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ABSTRACT 1 

Molecular studies have shown that many polytypic species of birds are paraphyletic and may 2 

actually consist of multiple independent species, some of them phenotypically cryptic. One of such 3 

cases is Dendrocolaptes picumnus, which was found to be a paraphyletic species, with 4 

Dendrocolaptes hoffmannsi nested in it. Recent evidence also showed that multiple independent 5 

evolutionary lineages exist in the polytypic D. picumnus that may be characterized as distinct species, 6 

however, conclusions were weakened due to small sample sizes. To further evaluate phylogenetic 7 

relationships, species limits, and the diversification history of the D. picumnus species complex, 8 

herein we performed the densest sampling ever registered for the complex, and analyzed sequences 9 

of mitochondrial and nuclear genes from 106 specimens, belonging to all but four taxa grouped in the 10 

complex. Our phylogenetic analyses confirmed the monophyly of D. hoffmannsi and D. platyrostris, 11 

as well as the paraphyly of the polytypic D. picumnus. A combination of coalescent and population 12 

genetic structure analyses further supported an evolutionary independent status for D. picumnus 13 

transfasciatus, but were ambiguous with respect to the statuses of nominate D. picumnus, D. 14 

picumnus pallescens, D. picumnus validus, and D. picumnus costaricensis. In contrast, D. picumnus 15 

olivaceus and D. platyrostris intermedius were polyphyletic and not genetically structured with 16 

respect to D. picumnus pallescens and D. platyrostris platyrostris, respectively. Our results did not 17 

support the monophyly of the previously defined “Amazonian” and “montane” subspecies groups of 18 

D. picumnus, further indicating that at least one “montane” taxon may actually belong to the “Chaco” 19 

group, a relationship that highlights a close historical connection between the Andean and Chacoan 20 

biotas. When interpreted together with previous morphological studies, our results support the split 21 

of the polytypic D. picumnus into at least two species, while keeping the status of D. hoffmannsi and 22 

D. platyrostris as distinct species. 23 

 24 
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INTRODUCTION 1 

The Dendrocolaptes picumnus species complex (Dendrocolaptidae) was historically treated as the 2 

“streaked” Dendrocolaptes group, which originally included the polytypic Black-banded 3 

(Dendrocolaptes picumnus) and Planalto (Dendrocolaptes platyrostris) woodcreepers, with 4 

membership of the monotypic Hoffmann´s Woodcreeper D. hoffmannsi regarded as uncertain due to 5 

its intermediate anatomical and plumage characteristics (Willis, 1982, Raikow, 1994). More recently, 6 

combined molecular, vocal, and behavioral data have unequivocally supported D. hoffmannsi as a 7 

member of the “streaked” Dendrocolaptes group (Derryberry et al. 2011, Harvey et al. 2020, Marantz 8 

et al. 2020), and therefore as part of a monophyletic Dendrocolaptes picumnus species complex 9 

(Santana et al. 2021). Together, the taxa belonging to this complex replace each other parapatrically 10 

from southern Mexico to northern Argentina, occurring in a wide variety of both humid (lowland and 11 

montane) and dry forest types (Marantz et al. 2020, 2020a,b).  12 

Due to the subtle variation and often absence of clearly diagnostic morphological 13 

characters among most of its taxa, species limits within the D. picumnus species complex have been 14 

historically loosely defined, and varied significantly depending on the taxonomic source considered 15 

(Cory and Hellmayr 1925, Pinto 1938, 1978, Peters 1951, Willis 1982, Piacentini et al. 2015, 16 

Marantz et al. 2020, 2020a,b). As a consequence, the first phylogeny covering all taxa in the D. 17 

picumnus species complex, which was based on plumage characters, did not recover the complex or 18 

any of its polytypic species (i.e., D. picumnus and D. platyrostris) as monophyletic, and neither 19 

solved with strong statistical support any of the relationships among its taxa (Marantz 1997). In 20 

contrast, early molecular studies focused on a higher-level phylogeny of suboscine groups, and 21 

which included only one specimen each of D. hoffmannsi, D. picumnus, and D. platyrostris, 22 

recovered them as monophyletic, with D. hoffmannsi and D. picumnus supported as sister taxa, and 23 

D. platyrostris as the basal taxon ((Derryberry et al. 2011, Harvey et al. 2020). However, the most 24 

complete molecular phylogeny available to date for the genus Dendrocolaptes in general and which 25 
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included 19 specimens belonging to all species and most subspecies in the D. picumnus species 1 

complex, recovered both D. hoffmannsi and D. platyrostris as monophyletic, but showed D. 2 

picumnus as a paraphyletic species, with D. hoffmannsi nested in it (Santana et al. 2021). This same 3 

study also showed that several independent evolutionary lineages in the polytypic D. picumnus 4 

(some of them corresponding to formally recognized subspecies) might represent independent 5 

species; however, conclusions were weakened due to a sampling restricted to a maximum of three 6 

specimens per taxon (Santana et al. 2021). To further evaluate phylogenetic relationships, species 7 

limits and the diversification history of the entire D. picumnus species complex, with a greater 8 

sampling regime, we herein analyze sequences of mitochondrial and nuclear genes from 106 9 

specimens belonging to all but four taxa grouped in the complex. Our results allow for a complete 10 

reinterpretation of the currently accepted species limits in the D. picumnus species complex, adding 11 

further resolution on the knowledge of the group's diversification in South America. 12 

 13 

MATERIALS AND METHODS 14 

 15 

Sampling 16 

We sequenced 87 specimens and used previously available sequences from 19 specimens (Santana et 17 

al. 2021) distributed as follows across all but four taxa of the D. picumnus species complex regarded 18 

as valid (Gill et al. 2020): D. p. costaricensis (n = 1), D. p. olivaceus (n = 6), D. p. pallescens (n = 19 

12), D. p. picumnus (n = 15), D. p. transfasciatus (n = 11), D. p. validus (n = 25), D. hoffmannsi (n = 20 

16), D. platyrostris intermedius (n = 12), and D. p. platyrostris (n = 11) (Fig. 1; Table S1). Four D. 21 

picumnus subspecies (D. p. casaresi, D. p. multistrigatus, D. p. puncticollis, and D. p. seilerni) were 22 

not sampled due to either unavailability of tissues or unresponsiveness from tissue collections holding 23 

requested samples. Despite these gaps, our sampling did cover all four main subspecies groups 24 

proposed for D. picumnus based on previous extensive plumage and morphometric analyses (Marantz 25 
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1997, Marantz and Patten 2010). We used D. certhia, D. concolor, and D. sanctithomae as outgroups 1 

(Table S1). 2 

 3 

DNA extraction, amplification, and sequencing 4 

Genomic DNA from all samples was extracted using the DNeasy Blood & Tissue kit (Qiagen Inc., 5 

Valencia, USA) according to the manufacturer’s instructions. Purified DNA was quantified and 6 

assessed for quality with Qubit® (Thermo Fisher Scientific, Waltham, USA). 7 

The following primers were used for amplification and sequencing of both mitochondrial and nuclear 8 

markers, respectively: NADH dehydrogenase subunit 2 (ND2; L5215 and H6313; Hackett 1996), 9 

Cytochrome b (Cytb; L14990 and H16064; Sorenson et al. 1999), Beta-fibrinogen - intron 5 (FIB5; 10 

S713 and AS767; Fuchs et al. 2004), and glyceraldehyde-3-phospho-dehydrogenase - intron 11 11 

(G3PDH; 13b and 14b; Fjeldså et al. 2003). Polymerase Chain Reactions (PCRs) were optimized  as 12 

follows: initial denaturation at 94 ºC  for 4 min, 35 cycles of 1 min at 94°C, 1 min at 49°C / 52°C / 13 

69°C (G3PDH, Cytb, and FIB5 + ND2, respectively), 1 min at 72°C and a final extension at 72°C for 14 

5 min. The success of each amplification was confirmed through electrophoresis in 1% agarose gel. 15 

Amplicons were purified with polyethylene glycol (PEG8000-2.5M; Hawkins et al. 1994). Forward 16 

and reverse sequence strands for each gene fragment were obtained with the ABI PRISM BigDye 17 

Terminator Cycle sequencing protocol (Applied Biosystems®, Foster City, USA). Sequencing 18 

products were run in an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems®, Foster City, 19 

USA).  20 

Sequence chromatograms were edited using the software Geneious 9.1.2 21 

(http://www.geneious.com; Kearse et al. 2012) and aligned in BioEdit 7.2.6.1, using the Clustal W 22 

algorithm (Thompson et al. 1994, Hall 1999). Heterozygous sites for the nuclear genes were 23 

confirmed by the presence of double peaks in both complementary strands of DNA and coded 24 

according to IUPAC code. To obtain the allelic phase of the nuclear genes for the coalescent analyses, 25 
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we used the algorithm PHASE 2.1.1 (Stephens et al. 2001, Stephens and Donnelly 2003), 1 

implemented in DnaSP 6.10.01 (Librado and Rozas 2009). We assumed a 70% probability limit as 2 

an acceptable value for phase definition; lower values were considered ambiguous and the respective 3 

sites were coded as missing data. All DNA sequences generated in this study will be deposited on 4 

GenBank (Table S1). 5 

 6 

Phylogenetic analyzes and divergence time estimates 7 

Two Bayesian Inference phylogenies (BI) were estimated using the software MrBayes (Ronquist et 8 

al. 2012) ran in the CIPRES Science Gateway Portal 3.1 (Miller et al. 2010; www.phylo.org/portal/): 9 

one including only the mitochondrial markers (ND2 and Cytb) and another using concatenated 10 

sequences of all four amplified genes (ND2, Cytb, FIB5 and G3PDH). Sequences of the nuclear genes 11 

used in the multilocus concatenated phylogenetic analysis were not phased, with heterozygous sites 12 

denoted with IUPAC codes. Sequences were concatenated in Sequence Matrix 1.7.8 (Vaidya et al. 13 

2011) and the best partition scheme and substitution models were selected with PartitionFinder 2.1.1 14 

using the Bayesian Information Criterion (BIC) (Lanfear et al. 2012; results in Table S2). Three 15 

independent runs were made for a total of 107 generations each, with parameters sampled every 1,000 16 

generations and a 25% burn-in. 17 

We used the algorithm *BEAST implemented in BEAST 1.8.0 (Drummond et al. 18 

2012) to generate a species tree (ST) and obtain a chronogram depicting divergence times between 19 

the hypothesized species recovered by previous analyses. This algorithm was also ran in CIPRES 20 

(Miller et al. 2010; www.phylo.org/portal/). Both mitochondrial genes were linked and set as 21 

haploid, whereas each nuclear gene was treated as an independent locus and set as diploid. Models 22 

and partitions for each gene were the same used in the multilocus concatenated analysis (Table S2). 23 

We assumed a strict clock model for each locus and applied a calibration derived from the Cytb 24 

mutation rate estimated as 0.0105 substitution/lineage /million years (SD = 0.0034) (Weir and 25 

http://www.phylo.org/portal/
http://www.phylo.org/portal/
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Schluter 2008). Mutation rates for the other genes were estimated by *BEAST under a Yule model 1 

chosen as tree pior. Two independent *BEAST runs of 1x109 generations were performed and later 2 

combined in Logcombiner considering a 10% burn-in (Drummond et al. 2012), with topologies 3 

summarized in TreeAnnotator (Drummond et al. 2012). The use of a strict clock model was 4 

justified because the analysis of log files generated under an alternative relaxed clock model 5 

resulted in ucld.mean and ucld.stdev parameter estimates close to zero, hence supporting the 6 

hypothesis of a clock-like substitution rate across the phylogeny (Drummond et al. 2012).  7 

For all Bayesian analyses, data convergence was verified in Tracer 1.6 (Rambaut et al. 8 

2014), with a threshold of Effective Sample Size (ESS) equal to 200 for each sampled parameter. 9 

Trees were visualized in FigTree v. 1.4.4 (Rambaut 2009).  10 

 11 

Species delimitation 12 

To test for interspecific limits among the seven reciprocally monophyletic lineages recovered in the 13 

Dendrocolaptes picumnus species complex by the Bayesian concatenated analyses, we carried out 14 

an unguided species delimitation analysis (Yang and Rannala, 2014) using the Bayesian 15 

Phylogenetics and Phylogeography (BP&P) software 3.2 (Yang 2015). These seven lineages were 16 

also geographically structured and morphologically diagnosable according to previous analyses 17 

(Marantz 1997, Marantz and Patten 2010), and therefore were assumed as a piori species. 18 

Because of an overall low statistical support for the internal nodes of the recovered 19 

multilocus trees, we chose an unrooted tree (i.e., option 0) as our “speciesmodelprior” (Yang 2015). 20 

After an initial test evaluating the behaviour of the different priors, we implemented Yang's (2015) 21 

approach, performing analyses using four parameter combinations representing different population 22 

sizes and divergence times: 1) small ancestral population sizes and ancient divergence times [θ and τ 23 

gamma priors G (2, 2000) and G (1,10)]; 2) large ancestral population sizes and ancient divergence 24 

times [θ and τ gamma priors G (1, 10) and G (1,10)]; 3) small ancestral population sizes and recent 25 
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divergence times [θ and τ gamma priors G (2, 2000) and G (2, 2000)]; 4) large ancestral population 1 

sizes and recent divergence times [θ and τ gamma priors G (1, 10) and G (2, 2000)]. We chose the 2 

reversible-jump Markov Chain Monte Carlo method (Yang, 2015), with algorithm 0 and ε = 2, for 3 

500,000 generations (sampling interval of five) and a burn-in of 10%. 4 

 5 

Genetic divergence and admixture  6 

Pairwise uncorrected genetic distances (p-distances) within and between main reciprocally 7 

monophyletic lineages recovered in the Dendrocolaptes picumnus species complex by the Bayesian 8 

analyses were calculated for each mitochondrial marker separately in MEGA 7.0 (Kumar et al. 2016). 9 

To map the distribution of haplotypes amongst main reciprocally monophyletic lineages recovered 10 

by the Bayesian phylogenetic analyses, haplotype networks for each gene were inferred separately 11 

using the software HaploViewer (Salzburger et al. 2011). Given the lack of structure recovered for 12 

the nuclear markers within the entire D. picumnus species complex (see below), population structure 13 

was investigated using the Bayesian program BAPS v. 6.0 (Corander et al. 2008) applied only to the 14 

mitochondrial genes.  15 

Two different approaches for BAPS’ analyses, both under “mixture” and “admixture” 16 

models, were carried out: 1) for the entire D. picumnus species complex; and 2) for each currently 17 

recognized species in the complex recovered as monophyletic, i.e. including only specimens of D. 18 

hoffmannsi, D. picumnus (excluding D. p. transfasciatus), and D. platyrostris, respectively. Genetic 19 

cluster probabilities employed ranged from K=1 to K=10 for the entire complex, whereas for D. 20 

hoffmannsi, D. platyrostris, and the monophyletic D. picumnus (excluding D. p. transfasciatus) it 21 

varied from K=1 to K=5. The algorithm was set to run ten times for each value of K. The admixture 22 

analyses were performed using 100 iterations, a minimum of three individuals per population, 200 23 

reference individuals for each population, and 20 iterations of reference individuals. All BAPS´ 24 

analyses included only individuals sequenced for both mitochondrial genes. 25 
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 1 

RESULTS 2 

 3 

Sequence statistics, phylogenetic relationships, and divergence times 4 

We obtained a sequence matrix of 2,741 base pairs (bp) for 87 specimens of D. hoffmannsi, D. 5 

picumnus, and D. platyrostris sequenced in this study, distributed as follows: ND2 (964 bp), Cytb 6 

(856 bp), FIB5 (544 bp), and G3PDH (377 bp). These sequences were combined with the respective 7 

homologous from 19 specimens of the D. picumnus species complex and 3 outgroup species 8 

previously analyzed by Santana et al. (2021) and available from GenBank (Table S1). Haplotype 9 

networks obtained for both mitochondrial genes in the D. picumnus species complex recovered eight 10 

main clusters, each corresponding to either a species (D. hoffmannsi and D. platyrostris) or subspecies 11 

(D. picumnus costaricensis, D. picumnus pallescens / olivaceus, D. picumnus picumnus, and D. 12 

picumnus validus), except for two rather divergent yet nearby clusters grouping specimens of D. 13 

picumnus transfasciatus (Fig. S1). In contrast, phased sequence networks obtained for both nuclear 14 

markers sequenced lacked any structure and did not differentiate any taxa in the D. picumnus species 15 

complex (Fig. S2). Mean uncorrected mtDNA (ND2 and Cytb) p-distances estimated within 16 

sequenced taxa of the D. picumnus / D. hoffmannsi / D. platyrostris complex ranged from 0.01% to 17 

0.08% for ND2 and 0 to 1.3% for Cytb (Table S3); whereas, between taxa varied from 0 to 3.7% for 18 

ND2 and 0.4% to 3.4% for Cytb (Table S3). 19 

The mitochondrial Bayesian phylogeny recovered the D. picumnus species complex as 20 

monophyletic with high statistical support (PP = 1; Fig. 2). Within the complex, internal relationships 21 

were poorly-supported, but six major lineages corresponding to one or two currently accepted taxa 22 

were recovered with high statistical support, as follows: 1) D. platyrostris platyrostris / intermedius; 23 

2) D. hoffmannsi; 3) D. picumnus pallescens / olivaceus; 4) D. picumnus picumnus; 5) D. picumnus 24 

validus; and 6) D. picumnus transfasciatus (Fig. 2). The only specimen sequenced for D. picumnus 25 
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costaricensis did not cluster within any of the aforementioned well-supported mitochondrial clades, 1 

neither its sister relationship to a clade containing D. picumnus pallescens / olivaceus, D. picumnus 2 

picumnus and D. picumnus validus received strong statistical support (Fig. 2).  3 

The multilocus Bayesian phylogeny recovered a similar overall topology to that of the 4 

mitochondrial tree, except for the sister relationship between D. platyrostris platyrostris / intermedius 5 

and D. picumnus transfasciatus, with D. hoffmannsi recovered as sister to these two clades (Fig. 3). 6 

Regardless of these differences, both multilocus and mitochondrial phylogenies agreed in: 1) not 7 

recovering any well-supported basal relationships within the D. picumnus species complex; 2) 8 

consistently recovering with high statistical support the same six major reciprocally monophyletic 9 

groups corresponding to one or two described taxa (D. platyrostris platyrostris / intermedius, D. 10 

hoffmannsi, D. picumnus pallescens / olivaceus, D. picumnus picumnus, D. picumnus validus, and D. 11 

picumnus transfasciatus); and 3) recovering the lone specimen of D. picumnus costaricensis sampled 12 

as sister to a clade including D. picumnus pallescens / olivaceus, D. picumnus picumnus, and D. 13 

picumnus validus, although with low statistical support in both phylogenies (Figs. 2 and 3). 14 

The species tree (ST) reconstructed in *BEAST differed from the topologies of both 15 

mitochondrial and multilocus concatenated trees, but it also converged with them in recovering a 16 

clade uniting D. picumnus costaricensis, D. picumnus pallescens / olivaceus, D. picumnus picumnus, 17 

and D. picumnus validus, and in obtaining low posterior probability nodes associated with basal 18 

relationships in the complex (Figs. 2, 3, and 4). One important difference between the ST and the 19 

concatenated trees was that the first recovered the reciprocally monophyletic clades D. picumnus 20 

picumnus and D. picumnus validus as sisters (albeit with low statistical support), to the exclusion of 21 

D. picumnus pallescens / olivaceus (Fig. 4). In contrast, the concatenated Bayesian trees recovered 22 

D. picumnus picumnus and D. picumnus pallescens / olivaceus as sisters, to the exclusion of D. 23 

picumnus validus, and this relationship was well supported according to both concatenated trees (Figs. 24 

2 and 3). 25 
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According to the ST, the origin of the Dendrocolaptes picumnus complex dates back to 1 

ca. 1.3 (C.I. 1.7-0.93) million years ago (mya), with the first internal split corresponding to the 2 

separation of D. hoffmannsi and D. picumnus transfasciatus from all the remaining species (Fig. 4). 3 

The dates of the subsequent splits referring to two distinct nodes could not be inferred with any degree 4 

of certainty by the ST analysis, and involved the sequential branching of the reciprocally 5 

monophyletic clades D. platyrostris platyrostris / intermedius and D. picumnus costaricensis from 6 

the common ancestor shared by all D. picumnus species complex lineages, except D. hoffmannsi and 7 

D. picumnus transfasciatus (Fig. 4). The three most recent diversification events included the 8 

separation between D. hoffmannsi and D. picumnus transfasciatus at ca. 0.75 (C.I 1.0 -0.18) mya, 9 

followed by the split of the D. picumnus pallescens / olivaceus clade at roughly 0.5 (C.I. 0.74-0.19) 10 

mya from the common ancestor leading to the D. picumnus picumnus, D. picumnus validus clades, 11 

which split at ca. 0.2 (0.38-0.11) mya. The high overlap between confidence intervals of estimated 12 

divergence times highlights the overall lack of resolution concerning the timing associated with 13 

splitting events among the different lineages of the D. picumnus species complex. 14 

 15 

Species delimitation 16 

Unguided species delimitation tests run by BP&P, regardless of the demographic and divergence time 17 

model considered, supported all seven  main reciprocally monophyletic lineages recovered in the 18 

Dendrocolaptes picumnus species complex by the Bayesian analyses as hypothetical species, i.e., D. 19 

hoffmannsi; D. picumnus transfasciatus; D. platyrostris platyrostris / intermedius; D. picumnus 20 

costaricensis; D. picumnus pallescens / olivaceus; D. picumnus picumnus; and D. picumnus validus 21 

(Table 1). Nevertheless, even though the seven species model consistently outperformed any of the 22 

alternative species delimitation models tested, in two demographic and divergence scenarios 23 

considered (small ancestral population sizes / ancient divergence times and small ancestral population 24 

sizes / recent divergence times), statistical support for the seven species model was below the desired 25 
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P ≥ 0.95 threshold (Table 1). Both demographic and divergence models mentioned above failed to 1 

recognize all sampled D. picumnus subspecies (except D. p. transfasciatus) as independent species 2 

with statistical significant support (i.e., P ≥ 0.95; Table 1). In contrast, all four demographic and 3 

divergence models tested consistently supported the recognition of D. hoffmannsi, D. picumnus 4 

transfasciatus, and D. platyrostris platyrostris / intermedius as independent species with maximum 5 

statistical support (P=1; Table 1). 6 

 7 

Admixture analysis 8 

Our BAPS analyses based on 80 specimens of the D. picumnus species complex sequenced for both 9 

mitochondrial genes recovered an optimal value of K = 4, with each identified cluster consistent for 10 

the most part with currently recognized species limits in the group (Fig. S3). Exceptions to this pattern 11 

were twofold: 1) D. picumnus transfasciatus, recovered as an independent cluster from the remaining 12 

polytypic D. picumnus; and 2) our lone sample of D. picumnus costaricensis, recovered as an 13 

individual of highly admixed proportions amongst all four genetic clusters detected (Fig. S3). Other 14 

four individuals exhibited minor (between 1 – 2%) admixed proportions between two and in one 15 

instance up to three mitochondrial genetic clusters (Fig. S3). Three of these specimens belonged to 16 

D. picumnus validus (27375, 6871, and UFAC876), representing together minor inferred admixture 17 

proportions with the D. hoffmannsi, D. platyrostris, and D. picumnus transfasciatus clusters (Fig. 18 

S3). Finally, the fourth specimen belonged to D. platyrostris (SC160), which showed minor 19 

admixture with the D. picumnus cluster (Fig. S3).      20 

Results from BAPS analyses carried out separately for each currently recognized 21 

species in the D. picumnus species complex (treating D. picumnus transfasciatus independently from 22 

the polytypic D. picumnus, following previous BAPS and Bayesian phylogenic analyses) differed 23 

from those reported above for the whole complex. For the polytypic D. picumnus (excluding D. 24 

picumnus transfasciatus), BAPS recovered an optimum K=3, distinguishing one cluster grouping all 25 
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specimens of D. picumnus validus, a second cluster grouping specimens of D. picumnus picumnus, 1 

D. picumnus pallescens, and D. picumnus olivaceus, and a third cluster containing the lone D. 2 

picumnus costaricensis specimen sequenced (Fig. S4). With respect to the divergent D. picumnus 3 

transfasciatus, two parapatric clusters separated by the Xingu River were detected (Fig. S5). Again, 4 

minor levels of admixture were inferred amongst the three BAPS clusters detected in the polytypic 5 

D. picumnus (Fig. S4) , whereas no admixture was observed between both parapatric D. picumnus 6 

transfasciatus clusters (Fig. S5).  7 

BAPS analyses for D. hoffmannsi and D. platyrostris recovered optima K=2 and K=3, 8 

respectively, with little geographic coherence in both cases (Figs. S6 and S7; Table S1). For the 9 

polytypic D. platyrostris, the clusters observed also did not correspond to currently recognized 10 

subspecies limits (Fig. S7). 11 

 12 

DISCUSSION 13 

 14 

Phylogenetic affinities and diversification in the Dendrocolaptes picumnus species complex 15 

All concatenated and coalescent phylogenies presented herein based on the 106 specimens of the 16 

Dendrocolaptes picumnus complex sampled, differed considerably from those obtained by Santana 17 

et al. (2021) for the genus Dendrocolaptes as a whole, and which included most of the taxa sampled 18 

here (except D. picumnus olivaceus, absent from that study), but with a much smaller sample size. 19 

However, concatenated and coalescent molecular phylogenies obtained by both studies have 20 

consistently recovered a clade including D. picumnus costaricensis, D. picumnus pallescens, D. 21 

picumnus validus, and D. picumnus picumnus, supported with variable but overall low posterior 22 

probabilities (Figs. 2, 3, and 4; Fig. 1 in Santana et al. 2021). Given the genetic similarity and lack of 23 

reciprocal monophyly recovered herein between D. picumnus pallescens and D. p. olivaceus (Figs. 24 

2, 3, S3, and S4),  and the fact that the latter taxon was not sampled by Santana et al. (2021), it seems 25 
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appropriate to also include D. p. olivaceus in this broad clade recovered consistently for the complex. 1 

On the other hand, phylogenies of this study and Santana et al. (2021) conflicted mostly with respect 2 

to the relationships of D. hoffmannsi, D. platyrostris platyrostris / intermedius, and D. picumnus 3 

transfasciatus. These reciprocally monophyletic taxa have either clustered together in a separate clade 4 

(with all possible combinations of internal topologies) sister to that grouping all remaining D. 5 

picumnus taxa sampled and recovered consistently by both studies (D. picumnus costaricensis / 6 

pallescens / olivaceus / validus / picumnus; Fig. 3), or have replaced each other in that position (Figs. 7 

2 and 4; Santana et al. 2021). Regardless of the phylogeny though, no statistically significant support 8 

values were obtained for any of these relationships, which underscores the lack of resolution 9 

concerning the basal relationships within the D. picumnus species complex as a whole. Except for 10 

Santana et al (2021), no other previous molecular studies sampled a comparable number of taxa in 11 

the D. picumnus species complex. Two previous molecular studies sampling only one specimen each 12 

of D. hoffmannsi, D. picumnus, and D. platyrostris  recovered them as monophyletic, with D. 13 

picumnus and D. hoffmannsi grouping as sisters to the expense of D. platyrostris, although with 14 

internal relationships lacking strong statistical support in Derryberry et al. (2011) but not in Harvey 15 

et al. (2020). In both previous studies, a sample belonging to D. picumnus validus was employed in 16 

the analyses as the representative of the polytypic D. picumnus, therefore making their results 17 

consistent with Santana et al. (2021), but differing from those reported herein mainly when multilocus 18 

inferences were considered. In summary, analyses of a more complete dataset for the D. picumnus 19 

species complex reported herein have increased uncertainty concerning basalmost relationships in 20 

this clade, and could be due to the incorporation of a larger nuclear dataset with little phylogenetic 21 

resolution (Fig. S2).  Similarly, a previous phylogeny covering all taxa in the D. picumnus species 22 

complex and based on plumage characters, did not solve either any of the relationships amongst its 23 

taxa (Marantz 1997). Therefore, future studies should focus on elucidating these yet conflicting 24 
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basalmost phylogenetic relationships within the D. picumnus species complex, preferably with the 1 

use of genomic data. 2 

One important sampling gap of this study and that of Santana et al. (2021) was the 3 

absence of four taxa (D. picumnus casaresi, D. picumnus multistrigatus, D. picumnus puncticollis, 4 

and D. picumnus seilerni), which prevented inferring their phylogenetic affinities in the D. picumnus 5 

species complex based on molecular data. However, based on plumage data, Marantz (1997) 6 

recovered D. picumnus casaresi as sister to D. picumnus pallescens owing to their highly similar 7 

plumages, and these two as part of a larger clade that also included D. picumnus olivaceus, mirroring 8 

the molecular data presented herein. The similarity in plumage patterns between D. picumnus 9 

pallescens and D. picumnus olivaceus was also noted by Zimmer (1934), when he described the latter 10 

taxon. Based on these independent findings, it is reasonable to suppose that D. picumnus casaresi 11 

may also be part of the D. picumnus pallescens / olivaceus clade recovered herein. However, for the 12 

remaining missing taxa in the molecular studies (D. picumnus multistrigatus, D. picumnus 13 

puncticollis, and D. picumnus seilerni), Marantz (1997) did not resolve their phylogenetic affinities 14 

with any degree of certainty, but instead recovered them at the tips of isolated branches, branching 15 

off sequentially from a common ancestor leading to most of taxa in the D. picumnus species complex. 16 

Despite these results, Marantz (1997) discusses in detail the plumage patterns of these taxa, and 17 

highlights many qualitative plumage similarities uniting D. picumnus puncticollis and D. picumnus 18 

seilerni with D. picumnus pallescens / olivaceus. With respect to D. picumnus multistrigatus, Marantz 19 

(1997) suggested that it might be part of a cline involving D. picumnus costaricensis. Interestingly, 20 

Marantz (1997) and Marantz and Patten (2010) clearly distinguished two groups of valid “montane” 21 

D. picumnus taxa based on plumage, one including D. picumnus costaricensis and D. picumnus 22 

multistrigatus, and another including D. picumnus puncticollis, D. picumnus seilerni, and D. 23 

picumnus olivaceus. These findings are consistent with our results in recovering D. picumnus 24 
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costaricensis and D. picumnus olivaceus in separate BAPS clusters (Fig. S4) and reciprocally 1 

monophyletic clades (Figs. 2, 3, and 4). 2 

Estimated divergence times obtained herein for the diversification of the  D. picumnus 3 

species complex as a whole (Fig. 4) overlapped broadly with those reported by Santana et al. (2021), 4 

which is not unexpected given that these two studies sequenced the same genes, although differing 5 

mainly by the number of specimens represented in each of them. Together, these studies converge in 6 

estimating the complex´ origin and divergences over the past 1.3 million years, with similar dates 7 

also inferred for the origin of D. platyrostris platyrostris / intermedius (ca. 1.1 mya) and the crown 8 

group D. picumnus costaricensis / pallescens / olivaceus / validus / picumnus (ca. 0.8 mya). In 9 

contrast, crown divergences of D. hoffmannsi and D. picumnus transfasciatus were conspicuously 10 

younger according to estimates presented herein and may reflect important differences in the 11 

topologies of the species trees recovered by each study. Despite important differences in sampling 12 

between these studies (106 specimens in this study against 19 of the D. picumnus species complex in 13 

Santana et al. [2021]), levels of pairwise mitochondrial sequence divergence between detected 14 

reciprocally monophyletic groups did not differ much between studies, which could imply that the 15 

significant differences observed in the species tree topologies could be related to the significantly 16 

higher number of nuclear sequences included in the present study, which is known to greatly impact 17 

coalescent inferences (Liu et al. 2009).  18 

Even though herein we did not carry a formal biogeographic reconstruction of the D. 19 

picumnus species complex diversification, the similarity between the concatenated phylogenies 20 

presented above and those in Santana et al. (2021) indicate that the same diversification scenario 21 

portrayed in that study remains valid when a larger dataset is considered. However, the inclusion of 22 

a southern Andean “montane” lineage (D. picumnus olivaceus) in the present study added an 23 

unprecedented level of resolution to the knowledge on the diversification of the D. picumnus species 24 

complex. Both concatenated phylogenies and the BAPS coalescent population modeling results 25 
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indicated with strong statistical support that D. picumnus olivaceus is nested in D. picumnus 1 

pallescens, a lineage associated with dry forests and edge habitats in Central South America (mainly 2 

Chaco, Pantanal, and parts of the Cerrado biomes; Marantz et al. 2020a). This contradicts with the 3 

view of evolutionary independent “Chaco” and “montane” subspecies groups in the polytypic D. 4 

picumnus (Marantz 1997, Marantz and Patten 2010), suggesting instead that at least one single lineage 5 

in the complex evolved and adapted to widely distinct montane and lowland habitats. In fact, evidence 6 

supporting this view was already available even before this study, given the extreme plumage and 7 

morphometric similarity and doubtful diagnosis between D. picumnus pallescens and D. picumnus 8 

casaresi, the latter described from the Andean foothills in northwestern Argentina (Marantz 1997, 9 

Marantz and Patten 2010, Marantz et al. 2020a). As discussed above, plumage characters have also 10 

previously supported a close relationship between D. picumnus olivaceus and D. picumnus pallescens 11 

(Zimmer 1934, Marantz 1997), reinforcing the findings of the molecular data. However, plumage 12 

diagnosis is clear between D. picumnus olivaceus and D. picumnus pallescens, and could be due to 13 

adaptations to the highly distinct habitats these taxa occupy (Marantz et al. 2020a). The less marked 14 

and overall lighter plumage color of D. picumnus pallescens are features regarded as typical 15 

adaptations to drier and more seasonal habitats such as the Chaco and the Pantanal in Central South 16 

America, whereas the darker and more patterned plumage of D. picumnus olivaceus is an expected 17 

adaptation to more humid and denser vegetation types, as is the case of eastern Andean foothills 18 

forests up to elevations of ca. 2,800 meters (Zimmer 1934, Marantz 1997, Miller et al. 2019). Other 19 

instances of plumage variation in woodcreepers possibly influenced by environmental and ecological 20 

factors were discussed previously for Dendrocolaptes (Cabanne et al. 2011, Santana et al. 2021) and 21 

Dendrexetastes (Ferreira et al. 2016). 22 

 23 

Geographic variation and species limits in the Dendrocolaptes picumnus species complex 24 
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Overall, our results agree with Santana et al. (2021) in recovering remarkably distinct mitochondrial 1 

lineages in the D. picumnus species complex (Figs. 2, and S1), whereas an even a greater number of  2 

phased nuclear sequences reinforced the lack of structure detected for these markers (Fig. S2), 3 

apparently largely due to shared ancestral polymorphisms (Figs. 3 and S1). The mitochondrial BAPS 4 

clusters estimated for the entire D. picumnus species complex were largely consistent with 5 

monophyletic groups detected by the concatenated phylogenetic analyses, but revealed important 6 

differences. The main one was the clustering of specimens belonging to the reciprocally 7 

monophyleytic D. picumnus picumnus, D. picumnus validus, and D. picumnus pallescens / olivaceus 8 

clades together in a single BAPS group when the entire D. picumnus species complex was analyzed 9 

(Fig. S3). The other pertained to our lone sample of D. picumnus costaricensis, which was recovered 10 

as sister to a clade grouping  D. picumnus picumnus, D. picumnus validus, and D. picumnus pallescens 11 

/ olivaceus by both mitochondrial and multilocus phylogenies, whereas in the BAPS analysis of the 12 

entire D. picumnus species complex, it appeared as a specimen of varying admixture proportions 13 

among all four clusters detected (Fig. S3). On the other hand, a BAPS analysis conducted exclusively 14 

within the monophyletic D. picumnus (i.e., excluding D. picumnus transfasciatus) consistently 15 

recovered D. picumnus costaricensis and D. picumnus validus as independent genetic clusters (Fig. 16 

S4), while joining D. picumnus picumnus and D. picumnus pallescens / olivaceus in a single cluster, 17 

mirroring relationships recovered by the concatenated phylogenies obtained (Figs. 2 and 3).  18 

Similarly, unguided BP&P species delimitation tests favored as evolutionary 19 

independent lineages the same seven reciprocally monophyletic clades revealed by the mitochondrial 20 

and multilocus concatenated phylogenies (Figs. 2, 3, and 4), although support for the seven species 21 

scenario was not statistically significant in at least half of the demographic and divergence scenarios 22 

evaluated (Table 1). In accordance with the BAPS analysis focused in the entire D. picumnus species 23 

complex (Fig. S3), which grouped D. picumnus picumnus, D. picumnus pallescens / olivaceus, and 24 

D. picumnus validus in a single cluster, half of the demographic and divergence scenarios evaluated 25 
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by BP&P failed to support with high statistical support an evolutionary independent status for these 1 

lineages (Fig. 4, Table 1). Similarly, those same BP&P scenarios also lacked statistical significant 2 

support for considering D. picumnus costaricensis an evolutionary independent unit, which also 3 

mirrors BAPS results that failed to recognize this taxon as a separate genetic cluster in the D. 4 

picumnus as a whole (Fig. 4, Table 1). Nonetheless, these results are probably heavily influenced by 5 

the fact that D. picumnus costaricensis was represented by just one sample in both analyses.  6 

On the other hand, D. hoffmannsi, D. platyrostris platyrostris / intermedius, and D. 7 

picumnus transfasciatus have consistently been recovered as reciprocally monophyletic clades by 8 

both phylogenetic inferences (Figs. 2 and 3); they also clustered in their own clusters in BAPS (Fig. 9 

S3), and were also recovered by BP&P as deeply coalesced lineages with high statistical support by 10 

all demographic and divergence scenarios tested (Table 1). From a phenotypic standpoint, Santana et 11 

al. (2021) discussed extensively the characters distinguishing D. hoffmannsi D. platyrostris, and D. 12 

picumnus transfasciatus from the remaining lineages in the D. picumnus species complex, which 13 

further support their overall distinctiveness in this group. These findings added to the fact that D. 14 

picumnus transfasciatus was never recovered by any of the phylogenies inferred herein (Figs. 2, 3, 15 

and 4) and those in Santana et al. (2021) in the same clade as the remaining taxa in the polytypic D. 16 

picumnus (rendering it paraphyletic), strongly support its treatment as an independent species in the 17 

D. picumnus species complex. Furthermore, D. picumnus transfasciatus had the highest intra-genetic 18 

diversity in mitochondrial markers (Table S3), and BAPS recovered two clusters within D. 19 

transfasciatus, divided by the Xingu River (Fig. S5). The p-distance between these clusters (1.3%; 20 

see Table S3) is equivalent to that observed between some recognized subspecies in the polytypic D. 21 

picumnus (e.g., between D. picumnus picumnus and D. picumnus validus), and may be indicative of 22 

a separate taxonomic status, pending a careful investigation of any phenotypic characters diagnosing 23 

them. 24 
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With respect to the monotypic D. hoffmannsi, which has always been treated as an 1 

independent species in the genus Dendrocolaptes (see Santana et al. 2021), our BAPS results 2 

uncovered two distinct population groups (Fig. S6) which, do not conform to the limits of major rivers 3 

bisecting the Madeira - Tapajós interfluve in south-central Amazonia, analogous to what has been 4 

detected for other endemic lineages in this area (Ribas et al. 2018). Population subdivision detected 5 

by BAPS in D. platyrostris (Fig. S7) revealed three groups, one roughly corresponding to the 6 

nominate form and associated with the Atlantic Forest, whereas an eastern and western clusters were 7 

detected in the inner Cerrado / Caatinga biomes corresponding to D. platyrostris intermedius (Fig. 8 

S7). However, the sampling employed in the BAPS analyses excluded several individuals of D. 9 

platyrostris that were not sequenced for all molecular markers, but which figured in phylogenetic 10 

analyses showing considerable geographical overlap between distinct lineages and the polyphyly 11 

between D. platyrostris platyrostris and D. platyrostris intermedius (Figs. 2 and 3). The phylogenetic 12 

results corroborate previous studies that did not find support for the genetic and morphological 13 

reciprocal diagnoses and evolutionary independence of both described subspecies (Cabanne et al. 14 

2011, Santana et al. 2021). On the other hand, the BAPS clusters recovered herein are spatially 15 

consistent with three major mitochondrial lineages recovered for D. platyrostris based on Control 16 

Region sequences obtained for a larger sample of specimens (Cabanne et al. 2011). In conclusion, 17 

while all studies so far have falsified currently recognized subspecific limits in D. platyrostris, 18 

geographic structure do exist in the species, and seems roughly partitioned amongst three main eastern 19 

South American biomes: Atlantic Forest, Caatinga, and Cerrado (Cabanne et al. 2011, Santana et al. 20 

2021). 21 

 22 

Taxonomic recommendations 23 

Our results represent the best evidence available yet on the evolutionary history of the D. picumnus 24 

species complex, revealing a complex scenario of overall mitochondrial differentiation coupled with 25 
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apparent widespread shared ancestral polymorphism, mostly in the nuclear markers sequenced. The 1 

lack of three taxa regarded as valid by previous studies (Marantz 1997, Gill et al. 2020) in our sample 2 

(D. p. multistrigatus, D. p. puncticollis, and D. p. seilerni) further constrain our interpretations 3 

concerning species limits in this group. However, here we have provided and discussed evidence 4 

indicating that these missing taxa are probably associated with specific reciprocally monophyletic 5 

groups. Furthermore, phylogenetic and population genetics analyses have consistently indicated a 6 

higher degree of genetic differentiation of three taxa (D. hoffmannsi,  D. picumnus transfasciatus, 7 

and D. platyrotris platyrostris / platyrostris intermedius) with respect to all remaining ones in the 8 

complex (Figs. 2, 3, 4, S1, and S2; Tables 1 and 2). Based on these results, here we support with the 9 

largest dataset ever available the continuing treatment of D. hoffmannsi and D. platyrostris as 10 

independent species in the D. picumnus species complex, the same applying to the elevation of D. 11 

picumnus transfasciatus to full species status, as originally proposed by Santana et al. (2021). As 12 

such, based on the molecular evidence presented here, coupled with morphological analyses 13 

discussed in Marantz (1997) and Marantz and Patten (2010), the polytypic D. picumnus is then 14 

defined as tentatively including the following subspecies groups, named as: “chacoan - montane” (D. 15 

picumnus pallescens / puncticollis / olivaceus / seilerni); “lowland Amazonian” (D. p. picumnus and 16 

D. p. validus); and “montane” (D. picumnus costaricensis and D. picumnus multistrigatus). Future 17 

analyses with a better taxonomic and genomic sampling should further clarify relationships and 18 

species limits in this group. Finally, the lack of consistent genetic and morphological diagnoses 19 

between D. platyrostris platyrostris and D. platyrostris intermedius (see also Cabanne et al. 2011, 20 

Santana et al. 2021) support a monotypic rather than a polytypic species status. However, zones of 21 

plumage stability have been recognized corresponding to each D. platyrostris subspecies (Cabanne 22 

et al. 2011), which would support their continued treatment as separate taxa depending on the 23 

subspecies definition considered (Winker 2010). Therefore, we recommend the recognition of four 24 
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species level taxa as independent species in the D. picumnus species complex, three of which are 1 

monotypic (D. platyrostris, D. hoffmannsi, and D. transfasciatus), and one polytypic (D. picumnus). 2 
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FIGURES 1 

 2 

 3 
 4 

Fig. 1 Geographic distribution of taxa in the Dendrocolaptes picumnus species complex (sensu 5 

Santana et al. 2021) and genetic sampling employed in this study. Different colors show the ranges 6 

of each taxon as described in Dickinson and Christidis (2014), Gill et al. (2020), and Marantz et al. 7 

2020, 2020 a,b). Symbols inside taxa ranges denote localities from where at least one specimen of 8 

the respective taxon was sampled (see Table S1 for detailed locality and sample information). 9 

Different types of symbols represent distinct species, as follows: dots (polytypic D. picumnus), 10 

squares (polytypic D. platyrostris), and triangles (monotypic D. hoffmannsi). Note the absence of 11 

samples for D. picumnus casaresi, D. picumnus multistrigatus, D. picumnus puncticollis, and D. 12 

picumnus seilerni. Figure adapted from BirdLife (2020). 13 
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 1 

Fig. 2 Concatenated Bayesian phylogeny estimated for the Dendrocolaptes picumnus species 2 

complex and outgroups based on specimens sequenced for both mitochondrial genes sampled (ND2 3 

and Cytb). Node values correspond to posterior probabilities. Color bars next to branch tips denote 4 

reciprocally monophyletic lineages associated with distinct taxa, as portrayed in Fig. 1. See Table S1 5 

for detailed sample information. 6 

7 

https://onlinelibrary.wiley.com/doi/full/10.1111/jzs.12408#jzs12408-tbl-0001
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 1 

Fig. 3 Phylogenetic relationships in the Dendrocolaptes picumnus complex, as revealed by a Bayesian 2 

phylogeny based on concatenated sequences for all sampled genes (ND2, Cytb, FIB5, and G3PDH). 3 

Node values correspond to posterior probabilities. Colored bars next to branch tips denote 4 

reciprocally monophyletic lineages associated with distinct taxa, as portrayed in Fig. 1. In the case of 5 

taxa lacking reciprocal monophyly (i.e., D. picumnus pallescens / olivaceus and D. platyrostris 6 

platyrostris / intermedius), only one color was used to depict each group. 7 

8 
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 1 

 2 

Fig. 4 Multilocus coalescent chronogram estimated for the Dendrocolaptes picumnus complex using 3 

*BEAST. Bars indicate credibility intervals for time divergences scaled in millions of years and the 4 

posterior probability of each node is shown in bold. The dates of splits associated with nodes bearing 5 

the two lowest posterior probabilities could not be inferred with certainty, hence their 95% high 6 

posterior densities are not shown. Asterisks at the tips (*) correspond to the number of times the 7 

respective taxon was recovered as an independent lineage (probability ≥ 0.95) out of a total of four 8 

demographic models combining different priors on ancestral population sizes and divergence times 9 

(see text and Table 1 for details). Colors at the branch tips refer to hypothetical species associated 10 

with distinct taxa, as portrayed in Fig. 1. In the case of taxa lacking reciprocal monophyly (i.e., D. 11 

picumnus pallescens / olivaceus and D. platyrostris platyrostris / intermedius), only one color was 12 

used to depict each hypothetical species.13 
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Table 1 Results of different divergence scenarios tested for reciprocally monophyletic lineages of the Dendrocolaptes picumnus species complex 

as revealed by Bayesian concatenated analyses (Figs. 2 and 3) using an unguided BP&P inference. θ and τ are priors for population size parameters 

and divergences time at the root of the species tree, respectively (see text for details). Results at PP > 0.95 indicate that  the clade in question has 

coalesced significantly based on the molecular markers sequenced with respect to all other lineages for the scenario tested. For scenario considered, 

first and second columns denote runs carried out with algorithms 0 and ε = 2, respectively. 

 

Taxon / species models θ = 2 2000; τ = 1 10 θ = 1 10; τ = 1 10 θ = 2 2000; τ = 2 2000 θ = 1 10; τ = 2 2000 

D. picumnus costaricensis 1 0,932 1 1 0,923 0,646 1 1 

D. picumnus picumnus 0,995 0,897 1 1 0,896 0,642 1 1 

D. picumnus pallescens 0,997 0,898 1 1 0,897 0,643 1 1 

D. picumnus validus 0,995 0,897 1 1 0,896 0,642 1 1 

D. picumnus transfasciatus 1 1 1 1 1 1 1 1 

D. hoffmannsi 1 1 1 1 1 1 1 1 

D. platyrostris 1 1 1 1 1 1 1 1 

7 lineages model 0,995 0,897 1 1 0,896 0,642 1 1 

6 lineages model 0,002 0,000 0,000 0,000 0,001 0,000 0,000 0,000 

5 lineages model 0,003 0,034 0,000 0,000 0,026 0,003 0,000 0,000 

4 lineages model 0,000 0,068 0,000 0,000 0,077 0,354 0,000 0,000 

 

 


