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The Black-collared Bulbul Neolestes torquatus is a resi-
dent African passerine occupying the lightly wooded
savannah of central Africa. It occurs from Gabon to
central Angola, Congo and extends northwest to the
D. R. Congo (Keith 2000). Its range almost entirely falls
within the Western and Southern Congolian Forest
Savanna Mosaic as delimited in WWF’s Terrestrial Eco-
regions for Africa (Burgess et al. 2004). Its taxonomic
affinities have been a matter of contention for more than
a century (Dowsett et al. 1999). Neolestes has a striking
plumage, with a grey forecrown and nape, a black mask
across the eye curving around the white throat to con-
nect with the wide black collar across the breast, hence
its vernacular name. In general shape and plumage pat-
tern, it strongly resembles malaconotid bush-shrikes
(Malanonotidae) and was originally described as an aber-
rant Malaconotid by Cabanis (1875). Although Gadow
(1883) remarked that Neolestes ‘does not appear to be a
Bush-Shrike, but to be allied to the Bulbuls or Pycnonot-
idae’, an association with the Malaconotidae or an
enlarged Laniidae held for more than half a century (e.g.
Reichenow 1902-1903, Sharpe 1903, Sclater 1930).
Chapin (1921) was the first to observe and study the spe-
cies in the field during his expeditions to the Congo. In
both behaviour and morphology Neolestes was considered
by him to be placed among the bulbuls (Pycnonotidae).
Although an affinity with bulbuls has been the prevailing
opinion ever since (White 1962, Hall & Moreau 1970,
Wolters 1982, Sibley & Monroe 1990, Keith 2000), a link
to the bush-shrikes has never been completely discoun-
ted (Bannerman 1953). More recently, Olson (1989)
examined a fluid-preserved specimen of Neolestes. He
suggested that the species be placed incertae sedis near
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the helmet-shrikes (Prionopidae), due to Prionops and
Neolestes sharing tufts of stiff, plush, chestnut feathers
behind the ear.

In a reappraisal of its phylogenetic position, Dowsett
etal. (1999) re-evaluated the morphological and
behavioural evidence for an association of Neolestes with
bulbuls, bush-shrikes or helmet-shrikes, together with
molecular data. Although some morphological charac-
ters were equivocal in placing Neolestes among the bul-
buls, they clearly indicated that any association with
bush- or helmet-shrikes was unwarranted. In particular,
Neolestes shares with bulbuls similarities in syrinx, carpo-
metacarpus, humerus and various skull structures, juve-
nile plumage, nest structure, eggs, clutch size, diet and
song (Dowsett et al. 1999). The molecular data were
limited to a short cytochrome-b sequence from a dozen
oscine passerines. Despite the limited sampling, Neolestes
clustered basally in a monophyletic clade with the other
two bulbuls included in that dataset and far away from
Laniarius and Prionops. Weighing both morphological
and molecular evidence, Dowsett et al. (1999) suggested
that Neolestes should be included among the bulbuls.
They also predicted that it would probably represent a
basal clade, or even the sister taxon of the remaining
bulbuls.

Two recent papers (Moyle & Marks 2006, Johansson
et al. 2007) conducted phylogenetic analyses of bulbul
relationships using molecular data. Whereas Moyle and
Marks (2006) studied the relationships at the family
level, Johansson et al. (2007) focused their attention on
the Afrotropical radiation. Neither of these studies
included Neolestes, and thus its placement within the
Pycnonotidae remains unanswered. In the present paper
we use nuclear and mitochondrial sequences to clarify
the phylogenetic position of Neolestes torquatus.

METHODS

Based on the results of Moyle and Marks (2006) and
Johansson et al. (2007), 46 bulbul taxa were selected,
encompassing all major lineages previously recovered
within the family. The outgroup taxa include eight
species belonging to the Sylvioidea clade that have been
shown to represent the closest taxa to the Pycnonotidae
(Alstrom et al. 2006, Johansson et al. 2008). The
included taxa, sample accession numbers, and GenBank
accession numbers of all sequences are listed in Table 1.
The nomenclature follows Dickinson (2003) except for
the use of Alophoixus for the Asian species formerly
included in Criniger (Pasquet et al. 2001, Moyle & Marks
2006).

We chose six loci, the mitochondrial NADH dehy-
drogenase subunit II (ND2) and subunit III (ND3), and
four nuclear introns: intron 5 of B-fibrinogen (B-Fib5),
intron 7 of B-fibrinogen (B-Fib7), intron 2 of myoglobin
and introns 6-7 of ornithine decarboxylase (ODC); most



387

Phylogenetic position of Neolestes torquatus

[¥] €1e52943 [¥] 29252943 - [¥] v2z92943  [118zzeovoa [i] zZizzovda sujse.ie] snydenisejjAyd

euabiN S 12v20n £012¥20D 2902¥20o 2¥02¥20D 8112¥20D $802¥20D [1] 02298002 WHN sisusod snydeselifyd
[¥] 81£52943 V1 89252943  [I1]lzgeceoroa [¥] 62292943 [ ezezoroa [ zizzorda snpioeyd snydassejifiyd

[¥] 02e52943 V] 69252943  [1] teceovoa  [v] 1€292943  [H2zgeovoa  [1] Ligzorda snuuejol snydesiseliAyd

[¥] 91£52943 V] g9252943  [1]zegeovoa  [¥] 22292943  [H19zzzovoa [ Gslezovda S10JYo0dAY snydesselfyd

[¥] 52852943 ] v22s2943 [ 9geeoroa  [¥]9ez92943  [H] szgzovoa  [1] vizzorda snjelipsoney snydese|jAyd

[¥] 6152943 [¥] 99252943  [1]leeczoroa  [¥] 08292943  [1] 2z220v0a  [1] 9lgzorOa uayosy snydensejjAiyd

[¥] 92£52943 [Vl sz2se943 [l geeeovoa  [v] 2£292943  [Hvzgzovoa  [1] €12zorda siiqep snyde.jsejjAyd

[¥] ¥£292943 [Vl eeese943 [l ogeeovoa  [¥lezeseod3 [ kzezovoa  [H okzzorda suenbigie snydesselfyd

weusip ¥S12¥20D [s] 2vg8000a €.02720D 05021209 62l22e0D §60217209 [n] e589¥002 INEN SNIIOINS SNWIOJOYLIO
obuog v¥12¥20n 9012720D 1902720 L¥02¥20D L112¥720D £802720D #8012 INYN snjenb.oj sa)sajoaN
ueder oY 122D €012¥20D [1] szezorOa ££02¥20D [t]egzeoroa  [I] gzzzzorda /6658 INHN sjoinewe sl oSl
euebing 2512v2on [s] zesgo0Oa 1202¥20D 8702209 /212¥20D £602720D [n] €1591002 INEN slielAny ejjejsnoo
sauiddijiud [¥] 1eese943 [¥] 08252943 /5027209 [Vl ev292943  [1]z8z220v0a [1]9zzeovoa [l 06SZLL ONNZ snuiddjiyd sox|
puejrey L Zr12reon +[G] 86580000 95027209 6£02720D €l122on 6.02¥209 [n] 9629¥002 INEN lpuee[ooW SOX|
obuop [¥] 20852943 [¥] 26252943 19027209 [¥] 81292943 €2lereon 880217209 10298 INHN snjepnb snjouox|
eiskeey 6E12Y20D 2012¥2oD [1] vsezorOa 9€0220D [1118zzovoa  [1] ozzzorda 95098 INHN BOOBAJI0 90|
WweulsIn eY12¥20D S012¥20D 8502720D 0v02¥20D ¥112720D 0802¥20D (1] ¥01L2¥002 WHN snjeydeooons| sejedisdAH
uspams 6712720D el2] 852¥90AVY  [1] 60€20¥OA S¥0220D [H] zv220vOa 0602209 8£29/6 INEN BO/ISNI OpUNJIH
uspamsg 0S12¥20H [s] reggo0Da 69027209 9¥02¥20D G2lereon 1602¥20D £6195002 INEN euLB}o| SfejoddiH
eiskefey Ly 12heDD ¥012720D [1] zzezovOa 8€02¥20H [11gs8zzovoa [1] vezzorda 2£098 INHN BleABl) SOXIWSH
[¥] oeeg2943 V] 62252943  [1]1veeeoroa  [¥] 1v292943  [H ozezovoa [ 60zzorOA sisuswinNssnpu Jebjuly

[¢¥] 62€52943 [¥] 82252943 - [¥l ov292943  [1]169220¥0a [1] 80220vOA smequeq Jebjul)

eluay 8¥12¥20D «[9] 06282ZAY 99027209 el¥] 61292943 22lereon /8027209 [n] 825211 ONNZ SLUBAINE]} BIYOI20I0[4D
[¥] 01€52943 [¥] 66252943  [118iezovoa  [v] 12292943  [199zzovoa  [1] sozzorda sijjooiney Bjyo100101yD

[¥] v0e52943 V] ¥G2se943 [ viezovoa  [¥]SH292943 [l 09zzovoa  [1] 6612070A BULIBS BJY2I00)dAIBD

eueyn [¥] 22e52943 [¥] 92252943 €902¥20D [¥] 88292943 6112¥20D [8] 2659€ LAY 6198 INHN snif1oepufs epsjg
eueyn oY 12¥2DD 801220H [1] siezovoa €702720D [t]129zzovoa  [H] Lozzovda 88198 INUN snjjideojueo epsjg
[¥] 90€52943 [Vl gsegeo43  [1ziezovoa  [¥] 21292943  [H s9zzovoa 1] ¥0zz0r0A Jojeajpu) uobodoseg

[¥] soege943 [¥] 96252943 - [Fl9rz92943  [Hv9zeoroa  [i] €ozzorda suewe|o uobodoseg

eluezue | €512v20D [s] 8¥S80000 2,02v20D 6¥02Y20D 8212720D 6027209 [n] 89850 ONINZ BojorIOY] Sijedy
[¥] 00e52943 [Vl 0Gese943  [118sezoroa  [¥] 11292943  [118seeovoa  [H] zélzovdA suali snpedoipuy

eusbiN L¥12¥20D 6012720D 590220D ¥¥02¥20D 121220 9802+20D [n] 6£298002 WHN  snwegjolyde) snpedoipuy
obuog [¥] 28252943 [¥] 88252943 902209 [¥] 86992943 02l2reon 68021209 05298 NN sisusnynsew snpedoipuy
epuebn o[¥] 66252943 [S] 0998000Q 890220D 7] 01292943 ¥212v20n 680220D [1] 6089%002 INHN suisole| snpedoipuy
eoUyY yinos  [¢] 20€52943 [¥] 25252943 650220D [¥] 1292943 SlLigreon 1802720HD 88£98 INUN snunpiodwy snpedopuy
[¥] 86252943 [¥] sveseo43  [1]zse20v0a  [¥]1 60292943  [H] 25220v0a  [1] 96120%¥0A sijioesb snpedoipuy

eueyn [¥] v6252943 [¥] 6252943 0902209 [¥] 50292943 9l 122D 28021209 /¥%98 INEN supsoujorlb snpedoipuy
[¥] 56252943 [¥] zv2se943 [l e6sezoroa  [¥]1 90292943  [H 6S220v0a  [1] 86120¥0A sujsoliAINg snpedoipuy

[v] 26252943 [Vl 9veseo43 [l ereeoroa  [#]180292943  [H19sezovoa [ sélzordA jebuosue snpedoipuy

weusIp el¥] 26662943 [S] 65580000 §502720D o¥] €v292943 2llereon 8,0220D [n] 2289002 INHN snpjjjed snxjoydoyy
uspems 1G12Y20D [s] oeggo0Oa 0,02720D /¥02¥20D 9212¥20D 26027209 109986 WHN  snsoeulpunie snjeydeooioy
Ayreoo 2do0 ulqo|6oA 2q14-g sqi4-g €aN 2aN laquinu uo|sse00y uoxe |

'S90UBI9JB) pUR SIBqUINU UOISS900. yueguaw) J1ay) yim Jayiabol pais)| ate Aisnoinaid paysiignd seousnbag
"JaYoNoA 1noyum sidwes anssi}/poojq B saledipul [1] :S81li[ed0] Uo08||09 PUB Slagquinu UOISS820e wnasnw yum ‘Apnis siyi ul papnjoul saousnbas pue sejdwes °| ajqel

© 2010 The Authors

Journal compilation © 2010 British Ornithologists’ Union



388 D. Zuccon & P. G. P. Ericson

had been published by Moyle and Markj
s ¢ c sequences ha " et al (2007)’ and we sequence
$2 Seegegee 8 S 2 (2006) and Johansson .
> o < R > 2 7] . .
S 8 % E % ‘q% % E) % ke § the few mlsSIDg ones. amples were extracted using the
3 s 33822 22 5 The fresh tissue samples o, Valendia, CA, USA)
° Qiagen DNA Mini Kit (Qiagen, tocol. The DNA of
- & : facturer’s protocol. .
— F © ing the manufa skm,
= B & = B3BBD - 8 § 8 ]f\oiuol‘e/\;teggwas extracted from the toe-pad of a S;(;ggj and
Snad R o g S 8 e H dure described in Zuccon (
2299299998 233 | & following the proce
Qaagu g g 2006). -
O | o SC0CcCcocod — edt et al. ( . d proce
it 8 8 i [OCNONONONG] b (ON0} © Irest issue samples, standard pr.1m€I'S and p: )
[ w 2 For fresh tis th the exception
g dures were used to amplify all genes wi Rried
— o F_ o & f B-Fib7 (ND2: Sorenson et al. 1999, : Allen &
TeTpgigeI 2| & of p- = dt et al. 2002, ODC:
——9Q ONYRLo2m = . Irestedt e .
lobin h
c _ogvgvgogwggg s 1999, myoglo . hs et al. 2004). For B-Fib7 the
g X § g g N % Y % N % N 3 T Omland 2003, [’)—FleZ FLIIDC S eI ti: (5"-TCTGTAATA-
Do 3] 3V o g o € . bFib7- ycnoln
g NNONOOOOO‘O : rimers . IntR
S ~03 o Ne} S new p ’ Fib7-Pycno
= fgofoo 8°°u%8 | % TAGGCTAACAGATCA-3")  and "FC " e
: (5-GAACTGTAAGTAACCATAGTTA 2 e
o) B : as -
el oo T, po designed using the published sequences * the 5 end
:ﬁ_:,.::.mg'—‘g:@'\ = lify a region of 182-263 bp nea )
SETIFLS88S 3|8 S primers amplify ification profile was: initial dena-
2 393835588588 g8 of the intron, The amplibcation prof by 35-40 cycles of
B $358 g 8 8 3833 8 2 turation for 5 min at 95 C9,5 ?’C annealing for 30 s at
goggg [alalalal § 5 denaturation for f3025 at 7 °lC with a final extension
c : S a g .
“— O 50 °C, extension for ﬁed in a series Of
= - oo | 28 5 min at 72 °C. Neolestes was ampli e a
T RRC2RYNE 8N 25 for 5'm ing fragments of 200-300 bp, using
0 ] 88 Q § § 888 & Q 3 g 5 short, overlappln{;g ragm The primer sequences and
Eel m@@%q—vﬂ'ﬁ'f\"‘@a(\, 2 1 set of specific primers. 3 i the Sup-
Llgaagaday SO0 | €= arge set ot Sp itions are provided in
= 8 28238 IQ Loo |SX the amplification conditions are p
w - €S porting Information. d using the QIAquick PCR
% PCR products were clean; using ABL Pt 3100
— ——— =EE=_ 2~ ! . . run on an )
SeSoTesT el ® |23 Purification Kit (Qiagen) an (Perkin-Elmer Applied Bio-
& g ]8R § §98888¢% £s automated DINA sequencer SA). The DNA sequences
a Nv&&m*&ﬁlg%%c\' =z Waltham, MA, USA). . WI
z g89¢8 SS00859880 9 systems, ith MegAlign™ (DNAStar, Madison, WI,
SB3358358550 S were aligned with Meg lignments only, adjusted man-
° eens 58 % USA) and, for the intron alig
—_——— | D= 2 by eye. tition
e _==m ™, @ ually y €y each gene par
csrneifosane |Re 2 The concatenated dataset and each gene partition
285N § S83388¢8 -E’§ = were analysed under Bayes1an.1 e o B
8 B AN Y NEY g8y 2R o ikelihood optimallty criteria. .
2 8992888829 B mum likelihoo Isenbeck 2003) for the Bayesian
8 5 [CNC NG NONO] 8 8 g A< = S 3 31 (Ronqulst & Huelse h was implemented to
coooo 58 2 analyses. A mixed-model approac i evolutionary
= § '(C‘Z & count for the potential differences in titions corre-
= = ac : artiti
g :T g > o 3 5L g model parameters between the six ?itaplsopriate nucleo-
£ 3 8RR D 5 | EX E ding to the six genes. The most ap tion were
S B8 ob 5 o sponding h gene partition
2 © + O&?Qvoo 0 D = » ! itution models for eac g )
- & o9 ] bstitut sin
c 8 2333 S 88| 2 L o tide su Test (Nylander 2004) using
% 8 % 8 8 8 8 [8Y © > 8 "é‘ determined with MRMOD.EL > with pAUP* (SWOffOfd
@ s SsSs=s== == _g = 5 C criterion in conjunction idered
8 E o OCC Do o DZ: 5 92 . = the Al bstitution model was consi
2 zZz zzzzz Z S5 N o 2003).AGTR+F+Isus'1 n HKY + T model
5=8 ¢ i he mitochondrial genes, a
) £ mal for the he three
-5 g opti I' model for t
g =525 lobin and the GTR + . :
$ 3 8|E5s% for myolo ssumed uniform interval priors
. © T 848 LS |22y g remaining introns. We ae t for base frequencies, which
5SS %) kY] I} % c .
T S528233%9 £33 S8 ES55 for the parameterhs,‘ R (Huelsenbeck & Ronquist
@ @E\mmoxmwgﬁcm == 232 igned a Dirichlet prior : I
2 = SS5%S £8°¢ fe8 3 s=e g s gned dent runs of four incrementally
= 2o883E 2 E §822 |54 wz 2001). Two mdepen e1 d MCMC chains were run for
S g EEE 3’ 58 o g % g £ S = heated Metropolis-couple ; 1000 generations,
&) 90}5‘5‘6000%5&% ggxg 1 ions, sampling every g
= O S €S0 ) 1 enerations, . d vlots
- "J"’Sggooo-ﬁa.g% 2233 > million g ined the likelihood p
5 g%::ttgg.um_go SsS¢7 ielding 5000 trees. We exam
3|9 >~>‘°§§,§>,>.Qc|:s S o6 yielding
B8 §8dceeegE

thors ] _—
.<J® 2211;7 ;:rcr)]r?'ngll:']ation © 2010 British Ornithologists’ Union
ou



from each run to ensure that the chain had reached
stationarity and we discarded the first 1000 trees as the
burn-in.

Maximum likelihood searches of the partitioned data-
set were conducted with RAXML v. 7.0.3 (Stamatakis
2006) using a GTR + I' + I model and random starting
tree, with a-shape parameters, GTR-rates and empirical
base frequencies estimated and optimized for each parti-
tion. Nodal support was estimated using 100 bootstrap
pseudoreplicates.

Individual gene partitions were also analysed under
the Bayesian inference and maximum likelihood opti-
mality criterion using the same analytical parameters
indicated above, with the exception of using the appro-
priate nucleotide substitution models for each gene. The
ND2 gene accounts for almost half of the parsimony-
informative characters (see Supporting Information). To
evaluate a possible bias in the phylogenetic signal caused
by ND2, we also analysed a concatenated dataset under
the same conditions indicated above, but with ND2
omitted.

RESULTS

Sequences were obtained for almost all taxa. The B-Fib7
gene is missing for only three species, Phyllastrephus
terrestris, Baeopogon clamans and Criniger barbatus. The
sequence alignment was straightforward, due to the lim-
ited number of indels in the four introns. The six genes
were concatenated in a single dataset of 3820 bp.
Table S2 presents a summary of the molecular properties
of each gene.

Bayesian inference and maximum likelihood recov-
ered an identical, well-resolved and well-supported
topology (Fig. 1). In the Bayesian tree, only four nodes
in the ingroup received a posterior probability below the
0.95 threshold, and only three ingroup nodes in the
maximume-likelihood topology were below the 75%
threshold. The Pycnonotidae radiation is composed of
two major clades, an exclusively Afrotropical clade and a
primarily Asian clade, which includes the Afrotropical
Pycnonotus barbatus. Within the Afrotropical clade,
Neolestes torquatus forms an isolated, deep lineage, just
above the clade containing Andropadus importunus,
Calyptocichla serina and Andropadus gracilirostris, and
sister to the remaining Afrotropical radiation. Similar
topologies are supported by the analysis of the ND2
gene alone and by the combined dataset without ND2,
whereas the individual introns and ND3 provide poorly
resolved trees with few nodes receiving significant sup-
port. However, none of the supported nodes in individ-
ual gene trees conflicts with the topology obtained from
the combined dataset (Fig. 1).

An examination of the intron indels provided further
support for the placement of Neolestes. All taxa in the
Afrotropical clade share one synapomorphic insertion of
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7 bp in B-Fib5 and one synapomorphic deletion of 1 bp
in ODC. Neolestes also shares one synapomorphic inser-
tion of 3 bp in B-Fib7 with all Afrotropical taxa, with
the exclusion of the three basal species in the Calypto-
cichla clade (Fig. 1). Several other nodes are supported
by inferred synapomorphic indels (see Supporting Infor-
mation Fig. S1).

DISCUSSION

The topology in Figure 1 is broadly congruent with pub-
lished phylogenies (Moyle & Marks 2006, Johansson
et al. 2007), but some differences exist. Although our
dataset has fewer taxa, it sampled twice as many charac-
ters. As a consequence we have obtained a better
resolved tree, with higher posterior probability values
that improve our understanding of relationships within
the Pycnonotidae. The ND2 gene provides 46% of all
parsimony-informative characters. However, the topolo-
gies obtained with and without ND2 are very similar,
suggesting that all gene partitions share the same phylo-
genetic signal.

Our results confirm that Neolestes is indeed a bulbul,
in agreement with the morphological and ecological data
(Dowsett et al. 1999). However, contrary to previous
suggestions, Neolestes is not just a basal branch of, or the
sister group to, the bulbuls; instead, it is embedded
within the African radiation. The plumage divergence
from the other members of the family remains remark-
able, considering how conservative the Afrotropical
bulbuls are in shape and plumage patterns. The plesio-
morphy in plumage characters is so evident that only
molecular data were able to identify the polyphyly in
the genera Andropadus and Chlorocichla, whose mem-
bers actually belong to four and two distinct clades,
respectively (Johansson et al. 2007).

The quite strongly curved and broad-based bill and
distinctive colour pattern in Neolestes is more like mem-
bers of the genus Pycnonotus (Asian radiation) than like a
greenbul (African radiation), although Andropadus
importunus has a similar bill shape. The very aberrant
colour pattern in Neolestes relative to other members of
the African greenbul radiation could be seen as an adap-
tation for visual communication in more open habitats
than in other greenbul species, which tend to be associ-
ated with forest or closed broadleaved woodland.

Fry et al. (2000) state that the ‘presence of an ossified
nasal margin is one of the best characters defining the
Pyconotidae [sic]’. However, the presence or absence of
the nasal ossification does not seem to be a fully reliable
character in diagnosing this family. According to
Dowsett et al. (1999), the ossification is present in all
bulbul genera, but it is less developed in Andropadus
milanjensis and Andropadus nigriceps, missing in some
but not all individuals of Andropadus curvirostris and
A. gracilirostris, and missing altogether in A. gracilis,

© 2010 The Authors
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Hirundo rustica
97 Phylloscopus collybita
0.99 Urosphena squameiceps
100 T Apalis thoracica
1.001 Orthotomus sutorius
Locustella fluviatilis

100 | Hippolais icterina
1.00L Acrocephalus arundinaceus
100 Pycnonotus atriceps]
—1.()()| Pycnonotus eutilotus
Pycnonotus melanicterus
Spizixos semitorques
Pycnonotus finlaysoni
Pycnonotus jocosus
1.00 Pycnonotus barbatus
Tricholestes criniger

1?090 . Alophoixus pallidus

°° | lole olivacea

1.00 100 69 Hemixos flavala
- 1.00 98 X Ixos mcclellandii

100 1.00 100 Ixos philippinus
1.00] 95 Microscelis amaurotis
1.00 Hypsipetes leucocephalus

100 Andropadus importunus
1.00 100 Calyptocichla serina
1.00 Andropadus gracilirostris
Neolestes torquatus
190 100 | Bleda canicapillus

/ 100 1.00 e Bleda syndactylus

| 100 [ Andropadus masukuensis
~7bp B-Fib5 95 oo 1.00 b Andropadus tephrolaemus
—1bp ODC 0.95] 100 Chlorocichla flaviventris

99

1.00 1.00 100 Baeopogon clamans

T~ 1.00 Baeopogon indicator

0.87 100 Chlorocichla flavicollis
1.00| 85 I Ixonotus guttatus
1.00 Thescelocichla leucopleura

Criniger barbatus
Criniger ndussumensis

0.95

100
1.00

WIING

100 0.99] 87
1.00

opeo Uelisy,

100
1.00

Andropadus virens

100 |
100 1.00 Andropadus latirostris

0.98 1.00 100 Andropadus curvirostris
1.00 | 100 EAndropadus ansorgei
1.00 Andropadus gracilis

51
0.64 74 Phyllastrephus debilis

00 100 Phyllastrephus icterinus
W'jr Phyllastrephus albigularis
100 1.00 Phyllastrephus xavieri
1.00 Phyllastrephus hypochloris
T00|— Phyllastrephus flavostriatus
Phyllastrephus terrestris
Phyllastrephus poensis

Phyllastrephus fischeri
Phyllastrephus placidus

ape|o [eoidojony

Figure 1. The majority rule consensus tree obtained from the mixed-model Bayesian analysis of the concatenated dataset. Posterior
probability values are indicated below the node. Bootstrap support values obtained from the maximume-likelihood analysis are indicated
above the node. The inferred synapomorphic indels for two basal nodes in the Afrotropical clade further support the placement of

Neolestes torquatus within this clade.

© 2010 The Authors
Journal compilation © 2010 British Ornithologists’ Union



A. importunus and N. torquatus. That in two species the
ossification is present in some individuals but missing in
others casts doubts on the value and reliability of this
character. However, the two species of Andropadus with-
out ossification belong to the basal clade within the
African radiation, just below Neolestes. We did not have
access to a skull of Calyptocichla, but it would be rele-
vant to assess its condition and re-evaluate the pattern of
the gain and loss of ossification of the nasal margin.

The samples included in this study were provided by the Swed-
ish Museum of Natural History (Géran Frisk) and the Zoologi-
cal Museum, University of Copenhagen (Jon Fjeldsa, Jan
Bolding Kristensen). We thank the staff at the Molecular Sys-
tematics Laboratory, Swedish Museum of Natural History, for
practical support. The Swedish Research Council (grant no.
621-2007-5280 to P.E.) provided financial support for the labo-
ratory work.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Figure S1. Mapping onto the Baysian topology (see
Fig. 1) of inferred synapomorphic insertions and dele-
tions in the four introns. A plus indicates an inferred
insertion, a minus an inferred deletion.

Figures S2-S7. Trees recovered from the analysis of
the individual genes. S2: B-Fibrinogen intron 5; S3:
B-Fibrinogen intron 7; S4: Myoglobin intron 2; S5: Orni-
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thine decarboxylase introns 6-7; S6: NADH dehydroge-
nase II; S7: NADH dehydrogenase IIIl. A: Bayesian
inference (posterior probability indicated at the node);
B: maximum likelihood (bootstrap support indicated at
the node).

Figure S8. Trees recovered from the analysis of the
concatenated dataset without ND2. A: Bayesian infer-
ence (posterior probability indicated at the node); B:
maximum likelihood (bootstrap support indicated at the
node).

Table S1. Primer pairs used in the amplification and
sequencing of the longer genes of Neolestes torquatus (B-
fibrinogen intron 5, myoglobin intron 2, ornithine decar-
boxylase introns 6-7 and NADH dehydrogenase II). For
all combinations, the amplification profile was: initial
denaturation 5" at 95°C, 40 cycles of denaturation 40” at
95°C, annealing 40” at the temperature indicated for
each primer pair, extension 607 at 72°C, with a final
extension of 5" at 72°C. ND3 and B-Fib7 were short
enough for direct amplification using standard primers
(see main text). [1]: Fuchs et al. 2004; [2]: Irestedt et al.
2002; [3]: Allen & Omland 2003 (see the main text for
the full references).

Table S2. Sequence characteristics of the six genes
analysed.

Please note: Wiley-Blackwell are not responsible for
the content or functionality of any supporting materials
supplied by the authors. Any queries (other than missing
material) should be directed to the corresponding author
for the article.



