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Abstract 
 
The Rufous-naped lark Mirafra africana complex consists of 22 subspecies spread 
across the African continent. Several of the subspecies have recently been suggested 
to potentially be treated as separate species. In this study a comparative analysis was 
done on the song from seven of the subspecies: M. a. africana, M. a. athi, M. a. 
grisescens, M. a. kabalii, M. a. nyikae, M. a. transvaalensis and M. a. tropicalis. The 
results showed that M. a. athi, M. a. kabalii and M. a. nyikae are all very divergent 
from each other as well as from the other four subspecies. In contrast, M. a. tropicalis, 
M. a. grisescens, M. a. africana and M. a. transvaalensis are not clearly separable 
from each other. Based on the results, I suggest that M. a. athi, M. a. kabalii and M. a. 
nyikae can be classified as separate species, with M. a. africana, M. a. tropicalis, M. a 
grisescens and M. a. transvaalensis forming a fourth species (M. africana sensu 
stricto). Finally, I conclude that this study shows that more studies need to be done on 
the subspecies of the Mirafra africana complex. 
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1. Introduction 
 
1.1 The importance of taxonomy 
 
Our need for biodiversity is unquestionable. Biodiversity gives us the foundation for 
our lives by providing us with benefits such as clean water, food and protection 
against diseases, while also regulating the levels of carbon dioxide in the atmosphere 
and providing pollination for many crop plants (Naturvårdsverket 2014). It has been 
evident for a while that the biodiversity in the world is diminishing at an ever-
increasing rate. All across the world we see species go extinct, at different rates in 
different geographical areas and in different groups of organisms (WWF 2020). 
However, the actual number of species disappearing is most likely much higher than 
we can calculate today, since our estimates of the number of species in the world are 
insufficient (Bernes 2011, p. 16; Convention on Biological Diversity 2007a).  
 
To effectively protect the biodiversity, we need to know which species we are 
working with (de Moraes 1987), so that we can assess where conservation acts should 
be prioritised. The commonly used Shannon index (species richness) and Simpson 
index (species evenness) depend solely on how many species there are at specific 
sites. The need for taxonomic efforts to estimate and classify species is therefore 
indisputable (Costello et al. 2015), and the “taxonomic impediment”, i.e. lack of 
taxonomic knowledge, has been identified by the UN as one of the main obstacles to 
management of biodiversity (Convention on Biological Diversity 2007b; Convention 
on Biological Diversity 2007a).  
 
Birds have been relatively well studied by taxonomists compared to most other groups 
of organisms (Relyea and Ricklefs 2018, p. 538), but many birds, especially those 
classified as subspecies, are poorly studied. Every year, new studies are published that 
propose that certain subspecies are more appropriately treated as separate species (e.g. 
Dong et al. 2015; Liu et al. 2016; Younger et al. 2018; Venkatraman et al. 2019; 
Alström et al. 2020). There is a general lack of proper information to be able to 
evaluate the taxonomic status of many taxa that are currently treated as subspecies 
(Costello et al. 2015). 
 
1.2 Species identification and integrative taxonomy 
 
In 1946, renowned evolutionary biologist and taxonomist Ernst Mayr estimated that 
the total number of bird species in the world was 8 600 (Mayr 1946). In 2016, a new 
study estimated that the number of bird species instead was somewhere close to 18 
000, with a note that this probably is an underestimate (Barrowclough et al. 2016). So, 
what is a species? Mayr, based on Charles Darwin’s On the Origin of species and 
theory of evolution, suggests that a species is a group of populations that potentially 
could interbreed, and which is reproductively isolated from other such population 
groups (Mayr 1942, p. 120). This is called the Biological Species Concept (BSC). The 
Phylogenetic Species Concept (PSC), in the version suggested by Cracraft (1983), 
instead separates species into the smallest groups that have unique traits (e.g. 
morphological), and which share the same evolutionary ancestor. The possibility of 
interbreeding and outcome of any hybridization, are not acknowledged in this 
concept. This means that according to the PSC, there should be more species 
recognized, compared to BSC. A third concept is the General Lineage Concept 
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(GLC), according to which species are “segments of population-level lineages” (de 
Queiroz 2007). Any of the criteria that are used to delimit species under the BSC or 
PSC or any other species concept can be used to delimit lineages under the GLC. 
Accordingly, the only necessary property of species is that they represent lineages that 
evolve separately from each other (de Queiroz 2007). 
 
Most passerine birds have distinctive songs. Even when being far away from the 
birds, unable to see them, you can easily identify most birds and separate e.g. the 
Willow Tit Poecile montanus from the Marsh Tit P. palustris, just by listening to the 
song. When proper song analyses have been performed, several birds that previously 
were categorized as one species have been separated into different species (Alström 
and Ranft 2003). In 2004, Benoît Dayrat stressed the need for integrative taxonomy 
when delimiting species. He argued that due to the complex nature of animals, 
morphological studies as well as behavioural, ecological and genetical studies should 
be combined and considered when delimiting species (Dayrat 2004). This integrative 
taxonomic approach has been applied to many studies of birds, where studies of 
vocalisations have formed an important part. For example, through an integrative 
study of the Plain-backed Thrush (Zoothera mollissima) complex, it has been 
proposed that the complex consists of at least three different species (Alström et al. 
2016). Similarly, it has been suggested that two to four subspecies of the Unicolored 
Jay Aphelocoma unicolor complex can be considered different species (Venkatraman 
et al. 2019), and that at least two subspecies of the White-tailed Rubythroat Calliope 
pectoralis complex are sufficiently divergent to be considered different species (Liu et 
al. 2016). 
 
1.3 Clinal variation 
 
Within a bird species or subspecies there can, however, be variation in plumage or 
vocalisations due to environmental variation. Dr. Julian Huxley coined the term 
“cline” in 1938, which indicates that the change of the measurable characteristics, 
such as plumage or song, increases when the geographic gap between populations 
increases (Pitocchelli et al. 2018; Seeholzer and Brumfield 2018). The effect of clines 
can, for example, be measured along latitudinal, longitudinal or altitudinal lines. If 
clines are not considered, the limits drawn between species or subspecies might be 
arbitrary, and one can falsely assume homogeneity as well as separation (Huxley 
1938; Isler et al. 2005). In a study of the Black-knobbed map turtle Graptemys 
nigrinoda complex, two subspecies that were separated due to morphological 
differences showed no phylogenetic separation. The differences were instead argued 
to most likely be due to environmental clinal variation (Ennen et al. 2014).   
 
1.4 The Mirafra africana complex 
 
The Rufous-naped lark Mirafra africana is a bird that can be found throughout the 
southern part of the African continent, with observations most frequently recorded in 
a strip from South Africa, through Botswana and Namibia north to Tanzania, Uganda 
and Kenya, as well as in parts of western Africa. Rufous-naped lark differs from other 
Mirafra-species morphologically (e.g. size and plumage) as well as vocally and 
genetically (Alström et al. 2013; Ryan et al. 2020). After first being described in 1836 
by Sir Andrew Smith, the Rufous-naped lark has been divided into a complex of 22 
subspecies (del Hoyo and Collar 2016). While it has been suggested that some of the 
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subspecies in the M. africana complex in fact are different species (Ryan et al. 2020), 
no comparative study has yet been done on vocalisations of the different subspecies.  
 
1.5 Aim of study 
 
The aim of this study is to analyse the variation in the songs of the different 
subspecies of the M. africana complex as a tool to re-evaluate the taxonomy of the 
complex. This study focuses on M. a. africana, M. a. transvaalensis, M. a. athi, M. a. 
tropicalis, M. a. grisescens, M. a. kabalii and M. a. nyikae, which are the only 
subspecies for which sound recordings are available. 
 
2. Methods 
 
2.1 Data collection 
 
In total 55 recordings of song were obtained (15 M. a. athi, 15 M. a. tropicalis, 9 M. 
a. transvaalensis, 7 M. a. africana, 5 M. a. kabalii, 3 M. a. nyikae, 1 M. a. grisescens) 
from Xeno-canto (https://www.xeno-canto.org), Macaulay library 
(https://search.macaulaylibrary.org) as well as contributions from several researchers. 
All of these were considered to represent different individuals. For each sound file 
country of origin, location and coordinates were noted. For some files the exact 
coordinates were missing, and then the rough coordinates of the location were noted 
instead (Table 1S). Figure 1 shows the locations of the recordings. 
 

 
Figure 1. Locations of the analysed Mirafra africana complex recordings.  
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2.2 Sonogram measurements 
 
The sound terminology is explained in Figure 2. Sonograms were produced in Raven 
Pro 1.5 (Center for Conservation Bioacoustics 2014). For each sound file three 
consecutive, identical-looking phrases were measured. In cases where the file 
contained two or more different phrase types, three phrases of each unique phrase 
type were measured. In many cases, a few syllables of very low energy were found at 
the end of a phrase, and these syllables were excluded from the measurement. In the 
case of background noise, phrases with no, or so little noise that it was of no 
disturbance for the measuring, were chosen over phrases with more noise. 
 
For each phrase the following characteristics were measured: duration (s), duration 
90% (s), minimum frequency (Hz), maximum frequency (Hz), center frequency (Hz), 
bandwidth (Hz), bandwidth 90% (Hz), average entropy (bits), the number of syllables, 
the length of the longest syllable (s) as well as the pauses between the syllables (s), 
both separately and in total. Bandwidth refers to the difference between maximum 
and minimum frequency. When 90% of the bandwidth and duration is measured, the 
top and bottom 5% are ignored and only the middle 90% of the bandwidth or duration 
is measured. Center frequency is the frequency that splits the selected spectrum into 
two parts of the same energy (Charif et al. 2010, p. 171). Average entropy is 
estimated by taking the average of the entropy in each frame in the selection (Charif 
et al. 2010, p. 170). In total 14 different characteristics were measured or counted per 
phrase (see Figure 3). The program calculated the ones not represented in Figure 3 
based on the selected spectrum, except for number of syllables, which was calculated 
directly by me, and total pause between syllables, which was the added value of the 
separate measurements of pauses between syllables. 
 
For each sound file the mean values of each of the different measurements were 
calculated. The coordinates and mean values were combined into a separate file to be 
used for statistical analysis.  
 

 
Figure 2. Sound terminology. Phrases are separated by considerably longer silent pauses.  
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Figure 3. Representation of how characteristics of sonograms were measured in Raven Pro 1.5.  

 
2.3 Statistical analysis 
 
The sound files of a less common song type of M. a. athi were excluded from the 
analyses because they represented a markedly different song type (see Results). More 
specifically, seven groups were analysed and compared statistically: M. a. africana, 
M. a. transvaalensis, M. a. athi, M. a. grisescens, M. a. tropicalis (from Kenya, 
Rwanda and Uganda), M. a. nyikae and M. a. kabalii (Table 1, Figure 1).  
 
The data were analysed in RStudio (RStudio Team 2019). First, I evaluated whether 
there was any correlation between the different song variables and latitude and 
longitude, respectively. The different song characteristics were plotted against latitude 
and longitude to see if any obvious clines could be observed. Then, Pearson’s 
correlation tests were performed for each of the song characteristics against latitude 
and longitude (Spearman’s test for the characteristics that were not normally 
distributed). In those cases where the null hypothesis (no correlation) could be 
rejected (p<0.05), and a correlation between a song characteristic and latitude or 
longitude was indicated, a general linear model of the song variable compared to the 
scaled latitude and longitude and a post hoc Tukey HSD test were applied. Based on 
the post hoc Tukey HSD letters were applied to the subspecies. Subspecies with one 
or more letters in common did not differ significantly from one another (P > 0.05), 
whereas subspecies with different letters differed significantly (P < 0.001). This was 
presented in boxplots. 
 
Second, a Linear Discriminant Analysis (LDA) was performed on the comparison 
between song characteristics and subspecies. The song characteristics found to be 
correlated to each other were analysed separately: Duration and duration 90%; 
bandwidth and bandwidth 90%; as well as total time of pause between syllables and 
time of pause between syllable 1, 2 and 3. Maximum frequency and minimum 
frequency are together correlated to bandwidth and bandwidth 90%, but not 
separately. It was decided that one of them should be used in analysis. When the mean 
of frequencies was compared between the subspecies, maximum frequency showed 
the greater difference between the subspecies than minimum frequency. Therefore, 
maximum frequency was chosen for analysis.  
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3. Results 
 
3.1 Song characteristics 
 
The studied taxa in the Mirafra africana complex have a short high-frequency song 
that generally consists of two to three syllables. In all subspecies, the studied 
individuals showed individual variation, and often they sang one type of song for a 
while, and then changed to a different type of song. The maximum number of song 
variations one individual sung in the analysed recordings was four (one individual M. 
africana africana, SA2016_1_1001 in Table 1S).	
 
Sonograms are shown in Figure 4 and univariate statistics in Table 1. Mirafra a. 
africana and M. a. transvaalensis have similar sounding songs, usually consisting of 
two syllables. For both taxa there is considerable variation between individuals. No 
differences were apparent between M. a. africana and M. a. transvaalensis, and the 
songs can be transcribed as “tuweeo oeet” or “twee weo”, with the second syllable 
inflected in frequency at the end. The single recording of M. a. grisescens that was 
analysed had two syllables, and can be transcribed as “tuu weo”, similar to the song of 
M. a. africana and M. a. transvaalensis. The song of M. a. tropicalis consists of two 
syllables that are generally shorter than those of M. a. africana and M. a. 
transvaalensis, sounding “tlee tleeou”. The song of M. a. athi generally consists of 
three short syllables, and can be transcribed as “twee tlee tloo”, while the song of M. 
a. kabalii is even shorter, consists of two syllables and sounds “tree-eet”. The shortest 
song is that of M. a. nyikae, which consists of two syllables and can be transcribed as 
“twe-it”. 
 
Since M. a. athi generally has a song with three syllables instead of two, this 
subspecies has a longer total pause between syllables than all of the other subspecies, 
even though M. a. africana, M. a. transvaalensis, M. a. grisescens and M. a. tropicalis 
all have longer phrase duration. The pauses between syllable one and two are 
generally the same length in the other subspecies, only slightly shorter in M. a. kabalii 
and M. a. nyikae. When duration and length of the longest syllable are studied, there 
is a clear difference between M. a. africana (0.82±0.09 s, 0.38±0.06 s, respectively) 
and M. a. nyikae (0.25±0.03 s, 0.11±0.03 s, respectively). The difference is not as 
obvious in bandwidth/bandwidth 90%, where these two taxa have the two highest 
values. Interestingly, M. a. nyikae has a narrower bandwidth value, but broader 
bandwidth 90% value than M. a. africana. Mirafra a. grisescens has the broadest 
bandwidth 90% value of all subspecies, but the second narrowest bandwidth. Mirafra 
a. nyikae, M. a. grisescens and M. a. kabalii have the highest average entropy, with a 
big difference compared to the other subspecies. It is, however, difficult to compare 
M. a. grisescens to the other subspecies, since only one soundfile was obtained and 
analysed. Mirafra a. kabalii has the highest value of maximum- and center frequency 
as well as minimum frequency (if M. a. grisescens is ignored), while M. a. athi has 
the lowest value for these three characteristics. Mirafra a. grisescens has a higher 
mean value than M. a. kabalii for minimum frequency, but is in the middle of the 
range for M. a. kabalii (as well as in the range for M. a. africana). There are no 
significant differences between M. a. africana and M. a. transvaalenis when studying 
the univariate statistics. The main difference is in average entropy, where M. a. 
transvaalensis have a higher value and a much broader range than M. a. africana. 
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The correlation test did not show significance between latitude or longitude for six of 
the song characteristics (duration, bandwidth, bandwidth 90%, center frequency, 
average entropy and pause to next syllable 3). For the remaining eight song 
characteristics (duration 90%, maximum frequency, minimum frequency, length of 
longest syllable, number of syllables, total pause between syllables, pause to next 
syllable 1 and pause to next syllable 2) correlation was shown to longitude, latitude or 
both. On these eight song characteristics a general linear model and a post hoc Tukey 
HSD test were applied. Based on the post hoc Tukey HSD letters were applied to the 
subspecies. Subspecies with one or more letters in common did not differ significantly 
from one another (P > 0.05), whereas subspecies with different letters differed 
significantly (P < 0.001). Boxplots with the letters showing significance based on the 
post hoc Tukey HSD test were made for each of the tested song characteristic (Figure 
5). 
 
The results from the post hoc Tukey HSD test show that there is significant difference 
between some subspecies in four of the song characteristics. For duration 90% (a) 
there is significant difference between M. a. nyikae and all other subspecies, except 
for M. a. kabalii and M. a. grisescens. For length of longest syllable/strophe (c) the 
same result was found, but in addition there is also significant difference between M. 
a. kabalii and all other subspecies, except for M. a. nyikae. For total pause between 
syllables (f) there is significant difference between M. a. athi and M. a. nyikae. This is 
not surprising since M. a. nyikae has a very short phrase, with a short pause between 
the syllables, and M. a. athi generally has a longer phrase with three syllables, which 
means longer total pause between syllables. For pause to next syllable (1) (g) there is 
significant difference between M. a. nyikae and M. africana and M. a. transvaalensis.  
 
There is no significant difference between any of the subspecies in four of the song 
characteristics (P>0.05); maximum frequency (b), minimum frequency (d), number of 
syllables (e) and pause to next syllables (2) (h). These results are to some extent 
surprising, as the plot for pause to next syllables (2) (Figure 5h), appears to show a 
great difference between M. a. athi and all other subspecies. From the plot alone one 
might conclude that there would be a significant difference between M. a. athi and all 
the other subspecies, at least to M. a. grisescens, M. a. kabalii, M. a. nyikae and M. a. 
tropicalis, but this is not shown in the statistical test.  
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Figure 4. Sonograms of the songs of taxa in the Mirafra africana complex. The blue dots indicate 
phrases from different recordings of different individuals. 
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Table 1 Univariate statistics of measurements of song characteristics for taxa in the 
Mirafra africana complex. The measurements are presented as mean±sd (range, n). 
VARIABLE africana athi grisescens kabalii nyikae transvaalensis tropicalis 

Duration (s) 0.82±0.09 
(0.68-0.95, 7) 

0.71±0.11 
(0.53-0.89, 
15) 

0.77±0 
(0.77-0.77, 1) 

0.41±0.05 
(0.37-0.50, 5) 

0.25±0.03 
(0.22-0.28, 
3) 

0.77±0.19 
(0.29-0.90, 9) 

0.73±0.08 
(0.51-0.84, 15) 

Duration 90% (s) 0.68±0.10 
(0.53-0.80, 7) 

0.54±0.11 
(0.39-0.77, 
15) 

0.7±0 
(0.7-0.7, 1) 

0.34±0.06 
(0.30-0.45, 5) 

0.2±0.03 
(0.17-0.23, 
3) 

0.68±0.08 
(0.57-0.80, 9) 

0.57±0.07 
(0.40-0.67, 15) 

Bandwidth (Hz) 3245.82±364.
99 
(2776.02-
3822.70, 7) 

2769.35±553.
22 
(1806.97-
4080.63, 15) 

2771.17±0 
(2771.17-
2771.17, 1) 

3069.49±800.
13 
(2152.57-
4311.53, 5) 

3094.74±40
4.56 
(2628.5-
3353.1, 3) 

3026.42±657.27 
(2038.10-
3993.07, 9) 

2994.10±489.21 
(2273.50-4262.0, 
15) 

Bandwidth 90% 
(Hz) 

1472.00±264.
10 
(1148.43-
1875.00, 7) 

1231.91±242.
71 
(803.93-
1625.00, 15) 

1722.7±0 
(1722.7-
1722.7, 1) 

1337.95±166.
92 
(1148.43-
1521.70, 5) 

1598.27±21
5.47 
(1378.17-
1808.80, 3) 

1419.92±311.21 
(918.73-1875.00, 
9) 

1390.00±271.71 
(1033.60-
2124.62, 15) 

Maximum freq. 
(Hz) 

5597.87±305.
64 
(5031.97-
5905.20, 7) 

4992.60±706.
44 
(3784.87-
6342.13, 15) 

5728.4±0 
(5728.4-
5728.4, 1) 

5856.78±320.
20 
(5472.4-
6333.6, 5) 

5583.92±33
9.70 
(5196.07-
5828.58, 3) 

5423.6±535.65 
(4568.30-
6229.90, 9) 

5416.06±524.20 
(4665.07-
6761.58, 15) 

Minimum freq. 
(Hz) 

2352.05±385.
24 
(1930.67-
3108.17, 7) 

2223.27±366.
87 
(1740.8-
3031.6, 15) 

2957.23±0 
(2957.23-
2957.23, 1) 

2788.95±525.
70 
(2022.07-
3322.13, 5) 

2489.20±10
1.93 
(2374.00-
2567.67, 3) 

2397.07±213.99 
(1935.73-
2640.93, 9) 

2421.93±304.73 
(1610.40-
2724.47, 15) 

Center freq. (Hz) 4006.08±392.
41 
(3445.30-
4478.90, 7) 

3656.30±534.
27 
(2756.2-
4625.0, 15) 

4134.4±0 
(4134.4-
4134.4, 1) 

4220.50±154.
62 
(3990.80-
4364.07, 5) 

4009.95±10
0.83 
(3904.67-
4105.65, 3) 

3806.68±285.37 
(3445.30-
4375.00, 9) 

3901.96±385.01 
(2985.93-
4593.77, 15) 

Average entropy 
(bits) 

1.50±0.03 
(1.46-1.55, 7) 

1.79±0.33 
(1.48-2.36, 
15) 

2.23±0 
(2.23-2.23, 1) 

2.09±0.37 
(1.67-2.52, 5) 

2.31±0.10 
(2.19-2.38, 
3) 

1.84±0.36 
(1.49-2.26, 9) 

1.58±0.06 
(1.48-1.68, 15) 

Number of                    
…syllables/phras
e (n) 

2.21±0.39 
(2-3, 7) 

2.91±0.46 
(2-4, 15) 

2±0 
(2-2, 1) 

2.10±0.22 
(2.0-2.5, 5) 

2±0 
(2-2, 3) 

2±0 
(2-2, 9) 

2.11±0.33 
(1.5-3.0, 15) 

Length longest 
…syllable/phrase 
(s) 

0.38±0.06 
(0.30-0.45, 7) 

0.25±0.03 
(0.20-0.33, 
15) 

0.43±0 
(0.43-0.43, 1) 

0.20±0.02 
(0.19-0.23, 5) 

0.11±0.03 
(0.09-0.15, 
3) 

0.40±0.04 
(0.36-0.46, 9) 

0.35±0.05 
(0.28-0.42, 15) 

Pause to next 
syllable   
… (1) (s) 

0.11±0.02 
(0.09-0.13, 7) 

0.11±0.03 
(0.07-0.17, 
15) 

0.12±0 
(0.12-0.12, 1) 

0.08±0.02 
(0.05-0.10, 5) 

0.07±0.02 
(0.05-0.09, 
3) 

0.10±0.02 
(0.06-0.14, 9) 

0.11±0.02 
(0.06-0.13, 15) 

Pause to next 
syllable  
… (2) (s) 

0.02±0.03 
(0.00-0.08, 7) 

0.08±0.04 
(0.00-0.14, 
15) 

0±0 
(0-0, 1) 

0.01±0.02 
(0.00-0.04, 5) 

0±0 
(0-0, 3) 

0±0 
(0.00-0.00, 9) 

0.01±0.02 
(0.00-0.07, 15) 

Pause to next 
syllable  
… (3) (s) 

0±0 
(0-0, 7) 

0.00±0.01 
(0.00-0.04, 
15)  

0±0 
(0-0, 1) 

0±0 
(0-0, 5) 

0±0 
(0-0, 3) 

0±0 
(0-0, 9) 

0±0.1 
(0-0.05, 15) 

Total pause 
between 
…syllables (s) 

0.13±0.03 
(0.1-0.2, 7) 

0.12±0.03 
(0.06-0.20, 
15) 

0.12±0 
(0.12-0.12, 1) 

0.08±0.03 
(0.05-0.13, 5) 

0.07±0.02 
(0.05-0.09, 
3) 

0.10±0.02 
(0.06-0.14, 9) 

0.12±0.03 
(0.06-0.20, 15) 
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Figure 5. Boxplots of 8 song variables by subspecies. Letters were assigned to each 
subspecies based on the significance derived from post hoc Tukey HSD tests. Same letters 
indicate non-significance, which means that in each plot, subspecies with one or more letters 
in common do not differ significantly from one another (P > 0.05). Subspecies with different 
letters differ significantly (P < 0.001).  
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3.2 Multivariate analysis 
 
In order to investigate the relationship between the different subspecies, a linear 
discriminant analysis (LDA) was performed. In the LDA, the subspecies were 
compared on eight of the song characteristics: duration 90%, bandwidth 90%, 
maximum frequency, center frequency, average entropy, number of syllables per 
phrase, length of the longest syllable per phrase as well as total pause between 
syllables. None of the characteristics correlate with any of the others. Duration 90% 
and bandwidth 90% were chosen for analysis, as they are more robust measurements 
than duration and bandwidth (Charif et al. 2010, pp. 170-174).  
 
The results from the LDA are shown in Table 2 and Figure 6. Table 2 presents the 
effect the different variables have on the functions LD1 and LD2. Generally, higher 
values have a greater effect than lower values. Figure 6 is a plot over the results from 
the LDA, comparing the subspecies, with LD1 plotted against LD2. On LD1, M. a. 
nyikae and M. a. kabalii are completely separated from each other as well as from all 
other groups; M. a. athi has small overlap with the area of M. a. tropicalis, M. a. 
africana, M. a. transvaalensis and M. a. grisescens, but is otherwise separated from 
all others; M. a. tropicalis, M. a. africana and M. a. transvaalensis are broadly 
overlapping, but M. a. africana is slightly more to the right on the scale than M. a. 
tropicalis, with one outlier far to the right; M. a. grisescens overlaps with M. a. 
tropicalis, M. a. africana and M. a. transvaalensis. On LD2, M. a. athi is almost 
completely separated from the other groups, except from one M. a. africana outlier. 
The other five groups are similar to each other on this axis. 
 
According to the classification matrix produced from the LDA, all subspecies were 
correctly classified, except for 2 M. a. africana and 3 M. a. transvaalensis that were 
classified as M. a. tropicalis (Table 3). 
 
One extra LDA was performed where three M. a. tropicalis were separated and 
named “M. a. tropicalis?” (Supplementary Figure 1S). These three recordings were 
initially believed to be M. a. tropicalis, but their taxonomic status was uncertain. The 
LDA put them in the same cluster as M. a. tropicalis, so they have been included in 
all analyses as part of M. a. tropicalis. 
 

Table 2 Result of LDA for the analysed song characteristics. Values indicated by a grey 
shade are the ones with greater effect on the functions LD1 and LD2.  

Coefficients of linear discriminants LD1 LD2 
Duration 90% -7.859789e+00    -0.5096090256 
Bandwidth 90% -5.342628e-04 -0.0006406398 
Max freq. 1.560868e-03 -0.0008393933 
Center freq. -1.246436e-03 -0.0003614179 
Average entropy 2.799979e+00 -1.2573538908 
Number of syllables/phrase -1.299166e+00 1.6694558227 
Length longest syllable/phrase -1.686856e+01 -4.4567526853 
Total pause between syllables 3.829170e+00 14.1442553045 
Proportion of trace 0.6746 0.2595 
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Figure 6. Result from Linear Discriminant Analysis of eight song variables, with LD1 plotted 
on the x-axis and LD2 on the y-axis. Following LDA axis 1 M. a. kabalii and M. a. nyikae are 
completely separated from the other subspecies, while M. a. athi is slightly separated. 
Following LDA axis 2 M. a. athi is separated from the other subspecies.  
 
 

Table 3 A classification matrix on linear discriminant analysis based on eight song 
variables, with reference subspecies in the columns and predicted subspecies in the rows 
(Accuracy = 0.9091; 95% CI = (0.8005, 0.9698); P-Value [Acc > NIR] = < 2.2e-16). 
Numbers in grey are birds correctly classified to their subspecies by the analysis. 
 
   Reference 
   (Subspecies) 
Prediction 
(Subspecies) 

africana athi grisescens kabalii nyikae transvaalensis tropicalis 

africana (7) 5 0 0 0 0 0 2 

athi (15) 0 15 0 0 0 0 0 

grisescens (1) 0 0 1 0 0 0 0 

kabalii (5) 0 0 0 5 0 0 0 

nyikae (3) 0 0 0 0 3 0 0 

transvaalensis (9) 0 0 0 0 0 6 3 

tropicalis (15) 0 0 0 0 0 0 15 
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4. Discussion 
	
Whether the taxa in the M. africana complex should be considered separate species or 
not, depends in part on the chosen species concept. As mentioned above, under the 
BSC, a species is a group of populations that potentially could interbreed while being 
reproductively isolated from other such populations (Mayr 1942, p. 120), while 
according to the PSC, a species is the smallest group with unique traits and the same 
evolutionary ancestor (Cracraft 1983), and the GLC considers species as lineages 
evolving separately from each other (de Queiroz 2007). As the different taxa are 
parapatrically or allopatrically distributed, the degree of reproductive isolation can 
only be inferred based on the degree of differences compared to other taxa with 
known levels of reproductive isolation, making species delimitation under the BSC 
particularly difficult.   
 
In general, the results showed good separation between most of the different 
subspecies. Table 3 shows clearly that the different subspecies can be separated based 
on song characteristics. The lack of good recordings for all subspecies is an issue, but 
the level of separation is still good, and the subspecies are separated as would be 
expected. These results are comparable in quality to the results from the song analysis 
done in the study of the Plain-backed Thrush (Zoothera mollissima) by Alström et al. 
(2016). In the study of the thrushes the song analysis showed separation at a similar 
level to that found in these larks, which was further corroborated by analyses of 
morphology and genetics. It may be difficult to compare thrushes with larks, but the 
results from this study of the M. africana are an important part of integrative studies 
into the complex. 
 
When studying the results from the LDA, as well as looking at the sonograms, 
listening to the songs and studying the univariate statistics, M. a. africana and M. a. 
transvaalenis are particularly similar. For this reason, it seems likely that M. a. 
africana and M. a. transvaalensis interbreed where their ranges meet, and accordingly 
should be treated as conspecific under the BSC. The differences between these two do 
not qualify for species rank under the PSC or GLC. The single recording of M. a. 
grisescens is also similar to these two, and accordingly should probably be treated as 
the same species as M. a. africana and M. a. transvaalensis, although M. a. grisescens 
should be studied more when more recordings are available. Mirafra a. tropicalis is 
quite similar to M. a. africana, M. a. transvaalenis and M. a. grisescens in these 
aspects. However, while the recordings of M. a. africana, M. a. transvaalenis and M. 
a. grisescens were made in the southern part of Africa (South Africa, Zambia and 
Botswana), M. a. tropicalis was recorded in East Africa (Kenya, Uganda, Rwanda and 
Tanzania – around Lake Victoria). Interbreeding between M. a. tropicalis and the 
other three subspecies is therefore not very likely from a geographical point of view, 
but the analysis did not show enough divergence between M. a. tropicalis and M. a. 
africana, M. a. transvaalenis and M. a. grisescens for M. a. tropicalis to yet be 
classified as a different species according to the PSC or GLC.  
 
In contrast, the results indicate that M. a. athi, M. a. kabalii and M. a. nyikae are all 
very divergent from each other as well as from the four other subspecies. All three 
subspecies appear to represent different, unique evolutionary lineages. If they would 
meet it seems unlikely that they would interbreed, which indicates that they could be 
considered separate species even under the BSC. They have, however, very different 
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distribution areas: M. a. nyikae is found in Malawi, M. a. kabalii in Zambia and M. a. 
athi in Kenya and Tanzania. Mirafra a. tropicalis can also be found in Kenya and 
northern Tanzania, but is parapatric with M. a. athi and it is not known whether they 
meet at all. Mirafra a. athi can be found on the high plateau in Kenya, while M. a. 
tropicalis occurs at lower altitudes in south-south west Kenya (del Hoyo and Collar 
2016). Mirafra a. athi has long been considered a different subspecies based on 
morphological data (e.g. Peters 1960, del Hoyo and Collar 2016), but this study shows 
that this taxon is clearly different when it comes to vocalisations as well. When 
everything is considered together, it could be argued that of the seven studied 
subspecies, at least M. a. athi, M. a. kabalii and M. a. nyikae are more appropriately 
treated as different species, rather than as subspecies of M. africana.  
 
The hypothesis that the studied subspecies are in fact different species is supported by 
preliminary, unpublished DNA analyses (Per Alström, pers. comm., 2020). The DNA 
analyses indicate that all of the studied subspecies are deeply diverged genetically, 
and that three other species (M. hypermetra, M. ashi and M. somalica) are also nested 
within the M. africana complex. This indicates that all studied subspecies may be 
different species according to at least the GLC, since the different taxa show clear 
signs of representing separate lineages (de Queiroz 2007). The rate at which evolution 
and the divergence between species happens can vary for different characteristics. 
Bird species can be well diverged from each other genetically or morphologically, 
while still having similar vocalisations, but all differences can, as argued under the 
GLC, be signs of separation or different lineages (de Queiroz 2007). This is the reason 
why it is important to do proper integrative studies and to consider all different parts 
that make up the complex animals (Dayrat 2004). Looking at geographical 
distributions, the four taxa we were not able to separate by sound are spread over half 
of the African continent. Morphological descriptions of the different subspecies 
indicate that clear differences can be found even between subspecies that sound very 
similar. In Birds of the World (Ryan et al. 2020) M. a. transvaalensis is described as 
“paler and less streaked above than nominate”, while M. a. tropicalis is described as 
“distincitive, has rich rich orange-red upperparts well streaked blackish, rufous-
orange underparts”. When behaviour is taken into account as well, M. a. tropicalis, M. 
a. transvaalensis and M. a. africana are similar in that these subspecies raise their 
crown feathers and flutter their wings while singing, unlike M. a. athi (Per Alström, 
pers. comm., 2020). Mirafra a. athi also has a second, very different, song type that 
was not considered in this study, further adding to its distinctness compared to the 
other taxa.  
 
As mentioned in the introduction, it is important to consider environmental clines 
when studying separation of species. Otherwise, it is possible to separate populations 
of the same species into different species, due to them presenting morphological 
differences explained by environmental differences (e.g. Ennen et al. 2014, Donald 
2020). In this study of the subspecies of M. africana no clines could be observed for 
six of the song characteristics, but for eight of the song characteristics correlation was 
found with longitude, latitude or both. However, the Tukey HSD test found no 
significant differences among the subspecies on four of these eight song 
characteristics. It was ultimately decided that the differences between the subspecies 
could not be entirely explained by environmental clines.  
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The biodiversity we have on Earth is diminishing everywhere (WWF 2020). We need 
to know which species we have in order to better understand the amount of 
biodiversity we have to protect (de Moraes 1987). To better understand the bird 
biodiversity on Earth, we need more data on songs, morphology, genetics, 
geographical distributions, ecology etc. of different taxa that are currently classified 
as different subspecies. A limitation of the present study is that there are great 
differences in the sample sizes of different subspecies. The sample size of the 
subspecies M. a. grisescens, M. a. nyikae and M. a. kabalii is very small and ideally 
more recordings should be analysed before any conclusions are made. In this study 
the song from only seven out of 22 subspecies from the Mirafra africana complex 
have been analysed and compared. This is, as mentioned, due to the lack of recordings 
from the other subspecies. Still, three out of the seven analysed subspecies diverge 
enough to potentially be treated as separate species. If enough recordings could be 
obtained from the remaining 15 subspecies, it would be very interesting to analyse 
them too and compare them with the subspecies studied here. It would also be 
interesting to do an integrative study on the complex, taking not only song into 
account, but also plumage, genetics and behaviour. Many of the subspecies could 
potentially be re-classified as separate species.  
 
 
5. Conclusion 
 
This study highlights the importance of song analysis as a part of integrative studies 
when doing taxonomic revisions on less studied bird species. Based on the 
comparative analysis in this study of the songs of seven subspecies of the Mirafra 
africana complex, I argue that at least M. a. athi, M. a. kabalii and M. a. nyikae would 
more appropriately be treated as different species, with M. a. africana, M. a. 
tropicalis, M. a grisescens and M. a. transvaalensis forming a fourth species (M. 
africana sensu stricto). More studies need to be done on the song of all the subspecies 
in the complex, and for that high quality recordings of individuals with known 
geographical origin are necessary. There is also need for an integrative study of the 
complex, where song analysis forms one important part. 
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Supplementary material 
 
Figure 1S: Result from LDA where Mirafra a. tropicalis? is presented separately.  
 
Table 1S: Separate excel file with all original data, named Table1S-Mirafra-africana-
soundfile-data.  
 
 
 

 
Figure 1S. Result from Linear Discriminant Analysis of eight song variables, with LD1 
plotted on the x-axis and LD2 on the y-axis. Mirafra a. tropicalis? represent three individuals 
where subspecies was uncertain, but was expected to be M. a. tropicalis. This analysis placed 
them among the other M. a. tropicalis, so in the final analysis (Figure 6), these individuals 
were analysed as part of the M. a. tropicalis group.  


