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Fig. 3. Dorsal and lateral views of 
males of rubicola, maurus and ste­
jnegeri in worn spring plumage (a, 
b) and fresh autumn plumage (c).
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and the uppertail coverts have pale sandy (Cinnamon 
C. 39) or rusty-brown (Antique Brown C. 37) fringes. 
Compared to female rubicola, the maurus female shows 
upperparts having the more expressed black streaks.
	 We have detected no stable differences in worn plum-
age between maurus and stejnegeri. We have found 
however only some weak differences in worn plumage 
between these two taxa, but these are evident only in a 
series of individuals and thus were not useful for species 
distinction. There was a little less white on the sides of the 
neck, on the inner upperwing, on the rump and on the base 
of rectrices in males of stejnegeri. Compared to female 
maurus, the females of stejnegeri have little more dark 
upperparts, which somewhat obscured black streaks. 
	 The prominent differences between maurus and ste­
jnegeri appear in fresh autumn plumage only. It is the 
color of the fringes of the feathers of the rump and the up-
pertail, that is useful for identification (Fig. 3): stejnegeri 
has chestnut-red fringes (Amber C. 36) and maurus has 
much more pale sandy (Cinnamon C. 39) or rusty-brown 
fringes (Antique Brown C. 37). Besides, stejnegeri has 
chesnut (Raw Sienna C. 136) fringes of the feathers of 
the upperparts that appear darker than that of maurus. 

Song

The songs of maurus, rubicola and stejnegeri were gen-
erally similar. Each song strophe lasted 1 – 1.5 sec and 
built up of 10 – 20 short syllables interspersed with one 
or several single-element trill(s) (Fig. 4). The trills were 
very characteristic for the songs of maurus and rubicola, 
but were more rarely observed in stejnegeri. Because of 
a rarity of trills, singing of stejnegeri audibly seemed to 
be more melodious.  

	 The LDA of songs in maurus, rubicola and stejneg­
eri males resulted in 86.0% correct classification of these 
three groups (Wilks’ λ = 0.090, F = 13.67, n = 57 males). 
The majority (5 out of 8) of misclassification cases were 
rubicola males that were predicted to belong to maurus. 
In addition to the misclassified ones above, there were 
also two maurus predicted to belong to rubicola and one 
stejnegeri predicted to belong to rubicola.
	 The first three principal components had eigenval-
ues greater than one. PC1 explained 45.1% of the total 
variation; PC2 explained a cumulative 68.1% and PC3 
a cumulative 81.2% of the total variation. The following 
parameters showed the highest absolute correlations with 
Factor 1: duration of strophe, number of syllables, num-
ber of syllable types, and maximum frequency. By con-
trast, both median syllable length and median between-
syllable pause showed the strongest correlation with 
Factor 2. PC1 vs. PC2 showed individual measurements 
clustering according to the taxa (Fig. 2, b). 
	 Therefore, the LDA and PCA analysis clearly sepa-
rated stejnegeri from both maurus and rubicola, which 
were closer to each other. Moreover, it was impossible to 
separate songs of maurus and rubicola in several cases. 
Song strophes of stejnegeri were the shortest, and had the 
lowest maximum frequency and the narrowest frequency 
range (Table 2). 

Alarm call

All species on the approach of nest predators give two 
types of alarm calls, whit and chack. Whits are often 
modulated notes with energy limited to a narrow fre-
quency range. Chacks are usually shorter than whits, and 
cover a much wider frequency range. Both whits and 

Table 2. Univariate statistics for measurements of the song strophes of the males of three taxa of the Saxicola torquta complex. The values 
given are means  ± SE, and min  –  max given in parentheses. Significance levels (Student t-test): **p < 0.006 (Bonferroni-adjusted p value); 
*p < 0.01; all others not significant.

S. r. rubicola
(n = 10)

 S. m. maurus
(n = 20)

S. (m.) 
stejnegeri
(n = 27)

S. r. rubicola 
versus 

S. m. maurus

S. r. rubicola 
versus 
S. (m.) 

stejnegeri

S. m. maurus 
versus 
S. (m.) 

stejnegeri
Duration of strophe (s) 1.36 ± 0.10 

(1.23 – 1.53)
1.34 ± 0.25 

(1.13 – 2.11)
1.01 ± 0.21 

(0.73 – 1.49) ** **

Number of syllables 13.0 ± 2.6  
(8.5 – 16.5)

15.8 ± 3.7 
(11.0 – 26.0)

10.5 ± 2.2 
(7.0 – 15.0) **

Number of syllable types  12.1 ± 2.3 
(8.5 – 15.0)

13.8 ± 2.8 
(10.5 – 22.5)

9.8 ± 2.1 
(6.0 – 14.5) **

Median syllable length (s) 0.07 ± 0.02 
(0.05 – 0.10)

0.05 ± 0.01 
(0.04 – 0.07)

0.07 ± 0.01  
(0.05 – 0.10) * **

Median between-syllable 
pause (s) 

0.03 ± 0.01 
(0.01 – 0.04)

0.02 ± 0.01 
(0.008 – 0.03)

0.02 ± 0.01  
(0.008 – 0.03)

Minimum frequency 
of a strophe (kHz)

2.3 ± 0.2 
(2.1 – 2.7)

2.3 ± 0.4 
(1.4 – 2.8)

2.4 ± 0.2 
(2.0 – 2.8)

Maximum frequency 
of a strophe (kHz)

7.5 ± 0.4 
(7.0 – 8.1)

7.3 ± 0.3 
(6.9 – 7.9)

6.4 ± 0.3 
(5.8 – 6.9) ** **

Median frequency range 
of a syllable (kHz)

2.2 ± 0.2 
(1.7 – 2.9)

2.0 ± 0.3 
(1.2 – 4.1)

1.4 ± 0.2 
(1.0 – 2.2) ** **
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chacks are generally similar in all species analyzed, al-
though differed in detail (Fig. 5).
	 The LDA of whits in maurus, rubicola and stejne­
wgeri individuals resulted in 94.3% correct classification 

(Wilks’ λ = 0.111, F = 23.37, n = 53 individuals). The first 
two principal components had eigenvalues greater than 
one. PC1 explained 45.6%, and PC2 explained a cumula-
tive 80.6% of the total variation. Frequency range and 

Fig. 5. Spectrograms of two types of alarm calls (Whits and Chacks) in three taxa of the Saxicola torquatus complex (x-axis = time in 
seconds; y-axis = frequency in kHz). Calls separated by dotted lines are from the same individual. All others are from different individuals. 

Fig. 4. Spectrograms of song strophes of three taxa of the Saxicola torquatus complex (x-axis = time in seconds; y-axis = frequency in 
kHz). Strophes separated by dotted lines are from the same male. All others are from different males. 
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maximum frequency showed the highest absolute corre-
lations with Factor 1, and whit’s duration and minimum 
frequency showed the strongest correlation with Factor 
2. Fig. 6, a shows the ‘PC1 vs. PC2’ scatterplot (see also 
Table 3). 
	 Besides, we have found one more stable differences 
between the structure of whits of rubicola and that of the 
two other taxa. The shape of frequency modulation of 
whits of rubicola was always ‘ascending’ (frequency as-
cends from the begging to the end of a whit), while whits 
of the others had ‘descending’ modulation (Fig. 5).
	 The duration of chacks in rubicola and stejnegeri did 
not significantly differ one from another, but differed sig-
nificantly from that of maurus (Fig. 6, b; Table 3). 

Discussion

The morphological (both plumage and measurements) 
and vocal (both song and calls) data clearly matched 
the phylogroups reconstructed from mtDNA sequences 

(Zink et al., 2009), and separated Northern Eurasian taxa 
of the Saxicola torquatus complex into the three groups: 
rubicola, maurus and stejnegeri. Besides, variegatus was 
thought to be a closely relative to maurus based on mito-
chondrial DNA study (Zink et al., 2009). The taxonomy 
of Southern Eurasian’s armenicus, indicus and przewal­
skii remains to be studied.  
	 With respect to vocalization, maurus and rubicola 
had the most similar songs, although they clearly differed 
in alarm calls. These two species also differed subtly, but 
noticeably, in external morphology. Our result confirmed 
previously published information concerning differences 
between the taxa in plumage and morphometrics (Rob-
ertson, 1977; Urquhart, 2002; Hellström & Wærn, 
2011). In worn spring plumage male of rubicola is dis-
tinguishable by its comparatively small patches of white 
on the sides of the neck, by pale (not blackish) under-
wing-coverts and by the prominent darkish centers of the 
feathers on the uppertail coverts, which appear as dark 
longitudinal streaks on the rump. 
	 The two Asian taxa (maurus and stejnegeri) morpho-
logically were the most similar. These two taxa cannot 

Table 3. Univariate statistics for measurements of chack and whit calls of individuals of three taxa of the Saxicola torquta complex. The 
values given are means   ±  SE, and min – max given in parentheses. Significance levels (Student t-test): *p < 0.01 (Bonferroni-adjusted p 
value); all others not significant.

S. r. rubicola
(n = 16)

 S. m. maurus
(n = 15)

S. (m.) stejnegeri
(n = 22)

S. r. rubicola 
versus 

S. m. maurus

S. r. rubicola 
versus 

S. (m.) stejnegeri

S. m. maurus 
versus 

S. (m.) stejnegeri
Duration of chack (s) 0.06 ± 0.01 

(0.05 – 0.07)
0.04 ± 0.01 

(0.03 – 0.04)
0.06 ± 0.01 

(0.05 – 0.07) * *

Duration of whit (s) 0.06 ± 0.01 
(0.04 – 0.08)

0.10 ± 0.01 
(0.09 – 0.12)

0.09 ± 0.01 
(0.07 – 0.11) * * *

Minimum frequency 
(kHz)

4.4 ± 0.3 
(3.7 – 4.7)

4.0 ± 0.2 
(3.7 – 4.5)

4.4 ± 0.2 
(3.7 – 4.7) * *

Maximum frequency 
(kHz)

6.1 ± 0.2 
(5.7 – 6.5)

5.9 ± 0.2 
(5.6 – 6.4)

5.6 ± 0.2 
(4.9 – 6.0) * *

Frequency range 
(kHz)

1.7 ± 0.4 
(1.1 – 2.5)

1.9 ± 0.2 
(1.5 – 2.1)

1.2 ± 0.1 
(1.0 – 1.5) * *

Fig. 6. PCA of four acoustic parameters of whit calls (a) and durations of chack calls (b) of three taxa of the Saxicola torquatus complex. 
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be reliably distinguished by morphometrics and by worn 
spring plumage. The only feature useful for identification 
appears in fresh autumn plumage: the color of the fringes 
of the feathers of the rump and the uppertail. Besides, 
Hellström & Norevik (2014) revealed the presence of 
dark spotting on the uppertail-covert of ca. 60% of birds 
in fresh autumn plumage, whereas maurus generally but 
not always (own data) shows unmarked rump. In contrast 
to morphology, song of stejnegeri was the most distinc-
tive among the three taxa analyzed. Bioacoustic data are 
thus in agreement with mitochondrial lineages in so far 
as stejnegeri has apparently split from maurus and rubi­
cola before differentiation occurred among the latter two 
taxa. S. stejnegeri thus appeared to be a cryptic species 
that is extremely similar in the suite of external charac-
ters to maurus, but differs in song and calls (this study) 
and mtDNA (Zink et al., 2009).
	 The zones of symparty between different taxa from 
the Saxicola torquatus complex in Eurasia are poorly 
known. The only exception is the sympatry zone between 
rubicola and variegatus in Rostov Oblast, Russian Fed-
eration (Fig. 1). Here, these two taxa bred in different 
although overlapping habitats without any signs of in-
tergradations (Kazakov & Bakhtadze, 1999; Bakhtadze, 
2002). 
	 Little is known about the distributional ranges of mau­
rus and stejnegeri in Transbaikalia, where a sympatry 
zone might exist. Although several authors stated a wide 
range of intergradation between maurus and stejnegeri in 
Siberia (Cramp, 1988; Hellström & Wærn, 2011), this 
statement is apparently wrong (Hellström & Norevik, 
2014). Interestingly, stonechats are more or less absent 
(except on migration) from the area just south and east 
of Lake Baikal, including the delta of the Selenga Riv-
er (Fefelov et al., 2001). Therefore, the transition from 
maurus to stejnegeri in southern Siberia may be abrupt. 
According to our analysis of museum collections, as well 
as on published data (Zink et al., 2009, 2010), there were 
only two points, where both taxa have been collected 
(Fig. 1). First point located near Chikoy urban-type set-
tlement in the Republic of Buryatia, Russian Federation, 
where stejnegeri is the commonest stonechat, but several 
maurus specimens were collected during the breeding 
season (Zink et al., 2010). The second point located in 
the eastern part of the Khangai Mountains (Central Mon-
golia), where one specimen of stejnegeri was collected 
along with several specimens of maurus. In the second 
point, however, the specimen of stejnegeri was collected 
on 21.08.1926 (deposited in the collection of Zoological 
Institute of the Russian Academy of Sciences), and could 
be thus on migration. Therefore, new studies on distribu-
tion ranges of maurus and stejnegeri in Eastern Siberia 
and Mongolia are extremely needed. 
	 What happens where rubicola and armenicus meet 
in Turkey is unclear (Kirwan et al., 2008). Urquhart 
(2002), however, stated that the two taxa show different 
habitat preferences in that region, with armenicus present 
in mountain habitats and rubicola in the lowlands. In the 
Himalayas, przewalskii was found to be parapatric with 

indicus being separated by elevation (Martens & Eck, 
1995).
	 The comparative studies of breeding biology, ecology 
and behavior of Eurasian stonechats are almost complete-
ly absent. Recently, however, Golovina & Opaev (2016) 
reviewed some original and published data (Fujimaki & 
Shibnev, 1991; Fujimaki et al., 1994) on the breeding bi-
ology and social organization of stejnegeri. Comparing 
biology and behavior of stejnegeri, with those of well-
studied rubicola and hibernans (Parrinder & Parrinder, 
1945; Johnson, 1971; Fuller & Glue, 1977; Greig-
Smith, 1979; Urquhart, 2002; Banik, 2003) showed that 
most differences between them concern territory size and 
breeding density. S. stejnegeri usually had smaller ter-
ritories and bred in higher densities, than both rubicola 
and hibernans. By contrast, habitat and breeding biology 
(e. g. nest and egg) appeared to be rather similar among 
the two taxa. 
	 Summarizing, our study presented data that is valu-
able for the evaluation of the taxonomy of the Saxicola 
torquatus complex. Based on our and earlier genetic 
findings, we proposed the species status for the following 
three taxa: 

1	 European  stonechat  Saxicola rubicola  (Linnaeus, 
1766), including  S. r. rubicola and S. r. hibernans.

2	 Eastern stonechat Saxicola maurus (Pallas, 1773), in-
cluding at least three subspecies: S. m. maurus, S. m. 
variegatus and S. m. armenicus (the taxonomic affini-
ties of indicus and przewalskii that usually merge into 
S. maurus remain to be studied).

3	 Japanese stonechat Saxicola stejnegeri (Parrot, 
1908), monotypic. 

Our song data are also in agreement with previous phy-
logenetic reconstructions, because we revealed that that 
the song of S. stejnegeri is the most distinct among the 
three taxa analyzed.
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