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The phylogeographic differentiation of the European
robin Erithacus rubecula on the Canary Islands
revealed by mitochondrial DNA sequence data

and morphometrics: evidence for a new robin
taxon on Gran Canaria?

Christian Dietzen', Hans-Hinrich Witt? and Michael Wink'

Sequences of the mitochondrial cytochrome-b gene (1125 basepairs) of the European robin,
Erithacus rubecula, from the Canary Islands, Spain, reveaied new insights into the syste-
matics and phylogeography of this taxon. Additionally, a range of morphological measure-
ments was investigated by using discriminant function analysis. Genetic and morphological
data show no differences between robins from the western Canary Islands and mainland Eu-
rope and these populations should be retained within the nominate form E. r. rubecula. Se-
quence data revealed well defined haplctypes and distinct genetic distances between £. 7.
superbus, both from Gran Canaria and Tenerife. E. r. superbus from Gran Canaria takes a
more basai position and birds from Tenerife are more closely related to E. r. rubecula than
are birds from Gran Canaria. Statistical analysis of measurements aiso showed significant
differences in wingtip shape. We propose to treat the robins from the Canary Isiands as a
superspecies containing E. [r.] rubecula (western Canary Islands and Europe), E. [r.] super-
bus (Tenerife) and a new taxon E. [r.] marionae frormn Gran Canaria.
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The Canarian archipelago (Spain) consists of seven
major islands in the eastern Atlantic. Ocean {(between

27°37" and 29°25’ N, and 13°20’ and 18°10° W), the’

distance to adjacent African mainland being between

110 km (Fuerteventura) and 460 km (La Palma). The
islands are of volcanic origin and, according to general

opinion, have never been connected to the Aftican
_continent (Abdel-Monem et al. 1971, Kunkel 1976,
Schmincke 1979, 2000). The age of the islands in-
creases from west to east and ranges from less than 1
million to 20 million years (Fig. 1). Together with Ma-
deira, the Azores and Cape Verde Islands, the Canary
Islands form the Macronesian archipelago. Because of
- these characteristics the Canary Islands are a prime lo-

cation for investigations into the evolution and deve-
lopment of oceanic island biota. This is documented in
an increasing number of publications with a focus on
molecular phylogeny (e.g. Estoup et al. 1996, Gonza-
lez et al, 1996) and phylogeography (e.g. Thorpe et al.
1994, Brown & Pestano 1998, Emerson etal. 1999, No-
gales etal, 1998) of different animal taxa. These papers
highlight the differences in the colonisation pathways
and histories of mainly flightless beetle species and
reptiles {for review see Juan et al. 2000).

Due to their oceanic origin and velcanic history the
Canarian flora and fauna contain a large proportion of
endemic species, comparable to the Hawaiian and Ga-
lapagos Islands. The percentage of endemism in the
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pative flora is approximately 30 % but can reach more
than 90 % depending on the vegetation zone investi-
gated (Schonfelder & Schonfelder 1997, Bergmann
2000). Animal taxa achieve similar values to plants, for
example 70 % of carabid beetles, 42 % of aculeate hy-
menopterans (Bergmann 2000} and 100 % of reptiles
(Bischoff 2000) are endemic. Amongst the 75 native
breeding birds seven species (including two extinct) are
endemic to the Canaries (13 %) and a further three are
Macronesian endemics (Bannermann 1963, Martin &
Lorenzo 2001). Most of the remaining species are re-
presented by endemic subspecies {n=26; 35 %) distinct
from their closest relatives on the European and Affi-
can mainland (Baez 1592, Martin & Lorenzo 2001).
Our current knowledge of the taxonomy and syste-
matic position of the Canarian avifauna is mainly based
on morphological and bioaccustical studies {e.g. Vau-
rie 1959, 1965, Cramp 1988). So far, the systematics of

only a few Canarian bird taxa have been investigated by

using molecular tools, e.g. pipits Anthus spp. (Arctan-
der et al. 1996), chaffinches Fringilla spp. (Marshall &
Baker 1999), stonechats Saxicola spp. (Wittmann et al.
1995, Wink et al. 2002a, b), chiffchaffs Phylloscopus
spp. (Helbig et al. 1996), and bustards Chlamydotis spp.
{Gaucher et al. 1996, Broders et al. 2003). The use of
molecular genetics for answering phylogenetic ques-
tions has become a valuable and widely applied tool,

) Figure 1. Lo-
cation and
: ' age of the
Canary |s-
tands, Spain
(after Juan et
© al. 2000}. Ma
= million
years.

especially if morphologically similar and closely related.
taxa are involved (e.g. Helbig et.al. 1996, Wink et al.
1993, Heidrich & Wink 1954, Helbig & Seibold 1999).
The European robin Erithacus rubecula is distributed
over large parts of the Western Palaearctic from western
Siberia in the east to the Tberian Peninsula in the west
(Cramp 1988). Several subspecies have been described -
(Vaurie 1955, 1959, Cramp 1988, Pitzold 1995) but the
morphological differences are merely clinal and not
very distinct. The nominate form E. r. rubecula inhabits
large parts of Europe and northwest Africa and the west-
em Canary Islands (La Gomera, El Hierro, La Palma),
Madeira, and the Azores. The birds from these Atlantic
islands have formerly been regarded as a separate sub-
species E. r. microrhynchos (e.g. Hounsome 1993, Mar-
tin & Lorenzo 2001) but are usually included in rube-
cula (Lack 1946, 1951, Vaurie 1959, Cramp 1988, Cle-
ments 2000). The subspecies E. » melophilus from the
British Isles shows a slightly more intensive breast co-
louration and more olive upperparts. E. » witherby from
northern Africa is sirnilar to melophilus. Several other
subspecies occwring in eastern Europe, the Balkans
and the Middle East are almost indistinguishable from
the nominate form. The most obvious taxon, E. » su-
perbus, which inhabits the mountain forests of Tenerife
and Gran Canaria, is easily separated from the nominate
form by its deep orange-red breastpatch, white eye ring, -
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grey forehead and necksides, ‘and white belly (Koenig

1890, Vaurie 1959, Cramp 1988). Recent morphologi-
cal and acoustical research led to proposals for specific
recognition of this taxon as E. superbus, the ‘Tenerife
robin’ (e.g. Bergmann & Schottler 2001). Due to the
lack of suitable habitat the two desert islands of Fuer-
teventura and Lanzarote are not inthabited by robins and
the species there occurs in small numbers only during
migration {(Martin & Lorenzo 2001).

A project on the molecular phylogeography of seve-
ral passerine bird species in the Macronesian archipe-
lago gave us the opportunity to investigate the syste-
matics of Erithacus rubecula on the Canary Islands by
using molecular tools. We used sequences of the mito-
chondrial cytochrome-b gene to study the phylogeo-
graphic differentiation, and test phylogenetic relation-
ships of the taxa involved, in particular the validity of
the specific status of E. superbus as proposed by Berg-
mann & Schottler (2001). A further objective concerned
the colonisation history of the robin in the Macronesian

archipelago.

Material and methods

Samples

. The samples for this study were obtained from live

birds on the Canary Islands in 2002 (Table 1). The birds-

were captured with mist-nets, measured, weighed and
small blood samples obtained by puncturing the bra-
chial vein. Afterwards the birds were released and the
blood samples preserved in storage buffer containing
0.1 M Tris, pH 7.4, 10 % EDTA, 1 % NaF, 0.1 % thy-
mol and frozen at —20 °C as soon as possible untii fur-

ther processing. Blood samples were collected with per-
mission of the Consejeria de Politica Territorial y Me-

dio Ambiente (permit No 249).
Sequencing

Total genomic DNA was extracted from the stored
blood samples by an overnight incubation at 37 °C in
lysis buffer (10 mM Tris [pH 7.5], 25 mM EDTA,
75 mM NaCl, 1 % SD8) including I mg Proteinase K.
(Boehringer Manoheim) followed by a standard phe-
nol/chloroform protein extraction. DNA was precipi-
tated from the supérnatant with 0.8 volumes of cold iso-
propanol, centrifuged, washed, dried and resuspended
in TE buffer.

The mitochondrial cytochrome-b gene was amplified
by PCR from the total genomic DNA using the specific
primers L14854 (5’-GGK TCT TTC GCC CTM TC-
3”), mt-Al (L14995; 5'-GCC CCA TCC AAC ATC
TCA GCATGA TGAAAC TTC CG-3") with mt-Fs-I
(H15917; 5°-TAG TTG GCC AAT GAT GAT GAA
TGG GTGTTC TACTGGTT-37; cf Fig. 2). ‘K’is cod-
ing for guanosine or thymidine, ‘M’ for adenosine or
cytidine and “Y” for thymidine or cytidine. The total re-
action volume was 50 pi containing 1.5 mM MgCl,
10 mM Tris (pH = 8.5), 50 mM KCl, 100 uM dNTPs,
0.8 units Taqg polymerase (Pharmacia Biotech, Frei-
burg), 200 ng DNA and 5 pmoles of the above primers.
The cycle protocol consisted of (1) an initial denatura-
tion at 94 °C for 10 min, (2) 30 cycles including dena-
turation at 94 °C for 1 min, annealing at 53 °C for 1 min
and extension at 72 °C for 2 min followed by (3) a final
extension period at 72 °C for 10 min. PCR products
were stored at 4 °C until further processing. Before
sequencing PCR products (1 volume) were precipitated

NDS5 Cytb {RNA Thr

Figure 2. Position of pri- : :
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tions. Small arrows indi-
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114854 — mt-Fs-H 1063 nucleotides
mt-Al - mi-Fs-H 922 nucleotides
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Tabbi.sm)ﬁﬂgmﬁmsbfﬁumpemmbh\sEﬁﬂmMmmm’in this study.

No Locafion Latitude/t ongitucde lsland
A Maradias 28 4N 177 48°'W La Paima
Ro2 Laguna de Barlovernto 28° 48°N 17°48W La Paima
RO3 Hogue Nubio 27° 568" N 15° 36'W Gran Canaria
RO Rogue Nublo 27° 56'N 157 36'W Gran Canaria
Ro5 de ia Jara 28° 27 N 16° 22'W Tenorife
206 de i Jars 2R 2T N 18 22W Tenerite
Ko7 Aguagarcia/Lomo de 1a Jara 28° 2T N 16° 22°W Tenerite
Roe El Portiflo 28° 18N 16° 3T W Tenerite
Ri0 Frietendort 50° 58'N 09° 20°E Germany
Rt Ladam de Tigriga 28° 20°N16° 31'W Tenorite
Ri2 Ladera da Tigaiga 28° 20'N 16° 31'W Tenerife
R15 Ladara de Tigaiga 28°20° N 16° 1'W Tenerife
Rt6 Ladera de Tigaiga 2B* 20'N 16° 31'W Tenerile
R17 Monte det Aguas 28° 19'N 16° 48°W Tenerita
1234} Monte def Aguas 2R 1PN 40°W Tenerite
Rig Batdn de Arriba 28° 31'N 18° 18'W Tenesite
R20 j de la Jara 28° 27 N 168 2Z2W Tenerik:
R21 Aguagarcia’t omo de la Jara 28° 27N 16° 22’ W Tenerife
R22 Aguagarcia/t.oma de ia Jara 28° 2T N1 22°W Tenarife
R23 Aguagarcia/Lomo de la Jara 28° 27N 16° 22’W Tenerile
"24 - de & Jara 28° 27N 16° 22°W Tenarite
R25 Barranco de Fernando 2B AT N 17T 5T W L.aPaima
R26 Lomo de los Pajarcs 28° AT N 1T 4T W LaPalma
R27 Jusgo de Bolas (Las Rosas) 28 NI IZW La Gomera
R28 Lomo de la Mulats 28° 04 N1 1I5'W La Gomera
1!29 Lomo de la Mulats 2 2B D' N 177 15W La Gomara
A30 28° 09'N 17° 13'W La Gomem
R31 Cruz de los Reyes a7° 42'N 1B OT'W El Hierro
H32 Fiazya la Liania 27° 44'N 18 00'W El Hierro
R33 San Sakacior 27°43'N 182 O1T'W El Hiarro
A3 La Mareta Z7° 46N 17°58'W El Mietre
R3S Reserva Natal de Ef Brezal 2B° 07N 15° 37 W Gran Canaria
A36 Baranco de la Virgen 20° 03N 15° 34°'W Gran Canaria
R37 Barranco ol Laured 28°04' N 15° 35°W Gran Canaria
R38 Barranco de ia Virgen 28° 03N 157 34°'W Gran Canaria
R38 Barranco de:ia Torre 28° 1 NI S4W Fusrtesantura
2711 Catalina Garcla 28° 16 N 14°01'W Fuertoventura
R41 Rio Samore 38° 58' N 08° 5Z'W Portugal
R42 Taboaco 41° 06 NO7T° 4TW Portugal
f43° Rio Tedo 41° 06N O7° 45'W Portugal
Ra4 Rio Tedo 4106 NG 45W Portugal
R45 Cniz de ios Reyes 7T AZ N IB° 0TI Ei Hiemo
R46 Cruz de ios Reyes 27° 42 N 18°O0T'W El Hierro
R47 Cruz de ios Reyes P42 N1B°OT'W E! Hierro
R48 Cruz de los Reyes 2742 N 18°G1T'W Et Hierro
R49 La Mareta 27 46'N 17 55°'W El Hietro
AR50 Le Marsia ST 48N 17 58'W £l Hiatro
R51 La Mareta 2746 NIT55W El Hiao
As2 El Breazal 2TATNISTOCW El Hiemro
A53 Et Brezal 27 4FN18°00W £l Hiemmo
R4 Lomo de la Mulata 2804 N 177 15'W La Gomen
28 NI7TI5W La Gomers

Lomo de la Maudata 2
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No Location Latitude/longthide Istand

R56 Lomo de ta Mulats 2 2B 04’ N 17 I5W La Gomem
Rs7 Monte Garajonay 28° 04 N17° I5W La Gomera
R58 Monte Garajonay 28° 04N 17° 15W La Gomera
159 Reserva Natural de El Brezal 28° 07N 1H° 37W Gran Canaria
860 Barmanco de la Virgen 28°03'N 15°34'W Gran Canaria
R81 Barmranco de ta Virgen 28° O3'N 15° 34'W Gran Canaria
Re2 Barranco de la Virgen 28O N15° MW Gran Canana
A63 Barranco de la Virgen ZEPOTN15° 4'W Grars Canaria
A4 Barranco de la Virgen 28° 03N 157 34'W Gran Canaria
RE5 Barmanco del Laurel 28°04'N 15° 35'W Gran Canaria
1.4338 Jan Festo 43" XY NOS°22°E France
3.4340 Heideberg 49° 24'NO8° 41'E Germany
4.4341 Madeira 32° 44'N 16° 59W Portugal

with 4 M NH_Ac¢ (1 volume) and 6 volumes ethanol.
After centrifugation for 15 min at 13 0 rpm, DNA pel-
lets were washed in 70 % ethanol and dilited in 15 4l
of distilied water.

A cycle sequencing reaction (total volume of 10 gl)
contained 2 ul of reaction mix (according to the BigDye
Terminator Protocol: Applied Biosystems), 10 pmol
primer L14854, mu-Al or mt-C (L15320: 5°-TAY GTC
CTA CCA TGA GGA CAA ATA TCA TTC TGA GG-
37, and 2-5 i of the template. The cycle sequencmg
protocol included 25 cycies of 10 3 at 96 °C, 5 5 at
52 °C und 4 min st 60 °C. Sequencing products were
purifiest by precipitation: | volume of reaction mix, 1/10
volumes of 3 M NaAcctate (pH 4.6}, 2.5 volumes of
ethanol. After centrifugation for 15 min at 13 000 rpm,
DNA petiets were washed in 70 % ethanol and dituted
in 20 ui of distilled water. The purified sample was di-
luted 1:5 in water and applied to a 16-colunn automa-
tic capiliary seguencer (ABI 3100) using 50-cm and
80-cm capillaries and POPS as » polymer. Sequences of
other turdid taxa used for comparison were obtained
earlier using an Al Fexpress I, as described previous-
by (e.g- Wink et al. 20022},

The sequences used in this analysis are deposited
at GenBank under accession numbers AY286333-
AY 286400,

Phylogenetic Analysis
By using different primer combinations. overlapping

sequences with 8 combined length of 1125 nucleotides
were obtained. Sequences were carefully aligned and

net pairwise genetic p-distances and corrected Kimura
{1980} 2-parameter distances calculated with MEGA
version 2.1 {(Kumar et al. 2001). Phylogenetic trees
were consiructed employing PAUP*4b10 (neighbour-
joining and maxirum parsimony; Swofford 2001) and
MrBayes version 2.01 (Bayesien inference of phyloge-
ny; Huelsenbeck & Ronquist 2001). Neighbour-joining
analysis was performed nsing Kimura's (198C) two-pa-
rameter modet and bootstrapped 1000 tines. Results
were similar to the msxirnum parsimony malysis, and
oniy the latter is shown. For maximum parsimony ans-
Iysis (heuristic search) all characters were unordered
and of cqual weight. Starting trees were obtained via
stepwise addition with sddition sequence as closest,
and the branch-swapping algorithm was set fo tree-
bisection-reconnection {TBR). From the resulting 500
shortest trees & sirict consensus apd 2 50 % majority rule
consensus tree were estimated. For bootstrap analysis
500 replicates with branch-and-bound algorithm were
run. To describe the trees obtained the following statis-
tics were calculated as described by Swofford (2001):
tree length, consistency index (Cl), bomoplasy imdex
(HI), reicotion index (RI} and rescaled consistency
index {(RC). Furthermore the sequence dats were ana-
lysed by using Bayesian inference of phylogeny (Huel-
senbeck & Ronguist 2001). The calculations were
based on the general time reversible (GTR) model
(Tavaré 1986, Swofford et al. 1996) and performed with
300 000 Markov cheins Monte Carlo from a random
starting tree. The first 500 trees were ignored. Nucleo-
tide frequencies for the starting tree were estimated (A
=0,27789, C =0.35630, G = 0.13190. T =6.23391).
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The following population analyses were performed
with Arlequin version 2.000 (Schneider et al. 2000).
Gene flow berween populations was estimated using
F-stamstics (Wright 1928) and Fst values were imter-
preted as suggested by Wright (1978). For investigs-
tions of population history, pairwise mismaich distri-
butions were calculated after the “infinite sites’ model
{Kimura 1971) and plotted against expected values fol-
jlowing the ‘mode! of sudden expansion” (Rogers &
Hupending 1992). Genstic structure was cvaluated
using snalysis of molecular variance (AMOVA). Two
assumed genefic structures were tested with samples
from Gran Canaria and Tenerife in one group opposed
to the remsining sampies in the second group, and with
Gran Canaria, Tenerife and the rernaining samples each
forming separate groups.

Marphometrics

Al birds captured for sampling were measured and
weighed. The following measurements were taken ag
described in Svensson (1992). maximum wing length,
Jength of primaries (P} 1-9 and secondary (S) 1. length
of tarsus, length of bill tip to distal end of nostril {Na-
LoSpi), bift width, bill height, bill length from tip to
skull and length of footspan for outer, middle and inner
toe. Measurements were exact t¢ 0.5 mm (wing) and
0.1 mm (leg and bill) respectively; the weight of the
birds was mecasured using 2 digitsl balance (Ohaus
CS200) exact 10 0.1 g.

All measurernems were analysed for variance by
MANO VA using SPSS version 5.0.2 (SPSS Inc. 1993).
Significance lewvels wese set at P < 0.05 (* significant)
and P 5 0.01 (** highly significant). To investigate pos-
sible morphological differentistion between popule-

o

tions the data were entered info a discriminant function
analysis (Wilks’s Lambda). Wingtip shape charscieris-
tics were calcuiated following Lockwood et al. (1998).
Only adult birds not in moult were included.

‘Results

The cytochrome-b gene was sequenced from 66 robins
and a further seven turdid species of the genera Turdus
(outgroup), Luscinia, and Saxicola. The sequences ob-
tained could be aligned without difficuity and no stop
codons were encountered The employment of different
primers which produced overlapping sequences gave
seme additional proof thut the sequences were correct
and of mitochondsial origin.

1125 nucleotides in the robin dataset showed 226
20.1 %) varinble sites of which 85 (7.5 %) were parsi-
mony informative, The net pairwise genetic p-distances
between and within the island populations are shown in
Table 2. The distances between E. r. rubecula (rubecy-
{a bereafter) of the westem Canary Islands and Euro-
pean mainland and E. r superbus (superbus hereafier)
varied between 2.7 and 5.1 % (mean 3.8 %} The most
striking feature, however, is that superbus from Gran
Canaria clearly differs from those of Tenerife by 3.7
0.7 %. The superbus from Tenerife differ from rubecy-
ta by 2.7--3.2 % (mean 2.9 %) while a geaetic distance
of 4.6-5.1 % (mean 4.8 %) was found between super-
bies froro Gran Canaria and rubecuia. In rubecula the
divergence between different islands including main-
isnd Europe did not exceed 1.1 % (0.11-1.1 %, mean
0.6 %). Within the island populations the genetic dis-
tunces were small (mean 0.5 %), and the greatest with-
in-group distance was found on Tenerife (1.1 £ 0.2 %).

Tmz.mmmm{m&gomnmw-&pmmmmmm
mmdmemmmmuz&mmdmmmw
tochrumebm.mttwdagom!{bcﬁd}arememrqmpm.Shownmmemannetdismmas{%}ts.e.

[t} [2] {3} 4 (5} [}
{1} 1.a Paima 06 £ 0.2 03z Q2 0.4 £ 0.2 34+ 07 854+ 10 05 = 02
[2] La Gomera 03z 02 01 =+ 0.1 00 » 0.0 29+ 07 49 = 1.0 0t x 01
[3] El Hierro 04+ 02 8.0 x 0.0 4.t = 01 28 £ 0.7 40+ 1.0 0.1 £ 0.0
[4] Tenerite 3207 28 + 08 28 + 086 .12 02 39+ 07 28 =+ 0.7
[5] Gran Canasria 51x08 47 £ 0.8 47 £ 0.8 37 =07 04 = 01 49 2 0.9
[B] Eurcpe 0.5 + 0.2 0.1z 0.1 01 2 0.0 27+ 086 46 + 0B g6+ 02
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Most differences within the island populations were
duc to single nucieotide substitutions. Only on Tenerife
could several distinet haplotypes be identified; one bird
(sample ROS5) caught on Tenerife showed strong affini-
ties to the haplotype found on Gran Canaria.

The phylogenetic analysis led to more or less identi-
cal tree topologies for all three tree buikding methods
used (see Figs 3 and 4; neighbour joining results are not
shown because they show a similar outcome to maxi-
mum parsimony and Bayesian inference of phylogeny).
The geaus Erithacus forms a monophyletic ciade sup-
ported by high bootstrap values (99100 %) in neigh-
bour-joining and msxirmam parsimony analyses. With-
it Erithacus three distinet groupings can be recognised.
The superbus from Gran Canaria take 8 more basal po-
sition and are opposed to 2 clade comprised of super-

= 60
Gy = 3575
8, = 365.75

ui (c)
e ' w1237
B, = 5569
w0 0, = 2600.00

6 1 2 % % 5 8 T B % W M @ B
Differences

bus from Tenerife and sll rubecula. In this latier clade
superbus is clearly separated from rubecula. Alf these
groupings pain high bootstrap support (81-100 %). Ac-
cording to these results E. 7. superbus is clearly para-
phyletic. In the rubeculaclade no stable groupings
could be detected with the exception of the birds from
La Palma, wirich usually clustered together (61 % boot-
strap support). Some of the Central Enropean birds
form a small well supported (82 % bootstrap) cluster
within rubecula. Also the migrant birds caught on Fuer-
seventurz arc included in this cluster. The terminal po-
sitions within the groupings could not be resolved sa-
tisfactorily from the cytochrome-b sequences and boot-
strap values are very low (2-56 %).

Fst values between robin populations from Gran Ca-
naria, Tenerife and the western Canary Islunds pius Eu-

L)
- Tw 237
) %-0.173
15 4 ‘ ’ B, =303 7S
fo
[y
] v .
< 1 2z 2 L) 5 [ 7 4

B 17 12 1N

et 2 5 « £ & T B ¥

Figure 5. Pairwise mismatch distributions among (a} all individuals of European robins Erithacus rubecuia, (b} on
Gran Canaria, (c) Tenerife and {d} rominate E. . rubecusa. Solid lines show the observed distribution and dotted knes
the axpected distribution after the ‘suddan expansion’ model (Rogers & Harpending 1992),
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ghly significant (Tablc 3) and indicate a

gme'ﬂawbetwmmesepowlaﬁm

{Wright 1978). But we notc

that one bird ceught on Te-

o

nmmpﬁﬂﬂofﬂneegrm(l’wm&,ﬁrmmﬁamﬁ
rebecula), which explains 89.79 % of the total variance.
wﬁkﬁwclmwdivﬁkmimamw{mperbw
and rubecula) could only explain 52.39 ol of the total
variance,
mwmmammm mdi-
vi&akofﬁ:cmsb‘ritﬁwmisclmﬂymulﬁnmda!
(Fig. Sa), mdicating two ciasses of comparisons, with-
inméwweenmi:wthcbirﬁsfmncﬂncma
ﬂzpaizwiscuﬁsmhw:homamiaﬁvely
smooth and unimodsal curve, as is typicat for a recent
range cxpansion (Fig. 5h; cf. Rogers 1995), The mis-
mﬂnhdimhﬂion-ﬁxdwbﬁ'dsﬁomeri&is wmulti-

nmi&isgcwdmi!ymmclwdymmdwthcbirds modﬂﬁdk:ﬁnggwmhicmmmpopuhﬁm
ﬁmnGmnCawia\(ciiFigs3md4)»Rmﬂtsofﬁm wuhm&sﬁig.k),bmm!esizes&omdim
AMOVA(MM}wmmhmmaﬁwthc pmﬂofﬂmbhndmmsmaﬂwdisﬁnguishbctwem
mthWdEuWMMWMMMWMW

dmﬁm{ﬂmdbymw%mmﬁwdwmn.s. (ndsigniﬁcant},'(P«0.0S} or ™ (P < 0.01).

Character i.a Paima 1g Gomera  ElHiaro Tenerie Gran Canaria Fueriaventur Sign.
F

mean s.d. N meansd n meansd n meansd n mean s.d. n mean s.d. n
wsm{g] 157 03 3 187 11 8 159 08 13 182 27 16 15.3 0.9 1 148 01 2 "
Wing [ren] 7205 15 3 7.8 27 g 711 2613 6889 48 16 675 22 11 713 04 2
P9 [mm] 453 10 3 448 185 9 455 2.0 12 433 04 o 412 1.7 10 443 11 2 -
P8 [mm} 545 05 3 536 21 g 538 2112 523 o4 2 485 1510 540 14 2 ™
P7 fmm] 57.7 03 3 569 21 8 570 195 {2 584 14 2 532 16 10 s73 b4 2 07
P [mm] 583 06 3 587 25 g 580 21 12 583 25 2 580 2010 B3 04 2 ™
PS5 ] 582 08 3 582 22 g 580 1.8 12 588 18 2 87 2110 583 .1 2 °
P4 fman) 5652 03 3 554 1.7 8 547 19 12 575 15 2 533 19 10 543 182 -
73 [ 532 08 3 537 18 8 526 16 1z 550 14 2 519 18 10 528 1.1 2 ns
P2 [mm] 523 06 3 528 1.8 g 514 16 12 540 1.4 2 507 16 % 520 14 2 NS
£1 fmm] 523 10 3 522 18 8 509 7 12 535 07 z 501 1.5 10 518 1.8 2 ns.
81 fram} 512 03 3 519 20 9 505 1.7 12 530 14 2 497 1.6 10 510 14 2 ns

* ‘farsus 4

fram] 244 08 3 4% 0B 8 244 0.9 12 240 0.f 2 253 1%@)0 246 0.8 2 ns
NalLoSpi

fmm] 73 04 2 71 05 9 73 0412 72 g2 2 71 06 3 69 03 2 ns
Bili width

{rremi 47 04 2 47 03 89 47 04 12 44 gt 2 48 03 g 43 03 2 ns
Bl length .

{mmj 152 0.8 3 154 06 9 158 04 12 161 03 2 160 0510 152 08 2 nsS
il height

frmi a2 0.0 2 32 01 8 34 0.2 12 33 02 2 33 63 & 34 0.1 2 ns
Foot in

fmm} 260 14 2 258 o8 § 260 10 12 260 00 2 260 08 8 243 04 2 NS
Foot mid ' '

frarm] 25 21 2 126 1.6 § 330 1312 330 14 2 323 13 8 305 07 2 NS
Foot out

{mm] 270 14 2 264 08 g 271 0812 270 00 2 269 06 B 25.5 1 ns
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the anatysis {primaries (P) 4 + 8 and tarsus length).

Function 1 Function 2 Function 3
P4 0.82071 1.19131 0.34852
P8 -1.56119 —0.49286 0.18676
Jarsus 0.82694 —0.352048 0.74861
Eigenvaiues 2.3904 0.3584 0.0012
Parcent varigtion 86.92 % 13.03 % 0.04 %
Cumulative percentage 86.92 % 98.96 % 100 %
Canonical correlation 0.8397 0.5136 0.0340

these options. The mismarch distribution for the nomi-
sate form is rather ragged (Fig. 5d) as is usually shown
in populations in equilibrium (Ziok 1997).

Statistical snalysis of morphological measurements
shows significant variance between populations, main-
iy due to differences in primery length and wingtip
shape (Teble 4). Average wing length incresses obvi-
ously from Gran Canaria vis Tenerife to the other is-
Iands but there is some overiap (Tabie 4). The mean
length of P9 to P is shorter in binds on Gran Cansriz
than in those of Tenerife (Fig. 6). There is an obvicus
difference in the wing shape between birds from Gran
Canaria and Tenerife as compared to those of the other
isiands. The former have & more rounded and convex
wing thap the latter (Figs 6 and 7). The discriminant func-

tion mmalysis shows that the birds from the Furopean
mainland and the western Canary Isiands are not seps-
rable but birds fron: Gran Canaria and Tenerife are dif-
ferent from each other and rubecula, respectively (Fig.
8). The analysis yiekied three functions which expiain
100 % of the variance between popuiations (Fable 3).

Discussion

in the past, robins inhabiting the Canary [slands have
beex: assigred o two subspecies. The birds on the west-
ernmeost islands (La Palma, El Hierro and La Gomera)
were thought to belony to the nominate form E. . rube-
cula (e.g. Cramp 1988) or to constitute another Macro-

Feather Lengihs {mm]
B

Figms.ngﬂmpedEutwe-
an robins Erthacus rubecida on prg
different Canary islands and Eu- '

rope (Portugal) based on meas- y
uyrements of primaries (P) 1-9 and m
secondary (5) 1.
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' Figure 8. Plot of the first two of

three discriminant functions for dif-
ferent popuiations of European ro-
e bins Erithacus rubscida on the Ca-
) J N . . ¥ T nary lalarda, The group centroids
s 2 -t e t 2 3 4 5 with standard deviations are
Discrinbsmit Fuaction § shown.

nesian subspecies together with birds from Madeira, £,
7. pricrorAynchus{e.g. Hounsome 1993}, while the binds
- from Gran Canaria and Tenerife were regarded 83 a sub-
species of their owi, E. 7 superbus (Koenig 1890, Van-
rie 1959, Cramp 1988}, Recent analysis of song struc-
Bergmann & Schottier (2001) to-peopeae specics status
for the laiter taxon, the Tenerifé cobin, E. superbus.
From the genetic data it is evident that we bave o dis-
tinguish berween superbus from Gran Canaria and Te-
nerife. The former take & more basal position, while the

robins from Tenerife are more closely reinted to rube-
cuig. Robins from Gran Cansria and Tenerife show
independent genetic histories in the maternaily inber-
ited mitochondriai genome and kave clesr morphome-
tri¢ diffevences. Assuming 2 molecular clock of 2 % di-
vergencr for one million years (Shiclds & Wilson 1987)
the populations on Gran Canaria and Tenerife have di-
verged independently from other island or European
mainland populations 2.3 and 1.8 million years ago
respectively. The degree of divergence between islands
increases with island age. From the genetic data it
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seems possible that Gran Canaria, the oldest island
{15 Ma) of those mhsabited by robins today, was colo-
pised first by & common sncestor, followed by nde-
pendent colonisation of Tenerife (12 Me) by the com-
mon ancestor of the Teperife robin and rubecuia, while
the western islands { 1—10 Ma) were colanised fairly re-
cently (c. 350000 years ago), probably during Pleisto-
suggest that the comnmon ancestor of today s robins was
closer in appearance to superbus, and that the duller
plurnage of rubecula originated fairly late, aftey the co-
lonisation of Tenexife and Gran Canaria. Another ex-
planation, which has yet to be tested when samples from
porthern Africa are availabic, is whether the Canary ls-
lands were colonised in two waves: the eastern islands
of Tenerife and Gran Canaria from Africa and the west-
ern: islands from Europe. Then Tenerife could form a
contact zone between populations derived from Africa
and Europe. This would also explain the higher degree
of heterozygosity found on Tenerife as compared to the
other islands.

Cousidering the results of the genetic comparisons, it
is no lonper tenable to regard the robins of Gran Cana-
ria and Tenerife as one taxon (neither species pot sub-
specics). The pairwise geaetic distances between super-
bus from Tenerife and Gran Canaria ave as |arge as those
hetween rubecula and superbus from cither island (see
Table 2). With regard to the geoetic results (distance
data, phylogenetic analysis) three distinct groups can be
recognised: (1) £, rmba:m'a&omlim'upemdthewest-
em Camary Islands, (2) £ r. superbus from Teaerit
(335rmm&mmwmw

-

and are scparated by large genetic distances. Similar
pairwise distances are found between good species of
other ciosely relsted passerines {see Table 6). The be-
tweengroup geuetic distances exceed the mange of
0.2-2.6 % usually assumed for subspecies and fall weil
within the range of good species with genetic distances
0f 0.5-3 % and more (Helbig et al. 1995). Although the
geographical distances between the islands are small,
no notabie pene exchange {sigrificant Fst values, cf
Table 3) seems 1o occur between ¢.g. Tenerife and La
Gomera. Only one bird caught on the northern slope of
the Teide rnouniain, Tenerife, showed close affinities to
the haplotype from Gran Canaria, indicating occasional
migration between these islands. There are no indica-
tions for a substantiaf gene flow between the eastern
islands. The open water between two islands works as
& strong isolating barrier preventing exchange between
popelations.
Examination of the pairwi . b distributi

~ (Fig. 5) with respect to the phylogenetic data provides

evidence for a single colonisations of Gran Canariz fol-
lowed by & range expansion on this island. Tenerife or
its precursor islands was maybe colonised more than
once, resulting in the observed multimodal distribation
More samples ave peeded to verify this hypothesis.
The results from our genetic study are in contrast 1o
published morphological and binacoustical anatyses. In
the recent literatare thexe is no indication that superbus
from Gran Canaria and Tenerife differ m plurnage, mor-
phometrics or scoustics (c.g. Vaurie 1959, Cramp 1988,

T@&%MWW&MWMMMWW:MWMn

Specias-pair Genefic distance [%]  Source

35 Pascuet {1968}

4.7 Letgior et al. (1997)

290 Laigier ot al. (1997)

6.5 Hetbig & Seibold (1999)
6.4 Wink et al. (2002a)

4.3 Wink et al. {20028}

42 Helbig et al. (1996)

3.7
3.1
2.7
33
27

Helbig et al. (1996)

Halbig et al. {1995}

Voaiker {1999)

Voeiker (1899}

Fasquet & Thibault (1997), Sangster (2000)
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Martin & Lorenzo 2001, Bergmann & Schottier 2001}
However, a5 far as we are aware, there has been no
study concenmsting on potential differentiation be-
¢ween robins of Gran Canaria and Tenerife, becxnse ail
authors assumed these two pepulations to be conspec-
fic. It seems possible that small differences could exist
but have been overlooked due to the assumption that
only one taxon is mvolved. However, statistical analy-
sis of our measurements indicates morphological diffe-
rences between superbus from Tenerife and Gran Ca-
narig, as well as between rubecric and both popols-
tions of superbus. The superbus from Tenerife with re-
Mvdylmgprmmesmdrmdedwmgsmagamm-

wated intermedistedy between superbus from Gran
) Cmm(shatmdmundedwmgs)mﬂm&acufa(img
and pointed wings: cf. Figs 6-8). These characters are
in line with the so called “island syndrome’ {¢.g. shor-
ter, more tounded wings, increased biometric varisbi-
lity, stoaller size, wider niche occupation. change from
migrant to resident populations; Hounseme 1993} and
are of littie value for systematic anaiysis (Helbig et
&M}.Mmmﬂimlcsimfmmmisimd
populations, we regard thesc resulis o5 prefiminary
and in need of further verification with larger sampie
skzes,

Hounsome (1993) found a clear differentiation be-
tween superbis sad rubecida. Furthermore be noted the
robins from the western islands to be identical with
theose from Madeire and both differed from British ro-
bins. From these results he sccepted the validity of £, r.
microsfyschos as separaie taxon and tmt Adantic ro-
bins are different from rubecria. But since be did pot
. inciade ruc rubecula in his analysis (British robias be-
m;mE.nméophiM)ﬁﬁsconlusionismishading.
exda snd there is no evidence for another Bsxom, i.¢. £
r. microvhynchus, in the esstern Atfantic islands.

Our cytochrome-b sequence data, 2s well as the mor-
plmloﬁmiinfunmﬁmgivcm-whaﬁmformyob-
vious differentiation between rubecuds from the west-
em Canaries and Europe. Following this, we suggest
keeping the Canary robins within noreinste rubecuia
{cf. Clements 2000, Crasnp 1988, Lack 1946}, The data
prescmed here indicate a relatively recent colonisation
of the western islands which explains the lack of gene-
tic and morphological differentiation. Low Fst values
{not shown) indicate some gene flow between these is-
1ands since the birds involved are probably stll more

.

migratory than those on the eastern islands. It would be
pmanueundﬂmyspwiesmeptmspﬁzﬂrm
of the Capary Islands into three species as the genenc
and pert of the morphological dete suggest. Foliowing
the Evolutionary Species Concept (ESC) we propose to
treat the taxa involved as a superspecies (cf. Heboig et
al 2002). The taxa should then be named as (1) E. [r]
rubecule (Western Cansries, Europe and probably Azo-
res and Madetra), (2) E. fi] superbus (Tenerife) and (3)
E. fr.] marionae (Gran Canaria}. This genetic structur-
mg:ssuppurtodhydwmtymofmmim*mm

For conservationists onr finding of two distinct taxa
on Gran Canaria and Tenerife is quite important. Espe-
cially on the former island, the natueal hebitats are
severely degraded and destreyed due to human activi-
ties, ¢.g. deforestation, lowering of groundwater table
ete. This has resulted in the extinction of several taxa in
the past (Johmson & Stattersfield 1990, Martin et al.
ZOOO.Mmﬁn&L,omanOOl),OnGmCmm'iathe
remaining forest cover is restricted to very few moun-
tainous regions. The numbers and distribution of robins
and other forest-depending species (e.g. Blue chaffinch
Fringiila teydea polaizeki} are declining (Martin & Lo-
renzo 2001). This endangered forest bird community
certainly needs more attention from politicians and coo-
servationists, especially on the denscly populated is-
land of Gran Canaria. This is particulsrly important
when different evolutionary lincages are involved, as
seems 10 be the case with the endemic robin.
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