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The patterns of genetic variation and the systematics of members of the widespread Old

World genus Monticola (Family Muscicapidae) occurring on Madagascar remain unre-

solved. Herein, we address these questions by examining the phylogeography of Malagasy

Monticola using two molecular markers (ND2 and ATP6, 1.5 kb) from 60 individuals sam-

pled across their known range. To clarify the relationships within the clade groupings, we

use a statistical haplotype network and an analysis of the genetic structure of the different

populations sampled. A morphological study was conducted in parallel that used many of

the same individuals employed in the molecular study to examine potential differences

between the recovered clades. Based on molecular genetics and morphology, M. imerinus is

distinct from the M. sharpei complex, which is composed of five phylogroups: Group A

(Central Highlands, typical sharpei), Group B (Central West, Bemaraha), Group C (North-

ern Highlands), Group D (Montagne d’Ambre, erythronotus) and Group E (Southwestern,

bensoni). While molecular data show high levels of geographical structure, these differences

exhibit low levels of intergroup genetic divergence (0.01–0.07%). We suggest that two

species of Monticola occur on Madagascar, imerinus and sharpei, and the forms referable to

bensoni and erythronotus, as well as unnamed populations from the Central West

(Bemahara), should be considered as part of M. sharpei and are populations that are proba-

bly isolated and undergoing incipient speciation.
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Introduction
The avifauna of Madagascar, an island that has been iso-

lated from continental landmasses for approximately

140 million years (de Wit 2003), holds a notably high per-

centage of endemic taxa, including several families and

subfamilies of distinctly older radiations. Of the 285 bird

species reported from the island, 210 are known to breed

locally, and of these, 52% occur nowhere else in the world

(Goodman & Hawkins 2008; Renoult 2009; Goodman

et al. 2011). The phylogenetic affinities, origins and colo-

nization history of the older groups in particular have
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been examined with molecular markers (e.g. Houde et al.

1997; Johnson et al. 2000; Cibois et al. 2001, 2010; Kirch-

man et al. 2001; Yamagishi et al. 2001; Sorensen & Payne

2005). Excluding studies exploring sister relationships

between Malagasy and congeneric taxa in other areas of

the Old World (e.g. Helbig & Seibold 1999; Groombridge

et al. 2002; Voelker 2002; Sheldon et al. 2005), little atten-

tion has been devoted to the resolution of questions asso-

ciated with the species limits of endemic birds, specifically

phylogeographic studies (e.g. Goodman et al. 2001, 2011;

Goodman & Weigt 2002; Fuchs et al. 2007). As much of
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the conservation prioritization on Madagascar has been

based on species distribution, with birds being amongst

the targeted taxa (e.g. Kremen et al. 2008), refinement of

information on the cladogenesis of endemic groups, par-

ticularly measures of genetic and morphological diversity,

is critical to advance these programmes.

A case in point are the rock-thrushes of the Old World

genus Monticola Boie, with the Malagasy members for-

merly positioned in the endemic genus Pseudocossyphus
Sharpe (Ripley 1964), but based on molecular markers are

appropriately placed in Monticola (Goodman & Weigt

2002; Outlaw et al. 2007). Ambiguity exists associated with

the taxonomic status of Monticola bensoni Farkas (1971);

which according to certain authors is a distinct species, a

synonym of M. sharpei (Gray, 1871), or a subspecies of

M. sharpei (Goodman & Weigt 2002; Outlaw et al. 2007;

IUCN 2010; Zuccon & Ericson 2010). Monticola erythrono-
tus (Lavauden 1929), which was formerly considered a sub-

species of M. sharpei, has been elevated to a full species

and considered by IUCN (2010) as endangered. Finally,

different ornithologists have discussed a potential unde-

scribed form from the limestone areas of the central wes-

tern portion of the island (Morris & Hawkins 1998; Jones

& Swinnerton 2000).

Over the course of nearly two decades of fieldwork on

Madagascar, new specimen material of Monticola, with

associated tissue samples, has been gathered and provides

an important source to examine phylogeographic patterns

overlaid on morphological variation, and these aspects are

the subjects of this paper. To date, the different published

molecular genetic studies incorporating Malagasy Monticola

had insufficient sampling from the island to resolve certain

critical issues. Further, these projects focused on broader

questions of species limits, biogeographic patterns and the

phylogeny of the genus and its relationships to other

members of the Muscicapidae and Turdinae (Goodman &

Weigt 2002; Outlaw et al. 2007; Zuccon & Ericson 2010).

Our intent here is to understand the level of genetic diver-

sity, using two mitochondrial markers (ND2 and ATP6,

1.5 kb), within and between the different proposed taxo-

nomic forms of Malagasy Monticola and how these patterns

relate to plumage coloration and morphometric variation.

Methods
The study organisms

Different forms of Malagasy Monticola have been named,

and their taxonomic status has been in a state of flux over

the past century. Based on morphological (Salomonsen

1934; Goodwin 1956; Farkas 1971) and molecular (Good-

man & Weigt 2002; Outlaw et al. 2007; Zuccon & Ericson

2010) data, the Malagasy rock-thrushes are members of

the genus Monticola, monophyletic with regard to Mada-
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gascar, and colonized the island an estimated 3.4 Ma via

trans-oceanic dispersal from Africa.

Of the seven named forms occurring on the island, sev-

eral exhibit differences in plumage coloration, size and

habitat. Depending on the author, these morphotypes are

considered as valid species, subspecies or synonyms. Here,

we present a synopsis of the different described forms of

Malagasy Monticola. All the localities mentioned hereafter

are shown in Fig. 1.

1. Monticola imerinus (Hartlaub, 1860) Littoral Rock-

thrush

Type locality – ‘St. Augustins-Bai’, southwest

syn. Cossypha imerina Hartlaub (1860)

syn. Pseudocossyphus imerinus imerinus Ripley (1964)

syn. Pseudocossyphus imerinus Langrand (1990)

IUCN status: Least Concern, version 3.1 (IUCN 2010).

This form is found in a distinct coastal habitat in the

southwestern corner of the island, dominated by Euphorbia

bushland, coral rag and dune habitat, and across an eleva-

tional range from sea level-200 m (Morris & Hawkins

1998). It is larger than the other forms of Monticola occur-

ring on the island, particularly the bill, as well as having

plumage differences.

2. Monticola sharpei (Gray, 1871) Forest Rock-thrush

Type locality – east central. This was subsequently

restricted by Grandidier (1879, p. 370) to the forests east

of Ambatondrazaka.

syn. Cossypha Sharpei Gray (1871)

syn. Pseudocossyphus imerinus sharpei Ripley (1964)

syn. Pseudocossyphus sharpei Langrand (1990)

IUCN status: Least Concern, version 3.1 (IUCN 2010).

This form has generally been considered as restricted to

the humid forest formations of Madagascar, from the

north-west, eastwards to the eastern mountains and run-

ning the complete length of the island. It occurs across an

elevational range of 800–2500 m (Morris & Hawkins

1998). This species is distinctly more common in montane

forests, as compared to more low-lying formations (Haw-

kins et al. 1998). Throughout this paper, when we use the

name sharpei, we specifically refer to this form.

3. Monticola erythronotus (Lavauden 1929) Amber Moun-

tain Rock-thrush

Type locality – Montagne d’Ambre

syn. Cossypha sharpei erythronota Lavauden (1929)

syn. Pseudocossyphus imerinus erythronotus Ripley (1964)

syn. Pseudocossyphus sharpei erythronotus Langrand (1990)

IUCN status: Endangered B1ab (iii) version 3.1 (IUCN,

2010).

This form is only known from montane forests on

Montagne d’Ambre, an isolated volcanic mountain at the

north end of the island and across the elevational range of

800–1300 m (Morris & Hawkins 1998). Its separation
40, 6, November 2011, pp 554–566 555
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Fig. 1 Map of Madagascar showing dif-

ferent localities in the text associated with

the distribution of Monticola species.

Phylogeography of Malagasy Monticola d A. Cruaud et al.
from M. sharpei and recognition as a distinct species were

based largely on differences in plumage coloration (Lavau-

den 1929).

4. Monticola sharpei interioris Salomonsen (1934)

Type locality – Manjakatompo, Ankaratra Mountains

syn. Monticola imerina interioris Salomonsen (1934)

syn. Pseudocossyphus sharpei salomonseni Langrand (1990)

IUCN status: not assessed.

This form was named from the Ankaratra Massif in the

Vakinankaratra mountain chain and occurs across an eleva-

tional range from 1600 to 2200 m (Milon et al. 1973;

Goodman, unpublished data). Langrand (1990) also

mentioned its occurrence in the Fianarantsoa area. It was

distinguished from sharpei based on its slightly larger size

and subtle plumage differences (Salomonsen 1934).

5. Monticola bensoni Farkas (1971)

Type locality – ‘Ankarefu, Antinosy Cy’
556 ª 2011 The Authors d Zoologica Scripta
syn. Pseudocossyphus bensoni Langrand (1990)

IUCN status: not explicitly treated as considered a form

of sharpei.

As currently defined in the literature, bensoni inhabits

semi-arid rocky country, often with sparse or open vegeta-

tion, and in numerous cases associated with cliffs and

gorges, as well as dry deciduous forest from 700 to 1000 m

(Langrand 1990; Langrand & Goodman 1996). It was dis-

tinguished from sharpei based on differences in plumage

coloration, including aspects of the tail (Farkas 1971).

6. Monticola sharpei salomonseni Farkas (1973)

Type locality: ‘Sianaka Forest, eastern Madagascar’, also

known as the Sihanaka Forest, which is to the east of Lac

Alaotra.

IUCN status: not treated.

This form was described from the transitional zone

between lowland and montane forest of eastern Madagas-
ª 2011 The Norwegian Academy of Science and Letters, 40, 6, November 2011, pp 554–566
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car and based on subtle plumage differences (Farkas 1973).

It has not been subsequently recognized as valid. Further,

Grandidier (1879) restricted the type locality of sharpei to

the forests east of Ambatondrazaka, which is precisely the

Sihanaka Forest. Hence, we treat the name salomonseni as a

junior synonym of sharpei.

7. Pseudocossyphus imerinus tsaratananae Milon, Petter, and

Randrianasolo (1973)

Type locality: ‘massif du Tsaratanana’.

IUCN status: not treated.

Milon et al. (1973) distinguished this form based on col-

our differences, and there is no evidence that a type speci-

men was designated. Best considered a nomen nodum.

Morphological study

Taxonomic sampling. Museum specimens were examined

from the following museums: American Museum of Natu-

ral History, New York (AMNH); The Natural History

Museum, London, formerly British Museum (Natural His-

tory) [BMNH]; Field Museum of Natural History, Chi-

cago (FMNH); Muséum national d’Histoire naturelle,

Paris (MNHN); and Département de Biologie Animale,

Université d’Antananarivo (UADBA).

Measurements were taken by SMG from dried museum

specimens following the techniques described by Baldwin

et al. (1931). In the field, mass was measured with a spring

balance to the nearest 0.5 g. Univariate statistical analyses

were conducted for each of the measured variables with

samples being segregated by sex and groups derived from

genetic markers. To examine morphological differences

between the different groups of Malagasy Monticola, a

principal component analysis was conducted using the sta-

tistical package STATISTICA, version 7.0 (StatSoft, Inc.,

Tulsa, OK, USA); data were log-transformed, and the

unrotated option was used. Only adult specimens were

used in these analyses.

Molecular study

Taxonomic sampling. The vast majority of the Monticola tis-

sue samples were small pieces of muscle saved in lysis buf-

fer and obtained from 60 different individuals from across

the island (Fig. 2b, Appendix S1). Associated voucher

specimens for the molecular study are housed in the

UADBA or FMNH. Single individuals belonging to

M. solitarius and M. gularis were used as outgroups.

Laboratory protocols

Total DNA was extracted from frozen or alcohol-pre-

served tissues using a CetylTrimethylAmmonium Bromide

(CTAB)-based protocol (Winnepenninckx et al. 1993) with

an overnight Proteinase K (0.1 mg ⁄ mL) digestion. PCR

amplification of partial sequences of two mitochondrial
ª 2011 The Authors d Zoologica Scripta ª 2011 The Norwegian Academy of Science and Letters,
genes (ND2 coding for the subunit 2 of the mitochondrial

NADH dehydrogenase and ATP6 coding for the subunit 6

of the ATP synthase) was performed using primers pairs

L5219Met and H6313Trp (Sorenson et al. 1999) for ND2,

and A8PWL (5¢-CCTGAACCTGACCATGAAC-3¢) and

CO3HMH (5¢-CATGGGCTGGGGTCRACTATGTG-

3¢) (Seutin & Bermingham unpublished) for ATP6.

PCR cycling conditions started with an initial 4-min

denaturing step at 94 �C followed by 35 amplification

cycles of 30-s denaturing at 94 �C, 40-s annealing at

56 �C, 45-s extension at 72 �C and final extension step at

72 �C for 5 min. PCR products were purified using exo-

nuclease I and phosphatase and sequenced directly using

the BigDyeTerminator V3.1 kit (Applied Biosystems,

Foster City, CA, USA) and an ABI3730XL sequencer at

Genoscope, Evry, France. Both strands for each overlap-

ping fragment were assembled using the sequence-editing

software GENEIOUS v3.7 (Drummond et al. 2007). All

sequences have been deposited in GenBank (Appendix S1)

Phylogenetic analyses

Sequences were aligned using Clustal W 1.81 default set-

tings (Thompson et al. 1994). Alignments were translated to

amino acids using MEGA 4 (Tamura et al. 2007) to detect

frameshift mutations and premature stop codons, which may

indicate the presence of pseudogenes. Phylogenetic analyses

of combined mitochondrial data set were conducted using

both parsimony and maximum likelihood (ML) methods.

Parsimony analyses were conducted under TNT version 1.1

(Goloboff et al. 2008). Analyses were performed with unor-

dered, equally weighted and non-additive characters, all sub-

stitutions equally weighted. Traditional heuristic searches

were conducted using 1000 ‘random addition sequences’ to

obtain initial trees and ‘tree bisection and reconnection’ as

branch swapping option. Robustness of topologies was

assessed by bootstrap procedures using 1000 replicates.

The most appropriate model of evolution for the data

set was identified using the Akaike information criterion

implemented in MRAIC.PL 1.4.3 (Nylander 2004). We per-

formed ML analyses and associated bootstrapping using

the MPI-parallelized RAXML 7.0.4 (Stamatakis 2006a).

GTRCAT approximation of models was used for ML

bootstrapping (Stamatakis 2006b; 1000 replicates).

Distance analyses

Minimum intergroup divergence and maximum intragroup

divergence were calculated for each group highlighted in

the phylogenetic analysis. All the divergences were calcu-

lated using a K2P distance model in MEGA version 4. As

commonly accepted, if these groups correspond to different

species, the sequences divergences should be much greater

between groups than within them (Hajibabaei et al. 2006).
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Fig. 2 Phylogeographic structure of the Malagasy Monticola. —a. Haplotype network – Circles at nodes are proportional in size to the

number of individuals with that haplotype. Haplotypes within the interior of the network and not detected in the sample are

represented by small white boxes. Mutational steps are represented by small black circles. Codes refer to haplotype numbers in

Appendix S1.—b. Map of the sampling site localities – Capital letters and dotted lines show the different groups derived from Fig. 2

used for the AMOVA analysis.
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Phylogeographic analyses

Given that networks allow a more detailed display of pop-

ulation information than strict bifurcating trees (Posada &

Crandall 2001), a statistical parsimony network was recon-

structed for the whole data set. We used the median-join-

ing reconstruction method implemented in the software

NETWORK 4.6 (available at http://www.fluxus-engineering.

com; Bandelt et al. 1999). 'was initialized to zero, and

characters were considered equally weighted.

We used hierarchical analysis of molecular variance

(AMOVA, Excoffier et al. 1992) to test several hypotheses

of geographical structure and to define phylogeographic

lineage breaks. Analyses were performed using the soft-

ware ARLEQUIN version 3.5.1.2 (Excoffier et al. 2005).

The sampling sites were grouped by geographical

regions (Central Highlands, Central West, Northern

Highlands, Montagne d’Ambre, Southwestern and

Southwestern Corner), following the structure of the

haplotype network (see Results). We used the same sub-

stitution model as for the ML analyses, and levels of
558 ª 2011 The Authors d Zoologica Scripta
significance were determined through 1000 random per-

mutation replicates.

Results
Sequence data

The final matrix contained 60 ingroup and two outgroup

species for a total length of 1532 bp. Of these, 293 bp

were variable and 135 bp parsimony informative. Align-

ment revealed no indels. The best-fitting model chosen by

MrAIC for the whole data set was GTR+G.

Phylogenetic analyses

Parsimony (MP) and ML analyses produced similar topol-

ogies, and we arbitrarily chose to map node support val-

ues on the ML topology (Fig. 3). As has been shown in

broad-scale phylogenetic studies of the genus Monticola or

thrushes in general (Outlaw et al. 2007; Zuccon & Eric-

son 2010), the monophyly of the Malagasy Monticola is

well supported (BPML = 100, BPMP = 100). Individuals

belonging to M. imerinus formed a strongly supported
ª 2011 The Norwegian Academy of Science and Letters, 40, 6, November 2011, pp 554–566
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Fig. 3 Phylogenetic tree showing the relationships amongst the Malagasy Monticola. Bootstrap supports (more than 65) are indicated at

nodes (ML ⁄ MP).
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clade (Group F) sister to all other sequenced individuals

(BPML = 100, BPMP = 100). The analyses highlighted five

different groups within the sharpei complex. Each group

appeared restricted to a geographical region (Fig. 2b):

Group A: Central Highlands, Group B: Central West

(Bemaraha), Group C: Northern Highlands, Group D:

Montagne d’Ambre and Group E: Southwestern. Groups

C and E appeared monophyletic with strong support
ª 2011 The Authors d Zoologica Scripta ª 2011 The Norwegian Academy of Science and Letters,
(BPML = 90, BPMP = 84 and (BPML = 100, BPMP = 97,

respectively). Within the Group E, specimens identified

as M. sharpei and M. bensoni appeared intermixed.

Although specimens collected in an open area of ericoid

savannah in the summital zone of Andringitra were previ-

ously identified as bensoni (Langrand & Goodman 1996),

one of these (FMNH 380005) is nested within the Cen-

tral Highland birds (Group A), rather than with those
40, 6, November 2011, pp 554–566 559



Table 1 Patterns of mitochondrial divergence for the 60 specimens of Malagasy Monticola based on K2P distances

Group A Group B Group C Group D Group E Group F

Maximum intragroup divergence 0.004 0.003 0.004 N ⁄ A 0.006 0.000

Minimum intergroup divergence 0.001 0.001 0.003 0.007 0.007 0.034

Closest relative (shortest distance) Group B Group A Group B Group B Group B Group A
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from the Southwestern (Group E), which contains those

classically identified as bensoni. To assess whether out-

group choice affected the overall level of phylogenetic

resolution, analyses were conducted with M. imerinus as

the outgroup, and this did not enhance the resolution of

the phylogenetic tree.

The K2P pairwise genetic distances within all the

groups were low (Table 1). For Groups A, B, C and D,

the maximum intragroup divergence exceeded the mini-

mum intergroup divergence. Group F (M. imerinus)

appeared well separated from the other groups (minimum

intergroup divergence = 0.034, maximum intragroup diver-

gence = 0.00).

Haplotype networks

The phylogeographic analyses detected 32 mtDNA haplo-

types. A visual inspection of the haplotype network

revealed a general low level of divergence (Fig. 2a), con-

firming the results of the phylogenetic analyses. The net-

work showed a deep split between the Group F

(M. imerinus) and members of the M. sharpei complex.

There is little divergence between Groups A (Central

Highlands) and B (Central West). The Group E (South-

western) is separated from the next closest cluster (Groups

A + B) by nine mutational steps. Group B is separated

from (i) Group C (Northern Highlands) by one missing

haplotype and five mutational steps and (ii) Group D

(M. erythronotus, Montagne d’Ambre) by the same above-

mentioned missing haplotype and nine mutational steps.

We used analysis of molecular variance to test several

hypotheses of geographical structure and to define phylog-

eographic lineage breaks. As individuals referable to
Table 2 Results from the hierarchical analysis of molecular variance (AM

Source of variation

(North + Central Highlands) vs

Southwestern

North vs Central Highlan

versus Southwestern

% variation Fixation index P-value % variation Fixation index

Between regions 58.56 UCT = 0.59 <0.001 67.56 UCT = 0.68

Between sampling sites 29.63 USC = 0.72 <0.001 17.14 USC = 0.53

Within sampling sites 11.81 UST = 0.88 <0.001 15.29 UST = 0.68
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M. imerinus were clearly divergent from the others, they

were excluded from the analyses. The different compari-

sons were as follows: (i) (Northern Highlands + Central

Highlands) versus Southwestern, (ii) Northern Highlands

versus Central Highlands versus Southwestern, (iii) North-

ern Highlands versus Montagne d’Ambre versus Central

Highlands versus Southwestern and (iv) Northern High-

lands versus Montagne d’Ambre versus Central Highlands

versus Central West versus Southwestern (Table 2). While

standard phylogenetic and phylogeographic approaches

indicate little significant historical structure, the AMOVA

showed significant differentiation between the specimens

from Montagne d’Ambre, Northern Highlands, Central

Highlands and Southwestern groups. In all cases, variation

within groups (UCT), amongst populations within groups

(USC) and within populations (UST) was significant.

Morphological variation

Specimens assigned to the different groups, as defined by

the molecular analysis presented above, showed sexual

dimorphism in certain regions (Northern Highlands,

Montagne d’Ambre and M. imerinus), but not in others

(Central Highlands; Appendix S2). Hence, in subsequent

morphological comparisons, the sexes are separated. Anal-

yses were conducted to compare possible differences in

external measurements between birds. Populations classi-

cally placed in M. sharpei interioris and nominate M. sharpei

could not be statistically separated from one another and

are combined in Appendix S2. This conclusion is in paral-

lel to the molecular results, which shows that an individual

based on its collection site falls within the range of interi-

oris (FMNH 384724), but is nested within sharpei (Fig. 3).
OVA) of different phylogroups of Malagasy Monticola

ds

North Highlands versus Ambre

versus Central Highlands versus

Southwestern

North Highlands versus Ambre

versus Central Highlands versus

Central West versus

Southwestern

P-value % variation Fixation index P-value % variation Fixation index P-value

<0.001 71.75 UCT = 0.72 <0.001 72.22 UCT = 0.72 <0.001

<0.001 13.11 USC = 0.46 <0.001 10.91 USC = 0.39 <0.001

<0.001 15.14 UST = 0.85 <0.001 16.86 UST = 0.83 <0.001
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Fig. 4 Projection of first two unrotated principal components of

log-transformed bill and tarsus measurements of specimens

belonging to the Monticola sharpei complex. See Table 3 for the

variables used in the analysis and the associated loadings.
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Morphologically, birds referable to M. imerinus (Group

F) can be easily separated from the other groups by their

distinctly longer bill (Appendix S2). The birds from the

Central West (Group B) are notably larger, particularly

compared to those from the Central Highlands (Group A)

and Northern Highlands (Group C). Further, even though

the sample size is not large, birds from the South-west

(Group E) are also larger on average than those from the

Central Highlands (Group A) and Northern Highlands

(Group C) and approach those from the Central West

(Group B).

To examine in closer detail size variation in the differ-

ent groups, a principal component analysis (PCA) was

conducted using the tarsus and the three different bill

measurements for adult male specimens. The wing and tail

measurements were excluded from this analysis as they

showed considerable levels of variance (Appendix S2). The
Table 3 Factor loadings from principal component analysis of log-

transformed bill and tarsus measurements of specimens belonging

to the Monticola sharpei complex. A graphical representation of the

first two principal components (PC) is presented in Fig. 4

Variable PC 1 PC 2

Exposed culmen 0.934 0.198

Bill from skull 0.967 0.101

Bill from nostril 0.936 0.217

Tarsus 0.618 )0.786

Explained variance 3.066 0.714

Proportion of total variation explained 76.7% 94.4%
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comparisons of factors 1 and 2 for the bill and tarsus mea-

surements showed some clear separation between speci-

mens assigned to different phylogroups (Fig. 4). The first

two unrotated principal components (PCs) accounted for

94.4% of the total variance in bill and tarsus morphology

(Table 3) and separated the specimens into several differ-

ent groups (Fig. 4). All of the variables associated with bill

morphology showed heavy loadings on PC1, but only tar-

sus loaded notably on PC2. The following conclusions can

be drawn from this analysis

1 Birds placed in Group F (M. imerinus) showed complete

separation from the other groups;

2 Those from Group D (M. erythronotus) were largely sep-

arated from the other groups, with the exception of one

individual from Group B (Central West, Bemaraha);

3 There was broad overlap between birds from Group A

(Central Highlands) and Group C (Northern High-

lands);

4 Group E (Southwestern, bensoni) falls in a intermediary

position between Group F (M. imerinus) and Groups A

and C (Central and Northern Highlands); and

5 Group B (Central West, Bemaraha) broadly overlaps

with Group E (Southwestern).
Plumage colour variation

In Table 4, we present a summary of differences in adult

male specimens between the different groups derived from

the molecular markers (Fig. 3). The reference specimens

used in these comparisons are also illustrated in Fig. 5. In

general, males from Group A (Central Highlands), Group

B (Central West) and Group C (Northern Highlands) are

very similar in coloration, with the exception that Group

C tends to be more saturated in coloration. Group D

(Montagne d’Ambre, erythronotus) is distinctly more rufous

and notably different in coloration from the first three

groups. Individuals from Group E (Southwestern, bensoni)

are paler than those from the first three groups.
Discussion
There have been diverging opinions amongst bird taxono-

mists and biologists as to the number of species or forms

of Monticola occurring on Madagascar. In part, the divid-

ing point between these different views is based on mor-

phological, largely plumage coloration (Langrand 1990;

Morris & Hawkins 1998; Sinclair & Langrand 1998), as

compared to genetic markers (Goodman & Weigt 2002;

Outlaw et al. 2007; Zuccon & Ericson 2010). Inherent in

these different perspectives is phenotypic versus genetic

differences, and a number of recent studies have shown

that aspects of feather coloration in birds is not necessarily

linked to neutral markers (e.g. Kruckenhauser et al. 2004;
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Table 4 Patterns of male plumage coloration in the different groups of Malagasy Monticola sharpei complex based on the genetic analyses

(Fig. 2) and with the principal reference specimen listed. Also see Fig. 5 for colour illustrations of some of these groups

Group A Central

Highlands

Group B Central West

(Bemaraha)

Group C Northern

Highlands

Group D Montagne

d’Ambre (erythronotus)

Group E Southwestern

(bensoni)

Reference specimen FMNH 427384 FMNH 431254 FMNH 431252 FMNH 384798 FMNH 396194

Crown Blue-grey Blue-grey Blue-grey Blue-grey Light blue-grey

Central back Blue-grey Blue-grey Dark blue-grey Rufous Light blue-grey

Lower back Blue-grey tinged with

dull brown

Blue-grey tinged with

dull brown

Dark blue-grey tinged

with dark grey

Rufous Light blue-grey

Throat Medium blue-grey Medium blue-grey Medium blue-grey Medium blue-grey Light blue-grey

Abdomen Orange-rufous Orange-rufous Orange-rufous Orange-rufous Light orange-rufous

Wing coverts Blue-grey Blue-grey Dark blue-grey Rufous Light blue-grey
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Lehtonen et al. 2009). The principal questions with regard

to Malagasy Monticola being:

1 If birds previously referred to the form bensoni should

be considered a synonym of sharpei, a subspecies of shar-

pei or a distinct species.

2 The taxonomic status of birds from Montagne d’Ambre,

falling under the name erythronotus, which show notable

divergence in plumage coloration from other Monticola

on the island.

3 The taxonomic status of birds from Bemaraha (Central

West), which has not been previously named, as no

specimens to our knowledge were available for morpho-

logical and genetic comparisons, and previous inferences

were based on birds in the hand or photographs.

In the current study, we have been able to sequence 60

samples of Malagasy Monticola, including new material

from Montagne d’Ambre, Bemaraha, and from elsewhere

on the island, as well as examine and measure a good pro-

portion of the world’s museum skin specimens to assemble

a morphological data set to address these questions.

Geographical distribution of birds referable to M. bensoni

and level of divergence from M. sharpei

The holotype locality of bensoni is in the southwestern por-

tion of the island (Collar & Tattersall 1987; Langrand &

Goodman 1996), presumably in open canyon country and

part of the southern extension of the Isalo Massif. Subse-

quently, this form was found in the Parc National de l’Isalo,

in a similar habitat (Farkas 1971) and several sites further

to the north towards the interior portion of the Mangoky

River (Langrand & Goodman 1996). Even though birds

referred to bensoni were found in transitional dry deciduous

forest, the habitat preference of bensoni has been assumed to

be open habitat. This combined with subtle differences

between sharpei and bensoni with regard to size and plumage

coloration (Langrand & Goodman 1996) yielded problems

in the identification of certain specimens used in previous

molecular studies (Goodman & Weigt 2002; Outlaw et al.
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2007; Zuccon & Ericson 2010). Birds found in an open area

of ericoid savannah above the forest line on the Andringitra

Massif were identified as bensoni (Langrand & Goodman

1996). However, as shown here, using molecular markers,

the single individual for which tissue is available from the

upper reaches of Andringitra (FMNH 380005) is nested

within the Central Highland birds (Group A), rather than

with those from the Southwest (Group E), which contains

those classically identified as bensoni (Fig. 3). Further, speci-

mens (FMNH 384784, 384786 and 384787) collected in

the humid forests of the Parc National d’Andohahela,

which were previously inferred to be sharpei based on distri-

bution and habitat (Hawkins & Goodman 1999), fall within

those from the Southwest (Group E). On the basis of

current information, Group E (bensoni) birds occur from

near the mid-portion of the Mangoky River, south across

the Isalo Massif to the Onilahy River (the type locality of

Ankarefo) and west through the dry deciduous forests of

the Zombitse-Vohibasia National Park (including the

Vohimena Massif), the humid forest ‘‘oasis’’ of the Analave-

lona Massif (Goodman & Raherilalao unpublished data;

Projet ZICOMA 1999) and terminating in the Euphorbia

scrub near St. Augustin. The southeastern limit of this form

is the humid forests of Parc National d’Andohahela (Parcel

1), which is in close proximity to the ecotone between dry

and humid forests. Of all of the described forms of Mala-

gasy Monticola, bensoni occurs in the greatest range of habi-

tat types.

We have no evidence of sympatry between M. imerinus

and bensoni (Group E). Older skin specimens referable to

M. imerinus are known from the southern bank of the

Onilahy River, near Soalara (e.g. AMNH 412320) and

Anakao (AMNH 412308-412313). The specimen FMNH

434452, which was obtained on the north bank of the

Onilahy River, 8 km direct distance from Soalara, is genet-

ically placed within Group E (Fig. 3). There are published

records of M. imerinus further to the north and as far as

the Mikea Forest (Projet ZICOMA 1999; Gardner et al.
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Fig. 5 Views of the different forms of adult male Monticola from

Madagascar within the sharpei group based on reference

specimens (from the upper centre portion of the figure and

following a clockwise direction): M. sharpei (FMNH 427384),

Group A, Province de Fianarantsoa, Forêt de Vinanitelo au pied

d’Ambodivohitra, 15.5 km au SE de Vohitrafeno, 1100 m;

M. sharpei ‘interioris’ [= M. sharpei] (FMNH 384724), Group A,

Province d’Antananarivo, Montagne d’Ankaratra, Forêt de

Nosiarivo, 2 km NNW (by air) Station de Manjakatompo,

2000 m; M. erythronotus [= M. sharpei] (FMNH 394798), Group

D, Province d’Antsiranana, Parc National de la Montagne

d’Ambre, 5.5 km SW Joffreville, 1000 m; M. bensoni [=M. sharpei]

(FMNH 396194), Group E, Province de Fianarantsoa, Parc

National de l’Isalo, 3.8 km NW Ranohira, 800 m; ‘Bemaraha-

form’ [= M. sharpei] (FMNH 431254), Group B, Province de

Toliara, Parc National de Bemaraha, S. bank Manambolo River,

3.5 km E. Bekopaka, 100 m. Illustration by Velizar Simeonovski.
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2009). However, given the recent discovery of birds refer-

able to the southern group (Group E) near St. Augustin,

and the history of misidentified individuals of sharpei ⁄ ben-

soni mentioned above, these northern records of M. imeri-

nus may actually be of birds falling within Group E.
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Phylogeographic and biogeographic patterns

While standard phylogenetic and phylogeographic

approaches indicate little significant historical structure,

AMOVA revealed clear phylogeographic structure between

the different geographical populations of Monticola. The

molecular results show no evidence of the sympatric

occurrence between members of the different recovered

clades. As previously reported, the species M. imerinus,

falling within the basal Group F, is notably divergent

(3.4%) from the balance of the sequenced individuals asso-

ciated with the sharpei complex (Goodman & Weigt 2002;

Zuccon & Ericson 2010). The sharpei complex is com-

posed of five clades and with notably lower levels of

sequence divergence (0.1–0.7%).

1 Group A is composed of individuals from different areas

of the Central Highlands and is associated with the

name sharpei.

2 Group B contains only birds obtained in the limestone

wooded canyon areas of Bemaraha in lowland central

western Madagascar. These individuals are nested

between Group A and Group C (Fig. 3). No taxonomic

name has been previously proposed for this clade.

3 Group C contains a series of specimens obtained from

different massifs (Marojejy, Anjanaharibe-Sud and

Manongarivo) in the Northern Highlands (Carleton &

Goodman 1998). No taxonomic name has been previ-

ously proposed for this clade.

4 Group D is composed of a single bird from Montagne

d’Ambre in the far north, associated with the name ery-

thronotus, and based on limited current data shows shal-

low molecular divergence from adjacent Group C and

Group E (Fig. 3). Members of Group D have some dis-

crete and fixed morphological differences from the other

members of the sharpei complex (Table 4).

5 Group E is composed of birds collected in southern and

southwestern Madagascar and is associated with the

name bensoni.

At the western edge of the Anosyenne Mountains is a

dramatic ecotone between humid forest to the east (Ando-

hahela) and dry forest to the west (the extensive spiny bush).

Direct evidence from subfossils collected in a cave located

close to the modern ecotone (Burney et al. 2008) indicates

that during periods of the Quaternary, this zone experience

waning and waxing of climatic conditions and associated

faunistic shifts. A number of land vertebrates that are more

typical of dry forests, such as birds (e.g. Fuchs et al. 2007)

and lemurs (e.g. Hapke et al. 2005; Gligor et al. 2009), occur

on the modern humid forest side of this divide. A similar

pattern is observed here with respect to Group E (South-

western, bensoni), showing that individuals collected in the

humid forests of Andohahela are part of a widespread dry

habitat group. Further, within Group E there appears to be
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little in the way of geographical structure, with birds from

Vohimena within the Zombitse-Vohibasia National Park

present within two different subclades (Fig. 3).

Taxonomic conclusions

1 Monticola imerinus is a distinct species based on genetic

and morphological characters. It occurs in the coastal

scrub habitat in the southern portion of the island from

at least the Onilahy River south and then east to near

Tolagnaro.

2 The form Monticola imerina interioris Salomonsen 1934

is a synonym of M. sharpei.

3 Monticola sharpei is composed of different groups, several

with proposed names, which show fixed morphological

characters but relatively low levels of genetic sequence

divergence. On the basis of the analyses presented herein,

while some of the different groups within the sharpei

complex show phylogeographic structure and in some

cases discrete morphological characters, the level of

sequence divergence is sufficiently low that these popula-

tions do not warrant distinct specific recognition. Hence,

we consider the named forms bensoni and erythronotus to

be synonyms of sharpei. Further, there is no evidence that

the population of Monticola within the Bemaraha Massif

is genetically or morphologically well differentiated from

typical sharpei occurring in the eastern forests. These dif-

ferent populations are best considered part of M. sharpei

and populations that are undergoing differentiation and

may represent lineages of incipient speciation.
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naturelle, Paris; The Natural History Museum, London

[formerly British Museum (Natural History)]; and Univer-
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