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Species limits in the Myrmeciza laemosticta complex 

(Aves: Passeriformes: Thamnophilidae) 

Juan Camilo Chaves1, Andrés M. Cuervo2 & Carlos Daniel Cadena1

1Departamento de Ciencias Biológicas Universidad de los Andes, Cr 1 N º 18ª-10, Bogotá 

Colombia. 2 Department of Biological Sciences - Museum of Natural Science, Foster Hall 119, 

Louisiana State University, Baton Rouge, Louisiana 70803, USA 

ABSTRACT – We evaluate species limits in The Dull-mantled Antbird complex, consisting of 

M. laemosticta  laemosticta, M. laemosticta palliata, M. nigricauda, and M. berlepschi, based 

on independent vocal and genetic analyses. Specifically, we test the hypotheses that M. l. 

laemsoticta and M. l. palliata are distinct biological species, and that M. l. palliata is more 

distantly to M. l. laemosticta than traditionally thought. Three diagnostic differences in vocal 

traits separate M. l. laemosticta and M. l. palliata as distinct species, a result that is supported by 

phylogenetic analyses showing that M. l. palliata and M. berlepschi are sister taxa. Levels of 

sequence divergence among members of the complex suggest they diverged before the 

Pleistocene. We propose new species limits recognizing four species-level taxa in the complex, 

and reevaluate their biogeographic history. 

Keywords: Myrmeciza, species limits, vocal characters, systematics  

RESUMEN – Evaluamos los límites de especie en el complejo del Hormiguero Guardarribera,  

el cual comprende a M .laemosticta  laemosticta, M. laemosticta palliata, M. nigricauda, and M. 

berlepschi, basados en análisis independientes vocales y genéticos. Específicamente, probamos 

las hipótesis que M. l. laemosticta y M. l. palliata son distintas especies biológicas, y que  M. l. 

palliata es más distante de  M. l. laemosticta que lo que se ha creído tradicionalmente. Tres 

diferencias diagnósticas en los cantos primarios separan a M. l. laemosticta y M. l. palliata 

como especies biológicas, y este resultado es soportado por los análisis filogenéticos mostrando 

que M. l. palliata y M. berlepschi son taxones hermanos. Los niveles de divergencia en las 
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secuencias hallados entre miembros del complejo sugieren que éstos divergieron antes del 

Pleistoceno. Proponemos nuevos límites de especie reconociendo cuatro taxa a nivel de especie 

dentro del complejo y, una reevaluación de su historia biogeográfica. 

Palabras clave: Myrmeciza, límites de especie, caracteres vocales, sistemática 

 Introduction 

The biological species concept (BSC) relies on the degree of reproductive isolation to set 

species limits between populations (Mayr 1963, Coyne and Orr 2004). The application of the 

BSC is relatively straightforward in the case of sympatric populations because interbreeding or 

complete isolation can be observed directly given their potential to mate in coexistence (Price 

2007). In contrast, applying the BSC to allopatric populations is problematic because it is 

impossible to directly determine if reproductive isolation exists between populations that are 

geographically separated (Sites and Marshall 2004, Price 2007). An alternative to assess species 

limits for allopatric populations is to infer their potential for reproductive isolation from the 

degree of differentiation in attributes implicated in mating and reproduction, in comparison to 

the degree of differentiation observed between sympatric species (Isler et al. 1998, Remsen 

2005). Accordingly, taxonomic authorities such as the British Ornithologists’ Union suggest 

that species rank can be assigned to allopatric avian populations if (1) they exhibit at least one 

diagnostic character and their degree of differentiation is equal to or greater than that observed 

between sympatric related species; and (2), they are statistically diagnosable by a combination 

of independent data sets such as songs, morphology, or molecular sequences (Helbig et al. 

2002). 

Because vocalizations play a crucial role in mate choice and premating reproductive isolation in 

birds (Baptista and Kroodsma 2001, Derryberry 2007, MacDougall-Shackleton and 

MacDougall-Shackleton 2001), vocal traits are often informative in establishing limits among 

avian species (Isler et al. 1998, Remsen 2005, Seddon and Tobias 2007, Price 2007). 

Specifically, vocal traits have been used to revise the taxonomy of allopatric populations in the 
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typical antbirds (Thamnophilidae) based on a standard methodology developed empirically by 

Isler et al. (1998). These authors assessed the degree of vocal differentiation in eight pairs of 

closely allied species of syntopic antbirds by measuring eleven vocal characters on 

spectrograms of loudsongs (sensu Willis 1967). Since coexisting species exhibited diagnostic 

differences in three or more such characters, Isler et al (1998) proposed using the existence of a 

minimum of three diagnostic vocal traits as a “yardstick” to rank allopatric antbird populations 

as different species. The effectiveness of this methodology has been tested on different antbird 

species complexes, revealing that patterns of vocal and genetic variation are congruent 

(Brumfield 2005, Isler et al. 2005, Braun et al. 2005, Isler et al. 2007a, 2007b). As multiple 

studies employing this approach have accumulated, it has become increasingly clear that 

traditional taxonomy has substantially underestimated species diversity in the Thamnophilidae 

(Isler et al. 1999, Isler et al. 2001, Isler et al. 2005, Braun et al. 2005, Isler et al. 2007a, 2007b, 

Isler et al. 2008). 

The antbird genus Myrmeciza comprises 19 species varying greatly in morphology, coloration, 

and vocalizations (Zimmer and Isler 2003). This wide variation partly results from the non-

monophyletic nature of the genus (Irestedt et al. 2004, Brumfield et al. 2007a). One of the 

species in the genus is the Dull-mantled Antbird (M. laemosticta, Salvin 1865), which inhabits 

the understory of tropical humid forests on foothills between 300 and 850 m elevation, and 

locally up to 1500 m (Fig. 1). Current taxonomy recognizes two allopatric populations as 

subspecies. One is the Central American M. l. laemosticta, which ranges from northeast Costa 

Rica along the Caribbean slope to the Darién and San Blas regions of eastern Panama. The other 

is the South American M. l. palliata, which ranges from the upper Sinú and lower Cauca valleys 

and along the two slopes of the Magdalena valley in Colombia to Zulia and Táchira states in 

northwestern Venezuela (Hilty and Brown 1986, Ridgely and Gwynne 1989, Hilty 2003, 

Zimmer and Isler 2003). Morphologically, both subspecies are subtly distinguishable:  the 

plumage of M. l. palliata is paler than that of M. l. laemsoticta (Zimmer and Isler 2003).  

Historically, M. laemosticta has been thought to be closely related to two species of Myrmeciza 
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occurring in the Chocó biogeographic region of Colombia and Ecuador. First, based on 

morphological similarities in female plumage, some authors have proposed that M. laemosticta 

forms a superspecies with the Esmeraldas Antbird (M. nigricauda,  Salvin and Godman 1892), a 

taxon that ranges in the Chocó foothills from western Colombia to southwestern Ecuador 

between 150 and 1500 m (Zimmer and Isler 2003; Fig. 1). In addition, M. laemosticta has been 

thought to be related to the Stub-tailed Andbird (M. berlepschi, Hartert 1898), which ranges in 

the Chocó from western Colombia to northwest Ecuador, from sea level up to 650 m (Zimmer 

and Isler 2003; Fig. 1). Myrmeciza berlepschi was long considered the sister species of M. 

nigricauda and both were merged in the genus Sipia, curently considered invalid (Robbins and 

Ridgely 1991, Zimmer and Isler 2003).  

Recent fieldwork revealed that loudsongs of M laemosticta recorded in the middle Magdalena 

Valley of Colombia in Caldas and Boyacá (subspecies palliata) differ substantially from those 

of Central American populations (nominate subspecies; Cuervo et al. 2007). This observation 

raises the question of whether these two taxa could deserve species rank. Moreover, we 

conducted preliminary analyses that suggested that M. l. palliata appeared vocally more similar 

to M. nigricaduda than to M. l. laemosticta, which may reflect that M. l. palliata and M. 

nigricauda are more closely related than implied by current taxonomy. Here we assess species 

limits and phylogenetic relationships in the M. laemosticta complex integrating vocal and 

molecular phylogenetic data. Specifically, we test the hypotheses that M. l. laemosticta and M. l. 

palliata are distinct biological species, and that, within the complex, M. l. palliata is more 

distantly related to M. l. laemosticta than traditionally thought. 

 

METHODS 

Acquisition of Vocal and Tissue Samples 

We conducted field work in the middle Magdalena Valley of Colombia to obtain recordings of 

loudsongs (sensu Willis 1967, Isler et al. 1998), and to collect specimens of M. l. palliata. We 
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supplemented this material with recordings and tissues of M. l. laemosticta, M. nigricauda and 

M. berlepschi obtained from sound archives, tissue and ornithological collections, and other 

researchers (see Appendix 1). We also supplemented our molecular data with sequences 

available in GenBank. 

 

Vocal Analyses 

We characterized vocal variation among the four Myrmeciza taxa forming the M. laemosticta 

complex using the methodology proposed by Isler et al. (1998), focusing on 12 quantitative and 

two qualitative vocal characters measured on male loudsongs (Table 1). Qualitative differences 

among populations in calls and female songs were also inspected, but we did not analyze them 

quantitatively because samples for such vocalizations were scarce. All measurements were 

taken using the program Raven Pro 1.3. (Cornell Laboratory of Ornithology, Ithaca, NY). For 

each individual male recorded, we calculated the mean value for all 12 quantitative variables 

measured in three loudsongs bouts. 

To establish if any of the 12 quantitative variables was diagnostically different between any two 

populations, we followed the following criteria. First, two continuous and normally distributed 

variables were considered diagnostic only if their ranges did not overlap and if they met the 

following requirement:  

    

where the population with the smaller sample size is “a” and the one with the larger sample size 

is “b”, x represents the mean and SD the standard deviation of the respective variable, and t is 

the t-score at the 97.5 percentile of the t distribution with n - 1 degrees of freedom, where n is 

number of individuals (Isler et al. 1998). Because the sample size was smaller than 30 

individuals in all cases, we implemented this procedure to assess whether the non-overlapping 

condition would remain if sample sizes were larger (Isler et al. 1998). 
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To evaluate the statistical significance of diagnosability for vocal characters that were not 

normally distributed (i.e. ratios), a non-parametric bootstrap simulation was used following Isler 

et al. (2007a). The simulation compared the differences between the means (DBM) of traits 

between pairs of taxa to a null distribution of DMBs calculated by generating 10000 sample 

pairs with replacement. The DBMs of the simulated comparisons are normally distributed, and 

this distribution allows assigning a significance value to the differences observed in the real data 

(Isler et al. 2007a). 

We examined qualitative characters using printed copies of spectrograms generated for each 

loudsong bout in Raven Pro. We conducted blind analyses in which we grouped spectrograms 

through visual inspection without knowing to which population did they correspond, and then 

assessed if the groupings assembled blindly matched the populations under study (Isler et al. 

2007a). Diagnostic characters were those unambiguously present in only one population. 

Finally, we conducted a discriminant function analysis to determine whether the four taxa 

studied could be diagnosed in a multivariate vocal space. This analysis included the 12 

quantitative characters (Table 1) and was conducted in the program SPSS 15.0.  

 

DNA extraction, amplification and sequencing 

We extracted DNA from skin samples taken from toe pads of museum specimens or from tissue 

samples of M. l. palliata and the outgroup taxon M. exsul using the DNeasy tissue kit (Qiagen). 

We amplified and sequenced the mitochondrial gene Nicotinamide Dehydrogenase subunit 2 

(ND2) using the primers L5216 and H6313 (Sorenson et al. 1999). Polymerase chain reactions 

contained 4µL of genomic DNA template, 6.1 µL of deionized water, 1.2 µL of primers, and 

12.5µL of GoTaq® Green Master Mix (Promega). Reactions consisted of an initial denaturation 

step (94 ºC for 2 min) followed by 35 cycles of denaturation at 94 ºC for  45 s, annealing at 52 

ºC for 30 s, extension at 72 ºC for 1 min, and a final extension for 10 min. We purified PCR 

products using Exo SAP, prepared sequencing reactions with the same primers used for 
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amplification using standard protocols, and run samples in an ABI 3730XL sequencer. 

Sequences of M. l. laemosticta and M. nigricauda were provided by M. J. Miller, and sequences 

of outgroup taxa were obtained from GenBank (Appendix 1). 

 

Phylogenetic Analysis 

Sequences were edited and aligned manually using SeqMan II 4.0 (DNAStar, Madison, WI). 

We used parsimony, maximum-likelihood and Bayesian analysis to evaluate phylogenetic 

relationships between members of the Myrmeciza laemosticta complex and closely related taxa. 

Parsimony analysis were performed in PAUP* 4.0beta 10 (Swofford 1998) using a branch-and-

bound search and estimating nodal support using 1000 bootstrap replicates. Maximum-

likelihood analyses were run in the CIPRES portal (http://www.phylo.org/news/RAxML; 

Warnow et al. 2008) implementing the GTR+I+G model of nucleotide substitution in the 

program GARLI 0.951 (Zwickl 2006); we assessed nodal support using 1000 bootstrap 

replicates in PAUP*. Bayesian analyses were also run in the CIPRES portal, under a GRT+I+G 

model using Mr Bayes (Huelsenbeck and Ronquist 2001). Four heated chains were run for 15 

million generations, sampling every 1000 generations. The first five million generations were 

discarded as “burn-in”, and the majority-rule consensus of the remaining 10000 trees was used 

to estimate posterior probabilities of relationships. 
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RESULTS 

Vocal analysis 

Pairwise diagnosability of loudsongs 

We analyzed a total of 111 loudsongs of 37 individuals of the four taxa (Appendix 1). 

Diagnostic differences were observed in seven characters: pace, change in pace, peak frequency, 

change in note length, change in maximum power, note shape and change in note shape (Table 

3; Figures 2 and 3). These differences were observed in the following pairwise comparisons 

between populations. 

Myrmeciza l. laemosticta and M. l. palliata are diagnosable in three vocal characters: song pace, 

note structure, and change in note structure. Song pace is faster in M. l. laemosticta than in M. l. 

palliata (4.6–5.8 vs. 2.9–3.7 notes sec-1; Figure 3a). The loudsongs of M. l. laemosticta consist 

of two main segments (vs. three in M. l. palliata), with rounded notes in the first segment (vs, 

up-slurred and partially-modulated notes in M. l. palliata). Only M. l. palliata adds a third 

segment of a high-frequency Λ-shaped note. Whereas notes change from up-slurred and 

partially-modulated shapes to down-slurred and Λ-shaped notes in M. l. laemosticta, notes in M. 

l. palliata change from rounded to Λ-shaped and then to an intermediate Λ -rounded shape. 

Myrmeciza l. palliata and M. nigricauda are diagnosable in two vocal characters: note shape 

and change in note structure (Fig. 2a and 2c). Loudsongs of M. l. palliata and M. nigricauda 

consists of three segments; in the first segment, notes are rounded in both taxa. The second 

segment of the loudsong of M. nigricauda exhibits notes that are partially modulated whereas 

those of M. l. palliata are downslurred and Λ-shaped. In the third segment, both taxa exhibit 

rounded notes, but can be diagnosed based on the change in frequency across them: notes are 

symmetrical in M. l. nigricauda and asymmetrical in M. l. palliata. In terms of change in note 

structure, notes in M. l. palliata change from rounded to Λ-shaped, and finally to an 

intermediate chevron-rounded shape, whereas in M. nigricauda notes change from rounded to 

partially modulated, to rounded again. 
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Myrmeciza l. palliata and M. berlespchi are diagnosable based on three vocal characters: change 

in maximum power, note shape, and change in note structure. Mean change in maximum power 

is significantly different at 95% probability between these two taxa according to the 

nonparametric bootstrap test (Table 4; Fig. 3e). In terms of note shape, the loudsong of M. 

berlepschi has only one segment with down-slurred rounded notes, whereas the loudsong of M. 

l. palliata has three main different segments. Finally, loudsongs of M. berlespchi show no 

change in note structure, whereas in M. l. palliata notes change from rounded to Λ -shaped, and 

finally to an intermediate chevron-round shaped note. 

Myrmeciza l. laemosticta and M. nigricauda are diagnosable based on three vocal characters: 

song pace, note structure, and change in note structure. In terms of pace, M. l. laemosticta 

exhibits diagnosably higher values than M. nigricauda (4.61 – 5.83 vs. 2.77 – 3.61 notes sec-1) 

(Figure 3a). In terms of note structure, loudsongs of M. nigricauda consist of three main 

segments (vs. two in M. l. laemosticta). On the first segment, loudsongs of M. nigricauda 

consist of rounded notes (vs. up-slurred partially-modulated notes in M. l. laemosticta). On the 

second segment, M. nigricauda has modulated notes (vs. chevron-shaped notes in M. l. 

laemosticta). Finally, M. nigricauda adds a third segment consisting of a high-frequency 

rounded note. In M. l. laemosticta, note structure changes through its loudsong from up-slurred 

and partially-modulated notes to down-slurred and Λ-shaped notes; in contrast, in M. 

nigricauda note structure changes from rounded notes to partially modulated notes, and finally 

to a rounded note. 

Myrmeciza l. laemosticta and M. berlespchi are diagnosable based on five vocal characters: 

peak frequency, change in song pace, change in note length, note shape, and change in note 

shape. Peak frequency is diagnosably lower in M. berlespchi (3192.65 - 3445.31Hz) than in M. 

l. laemosticta (3881.70 – 4766.01Hz), and the change in pace is significantly greater at a 95 % 

probability in M. berlepschi (Table 4; Figure 3). In terms of change in note length, M. 

berlespchi has shorter notes at the beginning and longer notes at the end of its loudsong, 

whereas M. l. laemosticta tends to have longer notes at the beginning and shorter notes at the 
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end. The bootstrap simulation shows that change in note length of M. l. laemosticta is 

significantly greater at 99 % probability from that of M. berlespchi. In terms of note shape, the 

loudsongs of M. l. laemosticta consist of two distinct segments, whereas those of M. berlespchi 

cannot be separated into distinct segments. Notes in M. l. laemosticta change structure through 

the loudsong from up-slurred and partially modulated to down-slurred and Λ-shaped, whereas in 

the loudsongs of M. berlespchi all notes are similarly rounded.  

Finally, M. nigricauda and M. berlespchi are diagnosable based on two vocal characters: note 

shape and change in note shape. The loudsong of M. berlespchi exhibits uniformly rounded 

notes throughout, whereas that of M. nigricauda has three distinct segments definable based on 

note shape. In terms of change in note shape, in M. nigricauda notes change from rounded to 

partially modulated, to rounded again, whereas M. berlespchi exhibits no change in note shape. 

 

Multivariate vocal analysis 

The first two canonical functions explained 96% of the variation in vocal variables (60.2% and 

35.8%, respectively), whereas the third function explained the remaining 4% (Table 4). Group 

centroids are significantly different among taxa (λWilks = 0.002; XC
2 = 184.14; d.f. = 33; p = 

0.00005), and the analysis classified correctly 100% of individuals to their respective population 

designation (Fig. 4). In sum, this analysis demonstrates that M. l. laemosticta, M. l. palliata, M. 

nigricauda, and M. berlepschi are all vocally diagnosable with respect to each other in 

multivariate space. 

 

Calls and female songs 

We observed two different call types in the available recordings of M. l. palliata. One is a single 

flattened round-shaped note, showing two poorly defined overtones; the other consists of a well 

defined up-slurred note without any overtones (Figure 5a). Calls of M. l. laemosticta consist of 
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round-shaped notes without overtones (Fig. 5b). We found two different call types in M. 

nigricauda (Fig. 5c): a call with two up-slurred notes and three small overtones, and a Λ-shaped 

call that initially grows and then decreases in pitch, finishing at a lower frequency than the 

initial one; the latter call shows one clear overtone with the same shape. In M. berlepschi, we 

found a single call, consisting of one note with flat shape, without any overtones (Fig. 5d). 

The female song of M. l. palliata consists of a single segment with four flat notes with no 

overtones (Fig.6a). In M. l. laemosticta, female song consists of an initial segment with three 

flat notes and final segment with three down-slurred and chevron-shaped notes, without 

overtones (Fig. 6b). The female song of M. nigricauda consists of a first segment comprising 

two partially-rounded to flat notes with one clear rounded overtone, and a final segment 

comprises three down-slurred round notes with a single down-slurred overtone (Fig. 6c). 

Finally, the female song of M. berlepschi consists of a single segment with seven flat to down-

slurred notes, without any overtones (Fig. 6d). 

 

Sequence variation and phylogenetic analysis 

The complete ND2 sequence (1041 bp) was obtained for M. l. palliata and M. exsul. When 

combined with sequences obtained from other researchers and GenBank, we were able to 

assemble a dataset of 14 individual ND2 sequences, representing the four taxa in the complex 

and six outgroups. Of the 1401 bp, 635 characters were constant, 131 were variable and 275 

were parsimony-informative.  

Topologies recovered using different methods of phylogenetic inference were identical (Fig. 7). 

Maximum parsimony analysis resulted in eight most parsimonious trees (867 steps), maximum-

likelihood analysis resulted in a single most-likely tree (-ln = -4852.683) and Bayesian analysis 

resulted in a consensus tree of the final 10001 sampled trees. In all the analyses, M. exsul was 

found to be the sister species of the M. laemosticta complex, with moderate bootstrap support in 

maximum parsimony and maximum likelihood (66% and 65%, respectively), and a high 
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posterior probability in Bayesian inference (1.0). Although the four taxa forming the M. 

laemosticta complex formed a monophyletic group with strong nodal support (100% bootstrap 

in both MP and ML, and a posterior probability of 1.0), relationships among taxa within this 

clade were not those predicted from traditional taxonomy. Foremost, M. l .laemosticta and M. l 

palliata are not sister taxa: M. l .laemosticta was recovered as sister to a clade formed by the 

rest of the taxa included in the complex with low support (bootstrap values < 50%, posterior 

probability =0.91), whereas M. l. palliata was found to be sister to M. berlepschi with low 

bootstrap values (53% and 54% in MP and ML, respectively), but high Bayesian support (0.99). 

Myrmeciza nigricauda was found to be sister to the M .l .palliata- M.berlepschi clade.  

 

The uncorrected p-distance between populations in the M. laemosticta complex ranged from 

6.4% to 8.4%, with divergences reaching 15% when comparisons extended to its sister group, 

M. exsul (Table 5). Genetic distance between M. l. palliata and M. l. laemosticta is large (8-

8.4%), equivalent to that found between M. l. palliata and M. nigricauda, and greater than that 

between M. l. palliata and M. berlepschi (Table 5). 
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DISCUSSION 

Species limits in the Myrmeciza laemosticta complex 

Independent analyses in the Myrmeciza laemosticta complex support our hypotheses that the 

species-level diversity of the group has been underestimated and that current taxonomy is 

inconsistent with the phylogenetic relationships between members of the complex. Specifically, 

consistent with our first hypothesis, we found that M. l. palliata is diagnosably different from 

M. l. laemosticta in three vocal characters; following the standards for assessing species limits 

for allopatric populations in antbirds developed by Isler et al. (1998), this result implies that 

these two taxa represent different species. This conclusion is further supported by patterns of 

genetic variation, as sequence divergence between M. l. laemosticta and M. l. palliata (8-8.4%) 

is greater than that between distinct species in the complex that live in sympatry (M. nigricauda 

and M. berlepschi differ by 6.4-6.8% sequence divergence). Moreover, our molecular 

phylogeny is consistent with our second hypothesis that M. l. laemosticta and M. l. palliata are 

not each other’s closest relatives as implied by current taxonomy.  Instead, M. l. palliata appears 

to be sister to M. berlepschi and the clade formed by these two taxa might be closer to M. 

nigricauda than to M. l. laemosticta (see below).  

Clearly, our analyses of independent sets of data suggest that M. l. laemosticta and M. l palliata 

must be treated as different species under the BSC given their vocal and genetic diagnosability 

and their distant phylogenetic relationship within the M. laemosticta complex, which calls for a 

change in species-level classification in the group. A further question, however, is whether the 

taxon palliata should be treated a subspecies of another species of the complex, or if it should 

be given species status. A priori, we had noted a superficial vocal similarity between palliata 

and M. nigricauda, which was borne out by our acoustic analyses; indeed, these two taxa 

exhibit only two diagnostic differences in loudsong characters, so a strict application of the Isler 

et al. (1998) methodology for species delimitation based on vocal traits would treat these 

allopatric taxa as conspecific. However, we note that palliata and M. nigricauda differ 
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considerably in signals that are likely related to reproductive isolation, such as male and female 

plumage (Robbins and Ridgely 1991), and the differences between them in plumage traits are 

comparable to those existing between M. berlepschi and palliata, and arguably greater than 

those between M. l. laemosticta and palliata. In addition, our phylogenetic analyses revealed 

that palliata and M. nigricauda do not appear to be each other’s closest relatives, and their 

degree of genetic differentiation (8.1-8.3%) is greater than that between good species in the 

group (e.g. M. berlepschi and M. nigricauda, 6.4-6.8%). In sum, we believe that the degree of 

vocal differentiation between M. nigricauda and palliata might be sufficient to maintain them 

as distinct species, especially in combination with the observed divergence in other traits. 

Indeed, this situation in seen in other members of the complex: M. berlepschi and M. nigricauda 

differ only in two vocal traits, but because they are sympatric and there is no evidence of 

intermediacy or introgression in signals likely related to reproductive isolation (i.e. songs and 

morphology), they are clearly different species. Accordingly, we conclude that congruence of 

independent analyses (Isler et al. 1999) and consideration of the degree of differentiation 

between M. nigricauda and palliata in the context of the differentiation observed between good 

species in the complex (Remsen 2005), suggest these two taxa are also best considered separate 

species. More generally, our results imply that only two diagnosable characters in the loudsong 

might be sufficient to consider two populations as distinct species in the Myrmeciza laemosticta 

complex, as observed in other sympatric thamnophilid species (e.g. Thamnophilus striatus-T. 

murinus, Myrmotherula surinamensis – M. cherriei; Isler et al. 1998). Moreover, we note that 

the differences in loudsongs we documented are likely associated with diagnostic differences in 

calls, which may play an important role in species recognition as seen in other antbirds in which 

distinct populations with similar loudsongs but different calls coexist in sympatry (e.g. in the 

Hypocnemis cantator complex; Isler et al. 2007b). Studies evaluating the function and relative 

importance for species recognition of lousongs and calls are necessary for the M. laemosticta 

complex and other typical antbirds. 
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An alternative possibility regarding the taxonomic status of palliata would be to rank it as a 

subspecies of M. berlepschi, which was recovered as its closest relative in our analyses. 

However, these two taxa exhibit diagnostic vocal difference in three characters and differ 

considerably in plumage, so following the standards used to establish species limits in antbirds 

(Isler et al. 1998) and our findings about the degree of differentiation between good species in 

the M. laemosticta complex, they also best considered separate species.  

Finally, diagnostic vocal differences between M. l. laemosticta and M. berlepschi (five 

characters), and M. berlepschi and M. l. palliata (three characters) are sufficient to consider 

them as different biological species according to the methods described by Isler et al. (1998). 

This essentially agrees with the current classification of the group (Zimmer & Isler 2003).  

Based on the above discussion, we conclude that all the evidence is consistent in suggesting that 

palliata merits species status. Accordingly, we suggest recognizing four biological species in 

the M. laemosticta complex, as follows: 

 

Myrmeciza laemosticta (Salvin) ---- Dull-mantled Antbird 

Myrmeciza nigricauda (Salvin and Godman) ---- Esmeraldas Antbird 

Myrmeciza berlepschi (Hatert) ---- Stub-tailed Antbird 

Myrmeciza palliata (Todd). ---- Magdalena-Nechí Antbird 

 

Phylogeny of the Myrmeciza laemosticta clade and biogeography of trans-Andean antbirds  

Our phylogenetic analyses based on mitochondrial sequence data support the monophyly of the 

M. laemosticta complex (i.e. M .l.  laemosticta, M. l. palliata, M. nigricauda, and M. 

berlepschi), which is in agreement with the hypothesis that these species are more closely 

related to each other than to any another species of Myrmeciza (Robbins and Ridgely 1991); our 
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analyses also confirm that M. exsul is the sister taxon of the complex (Robbins and Ridgely 

1991, Brumfield et al. 2007). However, our results are inconsistent with the biogeographic 

scenario for the diversification of this group proposed by Robbins and Ridgely (1991) based on 

patterns of plumage variation and qualitative assessments of loudsongs. These authors 

hypothesized that M. berlepschi diverged from a proto nigricauda/laemosticta taxon, which 

later separated forming M. laemosticta and M. nigricauda, then accepted as allospecies, during 

the Quaternary (Robbins and Ridgely 1991). Based on our results, which show that M. 

laemosticta sensu lato is paraphyletic, and that nominate laemosticta and palliata are two 

separate species that do not seem to be sister to each other (M. palliata appears to be sister 

species to M. berlepschi and the clade formed by these two taxa might be closer to M. 

nigricauda than to M. laemosticta sensu stricto), the phylogenetic pattern predicted by their 

hypothesis can be rejected. Likewise, our phylogenetic results are inconsistent with the 

biogeographic scenario proposed by Nores (2004), who hypothesized that M. laemosticta 

(including palliata) diverged from a clade formed by M. nigricauda and M. berlepschi in 

separate refugia that formed as a consequence of marine incursions in the Tertiary or 

Quaternary. Our data also emphasize that the assumption that plumage coloration is a good 

indicator of phylogenetic relationships in antbirds has to be taken with great care, because 

allopatric forms that are poorly differentiated in plumage coloration (e.g. M. laemosticta and M. 

palliata) can actually be phylogenetically distant. Furthermore, ND2 sequence divergence 

between members of the M. laemosticta complex ranged from 6.4% to 8.4%, which means that 

those populations have been separated for at least 3.0 to 5.25 million years of independent 

evolution, assuming a 1.6 to 2.1% rate of nucleotide substitution per million years substitution 

rate for avian mtDNA (Fleischer et al. 1998, Weir & Schluter 2008). These data place the 

timing of differentiation in the M. laemosticta complex prior the Early Quaternary (1.8mya), 

contradicting the temporal scenario hypothesized by Robbins and Ridgely (1991). However, 

pre-Pleistocene differentiation agrees with the ancient divergence times found in other species 

of the Thamnophilidae (Bates et al. 1999; Braun et al. 2005; Brumfield and Edwards, 2007). 
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Traditional hypotheses about the diversification of lowland birds in northern South America 

often attribute divergence events  to population fragmentation caused by Pleistocene climate 

changes (Haffer 1967) and by marine incursions (Bates 2002, Nores 2004). In addition, the 

uplift of the Andes influenced the diversification of lowland birds by creating a major barrier 

that isolated cis-Andean and trans-Andean lineages (Haffer 1967), a vicariant event that is 

responsible for basal divergences in some antbird lineages (Brumfield & Edwards 2007). All 

members of the Myrmeciza laemosticta complex occur west of the Andes, so their 

diversification has occurred within a region that is bounded by this high-elevation barrier. The 

earliest divergence event in the complex was the separation of M. laemosticta from the lineage 

leading to M. palliata, M. berlepschi, and M. nigricauda, which according to our mtDNA data 

dates to the Early Pliocene.The sister relationship between Central American taxa and forms 

occurring in the Chocó-Magdalena areas we observed is consistent with patterns documented 

for other Neotropical birds (Brumfield and Capparella 1996, Bates et al. 1998, Marks et al. 

2002). The subsequent divergence of the three taxa occuring in South America might have been 

initiated by vicariant events related to climate change or marine incursions, and were possibly 

reinforced by the fragmentation of forests that likely occurred during the Pleistocene in this 

region (Haffer 1967, Nores 2004). Haffer (1967) noted that several taxa exhibit contact zones 

where they hybridize in the Urabá – Northern Chocó región (e.g. the Pteroglossus torquatus and 

Galbula ruficauda complexes), which suggests that an important priority for future studies 

would be to determine if M. laemosticta and M. palliata meet in a contact zone in this area, and 

if so, whether there is any gene flow or intermediacy between them in the area. This information 

would confirm whether the molecular and vocal distinctiveness we noted between these taxa is 

maintained in areas where their distributions abut (see Brumfield 2005, Isler et al. 2005). 
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FIGURE LEGENDS 

FIGURE 1. Distribution of the four taxa of the Myrmeciza laemosticta complex (InfoNatura, 

2007). Dots show localities where the songs we analyzed were recorded. 

FIGURE 2. Spectrograms showing representative loudsongs of A) M. laemosticta palliata. 

Cañón del Rio Claro – Antioquia, Colombia J. C. Chaves. B) M. l. laemosticta. Cerro Lower – 

Darien, Panamá. B. W. Whitney. BMW_010_11.  C) M. berlepschi. Rio Silanche, Pedro 

Vicente Maldonado, Pichincha - Ecuador. Nick Athanas.  D) M. nigricauda. El Oro, Ecuador. B. 

W. Whitney. BMW_035_05. 

FIGURE 3. Variation in vocal variables showing diagnostic differences among populations of 

the Myrmeciza laemosticta complex: a) Pace. b) Peak frecuency. c) Change in pace. d) Change 

in note length. e) Change in maximum power. 

FIGURE 4. Scatterplot of the first two canonical functions discriminating loudsongs of 

populations of the Myrmeciza laemosticta complex based on 12 vocal variables measured on 

spectrograms. 

FIGURE 5. Spectrograms of calls of A) M. l. palliata. B) M. l. laemosticta. C) M. nigricauda. 

D) M. berlepschi. 

FIGURE 6. Spectrograms of female songs of A) M. l. palliata. B) M. l. laemosticta. C) M. 

nigricauda. D) M. berlepschi. 

FIGURE 7. Maximum-likelihood tree showing relationships among members of the Myrmeciza 

laemosticta complex. 1000 replicate bootstrap values (>50%) for Maximum parsimony and 

Maximum-likelihood, and posterior probabilities (>90%) are shown in supported nodes. 
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TABLE 1. Description of 14 vocal variables measured on the loudsongs of four taxa of 

Myrmeciza antbirds (M. l. laemosticta, M. l. palliata, M. nigricauda and M. berlepschi). 

Vocal Variable Type Distribution Description 

Number of notes Quantitative Continuous, 

Normal 

Number of notes per loudsong 

Duration Quantitative Continuous, 

Normal 

Loudsong duration in seconds, from 

the beginning of the first note to the 

end of the last note 

Pace  Quantitative Continuous, 

Normal 

Number of notes over loudsong 

duration, from the beginning of the 

first note to the end of the last interval 

Change in pace  Quantitative Ratio, not normal Ratios between the pace of three 

equally-long sections of a loudsong 

(1/2, 1/3 y 2/3) 

Note length Quantitative Continuous, 

Normal 

Duration of each note in milliseconds 

(ms). Notes one, two, middle, 

penultimate and ultimate were 

measured per vocalization 

Change in note length Quantitative Continuous, not 

normal 

Pairwise ratios between the five notes 

measured (1/2…4/5).  

Interval length Quantitative Continuous, 

Normal 

Duration of the silence intervals that 

follow the first four notes of a 

loudsong, in milliseconds (ms). 
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Change in interval 

length 

Quantitative Continuous, not 

normal 

Pairwise ratios between the four 

intervals measured (1/2…3/4).  

Peak frequency  Quantitative Continuous, 

Normal 

Peak Frequency in Hertz (Hz) of the 

five notes measured. 

Change in peak 

frequency 

Quantitative Continuous, not 

normal 

Pairwise ratios between the five peak 

frequencies (1/2…4/5). 

Maximum  power  Quantitative Continuous, 

Normal 

Inrtensity of the note in decibeles 

(dB) as defined by Raven, measured 

in five notes analyzed. 

Change in max power Quantitative Continuous, not 

normal 

Pairwise ratios between the five max 

power values (1/2…4/5). 

Note structure Qualitative - Shape, syntax, and presence or 

absence of overtones 

Change in note 

structure 

Qualitative - Change in shape, syntax, and 

presence or absence of overtones 

through the vocalization  
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TABLE 4. Discriminant Function Analysis of vocal variation in the Myrmeciza laemosticta 
complex based on twelve vocal variables. Asterisks represent variables with strongest loadings.  

Function Variable 

1 2 3 

Peak frequency (Hz) 0.560* -0.265 0.258 

Change in max power 0.213* 0.008 -0.186 

Pace (notes/s) -0.070 0.705* -0.189 

Duration (s) -0.193 -0.441* -0.100 

Note length (ms) 0.082 -0.283* 0.170 

Interval length (ms) 0.083 -0.252* 0.233 

Change in peak 
frequency 

-0.104 0.199 0.463* 

Change in pace -0.227 -0.353 0.447* 

Change in interval 
length 

0.182 0.181 -0.364* 

Change in note length 0.201 0.250 -0.344* 

Max power (dB) 0.036 -0.012 -0.261* 

Note number 0.560* -0.265 0.258 
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TABLE 5. Uncorrected “p” genetic distances for Myrmeciza laemosticta complex and sister 
taxon 

  1 2 3 4 5 6 7 

1 Myrmeciza 
exsul1 

-       

2 Myrmeciza 
exsul2 

0.0183 -      

3 Myrmeciza 
berlepschi 

0.1327 0.1254 -     

4 Myrmeciza 
nigricauda1 

0.1294 0.1247 0.0643 -    

5 Myrmeciza 
nigricauda2 

0.1288 0.1269 0.0685 0.0081 -   

6 Myrmeciza l. 
laemosticta1  

0.1333 0.1327 0.0836 0.0767 0.0783 -  

7 Myrmeciza l. 
laemosticta2 

0.1306 0.1303 0.0759 0.0672 0.0675 0.0109 - 

8 Myrmeciza l. 
palliata 

0.1550 0.1522 0.0707 0.0818 0.0836 0.0847 0.0804 
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TABLE 3. Quantitative and qualitative vocal measures analyzed in the Myrmeciza laemosticta complex.  

 

Population measurements 

 

Results of Diagnosability tests 

 

Vocal 
variable 

 

 

M. l. 
laemosticta 

 n = 12 

M. l. 
palliata 

n = 7 

M. 
nigricauda 

n = 10 

M. 
berlepschi 

n = 8 

palliata vs 
laemosticta 

palliata vs 
nigricauda 

palliata vs 
berlepschi 

laemosticta 
vs 
nigricauda 

laemosticta 
vs 
berlepschi 

nigricauda 
vs 
berlepschi 

Note 
number 

7.94 ± 0.84 7.05 ± 
1.28 

6.00 ± 0.63 8.76 ± 0.69 ND1 ND1 ND1 ND1 ND1 ND2 

Duration of 
vocalization 
(s) 

1.67 ± 0.16 2.46 ± 
0.32 

2.13 ± 0.18 2.40 ± 0.13 ND2 ND1 ND1 ND1 ND1 ND1 

Pace (notes/ 
s) 

5.03 ± 0.45 3.10 ± 
0.28 

3.16 ± 0.35 3.97 ± 0.30 ** ND1 ND1 ** ND1 ND1 

Note length 
(ms) 

134.14 ± 
35.30 

193.90 ± 
40.43 

205.19 ± 
18.50 

159.29 ± 
21.36 

ND1      

      

      

ND1 ND1 ND1 ND1 ND1

Interval 
length (ms) 

 

98.24 ± 
38.46 

162.68 ± 
27.32 

187.67 ± 
56.58 

125.32± 
27.32 

ND1 ND1 ND1 ND1 ND1 ND1

Peak 
Frequency 

(Hz) 

 

4252.29 ± 
310.21 

4609.33 ± 
265.98 

5178.30 ± 
327.01 

3338.75 ± 
96.23 

ND1 ND1 ND1 ND1 ** ND1
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Max Power 
(dB) 

78.65 ± 7.10 84.76 ± 
25.03 

75.44 ± 
9.30 

72.57 ± 
10.11 

ND1      ND1 ND1 ND1 ND1 ND1

Change in 
Pace 

0.79 ± 0.05 0.97± 0.10 0.98 ± 0.10 1.10 ± 0.05 ND1 ND1 ND1 ND1 †  95% ND1 

Change in 
note length 

1.26 ± 0.13 1.06 ± 
0.14 

1.05 ± 0.12 0.87 ± 0.07 ND1 ND1 ND1 ND1 † 99% ND1 

Change in 
Interval 
length 

1.88 ± 0.32 1.60 ± 
0.36 

1.51 ± 0.22 1.14 ± 0.15 ND1 ND1 ND1 ND1 ND1 ND1 

Change in 
Peak 
Frequency 

0.99 ± 0.03 0.92 ± 
0.04 

0.96 ± 0.03 1.00 ± 0.02 ND1 ND1 ND1 ND1 ND1 ND1 

Change in 
Max Power 

1.01 ± 0.02 1.01 ± 
0.02 

1.01 ± 0.04 0.96 ± 0.01 ND1 ND1 † 95% ND1 ND1 ND1 

Note Shape -          

          

          

- - - Yes Yes Yes Yes Yes Yes

Change in 
Note Shape 

- - - - Yes Yes Yes Yes Yes Yes

Total 
differences 
in vocal 
characters 

- - - - 3 2 3 3 5 2

 

ND1: not diagnosable according to the first criterion; the ranges in in measurements obtained for the two populations overlapped 

ND2: diagnosable according to the first criterion, but not diagnosable according to the second criterion. 
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** Quantitative and normally distributed character showing diagnostic differences between populations according to confidence intervals.  

† Quantitative but not normal character showing diagnostic difference at the indicated percentage, using boostrap simulation.  
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FIGURE 1. 
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Appendix 1. Recordings, Sequences and tissues used in the analyses. 

Archive      Collaborator Archive Population Country Locality

Recording B.M Whitney M. l. palliata BMW 072 01 Extract 1 caldas M. paliata Colombia La Victoria, Caldas 

Recording B.M Whitney M. l. paliata BMW 072 01 Extract 2 caldas M. paliata Colombia La Victoria, Caldas 

Recording A. M. Cuervo Myrmeciza.laemosticta.palliata.BSA30969 

quinchas 2 

M. paliata Colombia Serranía de las Quinchas vereda "La Ye" Otanche, Boyacá 

Recording A. M. Cuervo Myrmeciza.laemosticta.palliata.BSA31064 

quinchas 

M. paliata Colombia Serranía de las Quinchas vereda "La Ye" Otanche, Boyacá 

Recording A. M. Cuervo Myrmeciza.laemosticta.palliata.BSA31066 

quinchas playback 

M. paliata Colombia Serranía de las Quinchas vereda "La Ye" Otanche, Boyacá 

Recording N. Athanas R09_0267-Dull-mantled_Antbird NA M. paliata Colombia Serranía de las Quinchas RNA El Paujil 

Recording O. Laverde BSA_17823 OL M. paliata Colombia Serranía de las Quinchas vereda "La Ye" Otanche, Boyacá 

Recording J. C. Chaves M. paliata. rioclaro1.antioquia. male.wav M. paliata Colombia Rio Claro, Antioquia 
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Recording A. M. Cuervo Myrmeciza[1].laemosticta.laemosticta.AMC1 M. laemosticta Panamá  Provincia de El Coclé, El Copé, PN Omar Torrijos Herrera 

Recording A. M. Cuervo Myrmeciza[1].laemosticta.laemosticta.AMC3 M. laemosticta Panamá  Provincia de El Coclé, El Copé, PN Omar Torrijos Herrera 

Recording D. Ross Jr 

Voices of Costa Rican Birds: caribbean slope 

M. laemosticta Costa 

Rica 

Ladera caribe de Costa Rica 

Recording B.M Whitney Songs of the antbirds CD 2 M. laemosticta Panamá Cerro del Pirre, Darien 

Recording B.M Whitney M_laemosticta_M_and_F_songs_BMW_002_

08.wav 

M. laemosticta Panamá Darién, Parque Nacional; Darién 

Recording B.M Whitney M_laemosticta_M_and_F_songs_BMW_011_

12.wav 

M. laemosticta Panamá Darién, Parque Nacional; Darién 

Recording K. J. Zimmer M_laemosticta_M_and_F_songs_KJZ_021_0

1.wav 

M. laemosticta Costa 

Rica 

Braulio-Carillo, Parque Nacional; San José CS 

Recording K. J. Zimmer 

M_laemosticta_M_song_KJZ_012_10.wav 

M. laemosticta Costa 

Rica 

Braulio-Carillo, Parque Nacional; San José CS 
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Recording B.M Whitney M_laemosticta_poss_M_and_F_songs_BMW

_010_11.wav 

M. laemosticta Panamá Campana, Cerro, lower Caribbean slope; Panamá PM 

Recording K. J. Zimmer M_laemosticta_U_songs_and_calls_KJZ_068

_25.wav 

M. laemosticta Costa 

Rica 

Braulio-Carillo, Parque Nacional; San José CS 

Recording K. J. Zimmer 

M_laemosticta_U_songs_KJZ_073_04.wav 

M. laemosticta Costa 

Rica 

Braulio-Carillo, Parque Nacional; San José CS 

Recording K. J. Zimmer 

M_laemosticta_U_songs_KJZ_095_25.wav 

M. laemosticta Costa 

Rica 

Braulio-Carillo, Parque Nacional; San José CS 

Recording J. Moore CD The Birds of Northwest Ecuador M. nigricauda Ecuador - 

Recording O. Laverde BSA_24126 OL M. nigricauda Colombia RNA El Pangan, Barbacoas Nariño 

Recording K. J. Zimmer M_nigricauda_M_and_F_KJZ_018_20 M. nigricauda Ecuador 

 

Chiriboga; Pichincha 

Recording B.M Whitney M_nigricauda_M_BMW_035_05 M. nigricauda Ecuador Piñas, 8-9 km W; El Oro 

Recording K. J. Zimmer M_nigricauda_U_countersinging_KJZ_018_1

9 

M. nigricauda Ecuador Chiriboga; Pichincha 
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Recording N. Krabbe  M_nigricauda_U_NK_005_14 M. nigricauda Ecuador Piñas, 8-9 km W; El Oro 

Recording N. Krabbe  M_nigricauda_U_NK_005_15 M. nigricauda Ecuador Francisco Rodriguez, Hacienda; Pichincha 

Recording N. Krabbe  M_nigricauda_U_NK_007_57 M. nigricauda Ecuador El Placer; Esmeraldas 

Recording B.M Whitney S_nigricauda_prob_M_BMW_001_11 M. nigricauda Colombia Cali-Buenaventura Road; Valle del Cauca 

Recording B.B. Coffey S_nigricauda_U_BBC_001_17 M. nigricauda Colombia Anchicayá, Río; Valle del Cauca 

Recording N. Athanas 003-159-Stub-tailed_Antbird NA M. berlepschi Ecuador Rio Silanche, Pedro Vicente Maldonado, Pichincha 

Recording B.M Whitney Songs of the antbirds CD 2 M. berlepschi Colombia Buenaventura, Valle del Cauca 

Recording B.M Whitney M_berlepschi_M_song_F_call_2_BMW_001

_10 

M. berlepschi Colombia Buenaventura, Valle del Cauca 

Recording B.M Whitney M_berlepschi_M_song_F_call_BMW_001_1

0 

M. berlepschi Ecuador Alto Tambo, 15-20 road km. NNW of; Esmeraldas 

Recording N. Krabbe M_berlepschi_poss_M_and_F_song_nat_NK

_004_62 

M. berlepschi Ecuador Alto Tambo, 15-20 road km. NNW of; Esmeraldas 
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Recording N. Krabbe M_berlepschi_poss_M_and_F_song_PB2_N

K_004_62 

M. berlepschi Ecuador Alto Tambo, 15-20 road km. NNW of; Esmeraldas 

Recording N. Krabbe M_berlepschi_poss_M_and_F_song_PB_NK

_004_62 

M. berlepschi Ecuador Alto Tambo, 15-20 road km. NNW of; Esmeraldas 

Recording N. Krabbe M_berlepschi_poss_M_and_F_song_PB_NK

_004_62-1 

M. berlepschi Ecuador Alto Tambo, 15-20 road km. NNW of; Esmeraldas 

Tissue  F. G. Stiles – 

A. M. Cuervo 

M. l. palliata ICN 33509 M. palliata Colombia Vereda la Tirana, Anorí - Antioquia. 

Tissue IAvH Instituto Alexander von Humboldt  IavH 4700 M. exsul Colombia  

  

  

-

Sequence M. L. Miller M. laemosticta PAN 1 M.laemosticta Panamá -

Sequence M. L. Miller M. laemosticta PAN 2 M.laemosticta Panamá -

Sequence R. T.

Brumfield et al 

(2007) 

 Genbank acess: EF640029 M. berlepschi Ecuador Esmeraldas; El Placer 
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Sequence M. L. Miller M. nigricauda ECU 1 M. nigricauda Ecuador  -

Sequence M. L. Miller M. nigricauda ECU 2 M. nigricauda Ecuador  

  

-

Sequence R. T.

Brumfield et al 

(2007) 

 Genbank acess: EF640053 
 

Taraba major Perú Madre de Dios; Hacienda Amazonia 

 

Sequence R. T.

Brumfield et al 

(2007) 

 Genbank acess:  EF640039 Myrmotherula 

axilaris 

Brasil Pernambuco; Serra do Espelho 

 

Sequence R. T.

Brumfield et al 

(2007) 

 Genbank acess: EF640032 Myrmeciza 

hemimelaena 

Perú Ucayali

 

Sequence R. T.

Brumfield et al 

(2007) 

 Genbank acess:  EF640028 Myrmeciza 

atrothorax 

Perú Madre de Dios; Hacienda Amazonia 

 

Sequence R. T. Genbank acess: EF640070 Myrmeciza Perú Loreto; N. bank Rı´o Amazonas, 5 km ENE Oran, 85 km 
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Brumfield et al 

(2007) 

hyperythra NE Iquitos 

 

Sequence R. T.

Brumfield et al 

(2007) 

 Genbank acess: EF640069 Myrmeciza 

goeldii 

Bolivia Pando; Nicola´s Suarez, 12 km by road S of Cobija, 8 km 
W on road to Mucden 
 

Sequence R. T.

Brumfield et al 

(2007) 

 Genbank acess: EF640030 Myrmeciza 

exsul 

Panamá  

     

prov. Panama
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