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Abstract 

The taxonomy of the taxa in the Prinia atrogularis-khasiana-superciliaris complex has changed sev-

eral times in recent history. To this day, different world bird lists classify this complex as 1–3 species. 

These classifications are based mainly on morphological comparisons of museum specimens. No 

study has analysed the songs and genetics of this complex. This thesis focuses on the integrative 

taxonomy of this complex by analysing and comparing their song and mitochondrial cytochrome b 

(cytb) gene. Seventeen different variables from in total 172 individual songs were measured and an-

alysed. A linear discriminant analysis showed a clear separation in song between atrogularis, 

khasiana and the superciliaris group (latter including the taxa superciliaris, erythropleura, klossi, 

dysancrita and waterstradti). The mitochondrial cytb phylogenetic tree produced using Bayesian in-

ference suggested that atrogularis and khasiana split from superciliaris around 4.9 million years ago 

(mya), with atrogularis and khasiana splitting from each other around 3.4 mya. Based on the com-

bined results of the song and cytb analysis I propose to recognise three species: Black-throated Prinia 

Prinia atrogularis, Rufous-crowned Prinia P. khasiana and Hill Prinia P. superciliaris. The study 

also showed some support for classifying klossi as a separate species, but acquisition of additional 

information is needed to verify this.  

 

Introduction 

Oscine songbirds (suborder Passeri in the order 

Passeriformes) together with parrots and hum-

mingbirds are the only avian groups that are 

known to learn their song through social inter-

action with their fathers or other members of 

their species (Nottebohm 1972, Catchpole & 

Slater 1995, Grant & Grant 1996). Interest-

ingly, within the Passeriformes, the suboscines 

(suborder Tyranni), which are closely related to 

the oscines, consists mostly of species that have 

an innate song (Kroodsma & Miller 1997, 

Touchton et al. 2014). Arguments of a socially 

learned song being a driving factor of specia-

tion comes from the fact that only the oscine 

passerines, parrots and hummingbirds, out of 

the many avian groups, have a learned song and 

represent about half of all known avian species. 

Because a learned song is a behavioural adapta-

tion it can vary from generation to generation 

and can therefore diverge and evolve as a prezy-

gotic barrier faster than an innate, genetically 

inherited song. Species with a learned song are 

therefore hypothesised to speciate faster than 

those with an innate song (Lachlan & Servedio 

2004). Studies to prove this are scarce but do 

exist (Weir & Wheatcroft 2011, Mason et al. 

2017), whereas one study suggests the opposite 

(Freeman et al. 2017). In the latter study they 

showed that song discrimination in suboscines 

evolve faster due to less within-population di-

versity of songs compared to oscines. Another 

study that focused on socially learned calls in 

parrots that were considered to be independent 

of sexual selection showed no faster diversifi-

cation than regular morphological traits (Me-

dina‐García et al. 2015). Other factors, such as 

allopatric isolation, selection on morphology 

(Podos 2001, Seddon 2005, Huber & Podos 

2006), ecological constrains (Seddon 2005, 

Nicholls et al. 2006, Tobias et al. 2010a) and 

cognitive abilities (Wilson 1985, Nicolakakis et 

al. 2003), have been suggested to indirectly 

play a major role, and could be the main driver, 

in song diversification and speciation in birds.  

In most avian taxa acoustic signals play an im-

portant role in mate choice and territorial de-

fence and therefore, as a side effect, may act as 

a prezygotic reproductive barrier between spe-

cies. This could lead to full species discrimina- 
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tion upon secondary contact. This  can be 

demonstrated through playback tests, which 

may show that closely related species and sub-

species often do not respond to foreign songs 

(Patten et al. 2004, Alström et al. 2015, Macedo 

et al. 2019). Song as well as plumage and be-

haviour are influenced by assortative mating 

and sexual selection and may therefore be driv-

ers of avian speciation (Edwards et al. 2005, 

Seddon et al. 2013). Therefore, these characters 

as well as genetics and ecology are in focus 

when studying avian taxonomy.  

Advances in genetics and new approaches 

called integrative taxonomy (Dayrat 2005) have 

provided the discovery of novel cryptic bird 

species (e.g. Alström & Olsson 1999, Alström 

et al. 2015, Alström et al. 2016) and the pro-

posal of splitting many other taxa (e.g. Alström 

et al. 2018, Gwee et al. 2019, Alström et al. 

2020). This is because species that are remark-

ably similar in appearance and often closely re-

lated to each other have mainly gone unnoticed 

in places that have been poorly studied like 

Asia, Africa and South America. Integrative 

Figure 1. Distribution map of the seven taxa in the Prinia atrogularis-khasiana-superciliaris complex (see 

Table 1). Each circle represents from where a recording was taken, while the different colours show which 

taxon each recording belongs to. A red and blue circle shows the recordings of atrogularis and superciliaris 

which have an overlapping range at Namdapha, Arunachal Pradesh. A green and blue circle is located on 

Blue mountain, Mizoram, from where recordings of both khasiana and superciliaris were obtained. The 

taxon waterstradti had no representable recordings and was therefore excluded from this part of the study. 

Its distribution range is nevertheless shown as a circle with a cross through. Range distributions (shown in 

transparent red, green and blue for atrogularis, khasiana and superciliaris respectively) were obtained from 

BirdLife Datazone (BirdLife International and Handbook of the Birds of the World 2019).  
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taxonomy (Dayrat 2005) focuses on examining 

several independent factors, for example song, 

plumage, ecology and DNA (one or several in-

dependent genes). When these independent fac-

tors congruently suggest that different popula-

tions or subspecies represent distinct lineages, 

taxonomists may propose a new taxon or the 

splitting of a taxon.  

Prinias belong to the genus Prinia in the family 

Cisticolidae in the superfamily Sylvioidea 

sensu Alström et al. (2006) and Fregin et al. 

(2012) within the suborder oscines. Prinias 

have been mainly overlooked but have under-

gone recent taxonomic attention. Olsson et al. 

(2013) showed taxonomic support for including 

the monotypic African genera Urorhipis and 

Heliolais into the genus Prinia, which then be-

came the Red-fronted Prinia P. rufifrons and the 

Red-winged Prinia P. erythroptera, while the 

species Prinia burnesii was moved to the genus 

Laticilla in a different family (Timaliidae). Al-

ström et al. (2020) suggested splitting the spe-

cies P. polychroa and P. crinigera into three (P. 

polychroa, P. rocki and P. cooki) and two (P. 

crinigera and P. striata), respectively, species. 

A not yet published article by Alström et al. 

suggests splitting the African-Asian species P. 

gracilis into two species. The IOC world bird 

list (Gill et al. 2020) currently recognises 28 

species in the genus Prinia, including the 

changes suggested by Olsson et al. (2013) and 

Alström et al. (2020). The earlier published 

Howard and Moore complete checklist of the 

birds of the world (Dickinson & Christidis 

2014) contains only 23 species.  

The taxonomy of the taxa in focus in the present 

study, which are here referred to as the Prinia 

atrogularis-khasiana-superciliaris complex 

(Table 1) has changed several times during the 

past few decades. These changes have been 

loosely based on integrative taxonomy while 

mostly focusing on morphological comparisons 

all of which took place in large scale taxonomic 

studies. They were all considered conspecific 

by Deignan (1942) and Sibley & Monroe 

(1990) under the name Hill Prinia Prinia atro-

gularis. This species was then split into the 

Black-throated Prinia P. atrogularis with two 

subspecies (atrogularis and khasiana), and the 

Hill Prinia P. superciliaris, with five subspecies 

(superciliaris, erythropleura, klossi, dysancrita 

and waterstradti), by Rasmussen & Anderton 

(2005), following extensive research based 

mostly on morphology. The first indications for 

this split came from sound recordings from the 

late 1990s of P. a. superciliaris from 

Namdapha, Arunachal Pradesh, India, which 

lies in the eastern part of the range of P. a. atro-

gularis, suggesting that the two subspecies 

might live in sympatry in that area. A museum 

specimen was also found belonging to P. a. su-

perciliaris that was retrieved from the eastern 

Naga hills, India, which is next to the range of 

P. a. khasiana and close to P. a. atrogularis 

(Rasmussen 2005). del Hoyo and Collar (2016) 

used the “Tobias criteria” (Tobias et al. 2010b), 

which uses a scoring system based on pheno-

typic and acoustic characters. They accepted 

the split of P. superciliaris proposed by Ras-

mussen & Anderton (2005) but also concluded 

that P. a. atrogularis and P. a. khasiana should 

be considered as different species, renaming P. 

a. khasiana as Rufous-crowned Prinia Prinia 

khasiana. This change was accepted by e.g. the 

IUCN (iucnredlist.org) and BirdLife Interna-

tional (birdlife.org), whereas, e.g., the 

eBird/Clements checklist of birds of the world 

(Clements et al. 2019), Xeno-canto (xeno-

canto.org) and the IOC world bird list (Gill et 

al. 2020) still follow the classification used by 

Rasmussen & Anderton (2005). It is widely ac-

cepted that P. superciliaris has five subspecies 

(when treated as a separate species from P. 

atrogularis).  

 

 

file:///C:/Users/D/Documents/Masterthesis/iucnredlist.org
file:///C:/Users/D/Documents/Masterthesis/birdlife.org
https://www.xeno-canto.org/
https://www.xeno-canto.org/
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Aim of the study 

No earlier study has used an integrative taxo-

nomic approach to re-evaluate the taxonomy of 

the P. atrogularis-khasiana-superciliaris com-

plex. The present study will focus on their song 

and mitochondrial DNA (mtDNA) to hopefully 

give a clearer picture of their taxonomy.  

Taxa in focus 

The characteristics and distributions of the taxa 

in this complex are given in Table 1. For a map 

of the distributions see also Figure 1. All of the 

taxa prefer both closed and open grassy, scrub 

and undergrowth habitats at higher elevations 

like hills, mountains and plateaus. 

 

Taxonomy as de-

scribed in Rasmussen 

& Anderton (2005) 

and (del Hoyo and 

Collar (2016)) 

 

 

Revised taxonomy 

 

Distribution          

(+ revised distribu-

tion) 

 

 

Description 

 

P. atrogularis  

atrogularis 

(P. atrogularis) 

 

P. atrogularis  

(monotypic) 

 

E Nepal along the 

Himalayas through 

Sikkim (India), Bhu-

tan, sympatric with 

P. s. superciliaris in 

Namdapha, Aruna-

chal Pradesh 

 

A white moustache separates the 

throat from the ear-coverts. The un-

derside is light brown to white 

while the wings and long tail are a 

darker brown. In breeding plumage 

atrogularis has a black throat that 

extends all the way down to the 

belly as well as a completely grey 

forehead, crown, nape and ear-cov-

erts. In non-breeding plumage the 

throat is whiter with black streaks 

and patches and they also have a 

grey head but with a white supercil-

ium.  

 

P. a. khasiana 

(P. khasiana) 
P. khasiana  

(monotypic) 

E India (Meghalaya, 

Nagaland, Manipur 

and Mizoram) and 

eastern Myanmar 

Distinguished from atrogularis by 

having a rufous forehead and crown 

and by overall being more light and 

warmer brown coloured. In breed-

ing plumage, the black throat is less 

extensive in khasiana and does not 

reach onto the breast. The belly is 

also brighter white. 

 

 

 

Table 1. Distributions and descriptions of the taxa in the Prinia atrogularis-khasiana-superciliaris com-

plex based of Rasmussen & Anderton (2005), del Hoyo and Collar (2016) as well as pictures from eBird 

(ebird.org). Revised distribution for superciliaris is marked in bold. See also Discussion. Note that when 

the taxonomy of del Hoyo and Collar (2016) does not match that of Rasmussen & Anderton (2005) the 

suggested name of the first mentioned reference is written in parentheses (in column 1). The column “Re-

vised taxonomy” is based on the results of this study. For distributions see also Figure 1. 
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Table 1 continued 

Taxonomy as de-

scribed in Rasmussen 

& Anderton (2005) 

and (del Hoyo and 

Collar (2016)) 

 

 

Revised taxonomy 

 

Distribution          

(+ revised distribu-

tion) 

 

 

Description 

 

P. superciliaris  

superciliaris 

 

P. s. superciliaris 

 

S China (Yunnan, 

Guangdong and 

Guangxi), N Vi-

etnam and Laos, N 

Myanmar, sympatric 

with P. atrogularis in 

Namdapha. Record-

ings suggests it also 

lives along the east-

ern Assam hills at 

least down to Blue 

mountain, Mizo-

ram. 

 

It differs from atrogularis in having 

a broader and longer year-round su-

percilium giving it an “angry” ap-

pearance as well as a black eye-

stripe and some black coloration on 

the forehead. It has a white throat, 

with some black streaks on the 

sides, that extends to the upper 

belly. In breeding plumage, the 

head and upper part of the wings 

are grey. It has similar non-breed-

ing plumage as atrogularis with a 

light to cinnamon brown belly and 

dark brown wings and tail. 

 

P. s. erythropleura P. s. erythropleura N & E Thailand, W 

Myanmar (from the 

southern Shan states, 

Kayah to the 

Tenasserim hills) 

Minuscule differences such as a 

broader supercilium and more 

chestnut brown wings. 

 

 

 

 

P. s. klossi P. s. klossi S Vietnam and Laos Completely white throat and upper 

belly with very few black streaks 

and lighter brown underside. 

 

P. s. waterstradti P. s. waterstradti Mt. Tahan, Penninsu-

lar Malaysia 

Smaller or no supercilium with 

brown to grey wings and more 

speckled throat. 

 

P. s. dysancrita P. s. dysancrita Mountains of W  

Sumatra, Indonesia 

Darker grey head with smaller or 

no supercilium and greyer wings. 
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Methods 

Song analysis: measurements 

Songs were collected from my supervisor’s and 

colleagues’ personal recordings as well as from 

the public data bases Xeno-Canto (xeno-

canto.org) and Macaulay Library (macaulay-

library.org). 128 recordings of in total 172 

unique songs from the Prinia atrogularis-

khasiana-superciliaris complex were collected 

and used for analysis. Some recordings in-

cluded more than one individual, and some in-

cluded birds that had more than one different 

song type. These songs are represented by six 

of the seven taxa in the complex (no recordings 

of waterstradti, endemic to Mount Tahan, Pen-

ninsular Malaysia, were available).  

Songs were resampled in Audacity 2.4.2 (Au-

dacity Team 2020) at a sampling frequency of 

48 kilohertz (kHz) and a sampling depth of 24 

bits and saved as wav files. Sonograms were 

then made and measured using Raven Pro 1.5 

(Center for Conservation Bioacoustics 2014). A 

song is made up of notes. Several closely 

spaced notes are called a phrase, which is sepa-

rated from other identical phrases by intervals 

(Fig. 2). The sonograms were used to measure 

the following variables by eye: (1) Delta time 

(the total duration of a phrase), (2) Duration 90 

% (The difference between the 5% and 95% in-

tervals of the total delta time), (3) Lowest fre-

quency, (4) Highest frequency, (5) Delta fre-

quency, (6) Center frequency (the frequency at 

which the energy of the song was equally di-

vided), (7) Bandwidth 90% (the difference be-

tween the 5% and 95% interval of the total delta 

frequency), (8) Average entropy (the mean 

amount of disorder per time frame), (9) Number 

of notes, (10) Total number of times that notes 

rise within a phrase, (11) Total number of times 

Figure 2. Explanations (a) and examples (b) of sonograms. (a) shows how several closely spaced notes form 

a phrase separated from identical phrases by silent intervals. The biggest and longest note is treated as the 

main note. (b) shows an example of a phrase with rising and falling notes, including single notes that both 

rise and fall. In this example, all three notes would be considered as rising twice and falling once. A trill was 

considered as a separate note or part of another adjacent note. A trill can also rise, fall, or have several 

dimensions. 

file:///C:/Users/D/Documents/Masterthesis/xeno-canto.org
file:///C:/Users/D/Documents/Masterthesis/xeno-canto.org
https://www.macaulaylibrary.org/
https://www.macaulaylibrary.org/
https://www.audacityteam.org/
https://www.audacityteam.org/
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that notes fall within a phrase, (12) Delta time 

for the main note (the main note is defined as 

the longest and loudest note in a phrase), (13) 

Duration 90% for the main note, (14) Delta fre-

quency for the main note, (15) Bandwidth 90% 

for the main note, (16) The interval between 

phrases and (17) Number of trills present within 

a phrase (trills consist of a series of thin, rapidly 

repeated notes; see also Fig. 2). A trill was 

counted as a separate note or as part of an adja-

cent note based on whether there was a distance 

between the trill and the next note that was big-

ger or smaller than the distance between notes 

within a trill. This was measured by eye. Trills 

could have rising or falling properties (like 

other notes). For each distinct song type in a re-

cording, the first three usable phrases were 

measured. A usable phrase had no background 

noise or other sounds that obscured the phrase, 

and notes had to be clearly distinguishable from 

each other. Fewer than three phrases had to be 

measured in a few cases. Overall noisy record-

ings that were difficult to measure were dis-

carded. The mean was then calculated for these 

three (or fewer) phrases and used in the statisti-

cal analysis.  

 

Song analysis: statistics 

A Linear Discriminant Analysis (LDA) was 

performed in R 4.0.3 (R Core Team 2020). An 

LDA creates the same number of axes or di-

mensions as there are variables, which in this 

case is seventeen. The analysis then tries to cre-

ate a new number of axes that fit the data in such 

a way that the individuals in each taxon are sep-

arated as much from each other as possible, thus 

discriminating the taxa against each other using 

the variables. From the LDA, prediction tables 

and accuracy values were generated. A predic-

tion table is created by comparing the a priori 

classification of every LDA value with the pre-

dicted classification for every LDA value. Pre-

dicted classifications are based on how close 

LDA values are located to each other. If an in-

dividual of taxon X gets an LDA value that is 

closer to the LDA value of taxon Y than to the 

remaining LDA values of taxon X, than this 

taxon X individual will be predicted to belong 

to taxon Y. A prediction table then shows the 

number of individuals that were predicted to be-

long to different taxa. The number of correctly 

predicted individuals divided by the total num-

ber of individuals is the accuracy value, which 

tells us how well the LDA performed.  

 

Checking for clinal variation 

Clinal variation is the gradual change of char-

acters in an organism across space (latitude, 

longitude and altitude) called clines (Huxley 

1938). These clines are due to environmental 

gradients across space. Clinal variation is the 

result of local adaptation and phenotypic plas-

ticity when gene-flow among neighbouring 

populations is limited. This could lead to di-

verging characters despite close relationship 

among populations. As a result, characters on 

the opposite ends of a species range may show 

statistically significant differences, while in re-

ality there is a gradual change in the studied 

characters across the species’ range with the 

populations still being genetically very closely 

related. Therefore, it is important to test for 

clinal variation and to sample across a species’ 

entire range. Not every atrogularis and 

khasiana recording had documented geograph-

ical coordinates, which is needed for clinal test-

ing, but all did come from the same localities as 

other recordings. Each song variable was tested 

for the remaining 147 songs with a one-way 

ANOVA (further referred to as just “ANOVA”) 

against all taxa simultaneously, and correla-

tions against longitude respective latitude. For 

non-parametric variables, Kruskal-Wallis and 

Spearman correlation tests were performed. All 

statistical tests were conducted in R 4.0.3 (R 

Core Team 2020). 
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Phylogenetic analysis 

An unpublished mitochondrial cytochrome b 

(cytb) alignment containing seventeen individ-

uals plus three outgroup taxa (Prinia crinigera, 

P. striata and P. familiaris) was obtained from 

my supervisor. jModeltest 2.1.10 (Darriba et al. 

2012) was used to estimate the most appropriate 

model for sequence evolution. For cytb this was 

the GTR + I + G model. The alignment was then 

prepared as an xml file in BEAUti 2.6.3 in the 

BEAST 2.6.3 (Bouckaert et al. 2014, Bouckaert 

et al. 2019) package. As suggested by jModel-

Test, the proportion of invariant sites was ini-

tially set to 0.3550. Both a strict and a relaxed 

clock prior were tested with a mean substitution 

rate of 0.0105 and a standard deviation of 

0.001, which corresponds to a mutation rate of 

2.1%/million years (Weir & Schluter 2008). 

The clock priors were combined with a yule 

model, birth-death model and a coalescent con-

stant population model to evaluate which of 

these models fitted the data best. All other pri-

ors were being kept on their default values. 

Markov chain Monte Carlo (MCMC) with a 

chain length of 10 million generations were set 

and sampled every 1000 generations for all 

model combinations. The xml files were run in 

BEAST 2.6.3 with a random seed number. The 

log files were analysed using Tracer 1.7.1 

(Rambaut et al. 2018). Using TreeAnnotator 

2.6.3 (included in the BEAST 2.6.3 package) 

the first 25% of generations were discarded as 

burn-in. Node heights was set on “mean 

heights” and all other options stayed on their 

default settings. The output was then displayed 

in Figtree 1.4.4 (Rambaut 2018).  

 

Results 

Song analysis 

Individuals of all taxa varied much in both 

structure of phrases (Fig. 5–6) and length of in-

tervals between phrases. In a first LDA, an 

accuracy value of 66.9% (p<0.0001) was ob-

tained (Appendix Fig. 1a, Table 1a and addi-

tional information) with all taxa tightly clus-

tered, although some separation was apparent 

between atrogularis and khasiana. The varia-

bles Delta frequency and High frequency were 

found to be highly correlated, but the LDA did 

not change after either variable was removed, 

and in subsequent analyses Delta frequency was 

randomly chosen to be removed. In the follow-

ing analyses, superciliaris, erythropleura, 

klossi and dysancrita were all grouped together 

as the superciliaris group (sometimes referred 

to as just “superciliaris”), which gave an accu-

racy value for the next LDA of 84.3% 

(p<0.0001) (Appendix Fig. 1b, Table 1b and 

additional information). Further testing was 

done to judge whether there was a better way of 

getting a higher accuracy value. The following 

equation was tested:  

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 =  
𝐷𝑒𝑙𝑡𝑎 𝑡𝑖𝑚𝑒

(𝐷𝑒𝑙𝑡𝑎 𝑡𝑖𝑚𝑒 + 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙)
 

This equation shows the proportion of the vari-

able Delta time divided by the distance between 

the beginning of the first phrase and the begin-

ning of the second phrase. Because the delta 

time for all taxa combined is relatively small 

(mean ± standard deviation = 0.163 ± 0.037 sec-

onds, min–max = 0.074–0.261 seconds), the 

length of the interval (mean ± standard devia-

tion = 0.635 ± 0.686 seconds, min–max = 

0.110–6.518 seconds) (unpublished data but see 

Appendix Table 3) is the largest factor deter-

mining the outcome of the proportion. When 

the proportion was plotted against delta time it 

was discovered that there is a clear division be-

tween what is from now on referred to as 

“slow” and “fast” songs (Fig. 3).  

Slow songs had an interval between phrases 

that was longer than 0.32 seconds (figure not 

shown) while fast songs had an interval shorter 

than that. All taxa had both slow and fast songs 

but at different percentages (Table 2). In the 
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samples of atrogularis recordings 58% were 

fast songs while 42% were slow, and a similar 

division was also seen in the superciliaris 

group, whereas khasiana showed the opposite 

pattern with 43% being fast songs and 57% be-

ing slow.  

 

The songs of individuals can vary in speed de-

pending on for example distractions in its envi-

ronment, weather conditions or time of the day. 

When a bird starts singing it will often need 

some “warming up” before proceeding to sing 

at the preferred speed (the preferred speeds are 

in this case either “slow” or “fast”). Therefore, 

recordings in which individuals varied in speed 

between phrases were checked and, in many 

cases, measured again to make sure that phrases 

with a relatively short interval were measured 

and not the phrases with long, differentiating in-

tervals, that were not considered to represent 

“full speed” song but were instead due to other 

factors such as “warming-up”. This adjustment 

placed all but one of the klossi recordings 

within the superciliaris group to the fast songs 

(Table 2). 

 

 

Separate LDAs were performed for the slow 

and fast songs, respectively. Outliers were lo-

cated and remeasured. The final LDAs are pre-

sented in Figure 4 and Table 3. The slow songs  

 Slow 

songs (%) 

(n = 75) 

Fast 

songs (%) 

(n = 97) 

atrogularis  

(n = 43) 

0.419 0.581 

khasiana 

(n = 47) 

0.575 0.425 

superciliaris 

group 

(n = 82) 

0.366 0.634 

  -superciliaris 

  (n = 28) 

0.464 0.536 

  -erythropleura 

  (n = 19) 

0.579 0.421 

  -klossi 

  (n = 23) 

0.043 0.957 

  -dysancrita 

  (n = 12) 

0.417 0.583 

Figure 3. Variables Proportion vs. Delta time (see equation). The results show a clear division between 

what is from now on called slow (left cluster) and fast (right cluster) songs. n = 172 individuals. 

Table 2. Percentage slow and fast songs for each 

taxon. The song type with the majority in each 

taxon is presented in bold.  
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a) Slow songs    b) Fast songs   

 Prediction    Prediction   

Reference atrogularis khasiana superciliaris  Reference atrogularis khasiana superciliaris 

atrogularis 18 0 0  atrogularis 23 1 1 

khasiana 2 23 2  khasiana 0 19 1 

superciliaris 1 2 27  superciliaris 1 1 50 

Accuracy value: 0.9067 95% CI: 0.82–0.96  Accuracy value: 0.9485 95% CI: 0.88–0.98 

Figure 4. The final LDA results for both the slow (a) and fast (b) songs for the three taxa. Results are based 

on 16 variables. Both LDAs show a clear separation between the three taxa atrogularis, khasiana and su-

perciliaris with only minor overlap. Both LDAs could be explained with just two axes.  

Table 3. Prediction tables, accuracy values and 95% Confidence Intervals for slow (a) and fast (b) songs. 

Prediction tables and accuracy values are based on the results from the LDAs presented in Figure 4. Numbers 

in each row belong to their respective taxa. Correctly predicted individuals are presented in bold. Accuracy 

values are also presented in bold.  
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LDA could be explained with two axes corre-

sponding to 100% of the variance (LDA1 = 

63.8% and LDA2 = 36.2%, respectively). It 

successfully separated the individuals into three 

groups corresponding to the three taxa (atro-

gularis, khasiana and superciliaris) and accu-

rately predicted 90.7% (95% confidence inter-

val (CI): 82–96%) of the taxa with a significant 

p-value (p<0.0001). The fast songs LDA could 

be explained with two axes corresponding to 

100% of the variance (LDA1 = 60.2% and 

LDA2 = 39.8%). It successfully separated the 

individuals into three groups corresponding to 

the three taxa and accurately predicted 94.9% 

(95% CI: 88–98%) of the taxa with a significant 

p-value (p<0.0001). To evaluate how each of 

the taxa in the superciliaris group performed 

separately, an LDA for the slow and fast songs, 

respectively, for all six taxa was done. In both 

cases superciliaris and klossi were separable 

(even though klossi had only one song in the 

slow-song dataset) but both overlapped with 

erythropleura and dysancrita (Appendix Figure 

2 and Table 2).  

Except for the speed, the slow and fast song 

types had no characteristics that could separate 

them. However, within the slow and fast song 

datasets, song types could be categorised fur-

ther based on appearance and sound. This was 

done as certain song types seemed to occur only 

in certain taxa. Most song types had high varia-

tion and some variations of different song types 

did look remarkably similar to each other, 

therefore categorising them was sometimes dif-

ficult and should not be seen as completely ac-

curate. Certain singular songs could not be cat-

egorised into any song type and are therefore 

not mentioned here but are still part of the anal-

ysis. Below is a short description of each differ-

ent song type, which are also shown visually in 

Figures 5–6. If a song type occurred in both 

slow and fast song datasets, the description is 

presented in the dataset where it occurred most 

frequently.  

Slow songs (S-type songs) (Figure 5) 

S1-Occurs only in and is the most frequent song 

type in atrogularis. It starts with two rising then 

declining notes followed by a larger rising then 

declining main note. The last of the first two 

notes is sometimes connected to, therefore part 

of the main note. The main note consists en-

tirely or partly of a trill. Most of the time 3–6 

kHz. 

S2-Occurs only in atrogularis. Consists of two 

to three notes. The first note is always rising 

then declining, like “/\”, the following note 

starts with a slight incline that then increases in 

strength and declines. This note is either sepa-

rate or adjacent to the last note. The last note 

starts the same way as the second to last note 

but keeps its strength while declining and ends 

in an incline. Occurs only three times in the re-

cordings all of which come from the Sikkim 

area in India. 3–6 kHz. 

S3-Occurs only in atrogularis. Main part of the 

song is a fast trilling, sometimes inclining note. 

Occurs only three times in the recordings, all of 

which come from the Eaglenest Wildlife Sanc-

tuary area in Arunachal Pradesh, just east of 

Bhutan. Around 2–5 kHz.  

S4-Occurs only in khasiana, in which it is the 

most common song type, though highly varia-

ble. Consists of two or three notes. The long, 

rapid declining introductory note is characteris-

tic of this song type. In most cases this is fol-

lowed by a straight or slightly inclining note, of 

variable duration (short to relatively long). Af-

ter that there is often a clearer inclining note 

which in most cases is a trill. This note is often 

followed by a final note.  

S5-Occurs only in khasiana. In most cases has 

some form of introductory note followed by a 

straight note that could increase slightly. That 

same note rises rapidly and then declines at the 

end. The last part of that note is always a trill. 

Occurs only twice in the recordings, both of 

which come from Nagaland, India. The straight 

note lies at around 3 kHz.  
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S6-Occurs only in khasiana. Consists of a con-

tinuous note with slight increases and decreases 

almost like a slow trill. Around 3 kHz.  

S7-Occurs only in superciliaris, in which it is 

the most common song type. Slowly declining 

drawn out phrase consisting mainly of one or 

two notes. Rarely has an increasing part either 

in the beginning or the end of the phrase. Songs 

that are thought to belong to superciliaris from 

Mizoram are mainly declining except for the 

part between the two notes which starts with a 

Figure 5. A selection of sonograms of the different slow song types. Each song is labelled as “song type - 

taxon - country or region of origin”. Triple dots represent an interval between phrases that is larger than the 

figure space. Note that not all sonograms are placed in numerical order. The superciliaris song that origi-

nates from Mizoram, India (see Discussion) is labelled as “India(Mizoram)”.  



13 
 

steep decline followed by a steep incline. The 

slowly declining parts of this song are declining 

faster than others of this song type. This song 

type occurs twice in the fast song dataset.  

S8-Noted only once each in superciliaris, 

erythropleura and dysancrita. A small phrase 

that starts with a straight note at 3–4 kHz, fol-

lowed by a lower, straight note located at 2–3 

kHz. This second note is either attached to or 

separated from the first note.  

S9-Often one continuous note. Starts with a de-

scent followed by a fast small increase and a 

slower equally sized decrease. Often ends in a 

straight or declining part. Each of the taxa su-

perciliaris, erythropleura, klossi and 

dysancrita have their own variations. Almost 

all dysancrita songs are of this song type and 

often ends with an additional high toned in-

creasing note, occurs also once as a fast-type 

song. The only klossi slow song lacks the de-

clining part in the beginning of the phrase and 

is much more drawn out. Some dysancrita also 

lack the beginning part. In erythropleura there 

is never a straight part. Instead, there is an ad-

ditional small increase followed by a small de-

crease at the end of the phrase. This taxon also 

has a drawn-out form that looks like “\/\”. Oc-

curs only once in the superciliaris songs and is 

similar to dysancrita.  

 

Fast songs (F-type songs) (Figure 6) 

F1-Occurs only in atrogularis, it is the most 

common and highly variable song type. Always 

has a small, straight, loud main note and a de-

clining end note. Three main varieties: the first 

variety often starts with different smaller rising 

and declining notes and ends with the final, 

main note declining from a loud base to a small 

end. The second version is higher pitched with 

the phrase between 2 and 7 kHz. Instead of the 

end part being adjacent to the main note in this 

version it is instead a separate note that rises 

and falls like a “/\”-shape or ends with a thin 

rising note. The final and rarest version starts 

with a trill and ends similarly like the second 

version. All versions of this song type sound 

similar.  

F2-Occurs only in atrogularis. Begins with two 

or in rarer cases three larger short declining 

notes with exceedingly small rapid declining 

notes in between them. Declines to 3–4 kHz. 

The final note starts at 5–6 kHz, is straight for a 

short while then ends in a similar way as F1 first 

variety song type. Occurs only four times in the 

recordings all of which are from Eaglenest 

Wildlife area, Arunachal Pradesh. 

F3-Rare song type occurs only twice in the 

atrogularis recordings. Three declining notes 

following each other, each note larger than the 

one before. Occurs once as a slow song.  

F4-Most common song type in khasiana. Starts 

with a small declining introductory note. Simi-

lar to F5 with having two small, sometimes 

ball-shaped, notes. These notes are often con-

nected through a trill. This trill either rises, falls 

or in most cases rises and then falls. This song 

type can be relatively short or long but always 

follows the form described above. Occurs twice 

as slow-type songs.  

F5-Occurs only in khasiana. Sometimes has an 

introductory note. One, in most cases two, 

closely located ball-shaped notes that occur at 

the same frequency (3–4 kHz) sometimes ac-

companied by other notes that occur either after 

or in between them. 

F6-Sometimes has a small introductory note 

followed by a straight note. This note ends with 

a “/\” shape. Occurs sparsely in superciliaris 

and erythropleura, one klossi recording had a 

similar phrase but with a clearer introductory 

note and a small “/\” shape. 

F7-Two notes, first note is small and rises than 

declines. The second note is larger and has a 

more distinct “/\” form. With the declining part 

often ending considerably louder than the rest 

of the phrase. A rarer variety has a second note 

that is twice the size as in other phrases of its 
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song type and is more “n” shaped. Common in 

superciliaris, erythropleura, klossi and 

dysancrita.  

F8-Rare song type that occurs only twice in the 

klossi recordings. Starts with a long, thin de-

clining note followed by a straight part and ends 

with a slowly increasing loud part.  

F9-Occurs only in klossi. Starts by a rapid, thin, 

inclining note that increases from 3 kHz to al-

most 6 kHz. Followed by an equally large de-

crease that is slightly louder. Finally, the note 

ends with a relatively loud and short increase.  

F10-Occurs mostly in klossi with one similar 

recording in dysancrita. Main note of this song 

type is either “\/” or “/\” shaped. In some cases, 

Figure 6. A selection of sonograms of the different fast song types. Each song is labelled as “song type - 

taxon - country or region of origin”. Notice that not all sonograms are placed in numerical order.  
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there is a small increasing part adjacent to the 

main note. One recording had a trill, which oth-

erwise only occurs in atrogularis and khasiana.  

 

Clinal variation 

ANOVAs and correlations were performed on 

all seventeen variables in the slow, fast and en-

tire dataset to evaluate whether clinal variation 

might explain the pattern. ANOVAs were done 

to test whether there was any difference in the 

variables between taxa (atrogularis, khasiana 

and the superciliaris group). Correlations were 

performed on all variables against longitude 

and latitude, respectively, to test for evidence of 

clinal variation. If the p-value was not signifi-

cant (p>0.05) for both the ANOVA and the cor-

relations for a specific variable then the null hy-

potheses was accepted, meaning that there was 

no significant difference between the taxa and 

no clinal variation in that specific variable. If 

the ANOVA had a significant p-value (p<0.05) 

but the correlations did not, then the variable 

would be significantly different between the 

taxa, but this would not be due to clinal varia-

tion. If the ANOVA was non-significant but the 

correlations were significantly different, then 

there was no difference between taxa but there 

was evidence for clinal variation. If both the 

ANOVA and the correlations had significant p-

values, then further testing was done by per-

forming general linear models. These linear 

models were performed to see if the difference 

between taxa was due to clinal variation or not. 

The remaining variables were tested against all 

taxa and longitude and latitude simultaneously. 

If the p-value was not significant (p>0.05) then 

the difference between taxa was due to a differ-

ence in clinal variation. If the p-value was sig-

nificant (p<0.05) the difference between taxa 

was either not influenced by clinal variation or 

additional to clinal variation. Few variables 

were significantly different between taxa and 

had evidence of clinal variation. The fast song 

dataset showed clinal variation in five out of the 

seventeen variables (High frequency, Center 

frequency, Delta time for longest note, Interval 

and Number of trills) while the slow song da-

taset showed evidence of clinal variation in two 

out of the seventeen variables (Center fre-

quency and Number of falling notes). The entire 

dataset (slow and fast songs combined) showed 

clinal variation in five out of the seventeen var-

iables with all those variables overlapping with 

the fast and slow datasets (High frequency, 

Center frequency, Number of falling notes, 

Delta time for the longest note and Interval). To 

evaluate whether clinal variation was present 

within taxa all variables were once again tested 

with correlations against longitude and latitude, 

respectively, for each taxon as well as supercil-

iaris, erythropleura, klossi and dysancrita com-

bined in the superciliaris group. Almost no sta-

tistically significant p-values were obtained 

from this. Only atrogularis, klossi and the su-

perciliaris group had few variables that were 

correlated against longitude and latitude. Be-

cause there was almost no evidence of clinal 

variation within taxa and only some evidence of 

clinal variation between taxa, I conclude that 

clinal variation was not affecting the studied 

taxa.  

 

DNA analysis 

For the cytb mitochondrial gene it was con-

cluded that the GTR + I + G model with the 

highest posterior probability was a birth-death 

model with a strict molecular clock prior. The 

phylogenetic tree for the cytb mitochondrial 

gene (Fig. 7) shows three primary clades (mon-

ophyletic groups) with long internodes between 

them within the complex. Two of those clades 

concerned P. superciliaris, dividing klossi from 

the other superciliaris taxa. Most nodes have a 

posterior probability = 1.00. Only nodes within 

taxa, and the node that separates atrogularis, 

khasiana and the superciliaris group from two 
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outgroup taxa, showed weaker support with a 

posterior probability in some cases far below 

1.00. The phylogenetic tree suggests that the su-

perciliaris group separated from atrogularis 

and khasiana around 4.9 million years ago 

(mya) (with a 95% highest posterior density 

[HPD; not shown]: 3.7–6.0 mya). The taxa 

atrogularis and khasiana were estimated to 

have split around 3.4 mya (95% HPD: 2.4–4.4 

mya). Within the superciliaris group, klossi is 

suggested to have split from the other taxa ap-

proximately 1.4 mya (95% HPD: 0.9–1.9 mya); 

superciliaris is suggested to have split from 

dysancrita and waterstradti around 0.5 mya 

(95% HPD: 0.3–0.8 mya); and dysancrita and 

waterstradti are suggested to have split from 

each other around 0.3 mya (95% HPD: 0.1–0.5 

mya). Unfortunately, no samples of erythrople- 

ura were obtained.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Phylogenetic tree based on the cytochrome b mitochondrial gene for 17 individuals in the Prinia 

atrogularis-khasiana-superciliaris complex and three outgroup taxa (P. crinigera, P. striata and P. famil-

iaris) including localities. Numbers at each node represent their posterior probability. All taxa in the Prinia 

atrogularis-khasiana-superciliaris complex are highlighted with their respective colours as represented in 

previous figures including waterstradti (purple).  
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Discussion 

The taxa atrogularis, khasiana and the super-

ciliaris group are clearly separated from each 

other in LDAs of both the slow and fast song 

types (Fig. 4) with 90.7% and 94.9%, respec-

tively, of individuals being correctly predicted 

to their own taxa (Table 3). Accordingly, the 

songs of these three groups are sufficiently dif-

ferent for the LDA to separate them based on 

sixteen variables. This is further supported by 

the fact that these three groups do not share any 

song types (Fig. 5–6). Even within the supercil-

iaris group certain song types occurred more 

often in certain taxa than in others or were even 

completely absent. The phylogenetic analyses 

(Fig. 7) of the cytb mitochondrial gene suggests 

that atrogularis, khasiana and superciliaris are 

deeply split from each other. These independent 

analyses of song and mtDNA in combination 

with the morphological analyses performed by 

del Hoyo and Collar (2016) suggests that the 

considered taxa should be classified in the fol-

lowing way: Black-throated Prinia Prinia atro-

gularis (monotypic), Rufous-crowned Prinia P. 

khasiana (monotypic) and Hill Prinia P. super-

ciliaris (with five subspecies: superciliaris 

erythropleura, klossi, dysancrita and water-

stradti) (see also Table 1). Below is additional 

discussion of all parts of the analyses.  

 

Song analysis 

Because of the large variation in song in the 

considered taxa it was difficult in the beginning 

of the project to find sufficient evidence for 

them to be considered as different taxa. The 

first LDA (Appendix Figure 1a, Table 1a) was 

a complete mess with most of the taxa overlap-

ping each other. After the songs were catego-

rised into their respective song types it became 

clear that all three taxa had their own unique, 

song types (S1–S3 and F1–F3 for atrogularis, 

S4–S6 and F4–F5 for khasiana, and S7–S9 and 

F6–F10 for the superciliaris group). Within the 

superciliaris group there was more overlap be-

tween taxa. With this categorisation it became 

clear that the variation in song was due to indi-

viduals or populations having their own varia-

tions of these song types.  

Remarkably few song types (Fig. 5–6) occurred 

in both slow and fast song datasets (S7, S9, F3 

and F4) and those that did had only one or two 

songs in the other dataset where it was not the 

most abundant. This shows that the considered 

taxa indeed have song types that are based on 

speed and that the categorisation into slow and 

fast song (Fig. 3) is accurate.  

After the discovery of the “slow” and “fast” 

song types, several songs had to be remeasured, 

because these songs were found to be measured 

the first time with differentiating intervals. For 

example, two out of the three phrases were 

measured with a 0.2 second interval while the 

third was measured with a 1 second interval. 

The phrase with the 1 second interval would 

have led to this otherwise fast song being clas-

sified as a slow song. This 1 second interval 

would have been due to various factors affect-

ing a bird’s song like distracting factors in its 

environment or it singing in its warming-up 

phase. In either way the 1 second interval would 

give a misdirecting result (a false positive). In-

terestingly, eight out of the twelve remeasured 

songs were from klossi, resulting in all but one 

of this taxon’s songs to be moved to the fast 

song dataset. Three out of those remeasured 

songs were dysancrita (with the last one being 

erythropleura) which resulted in the doubling 

of dysancrita represented fast songs. The songs 

that had to be moved were in many cases songs 

that consisted of two closely spaced phrases 

separated by the next pair through a large inter-

val. This variety of song speed and composition 

was also found in rare cases in khasiana but was 

most abundant in klossi. This could be due to 

the birds singing in their warming-up phase, or 
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it is also possible that this is a preferred song 

rhythm of klossi and dysancrita that sometimes 

also occurs in erythropleura and khasiana.  

 

Clinal variation 

Few variables showed evidence of intra-taxon 

clinal variation. If two taxa lack clinal variation 

for a given variable within themselves, but they 

do between them, then this difference is more 

likely due to long term evolution between these 

taxa and not short term clinal variation. Record-

ings of the studied taxa came from most of their 

range (Fig. 1) and for clinal variation to be true 

there needs to be a gradual change over space 

(latitude, longitude and altitude). This gradual 

change was not seen in the analysis and in the 

absence of gradual change (clinal variation) 

within a taxon, the evidence for clinal variation 

between taxa must therefore be due to long term 

evolution.  

 

Indication of a fourth species 

Clinal variation was shown within the taxon 

klossi in four out of the seventeen variables 

(Delta time, Low frequency, Delta time for 

longest note and Duration 90% for longest 

note), both by longitude and latitude. However, 

this does not indicate that clinal variation has a 

strong effect on the pattern shown by this taxon, 

although it is more pronounced than in any of 

the other taxa. All klossi recordings came from 

just two localities, the Da Lat Plateau and Kon 

Tum Province, both in Vietnam. It is not known 

if these two populations are separated or con-

nected, though published range maps suggest 

that klossi occurs continuously in southern Laos 

and Vietnam (cf. xeno-canto.org and da-

tazone.birdlife.org (see also Fig. 1)). The differ-

ences in some song variables indicate that there 

might be local differentiation between these 

possibly geographically separate populations. 

A related species, Prinia rocki, has the same 

distribution (Alström et al. 2020) as where all 

the klossi recordings have come from. This 

shows that other (related) species have a similar 

observed distribution pattern. Although this 

does not prove anything it does put a slight 

doubt on the accuracy of P. superciliaris distri-

bution maps especially for klossi. Another pos-

sibility for the distribution of the klossi record-

ings could be that those two regions are popular 

birding spots while the rest of its range is not. 

So, the lack of recordings from other places in 

its range could be due to unpopularity amongst 

birdwatchers and not because of its geograph-

ical distribution. But this is mere speculation.  

 

Phylogenetic analysis 

Unfortunately, only 17 cytb samples were col-

lected with only a single sample from atro-

gularis and waterstradti and none from 

erythropleura. The current pandemic prevented 

acquisition of additional samples. The cytb 

phylogenetic tree (Fig. 7) suggests that atro-

gularis, khasiana and superciliaris are all dis-

tinct, supporting that they could be categorised 

as different species. Interestingly, within the su-

perciliaris group, klossi is suggested to have 

separated from the other superciliaris taxa 

around 1.4 mya and is therefore classified as a 

primary clade. This suggests that it could be 

classified as a separate species as has been done 

with other taxa that separated around the same 

time (Alström et al. 2020). However, the LDAs 

did not support this, as klossi was not differen-

tiated from the other superciliaris taxa (Appen-

dix Figure 2, Table 2). Although the LDAs 

showed most of the klossi and superciliaris re-

cordings to be separated from each other, 

dysancrita and erythropleura were overlapping 

both (Appendix Figure 2). It should also be said 

that the sixteen song variables that were meas-

ured (Appendix Table 3) are just a small 
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number of possible variables that can be meas-

ured and that additional variables might sepa-

rate the considered taxa more clearly. There-

fore, it is not impossible for the songs of klossi 

to be more unique than proposed by this analy-

sis. The klossi recordings also showed that 

klossi had three unique fast song types (F8–

F10) (Fig. 6) that were not found in any other 

taxa (except for one dysancrita song looking 

only somewhat similar) further indicating that 

klossi might be considered a different species.  

 

Revised distributions 

Some recordings in Figure 1 were located out-

side of their species’ distributions in the range 

maps provided by BirdLife Datazone (Bird-

Life International and Handbook of the Birds of 

the World 2019): Namdapha, Arunachal Pra-

desh, India for both atrogularis and supercil-

iaris and western Guangxi, China, bordering 

Vietnam for superciliaris. Future range maps 

should include these areas. 

One of the recording contributors claimed that 

P. superciliaris was present on Blue mountain, 

Mizoram, India, which otherwise lies in the 

range of khasiana. Most recordings from there 

did sound and looked visually like khasiana 

while a few resembled songs of superciliaris, 

suggesting that superciliaris indeed exists in 

that region. I classified these three recordings as 

song type S7 (while being similar to S9), which 

is a superciliaris unique song type. The songs 

from Mizoram differed from the other S7 songs 

by having an additional thin “\/” shape between 

the first and main note. This could be because 

of local differentiation of this song type. This, 

in addition to the findings of P. superciliaris in 

Namdapha and a museum specimen labelled to 

have come from the eastern Naga hills (Ras-

mussen 2005), suggests that Prinia supercil-

iaris superciliaris occurs along the entire east-

ern Assam hills and potentially adjacent areas 

in Myanmar. That there are only few recordings 

suggest that superciliaris probably occurs 

sparsely in those regions. More research in this 

area must be done to verify this claim.   

 

Future research 

There exists one population of Prinia supercil-

iaris in Cambodia and one small population 

north of Bangkok, Thailand (Fig. 1), but no re-

cordings or DNA samples were obtained from 

these areas, so it is unknown what these popu-

lations sound like. Unfortunately, no recordings 

of waterstradti were available so it is unknown 

where waterstradti fits in. 

For further research on this complex, it is rec-

ommended that the two previously mentioned 

populations located in Cambodia and north of 

Bangkok as well as the subspecies waterstradti 

are included into the song analysis to get an 

even better understanding of the relationship 

between these taxa. For the genetic part of the 

analysis there should be more samples included 

as well as several nuclear genes to verify the 

cytb tree. Because gene polymorphisms already 

exist in a population, looking at just a single 

gene could show results of a divergence event 

that occurred before speciation.  

 

Conclusion 

Based on the results from the song analysis, the 

cytb tree and the additional morphological 

study by del Hoyo and Collar (2016), I propose 

the following taxonomic classification of this 

complex: Black-throated Prinia P. atrogularis 

(monotypic), Rufous-crowned Prinia Prinia 

khasiana (monotypic) and Hill Prinia P. super-

ciliaris (with five subspecies). The taxon klossi 

showed phylogenetic and some acoustic evi-

dence for being distinct, urging acquisition of 

additional information.  
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Appendix 

Additional information 

Below is additional information about the dif-

ferent LDAs mentioned in the Results. The 

LDA with all songs and all taxa (Appendix Fig-

ure 1a and Table 1a) correctly predicted 66.9% 

of individuals and could be explained with five 

axes with the first two axes corresponding to 

84.6% of the variance. The LDA for all songs 

with the superciliaris group (Appendix Figure 

1b and Table 1b) correctly predicted 84.3% of 

individuals and could be explained with two 

axes corresponding to 100% of the variance. 

The LDA for the slow songs with all taxa (Ap-

pendix Figure 2a and Table 2a) correctly pre-

dicted 84% of the variance and could be ex-

plained with five axes with the first two axes 

corresponding to 75.2% of the variance. The 

LDA for the fast songs for all taxa (Appendix 

Figure 2b and Table 2b) correctly predicted 

75.3% of all individuals and could be explained 

with five axes with the first two axes corre-

sponding to 93.4% of the variance. 
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a) All songs all taxa      
 Prediction      
Reference atrogularis khasiana superciliaris erythropleura klossi dysancrita 
atrogularis 37 3 0 1 2 0 
khasiana 5 36 3 3 0 0 
superciliaris 7 1 14 4 2 0 
erythropleura 2 0 2 12 2 1 
klossi 3 2 3 1 12 2 
dysancrita 0 0 1 1 6 4 

Accuracy value: 0.6686 95% CI: 0.59–0.74    

Table 1. Prediction tables, accuracy values and 95% Confidence Intervals for all songs with all taxa (a) and 

all songs with the superciliaris group (b). Prediction tables and accuracy values are based on the results 

from the LDAs presented in Appendix Figure 1. Numbers in each row belong to their respective taxa. Cor-

rectly predicted individuals are presented in bold. Accuracy values are also presented in bold.  

 

 

Figure 1. The LDA results for both all songs with all taxa (a) and all songs with the superciliaris group (b). 

Results are based on 16 variables. (a) shows most taxa tightly clustered, with only khasiana and some of 

atrogularis being clearly distinguishable. In (b) superciliaris, erythropleura, klossi and dysancrita are all 

clumped together in the now called superciliaris group. The three taxa are more clearly separated from each 

other but still with some overlap.  
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b) All songs with superciliaris group     
 Prediction      
Reference atrogularis khasiana superciliaris    
atrogularis 34 2 7    
khasiana 5 34 8    
superciliaris 4 1 77    

Accuracy value: 0.8430 95% CI: 0.78–0.89    

 

 

 

 

 

Figure 2. The LDA results for both the slow (a) and fast (b) songs with all taxa. Results are based on 16 

variables. The taxa atrogularis and khasiana are clearly separated in both cases with the taxa in the super-

ciliaris group being mostly located on top of each other. The taxa superciliaris and klossi are somewhat 

separated but both are overlapped by erythropleura and dysancrita. 
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a) Slow songs all taxa       

 Prediction      

Reference atrogularis khasiana superciliaris erythropleura klossi dysancrita 

atrogularis 18 0 0 0 0 0 

khasiana 2 22 1 2 0 0 

superciliaris 0 0 9 3 0 1 

erythropleura 0 0 1 10 0 0 

klossi 0 0 0 0 1 0 

dysancrita 0 1 0 1 0   3 

Accuracy value: 0.8400 95% CI: 0.74–0.92    

      

b) Fast songs all taxa      

 Prediction      

Reference atrogularis khasiana superciliaris erythropleura klossi dysancrita 

atrogularis 23 1 1 0 0 0 

khasiana 0 19 1 0 0 0 

superciliaris 1 0 10 1 3 0 

erythropleura 0 0 2 4 2 0 

klossi 0 1 4 2 14 1 

dysancrita 0 0 0 1 3 3 

Accuracy value: 0.7526 95% CI: 0.66–0.84    

 Slow songs (n = 75)  Fast songs (n = 97) 

Variable atrogularis 

(n = 18) 

khasiana 

(n = 27) 

superciliaris 

(n = 30) 

 atrogularis 

(n = 25) 

khasiana 

(n = 20) 

superciliaris 

(n = 52) 

Delta time (s) 0.158 ± 

0.027 

0.188 ± 

0.038 

0.181 ± 

0.028 

 0.154 ± 

0.047 

0.151 ± 

0.038 

0.153 ± 

0.030 

Duration 90% (s) 0.109 ± 

0.030 

0.137 ± 

0.047 

0.110 ± 

0.031 

 0.116 ± 

0.035 

0.098 ± 

0.028 

0.104 ± 

0.019 

Low frequency 

(kHz) 

2277 ± 361 1765 ± 343 1678 ± 574  1947 ± 561 1850 ± 372 1888 ± 368 

High frequency 

(kHz) 

5878 ± 495 5996 ± 929 5628 ± 1072  6528 ± 583 5458 ± 723 5771 ± 743 

Delta frequency 

(kHz) 

3602 ± 552 4229 ± 

1093 

3941 ± 993  4581 ± 675 3607 ± 860 3883 ± 809 

Center frequency 

(kHz) 

4234 ± 415 3595 ± 414 3363 ± 595  4548 ± 458 3827 ± 577 3765 ± 430 

Bandwidth 90% 

(kHz) 

1602 ± 408 1454 ± 594 1305 ± 518  1575 ± 474 1102 ± 367 1526 ± 516 

Average entropy 2.535 ± 

0.153 

2.437 ± 

0.156 

2.396 ± 

0.109 

 2.485 ± 

0.139 

2.417 ± 

0.127 

2.444 ± 

0.125 

Nr. of notes 2.481 ± 

0.786 

3.235 ± 

1.226 

3.678 ± 

1.326 

 4.493 ± 

1.351 

4.233 ± 

2.152 

3.417 ± 

1.320 

Table 2. Prediction tables, accuracy values and 95% Confidence Intervals for both the slow (a) and fast (b) 

songs with all taxa. Prediction tables and accuracy values are based on the results from the LDAs presented 

in Appendix Figure 2. All horizontal numbers in the prediction tables belong to the same taxa. Correctly 

predicted individuals are presented in bold. Accuracy values are also presented in bold.  

 

 

 

Table 3. Scores for all 17 song variables for all three taxa for both the slow and fast song datasets. Scores 

are presented as “mean ± standard deviation”.  
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Table 3 continued 

Variable atrogularis 

(n = 18) 

khasiana 

(n = 27) 

superciliaris 

(n = 30) 

 atrogularis 

(n = 25) 

khasiana 

(n = 20) 

superciliaris 

(n = 52) 

Nr. of rising notes 3.259 ± 

0.933 

3.191 ± 

1.225 

3.239 ± 

1.395 

 3.347 ± 

1.495 

2.633 ± 

1.346 

3.798 ± 

1.100 

Nr. of falling notes 3.056 ± 

0.857 

2.833 ± 

1.072 

3.867 ± 

0.904 

 3.667 ± 

1.453 

3.092 ± 

1.490 

3.712 ± 

1.138 

Delta time for 

longest note (s) 

0.124 ± 

0.034 

0.148 ± 

0.039 

0.150 ± 

0.043 

 0.098 ± 

0.053 

0.098 ± 

0.047 

0.117 ± 

0.0364 

Duration 90% for 

longest note (s) 

0.089 ± 

0.032 

0.104 ± 

0.028 

0.102 ± 

0.040 

 0.092 ± 

0.049 

0.060 ± 

0.050 

0.090 ± 

0.026 

Delta frequency 

for longest note 

(kHz) 

3329 ± 448 2527 ± 804 2905 ± 579  3331 ± 683 2354 ± 715 2923 ± 677 

Bandwidth 90% 

for longest note 

(kHz) 

1474 ± 371 1079 ± 371 1076 ± 264  1285 ± 566 905 ± 327 1285 ± 424 

Interval (s) 0.783 ± 

0.165 

1.439 ± 

1.120 

1.143 ± 

0.443 

 0.176 ± 

0.059 

0.238 ± 

0.033 

0.252 ± 

0.045 

Nr. of trills 0.722 ± 

0.461 

0.592 ± 

0.636 

0 ± 0  0.200 ± 

0.408 

0.600 ± 

0.503 

0.019 ± 

0.139 


