length are 
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negatively correlated, they compensate for each other so that most songs don't have very 

different tempos. 

 

 
Figure 17. Scree plots of the two PCA tests. Three PC:s are enough to explain most of the variance. 

 

Coloured in accordance with subspecies (Fig. 18), the overall picture is similar to the result 

from the NMDS. The subspecies terricolor, inornata and herberti form reasonably coherent 

groups while most other subspecies have their songs in the same region of the cluster but are 

more scattered, and blanfordi is all over the place except in some of the outer regions. Switching 

to the subtypes from the auditory analysis (Fig. 19), the smaller left cluster is almost exclusively 

made up of the Buzz-Trill and Mesh subtypes, which make up most of the Buzzers main type. 

The larger right cluster contains all four subtypes that make up the Tonals main type, plus four 

of the five songs from the Sri Lanka subtype positioned at the edge where the two clusters 

intersect. Sri Lanka was predicted to belong to the Buzzers, and its position is likely due to the 

relatively short phrase and long pause compared to the other two Buzzers subtypes. As for the 

subtypes individually, for the Buzzers the Buzz-Trill and Mesh have a fair amount of overlap 

and a bit of scattering. They are thus not well-differentiated from each other, but what 

differences there are seem to be influenced by the highest frequency used and the bandwidth. 

The different songs of Sri Lanka are not very close to each other, so it is not obvious whether 

it is a coherent group. As for the Tonals, the Big Tonal subtype take up a big area and thus show 

considerable variation, but the majority is still relatively separated from other subtypes. Coastal 

is also quite separated from others and on the opposite end of the cluster from Big Tonal, so 

this would indicate that the two are relatively dissimilar. Irrawaddy Delta is positioned in the 

middle of the cluster. It is a bit more scattered and has several songs that are on the borders of 

the other Tonals, so this result does not provide much evidence that it is a separate Subtype. 
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Like in the NMDS it is quite clearly separated from Coastal, which is not what was predicted 

in the auditory analysis, and it is also closest to the Buzzers which means it might be more 

similar to them than Coastal is. Lastly, Java form pairs that are a decent distance apart, which 

is about what can be expected considering the songs are few and varying.  

 

Figure 18. Plots showing a PCA based on thirteen variables of song measurements. Each point is a song variant, 

and colours show the ten current subspecies, mainly assigned based on geography. The four plots are different 

perspectives with a 45-degree rotation to the right between each (a, b, c, d). 
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Figure 19. Plots showing a PCA based on thirteen variables of song measurements. Each point is a song variant, 

and colours show the seven potential song types identified through the auditory analysis. The four plots are 

different perspectives with a 45-degree rotation to the right between each (a, b, c, d). 
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Table 1. PCA loadings for the first three PC:s when 13 variables were used. 

 

    

 

Variable 

PC1 PC2 PC3 

Delta time 

Pause time 

1st quartile time 

Center time 

3rd quartile time 

High frequency 

Low frequency 

Bandwidth 90% 

1st quartile frequency 

Center frequency 

3rd quartile frequency 

Nr of elements 

Nr of distinct elements 

-0.3783 

 0.3370 

-0.3363 

-0.3678 

-0.3788 

-0.2601 

 0.0618 

-0.1459 

-0.0281 

-0.0165 

-0.0469 

-0.3691 

-0.3452 

 0.0541 

 0.0366 

 0.0315 

 0.0663 

 0.0628 

-0.2215 

-0.3577 

-0.0327 

-0.5080 

-0.5326 

-0.5127 

 0.0607 

-0.0055 

-0.0958 

 0.0002 

-0.2906 

-0.2108 

-0.1327 

 0.3537 

-0.4478 

 0.6729 

-0.1475 

 0.0097 

 0.1811 

 0.0080 

 0.1057 

 

 

Looking at outliers there are at least a few for every subtype, but for most of them they still 

have the typical characteristics of their subtype. Roughly half are from individuals with more 

than one song variant recorded, and one or more of those variants do not deviate from the norm. 

Most songs are thus likely categorized correctly, meaning they follow the descriptions laid out 

in the auditory analysis, but then have some unusual measurements such as a higher number of 

elements compared to others of that subtype, or a longer pause length etc. It is thus more likely 

that the outliers show a degree to which there can be differences between songs from the same 

individual and between individuals, rather than that the subtypes themselves or the 

identification of individual songs is incorrect. There are two possible exceptions, both relating 

to Buzz-Trill and Mesh. One is similar to an outlier issue described for the NMDS; one song in 

the Nepal region might be miscategorized. However, it is not the same song as previously, 

meaning that whereas for the NMDS it was that a Mesh song placed within Buzz-Trill, this time 

one of them is a Buzz-Trill that is clearly in the area of Mesh (the other two songs from Nepal 

are close to the region where the two subtypes meet, and could thus belong to either). This gives 

further indication that Nepal is difficult to categorize, which could be explained if there is a 

gradual transition between the subtypes (which cannot be confirmed since there are too few 

recordings from the area). The second possible exception is that there are six Mesh songs that 
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are quite clearly in the area of Buzz-Trill (three are far in, while three are closer to where the 

two subtypes meet). When listening to them and looking at their spectrograms, all six of these 

songs show strong signs of the Mesh characteristics and make out a considerable portion of the 

songs that are most likely to belong to that subtype. The reason why they are mixing with Buzz-

Trill is probably not due to the two subtypes being more similar than assumed from the auditory 

analysis, because then we would likely not see this degree of separation between them for all 

other songs. It is more likely that the thing separating the two subtypes are things that weren't 

measured, such as the type and order of elements and the overall structural pattern. 

 

Figures 20 and 21 shows the result for the reduced dataset made up of seven variables. This 

model has considerably higher density than the PCA based on all thirteen variables, and at the 

same time a clearer separation into two clusters. The better separation is likely in part due to 

the higher amount of variance explained by the first PC and the comparatively bigger influence 

of the variables relating to time and the number of elements (Table 2). When coloured according 

to subspecies (Fig. 20), very little have changed about the relative positions between subspecies 

compared to the thirteen variable PCA. Most of the subspecies form reasonably coherent groups 

but none of them are clearly separated from other subspecies, i.e. each have at least one other 

that overlap with them. As was the case for earlier models, the only subspecies that is split 

between both clusters is the widely scattered blanfordi. 

 

 
Table 2. PCA loadings for the first three PC:s when 7 variables were used. 

 

    

 

Variable 

PC1 PC2 PC3 

Delta time 

Pause time 

High frequency 

Low frequency 

Bandwidth 90% 

Nr of elements 

Nr of distinct elements 

-0.4338 

 0.4266 

-0.3598 

 0.1317 

-0.2611 

-0.4589 

-0.4520 

 0.1957 

-0.2461 

-0.1673 

 0.6784 

-0.6133 

 0.1657 

 0.0967 

-0.1935 

-0.0241 

 0.5818 

 0.6288 

 0.4075 

-0.1979 

-0.1514 

 

 

 

 



32 
 

 

Figure 20. Plots showing a PCA based on seven variables of song measurements. Each point is a song variant, 

and colours show the ten current subspecies, mainly assigned based on geography. The four plots are different 

perspectives with a 45-degree rotation to the right between each (a, b, c, d). 

 

 

Coloured in accordance with subtypes (Fig. 21), besides the general observations already made 

above, there are only a few differences from the PCA based on all thirteen variables. The 

subtypes in the right cluster are a bit more clearly defined, especially Irrawaddy Delta which 

gives some support for treating it as a separate subtype rather than as a part of Coastal (the latter 

was believed to be more likely from the perspective of the auditory analysis). In the left cluster, 

while Buzz-Trill and Mesh were weakly separated before, they are here more intermixed and 
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do not appear to differ from each other. What dissimilarities there are seems to mainly be due 

to the bandwidth variable. This lack of distinction also makes the songs from Nepal not stand 

out at all, so there is no indication as to whether they might miscategorized. Most of the same 

outliers remain, though a few have disappeared. 

 

As for NMDS, separating the subtype Big Tonal into archetypes showed no discernible patterns 

(data not shown). 

 

Figure 21. Plots showing a PCA based on seven variables of song measurements. Each point is a song variant, 

and colours show the seven potential song types identified through the auditory analysis. The four plots are 

different perspectives with a 45-degree rotation to the right between each (a, b, c, d). 

 



34 
 

 

Observations and conclusions from all four statistical models 

When comparing the current subspecies against the suggested song subtypes, three of them 

correspond to each other: insularis is the same as Sri Lanka, blythi the same as Java, and 

herberti is to a large part the same as Coastal. As for the other subspecies, only inornata (mid 

India region) formed a group in the models that is coherent enough to be comparable to those 

of the subtypes. The remaining six subspecies were either more scattered or considerably 

intermixed with one or more other subspecies. Thus, the four models do not support the 

subspecies categorization as a whole, though it is possible that some of them are accurate. In 

comparison the suggested subtypes gave much better results, but the proximity of many 

subtypes in the models, and some inconsistency between models, leaves room for doubt. Only 

the subtypes Big Tonal and Coastal were reasonably separated from others across all four 

models. A part of why there was not more separation into different clusters could be that the 

chosen measurements were insufficient to effectively differentiate between many of the songs. 

 

The auditory analysis predicted that there were two main types, Buzzers and Tonals, each 

consisting of a few subtypes. The clustering in the models seem to support to this, with the 

length of the phrase and pause as well as the number of elements being important factors for 

the PCA (Buzzers have many elements, long phrases and short pauses, while the opposite is 

true for Tonals). However, when the subtypes were included, all models had something that 

diverged from the predicted pattern. The NMDS model based on thirteen variables did not show 

any distinct clusters, which could be due to the high stress value. The lower-stress model based 

on seven variables showed not two but three clusters with relatively short distances between 

them. The biggest cluster contained all the Tonals while the other two clusters contained the 

Buzzers; one was Buzz-Trill and Sri Lanka, one was Mesh. The two PCA models both had two 

clusters that consisted of Tonals vs. Buzzers, except for Sri Lanka. In both models, Sri Lanka 

had one song in the Buzzers cluster, one model had one song between the clusters, and the three 

to four remaining songs were in the Tonals cluster. There are too few songs from Sri Lanka to 

make any definite claims, so while the auditory analysis places it among the Buzzers with a 

high degree of certainty, the statistical models are indeterminate as to which main type it 

belongs to. The Sri Lanka songs are also quite scattered, making it questionable if it ought to 

be viewed as a subtype at all, but this could be an effect caused by the small number of 

recordings. Lastly about clusters, it is also worth noting that besides the one case of the NMDS 

based on seven variables that placed Mesh in its own cluster, there were no other clusters or 
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subgroups formed that suggested a different categorization than that presented by the auditory 

analysis (such as the existence of a new subtype or the division of an existing subtype into two). 

 

For the subtypes, there are several observations and comparisons with the auditory analysis. 

For one, Buzz-Trill and Mesh are completely separated in the NMDS models, but less so in the 

PCA models. This contrast can be most clearly seen in the models based on seven variables, in 

which the NMDS has the two subtypes in different clusters – something no other subtype had 

in any of the four models – while the PCA has the two subtypes so intermixed that they cannot 

be said to be any different from each other. As such, the statistical analysis can neither be said 

to support nor oppose the separation of the two. On the subject of these two subtypes, the models 

show some uncertainty whether the three songs from the Nepal region should belong to Buzz-

Trill or Mesh. There are very few recordings from this longitude, and the auditory analysis 

found some shared characteristics with both subtypes (hence the assumption that the two 

subtypes meet in that region). That their positions shift from one subtype to the other seem to 

confirm these song’s affinity with both, but there are too few recordings to have high confidence 

in this. 

 

The auditory analysis identified some Buzz-Trill songs in south India that were quite similar to 

those in Sri Lanka. It is thus possible that the latter subtype might not be limited to the island, 

or that there might be a gradient between the two subtypes. The somewhat large scattering 

between the Sri Lanka songs makes this difficult to determine from the models, and though the 

Buzz-Trill songs in question are positioned relatively close to the Sri Lanka songs they are 

likewise scattered. The models therefore provide no insight into this question. 

 

The auditory analysis identified two potential Tonals subtypes, i.e. it was uncertain whether 

they are separate subtypes or part of another. These are Irrawaddy Delta and Java. Irrawaddy 

Delta did not have enough of a distinct character to confidently claim it as its own subtype, and 

it might instead be a part of Coastal. In the thirteen variable NMDS it is quite intermixed with 

Coastal, while the seven variable NMDS show very little mixing with Coastal and reasonable 

separation from other subtypes as well. The thirteen variable PCA has a small split where little 

more than half of the songs are grouped nearby Sri Lanka, while the rest are much more 

scattered and closer to Coastal. The seven variable PCA is considerably more compact, and the 

split is almost gone, while also being a bit further away from Sri Lanka, making this the version 

in which it most appears as a separate group. Overall, it has similarities with Coastal but also 
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to a lesser extent with Sri Lanka, and my impression is that it appears a bit more to be a separate 

group than a part of Coastal, but there is a lot of uncertainty about this. As for Java, it did not 

have enough songs to determine whether there was a unique characteristic among them or if it 

is like one of the other Tonals. All four statistical models show them as being scattered among 

the tonal subtypes, not favouring one over another. 

 

Lastly, when the subtype Big Tonal was separated into its suggested archetypes, there were no 

consistent patterns in any of the four models (data not shown). There are thus either no 

geographical basis for this categorization, or it could not be properly represented by the 

measurements used. 

 

 

4. Discussion 
The auditory analysis showed that, despite large variation between geographically close 

individuals as regards to characteristics such as frequency content and time parameters, and to 

some extent in the type and number of elements used, they still form several groups around 

certain song structures. There is a clear separation into two main song types with the dividing 

line going through Myanmar. The western group have songs that heavily features buzzes and 

trills, and thus dubbed “Buzzers”, while the eastern group have songs with mainly tonal 

content, dubbed “Tonals”. These can be further delineated into subtypes; Buzzers into Buzz-

Trill, Mesh, and Sri Lanka, and Tonals into Big Tonal, Coastal, and the two potential groups 

Irrawaddy Delta and Java. The statistical models based on song parameters support the 

separation into two main types but are indeterminate as to the subtypes. 

 

Recording location distribution 

In the samples gathered for this study, there is much variation in how well represented different 

geographical areas are. The song type of areas with no recordings must be extrapolated from 

neighbouring areas, which means that for large, underrepresented regions, such as inland China, 

it is possible that they contain a different song type which is not represented among the samples. 

Judging from the fact that Irrawaddy Delta (Fig. 2, location 29–30) might represent a distinct 

subtype and is a relatively small area, there are many underrepresented areas large enough that 

they could contain unique song types. Similarly, in the cases where deviating songs are next to 
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an area with no or low representation, it is not possible to assess whether these songs are outliers 

of existing subtypes or representatives of differing song types in those non-represented areas 

(while rare, there are observations of wild birds that have learned a song belonging to another 

species, such as in Alstrom et al. 2011). An example where an outlier might represent a 

neighbouring song type is one song from east Cambodia (location 41), which is currently placed 

within Coastal but flagged as an outlier. The region to the north covering east Thailand, Laos, 

and mid Vietnam is unrepresented, so it is possible that individuals from this region would share 

the song type of this supposed outlier and together make up a new subtype. In a similar vein, 

underrepresented areas also make it difficult to assess whether there are strict boundaries 

between subtypes or rather gradual transitions, which is important for assessing how likely they 

are to be closely related (Irwin 2000, Alstrom et al. 2011, Alstrom et al. 2020). This is for 

instance the case for the Buzz-Trill and the Mesh subtypes; there are indications that they meet 

at the longitude going through the centre of Nepal, but most of this longitude lacks 

representation. 

 

Risk of false categorization 

There are now many studies detailing the different ways that song choice and characteristics 

can be affected by numerous factors, though many of them have only been studied in a few 

different species of songbirds and it is unclear as to what degree they might be true for others. 

Such factors have the potential of making a group of songs seem more similar to each other and 

dissimilar from others, or the reverse, as compared to what would be expected from the genetic 

relationships within and between those groups. While some of these factors act on a systematic 

level and might be true for a large population, many act on an individual level and can give 

misleading results if the sample size is small (which is relevant due to the uneven distribution 

of samples in this study). 

 

For systematic factors, a good illustration is provided by one of the few previous studies 

involving the song of an eastern population of P. inornata. Chen et al. 2021 used a population 

that had recently migrated into a new habitat type, in order to test the acoustic adaptation 

hypothesis. This hypothesis claims that songs tend to become adapted to their environment to 

better transmit in them (Morton 1975, Badyaev & Leaf 1997, Tubaro & Lijtmaer 2006, 

Gogoleva 2020). For instance, when compared to an open grass-landscape, a dense forest region 

will absorb more high-frequency content and reflect more sounds which makes complex signals 

less intelligible. Thus, birds in dense forests will have songs with less high-frequency content 
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and less fast complex sounds. However, while many studies have gotten results in accord with 

the hypothesis, others have not (Mikula et al. 2021, and articles in Wilkins et al. 2018). For the 

P. inornata study, Chen et al. found a statistical difference in the songs between the population 

in the new habitat type and the population in the traditional habitat, in a direction in line with 

the acoustic adaptation hypothesis. However, their findings that the younger population had 

diminished song diversity are also in line with the founder effect. The latter states that in 

populations with a relatively large variation in song between individuals, if a small number of 

individuals become the basis of a new population, then you would in this new population expect 

to only see a fraction of the songs of the original population (Baker A & Jenkins 1987, Parker 

et al. 2012, Xing et al. 2013). The songs in this new-founded population would thus tend to be 

more similar to each other and statistically different from the original population. Either 

explanation — acoustic adaptation hypothesis and the founder effect — could result in a region 

with songs that are more similar to each other and likely differing from those of nearby regions, 

thus becoming a new song type and potentially mistaken as being a new (sub)species. Four 

other factors also act on a systemic level: The first is the concept of signal space availability, 

i.e. ambient sounds or “noise” that might mask or cover up parts of the song. This can be the 

songs of other birds or signals from insects (Ryan & Brenowitz 1985, Kirschel et al. 2009), and 

several studies have shown how birds change their songs when moving into a city landscape 

(Slabbekoorn 2013 gives a good overview). The second is the finding that for territorial birds 

there might be an inherent drive for an individual to differentiate themselves from their 

neighbours (Garamszegi et al. 2012), which would thus decrease similarity across a population. 

Third is related to both of the above and is called “Peak Shift”, a learning bias that can result in 

song difference, influenced by what songs from other species are heard when they are learning 

(Verzijden et al. 2007, Grant & Grant 2010). Fourth is the concept of “clines”, gradual changes 

along altitude or longitude, such as song length, that do not necessarily correspond to genetic 

change (Irwin 2000, Singh P & Price 2015, Wei et al. 2017, Pitocchelli et al. 2018, Singh A et 

al. 2020, Donald 2021). This could diffuse boundaries between song types and thus create an 

impression of a gradual transition. However, if there are missing regions of representation along 

a cline, this could create a false impression of a clear boundary between subtypes when the truth 

might be that there is a gradual transition. The possibility of clinal change was not taken into 

consideration for this study. 

 

Moving away from systemic factors, there are findings showing that context and individual 

qualities can affect song type choice and song parameters on an individual level. For areas with 
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few samples, it is possible that songs by chance were from birds in the same specific context or 

state, which might therefore make them seem more similar to each other and dissimilar from 

songs in surrounding regions. For birds such as P. inornata that has more than one song type 

or variant, it is possible that males use different variants in different situations. Examples of 

this include using one for females and one for other males (Morse 1970), to show different 

levels of aggression (Payne 1979, Wiebe & Lein 1999, Benedict et al. 2012), match their song 

choice to a neighbours’ structure or frequency for territorial display (Krebs J et al. 1981, 

Shackleton et al. 1991, Beecher et al. 1996, Trillo & Vehrencamp 2005), whether the male is 

paired with a female or not (Kroodsma et al. 1989, Hennin et al. 2009), and a difference between 

dawn chorus song and other times of the day (Morse 1989, Trillo & Vehrencamp 2005). Beyond 

song type choice, songs can also vary in different parameters based on context, such as to show 

aggression by matching the frequency of another male (Horn et al. 1992, Searcy & Beecher 

2009), lower the frequency to infer body size (Price et al. 2006, Benedict et al. 2012), or vary 

with time of day or “warm up” (Trillo & Vehrencamp 2005, Schraft et al. 2017, Dinh et al. 

2020). Along the same lines of accidental similarity or dissimilarity, there are also factors for 

individual variation of song parameters, such as age (Nemeth et al. 2012, Vehrencamp et al. 

2013, Ota & Soma 2014, Byers et al. 2016, Berg et al. 2020), body size (Hall et al. 2013, Byers 

et al. 2016, Wei et al. 2017, Wang et al. 2019), mistakes in song learning (Lemon 1975, Jenkins 

1978, Grant & Grant 1996), and stochasticity and improvisation (Lemon 1975, Parker et al. 

2010). 

 

What all this amounts to is a complexity that in itself could be a significant driver of song 

diversification, without this necessarily being reflected in the genetic relationships between 

populations. Systematic factors exist that could influence song to a significant degree, and 

individual factors can be a problem when there are low sample sizes. Since the auditory analysis 

is based on relatively broad structural differences in songs of different regions, even when 

factoring in systematic factors I judge it to be somewhat reliable for the song types for which 

there are a decent number of birds sampled. These are Buzz-Trill, Mesh, Big Tonal, and Coastal. 

Subtypes with less representation in the data is made even more unclear by these factors, them 

being the potential subtypes Irrawaddy Delta and Java. Sri Lanka is somewhere in between, but 

I would say it is considerably more likely to be its own subtype than not. While the auditory 

analysis overall ought to be stable, the statistical analysis is made less reliable by these factors 

— only broad conclusions can be made with high confidence. 
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Comments on the statistical models 

The models were relatively inconclusive compared to the auditory analysis. It could be because 

the measurements that both the NMDS and PCA models were based on were limited to 

comparing entire phrases, thus only capable of revealing broad differences. A superior analysis 

method would incorporate more qualitative information, such as the type of each element, their 

quantity, and the order in which they appear, but such a complex method was well beyond the 

frame of this study. 

 

The subtypes that have many samples generally have a couple of outliers, which are sometimes 

entirely within the cluster of another subtype. In several of these cases, the individual has other 

song variants more like the majority within its region, which suggests that they are likely to be 

correctly categorized. This shows that an individual can have diverging song variants that could 

be closer to a different subtype than the main one within its region, and is also an indication 

that there might be a gradual transition between song types. Moreover, this means that subtypes 

with relatively few recordings, i.e. Java, Sri Lanka and possibly Irrawaddy Delta, cannot be 

disregarded on the basis that the songs do not form tight clusters. Since there are few recordings 

from these areas, and they often include only one song variant per individual, any extremes 

would have an inordinate influence. 

 

The current subspecies taxonomy 

The auditory analysis supports several geographically distinct groups that only have partial 

conformance with the ranges of the current subspecies. While the song analysis and the 

taxonomy match in regard to the two islands Sri Lanka (insularis) and Java (blythi), beyond 

that there is only Coastal (herberti), and if you move the boundary lines a bit then arguably 

Mesh (fusca). The subspecies terricolor, inornata and franklinii all sing the Buzz-Trill subtype 

and thus their song does not appear to separate them from each other. Subspecies extensicauda 

and flavirostris both sing the Big Tonal subtype. The last of the ten subspecies, blanfordi, has 

the greatest disparity between subspecies and song type. Its range is described as north central 

and east Myanmar, northwest Thailand and Yunnan in China (Madge 2018). According to the 

statistical models, blanfordi songs are in the clusters of both the Buzzers and the Tonals, while 

the auditory analysis indicate that this area is the intersection of three different song subtypes: 

Mesh, Big Tonal, and Irrawaddy Delta. The range of blanfordi encompasses all three of these 

song types, but except for Irrawaddy Delta, it only covers a small part of them. 
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While some subspecies match the regional differences in song found in this study, the overall 

correspondence is poor. Judging from song alone, this suggests that P. inornata needs 

taxonomic revision. 

 

New Taxonomy 

The auditory analysis suggests the existence of two main groups, a western (“Buzzers”) and an 

eastern (“Tonals”), which is supported by the statistical analysis. They have clear and relatively 

consistent differences, and since song boundaries are in general correlated with species 

boundaries (Alstrom et al. 2021a) this indicates that the western and eastern populations have 

been separated for a long time. However, since song is a learned trait (Catchpole & Slater 1995), 

it can change and spread much faster than any genetic traits. There is good evidence of 

significant change over years and decades, and there is to my knowledge nothing that puts an 

upper limit to how much, and in what way, the song of a population could change over relatively 

short periods of time (Jenkins 1978, Baker A & Jenkins 1987, Baker MC et al. 2003, Parker et 

al. 2010, Parker et al. 2012, Janes & Ryker 2013, Xing et al. 2013, Chen et al. 2021). With this 

in mind, could the two main types still be the same species, and the difference in song merely 

cultural? This is unlikely because each main type encompasses such a large geographical area, 

and there has been no observation suggesting that plain prinia is not a resident species. It is 

highly doubtful that these two main types are the result of song changes that are caused by one 

half being a relatively recent geographical expansion, such as the founder effect. If there was 

no recent expansion, it is also hard to see how a series of changes in song would on one hand 

spread through only one half of the global population, and at the same time spread consistently 

enough and fast enough that there has not been enough time for the two halves to develop 

significant genetical differences (due to the genetic isolation that such stark differences in song 

would create). Unless females value other traits than song on an equal or higher footing when 

evaluating a potential partner, then for the abovementioned reasons, the most plausible case is 

that these two main song types represent two different species. 

 

When compared to the main types, the subtypes within them have much smaller differences, 

regarding geography as well as the song structure and parameters. It is also difficult to make 

clear geographical boundaries when there are several song types involved and the birds have 

relatively large repertoires (Krebs JR & Kroodsma 1980). As such it is difficult to say whether 

the subtypes within a main type are likely to be the same species or not. Many subtypes are 
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geographically quite distinct, which would indicate that females prefer males from the same 

region, but the songs also share many characteristics — reflected in the statistical results where 

most subtypes do not stay separated from each other across the different models. There is no 

direct indication whether the differences are strong enough to create a reproductive barrier, or 

if the similarities allow for a gene flow between regions. The subtypes within each main type 

might be one species with regional dialects, different species, subspecies, or any combination 

thereof. To improve our understanding of the taxonomic relationships between the birds of these 

regions, studies of their morphology and DNA are required, but even then the taxonomy can be 

difficult to assess if the regions have not been separated for a long time (Dong et al. 2015, 

Alstrom et al. 2021b). 

 

If all the song types suggested by the results are assumed correct, some attempts can be made 

at estimating how closely related different geographical groups are likely to be. For the Buzzers 

main type, the auditory analysis suggests that the Buzz-Trill subtype, the biggest of the three, 

has more in common with the other two subtypes Sri Lanka and Mesh than those two have with 

each other. There could be a gradual transition between the song patterns of Buzz-Trill and Sri 

Lanka, which would indicate that they are closely related. There is also a high degree of 

similarity between Buzz-Trill and Mesh in Nepal, but there are too few recordings from that 

area for judging whether there is a gradual transition between their song patterns. In the seven-

variable NMDS, Sri Lanka and Buzz-Trill are in one cluster while Mesh is in another, indicating 

a closer relationship between the former two. The PCA models however have little to no 

differentiation between Buzz-Trill and Mesh while Sri Lanka is a bit apart. It is thus 

inconclusive which of Sri Lanka or Mesh is closest to Buzz-Trill, but all results point towards 

Sri Lanka and Mesh to be closer to Buzz-Trill than to each other. Sri Lanka deserves special 

mention, because while the auditory analysis clearly places it within the Buzzers main type, the 

statistical models place it somewhere between the two main types or partly within the Tonals 

main type. The reason for this in the PCA models – and likely also the NMDS models – is 

probably due to the relatively large influence by phrase length, pause length and the number of 

elements. Sri Lanka has a shorter phrase length and longer pause length than the other Buzzer 

subtypes, and fewer elements as well. While some songs of Sri Lanka do resemble songs from 

Thailand, which is part of the Coastal subtype (of the Tonals main type), the overall character 

and structure makes it more likely to be part of the Buzzers main type, but the statistical results 

could mean that Sri Lanka is the Buzzer subtype that is the most closely related to the Tonals. 

Moving on to the Tonals main type, there are two clear subtypes: Big Tonal and Coastal. 
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Irrawaddy Delta is categorized as a potential subtype by the auditory analysis since it shares 

enough similarities with Coastal that they might not be separate subtypes, but if they are 

separate then the high similarity indicates that they are likely closely related. The statistical 

results give a weak indication that Irrawaddy Delta is a separate subtype, but nothing as to its 

relationship with other subtypes within the Tonals main type. Java did not have enough 

consistent data to categorize it further than belonging to the Tonals main type.  Two simple 

songs in Java resembled one or two songs in both Big Tonal and Coastal, but this could be due 

to chance. The fact that Java is an island and widely disjunct from the other locations, with no 

reported sightings of P. inornata from geographically intermediate regions, and that several 

songs are quite dissimilar from all others, together suggest that the Java population became 

separated from the others a long time ago. It thus seems more likely that Java would not be the 

same species/subspecies as any of the other Tonals. The song seems slightly more similar to 

Coastal than Big Tonal, so they might be more closely related. 

 

A final note of interest is the line through Myanmar where the two main song types meet. On 

the western side is the long and quite atonal Mesh, whereas on the east side is the short and 

more musical Big Tonal. These are arguably the two subtypes that are the most dissimilar. A 

potential explanation for how such dissimilar songs came to be so geographically close, is that 

different historic populations of the species evolved in separate areas, to finally meet again in 

Myanmar. During the time they were separated, their songs could have changed in different 

directions, and the song might then act as a reproductive barrier when the two populations once 

again started to overlap. 

 

5. Conclusions 
 

The results of this study show that the warbler P. inornata can be divided into a number of 

geographically distinct groups based on song characteristics, and that these groups only 

partially conform to the geographical distribution of the current subspecies. There are two main 

song types, located to the west and east of Myanmar, that are so different in character that they 

have likely been genetically separated for a long time. There are thus strong indications that P. 

inornata represents a complex of cryptic species and needs taxonomic revision. With varying 

degree of confidence, these two main types can be further divided into several geographically 
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distinct subtypes, but it is not clear if these song differences are regional dialects or if they are 

due to a difference in species or subspecies. In order to have a chance at ascertaining the 

relationships and taxonomic statuses of these subtypes through song studies alone, there is a 

need for a higher number of song samples that are more evenly geographically distributed, and 

potentially a more detailed statistical approach that can take qualitative differences into account. 

To revise the taxonomy and infer the evolutionary history of this complex, additional studies 

based on DNA and morphology are warranted. 
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Appendix A: List of recording locations 
 

 
Reprint of Figure 2 from the main text. It shows the 52 recording locations for the songs used for this 
study. The symbols correspond to the seven potential subtypes identified by the auditory analysis. 

 
1 Chashma Barrage, Pakistan 
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2 Harike, Punjab, India 
3 Sultanpur, Haryana, India 
4 Sonkhaliya, north of Ajmer Rajasthan, India 
5 Sawai Madhopur, Rajasthan, India 
6 Agra, Uttar Pradesh, India 
7 Van Vihar, Bhopal, Madhya Pradesh, India 
8 Chaurakund Melghat Tiger Reserve, Maharashtra, India 
9 Jalgaon, Maharashtra, India 
10 Goa, India 
11 Bangalore, Karnataka, India 
12 Mysore, Karnataka, India 
13 Coimbatore, India 
14 Eravikulam, Kerala, India 
15 Nirmala City, Kerala, India 
16 Sigiriya forest, Sri Lanka 
17 Uva Palata, Sri Lanka 
18 Tissamaharama, Hambantota District, Southern Province, Sri Lanka 
19 Chitwan National Park, Narayani, Central Region, Nepal 
20 Salt Lake, Kolkata, India 
21 Dibru-Saikhowa, Assam, India 
22 Indawgyi, Myanmar 
23 Fields south of Shuhe, nr Lijiang, Yunnan, China 
24 Dali, Yunnan, China 
25 Puwei, Sichuan, China 
26 Mandalay, Myanmar 
27 Bagan, Myanmar 
 Irrawaddy River floodplain (near Bagan), Myanmar 
28 Inle, Myanmar 
29 Irrawaddy Delta, Myanmar 
30 Mohingyi, Myanmar 
31 Chiang Saen, Chiang Rai province, Thailand 
32 Ping Khong, Chiang Mai Province, Thailand 
33 Mae Hia, Chiang Mai Province, Thailand 
34 Lampang, Mueang Lampang District, Thailand 
35 Nong Chorakhe, Thailand 
36 Bueng Boraphet, Nakhon Sawan Province, Thailand 
37 Rangsit Marsh, Pathumthani, near Bangkok, Thailand 
38 Ban Khob Wua, Muang District, Ratchaburi, Thailand 
39 Phetchaburi, Thailand 
40 Phnom Krom Marsh, nr Siem Reap, Cambodia 
41 Kratie, Cambodia 
42 Cân Tho, Vietnam 
43 Van Long, Vietnam 
44 Mai Po Nature Reserve, New Territories, Hong Kong, China 
 Hong Kong, China 
45 Kinmen County, Taiwan 
46 Firefly Lodge, Guanghua, Chiayi County, Taiwan 
 Aogu Wetland IBA--West Area, Chiayi County, Taiwan 
47 Kaohsiung City, Taiwan 
48 Chichi, Taiwan 
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 Taipei City, Taiwan 
49 Duli, Chenggong Township, Taitung County, Taiwan 
50 Merapi, Java, Indonesia 
51 Arosbaya, Java, Indonesia 
52 Sumenep, Java, Indonesia 

 


