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A B S T R A C T   

Nest-site selection is crucial for birds’ breeding success and, therefore, studies on this topic are critical in order to 
understand what features species need. This is particularly important in areas with conservation issues, where 
habitats and/or trees with the required features may be scarce. However, little information is available on the 
nest-site selection patterns of woodpeckers breeding in southern temperate forests, where tree logging consid
erably reduced forest cover and, hence, availability of trees suitable for cavity excavation. In addition, previous 
studies did not include assessments at different spatial scales nor including quantitative wood density data. 
Therefore, the main objective of this study is to assess nest-site selection patterns (at the habitat and cavity-tree 
scales) of the Campo Flicker Colaptes campestris and the Green-barred Woodpecker C. melanochloros breeding in a 
threatened southern temperate forest of central-east Argentina. Moreover, we report the first wood density data 
of the trees used by these two woodpeckers when excavating cavities and assess niche partitioning by comparing 
their cavities and cavity-trees to one another. To assess selection at a habitat scale (recording forest cover and 
edge of stands and trees), we compared selected breeding habitats to randomly found habitats. At a tree-scale 
(recording tree height, diameter, wood density and wood decay status), we compared cavity-trees to 
randomly found trees. Most cavities were excavated in medium (DBH = 20–35 cm) or large (>35 cm) size trees 
with wood density < 0.5 g/cm3. Generalized linear models indicated that woodpeckers’ propensity to excavate a 
new cavity was negatively correlated with tree wood density (which was negatively correlated to wood decay 
status) and positively to tree size. Both woodpecker species focused more importantly on tree features compared 
to habitat features when excavating cavities. Because forest patches containing mid- and large-sized trees with 
main stems and/or branches with wood softened by decay processes have become less abundant in these forests 
due to uncontrolled logging actions, we emphasize the need to conserve trees with these characteristics to ensure 
the availability of the preferred features of these woodpeckers.   

1. Introduction 

Birds nest-site selection is a crucial part of birds breeding perfor
mance as it determines food availability and nest exposure to threats, 
both affected by processes acting at different spatial scales (Götmark 
et al. 1995, Jones 2001). For woodpeckers, the area selected to nest is 
essential because habitat features influence breeding success (Bonnot 

et al. 2009, Kozma and Kroll 2011, Zhu et al. 2012, Berl et al. 2014). 
Accordingly, areas with greater forest cover may be preferred because 
they hide the nest from predators/competitors (Brightsmith 2005, 
Bonnot et al. 2009) and provide greater food resources (Kozma and Kroll 
2011). At a narrower scale, woodpeckers require trees large enough to 
fit their cavities (Lammertink and Estrada 1995), and may also prefer 
large trees to protect the cavity from predators (Zhu et al. 2012) and 

* Corresponding author. 
E-mail address: adrijaureguic@gmail.com (A. Jauregui).  

Contents lists available at ScienceDirect 

Forest Ecology and Management 

journal homepage: www.elsevier.com/locate/foreco 

https://doi.org/10.1016/j.foreco.2021.119723 
Received 19 June 2021; Received in revised form 12 August 2021; Accepted 20 September 2021   

mailto:adrijaureguic@gmail.com
www.sciencedirect.com/science/journal/03781127
https://www.elsevier.com/locate/foreco
https://doi.org/10.1016/j.foreco.2021.119723
https://doi.org/10.1016/j.foreco.2021.119723
https://doi.org/10.1016/j.foreco.2021.119723
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foreco.2021.119723&domain=pdf


Forest Ecology and Management 502 (2021) 119723

2

thermally isolate it (Nyirienda et al. 2016). 
Most studies have revealed that, as a general rule, woodpeckers 

prefer to excavate snags with decaying wood, when the excavation 
process is facilitated because the wood is softened (Schepps et al. 1999, 
Masuoka 2008, Lorenz et al. 2015). However, most studies assessed 
wood decay status using visual categories (Schepps et al. 1999, Vierling 
et al. 2008, Wightman et al. 2010, Cockle et al. 2012) but not quanti
tative measurements. Recent studies have addressed this issue by 
quantifying wood hardness using an increment borer adapted to mea
sure the torque required to make it spin inside the snag (Matsuoka 2008, 
Lorenz et al. 2015). Wood hardness is a property that determines the 
resistance to penetration of objects of great strength and consistency 
inside the wood or stems and is highly correlated to wood density under 
natural conditions (Rodriguez et al. 2021). Hence, because determining 
wood hardness may be a complicated procedure, determining wood 
density using a common unmodified increment borer (as used in ecol
ogy) would provide values that could be more easily used in other 
studies. Moreover, since wood density is an integrative variable related 
to demographic patterns and many architectural and physiological tree 
features (van Gelder et al. 2006, Chave et al. 2009), and much more 
studied and measured in tree ecology (compared to wood hardness), it is 
a proper feature to assess tree status. The density of the wood could vary 
between 0.1 (softest) and 1.5 g/cm3 (hardest) (Chave et al. 2009). In a 
subtropical forest, where wood density ranged from 0.36 g/cm3 to 0.73 
g/cm3, wood hardness ranged between 615 N and 4365 N (Rodríguez 
et al. 2021). Moreover, Lorenz et al. (2015) reported values between 0.0 
and 6.6 Nm for woodpeckers cavity-trees wood hardness and between 
0.0 and 27.6 Nm for random trees wood hardness in a temperate forest 
of North America. 

Availability of wood appropriate for excavation is crucial for 
woodpeckers, specially for weak excavators, such as the Colaptes species, 
which capabilities to excavate wood are limited. This becomes more 
relevant in temperate forests, where the wood density range is shorter 
compared to tropical-subtropical forests, as a result of a lower tree 
species diversity (Chave et al. 2009), hence, appropriate wood might be 
scarce. However, for southern temperate forests, where the two most 
frequent Colaptes species are the sympatric Green-barred Woodpecker 
(Colaptes melanochloros) and the Campo Flicker (Colaptes campestris), the 
importance of wood density during the selection process to excavate a 
cavity is unknown. Moreover, given this natural narrow wood density 
offer in temperate forests, which is decreased by the degradation process 
under which South American forests are (Asner et al. 2005), these 
woodpeckers might be competing for resources when breeding in the 
same area. 

Most of the background research on woodpeckers’ nest-site selection 
was carried in the Northern Hemisphere. For South American wood
peckers, nest-site selection assessments including different spatial scales 
and quantitative wood density data are still lacking (but see Cockle et al. 
2011, Ojeda et al. 2021). Our main objective is to assess the nest-site 
selection patterns at two spatial scales, because both birds distribution 
and habitat use could be related to processes involving both habitat 
features (e.g., fragmentation) and tree features (e.g., tree size). The study 
objects were populations of the Green-barred Woodpecker and the 
Campo Flicker breeding in a southern temperate forest of central-east 
Argentina, which has conservation concerns due to selective tree log
ging (Arturi and Goya 2004). We evaluate if the woodpeckers select 
features: 1) at a habitat scale, by comparing selected breeding sites to 
randomly found sites; and 2) at a tree-scale, by comparing cavity-trees to 
randomly found trees. In addition, we aim to provide information on the 
wood density threshold under which these two Colaptes species are 
excavating their cavities in a temperate forest to provide crucial infor
mation to forest managers. Finally, we compare these woodpeckers’ 
cavities and cavity-trees (including their wood densities) to assess po
tential niche overlap and discuss whether they are competing for cavity 
excavation. More fragmented areas increase the chance of a nest being 
detected by competitors and predators (Brightsmith 2005, Bonnot et al. 

2009). Hence, at a habitat scale, we predict that the probability of an 
area being selected will be positively related to forest cover, measured as 
tree cover, and negatively to forest edge, measured as the edge of stands 
and trees, both recorded at a fixed radius plot. At a tree scale, wood
peckers need trees large enough to fit their cavities. In addition, larger 
trees are less likely to brake against adverse climate conditions and more 
likely to provide more protection against predators. Therefore, we pre
dict a specific tree selection probability will be positively related to tree 
size and negatively to wood density. 

2. Methods 

2.1. Study site and species 

The study was conducted in a 1250 ha private ranch (‘Luis Chico’; 
35.3219◦ S, 57.2044◦ W, 8 m above sea level) located in northeastern 
Buenos Aires Province, Argentina (Fig. 1), within the ‘Bahía de 
Samborombón’ wildlife refuge (Organismo Provincial para el Desarrollo 
Sostenible). The ranch is a temperate flatland area composed of grass
lands and semi-open forest patches (locally known as ‘talares’) formed 
continuously over calcareous material (fossil shells) and disposed as 
‘rows’ parallel to the La Plata river, or as isolated patches (Fig. 1). The 
community of ‘talares’ tree species is found over the ‘rows’ while 
grasslands develop in the space between ‘rows’. Forests represent only 
~ 15% of the total farm area due to permanent selective tree logging for 
firewood (Arturi and Goya 2004) (Fig. 1). Of the total surface covered by 
trees, ~ 65% is composed of Celtis tala and ~ 10% of Scutia buxifolia, two 
native species. Patches close to the river are dominated by S. buxifolia, 
while in more continental patches both species are equally represented. 
Isolated patches, far from the river, are dominated by C. tala., and this 
distribution could be due to differences in environmental requirements 
of the two species. These native trees density is ~ 700 ind/ha (Arturi and 
Goya 2004), being mainly (~85%) small trees (diameter at breast height 
[DBH] ≤ 20 cm), whereas mature medium (DBH = 20–35 cm) and large 
(DBH > 35 cm) size trees comprise ~ 15% of the total native trees (A. 
Jauregui, unpubl. data). The rest of the forest area (~ 25%) is composed 
of the exotics Eucalyptus sp., Populus sp., Melia azedarach, Gleditsia tri
acanthos and the natives’ Erythrina crista-galli and Schinus longifolius, 
being a mixture of large size trees (DBH > 35 cm) and small- and 
medium-sized trees (DBH ≤ 35 cm) (A. Jauregui, unpubl. data). 
S. buxifolia and C. tala have the hardest wood in the area (mean dry (i.e., 
basic) wood densities are 1.06 and 0.81 g/cm3 respectively; Atencia 
2003). Eucalyptus sp., G. triacanthos, and S. longifolius represent inter
mediate trees within the wood density spectrum of the area (mean dry 
wood densities 0.78, 0.67 and 0.67 g/cm3, respectively; Atencia 2003). 
The trees with the softest wood are M. azedarach, Populus sp., and 
E. crista-galli (mean dry wood densities 0.48 g/cm3, 0.42 g/cm3 and 0.25 
g/cm3) (Atencia 2003). 

The Green-barred Woodpecker and the Campo Flicker are two 
sexually dimorphic primary cavity nesters that can either excavate new 
cavities or reuse old ones. Cavities can be located on the main stem of 
snags, on snags branches or even on light posts and termitaria (Winkler 
and Christie 2002, Dias et al. 2013). Both woodpeckers have an insect- 
based diet, mainly ants, and can forage on the ground and the trees 
(Winkler and Christie 2002). In the study area, their breeding season 
lasts from late-September to mid-January. The birds have clutch sizes of 
~ 4 eggs, and will rear ~ 2 fledglings when successful (Jauregui 2020). 
The main cause of nest failure in the study area is depredation (Segura 
and Reboreda 2012, Gonzalez et al. 2019), which for these two wood
peckers causes ~ 60% of nest failures (Jauregui 2020). 

2.2. Field methods 

We searched for new cavities (i.e., recently excavated to nest) of the 
Campo Flicker and the Green-barred Woodpecker during the 2017/2018 
breeding season (Austral spring and early summer). New cavities 
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surveys were primarily in September and October, which is the moment 
when woodpeckers are excavating their cavities in these latitudes 
(Jauregui 2020). We walked through every forested area (continuous 
forests, isolated patches and lonely trees) within the study site every 
three days to find breeding pairs excavating cavities. We found new 
cavities by observing breeding pairs entering or leaving cavities, by 
listening to individuals pecking the wood and/or by checking for wood 
chips on the ground immediately under a cavity entrance hole (i.e., 
evidence of recent wood pecking activity). Breeding attempts in old 
cavities (i.e., not excavated in the 2017/2018 breeding season) were 
discarded. We reached the cavity climbing and using a 5 m ladder and 
monitored it using a mirror and a flashlight. We considered an active 
nest whenever we observed eggs or nestlings, and we geolocated nests 
using a GPS. 

For each cavity-tree, we recorded features that we believed could 
have been selected by the woodpeckers, according to previous studies 
(Table 1). At a habitat scale, we first defined that both stands (i.e., 
groups of trees from different species and sizes), and individual trees, 

were the ‘forest’. We then recorded forest features (cover and edge) 
within a 100 m diameter circle (centred on the cavity-tree) using QGIS 
3.8 (QGIS Development Team 2018) through a SPOT6 satellite image 
(1.5 m spatial resolution) provided by the Comisión Nacional de Acti
vidades Espaciales (CONAE). By choosing a circle this size, we aimed to 
account for landscape configuration and to record features inside 
woodpecker territories (Dias et al. 2013, Jauregui 2020). We considered 
forest cover as the number of pixels corresponding to tree canopies 
within the circle and edge as the pixels corresponding to stands or in
dividual trees edges within the circle. In addition, to account for forest 
configuration, we estimated the shape index as P/2*√π*F, where P is 
edge and F is forest cover. This unitless index compares forest shape to a 
standard shape (here a circle), and as it increases, the forest is more 
irregular (i.e. core area diminishes; Rutledge 2003). To determine each 
tree species availability, we recorded the number and species of trees in 
the surroundings of cavity-trees (within an 11.3 m circle, centred on the 
cavity-tree). 

At a tree scale, we recorded DBH, tree height, and species of the 
cavity-tree. We also determined wood density, by taking 15 cm long 
samples from the trees (average length of woodpecker cavities at the 
study site; Jauregui 2020), using a Pressler’s borer (HAGLÖF). We took 
the sample from 5 cm above the cavity entrance or 10 cm beneath the 
cavity chamber (Matsuoka 2008, Lorenz et al. 2015). Wood samples 
were saturated with distilled water for 72 h, and we determined satu
rated weight and volume following Scholz et al. (2007). Afterward, we 
dried samples using a stove at 70◦ for 72 h to determine dried weight. 
Dry wood density was calculated as M/V, where M is dry mass, and V is 
the green volume of the sample. In addition, wood samples were 
assigned one of three visually identifiable degradation categories, clas
sified as: A = healthy pieces, B = partially degraded pieces, and C =
considerably degraded pieces (Supplementary Figure S1). We could not 
measure wood density for all wood pieces because some of them were 
fully degraded (n = 10 cavity-tree and four random-tree pieces, all from 
C. tala assigned to ‘C’ degradation category; Supplementary Material 
Figure S1). As some of the other pieces from C. tala assigned with the ‘C’ 
degradation category wood density could be determined, we assumed 
degraded pieces had lower wood density than the lowest determined 
value (0.33 g/cm3 for C. tala). Hence, for degraded pieces we used a 
random wood density value between 0.1 (among the lowest wood 
density values in nature) and 0.33 g/cm3. 

To compare the woodpeckers’ cavities, at a cavity-scale we recorded: 
1) cavity entrance maximum and minimum diameter; 2) cavity depth 
and length; and 3) cavity location within the tree (main stem, primary 

Fig. 1. Location of the study area in a farm (red square, center panel) in Punta Indio, Buenos Aires, Argentina (red square, left panel). The right panel shows the area 
where we conducted the surveys. Green surfaces correspond to forest canopies within the area, red and blue points are Green-barred Woodpecker and Campo Flicker 
cavity-trees, respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Table 1 
Features used to assess nest-site selection of two Colaptes woodpeckers breeding 
in central-east Argentina, according to previous studies.  

Feature Explanations References 

Tree size [height and 
diameter at breast 
height] 

Larger trees are a barrier for terrestrial 
predators, resist heavy weather and/or 
maximize thermal insulation. 

[1]; [2]; [3]; 
[4] 

Tree status [wood 
density] 

Softer wood favours the excavation 
process, under a threshold. 

[5]; [6]; [7] 

Habitat [forest cover] a) Greater forest cover protects fledglings 
from predators and provides greater food 
resources.b) Lesser forest cover increases 
the chance to observe predators before 
they reach the cavity. 

a) [8][9] 
b) [10]; [11] 

Habitat [forest edge] Higher forest edge (which implies more 
fragmentation) increases nest 
detectability by predators or by cavity 
competitors. 

[12]; [13]; 
[14] 

Habitat [shape index] Predators’ movements are favoured as 
shape increases. 

[12][14] 

[1]van Gelder et al. 2006; [2]Domokos and Cristea 2014; [3]Nappi et al. 2015; 
[4]Nyirenda et al. 2016; [5]Matsuoka 2008; [6]Zhu et al. 2012; [7]Lorenz et al. 
2015; [8]Gow and Wiebe 2014; [9] Tremblay et al. 2014; [10]Anderson and 
LaMontagne 2016; [11]Chotprasertkoon et al. 2017; 
[12]Deng and Gao 2005; [13]Denny and Summers, 1996; [14]Le Tortorec et al. 
2013. 
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branch, or secondary branch). Cavity length was the distance between 
the inner part of the entrance hole and the tree wall opposite to it. Cavity 
depth was the distance between the lowest limit of cavity entrance and 
cavity floor. Afterward, we estimated cavity volume as the product of 
cavity depth and cavity floor area (adapted from Wiebe and Swift 2001), 
where cavity floor was modelled as a circle. Therefore its area was π*r2; 
where r is half of the cavity length. We recorded every feature after the 
breeding season was over. 

2.3. Nest-site selection and analysis 

To assess nest-site selection at a habitat scale, we compared used 
habitats to available (i.e., potentially selectable) habitats. To find 
available habitats, we first created random points (using QGIS) inside 
the study area, which amount corresponded to the amount of cavity- 
trees of each woodpecker species. Any given snag being the closest to 
the random point with a DBH ≥ 17 cm, which was the minimum DBH 
used by the woodpeckers during the two previous breeding seasons, was 
selected as an available snag. Once we found the available snag, we draw 
a 100 m circle (centred on the snag) and measured the same features 
(forest cover, edge and shape index) than for used habitats for com
parisons. Since it has been reported a territorial behavior in the Campo 
Flicker (Dias et al. 2013), and our personal observations indicate both 
species have a territorial behavior, a habitat was considered available if 
there was no considerable (>30%) overlap between the ‘used habitat’ 
and ‘available habitat’ circles. Following this procedure, we established 
13 available habitats for the Campo Flicker and 14 for the Green-barred 
Woodpecker. Although there were largely forested areas within the 
study area (Fig. 1), these were exotic trees plantations which did not 
count with snags for woodpeckers to excavate and (probably as a 
consequence) we never found a woodpecker nest, hence, these areas 
were not considered as ‘available’. We evaluated whether habitat fea
tures influenced the likelihood of an area being selected using GLMs 
with a binary response variable (0 = available habitat; 1 = used habitat) 
and a logit link function. Habitat features were included as explanatory 
variables and we ran seven models which included all combinations 
between the recorded variables at this scale. 

To assess nest-site selection at a tree scale, we compared cavity-trees 
to randomly found available snags. We found available snags by walking 
in a random direction and distance up to 100 m from the cavity-tree (i.e., 
inside woodpeckers’ territories; Dias et al. 2013). This design assumes 
breeding pairs select a breeding territory and search for a nesting tree 
after (Battin and Lawler 2006). Any given snag being the closest to the 
random location and that met the same criteria than for the habitat scale 
snag (see above), was selected as an available snag. For each available 
snag, we measured the same features described for cavity-tree for 
comparisons and wood samples to determine wood density of available 
snags were taken from a random point within the tree (Lorenz et al. 
2015). Preliminary results indicated that most cavities were in C. tala 
(~80%), hence, we decided to exclude the variable ‘tree species’ from 
the set of models. Instead, we assessed if used tree species was inde
pendent of tree species availability by performing a chi-square good
ness-of-fit test (Jelinski 1991) comparing cavity-tree species abundance 
to overall tree species abundance. Tree species with < 2% abundance 
were grouped in a unique ‘other species’ category. To assess nest-site 
selection at a tree scale, we used GLMMs with a binary response vari
able (0 = available snag; 1 = cavity-tree) and a logit link function. Sites’ 
features were included as explanatory variables, and to account for 
cavity-trees and available trees being paired (as designed), each pair was 
included as a random-effects factor to mitigate differences across sites 
(Anderson and LaMontagne 2016). Although both species can excavate 
trees with DBH = 17 cm (Jauregui 2020), they may prefer larger trees to 
excavate a cavity (Bonnot et al. 2009, Zhu et al. 2012), which have 
become less abundant in the area because of tree logging. Hence, we 
included a quadratic form of DBH, to assess species suitability to choose 
trees an intermediate size (Bonnot et al. 2009). We ran a total of seven 

models which included simple effects of all variables, one including ‘tree 
size’ variables (Table 1), and a global model including all variables 
(Supplementary Material Table S1 for full model set). We also assessed if 
the amount of pieces assigned to the degradation categories (A, B, C) was 
different between cavity-trees and available trees, using a Chi-squared 
test. 

We compared the woodpecker cavities and cavity-trees using a GLM 
with a binary response (0 = Campo Flicker; 1 = Green-barred Wood
pecker) with a logit link function. Features were used as explanatory 
variables. Also, to assess differences between the species regarding 
cavity location within the tree (main stem, primary branch, secondary 
branch), we used a chi-square tests (Jelinski 1991), respectively. We 
considered differences to be significant if P < 0.05. 

Before running the analysis, we centred and standardized every 
variable to allow direct comparisons between the estimates. In addition, 
we checked for collinearity and multicollinearity between the recorded 
variables using Pearson’s correlation and the Variance Inflation Factor 
(VIF), respectively (Battin and Lawler 2006). Variables were considered 
correlated if the correlation coefficient (r) was ≥ 0.7 and multi
collinearity when VIF ≥ 10 (Dormann et al. 2013). There was no cor
relation between any of the variables recorded in the study (including 
cross-scale comparisons; Supplementary Figure S2), except for wood 
density and wood samples degradation category (see Results). 

We used an information-theoretic approach (Burnham and Anderson 
2002) to assess models support to the data and compared models using 
Akaike’s Information Criterion corrected for small sample sizes (AICc) 
and Akaike weight (w) (Burnham and Anderson 2002). If none of models 
received w > 0.9 support (i.e., one model receiving considerable sup
port), we addressed model selection uncertainty by averaging the 
models accounting w > 0.9 (Burnham and Anderson 2002). We used the 
‘zero averaging method’ (see Grueber et al. 2011 for details) and 
assumed that a variable was considerably influencing selection likeli
hood if the 95% confidence interval on its odd ratio did not include one. 
All analyses were performed in R 3.5.1 (R Development Core Team 
2018) and we used lme4 package for mixed models (Bates et al. 2015). 
Values presented are mean ± SE. 

3. Results 

We found 31 new cavities (13 of the Campo Flicker and 18 of the 
Green-barred Woodpecker; Tables 2 and 3). Cavities were 79% on 
C. tala, 6% on E. crista-galli, 6% on Populus spp., 3% on Melia azedarach, 
3% on Acacia melanoxylon and 3% on Eucalyptus spp. From the total 
available trees registered (n = 273 trees), 66% were C. tala, 12% 
S. buxifolia, 3% Populus sp., 4% E. crista-galli, and 15% other species. 
Tree species were used according to their availability (χ2 = 4.9, df = 4, P 
= 0.29). 

Campo Flicker cavities were in habitats with less forest edge, 
compared to available habitats, while the Green-barred Woodpecker 
excavated in areas with greater forest cover compared to available 
habitats (Table 2). However, at a habitat scale, none of the models 
received considerable support for both species and the null model (with 
no explanatory variables) was among the top models (Table 3). 

Available snags had harder wood density compared to cavity-trees of 
both species (Table 2), hence, there was a negative relationship between 
wood density and the likelihood of a tree being selected (Fig. 2). At a 
tree-scale, the model including the simple effect of wood density was 
among the top fitting models for both species, although it received 
considerably more support for the Green-barred Woodpecker (Table 3). 
The model including the quadratic form of DBH was the top model in the 
Campo Flicker model set and this variable was also among the top 
models in the Green-barred Woodpecker (Table 3). Both species showed 
a tendency to select medium-sized trees, but more markedly did the 
Campo Flicker (Fig. 2). Nevertheless, none of the variables included one 
within their odds ratio confidence intervals (Table 4). Out of the total 
cavity-tree wood pieces, two were healthy (A), 17 were partially 
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degraded (B) and 10 were considerably degraded (C). As for pieces of 
available trees, 12 were healthy, 13 were partially degraded and four 
were considerably degraded. Frequencies of wood pieces at each 
degradation category was dependent of whether the tree was bearing a 
cavity or was an available tree (χ2 = 10.2, df = 2, P = 0.005). Wood 
density and wood degradation category were highly and negatively 
correlated (r = -0.81, P < 0.01) (Supplementary Figure S3). 

Campo Flicker cavities were larger than those of the Green-barred 
Woodpecker (Table 5). Wood density of cavity-tees was not different 
between the woodpeckers (t = 0.96, P = 0.34) nor were DBH (t = -1.77, 
P = 0.07) and tree height (t = 0.71, P = 0.47). 

4. Discussion 

We provide the first study assessing the nest-site selection patterns of 
the Green-barred Woodpecker and the Campo Flicker in a southern 
temperate forest of Argentina and the first one including quantitative 
wood density data in the Neotropical region. Our results indicate that 
these woodpeckers selected trees with soft wood affected by decay 
processes compared to available wood in other trees within their terri
tories which had higher wood density and less affected by decay pro
cesses. This has also been reported for other woodpeckers (Schepps et al. 
1999, Matsuoka 2008) including species of the same genus such as 
Colaptes auratus (Lorenz et al. 2015). Colaptes are considered weak ex
cavators, so their preference for soft wood may be linked to their 
excavation capabilities. However, because there was not a particular 

preference for soft wood trees available in the area (e.g., Populus sp., 
Erythrina crista-galli), the selection of wood softened by decay processes 
supports the idea that woodpeckers excavate their cavities when the 
excavation process is facilitated by decay processes (Lorenz et al. 2015). 
This acquires special relevance in terms of the future conservation pol
icies to be applied in order to allow these populations to endure. 

The prediction that areas with greater forest cover and less forest 
edge would be preferred received weak support for both species. 
Because of our relatively small sample size, we cannot discard the pos
sibility that a larger sample would support this prediction. On the other 
hand, the random sampling method might have provided habitats 
without enough differences to compare. However, these two wood
peckers are adapted to breed in a wide variety of habitats, including 
semi-open forests, savannas and more enclosed forests (Winkler and 
Christie 2002, Cockle et al. 2011), which is probably why they exca
vated cavities in different habitats as available. Moreover, although 
greater forest cover reduces breeding success, as suggested by other 
studies (Gow and Wiebe 2014, Tremblay et al. 2014), this may not be the 
case of our study site (but should be tested), hence, woodpeckers are not 
selecting these habitats. 

Both woodpeckers selected trees of a certain diameter when exca
vating their cavities, which was different than the diameter of the trees 
available in the territory. On the one hand, the avoidance of small trees 
(DBH < 20 cm) by both species is probably a result of selecting trees 
large enough to excavate their cavities. This was more important in the 
Campo Flicker, most likely because it is a larger size species (Winkler 
and Christie 2002), hence, it needs larger trees to excavate cavities. 
Furthermore, both species did not select large trees, considering tree 
selection probability decreased with size. Because available trees were 
classified as snags using visual signals (opposed to quantitative wood 
density data), they may have been above the woodpeckers wood density 
excavation threshold, hence, they were imprecisely categorized as 
‘available’. Both species populations in northern Argentina did use 
larger trees, using the Campo Flicker and the Green-barred Woodpecker 
30 and 43 cm diameter trees, respectively (Cockle et al. 2011). There
fore, there is likely another factor (which we did not measured/control) 
why the woodpeckers did not select large size trees, rather than size 
itself. 

Although we did not find significant differences regarding used vs. 
available tree species, woodpeckers completely avoided S. buxifolia, a 
relatively abundant tree species in the study area. We believe differences 
were not significant because of our relatively low sample size as ongoing 
studies in the study area indicate these two woodpeckers do not use 
S. buxifolia trees at all. Instead, breeding pairs excavated their cavities 
mainly in C. tala, another abundant tree (Doumecq and Arenas 2018), 
selecting snags or dead branches under decay processes. We never 
observed a S. buxifolia snag, and there were only a few individuals which 
externally seemed under a decay process (A. Jauregui, pers. obs.). 

Table 2 
Features of Colaptes campestris (Campo Flicker) and Colaptes melanochloros (Green-barred Woodpecker) cavity-trees and habitat surrounding them and of available 
trees and habitats in a southern temperate forest of central-east Argentina.  

Woodpecker Scale Feature Cavity-tree Available 

Mean ± SE Range n Mean ± SE Range n 

Campo Flicker Habitat Forest cover (ha) 0.7 ± 0.1 0.1–1.3 13 0.7 ± 0.1 0.3–1.1 13   
Forest edge (km) 2.2 ± 0.3 0.7–5.0 13 2.8 ± 0.4 0.4–5.2 13   
Shape index (unitless) 1.0 ± 0.2 0.1–2.6 13 1.0 ± 0.1 0.2–1.7 13  

Tree Tree height (m) 5.8 ± 0.5 3.7–8.9 13 6.0 ± 0.6 2.5–10.5 13   
DBH (cm) 35.5 ± 2.4 22.1–45.2 13 37.5 ± 4.8 16.2–62.4 13   
Wood density (g cm3 −1) 0.32 ± 0.04 0.15–0.64 13 0.47 ± 0.05 0.19–0.66 13 

Green-barred Woodpecker Habitat Forest cover (ha) 0.9 ± 0.1 0.3–2.4 18 0.7 ± 0.1 0.2–1.2 14   
Forest edge (km) 2.2 ± 0.2 0.8–4.8 18 1.9 ± 0.2 0.4–3.7 14   
Shape index (unitless) 1.2 ± 0.2 0.3–3.9 18 0.8 ± 0.1 0.1–1.8 14  

Tree Tree height (m) 6.4 ± 0.6 2.1–13.8 18 5.4 ± 0.7 2.1–11.5 18   
DBH (cm) 34.0 ± 3.1 17.9–62.5 18 41.3 ± 5.4 16.2–98.4 18   
Wood density (g cm3 −1) 0.34 ± 0.03 0.15–0.58 18 0.47 ± 0.03 0.24–0.70 18  

Table 3 
Top candidate models to assess nest-site selection of the Campo Flicker and the 
Green-barred Woodpecker in central-east Argentina. We present models sum
ming 0.9 of w or those above the null model. Full data sets are in Supporting 
Online Information Table S1. k = number of parameters; AICc = Akaike’s In
formation Criterion corrected for small samples; Δ = differences in AICc between 
models; w = AIC weight.  

Woodpecker Scale Model k AICc Δ w 

Campo Flicker Habitat C + E + S 4  37.9  0.0  0.25   
Null 1  38.2  0.3  0.21  

Tree DBH + DBH2 5  34.6  0.0  0.46   
WD 4  35.3  0.7  0.31   
Null 3  37.8  3.2  0.09 

Green-barred 
Woodpecker 

Habitat C 2  40.6  0.0  0.25  
S 2  40.9  0.3  0.21   
Null 1  41.0  0.4  0.20  

Tree WD 4  50.8  0.0  0.75   
WD + DBH +
DBH2 + H 

7  54.3  3.5  0.13   

Null 3  56.7  5.9  0.04 

C = forest cover; E = forest edge; S = shape index; WD = wood density; DBH =
diameter at breast height; H = tree height. 
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Therefore, S. buxifolia trees may be resistant to fungal degradation or 
may not count with organisms (e.g., insects) that degrade their wood, 
hence, there are no individuals with wood soft enough nor under decay 
processes to be excavated. 

The only important difference between the woodpecker species was 

that the Campo Flicker excavated larger cavities, most likely because of 
its greater body size compared to the Green-barred Woodpecker. Given 
their morphological similarities, and since they are sympatric species, 
we expected to find differences on the nest-trees and sites features used 
to excavate cavities in order to avoid resources overlap which could 
have fitness costs, such as increased predation rates (Martin 1996). 
However, the Campo Flicker mainly inhabits forests close to open areas 
but mainly forages on the ground, while the Green-barred Woodpecker 
is found frequently feeding on the trees within the forest and may 
sometimes forage on the ground in open areas. Therefore, segregation 
could be related to different behaviours (Di Bitetti et al. 2010) rather 
than differences in the location to excavate a cavity. 

Forests in our study area were strongly modified in the past century 
due to selective tree logging focused on medium-sized (DBH = 20–35 
cm) and large-sized trees (DBH > 35 cm) (Arturi and Goya 2004), and 
nowadays are mainly composed of small trees (DBH ≤ 20 cm), which 
were not selected by these woodpeckers. On the one hand, small trees 
within this area are frequently not large enough for woodpeckers to fit 
their cavities. On the other hand, assuming these species find a tree large 
enough to excavate, they still need wood under a certain density 
threshold and affected by decay processes, which makes it appropriate 
for excavation. Although a study including a larger sample size would be 
accurate to confirm these patterns, undoubtedly these factors are 
important for these woodpeckers breeding. We suggest forest manage
ment actions should focus on the preservation of forest plots with trees 
large enough to fit woodpecker cavities and with wood soft enough and 
under decay processes to ensure the availability of the features preferred 
by both species. 

Fig. 2. Relationship between tree features (wood density and DBH) and the probability of a tree being chosen to excavate a cavity (1) or not (0) for the Campo Flicker 
(Colaptes campestris) and the Green-barred Woodpecker (Colaptes melanochloros). Solid curves show the mean relationship between the variables, and the area 
surrounding represents the standard deviation. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 

Table 4 
Nest-site selection model-averaged estimates, unconditional standard errors, 
and odds ratio (including 95% confidence intervals - CI) for the models ac
counting 90% of support at the tree scale for two Colaptes woodpeckers. Model 
averaged was developed using the zero method (see text).  

Woodpecker Parameter Estimate SE Importance Odds Ratio 
(95% CI) 

Campo Flicker Intercept  0.92  1.33  – 2.51 
(0.16–12.08)  

DBH  −0.44  0.83  0.53 0.64 
(0.11–3.59)  

DBH2  −1.26  1.76  0.53 0.28 
(0.008–10.24)  

WD  −0.42  0.65  0.36 0.66 
(0.18–2.42) 

Green-barred 
Woodpecker 

Intercept  0.02  0.44  – 1.02 
(0.41–2.53)  

WD  −1.10  0.62  0.96 0.33 
(0.09–1.17)  

DBH  −0.10  0.35  0.14 0.90 
(0.44–1.83)  

DBH2  −0.07  0.39  0.14 0.92 
(0.41–2.05)  

H  0.09  0.30  0.14 1.10 
(0.60–2.01) 

WD = wood density; DBH = diameter at breast height; H = tree height. 
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Table 5 
Features of cavities of the Campo Flicker Colaptes campestris and the Green- 
barred Woodpecker C. melanochloros nests belonging to 2017/2018 breeding 
season. Differences between the species are highlighted in bold. P = p-value.  

Feature Campo Flicker (n =
13 cavities) 

Green-barred 
Woodpecker (n = 18 
cavities) 

Estimate P 

Mean 
± SE 

Range Mean 
± SE 

Range 

Cavity 
entrance 
height 
(m) 

2.7 ±
0.2 

1.7–4.2 2.8 ±
0.2 

0.6–5.8  0.33  0.74 

Cavity 
depth 
(cm)* 

37.1 
± 1.4 

28.2–42.5 33.0 
± 0.8 

20.6–42.5  –  – 

Major 
diameter 
(cm) 

6.9 ±
0.1 

6.5–8.0 7.1 ±
0.1 

6.2–8.6  1.51  0.12 

Minor 
diameter 
(cm) 

6.3 ±
0.1 

5.8–8.1 6.1 ±
0.1 

5.0–7.2  −1.17  0.24 

Cavity 
length 
(cm)* 

13.3 
± 0.4 

9.0–20.5 11.5 
± 0.3 

8.5–16.0  –  – 

Cavity 
branch 
diameter 
(cm) 

26.4 
± 1.3 

18.8–42.0 22.7 
± 0.8 

16.9–41.4  −1.25  0.20 

Cavity 
volume 
(l) 

6.0 ± 
0.6 

1.6–24.0 3.4 ± 
0.2 

1.2–15.9  ¡3.05  0.005 

Cavity 
location 

Main stem (9), 
primary branch (3), 
secondary branch (1) 

Main stem (9), 
primary branch (5), 
secondary branch (4) 

1.53 0.46  

* Not statistically compared since they were correlated to cavity volume (r =
0.71 and 0.69, respectively). 
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