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ABSTRACT

Lepidocolaptes angustirostris is @ South American woodcreeper that inhabits predominantly
open lowlands such as the Cerrado, Chaco and Caatinga. Eight subspecies are currently rec-
ognized based on plumage patterns and geographical distribution. However, a more detailed
morphological analysis and taxonomic revision have not been done in this species. The objective
of this study was to conduct a taxonomic revision of L. angustirostris using morphometrical
and plumage character, and a Generalized Linear Models analyzes (GLM) were elaborated to
identify environmental variables that could account for this variation. We found a high level
of intergradation among all named populations. The principal component analyzes show cer-
tain levels of morphological differentiation among the taxa, with a first component formed by
bill characters (bill length, exposed and total culmen), and a second one that includes the bill
width and the tarsus-metatarsus length. In the GLM analyzes, two climatic variables explain
the geographical variation in the taxon, temperature seasonality and precipitation of warmest
quarter. The ecogeographic rules of Bergmann and Gloger can be applied to this variation,
and, more narrowly, the Allens rule. Thus, the populations of the Narrow-billed Woodcreeper
tend to be larger to the south of the distribution. We propose here that L. angustirostris is a
single species, with no subordinate taxa. Any evidence analyzed here did not support the taxo-
nomic validity of the proposed subspecies in the taxon. Despite colour-polymorphism identified
in the plumage patterns, the high level of intergradation and the poor resolution of geographi-
cal boundaries did not support the splitting of this species.

Key-Worbps: Taxonomy; Lepidocolaptes angustirostris; Geographical variation; South
America; Ecogeographic rules.

INTRODUCTION woodland, Chaco and Caatinga woodland, Cerrado,

and agricultural areas with scattered trees. Inhabits

Lepidocolaptes  angustirostris ~ (Narrow-billed  primarily tropical lowlands to 1.200 m asl in most

Woodcreeper) is a widespread species that inhabits  of range, also found in subtropical zone in Andean

semiopen areas of east and south-center South Amer-  foothills to almost 3.000 m asl in Bolivia (Ridgely &
ica. It is uncommon to locally common in gallery  Tudor, 1994; Marantz et al., 2003).
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The taxonomic position of Lepidocolaptes an-
gustirostris is not well stablished in the woodcreeper’s
phylogeny. Some authors place this species in the root
of the genus (Arbelaéz-Cortés ez al., 2012), while oth-
ers suggest that L. angustirostris is sister to L. leuco-
gaster (Raikow, 1994; Garcia-Moreno & Silva, 1997;
Derryberry ez al., 2011). Phylogeographycally, low ge-
netic differences between samples of L. angustirostris
were found in specimens from Brazil, Bolivia and Ar-
gentina (using COI and cyt b haplotypes), suggesting
a recent range expansion of species (Arbelaéz-Cortés
et al., 2012).

A variable number of subspecies has been de-
scribed for the Narrow-billed Woodcreeper, generally
splitted in two groups: ‘angustirostris”, which also in-
cludes L. a. certhiolus, L. a. hellmayri, and L. a. prae-
datus, composed by birds browner above and more
heavily streaked below; and the group “bivitratus”,
including L. a. bivittatus, L. a. babiae, L. a. corona-
tus, and L. a. griseiceps, which are more rufescent
above and largely unstreaked below (see Marantz
et al., 2003). Additional races have been proposed,
but are considered as invalid: L. 2. dabbenei Esteban,
1948 (south-west Paraguay and north Argentina),
L. a. chacoensis Laubmann, 1935 (north-east Argen-
tina) and L. a. immaculatus Carriker, 1935 (northern
Bolivia). Currently, eight subspecies are recognized
(Marantz et al., 2003):

— L. a. angustirostris (Vieillot, 1818), from south-
west Brazil (west of Mato Grosso do Sul state)
to east Paraguay, in drainages of Paraguay and
Paran4 rivers;

— L. a. bivittatus (Lichtenstein, 1822), occurring
in north and east Bolivia (La Paz, Beni, Santa
Cruz), center and southeast Brazil, from Mato
Grosso to Rio de Janeiro and Sao Paulo states.
Also in Par4 state;

— L. a. coronatus (Lesson, 1830), found from
south and east Maranhio and Piaui, and south
to Tocantins and northwest Bahia;

— L. a. babiae (Hellmayr, 1903), from Bahia to
Cear4 states, northeast Brazil;

— L. a. certhiolus (Todd, 1913), lowlands at east
base of Andes, in center and south Bolivia, west
Paraguay and northwest Argentina;

— L. a. praedatus (Cherrie, 1916), north and cen-
ter Argentina, west and central Uruguay and
extreme southern Brazil, in Rio Grande do Sul
state;

— L. a. hellmayri Naumburg, 1925, in Andean
foothills of central Bolivia (Cochabamba, Santa
Cruz, Tarija);
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— L. a. griseiceps Mees, 1974, known only from the
type locality in southern Suriname (Sipaliwini
Savanna), but populations on north side of low-
er Amazon river in north Brazil (east Pard and
Amapd) may belong to this taxa.

These races presents an almost continuous dis-
tribution over open areas in South America, and vary
mainly in tone of colour above and below and in the
degree of streaking shown in the underparts. Putative
hybrids between nominate and L. a. praedatus occur
over a broad zone in north and northeast Argentina,
and, as expected, shows a mixture of characters (de-
gree of streaking below, coloration above, bill length;
Marantz et al., 2003).

The populations of L. angustirostris are distrib-
uted throughout the open/dry areas of South Ameri-
ca, mainly in the Cerrados, Caatinga, and the Chaco.
These three regions are part of the so-called diagonal
of open formations (Vanzolini, 1963), or corridor of
‘xeric vegetation’ (Bucher, 1982, but see also Mor-
rone, 2001; Olson ez /., 2001; Oliveira-Filho & Rat-
ter, 2002; Pennington ez al., 2006; Morrone, 2014).

The first naturalist describing the Narrow-billed
Woodcreeper was Azara (1802). He called them as
“Trepadores del Comun”, written in a classic book
on avifauna of Paraguay, and with no type specimen.
Based on Azara’s work, Vieillot (1818) formally de-
scribed and named L. angustirostris, using the name
Dendrocopus angustirostris. According to the descrip-
tion of author (translation from French): A Picucule
with bill slightly curved along its length... a Spanish
Tobacco coloration spread the superior parts of neck and
body. .. throar with white feathers, frontal part of neck
and inferior part of body dirty and slightly streaked”
(Vieillot, 1818).

Dendrocolaptes bivittatus Lichtenstein, 1822 was
the second taxon described on this complex. This is a
species with “sub-arched comprised palid bill, white
throat and abdomen cinerascent-whitish”, based on
birds from Sao Paulo. Spix (1824) attributed birds
from Piaui, Brazil, to D. bivittatus Lichtenstein. How-
ever, Lesson (1830), described Spix’s birds as Pico-
laptes coronatus. Hellmayr (1903) described Picolaptes
bivittatus bahiae (type locality: Bahia), a subspecies
“similar to P bivittatus, but the inferior parts (with
exception of white throat) rusty yellow, the body
sides and the lower part of tail are more vivid”. Todd
(1913) described P b. certhiolus based on specimens
from Curiche, Rio Grande, Bolivia. These birds were
considered by him “Similar to Picolaptes bivittatus
bivittatus (Lichtenstein), but less suffused with buffy
below; back and under wing-coverts less rufescent;
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and the superciliaries and streaks on the pileum paler,
less buffy”. Picolaptes angustirostris praedatus Cherrie,
1916 was another subspecies described as “Similar
to P a. angustirostris but larger and bill longer...the
streaking on the crown and nape extends further back
than in P a. angustirostris” (Cherrie, 1916).
Naumburg (1925) described Lepidocolaptes
angustirostris hellmayri for populations found in the
subtropical zone of the Bolivian Andes (Cochabamba,
Santa Cruz, and Tarija). This subspecies was consid-
ered “similar to L. a. bivittatus, but larger, with a lon-
ger, more powerful bill; back, wings, and tails gen-
erally of a deeper rufous; under parts conspicuously
streaked with dusky or blackish brown, specially on
the sides”. The last subspecies described in the L. an-
gustirostris complex was L. a. griseiceps Mees, 1974;
this taxon is “the palest of all subspecies. Throat white,
remainder of the underparts, including the under tail
coverts, cream. Crown brownish grey, with broad and
not very well-defined white streaks”. Mees (1974)
compared his two specimens from Sipaliwini savanna
(Suriname) with the representatives of the taxa bahiae,
bivittatus, and coronatus, and concluded that his spec-
imens belonged to an undescribed subspecies.
Lepidocolaptes angustirostris is a highly polymor-
phic woodcreeper, with a wide geographical distribu-
tion. The phenotypic traits of this taxon vary along
its vast range, from Suriname and northern Brazil to
Argentina, on the open lands of Caatinga, Cerrado,
and Chaco ecoregions. However, despite all variations
found have been recognized and received a name, no
comprehensive taxonomic study was carried out to
clarify the status of these named populations. In the
literature, Ridgely & Tudor (1994) proclaim the need
to develop a review of these taxa, while Marantz ez al.
(2003) stated that the study of the geographical varia-
tion in plumage of the L. angustirostris is difficult by
age-related and seasonal differences. There are a num-
ber of recognized hybrid or intermediate phenotypes
throughout their distribution, and descriptions of the
current subspecies were based in very few specimens
from geographically separated material. For the above
reasons, a taxonomic review of L. angustirostris is de-
sirable to identify the valid taxa in the complex.

MATERIALS AND METHODS

A total of 555 skins of Lepidocolaptes angustiros-
tris complex were examined at three museums (Ta-
ble 1, Appendix A): Museu de Zoologia da Universi-
dade de Sao Paulo (MZUSP), Museu Paraense Emilio
Goeldi (MPEG), and Museo Argentino de Ciencias
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Naturales Bernardino Rivadavia (MACN). Despite
specimens from museums outside South America
has not been examined, the sampling size was con-
sidered adequate in terms of individuals, phenotypic
variation, and geographic coverage (Fig. 1). Complete
measurements were taken from 370 individuals; 226
have incomplete data due to loss or damage of struc-
tures (mainly bill measurements) and immature were
discarded from analysis. We measured the exposed
culmen, total culmen, height and width of bill at the
nostril, wing, tail and tarsus-metatarsus length, ob-
tained using a digital caliper of 0,1 mm of accuracy
and following Baldwin ez a/. (1931). All plumage
characters were discretized, including the intensity
of ventral streaking. Colors were classified following
Munsell’s coloration chart (Munsell, 1994).

Delimitation of the taxa

The criterion adopted to identify and delimit
taxonomic units in the Lepidocolaptes angustirostris
was the diagnosability of populations. A diagnostic
character is a trait whose states occur at different fre-
quencies between two supposed species. These char-
acters indicate genetic differentiation accumulated
over a period of reduced or absent genic flow, permit-
ting the separation of evolutionary lineages (Helbig
et al., 2002). In this way, the individuals examined
were grouped using morphological similarity and the
identification was applied after the analyses. These
discrete characters were used to identify and delimit
‘the smallest cluster of individuals organisms’ (popu-

FIGURE 1: Distribution specimens of Lepidocolaptes angustirostris
analyzed in this study (red points) in South America.
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lations) that are diagnosable distinct from other such
clusters (sensu Cracraft, 1983, 1989).

Statistical analysis

Prior to statistical analysis, individuals without
precise localities were discarded. The analyses were
elaborated using the R statistical package version 3.0.2
(R Core Team, 2013). First, an Anderson Darling and
Levene tests were developed to determine if the data
were normally distributed and had equality of vari-
ances, respectively. As the data showed no evidence of
normality or equality of variances (see Results), non-
parametric tests were performed to estimate if there
are significant differences between groups eventu-
ally found. Kruskall Wallis and Mann-Whitney tests
were used to estimate between all populations found
and within them, respectively. Mann-Whitney test
was performed using the “Wilcoxon rank sum test”
from R software (R Core Team, 2013). Posteriorly, a
Principal Component Analysis (PCA) was performed
to summarize the total variation of characters to the
groups that showed variation (FactoMine R package
from the R software). In this way, these two princi-
pal components can be plotted showing the variation
most readily (Husson ez 4/, 2014). In the all men-
tioned statistical analyses, a significance level use was
of 5% (Zar, 2010). Prior to PCA analysis, a transfor-
mation of the initial data was performed in order to
eliminate the effect of shape and size in the eight mea-
surements gathered, the ‘size’ vector was included in

the database (Mosimann, 1970).

Generalized Linear Models analyzes (GLM)

Lepidocolaptes angustirostris is a widespread spe-
cies, and each of their named populations is subject
to different biotic and abiotic selective forces. In this
way, these factors may affect the phenotypic charac-
ters in the taxon. With the aim of identify possible en-
vironmental factors that explain the geographical vari-
ation in the Narrow-billed Woodcreeper populations,
a series of Generalized Linear Models analyzes (GLM)
were elaborated using the phenotypic data collected.
Mainly, four phenotypic traits were analyzed: the
principal components 1 and 2 (PC1 and PC2) from
Principal Component analysis, the size estimate (the
log-normalize data using the approach proposed by
Mosimann, 1970), and the ventral pattern was codi-
fied into two states: Non-streaked and streaked. The
environmental variables were collected from the on-
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line database BIOCLIM with 2.5 arc-minutes resolu-
tion (Hijmans ez al, 2005). All variables from BIO-
CLIM (the 19 climatic measurements) were included
in the analyses (Appendix B, Table 4). To identify the
model with the most explanatory climatic variable,
the information of all models were computed (AICt-
ab command, bbmle R package, Bolker, 2014). Geo-
referenced records of the individuals with available
geographical information were depicted on scaled
maps with the aim to define the congruence among
the plumage patterns and geographical distribution,
and to identify possible hybrids zones throughout the
region inhabited by L. angustirostris.

RESULTS AND DISCUSSION

Three character states were determined in the
dorsal plumage: Strong brown, Intermediate, and
Light olive brown (Fig. 2).

Strong brown: (HUE 7.5YR, among 4/6 and 5/8)
was identified in populations inhabiting from north-
ern Brazil (including Amapd and Pard) to central
Humid and Dry Chaco (northern Argentina at Cor-
rientes, Chaco, Formosa, and Salta provinces), also in
the eastern zones of Pantanal and Chiquitano forest
(Fig. 2, left). A brown coloration (HUE 7.5YR 4/4)
was found in five skins from Piaui (MPEG 71427),
Bahia (MZUSP 86264, possibly an immature indi-
vidual), Mato Grosso (MPEG 38906 and 38907),
and Mato Grosso do Sul (MZUSP 73637). Similarly,
a brown-strong brown coloration (HUE 7.5YR 4/4
— 4/6) was present in some individuals collected in
Goids (MPEG 14937, 16318, 19278, 19514, 19564,
19698, 19699, 19700, 21972, 44532). Other un-
common dorsal coloration was identified in individu-
als from Alto Paraguay (Paraguay; MACN 2055a)
and Salta (Argentina; MACN 30516, 30517, 30702)
with a very rufous strong-brown coloration (a tonality

more intense than HUE 7.5YR 5/8).

Intermediate: This state, a strong brown — light ol-
ive brown pattern (HUE 7.5YR 4/6 and HUE 2.5Y
5/4) was identified in specimens from south-eastern
Paraguay (Itapt and Neembucu), northern Argentina
(provinces of Misiones, Formosa, Entre Rios, Salta, Ju-
juy, Corrientes, north-eastern of Buenos Aires, Santa
F¢é, and Santiago de Estero), Uruguay (Rio Negro), and
in adjacent zones along the Parand River at Sao Paulo
and Paran4 states at Brazil (this distribution extends to
zones of central to southern Humid and Dry Chaco,
as well in the Southern Cone Mesopotamiam savanna,
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FIGURE 2: Dorsal patterns identified in Lepidocolaptes angustirostris. Strong brown pattern (left, MZUSP 63445, Fazenda Campos bons
38 km N. floresta, Pernambuco, Brazil). Strong brown-olive brown pattern (middle, MACN 217A, Gualeguaychu, Entre Rios, Argentina).
Olive brown pattern (right, MACN 66339, Campus UNLP, Santa Rosa, La Pampa, Argentina).

Espinal, and Humid Pampas ecoregions; Fig. 2, mid-
dle). This state consists in a mosaic of brown and olive
colour patches, in an approximate ratio 1:1. It is pos-
sible to find specimens more olivaceous than brown,
or the opposite, at close localities. A further analysis
of this pattern showed that it becomes more olivaceus
towards the south, with specimens with more brown
patches tending to be found at north.

Light Olive-brown: This pattern (HUE 2.5Y 5/4)
was found in the individuals inhabiting the northern
region of Argentina (Corrientes, Cérdoba, Santiago
de Estero, Tucumdn, Catamarca, La Rioja, San Luis,
Mendoza, and La Pampa provinces), and Uruguay
(Rio Negro province). This patterns spreads from
central Humid and Dry Chaco to north of Low Mon-
te-Espinal ecoregions, and the Uruguayan savanna
(Fig. 2, right). A little variation was found within this
pattern: in the southern extreme of its distribution, a
‘brownish olive’ color (HUE 2.5Y 5/6) was observed
in individuals from La Pampa (e.g., MACN 65819,
66340, 65822), and San Luis (MACN 64690).

Distribution of the dorsal patterns: The distribu-
tions of the three patterns of dorsal plumage identi-
fied allow us to point out an intergradation region,
placed between the south-eastern extreme of Paraguay
to northern Argentina, and west of Uruguay (cen-
tral zone of Dry and Humid Chacoan ecoregions),
where specimens with the three dorsal patterns were

collected. Moving further south it is possible to find
the intermediate and olive patterns cohabiting the
south of the Gran Chaco and the adjacent regions
of Parand river basin (Espinal and Humid Pampas
ecoregions). The Strong brown pattern (predomi-
nant in the Caatinga-Cerrado ecoregions) was found
from the northern Brazil to the northern border of
Argentina (in Formosa-Chaco provinces), cohabiting
with populations with the Intermediate and the Light
Olive-brown patterns that inhabit the south (Fig. 3).

FIGURE 3: Distribution of dorsal patterns in Lepidocolaptes an-
gustirostris. Red square: Strong brown; Blue diamond: Intermedi-
ate; Orange star: Light Olive-brown.
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We found a highly variable ventral plumage in
Lepidocolaptes angustirostris. We tentavively identified
five character states, despite the high degree of integ-
radation among them: Cinnamon-ochraceous, Pale
yellow, Greyish-white, Greyish-white weakly streaked,
and Dark brown streaked (Figs. 4a-b).

Cinnamon-ochraceous and Pale yellow patterns:
These two states were identified in specimens from the
north and northeastern of Brazil. Cinnamon-ochra-
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ceous was intense in individuals from Ceard to Ala-
goas, Paraiba, and Pernambuco (Fig. 4a, left). On the
other hand, birds with Pale yellow underparts (HUE
2.5Y between 8/3 — 8/4) were found on eastern Amapd
(Macapd to north) and Para (MPEG 25843, Rio Fres-
co; MPEG 54319, Missao Tirids), and in northeastern
Brazil, in Maranhio, Piaui, western Paraiba, and Bahia
(Fig. 4a, middle). Birds with Pale yellow underparts
extend to the south to Cerrado regions, from western
Bahia to central Goids and to southeast Mato Grosso.

FIGURE 4A: Ventral, unstreaked patterns identified in Lepidocolaptes angustirostris. Cinnamon-ochraceous pattern (left, MZUSP 63445,
Fazenda Campos bons 38 km N. floresta, Pernambuco, Brazil). Pale yellow pattern (middle, MZUSP 77726, Parque Nacional da Serra das
Confusoes, Piaui, Brazil). Greyish-white pattern (right, MZUSP 29879, Rio Arica, Mato Grosso, Brazil).

FIGURE 4B: Ventral streaked patterns identified in Lepidocolaptes angustirostris. Intermediate pattern (lef, MZUSP 64173, Retiro da
Telha, margem direita Rio Sucurui, Mato Grosso do Sul, Brazil). Rufous streaked pattern (middle, MZUSP 31795, Las caiitas, Tucumdn,
Argentina). Dark brown streaked pattern (right, MACN 30516-30517, Alto Rio Santa Maria, Ordn, Salta, Argentina).
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Greyish-white pattern: (HUE 2.5Y, 8/1 — 7/1;
Fig. 4a, right) was found in birds from the Cerrado
from Maranhio to Tocantins, western Bahia, Goids,
east and southwest of Mato Grosso, southward to
Mato Grosso do Sul. Some individuals with this pat-
tern were found from western to central Minas Gerais
and Sao Paulo.

Greyish-white weakly streaked: Birds with this
pattern were found in the southern portion of Cer-
rado ecoregion, being an intermediate between the
unstreaked (northern) and the streaked (southern)
groups. They can be differentiated from the southern
populations by the intensity of the color of the streaks,
producing a less contrasting ventral pattern than the
southern populations (Fig. 4b, left). Likewise, this
pattern is distinct from the unstreaked groups to the
north (Central Cerrado-Caatinga) and extends from
south Cerrado (Central Goids-south Mato Grosso)
through Mato Grosso do Sul and southward to the
Paraguayan region throughout the Paraguay River
to northern Argentina (Corrientes, Chaco, Formosa,
and Entre Rios provinces, along the Parand river).

Dark brown streaked: Full-streaked birds occur in
the extreme south of distribution. They have dirty
white feathers lined with dark brown (HUE 7.5 3/2
or 3/3; Fig. 4b, middle and right). This pattern was
found in individuals from southeast Paraguay, be-
tween the Paraguay and Parand rivers, to the north
of Argentina (south to La Pampa and Mendoza prov-
inces), and west of Uruguay (Rio Negro), from the
Gran Chaco ecoregions to the south.

Distribution of the ventral patterns: Despite a high-
ly mixed and overlapped geographical distribution of
the patterns of ventral plumage in Lepidocolaptes an-
gustirostris complex, it is possible to perceive that the
unstreaked populations from the northeastern and
central Brazil intergrade with streaked populations
in the south Cerrado (Figs. 5, 11 and 12). The zone
between SE Paraguay and the north of Argentina ap-
pears as a intergradation area, where birds with virtu-
ally all ventral patterns identified were collected.

Morphometry

Despite the high level of intergradation in the
plumage of L. angustirostris, statistical analyses were
able to find some differences among the popula-
tions. These analyses identified the populations as
non-normally distributed and with the equality of
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FIGURE 5: Distribution of ventral patterns found in Lepidoco-
laptes angustirostris. Orange square: Cinnamon-ochraceous; Yellow
triangles: Pale yellow; White squares: Greyish-white; Blue dia-
monds: Greyish-white weakly streaked; Green circles: Dark brown
streaked.

Individuals factor map (PCA)
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FIGURE 6: Ventral patterns in the PCA analysis. Division be-
tween unstreaked and streaked populations, confidence level: 0.95.

variances not reached for four of eight measurements
(bill length, exposed culmen, total culmen, and tail
length). Therefore, a non-parametric statistics was
run (see Appendix B, Tables 2-3). The general Krus-
kall-Wallis test showed differences among all patterns
found (p < 0.001) for eight characters analyzed. In
the Mann-Whitney tests the comparisons within
pairs of populations showed that the most differenti-
ated characters were the length, height, and width of
the bill, and tarsus-metatarsus length. The least vari-
able measure was the wing length (see Appendix B).
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The comparison (pair of population) with the low-
est level of differentiation (based on the number of
characters analyzed) was the taxa with pattern one and
two (cinnamon-ochraceous and pale yellow patterns),
with two characters showing low differentiation (see
Table 3). The pairs of populations that showed the
higher differentiation were those with the pattern two
and six (pale yellow-dark brown pattern), with eight
characters presenting significant differences. In gen-
eral, the northern pattern (1-3) vs. the southern one
(4 and 5) showed higher significance levels of differ-
entiation than populations occurring nearest one an-
other. Despite this, the estimated differences (p values
0f 0.01 and 0.001 in some comparisons) do not con-
firm a real morphometric divergence that could sup-
port the hypothesis of two or more valid taxa within
the material examined.
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The principal components analysis (PCA) iden-
tified two variables that explain 70.88% of the varia-
tion in eight quantitative traits. The first component
was interpreted as representing three variables (bill
length, exposed and total culmen) in equal propor-
tions, while the second variable represents primarily
the bill width and the tarsus-metatarsus length.

Despite the fact that populations presented a
significant morphological variation, the distribution
of their individuals overlap along the two principal
components. From these results, it is possible to pro-
pose the existence of morphological divergence be-
tween the unstreaked and the streaked groups, as well
as a close relationship between the Pale yellow and the
Greyish-white patterns from Caatinga-Cerrado ecore-
gions (Fig. 6). PCA results appear inconsistent with
the geographical and plumage evidence; morphologi-
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cal variation among populations exists, but it is not
high enough to conclude the presence of additional
taxonomic units in the L. aANngustirostris.

GLM analysis and environmental variables

The GLM analyses identified significant corre-
lation between some climatic variables and the phe-
notypic traits in L. angustirostris. In the analyses, one
temperature variable was the most explanatory (Tem-
perature Seasonality; BIOCLIM 4) and was recovered
in three traits analyzed: PC1, PC2, and ventral plum-
age (Presencelabsence of streaks; see Figs. 7-10, and
Tables 5-8 in Appendix B). With the size estimative,
the most correlated variable was the Precipitation of
Warmest Quarter (BIOCLIM 18, AIC = -1175.1 and
weight = 1.0).

So, how many taxa exist within
Lepidocolaptes angustirostris?

Previously to this taxonomic review, eight taxa
subordinated to L. angustirostris were accepted. Our
results, however, found no significant divergence as
in the plumage pattern as well in the morphological
analyses. Despite the naming of a number of taxa be-
longing to this complex, the division of Lepidocolaptes
angustirostris in more than one taxon does not found
any support and cannot be corroborated by our data.
The populations found along geographical distribu-
tion of L. angustirostris were assigned to different taxa
due to the high plumage variation and the presence
of a relative morphological variation among the in-
dividuals/populations analyzed. However, our results
demonstrated the absence of diagnostic characters
and defined geographic boundaries which do not per-
mit the recognition of more taxa than L. angustiros-
tris, suggesting a continuous, morphologically diverse
population, with no evolutionary distinctiveness (i.e.,
not expressed in the phenotype). The Fig. 11 shows
the variation of dorsal and ventral plumage patterns
observed in the regions inhabited by L. angustirostris.
We recognize the paramount importance of voice to
the taxonomy of birds. However, there are a handful
of tape-records that were before collecting the voucher
specimen, and this precludes a more detailed analysis
of this character in this group. The Fig. 6 shows indi-
viduals from northeastern Brazil (Caatinga) to north-
ern-central Argentina (Chaco). It is clear the presence
of a gradual variation in the coloration of the patterns
observed, from a cinnamon-ochraceous to a streaked
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dark brown. In the same way, individuals with inter-
mediate patterns were found. Overlapping of the two
main morphotypes in L. angustirostris (bivitattus and
angustirostris) is shown in Fig. 12. Individuals with
an unstreaked plumage are found from the Caatinga
to the boundaries between Cerrado and the Chacoan
ecoregion (including the Alto Parand Adantic For-
est and Pantanal); to south of the distribution the
streaked populations (cohabiting with the unstreaked
ones in the central and southern Chacoan ecoregions)
are found

Taxonomy of the Narrow-billed Woodcreeper
Lepidocolaptes Reichenbach 1853
Lepidocolaptes angustirostris (Vieillot, 1818)

Trepador Del Comun, Azara, 1802, Apuntamien-
tos para la Historia Natural de los Pixaros del
Paragiiay y del Rio de la Plata, Tomo I1, p. 279.
Type no existent.

Dendrocopus angustirostris Vieillot, 1818, Nouveau
Dictionnaire D’historie Naturelle, Appliquée Aux
Arts. XXVI, p. 116, locality: “Paraguay”, based
in Azara (1802).

Dendrocolaptes bivittatus Lichtenstein, 1822, Abhan-
dlungen der physikalischen (-mathematischen)
Klasse der Koeniglich-Preussischen  Akademie
der Wissenschaften, (1820-1821), p. 258-266,
pl. 2, fig. 2, locality: “in province Sio Paulo”.
Spix, 1824, Avium species novae, quas Brasiliam,
I, p. 87, locality: Piaui, Brazil. Lafresnaye &
D’Orbigny, 1838, Magasin Zoologie, p. 8, local-
ity: Corrientes.

Picolaptes coronatus Lesson, 1830, Traite d Ornithologie,
Livr. 4, p. 314, locality: Piaui, Brazil.

Dendrocolaptes  rufus Wied, 1830, Beitrige zur
Naturgeschichte von Brasilien, 3, p. 1130, local-
ity: between provinces Minas and Bahia, Brazil.

Picolates bivittatus Lafresnaye, 1850, Revue et Magasin
de Zoologie pure ex Appliquée, 2, p. 152, locality:
Sao Paulo. Allen, 1876, Bulletin of the Essex In-
stitute, 8, p. 80, locality: Santarém, Brazil.

Picolaptes angustirostris Lafresnaye, 1850, Revue et
Magasin de Zoologie pure exr Appliquée, 2, p. 151,
locality: “Paraguay”. Sclater, 1890, Catalogue of
Birds in the British Museum, 15, p. 155, locality:
“Bolivia”. Salvadori, 1897, Bollettino dei Musei
di Zoologia e Anatomia Comparata della Reale
Universitd di Torino, 12, N. 292, p. 21, locality:
San Francisco, Caiza, province Tarija, Bolivia.
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Lepidocolaptes atripes Hudson, 1870, Proceedings of
the Zoological Society of London, p. 113, locality:
Concepcién del Uruguay.

Picolaptes bivittatus bahiae Hellmayr, 1903, Verhand-
lungen der kaiserlichkonigiglichen zoologisch-bota-
nischen Gesellschaft in Wien, 53, p. 219, locality:
Joazeiro, Bahia, Brazil.

Picolaptes angustirostris bivittatus Hellmayr, 1908, No-
vitates Zoologicae, 15, p. 65, locality: “Goyaz”,
Rio Araguaya, Rio Thesouras, Faz. Esperanca
(“Goyaz” = Goids, Brazil).

Picolaptes angustirostris angustirostris Dabbene, 1910,
Anales del Museo Nacional de Buenos Aires, 18,
p- 307, locality: Catamarca, Entre Rios, Cérdoba,
Jujuy, Mendoza, Tucumdn, Salta, Chaco; idem,
Le. 23, p. 318, 1912 — San Rafael, Uruguay.

Lepidocolaptes angustirostris certhiolus Todd, 1913, Pro-
ceedings of the Biological Society of Washington, 26,
p- 173, locality: Curiche, Rio Grande, Bolivia.

Lepidocolaptes angustirostris praedatus Cherrie, 1916,
Bulletin of the American Museum of Natural Histo-
7y 35, p. 187, locality: Entre Rios, Concepcién del
Uruguay (Probably Argentina/Uruguay limits).

Lepidocolaptes  angustirostris  hellmayri Naumburg,
1925, Auk, 42, p. 421, locality: Chilén, Santa
Cruz, Bolivia.

Lepidocolaptes angustirostris bahiae Cory & Hellmayr,
1925, Catalogue of Birds of the Americas and The
Adjacent Islands in Field Museum of Natural His-
tory, vol. IV. p. 339.

Lepidocolaptes angustirostris bivittatus Wetmore, 1926,
US National Museum Bolletin, 133, p. 235.
Lepidocolaptes angustirostris coronatus Wetmore, 1926,
US National Museum Bolletin, 133, p. 235.
Lepidocolaptes  angustirostris  immaculatus Carriker,
1935, Proc. Acad. Nat. Sciences Philad. 87,

p- 328, locality: Bolivia, Beni, Charatona.

Lepidocolaptes angustirostris chacoensis Laubmann, 1935,
Verh. Ornith. Gesel. Bayern 20(4), p. 336, locality:
Argentina, Formosa, San José and Lapango.

Lepidocolaptes angustirostris dabbenei Esteban, 1948,
Acta Zool. Lilloana 5, p. 384, Argentina,
Tucumadn, Los Goméz.

Lepidocolaptes angustirostris griseiceps Mees, 1974,
Zool. Mededelingen Rijksmus. Nat. Hist. Leiden,
48, p. 57, locality: Sipaliwini, Suriname.

Distribution: From extreme northeastern Brazil to
southern-central regions at Argentina, including iso-
lated populations at the Sipaliwini savanna and the
Amazonian regions of east Amap4 and Pard. Inhabits
mainly in the open/dry lands of Caatinga, Cerrado,
and El Gran Chaco ecoregions, and adjacent regions
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(Pantanal, Chiquitano Dry Forest, Espinal, Parand
Flooded Savanna, Southern Cone Mesopotamian Sa-
vanna, Alto Parand Atlantic Forests ecoregions).

Diagnosis: Unlike other Lepidocolaptes from South
America, the white superciliaries are broad, the bill is
more pinkish than the other Lepidocolaptes, head and
neck blackish with numerous pale fulvous shaft-spots,
darker than others species.

Description: A woodcreeper of medium size
(19-22 c¢m). A long, slim and moderately decurved
pale grey to pinkish-horn bill; base of upper man-
dible with dusky sides. Brown to Brown-olivaceous
above; superciliaries broad and white; head and neck
blackish with numerous pale fulvous shaft-spots; tail
ferruginous; underparts from unstreaked cinnamon-
ochraceous to dark-brown streaked, from the north to
south of the distribution; legs and feets grey to dark
grey. No sexual dimorphism in the plumage. Despite
of high intergradation and geographical variation,
two main morphs can be found: an unstreaked group
found from the northeastern to southern Brazil (“bi-
vitattus” group), including isolated populations in the
north Amazonas and in the savannas of Sipaliwini;
and a streaked morph, found from the southern Bra-
zil to north-central Argentina, including populations
from the eastern Bolivia (“angustirostris” group).

Intraspecific variation: The populations of L. an-
gustirostris complex are highly polymorphic. The phe-
notypic variation has allowed the classification of this
taxon in the past into several subspecies by many au-
thors. However, the undefined geographical boundar-
ies and the intermediate stages of morphological and
plumage characters do not support this subspecific
division. The plumage patterns are the most variable
traits in the species and probably this is the most vari-
able woodcreeper. The size varies, but this morpho-
logical variation was not unidirectional. The largest
populations can be found in the northern and south-
ern regions (Caatinga and southern Chacoan ecore-
gions), while smaller individuals were identified be-
tween the southern Cerrado-Pantanal to the northern
Chacoan ecoregions (see Fig. 9). The size decreases
gradually from the northeastern to southern Brazil,
where we found the smaller individuals.

Delimitation of the species

The main objective of this work was to review
the taxonomic status of Narrow-billed Woodcreeper
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FIGURE 11: Summary of the dorsal and ventral patterns in Lepidocolaptes angustirostris. From northeastern Brazil (left) to northern-central
Argentina (right). Intermediate stages can be found along the geographical range of taxon. Specimens from MZUSP.

based on plumage and morphometric characters. Our
results showed any significant differences among the
named populations, and intergradation and a possible

latitudinal geographic variation were found. Statistical
analyzes were also inconclusive; PCA tests found sig-
nificant differences among groups studied, but is not
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FIGURE 12: Distribution of the two main morphotypes in Lepi-
docolaptes angustirostris. The “bivittatus” (no-streaked individuals)
and the “angustirostris” groups (streaked individuals). Red-lined
squares: no-streaked forms; Green squares: Streaked forms.

congruent with the level of intergradation observed.
So, how to explain the high colour-polymorphism
found in the populations of Lepidocolaptes angustiros-
tris through South American open/dry lands? Is there
any convenience in splitting contiguous colour-poly-
morphic populations from a unique recognized spe-
cies into several valid taxonomic units?

The delimitation of species and subspecies is
a topic highly debated, and a number of theoretical
and methodological approaches have been proposed
(Amadon, 1949; Zink, 2006; Alstréom ez al., 2008;
Cicero, 2010; Marantz & Patten, 2010; Tobias et al,
2010; Zapata & Jiménez, 2012; Camargo & Sites,
2013). However, there is still no consensus about con-
cepts and methods applied to different taxa (Agapow
et al., 2004; Queiroz, 2007; Gill, 2014; Sangster,
2014). In this study, using mainly the diagnosability
criteria the taxonomic validity of subspecies of L. an-
gustirostris proposed in the literature is rejected due
to poor definition of plumage, morphological, and
geographical boundaries among them. The Narrow-
billed Woodcreeper is composed by polymorphic
populations intergrading from the northeast of Bra-
zil to south of Chacoan ecoregions (Dry and Humid
Chaco), through the open/dry lands of Caatinga, Cer-
rado, and the Gran Chaco. So, division of this taxon
could not be applied. Cardoso e al. (2003) state that
species like as L. angustirostris inhabiting climatic gra-
dients show morphological variation in a clinal trend.
This variation could be difficult in taxonomy, as no
clear morphological entities can be delineated. It is
common for taxonomists to split the clines into dis-
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tinct subspecies, but in this case this is purely arbitrary
and artificial.

Several authors have criticized the concept and
application of subspecies rank in taxonomic works
(Zink, 2004; Alstrém ez al., 2008, among others).
For Fitzpatrick (2010), subspecies, unlike species are
human constructs, while Zink (2004) concluded that
the use of subspecific rank in taxonomy is not use-
ful and adds uncertainty to biological classifications.
The absence of defined criteria in the delimitation of
these biological groups is one of obstacles when are
implemented. At the other hand, some works have
shown the convenience of subspecific status in study
of certain taxa (Patten & Unitt, 2002; Cicero, 2010;
Patten, 2010). For example, Haig & Winker (2010)
states that the study of subspecies address the geo-
graphic component of variation and differentiation, if
the criteria used to define the subespecific groups each
case were made explicit.

A plausible hypothesis to explain the high phe-
notypic diversity in L. angustirostris is an existence of
an incipient speciation in this taxon. In an incipient
speciation, two or more populations from one spe-
cies are being splitted into two new ones, but are still
capable of interbreeding. These ‘early stages’ of diver-
gence among populations of the same species has been
analyzed in some groups of birds (Dendroica coronata,
Brelsford & Irwin, 2009) and other taxa (the Arctic
Charr Salvelinus alpinus, Adams & Huntingford,
2004). Indicators of incipient speciation can be the
presence of low genetic divergence among populations
and morphological polymorphism (Price, 2008). For
instance, in an analyses testing adaptive radiation
of the capuchino seedeaters (11 species from genus
Sporophila), Campagna et al. (2011) found high phe-
notypic variation in vocalizations and coloration, but
extremely low levels of neutral genetic differentiation,
proposing a recent speciation (middle Pleistocene) oc-
curring in the group.

Some molecular evidence could support this
hypothesis in the Narrow-billed Woodcreeper; in a
phylogenetic analysis of genus Lepidocolaptes, Arbe-
laéz-Cortés e al. (2012) found low genetic differences
between both COI and cyt b haplotypes for L. an-
gustirostris samples from Brazil, Bolivia and Argentina.
Here, 10 individuals from six localities were analyzed
(COI haplotype). According to these authors, four
subspecies (L. a. bahiae, L. a. hellmayri or L. a. cer-
thiolus, and L. a. praedatus) could be sampled, and
their observed genetic variation was low, suggesting
“a recent range expansion”. The low genetic differ-
entiation among populations analyzed and the high
color polymorphism in the individuals sampled in
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this study may support the hypothesis of an eventual
early speciation occurring in the populations of the
Narrow-billed Woodcreeper.

One of the most debated points in taxonomy is
the dichotomy “splitting vs lumping” of taxa with in-
traspecific variation and uncertain taxonomic position;
the need to describe all the diversity present in biologi-
cal groups faces the absence of strong and verifiable ev-
idence about the limits of these divisions. In cases like
as L. angustirostris the situation is similar: the pheno-
typic variation exists, but evidence was not found that
allow the delimitation of the populations identified as
diagnosable units. Additionally, geographic barriers
(frequently used in ornithology to delimit subspecific
lineages) in the distribution of Narrow-billed Wood-
creeper are absent or seem not to affect the gene flow
among the populations. For these reasons, contrary to
the cited literature, the subspecific rank was dismissed
and only one valid taxonomic unit is proposed here.
Literature about L. angustirostris used the subspecific
rank to describe the differences in the ventral/dorsal
plumage (see Marantz ez al., 2003; Ridgely & Tudor,
2009). Undertail coverts coloration, plumage pattern
of crown, and tone of color in dorsal and ventral sides
has been used to sort this taxon in at least eight sub-
species recognized. Despite finding these variations,
their distribution along the sampled individuals can-
not identify clear patterns of differentiation among
populations. A possible cause is the scarce compara-
tive analysis of additional samples from intermediate
regions of the geographical distribution of the taxon,
in a more comprehensive analysis of the total variation
before describing new taxa. Early descriptions were
based on very restricted samples, putting aside other
samples from the same location or adjacent areas. In
this study, more than one ventral plumage pattern was
identified in the same localities (e.g., localities from
the central Brazil [Goids], and in the boundaries of
southern Brazil and Paraguay), rejecting a possible de-
limitation among populations. In a recent study about
morphological variation in Schistochlamys ruficapillus
(Lopes & Gonzaga, 2014), a similar conclusion was
proposed; the recognition of the three subspecies in
the Cinnamon Tanager were based individuals from
distant populations (scarce sampling), and intermedi-
ate stages were not included in these descriptions.

Plumage patterns and polymorphism
in L. angustirostris

The plumage patterns in L. angustirostris com-
plex are highly diverse, showing three dorsal and five
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ventral patterns along its distribution, covering the
eight subspecies currently recognized. Intergradation
and intermediate colorations were found among our
vast sample in this study. Despite of high divergence
between the populations from the northeast Bra-
zil and the northern Argentina, defined boundaries
among plumage patterns were not possible to identify.
Given the existence of a high color polymorphism in
the taxon, we reviewed some causes that may influ-
ence this plumage variation.

The color polymorphism is defined as the pres-
ence of two or more distinct, genetically determined
color morphs within a single interbreeding popula-
tion. This different color exemplifies extreme mor-
phological diversity within populations (Huxley,
1955; Gray & McKinnon, 2007). Has been theorized
that, in color-polymorphic species with large geo-
graphic ranges (similar to L. angustirostris), there is
probability to occur parapatric speciation at the ends
of a ratio cline in morph frequencies (Endler, 1977).
The color polymorphism has been associated with
differences in groups of correlated traits (behavior, life
history, morphology, physiology etc.) due to correla-
tional or epistatic selection or shared developmental
pathways (Forsman ez al, 2008). Other situations
that could predispose color polymorphism occurs
when populations come into secondary contact after
diverging in coloration allopatrically or when color
forms are under disruptive selection associated with
different microhabitats (Endler, 1977; Roulin, 2004).
Also, in some circumstances, the color polymorphism
may represent incomplete speciation (Gray & McK-
innon, 2007; Hugall & Stuart-Fox, 2012).

Galeotti ez al. (2003) developed a study about
color-polymorphism in birds in order to analyze some
biological mechanisms proposed to explain the main-
tenance of polymorphism. The authors tested three
forms of selection: apostatic, disruptive, and sexual
selection, plus a no selection model. In addition to
establishing that the polymorphism is a relatively rare
phenomenon (only 3.5% of bird species show poly-
morphism), one of the conclusions proposed was
that the color polymorphism in birds is not a non-
adaptive consequence of selection on other adaptive
traits, but a trait that evolved probably by disruptive
selection. In this disruptive selection hypothesis, the
patterns of variation in light conditions may be the
most important selective mechanism maintaining
color polymorphism in birds. Hugall & Stuart-Fox
(2012) developed a study about speciation in color-
polymorphic birds using genetic data from five fami-
lies of non-passerine taxa. The authors concluded
that the color polymorphism tends to be associated
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with diverse ecological conditions or relatively recent
speciation, being this statement applied to the pas-
serines taxa. For Roulin (2004), the presence of color
morphs in a species have an adaptive value, namely,
the different attributes of morphs could be correlated
to environmental variations. This hypothesis predicts
covariation with life history, behavioral, morphologi-
cal and physiological traits.

For the Narrow-billed Woodcreeper the color
polymorphism precludes the splitting of this taxon
into other valid taxonomic units due to the high lev-
el of intergradation and lack of defined boundaries
among populations. Second, environmental factors
were correlated to the ventral plumage in the species.
Based in the GLM analyses, temperature seasonality
(BIOCLIM 4) seems to explain the ventral plumage
variation using the two main states identified in the
groups: unstreaked/Streaked patterns. Additionally,
the Gloger’s rule (darker plumages are more expected
in more humid environments, and lighter plumages
at dry regions) fit with the variation observed. Third,
if the statements of Arbelaéz-Cortés ez al. (2012) are
considered and added to the findings of this work,
the color polymorphism could be a result of a recent
speciation of populations in the open/dry lands of
Caatinga, Cerrado and Chaco ecoregions.

Environmental correlations and
biogeographical considerations

The Narrow-billed Woodcreeper is a widely dis-
tributed species that inhabits open/dry lands of South
America, and its populations are subject to diverse en-
vironmental factors, which can have had an effect on
the evolution of genetic/phenotypic traits in the spe-
cies. The study of these variations in the populations
of widespread taxa has allowed proposing ‘ecogeo-
graphic’ theories describing the correlation between
morphological variation and environmental variation.
Among them, the rules of Bergmann’s (Bergmann,
1847), Allen’s (Allen, 1877), Gloger’s (Gloger, 1833),
and the ‘Neo-Bergmannian® rules (a re-interpretation
by James, 1970) explain the variation in the phe-
notypes of the populations. The ecogeographic rule
most tested in analyses of geographical variation is
the Bergmann’s rule, that states in its original version
that warm blooded vertebrate species from cooler cli-
mates tend to be larger than congeners from warmer
climates (see Meiri & Dayan, 2003). Subsequently,
the modification of James (1970) proposed that the
intraspecific variation in size is related to a combina-
tion of climatic variables that includes temperature
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and humidity, i.e., the small size is associated with
hot and humid conditions, larger size with cooler or
drier conditions. The other two ecogeographic rules
are less used, but are of equal importance when test-
ing variation. In the Allen’s rule, the individuals in
hot climates should have longer appendages relative
to body core size in order to dissipate heat more ef-
ficiently. While that in the Gloger’s rule, defined as
the expectation that plumages of birds are darker in
more humid environments. It is important note that
other selection forces (dense vegetation, interspecific
competition, diet, among others factors) might also
operate for slight variations in size at the population
or species level (see Hamilton, 1961).

In works on geographical variation in Aves, sev-
eral hypotheses have been proposed and tested with
empirical methodologies. In an early review of the
adaptive significances of the intra-specific variation
in continental birds, (Hamilton, 1961) concluded
that the variation in wing length and body size in
birds exist, and is correlated to gradient factors of the
environment. Also, and maybe important for L. an-
gustirostris, the clinal variation of each of these mor-
phological traits could not be concordant. In the same
way, James (1983) stated that phenotypic variation
in the Red-winged Blackbird contains an important
environmental component. In populations of birds,
regional trends of size variation change gradually in
a way that may reflect topographic features (James,
1970). In a review by Meiri & Dayan (2003), the au-
thors found that the presence of the Bergmann’s rule
is more common in sedentary than in migratory spe-
cies, and concluded that this ecogeographic rule is “a
valid ecological generalization for birds and mammals
at the class, order, and family levels”. In a study about
Red-winged Blackbirds, Power (1969) concluded that
size increases in arid regions may facilitate conserva-
tion of metabolic water and size decreases in humid
regions may facilitate heat dissipation. In populations
of Turdus migratorius, the morphological variation
and plumage is concordant with the predicted by the
Bergmann’s and Gloger’s rules, but the relationships
among the explanatory variables were not well eluci-
dated (Aldrich & James, 1991).

In this work, the GLM analyses were conducted
to establish a correlation between the geographical
variation found in the Narrow-billed Woodcreeper
and the climatic information gathered from each geo-
graphic record sampled. In these analyses, the climatic
factor most explanatory of the geographical variation
was the temperature seasonality (BIOCLIM 4) and the
Precipitation of Warmest Quarter (BIOCLIM 18). In
all models identified, these three variables appear to
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be the most correlated to the traits analyzed (PCI,
PC2, size, and ventral plumage pattern).

For PC1 (bill length, exposed culmen, and to-
tal culmen), a positive correlation was found with the
latitude and the temperature seasonality. Namely, the
size of components from PCl increases as the tem-
perature seasonality and latitude increases to south
(from the Equator line to south). For PC2, the bill
width is positively correlated to the increase to south
of latitude. The same type of positive correlation is re-
covered in models with temperature seasonality as ex-
planatory variable. With the increase of this climatic
variable, the bill width increases too. The correlation
between the size and the climatic variables is not clear.
The variation of size has two variation tendencies, a
decreasing cline from the northeast to the central Bra-
zil, and an increasing cline from this last zone to the
southernmost region in central Argentina. The only
climatic variable fitting in the size variation was the
precipitation of warmest quarter. It is possible that the
low levels of precipitation in the Caatinga and Chaco
ecoregions (extreme regions of the distribution), addi-
tional to the high temperature in certain time of year
can influence the size of individuals.

The seasonality of the temperature was the most
correlated variable to the ventral plumage variation.
In L. angustirostris the darker and streaked plumages
were found in the southern Cerrado and Humid Cha-
co ecoregions, while the unstreaked patterns (cinna-
mon-ochraceous, pale yellow, Greyish-white pattern)
inhabits northern Cerrado and Caatinga. Here, the
Gloger’ rule could be applied, where the darker plum-
age are found in more humid environments (Humid
Chaco, southern Cerrado), and the lighter inhabits
dry regions (Caatinga).

Overall, the variation in the Narrow-billed
Woodcreeper appears to follow the ecogeographic
rules of Bergmann and the Gloger. First, individuals
with larger bills are present at higher latitudes to south
(El Gran Chaco ecoregions), while groups with small-
er bills can be found near to Equator, and populations
with darker plumages can be found in the south of
the distribution with an high level of humidity, and
the ligther/unstreaked populations at the central and
north of Brazil (dry regions). Also, the Allen’s rule (in-
dividuals in hot climates should have longer append-
ages relative to body core size than individuals in cold
environments) could be applied to the populations of
L. angustirostris; the tarsus-metatarsus length increases
with the increase of latitude to south. However, this
correlation is not clear (see Fig. 8).

For Werneck (2011) and Werneck ez 2/ (2011),
the biogeographical patterns of the open/dry lands

295

in South America are the result of a correlation of
geological processes that occurred during the Tertiary
and Quaternary ages. Periodical glaciations and in-
terglaciations affected the geographical extension
of forest and savanna biomes. In the most accepted
hypothesis, glaciation periods were characterized by
cool and dry climates, with a reduction of Amazonian
and Atlantic forests and the increase of open, drier
biomes. During the interglacial periods (wet and hot
climates), the savanna area was reduced and isolated
refugia emerged. In this scenario, the geographical
range of the savanna species was reduced to these
isolated refugia (a similar situation to the Amazonian
refugia proposed by Haffer, 1969), with a genetic and
morphological differentiation among their popula-
tions. Campagna ¢t al. (2011) proposed that the
fluctuation in predominance of rainforest over open
habitats and vice versa and the interdigitation of these
two biomes could have contributed to isolating small
populations in islands of suitable habitat, or a “grass-
land refugia”.

Using the grassland refugia hypothesis, the par-
tial molecular data from Arbelaéz-Cortés et al., 2012
(low genetic divergence among the sampled individu-
als of the Narrow-billed Woodcreeper) combined with
our results point to a plausible scenario which propose
that the high variation in plumage and low genetic
divergence among the populations of L. angustirostris
could be influenced indirectly by the climatic varia-
tions during the Pleistocene. However, additional bio-
geographical analyses should be performed to confirm
this hypothesis.

Isolated populations of Lepidocolaptes angustiros-
tris were found in the Guianan Savanna, and the
Uatuma-Trombetas Moist  Forests/Tapajés-Xingt
Moist Forests ecoregions. These populations were at-
tribute to the griseiceps subspecies (Mees, 1974; Ma-
rantz et al., 2003). Individuals from these groups show
a dorsal plumage Strong brown and a greyish-white
and pale yellow colorations in the ventral plumage,
characteristic of the “bivittatus” group. Morphometric
data show no divergence with the other populations
from Caatinga and central Cerrado. Lepidocolaptes an-
gustirostis griseiceps is isolated, but their phenotypic
characters show no signs of divergence from other
populations. Mees (1974) proposes as diagnostic
characters of griseiceps a brownish grey crown, lighter
that that found in the adjacent groups (Caatinga-Cer-
rado populations), a distinctiveness not supported by
our results.

The presence of an isolated population of L. an-
gustirostris in Amazonia can be also explained by the
Grassland refugia hypothesis (Campagna ez al., 2011,
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but see also Haffer, 1969). With the climatic varia-
tions of Pleistocene and Holocene, the forest regions
of South America reduced its extension (glacial pe-
riods), and the grasslands regions were predominant
(open areas), including the northern savannas of Los
Llanos and Guianan savanna (see Werneck et al.,
2011). In these glacial periods, populations of the
Narrow-billed were able to expand through all these
open areas, and, posteriorly, in the interglacial peri-
ods, forests were recovering their extension in these
warmer and humid periods, and the northernmost
populations were isolated from the other continu-
ous populations. Another isolated population, with
a few specimens collected, inhabits localities around
the mouth of Tapajés river (e.g., Boca do Rio Tapa-
jos, MZUSP 14675), south of Amazonas, and to the
north of this river at Monte Alegre (MPEG 4732 and
54361), as a testimony of this old corridor of open
vegetation.

RESUMO

Lepidocolaptes angustirostris habita principalmente
regides abertas como a Caatinga, o Cerrado e o Chaco.
Oito subespécies sio atualmente reconhecidas, basea-
das em padries da plumagem e distribuicio geogrdfi-
ca. Uma andlise morfoldgica e uma revisio taxondmica
nunca foram realizadas nesta espécie. O objetivo deste
estudo é desenvolver uma revisio taxonémica de L. an-
gustirostris utiliazndo caracteres morfométricos e de
plumagem, e andlises de modelagem (GLM) foram
[feitas para identificar varidveis ambientais que possam
explicar esta variagio. Os resultados indicam que as di-
ferentes populacoes de L. angustirostris que habitam as
dreas abertas da Caatinga, Cerrado e Chaco (mais as
populagies amazdnicas) nio tém um nivel significativo
de diferenciagio mofoldgica ¢ nem de plumagem para
serem consideradas como tdxons vilidos. Nas andlises do
GLM, duas varidveis climdticas explicaram a variagio
geogrdfica no tdxon, a sazonalidade térmica e a precipi-
tagdo no trimestre mais quente. As leis ecogeogrificas de
Bergmann e Gloger podem ser aplicadas para explicar
esta variagdo, assim como a lei de Allen, esta de for-
ma mais restrita. Assim, as populagoes do arapacu-do-
-cerrado tendem a ser maiores ao sul da distribuicdo. A
proposta apresentada aqui é de manter o status taxoné-
mico de L. angustirostris como uma espéa'e Unica, sem
qualquer outro tdxon subordinado. Apesar do polimor-
fismo identificado nos padrées da plumagem, o elevado
nivel de intergradacio e a baixa resolugio dos limites
geogrdficos entre as populagoes néo suportam a divisio
deste tdxon.
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APPENDIX B

TABLE 2: Kruskall-Wallis test of the OTUs proposed. ns: no
significance/*: 0.05 > p > 0.01/**: 0.01 > p > 0.001/***: p < 0.001.

TABLE 4: BIOCLIM variables (and their codes) used in
preliminary GLM analysis.

Kruskal-Wallis Significance Value
Bill length Ho 0,0000
Exposed culmen o 0,0000
Total culmen ok 0,0000
Bill Height oK 0,0000
Bill Width o 0,0000
Wing length Ho 0,0001
Tail length ok 0,0000
Tarsus-metatarsus length o 0,0000

Code of

variable

Name

BIO1
BIO2

BIO3
BIO4
BIO5
BIO6
BIO7
BIOS8
BIOY
BIO10
BIO11
BIO12
BIO13
BIO14
BIO15
BIO16
BIO17
BIO18
BIO19

Annual Mean Temperature

Mean Diurnal Range (Mean of monthly (max temp —
min temp))

Isothermality (BIO2/BIO7) (* 100)

Temperature Seasonality (standard deviation *100)
Max Temperature of Warmest Month

Min Temperature of Coldest Month

Temperature Annual Range (BIO5-BIO6)

Mean Temperature of Wettest Quarter

Mean Temperature of Driest Quarter

Mean Temperature of Warmest Quarter

Mean Temperature of Coldest Quarter

Annual Precipitation

Precipitation of Wettest Month

Precipitation of Driest Month

Precipitation Seasonality (Coefficient of Variation)
Precipitation of Wettest Quarter

Precipitation of Driest Quarter

Precipitation of Warmest Quarter

Precipitation of Coldest Quarter

TABLE 3: Summary of Mann-Whitney tests. ns: no significance/*: 0.05 > p > 0.01/**: 0.01 > p > 0.001/***: p < 0.001.

Pairs of Bill Exposed Total Bill Bill Wing Tail Tarsus-metatarsus

OTUs Lenght Culmen Culmen Height Width Length Lenght lenght
OTU 1-OTU 2 Ns ns ns * ns ns ns ok
OTU 1-OTU 3 * ns * o ns ns * orx
OTU I_OTU 4 * ns * k%% *XK * KKk k%%
OTU 1-OTU 5 Ns ns ns oxx R ns x ok
OTU I_OTU 6 * * ns Fokok * * *okk Fokk
OTU 2-0OTU 3 ok o ok ok ns ns ns **
OTU 2-OTU 5 Ns ns ns ok K ns ns *
OTU Z_OTU 6 KKK *kk * kKK Kk KKk k%% kKK
OTU 3_OTU 4 ns * * ok skokok *x * *okk
OTU 3-OTU 5 ok * ns ** ok ns ns R
OTU 4-OTU 5 ork *x * ns ns ns ns ns
OTU 4-OTU 6 rx orx ok ns ns ns * **
OTU 5-OTU 6 ns ns ns * * ns ns ns
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TABLE 5: Models identified in the analysis of PC1 and the = TABLE 6: Models identified in the analysis of PC2 and the

BIOCLIM variables. BIOCLIM variables.

Model AIC dAIC df weight Model AIC dAIC df weight
Pcl1-Bio4 -553,7 0 3 0,885 pc2_bio4 -898,7 0 3 0,843
Pcl-Bio7 -549,2 4,5 3 0,091 pc2_bio7 -894,1 4,6 3 0,083
Pc1-Bio9 -545,1 8,6 3 0,012 pc2_bio3 -893,9 4,9 3 0,074
Pcl-Bio3 -543,8 9,9 3 0,006 pc2_bio9 -880,5 18,3 3 < 0,001
Pcl-Bioll -542,8 10,9 3 0,004 pc2_bio6 -880,3 18,5 3 < 0,001
Pcl-Biol6 -540,3 13,4 3 0,001 pc2_bioll -880,2 18,5 3 < 0,001
Pc1-Biol3 -540,3 13,5 3 0,001 pc2_biol6 -874 24,8 3 < 0,001
Pcl-Bio6 -534,3 19,4 3 < 0,001 pc2_biol3 -873,7 25 3 < 0,001
Pcl-Biol -531,7 22,1 3 < 0,001 pc2_biol -868,8 29,9 3 < 0,001
Pcl-Biol2 -526,4 27,3 3 < 0,001 pc2_bio5 -868,8 30 3 < 0,001
Pcl-Biol5 -500 53,8 3 < 0,001 pc2_biol2 -867 31,7 3 < 0,001
Pcl-Biol4 -498,5 55,2 3 < 0,001 pc2_biol5 -866,7 32 3 < 0,001
Pcl1-Biol8 -497,9 55,8 3 < 0,001 pc2_bio2 -866,3 32,4 3 < 0,001
Pcl-Bio2 -497 56,8 3 < 0,001 pc2_biol4 -866,2 32,5 3 < 0,001
Pcl-Bio5 -496,2 57,5 3 < 0,001 pc2_biol7 -865,5 33,2 3 < 0,001
Pc1-Biol7 -495,3 58,5 3 < 0,001 pc2_biol0 -865 33,7 3 < 0,001
Pcl-Bio8 -494,6 59,1 3 < 0,001 pc2_nulo -862,4 36,4 2 < 0,001
Pcl-nulo -493,1 60,6 2 < 0,001 pc2_bio8 -861,8 36,9 3 < 0,001
Pcl-Biol9 -492 61,7 3 < 0,001 pc2_biol8 -861,7 37,1 3 < 0,001
Pcl-Biol0 -491,4 62,3 3 < 0,001 pc2_biol9 -860,8 38 3 < 0,001

TABLE 7: Models identified in the analysis of the size and the =~ TABLE 8: Models identified in the analysis of ventral patterns
BIOCLIM variables. and the BIOCLIM variables. bin = binomial ventral pattern (No-
streaked and streaked).

Model AIC dAIC df weight
size_biol8  -1175,1 0 3 1 Model AIC dAIC df weight
size_bio8 -1151,3 23,8 3 <0,001 bin_bio4 127,7 0 2 1
size_biol9  -1151,1 24 3 <0,001 bin_bio3 151,5 23,7 2 < 0,001
size_biol -1144,4 30,7 3 < 0,001 bin_bio7 176,4 48,7 2 < 0,001
size_bio2 -1144,1 31 3 < 0,001 bin_bio9 218,1 90,4 2 < 0,001
size_biol0  -1142,5 32,6 3 < 0,001 bin_biol1 2194 91,7 2 <0,001
size_biol6  -1142,2 32,8 3 <0,001 bin_bio6 250 1223 2 <0,001
size_biol3  -1142,1 33 3 < 0,001 bin_bio16 284,9 157,2 2 < 0,001
size_biol2 1142 33 3 < 0,001 bin_biol3 289,3 161,6 2 < 0,001
size_bio9 -1141,6 33,5 3 < 0,001 bin_biol 312,3 184,6 2 <0,001
size_nulo -1141,3 33,8 2 < 0,001 bin_biol5 337.4 209,7 2 < 0,001
size_biol4  -1141,2 33,9 3 <0,001 bin_bio14 346,1 2184 2 < 0,001
size_bioll  -1141,1 34 3 < 0,001 bin_biol7 358,4 230,7 2 < 0,001
size_biol7  -1140,2 34,9 3 < 0,001 bin_bio12 407,1 279,4 2 < 0,001
size_biol5 -1140 35,1 3 < 0,001 bin_bio2 424,8 297 2 <0,001
size_bio4 -1139,7 35,4 3 <0,001 bin_bio18 430,2 302,5 2 < 0,001
size_bio3 -1139,7 35,4 3 <0,001 bin_bio5 436,4 308,7 2 < 0,001
size_bio6 -1139,4 35,7 3 < 0,001 bin_nulo 445,2 3174 1 < 0,001
size_bio5 -1139.,4 35,7 3 < 0,001 bin_bio8 445.3 317,6 2 < 0,001
size_bio7 -1139,4 35,7 3 <0,001 bin_bio10 446,4 318,7 2 < 0,001
bin_bio19 4471 319,3 2 < 0,001




