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1   |   INTRODUCTION

The European Robin Erithacus rubecula (Linnaeus, 1758) 
is widely distributed in Europe east to western Siberia 
and northern Iran and south to North Africa and the 
Macaronesian Islands (Azores, Madeira, Canary Islands). 
Geographic variation in morphology in the European 
Robin is complex (Lack,  1951; Vaurie,  1959). In conti-
nental populations variation is primarily clinal, with 
clines of different characters running in different direc-
tions. Geographic variation among Canary Islands popu-
lations is discrete, involving several characters that vary 

concordantly. Traditionally, geographic variation in the 
Robin is represented by the recognition of a polytypic 
species with eight subspecies (Vaurie, 1959; Ripley, 1964; 
Roselaar in Cramp, 1988; Collar, 2020; Gill et al., 2022).

In the Canary Islands (Figure 1), three recognised sub-
species are found breeding. The populations in the western 
Islands (La Palma, El Hierro and La Gomera) are very sim-
ilar to European populations and are generally included 
in E. r. rubecula, although some authors consider these a 
separate subspecies ‘E. r. microrhynchos’ Reichenow, 1906 
(e.g. Hounsome, 1993). E. r. rubecula also is a winter vis-
itor to the eastern islands (Martín & Lorenzo, 2001). The 
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Abstract
The European Robin Erithacus rubecula is currently treated as a single species 
with eight subspecies. A previous molecular study and new molecular, morpho-
metric and bioacoustic data reported here strongly support the recognition of 
three species in this complex: E. rubecula (Europe, North Africa and Macaronesia 
except the central Canary Islands), E.  superbus (Tenerife) and a recently de-
scribed subspecies on Gran Canaria which we raise to species rank as E. mario-
nae. The taxa on Tenerife and Gran Canaria have previously been lumped as a 
single taxon but differ from each other and from E. rubecula in territorial songs, 
tic calls, seep calls and wing length. All three species are characterised by moder-
ate to high levels of interspecific mitochondrial DNA sequence divergence (mean 
4.2–4.8%). Phylogenetic analysis indicates that E. marionae is sister to E. super-
bus + E. rubecula. Recognition of Gran Canaria and Tenerife Robins as separate 
species adds two single-island endemics to the Canary Islands avifauna.
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taxon superbus Koenig, 1889 from Tenerife is considered 
to be distinct (e.g. Lack,  1946; Lack & Southern,  1949; 
Vaurie,  1959; Roselaar in Cramp,  1988). In morphology, 
superbus differs from other recognised subspecies by its 
richer red throat and breast, a pale eye-ring, less exten-
sive red on the underparts, more olive-brown upperparts, 
a white belly, shorter wings and longer bill (Lack, 1946; 
Roselaar in Cramp, 1988; Bergmann & Schottler, 2001).

Tenerifean superbus also differs from European pop-
ulations by their very distinctive songs, a fact that has 
long been recognised by visiting ornithologists familiar 
with European or west Canarian populations of E. rubec-
ula (Bolle,  1854; Koenig,  1890; Lack & Southern,  1949). 
Since the late 1980s, several studies have compared songs 
and calls of Tenerifean superbus with European rubecula 
(Bildsøe & Dabelsteen, 1998; Larsen et al., 1997; Stock & 
Bergmann,  1988). Bergmann and Schottler  (2001) have 
summarised the differences between Tenerifean superbus 
and European rubecula and suggested that species status 
is warranted for E. superbus.

Until very recently, the morphology and taxonomic 
status of the Gran Canaria population had not been stud-
ied in detail. A previous molecular study showed that 
the robin comprises three major clades, one restricted to 
Gran Canaria, another to Tenerife and a third including 
all other populations from the western Canary Islands 
(La Palma, El Hierro, La Gomera) and Europe (Dietzen 
et al., 2003). Gene trees of mitochondrial DNA sequences 
of Gran Canaria and Tenerife robins are reciprocally 
monophyletic with the exception of a single individual 
sampled on Tenerife with a haplotype typical of those 
from Gran Canaria (indicating occasional migration be-
tween the islands; Dietzen et al., 2003). Surprisingly, the 
Tenerife population was found to be more closely related 
to the west Canarian and European populations than to 
the population of Gran Canaria with which it had been 
previously included under the name superbus. These 

results indicate that the taxon superbus is paraphyletic. 
Dietzen et al. (2003) also documented differences in wing 
length and wing shape between populations of Tenerife 
and Gran Canaria.

Dietzen et al.  (2003) suggested that the robin com-
plex represents a superspecies with three allospecies: 
E. [rubecula] rubecula containing all robin populations
except those from the central Canary Islands, E.  [rubec-
ula] superbus from Tenerife, and a third taxon on Gran
Canaria for which they introduced the name ‘Erithacus
[rubecula] marionae’. The latter name does not fulfil the
requirements of the International Code of Zoological
Nomenclature (ICZN, 1999) and is therefore not available.
A valid description was published subsequently (Dietzen
et al., 2015).

In this study, we examine variation in the songs and 
calls of Gran Canaria, Tenerife and European robins, we 
provide new morphometric data from museum specimens 
and we expand the phylogenetic analysis of Dietzen et al. 
(Dietzen et al.,  2003; Dietzen et al.,  2015) by including 
new or previously unreported sequences from the Canary 
Islands, Madeira, Azores, Morocco, Corsica, mainland 
Europe and Georgia. These analyses, and additional 
morphometric data reported in Dietzen et al. (Dietzen 
et al.,  2003; Dietzen et al.,  2015), demonstrate that the 
European Robin consists of at least three major groups 
that are best treated as species.

2   |   METHODS

2.1  |  Molecular procedures and
phylogenetic analyses

Six museum specimens were newly sampled from study 
skins collected in 1902–1912, including two marionae 
from Gran Canaria, two superbus from Tenerife, one 

F I G U R E  1   Map of the Canary 
Islands. Ranges of the three species of 
Erithacus are indicated (E. rubecula also 
occurs outside the Canary Islands)
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sardus from Corsica and one caucasicus from Georgia. 
New primers were designed (Table  S1) to amplify and 
sequence short DNA fragments (160–200 bp, excluding 
primers). These primers were designed from Genbank 
sequences that were based on fresh tissue material. 
Voucher and GenBank accession numbers are pro-
vided in Table  S2. Extraction, PCR amplification and 
sequencing followed procedures described by Irestedt 
et al.  (2006). Newly generated DNA sequences are 
available on Genbank (accession numbers KJ200298 to 
KJ200303).

Cytochrome b (cyt b) sequences (1125 bp) of 92 
Erithacus robins were included in the analysis. In addi-
tion to the six newly generated sequences, these included 
61 sequences reported by Dietzen et al. (2003), one from 
Sangster et al. (2010), and 24 previously unreported cyt b 
sequences of E.  rubecula from Germany (N =  4), Spain 
(N =  3), Morocco (N =  8), Madeira (N =  4), La Palma 
(N = 1) and the Azores (N = 4) which were obtained from 
GenBank (AY624077–AY624100). An additional mem-
ber of Cossyphinae (Stiphrornis sanghensis, AF136731; 
Beresford & Cracraft,  1999), a member of Niltavinae 
(Niltava sundara, EF081354; Lei et al., 2007) and Turdus 
philomelos (AY495411; van der Meij et al., 2005) were used 
as outgroups.

Phylogenetic relationships among robins were esti-
mated using MrBAYES version 3.2.2 (Ronquist et al., 2012). 
The best-fit model was estimated with MEGA5 (Tamura 
et al.,  2011) using the Akaike Information Criterion. 
The selected model was GTR + G + I. Default priors in 
MrBAYES were used. We ran four Metropolis-coupled 
MCMC chains for 10 million generations and sampled the 
topology every 1000 generations. Convergence between 
the two MrBayes runs was assessed by comparing the 
posterior probability estimates for both analyses using the 
program AWTY (Nylander et al., 2008). The first 25% of 
the generations were discarded (‘burn-in’) and the poste-
rior probability was then estimated for the remaining sam-
pled generations.

To further evaluate statistical support for the topol-
ogy, maximum likelihood (ML) bootstrapping was per-
formed. ML analysis was conducted using RAxML v7.7.1 
(Stamatakis et al., 2008). Clade support for the ML analy-
sis was assessed by 1000 bootstrap replicates. Uncorrected 
p pairwise sequence divergences were calculated in 
MEGA7 (Kumar et al.,  2016) with complete deletion of 
nucleotide positions with missing data. Sequence diver-
gence values of five other Canarian endemic species and 
their sister species were newly calculated from GenBank 
sequences (Bensch et al.,  2006; Dourado et al.,  2014; 
Gonzalez et al., 2009; Helbig et al., 1996; Illera et al., 2008; 
Irestedt et al., 2011; Lifjeld et al., 2016; Suárez et al., 2009; 
van der Meij et al.,  2005) with total deletion of missing 

sites, resulting in strictly homologous sequence data, as 
recommended by Fregin et al. (2012).

2.2  |  Vocalisations

Robins were recorded on Gran Canaria in May 2004 and 
April 2014, on Tenerife in May 2004, in the Netherlands 
in April 2004 and March–May 2005 and in Sweden in May 
2009. Recordings were made using a Marantz PMD 222 
or a Marantz PMD 670 recorder with a Sennheiser ME66 
microphone. All recordings are deposited at the Macaulay 
Library, Cornell University, Ithaca, NY, USA. The data 
set was supplemented by recordings obtained from the 
Xeno-Canto database (http://www.xeno-canto.org/), 
the Tierstimmenarchiv (Berlin), the AVOCET database 
(http://avocet.zoolo​gy.msu.edu/), and commercial publi-
cations (Bergmann et al., 2008; Boesman, 2008; Bondesen 
& Hansen, n.d.; Chappuis, 2000; Hammick, 2003; Kettle & 
Ranft, 1992; Matheu, 2001; Moreno, 2000; Sample, 1996; 
Trilar,  2002). All song recordings were made in spring. 
Locations and recordists for all the recordings examined 
are listed in Table S3. All our recordings have been depos-
ited at the British Library Sound Archive (collection title: 
European Robin WA 2022/002).

Variation in three vocalisations was studied: the song, 
the tic call and the seep call. In spring, only males sing 
whereas both sexes sing in fall and winter (Hoelzel, 1986; 
Lack,  1965). Songs are predominantly used for ter-
ritorial advertisement (Chantrey & Workman,  1984; 
Hoelzel, 1986; Lack, 1965) and to a lesser extent for mate 
attraction (Lack, 1965). The tic call is used as an alarm call 
and in territorial conflicts (East,  1981; Lack,  1965). The 
seep call is used by females to beg food from their mates 
throughout the breeding season (Tobias & Seddon, 2002). 
All recordings in each class of vocalisations (song, tic call 
and seep call) were from different birds. A ‘note’ was de-
fined as an unbroken trace on a spectrogram.

All measurements were made using CoolEdit 2000 
(Johnston, 2000). For songs, the following measurements 
were recorded: (1) song duration; (2) number of phrases 
per song; (3) proportion of songs with a high frequency 
(>7  kHz) introductory note; (4) mean phrase duration 
(duration of all phrases in a song divided by the number 
of phrases); (5) song proportion (duration of all phrases 
in a song divided by the total song duration); (6) abso-
lute phrase duration (duration of all phrases in a song); 
(7) duration of the first phrase; (8) total number of notes
in a song; (9) proportion of unique notes in a song; (10)
number of unique notes in a song; (11) proportion of fre-
quency shifts (shifts >2 kHz) between phrases in a song
(=number of freq shifts / [number of phrases minus one]);
(12) number of notes in the first phrase; (13) proportion

http://www.xeno-canto.org/
http://avocet.zoology.msu.edu/
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of frequency shifts (>2 kHz) per song; (14) number of fre-
quency shifts (>2 kHz) per song; (15) proportion of songs 
in which notes in the (last) phrase are repeated; (16) maxi-
mum frequency; (17) minimum frequency; (18) frequency 
range; (19) number of low-frequency notes in a song (LF, 
<4 kHz); (20) number of mid-frequency notes in a song 
(MF, 4–7  kHz); (21) number of high-frequency notes in 
a song (HF, >7  kHz); (22) proportion of low-frequency 
notes in a song (LF, <4  kHz); (23) proportion of mid-
frequency notes in a song (MF, 4–7 kHz); and (24) propor-
tion of high-frequency notes in a song (HF, >7 kHz). Some 
of these parameters have been used previously to differen-
tiate between male and female E. rubecula (Hoelzel, 1986) 
and between E. r. superbus (Tenerife) and E.  rubecula 
(Bergmann & Schottler, 2001; Larsen et al., 1997). Due to 
the large song repertoire of robins, and in order to give 
equal weight to individuals, means of 20–25 songs were 
computed for each recording. These means were used as 
sample points from which ranges, means and standard de-
viations were computed.

The number of unique songs in each recording was 
also determined, in steps of 5 songs. In the field it was 
noted whether recorded vocalisations were spontaneous 
or resulted from playback of previous recordings of the 
relevant population. For each character, it was assessed 
whether there is a significant difference between natural 
songs and songs after playback.

For tic and seep, calls the minimum and maximum fre-
quency, and the frequency range were measured. In addi-
tion, for seep calls the frequency at the start and end of the 
call, and the change in frequency between start and end of 
the call were measured.

For taxonomic comparisons, recordings were grouped 
into three operational taxonomic units (Gran Canaria; 
Tenerife; and Europe, North Africa, Madeira and the west-
ern Canary Islands) based on the phylogroups defined by 
Dietzen et al. (2003).

2.3  |  Morphology

Specimens of all recognised subspecies (Dickinson 
& Christidis,  2014), except E. r. tataricus from the 
Urals and SW Siberia were examined in The Natural 
History Museum, Tring (BMNH), Manchester 
Museum, University of Manchester (MMUM), 
Naturalis Biodiversity Centre, Leiden (NBC) (formerly 
Rijksmuseum voor Natuurlijke Historie; RMNH), 
Zoologisches Forschungsinstitut und Museum 
Alexander Koenig, Bonn (ZFMK), Museum für 
Naturkunde, Berlin (ZMB) and the Swedish Museum of 
Natural History, Stockholm (NRM). Specimen localities 
are provided in Table S4.

Four standard morphometric variables (wing length, 
tail length, tarsus and bill to skull) were measured for 
370 specimens. Measurements were taken as described 
in Cramp  (1988). Sexes, as identified on the specimen 
labels, were treated separately in statistical analyses. 
Measurements were compared for three operational taxo-
nomic units (Gran Canaria; Tenerife; and Europe, Middle 
East, North Africa, Azores and Madeira).

2.4  |  Statistical analysis

One-way ANOVA with Bonferroni correction was used to 
determine whether song, call and morphometric param-
eters differed among groups. If the assumption of homo-
geneity of variances was violated, Tamhane correction 
was used. When assumptions of normal distribution were 
violated (as shown by the Komolgorov-Smirnov test), 
data were transformed (log, natural log or square root). 
If transformation was not possible, Mann–Whitney U test 
was used and significance determined using Holm's se-
quential Bonferroni test (Holm, 1979).

Principal component analysis (PCA) was used to 
explore song differentiation among the three groups. 
PCA reduces multiple variables to a limited number of 
uncorrelated variables. ANOVA and Tukey's post-hoc 
comparisons were used to test whether the three groups 
defined by molecular phylogeography differed from 
each other.

Canonical discriminant function analyses (DFA) 
were carried out on the acoustic variables of phrases 
to test whether the songs could be correctly assigned 
to the three phylogroups. DFA generates a set of cri-
teria to assign songs to groups that are defined prior 
to the analysis. Prior to this, a tolerance test was con-
ducted to assess the independence of each variable. 
Variables that fail the tolerance test, i.e. which are an 
almost linear combination of other variables, were 
excluded from subsequent analysis. Two DFAs were 
performed: (i) a ‘descriptive’ DFA, in which the ob-
servations used to develop the criteria are then sub-
jected to these criteria; (ii) a ‘predictive’ DFA, which 
uses a jackknife procedure to obtain a more accurate 
test of the predictive performance of the DFA. In the 
jackknife procedure, the DFA is recalculated using the 
combination of variables of the initial DFA with one 
individual removed from the data set. The criteria are 
then used to classify the removed individual. This pro-
cess was repeated eliminating each individual in turn 
from the data set.

PASW version 18.0 (SPSS Inc., 2009) was used to cal-
culate all descriptive statistics and perform univariate and 
multivariate analyses.
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3   |   RESULTS

3.1  |  Molecular phylogenetics

Across 964–1125 bp of cyt b for all taxa including out-
group species, 241 bp were parsimony-informative. 
Within Erithacus, 86 bp were parsimony-informative. 
Phylogenetic reconstruction using Bayesian analysis 
identified three major clades within Erithacus, which 
were well-supported by Bayesian (PP 0.97–1.0) and 
ML analyses (bootstrap support 97–99%) (Figure  2). 
One clade includes all samples from Europe, Morocco 
and the Macaronesian islands (except Tenerife and 
Gran Canaria). This clade (rubecula-clade) includes 
previously unreported samples from Germany, Spain, 
Morocco, Madeira, La Palma and Azores. Robins from 
Tenerife formed a second clade (superbus-clade). A 
third clade included all samples from Gran Canaria, and 
a single bird on Tenerife (marionae-clade). The single 
sample from Georgia (E. r. caucasicus) represented a 
fourth major lineage which clustered with E.  superbus 
but with poor support (PP 0.69, ML bootstrap support 
67%). The latter two were sister to the rubecula-clade. 
This relationship was well supported by all analyses (PP 
0.99, ML bootstrap support 94%).

Sequence divergence among the three clades was sub-
stantial (Table  1). The marionae-clade differed from the 
rubecula-clade by 4.2%, from the superbus-clade by 4.8% 
and from the single sample of E. r. caucasicus by 4.5%. 
Sequence divergence within the three major clades was 
low, with mean values ranging from 0.2% in the marionae-
clade to 0.7% in the superbus-clade.

Sequence divergence in Erithacus was higher that ob-
served in other Canarian endemic species and their clos-
est relatives: Columba bolli – C.  trocaz (2.5%), Saxicola 
dacotiae – S.  rubicola (2.7%), Phylloscopus canariensis 
– P. collybita (3.5%), Fringilla teydea – F. polatzeki (2.0%)
and Fringilla canariensis – F. maderensis (1.6%) (Table 1).

3.2  |  Vocalisations

A total of 1413 songs of 60 individuals (29 E. r. marionae 
from Gran Canaria, 17 E. r. superbus from Tenerife, 14 
E. rubecula from Europe) were used to test for differences
among the three phylogeographically defined groups. In
E. r. marionae, unprovoked songs and songs recorded
after playback did not differ significantly in any of the 24
characters, and were combined in subsequent analyses.
Too few songs from E. r. superbus and E. rubecula from
Europe were available for meaningful comparisons be-
tween songs from both categories, and these were com-
bined in subsequent analyses.

Song characteristics of E. r. marionae, E. r. superbus 
and E.  rubecula from Europe are given in Table  2 and 
Figure  S1. The song of E. r. superbus differs from those 
of European E. rubecula in (i) shorter song duration; (ii) 
fewer phrases per song; (iii) higher proportion of songs 
with a high-frequency introductory note; (iv) shorter 
phrase duration; (v) shorter absolute phrase duration; (vi) 
shorter duration of first phrase; (vii) fewer notes in song; 
(viii) fewer unique notes in song; (x) fewer notes in first
phrase; (xi) fewer frequency shifts; (xii) more repetition
of notes in last phrase; (xiii) lower maximum frequency;
(xiv) smaller frequency range; (xv) fewer low-, mid- and
high-frequency notes; (xvi) higher proportion of LF notes;
(xvii) lower proportion of mid-frequency notes; (xviii)
higher proportion of high-frequency notes, and (xix) fewer
unique songs (i.e. more repetitions of entire songs within
a song sequence) (Figure 3, Table S5). The combined effect
of these differences was easily heard in the field.

The song of E. r. marionae differs from those of European 
E. rubecula in (i) shorter song duration; (ii) fewer phrases
per song; (iii) higher proportion of songs with a high fre-
quency introductory note; (iv) shorter phrase duration; (v)
shorter absolute phrase duration; (vi) shorter duration of
first phrase; (vii) fewer notes in song; (viii) lower propor-
tion of unique notes in song; (ix) fewer unique notes in
song; (x) fewer notes in first phrase; (xi) higher proportion
of frequency shifts; (xii) fewer frequency shifts; (xiii) more
repetition of notes in last phrase; (xiv) higher minimum
frequency; (xv) smaller frequency range; (xvi) fewer low-,
mid- and high-frequency notes; (xvii) lower proportion of
LF notes; (xviii) higher proportion of HF notes, and (xix)
fewer unique songs (i.e. more repetitions of entire songs
within a song sequence) (Figure 3, Table S5). Again, the
combined effect of these differences was easily heard in
the field.

Songs of E. r. marionae appear similar on sonagrams 
to those of E. r. superbus (Figure S1) but differed signifi-
cantly in having (i) fewer low-frequency notes (<4 kHz) 
and more mid-frequency notes (4–7  kHz); (ii) higher 
minimum frequency; (iii) more (and higher proportion 
of) unique notes per song; (iv) less note repetition in the 
last phrase; and (v) higher proportion of unique songs (i.e. 
fewer repetitions of entire songs within a song sequence) 
(Figure 3, Table S5).

The songs of 60 individuals were used in the PCA. 
The results of the PCA on the 24 variables are sum-
marised in Table S6. Four components with eigenvalues 
>1 were extracted from the dataset. The first principal
component (PC1) accounted for 49.0% of the variance.
PC2, PC3 and PC4 accounted for an additional 17.7%,
8.8% and 6.8% of the variance, respectively. PC1 was rep-
resented mostly by absolute phrase duration, number
of unique notes in song, total number of notes in song,
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F I G U R E  2   Majority-rule consensus tree obtained from Bayesian analysis of 1125 bp of cytochrome b sequences of 92 Erithacus robins 
and three outgroups. Numbers above and below branches indicate Bayesian posterior probabilities (pp) and bootstrap support from 
maximum likelihood analysis, respectively. Support values are only presented for nodes supported by pp >.95
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song duration, number of mid-frequency notes, number 
of low-frequency notes, number of notes in first phrase 
and mean phrase duration; PC2 was determined mostly by 
proportion of low-frequency notes, number of frequency 
shifts and proportion of mid-frequency notes; PC3 was de-
termined mostly by frequency range, maximum frequency 
and minimum frequency; and PC4 mostly by proportion 

of high-frequency notes, song proportion and number 
of phrases per song. The groups differed significantly for 
the first, second and fourth principal components (one-
way ANOVA). Songs of E. r. marionae differed from those 
of E. r. superbus in PC2 (p < .001) and PC4 (p < .05), and 
from European E. rubecula in PC1 (p < .001). Songs of E. 
r. superbus differed from those of European E.  rubecula

Species Mean ± SD Range

Robins (interspecific)

Erithacus marionae – E. rubecula 4.23 ± 0.20 3.73–4.97

Erithacus marionae – E. superbus 4.57 ± 0.16 4.22–5.09

Erithacus marionae – E. (r.) caucasicus 4.53 ± 0.13 4.22–4.72

Erithacus rubecula – E. superbus 3.74 ± 0.32 3.11–4.72

Erithacus rubecula – E. (r.) caucasicus 4.07 ± 0.15 3.85–4.60

Erithacus superbus – E. (r.) caucasicus 4.21 ± 0.20 3.85–4.47

Other Canary Islands endemics (interspecific)

Columba bollii* – C. trocaz 2.47 ± 0.17 2.24–2.73

Phylloscopus canariensis* – P. collybita 3.50 ± 0.24 3.23–3.85

Saxicola dacotiae* – S. rubicola 2.68 ± 0.22 2.36–3.11

Fringilla teydea* – F. polatzeki* 2.03 ± 0.07 1.99–2.24

Fringilla canariensis* – F. maderensis 1.60 ± 0.02 1.24–0.99

Robins (intraspecific)

Erithacus marionae 0.23 ± 0.17 0–0.62

Erithacus rubecula 0.29 ± 0.25 0–1.24

Erithacus superbus 0.66 ± 0.44 0–1.37

Note: All values are p-values calculated from strictly homologous sequence data of all taxa with complete 
deletion of missing sites.

T A B L E  1   Levels of cytochrome b 
sequence divergence in robins (Erithacus) 
and four pairs of Canary Islands endemic 
species (marked with asterisk) and their 
sister-taxa

F I G U R E  3   Number of unique song types in song sequences of three species of Erithacus robins
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in PC1 (p < .001) and PC2 (p < .05) (Tukey's post-hoc 
comparisons).

The initial DFA led to a 100% correct classification of 
the songs of each of the three groups. The variables most 
important in the discrimination were: absolute phrase 
duration, song duration, total number of notes in song, 
number of low frequency notes, number of mid frequency 
notes and mean phrase duration (Table S7). The first of 
the two discriminant functions accounted for 91.3% of the 
variation, and the second accounted for 8.7% of the varia-
tion (Table S7). A scatterplot of the first two roots is shown 
in Figure 4. The jackknife procedure also provided a high 
degree of predictive discrimination, with 55 of 60 (91.7%) 
individuals being correctly assigned to their taxon.

Characteristics of the tic calls are given in Table S8 and 
illustrated in Figure  S2. The tic calls of both E. r. mari-
onae and E. r. superbus had a significantly narrower fre-
quency range than those of European E. rubecula. To the 
human ear, tic calls of E. r. marionae and E. r. superbus 
sound less sharp than those of European E. rubecula. The 
tic calls of E. r. marionae differed from E. r. superbus in sig-
nificantly lower minimum and maximum frequency, and 
from European E. rubecula in significantly higher mini-
mum frequency but lower maximum frequency (Mann–
Whitney U test, Table  S8). The tic calls of E. r. superbus 
differed from European E. rubecula in significantly higher 
minimum frequency (Mann–Whitney U test, Table  S8). 
These differences remained significant after Holm's se-
quential Bonferroni test.

The seep calls differed among the three groups 
(Table S9, Figure S3). In E. r. marionae, the seep call is a 
rising note. In E. r. superbus, the note first rises and then 
falls in pitch, whereas in E. rubecula from Europe the call 
is a falling note. Compared with European E. rubecula, 
seep calls of E. r. marionae and E. r. superbus had a sig-
nificantly lower starting frequency, lower maximum fre-
quency and a narrower frequency range (Mann–Whitney 
U test, Table S9). These differences remained significant 
after Holm's sequential Bonferroni test. The frequency 
change from start to end was positive in E. r. marionae but 
negative in E. rubecula from Europe. The seep call of E. r. 
marionae differed from that of E. r. superbus in greater fre-
quency change from start to end (one-way ANOVA with 
Bonferroni correction, Table S9).

3.3  |  Plumage

Both E. r. superbus and E. r. marionae (Figure S4) differ 
from E. rubecula from Europe and North Africa in (i) the 
presence of a pale eye ring, (ii) a darker and greyer band 
of ash-grey on forecrown and from side of crown down to 
side of breast, (iii) deeper rufous-chestnut face and chest, 
(iv) darker, greyish olive upperparts and (v) whiter belly
and vent. These differences are also noticeable in live
birds under field conditions (G.S., J.A.L. pers. obs.).

3.4  |  Morphometrics

Measurements and results of statistical tests are given in 
Table S10. In both males and females, wing and bill length 
differed significantly among the three groups. Male and 
female E. r. marionae had shorter wings than both E. r. 
superbus and European robins of the corresponding sex. 
Similarly, male and female E. r. superbus robins had 
shorter wings than E. rubecula from Europe and North 
Africa. Bill length of male E. r. marionae did not differ 
from that of E. r. superbus robins but was significantly 
greater than that of E. rubecula from Europe and North 
Africa. Both male and female robins from E. r. superbus 
had longer bills than E. rubecula from Europe and North 
Africa of the corresponding sex.

4   |   DISCUSSION

4.1  |  Taxonomic status of Tenerife Robin

Erithacus superbus was originally described as a distinct 
species (Koenig, 1889). With the adoption of the polytypic 
species concept in the early 1900s, it was downgraded 

F I G U R E  4   Discriminant function scatterplot of song variables. 
Depicted are the two roots of 24 song variables measured for 
Erithacus marionae, E. superbus and E. rubecula (N = 60)
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to subspecific rank and included in E.  rubecula (e.g. 
Bannerman,  1912; Polatzek,  1908). This treatment has 
been followed universally (Collar, 2020; Cramp, 1988; Gill 
et al., 2022; Lack, 1946; Ripley, 1964; Vaurie, 1959). More 
recently, Bergmann and Schottler  (2001) proposed that 
E. superbus be reinstated as a full species, based on dif-
ferences in plumage and songs, and the reduced response
of E. r. superbus to songs of E. rubecula from Europe and
North Africa. The differences in song duration and tic calls
identified by Stock and Bergmann (1988) and Bergmann
and Schottler  (2001), and a difference in the proportion
of low frequency notes in songs (Larsen et al., 1997), are
corroborated by the present study. Our study has docu-
mented numerous other differences between the songs
of E. r. superbus and E. rubecula from Europe and North
Africa, and in the sonagraphic structure of female begging
calls. In addition, differences between E. r. superbus and E.
rubecula from Europe and North Africa have been docu-
mented in wing length and bill length (Dietzen et al., 2003;
this study) and egg coloration (Koenig,  1890; Meade-
Waldo,  1890; Bannerman,  1963; Schönwetter,  1960–
1992). Furthermore, no haplotypes are shared between E.
r. superbus and E. rubecula from Europe and North Africa
(Dietzen et al., 2003, this study), and the two taxa are char-
acterised by a high level of genetic divergence (Dietzen
et al., 2003, this study).

The plumage, songs, tic calls and seep calls of E. r. super-
bus and E. rubecula from Europe and North Africa differ 
diagnosably and thus satisfy the diagnosability criterion 
of the Phylogenetic Species Concept (Cracraft, 1983). The 
criterion of reproductive isolation, the defining criterion 
of the Biological Species Concept, cannot be applied di-
rectly to taxa with allopatric breeding ranges (Mayr, 1969). 
However, three lines of evidence suggest that there are in-
trinsic barriers to interbreeding. First, Tenerife (E. r. super-
bus) and the west Canarian Islands La Palma, El Hierro 
and La Gomera (E. r. rubecula) are geographically close, 
the shortest distance being a narrow <30 km stretch of 
water between La Gomera and Tenerife. Thus, on geo-
graphic grounds these populations may be expected to in-
terbreed regularly, yet no shared haplotypes were found 
(Dietzen et al., 2003, this study), although this evaluation 
of gene flow is limited by the absence of nuclear mark-
ers and by the relatively low number of individuals sam-
pled. In contrast, populations of Phylloscopus canariensis, 
Anthus berthelotii, Serinus canaria or the three Sylvia war-
blers breeding in the Canaries seem to interbreed regu-
larly (Dietzen et al., 2006, 2008a; Illera et al., 2007, 2020). 
Second, E. rubecula from Europe and North Africa and E. 
r, superbus show differences in plumage and song char-
acters. Such differences are commonly observed among 
closely related but reproductively isolated species in chats 
and flycatchers, including Saxicola, Luscinia, Tarsiger, 

Phoenicurus and Ficedula (e.g. Cramp,  1988; Martens & 
Eck, 1995; Urquhart & Bowley, 2002). Furthermore, dif-
ferences in plumage and song characters are known to be 
involved in species recognition and reproductive isolation 
in Ficedula (Alatalo et al., 1994; Qvarnström et al., 2006). 
Finally, a playback study has shown that E. superbus re-
sponds less often and less intensely to playback of songs 
of E.  rubecula than to those of E.  superbus (Stock & 
Bergmann, 1988), demonstrating that individuals of E. su-
perbus are able to discriminate among songs of E. rubecula 
and E. superbus.

The combination of monophyly and evidence for in-
trinsic barriers to gene flow suggests that E. superbus 
and E. rubecula meet the criteria for species status pro-
posed by Avise and Ball (1990) and Johnson et al. (1999). 
Application of the guidelines for assigning species rank 
proposed by Helbig et al. (2002) also suggests that E. su-
perbus and E. rubecula should be treated as species: both 
taxa are diagnosable by plumage, song and calls, and the 
level of mtDNA divergence is similar to, or exceeds, that 
of other species pairs, including members of the closely 
related genera Stiphrornis, Sheppardia and Cossypha 
(Voelker et al., 2009), as well as five other endemic birds 
species on the Canary Islands (Table 1).

The well-supported monophyly of Tenerife and 
European robins in the cytochrome b gene tree (Figure 2) 
is concordant with differentiation in several other charac-
ters, which suggests that each taxon has a unique evolu-
tionary history. We conclude that the robins on Tenerife 
represent a diagnosably distinct and potentially reproduc-
tively isolated lineage which merits treatment as a species 
(de Queiroz, 1999; Padial et al., 2010).

Erithacus rubecula and E.  superbus satisfy all com-
monly applied species criteria, including diagnosability, 
reproductive isolation, monophyly of gene trees and com-
binations thereof (Avise & Ball, 1990; Helbig et al., 2002; 
Johnson et al., 1999). Thus, we agree with Bergmann and 
Schottler (2001) that E. superbus is best treated as a spe-
cies. The name Tenerife Robin was proposed by Bergmann 
and Schottler  (2001) and is appropriate. We propose the 
Spanish common name ‘Petirrojo de Tenerife’.

4.2  |  Taxonomic status of gran
Canaria Robin

The results of this study document that the taxon mario-
nae represents a population distinct from both E. superbus 
and E. rubecula. This view is supported by several lines of 
evidence. Gran Canaria robins differ from E. rubecula in 
plumage (this study), morphometrics (Dietzen et al., 2003; 
this study), song (Tables 2 and S5, Figures 3, 4 and S1) and 
both tic (Figure  S2) and seep calls (Figure  S3) and from 



|  639SANGSTER et al.

E. superbus in song (Tables  2 and S5, Figures  3, 4 and
S1), tic calls (Figure S2), seep calls (Figure S3) and wing
length and shape (Dietzen et al.,  2003, 2015). Although
songs of Gran Canaria Robins are superficially similar
to those of E. superbus, they could be correctly classified
in 100% of the cases using multivariate analysis. In addi-
tion, if E.  rubecula and E.  superbus are accepted as spe-
cies, the sister-group relationship of the Gran Canaria
population to E. rubecula + E. superbus indicates that the
Gran Canaria population should also be treated as a spe-
cies. Furthermore, the high level of genetic divergence
between the Gran Canaria clade and E. superbus (4.6%),
E. rubecula (4.2%) and E. r. caucasicus (4.5%), indicates
a long period of isolation. These levels of divergence are
similar to or exceed those of other Canarian endemic spe-
cies and their sister-taxa (Table  1). Valente et al.  (2017)
calculated the divergence of the Gran Canarian E. r. mar-
ionae from other Erithacus robins at 2.95 million years be-
fore present. Although sequence divergence should not be
used in isolation to delimit species (Sangster, 2000), high
levels of sequence divergence, in combination with a dis-
tinct phylogenetic position and differentiation in multiple
characters, provide strong support for the hypothesis that
the Gran Canaria Robin represents a unique lineage that
should be recognised as a species under the general lineage
concept of species (de Queiroz, 1999; Padial et al., 2010).

Dietzen et al. (2015) introduced the name Erithacus ru-
becula marionae for the Gran Canaria taxon. We conclude 
that this taxon is best treated as a species, which becomes 
E. marionae. Dietzen et al.  (2015) proposed the English
common name ‘Gran Canaria Robin’ and the Spanish
common name ‘Petirrojo de Gran Canaria’.

4.3  |  Taxonomic status of
Caucasian Robin

Our phylogenetic analysis placed the single sample from 
Georgia (E. r. caucasicus) outside the E.  rubecula clade, 
but its exact position was unresolved. The distinctiveness 
of this specimen is underscored by the high levels of se-
quence divergence from E. rubecula (4.1%) and E. superbus 
(4.2%) (Table 1). A previous study based on mitochondrial 
CO1 sequences also reported a high level of sequence 
divergence between a single bird from the Caucasus 
(Krasnodar, Russia) and six individuals from elsewhere 
in Russia (Kerr et al.,  2009; see also Bilgin et al.,  2016). 
Genetic distinctiveness of Caucasian populations was 
already documented for other Palearctic species, such 
as the Eurasian Nuthatch, Sitta europaea (Nazarizadeh 
et al., 2016; Päckert et al., 2020), the Coal Tit, Periparus 
ater (Tietze et al., 2011), the Dunnock, Prunella modularis 
(Drovetski et al., 2018) and the Eurasian Wren, Troglodytes 

troglodytes (Albrecht et al.,  2020). Morphologically, E. r. 
caucasicus differs from European E.  rubecula by its ru-
fous uppertail-coverts and basal half of the tail (Roselaar 
in Cramp, 1988). Unfortunately, sound recordings of the 
vocalisations of this taxon is limited to three recordings of 
the song of presumably the same individual in Azerbaijan 
(XC480540–42) and a recording of a call from Azerbaijan 
(XC480543). A proper evaluation of the taxonomic status 
of Caucasian robins should await detailed study of its phy-
logenetic position, vocalisations, morphology, geographic 
distribution and interactions with E. rubecula in any area 
of contact.

4.4  |  Biogeography

Recognition of Tenerife and Gran Canaria Robins as 
separate species adds two single-island endemics to the 
Canary Islands avifauna. Erithacus superbus is one of four 
endemic bird taxa from Tenerife of which the evolution-
ary distinctiveness has been corroborated by a molecular 
phylogeographic study. The other three taxa are Regulus 
regulus teneriffae, Fringilla canariensis canariensis and 
Cyanistes teneriffae teneriffae. All three are also found on 
La Gomera.

Erithacus marionae is the second endemic taxon on 
Gran Canaria to be raised to species rank. Gran Canaria 
Blue Chaffinch Fringilla polatzeki is currently treated as a 
species based on differences from Tenerife Blue Chaffinch 
F. teydea in plumage, songs, calls, sperm morphology
and mitochondrial and nuclear DNA sequences (Lifjeld
et al., 2016; Pestano et al., 2000; Sangster et al., 2016). Two
other endemic taxa are also phylogenetically distinct but
have not been shown to differ diagnosably in song from
their closest relatives. These are the Gran Canarian sub-
species of African Blue Tit Cyanistes teneriffae hedwigii
(Dietzen et al., 2008b; Illera et al., 2011; Kvist et al., 2005;
Päckert et al., 2013) and Canary Islands Chaffinch F. ca-
nariensis bakeri (Illera et al., 2018; Recuerda et al., 2021;
Suárez et al., 2009).

The pattern of phylogenetic relationships of robins 
suggests that the colonisation of the extant robins in the 
Canary Islands was not the result of one wave but two or 
three. This is similar to some other genera that contain 
endemic species of birds on the Canary Islands, such as 
Fringilla (Recuerda et al., 2021) and Columba (Gonzalez 
et al.,  2009). The oldest event of colonisation was esti-
mated to have occured 2.95 (1.46–4.59) million years ago 
(Valente et al.,  2017). The robins occurring on Tenerife 
colonised the island almost 1 million years after (2.17 
[0.99–3.25] million years ago). Finally, the western rob-
ins colonised recently the remaining Canary Islands 0.75 
(0.32–1.13) million years ago. (Valente et al., 2017).
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