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Abstract
We tested whether microhabitat use affects dispersal and population differentiation in forest birds of the southwestern Pal-
aearctic, a link previously suggested in Neotropical birds. To approach this, the number of subspecies within 32 species was 
used as a metric of population differentiation and was related to their feeding substrata and seasonal changes in abundance 
(a surrogate of dispersal) in a mountain range (Guadarrama Mountains, Central Spain). Multivariate analyses in which the 
effect of range size (a main correlate of within-species diversification) and phylogeny relatedness were considered, showed 
that those birds adapted to exploit the tree canopy had lower seasonal changes in abundance and more subspecies than ground-
dweller birds. Our results support a cause-effect link between the use of stable resources in the canopy, seasonal movements 
and population differentiation of birds from temperate forests of the southwestern Palaearctic.

Keywords Dispersal ability · Foraging substrata · Microhabitat · Phylogeny relatedness · Subspecies

Zusammenfassung
Beeinflusst die Nutzung von Mikrohabitaten die Populationsdifferenzierung? Ein Test mit südwest-paläarktischen 
Waldvögeln.
Wir haben untersucht, ob die Nutzung von Mikrohabitaten die Ausbreitung und Artenbildung bei Waldvögeln der 
südwestlichen Paläarktis beeinflusst, ein Zusammenhang, der bereits bei neotropischen Vögeln vermutet wurde. Zu 
diesem Zweck wurde die Anzahl der Unterarten innerhalb von 32 Arten mit ihren Nahrungssubstraten und den saisonalen 
Veränderungen der Abundanz (stellvertretend für die Ausbreitung) in einem Gebirge (Sierra de Guadarrama, Zentralspanien) 
in Beziehung gesetzt. Multivariate Analysen, bei denen die Auswirkung der Größe des Verbreitungsgebietes (ein Hauptkorrelat 
der Diversifizierung innerhalb der Arten) und die phylogenetische Verwandtschaft berücksichtigt wurden, ergaben, dass die 
Vögel, die an die Nutzung der Baumkronen angepasst sind, geringere saisonale Veränderungen in der Abundanz und mehr 
Unterarten aufwiesen als bodenbewohnende Vögel. Unsere Ergebnisse belegen einen Ursache-Wirkungs-Zusammenhang 
zwischen der Nutzung stabiler Ressourcen im Kronendach, saisonalen Bewegungen und der Populationsdifferenzierung von 
Vögeln der gemäßigten Wälder der südwestlichen Paläarktis.

Introduction

The mechanisms behind geographical differentiation of pop-
ulations have been traditionally expressed as the result of the 
main but not mutually exclusive processes of long-distance 
dispersal and vicariance (Coyne and Orr 2004). In this con-
text, dispersal ability has been considered a main driver of 
evolution since it regulates the intensity of gene flow and 
the rate of differentiation of populations inhabiting a given 
geographical setting (Slatkin 1987; Kisel and Barraclough 
2010). This effect has also been suggested in birds as the less 
dispersive species show the highest rates of within-species 

Communicated by A. Aleixo.

 * José Luis Tellería 
 telleria@bio.ucm.es

1 Facultad de Ciencias Biológicas, Departamento de 
Biodiversidad, Ecología y Evolución, Universidad 
Complutense de Madrid, Madrid, Spain

http://orcid.org/0000-0002-4007-0965
http://orcid.org/0000-0001-6170-8860
http://crossmark.crossref.org/dialog/?doi=10.1007/s10336-022-01998-x&domain=pdf


924 Journal of Ornithology (2022) 163:923–929

1 3

differentiation (Belliure et al. 2000; Claramunt et al. 2011). 
Thus, it is commonly agreed that dispersal capacity is a key 
process of the taxonomic diversification in birds (Schweizer 
and Liu 2018). Dispersal is nevertheless the outcome of a set 
of processes that must be properly understood to achieve an 
integrative view of taxonomic diversification (Ronce 2007). 
It has been suggested, for instance, that seasonal habitats 
select for greater dispersal ability, whereas stable habitats 
select for reduced dispersal and increased allopatric specia-
tion (Jocque et al. 2010). In this context, population differen-
tiation in Neotropical forest birds has been related to habitat 
use as ground-dwellers disperse less than canopy dwellers, 
because feed on the stable resources of forest floor (Philli-
more et al. 2006; Burney and Brumfield 2009; Salisbury 
et al. 2012; Smith et al. 2014; Miller et al. 2021). However, 
despite the interest of these ecological links to unravel the 
processes involved in bird diversification, there are not stud-
ies designed to explore these patterns outside the Neotropics.

Here, we study whether population differentiation of 32 
southwestern Palaearctic forest birds, as reported by the 
number of subspecies (Belliure et al. 2000; Phillimore et al. 
2007; Martin and Tewksbury 2008; Salisbury et al. 2012), is 
related to their ability to cope with seasonal changes in food 
availability. Movements related to seasonal food tracking can 
erode the reproductive isolation of populations. Thus, it can 
be predicted that birds reluctant to make these displacements 
will disperse less and will show higher population differen-
tiation as reported by the number of subspecies than more 
vagrant birds. We have opted for this taxonomical approach 
(Phillimore et al. 2006) since the available molecular data 
on which to perform a similar analysis are still scarce (Pârâu 
and Wink 2021) and do not cover the full range of popula-
tion differentiation (Winker 2021; see Methods). We will test 
this prediction in partial migratory bird species (compris-
ing both migratory and resident individuals; Chapman et al. 
2011), which move within the same geographical setting 
(Western Palaearctic) and have been affected in the past by 
the same environmental and geographical drivers of genetic 
differentiation (e.g. glacial processes; Hewitt 2004, 2011). 
In this context, it has been suggested that canopy birds are 
more resilient to seasonal changes because food related to 
barks, tree lichens and foliage does not collapse by winter 
snowfalls like in the case of ground-dweller birds (Carrascal 
et al. 1987). If this occurs, canopy birds will show a reduced 
seasonal change in abundance related to winter dispersal in 
search of suitable wintering grounds and will show more 
subspecies than ground-dweller birds, more compelled to 
leave breeding areas in winter due to the periodic collapse 
of food.

Methods

Study area

This study was carried out in the Guadarrama Mountains 
(Spain), a mountain area within the Iberian Plateau that 
ranges from 600 to 2400  m.a.s.l. (the highest peak at 
40.85ºN, – 3.96ºW reaches 2428 m.a.s.l.; Fig S1). These 
mountains are covered by an altitudinal succession of 
sclerophyllous Holm Oaks (Quercus ilex), less drought-
tolerant Pyrenean Oaks (Quercus pyrenaica) and endemic 
Scots Pines (Pinus sylvestris var. iberica) in the highest 
areas, replicating the latitudinal distribution of forest types 
in the Western Palaearctic (European Environment Agency 
2011). These mountains show decreasing temperature and 
increasing precipitation with elevation that, in winter, pro-
duce persistent snow-covered areas at higher elevations. 
As a result, these highlands suffer from a widespread loss 
of bird numbers and species that have moved to winter-
ing grounds in southern sectors (Tellería et al. 2001; Car-
rascal and Palomino 2012). As seasonal change in bird 
abundance within this elevation gradient replicates the 
latitudinal rearrangement of bird numbers in the Palae-
arctic (Busse 2001), we assume that the study area is suit-
able for the exploration of forest birds' ability to cope with 
seasonal changes in the environmental conditions of the 
Western Palaearctic.

Seasonal changes

During the winter of 2018–19 (December-February), we 
counted birds once in 115 circular sampling points ran-
domly distributed from 700 to 2200 m a.s.l. on the north-
ern and southern slopes of the Guadarrama Mountains 
Fig, S1). In spring of 2019 (May), we sampled another 
134 points at similar locations and elevation ranges (mean 
elevation, winter: 1358 m, spring: 1379 m; Student t test, 
t =  – 0.42, p = 0.676). Passerines (O. Passeriformes) 
and similar species (e.g. woodpeckers and doves) were 
recorded either by hearing or sight at each sampling point 
during a period of 10 min within a 100-m-long radius 
(Johnson 2010). We excluded large species (e.g. raptors, 
crows, storks), because they are not properly recorded by 
these sampling points since their large home range may 
lead to the detection of a given individual at widely sepa-
rated sampling points. We also excluded sparrows (Passer 
spp.) and starlings (Sturnus spp.) because they distribute 
around human settlements. Finally, to work with suita-
ble sample sizes, only those species recorded in four or 
more sampling points in either season were included in 
further analyses. These results were used to calculate the 



925Journal of Ornithology (2022) 163:923–929 

1 3

mean abundance of each species (i) in spring (Asi) and 
winter (Awi) from sampling points (A = (Ʃ ai)/n, where 
ai is the species abundance in the i sampling point and n 
the sample size). After, these data were used to calculate 
the normalized difference of species abundances between 
spring and winter (a proxy of the species resistance to 
seasonal changes) by means of ΔAi (ΔAi = [Asi—Awi] / 
[Asi + Awi]).

Microhabitat use

We used the foraging substrate recorded by Carrascal et al. 
(1987) in the Guadarrama Mountains to assess microhabitat 
use (sensu Hall et al. 1997). These data refer to the percent-
age of records detected for focal individuals within a set 
of foraging substrata during winter (ground, shrubs, trunks, 
branches, cones, twigs, leaves and air). In addition, during 
the 2019 breeding period, we carried out additional field-
work to obtain sufficient data for all the species considered 
in our study that were absent or very scarce during winter 
(Online Appendix 1). This sampling explicitly assumes that, 
despite the potential effect of predation risk, food availability 
or episodic hostile weather events which might affect the 
patterns, there are no sharp changes in the seasonal use of 
the microhabitat by the study species (Alatalo 1980). These 
data were used to perform a Principal Component Analy-
sis with the species x substrata matrix to generate a latent 
variable (PCi) able to explain microhabitat use by bird spe-
cies. The first component depicted a gradient from ground 
to canopy use (PC1, explained variance = 32.33%; eigen-
value = 2.57; factor loadings:  – 0.600 ground, -0.005 cones, 
0.154 shrubs, 0.223 trunks, 0.226 air, 0.407 leaves, 0.415 
twigs and 0.422 branches) so that we could employ the fac-
tor scores of each species within this component as an index 
of increasing canopy use.

Taxonomic diversity

We used the number of subspecies within the Western Pal-
aearctic (Boesman et al. 2019) without considering Maca-
ronesia owing to the potential strong effect of island isola-
tion on subspecies diversification (Phillimore et al. 2007). 
We followed the southern limit of the Palaearctic according 
to Roselaar (2006), which includes the northern Maghreb, 
eastern gulf of Sidra (Libya) and some northern parts of 
Syria, Iraq and Iran. To the east, the boundaries were set 
from the Urals (Russia) to northern Iran, eastern Caspian 
Sea coast including the whole Caucasus and Anatolia. It is 
important to note that this area is commonly considered an 
evolutionary scenario in which Mediterranean refuges have 
played a main role in population differentiation during the 
Pleistocene (Hewitt 2004, 2011). Finally, since the number 
of subspecies can be positively correlated to species range, 

we assessed the extent of the breeding range of species as 
a covariate in all analyses (Belliure et al. 2000; Phillimore 
et al. 2007; Martin and Tewksbury 2008; Kisel and Barra-
clough 2010). We used the available maps (e.g. Birdlife, 
http:// www. birdl ife. org) to recalculate the size of breeding 
ranges within the limits of the western Palearctic. Each spe-
cies range was approximated in square kilometers by the 
sum of the area of the countries or regions covered by each 
species distribution and then log-transformed.

In the era of genomics, it is possible to use more powerful 
molecular methods to illustrate the diversification of species. 
However, this approach would be problematic for the current 
work, since not all the birds considered have been studied 
in a comparable way, but rather using a range of methods 
from classic genetic tools (e.g. mtDNA) to the state-of-the-
art next-generation DNA sequencing (e.g. ddRADseq and 
whole-genome sequencing) (Parau and Wink 2021). Thus, 
any attempt to assess differentiation within species with just 
one methodology will face its own limitations when applied 
to a large set of species. In this context, it is important to 
point out that the phenotypic and genetic patterns do not 
have to be similar (Winker 2021), which leads us to less 
mechanical and more interpretive approaches to the diversity 
of populations and species (Sangster 2018). In this context, 
the number of subspecies accepted by influential checklists 
(e.g. Boesman et al. 2019) may reflect a consensual update 
of the observed within-species differentiation with which 
to identify evolutionary dynamics of phenotypic change 
(Zamudio et al. 2016).

Analyses

According to our conceptual framework, we tested (1) 
whether seasonal changes in abundance were related to 
microhabitat use (canopy dwellers will experience smaller 
changes than ground dwellers), (2) if the number of subspe-
cies was related to microhabitat use after controlling for the 
effect of breeding range and (3) if the number of subspe-
cies was related to a higher degree of seasonal variation in 
abundance after controlling for the effect of breeding range. 
To approach this, we used phylogenetic generalized least 
squares (PGLS) models to explore the relationship between 
taxonomic diversity and the explanatory variables while 
accounting for the effect of the phylogenetic relatedness of 
the study species. We used the caper 1.0.1 package in R 
(Orme 2018) on a consensus phylogenetic tree (computed 
by the method "least squares" in phytools 0.7–20; Revell 
2012) resulting from 1000 draws (“Erickson All Species” 
backbone phylogeny, Ericson et al. 2006) supplied by the 
“Global Phylogeny of Birds” website (www. birdt ree. org; 
Jetz et al. 2012). PGLS models resulting from tests 2 and 
3 above were compared using the Akaike Information Cri-
terion (AICc) for small samples (Burnham and Anderson 

http://www.birdlife.org
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2004). PGLS analyses can account for the phylogenetic sig-
nal on the model residuals by means of different parameters, 
i.e. λ, δ and κ (see Symonds and Blomberg, 2014). In this 
case, we fixed δ and κ values to 1, whereas Pagel’s λ was 
calculated through maximum likelihood estimation.

Results

Microhabitat use of the 32 species considered in this study 
was assessed by factor scores, with positive and negative 
scores related to the use of the canopy and the ground, 
respectively (Table S1). The distribution of these scores was 
significantly related to changes in bird numbers resulting 
from seasonal dispersion (model 1, Table 1), supporting the 
prediction that canopy dwellers experienced weaker numeri-
cal changes during the summer–winter transition (Table 1). 
In addition, low seasonal changes in abundance were posi-
tively related to the number of subspecies after controlling 
for the effect of breeding range (model 2, Table 1). This 
suggests that canopy dwellers experienced higher rates of 
population differentiation. Finally, microhabitat use was able 
to predict the number of subspecies supporting the main 
effect of this trait on the population differentiation of forest 
birds (Table 1). Therefore, the results in this study support 
the hypothesized functional link between microhabitat use, 
resistance to seasonal changes in abundance and popula-
tion differentiation in southwestern Palaearctic forest birds. 
Regarding Pagel’s λ, a phylogenetic signal was not found in 
any of the three models (Table 1). Hence, we can assume 
sample independence within the species set and the sound-
ness of our analyses. To summarize the observed patterns, 
we arbitrarily classified the species as either canopy or 
ground exploiters (Fig. 1) by the positive or negative scores 
obtained along the gradient of microhabitat use (see Meth-
ods and Table S1 1). Both groups showed significant differ-
ences, with higher abundance changes in ground dwellers 
(F1,30 = 10.73, P = 0.003, λ = 0) and more subspecies in 
canopy dwellers (F1,30 = 5.12, P = 0.031, λ = 0).

Discussion

The hypothesis that climatic stability selects for reduced 
dispersal and increases allopatric speciation may explain 
why highly seasonal temperate areas have fewer species 
than inter-tropical regions (Martin and Tewksbury 2008; 
Jocque et al. 2010; Belmaker et al. 2011; Salisbury et al. 
2012). However, large-scale processes related to environ-
mental stability may be buffered by other processes acting 
at smaller scales. In this context, it has been suggested that 
forest cover buffers the effect of climate in some micro-
refugia allowing some species to persist in increasingly Ta
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adverse conditions (Suggitt et al. 2018). Our results link 
both approaches to suggest that the use of some stable 
microhabitats by birds increases their ability to cope with 
seasonal changes, reduces dispersion in search of suitable 
wintering areas and increases species diversification in 
birds within temperate forests.

Winter harshness constrains bird populations that reside 
year-round in the northern hemisphere, as their winter sur-
vival depends primarily on obtaining enough food for self-
maintenance in a context of tough climate conditions (New-
ton 1998, Doherty and Grubb 2002). This means that birds 
are more compelled to track food in winter, forcing them to 
move at different spatial scales, including altitudinal gradi-
ents (Pageau et al. 2020). This has been reported in the study 
area where some species breeding in mountain areas move 
to more southern areas in search of fruit-bearing shrubs (e.g. 
Sylvia atricapilla, Tellería and Pérez-Tris 2001), while oth-
ers move locally in the search of forest food resources (e.g. 
tree-gleaning birds, Carrascal et al. 2012). The potential 
cause–effect link between microhabitat use and seasonal 
changes in abundance is backed by a set of adaptations that 
allows canopy dwellers to remain in breeding grounds dur-
ing winter. In this case, most canopy dwellers are specialized 
in the search of invertebrates (spiders, insects) in leaves, 
lichens, or bark crevices (Ulfstrand 1977). In this way, while 
active invertebrates are a highly seasonal resource in temper-
ate areas that impel many insectivorous birds to leave forests 
in winter (Belmaker et al. 2011), dormant invertebrates are a 

ubiquitous and stable food resource (Pettersson et al. 1995; 
Basile et al. 2020).

Since trophic niche has been reported to be very con-
servative in European birds (Pearman et al. 2013), it can be 
conjectured that habitat use has driven bird evolution dur-
ing the last one million years. Most bird species occurring 
at this time in the southwestern Palaearctic (e.g. Johansson 
et al. 2018) were probably distributed into different refu-
gia according to the advance and retreat of glaciers (Hewitt 
2004, 2011). In this context, restrictions to gene flow among 
canopy dwellers between these refuges and the subsequent 
effect of divides among populations spreading northwards 
could have produced some of the current trends of subspe-
cific differentiation in forest bird species.

Our results differ at first glance from the patterns detected 
in Neotropical birds, where the canopy dwellers are less 
diverse than ground dwellers (Burney and Brumfield 2009; 
Salisbury et al. 2012; Smith et al. 2014). This pattern has 
been explained by the fact that most canopy dwellers are 
vagrant birds that track fluctuating fruit resources while 
understory birds, most of them insectivores, are linked to 
more stable conditions (Salisbury et al. 2012; Smith et al. 
2014; Miller et al. 2021). But, interestingly, the observed 
link between habitat use and population differentiation in 
temperate forests can also be explained in terms of habi-
tat (microhabitat) stability. Thus, despite the differences, 
results in Palaearctic and Neotropical forest birds are similar, 
because they support the role of stable food related to some 

Fig. 1  Box-and-whisker 
diagrams of normalized differ-
ences in seasonal changes in 
abundance (1) and number of 
subspecies corrected by range 
size (2) between canopy- and 
ground-dweller birds. These 
birds have been arbitrarily 
classified as either canopy or 
ground exploiters by the posi-
tive or negative scores obtained 
along the gradient of microhabi-
tat use defined by a principal 
component analysis (see Meth-
ods and Online Appendix 1). 
In both cases, the differences 
are statistically significant after 
accounting for the effect of the 
phylogenetic relatedness of the 
species (see text)
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microhabitats as drivers of poor dispersal and population 
differentiation.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10336- 022- 01998-x.
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