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*  Poplar plantations should not be used as surrogate habitat for native riparian forests with the
aim of preserving bird species diversity.

* Native riparian forests should be preserved or restored as far as possible.

*  Bird communities occurring in poplar plantations can still accommodate rich communities of
forest bird species, providing that suitable management is applied at local and landscape levels.

In Mediterranean areas, riparian zones are particularly important for maintaining biodiversity.
Nevertheless, the native vegetation in these zones has been modified or lost at an alarming rate
during the last decades. The main objective of this study was to investigate the influence of poplar
plantations on bird diversity in riparian zones, in order to estimate the ecological implications of
a substantial expansion of poplar plantations. Breeding birds were sampled by the point-count
method in twenty-four poplar plantations of I-214 clone, according to a factorial design combining
stand age and understory management. Furthermore, the three native riparian forests remaining in
the study area were also surveyed. Explanatory variables included (1) dendrometric, (2) understory
and (3) landscape variables within six different radii of circular buffers. The species richness and
abundance index were higher in riparian forests than in poplar plantations. Landscape variables
(percentage of poplar plantations in the surrounding landscape) strongly influenced bird diversity
in poplar plantations. Furthermore, at the local scale, understory cover was also a key factor in
shaping bird assemblages. This suggests that poplar plantations should not be used as surrogates
for native forests. Nevertheless, poplar plantations can still accommodate rich communities of
forest bird species, providing that suitable management is applied at local and landscape levels.
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1 Introduction

Riparian zones are the interfaces between terrestrial and aquatic environments. In arid regions, such
as the Mediterranean area, these ecotones are particularly important for maintaining biodiversity
because of sharp moisture gradients that determine ecological processes (Schnitzler 1994) and
because they provide wildlife corridors (Gregory et al. 1991; Naiman et al. 1993; Machtans et al.
1996; Naiman and Décamps 1997). Nevertheless, riparian zones have been disturbed or lost at an
alarming rate during the past five decades in many European countries, including Spain (e.g., in the
river Duero basin). Native vegetation was almost entirely lost from riparian zones when stream flow
was regulated by storage reservoir and canalizations in the middle of the 20th century (Schnitzler
1994; Gonzalez and Garcia 2007). Such regulation was followed by a major change from native
vegetation (riparian forest) to crops or planted forests such as poplar plantations.

Current national and regional forest policies aim to increase the area occupied by plantation
forests, since establishing plantations on degraded land or agricultural land may have multiple
benefits, such as wood and biomass production and biodiversity restoration (Hartley 2002; Carnus
et al. 2006; Loyn et al. 2007; Brockerhoff et al. 2008). However, if the effect on bird diversity of
increasing area of planted forests has already been tested in Mediterranean landscapes (see Diaz et
al. 1998; Reino et al. 2009), it has seldom been tested in landscapes including remnants of riparian
forest, poplar plantations and agricultural land.

As the overall biodiversity in forest landscapes cannot be measured and quantified directly,
the use of indicators may be helpful (Noss 1999). Biodiversity indicators can be based on species
richness, indicator species or the functional diversity of one or several taxonomic groups. Birds are
often considered as efficient indicators as they play an essential functional role in ecosystems at (or
near) the top of the food chain (Ormerod and Watkinson 2000; Gregory et al. 2005; Gil-Tena et al.
2007). Moreover, it is well known that bird diversity can respond rapidly to forest management,
such as timber harvesting (Hanowski et al. 2007; Vanderwel et al. 2007; Chizinski et al. 2011) and
site preparation (Lane et al. 2011). Birds are also responsive to signals that accumulate across local
and landscape scales, since bird communities typically select habitat features at multiple scales
(MacFaden and Capen 2002; Warren et al. 2005; Mitchell et al. 2006; Barbaro et al. 2007). Nev-
ertheless, the spatial scale at which birds select their habitat remains a matter of debate. Although
several authors have pointed out that landscape is the most relevant scale accounting for turnover
in bird communities (Christian et al. 1998; Saab 1999; Bennett et al. 2004; Barbaro et al. 2007),
others have reported that bird communities are mainly influenced by habitat patch features (Mac-
Faden and Capen 2002; Loyn et al. 2007; Styring et al. 2011) or that local and landscape variables
are equally influential (Herrando and Brotons 2002; Moreira et al. 2005; Coreau and Martin 2007).

The main objective of this study was to investigate the influence of poplar plantations on
biodiversity in riparian zones, at both local and landscape scales, in order to estimate the ecologi-
cal implications of the expansion of poplar plantations. To achieve this objective, the following
two questions were addressed:

1. Can poplar plantations act as surrogate habitat for bird communities of native riparian

forests?

2.  What are the respective influences of local and landscape-scale poplar plantation features

on bird diversity?
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2 Material and methods
2.1 Description of the study site and sampling

The present study was carried out in the Duero river basin, in the middle reach of the Carrion river
(Castilla y Leon, NW Spain). The altitude in the study area ranges between 800 and 900 meters
and, in most stands, the terrain is almost flat. The average annual precipitation varies between 496
and 630 mm, and the average annual temperature, between 9 and 11.4 °C (Ninyerola et al. 2005).

This riparian zone was previously characterized by several vegetation strips between the
river and the external zone (Lara et al. 2004). One vegetation strip, which was in direct contact
with the watercourse, was reported to consist of plant species (mainly a shrub stratum) with a high
water requirement and the ability to tolerate floods; a second vegetation strip, which was located
in alluvial soils, was reported to consist of Salix, Alnus, Populus, Ulmus, and Fraxinus spp., which
only required a temporal water table of accessible depth (Lara et al. 2004). Nevertheless, nowadays
the first strip of vegetation is found to be very narrow (ca. 5—7 meters) and to consist of a mixed
tree and shrub stratum (mainly species of genus Salix sp. and Alnus glutinosa, and to a lesser extent
Populus spp.) because of a lack of drastic periodic floods. Moreover, wetland forest species in the
second strip (mainly stands of alder, ash or poplar) have been replaced with agricultural crops or
poplar plantations, and there are only occasional remnant patches of native forest.

Poplar plantations were initially located adjacent to the first strip of vegetation, where the
land could not be cultivated because of the high moisture content of the soil; other adjacent alluvial
meadow soils were able to be cultivated because the nutrient rich soils were irrigated. Neverthe-
less, poplar plantations are increasingly being established in the study area because of the high
profitability of these trees (up to 2400 € ha! year!; Diaz and Romero 2001). Poplar plantations
are usually monoclonal and although several hybrids are used in Spain, Populus x euramericana
(Dode) Guinier clone 1-214 (P. deltoides Marsh. @ x P. nigra L. &) is the most common. This
clone represents about 70 % of the total area covered by poplar plantations (Fernandez and Her-
nanz 2004). Poplar plantations are managed intensively in short rotations (12—16 years), and weed
control techniques (mainly surface ploughing) are used regularly during the first six years. The
density of poplar plantations, which is kept constant during the whole rotation, is approximately
278-400 stems/ha (De Mier 2001; Fernandez and Hernanz 2004).

2.2 Sampling design

Twenty four Populus x euramericana (clone 1-214) stands were selected for the study by use of a
factorial scheme with two factors: (i) stand stage, with two categories: young stands of 3—7 years
old and adult stands of 8—14 years old, (ii) understory management, with two categories: harrowed
or non-harrowed. Understory management was carried out using disc harrows, which broke up
and smoothed out the soil surface. Harrowed stands were harrowed each year, and non-harrowed
stands had not been harrowed for at least two years. Eight clonal plantations in the young stands
and four plantations in the old stands were therefore selected as replicates for each combination
of the previous two factors (young harrowed stands, young non-harrowed stands, adult harrowed
stands and adult non-harrowed stands).

Furthermore, the three native riparian forests found in the study area were sampled to enable
comparison of bird assemblages in poplar plantations and native forest. These stands consisted of
an upper storey of alders (A/nus glutinosa), a scattered lower storey of elders (Sambucus nigra),
common hawthorn (Crataegus monogyna), common dogwood (Cornus sanguinea) and a forb
stratum. All sampled forests were located within the same landscape of ca 3500 ha.
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Breeding birds were sampled by the point-count method with one visit in spring 2006 (Bibby
et al. 2000). One observer recorded all bird individuals heard and seen within a stand during a
20 min period within 3 hours after sunrise. We avoided double counting the same individuals by
drawing the approximate positions of birds in virtual concentric circles around the observer’s
position (Prodon and Lebreton 1981). Abundance index of each stand was calculated as the sum
of the heard and seen birds, using a semi-quantitative abundance index where a territorial male or
pair was noted as 1 and a non-singing bird was noted as 0.5 (Bibby et al. 2000). Species richness
was the number of different species represented in each stand. The sampling was not done on
particularly windy and rainy days.

2.3 Habitat and landscape description

In each poplar plantation, four circular subplots of radius 15 m were established for measuring
trees. The subplots were located 50 metres apart from each other, at the ends of a cross located
in the middle of the stand. All trees within each subplot were marked and sampled. Diameter at
breast height (dbh), crown height, crown diameter and total height were measured in an average
of 84 trees per stand (ranging from 68 to 112 trees per stand).

Nine 2 x 2 m quadrats (36 m? in total) were also established in the centre of each stand, for
quantifying the understory vegetation. The species richness and percentage cover of all vascular
plant species were visually estimated using the Braun-Blanquet (1964) scale during the spring.

Landscape mapping within the study area was performed, by photo-interpretation and field
cross-validation, using a GIS (ArcGis 9.3, ESRI) and colour aerial orthophotographs of scale 1:
1500, dated from 2004. Eight land cover types were assigned to each landscape patch according
to the following classification: young poplar plantation (canopy not closed), adult poplar planta-
tion (closed canopy), riparian forest, pine forest, oak forest, hedgerow, agricultural land and roads.
Landscape metrics were calculated using Fragstats 3.3 (raster version) and a cell size of 2.5 m
(McGarigal et al. 2002). Circular buffers of six different radii (100, 200, 300, 400, 500 and 1000
m) were included around each sampled stand to capture landscape features at different spatial
scales. The following metrics were calculated within each buffer to characterize the composition
and configuration of the landscape: percentage cover of the eight land cover types, distance to
river, edge density (in m ha™') and Shannon index of habitat diversity. The procedures and metrics
used are fully described in McGarigal et al. (2002).

2.4 Data analysis

Correspondence analysis (CA) was used to ordinate bird communities along a gradient of forest
composition and structure ranging from riparian forests to poplar plantations. As there were only three
riparian forests, which were mature and not ploughed, three adult non-harrowed poplar plantations
were used in the analyses for comparative purposes. Analyses of variance (ANOVAs) and Tukey’s
HSD post-hoc test were used to test for the effect of habitat type on species richness and abundance
index in poplar plantations. Mann-Whitney tests were also used to detect whether species richness
and abundance index differed in riparian forests and adult non-harrowed poplar plantations.

A two-step approach was used to evaluate the relative influence of habitat and landscape
variables on bird communities in poplar plantations. First, a principal component analysis (PCA)
was applied to the dendrometric, understory and landscape variables calculated for each of the six
different radii of circular buffers. Six multiple regressions (with forward selection) were carried
out with bird species richness or bird abundance index as dependent variables and coordinates of
sampled poplar plantations on the significant axes of each PCA (using the broken-stick method)
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as predictor variables, to select the buffer radius at which bird variables were best explained.
Subsequently, to test whether our multiple spatial approach may violate the assumption of spatial
independence, for each buffer we assessed spatial autocorrelation patterns by calculating spatial
correlograms (Moran’s 1) of model residuals across increasing distance classes (Zuckerberg et al.
2012). At each distance class, 1.000 permutations were run to conduct a two-sided significant test
of whether the value of Moran’s I differed from zero (¢ =0.05). Analyses were carried out using
the “ncf” package (Bjornstad 2013) implemented in the R software environment (R Foundation
for Statistical Computing, Vienna, Austria).

Second, other multiple regressions were carried out to test the effects on bird species rich-
ness or bird abundance index of the single dendrometric, understory and landscape variables that
were best correlated with the selected axes (using the broken-stick method) of PCA calculated for
different buffer radii.

Canonical correspondence analysis (CCA) was applied to study the influence of the habitat
and landscape variables (buffer radius selected by the two-step approach) on the bird assemblages
in poplar plantations. A forward selection procedure with Monte Carlo tests was then used to
determine the significance of the results, with 499 permutations.

3 Results

Comparison between riparian forests and poplar plantations (adult non-harrowed) revealed differ-
ences in bird species richness and abundance index (N=6, Z=1.99, p=0.046 and N=6, Z=1.96,
p = 0.049, respectively). In particular, the number of species and abundance index were higher in
riparian forests (18.3+1.5 and 39.0+0.3, respectively) than in poplar plantations (11.7+0.7 and
22.2+2.9, respectively). Correspondence analysis (CA) of the abundance of bird species indicated a
complete turnover of bird assemblages from poplar plantations to riparian forests (Fig. 1). Although
riparian forests were characterized by a greater abundance of several bird species, such as Aegitha-
los caudatus, Cettia cetti, Garrulus glandarius, Parus major, Phylloscopus collybita and Regulus
ignicapillus, poplar plantations were not characterized by any particular species (Table 1, Fig. 1).

Examination of the dataset corresponding to the 24 poplar plantations revealed that a total of
45 species were recorded, of which 16 occurred in only one stand. The most abundant species were
as follows, in decreasing order: Fringilla coelebs, Corvus corone, Turdus merula, Anthus trivialis,
Phylloscopus collybita, Carduelis chloris and Columba palumbus. Analysis of variance for mean
species richness per stand (N =24) revealed a significant interaction between age and management
(N=24,F=5.35,p=0.03). Tukey’s HSD test revealed that species richness was lowest in the adult
harrowed stands and highest in the young harrowed stands. By contrast, bird abundance index did
not differ according to the type of poplar plantations (Fig. 2).

Principal component analyses (PCAs) and multiple regressions were used to test the first
assumption of the two-step approach, i.e. whether the effect of landscape may vary according to
the spatial scale. The broken-stick method retained the first three axes in all buffers but the 100
m-radius one where the first four axes were retained. The first three axes of PCAs clearly separated
the effect of landscape, dendrometric and understory variables, respectively (Table 2). Multiple
regressions only retained the axis related to landscape variables across all the buffers, and the
strongest correlation between bird diversity and explanatory variables was obtained with a buffer
size of 400 meters (Fig. 3). Spatial analyses demonstrated that there was hardly any autocorrela-
tion in landscape buffer data, except for the smallest buffers, in which the overlapping was almost
not significant (Fig. 4).

Moreover, the multiple regressions of variables calculated for a buffer size of 400 m showed
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Table 1. List of bird species recorded in riparian forests and in the three non-harrowed poplar stands under
study. Aerial, game and urban species were excluded. A six-letter abbreviation (first three letters of genus
and species names) was used for species codes.

Bird species Species code Riparian Poplar
Number of Abundance Number of Abundance
stands index stands index

Fringilla coelebs FRICOE 3 17 3 17
Phylloscopus collybita PHYCOL 3 11 2 3
Cuculus canorus CUCCAN 3 8.5 1 2
Columba palumbus COLPAL 3 8 1 2
Aegithalos caudatus AEGCAU 2 7.5 0 0
Serinus serinus SERSER 3 7 1 1
Turdus merula TURMER 3 6 3 7
Regulus ignicapillus REGIGN 2 5 0 0
Cettia cetti CETCET 2 4 1 1
Corvus corone CORCOR 2 4 2 5
Parus caeruleus PARCAE 2 4 1 1
Parus major PARMAJ 2 4 1 1
Sylvia atricapilla SYLATR 3 4 2 2
Carduelis chloris CARCHL 3 3 3 4
Garrulus glandarius GARGLA 2 3 0 0
Picus viridis PICVIR 2 2 1 3
Troglodytes troglodytes TROTRO 1 2 0 0
Anthus trivialis ANTTRI 1 1 1 0.5
Carduelis carduelis CARCAR 1 1 1 1
Certhia brachydactyla CERBRA 1 1 0 0
Coccothraustes coccothraustes coccoc 1 1 1 1
Emberiza cirlus EMBCIR 1 1 1 1
Emberiza citrinella EMBCIT 1 1 0 0
Erithacus rubecula ERIRUB 1 1 1 1
Hippolais polyglotta HIPPOL 1 1 0 0
Jynx torquilla JYNTOR 1 1 1 1
Luscinia megarhynchos LUSMEG 1 1 0 0
Sylvia borin SYLBOR 1 1 0 0
Sylvia melanocephala SYLMEL 1 1 0 0
Turdus viscivorus TURVIS 1 1 0 0
Carduelis cannabina CARCAN 0 0 1 1
Dendrocopus major DENMAJ 0 0 2 2.5
Parus ater PARATE 0 0 1 2
Phylloscopus trochilus PHYTRO 0 0 1 1
Sylvia communis SYLCOM 0 0 1 1

Abundance index: sum of the heard and seen birds, using a semi-quantitative abundance index where a territorial male or pair was
noted as 1 and a non-singing bird was noted as 0.5.
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Fig. 1. CA ordination biplot for bird species and forest stands. Riparian forests are represented
by black squares and poplar plantations (adult non-harrowed stands) by white triangles.
Abbreviations of species names AEGCAU: Aegithalos caudatus; ANTTRI: Anthus trivialis;
CARCHL: Carduelis chloris; CETCET: Cettia cetti; COLPAL: Columba palumbus; CORCOR:
Corvus corone; CUCCAN: Cuculus canorus; DENMAJ: Dendrocopos major, FRICOE:
Fringilla coelebs; GARGLA: Garrulus glandarius; PARCAE: Parus caeruleus; PARMAJ:
Parus major, PHYCOL: Phylloscopus collybita; REGIGN: Regulus ignicapillus; SERSER:
Serinus serinus; SYLATR: Sylvia atricapila; TURMER: Turdus merula.
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Fig. 2. Mean (+ S.E.) bird species richness and abundance index. Bars with different letters
indicate significantly different means (Tukey’s post hoc test, a=0.05). Species richness:
number of different species represented in each stand. Abundance index: sum of the heard
and seen birds, using a semi-quantitative abundance index where a territorial male or pair
was noted as 1 and a non-singing bird was noted as 0.5.
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sented for buffers of 100m and 1000m radius because the respective models were not significant).
Values significant at a nominal (two-sided) 5 % level are represented by black dots and non-significant
values by open circles. Species richness: number of different species represented in each stand.
Abundance index: sum of the heard and seen birds, using a semi-quantitative abundance index where
a territorial male or pair was noted as 1 and a non-singing bird was noted as 0.5.
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Fig. 5. Relationship between (a) bird species richness and (b) bird abundance index
and the percent cover of poplar plantations (excluding area of sampled stand)
within a circular buffer of 400 m radius. Species richness: number of different
species represented in each stand. Abundance index: sum of the heard and

seen birds, using a semi-quantitative abundance index where a territorial male
or pair was noted as 1 and a non-singing bird was noted as 0.5.

that bird species richness and abundance index were only related to the percentage of poplar plan-
tations (excluding the area of the sampled stand) in the surrounding landscape (N=24, F=15.45,
p<0.001, R?=0.413 and N=24, F=19.92, p<0.001, R?=0.475, respectively) (Fig. 5).

Only two variables were retained in the CCA: understory cover (local level) and percentage
of adult poplar plantations (excluding the area of the sampled stand) in the surrounding landscape
(landscape level) (Fig. 6). The eigenvalues (A) for axes 1 and 2 were 0.106 and 0.079, respec-
tively, and the model was significant according to the results of the Monte Carlo test (F=1.834,
p=0.008, 499 permutations). The CCA biplot showed a clear gradient according to forest cover,
since the percentage of adult poplar plantations was positively correlated with axis 1 and, to a
lesser extent, negatively correlated with axis 2. Although high percentages of adult poplar planta-
tions were associated with Regulus ignicapillus, Aegithalos caudatus and Cettia cetti. Carduelis
cannabina, Carduelis carduelis and, to a lesser extent, Corvus corone, Miliaria calandra occurred
at low plantation cover. Furthermore, understory cover also determined the bird community, with
a high understory cover associated with a typical species assemblage including Cettia cetti, Parus
major, Carduelis carduelis and, to lesser extent, Aegithalos caudatus, Erithacus rubecula, Lullula
arborea, Phylloscopus collybita and Sylvia atricapilla.
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Fig. 6. CCA ordination biplot for bird species, forest stands and the significant environmental
variables (dendrometric, understory and landscape variables with a 400 m radius buffer).
Type of forest: adult harrowed stands are represented by black triangles, young harrowed
stands by black squares, adult non-harrowed stands by white triangles and young non-
harrowed stands by white squares. Abbreviations of species names AEGCAU: Aegithalos
caudatus; ANTTRI: Anthus trivialis; CARCAN: Carduelis cannabina; CARCAR: Carduelis
carduelis; CARCHL: Carduelis chloris; CETCET: Cettia cetti; COLPAL: Columba palum-
bus; CORCOR: Corvus corone; CUCCAN: Cuculus canorus; DENMAJ: Dendrocopos
major, EMBCIR: Emberiza cirlus; ERIRUB: Erithacus rubecula; FRICOE: Fringilla coelebs;
GARGLA: Garrulus glandarius; HIPPOL: Hippolais polyglotta; LULARB: Lullula arborea;
MILCAL: Miliaria calandra; PARCAE: Parus caeruleus; PARMAJ: Parus major; PHYCOL.:
Phylloscopus collybita; PICVIR: Picus viridis; REGIGN: Regulus ignicapillus; SERSER:
Serinus serinus; SYLATR: Sylvia atricapila; TURMER: Turdus merula.

4 Discussion

The results of this study confirm that both the type and the characteristics of forest habitats influ-
ence bird diversity in riparian landscapes. Although the number of riparian forest stands in the
study area was very low (three), these stands still hosted typical bird communities of natural ripar-
ian forests, which were clearly different from the bird communities in poplar plantations. Species
richness and abundance index were significantly lower in adult poplar plantations than in riparian
forests, which is consistent with findings in other riparian landscapes of North America, Australia
and Europe (Hanowski et al. 1997; Christian et al. 1998; Twedt et al. 1999; Palmer and Bennett
2006; Archaux and Martin 2009). Bird assemblages also differed in riparian forest and poplar
plantations. The poplar plantations mainly hosted generalist species, such as Fringilla coelebs,
Turdus merula and Corvus corone, whereas riparian forests were associated with bird species
favouring well preserved riparian forest areas with a dense and unmanaged understory, such as
Cettia cetti, Phylloscopus collybita, Aegithalos caudatus, Garrulus glandarius, Parus major and
Regulus ignicapillus (Jubete 1997).

Furthermore, analysis of the data from the 24 poplar plantations revealed significant differ-
ences between poplar plantation types, with bird species richness being lowest in adult and har-
rowed stands and highest in the young harrowed stands, suggesting an inverse effect of stand age
in harrowed stands. This contrasts with the findings of other studies conducted in tree plantations
worldwide, which reported an increase in bird species richness and abundance with increasing
stand age (Lance et al. 1996; Hanowski et al. 1997; Vanhinsbergh et al. 2002; Barbaro et al. 2005;
Styring et al. 2011). Here, this contrasting pattern could result from an indirect effect of understorey
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vegetation which is known to benefit forest birds (Mills et al. 1991). While in harrowed stands the
understorey cover decreased with increasing stand age (N=12, F=5.63, p=0.03), no significant
differences were found in not-harrowed stands (N=12, F=0.04, p=0.84). Harrowing young poplar
stands may have brought plant seeds to the soil surface where they were better exposed to sunlight
and therefore more able to germinate and grow (Decocq et al. 2004). On the opposite, older poplar
stands display higher canopy closure thus limiting the amount of light reaching understorey layer
and then the development of the vegetation. Furthermore even in the oldest poplar plantations (14
years old), trees are not mature and cannot provide birds with suitable microhabitats such as nest-
ing cavities (Villard and Taylor 1994).

Moreover, understory vegetation was also a key factor determining bird assemblages in
poplar plantations in the study area. Only poplar stands with high understory cover (non-harrowed
stands) were actually associated with typical bird species of natural riparian forests, such as Cettia
cetti, Aegithalos caudatus, Parus major and Regulus ignicapillus (Jubete 1997). We also found
that landscape variables had a strong influence on species richness, abundance index and bird
assemblages in poplar plantations. This may be due to a lack of suitable habitats at local scale as
a result of the small size of poplar plantations (average 6.37 ha, ranging between 0.97—-19.71 ha)
and a high level of fragmentation (Andrén 1994; Warren et al. 2005).

Although most studies select a single landscape scale on the basis of assumptions or pre-
vious research, a priori selection of the most influential scale in a specific landscape matrix is
controversial. One of the greatest constraints on multiple scales approach is actually the violation
of the assumption of spatial independence. While some researchers suggest avoiding overlapping
landscape buffers (Koper and Schmiegelow 2006; Eigenbrod et al. 2011), others have demonstrated
that such an overlap does not always result in violation of spatial independency, pointing out that
this statement represents an oversimplification of the statistical and ecological issues about spatial
autocorrelation (Zuckerberg et al. 2012). Our study also demonstrated a lack of spatial autocor-
relation of data calculated in the larger buffers (400 m and 500 m) where a greater overlap occurs.

This study shows that the scale at which landscape matrix has the greatest influence on bird
diversity is about 50 ha (buffer radius of 400 m). This is rather smaller than the scales recommended
in other studies carried out in forest areas (e.g. 1 x 1 km cells used by Gil-Tena et al. 2007 and the
10 x 10 km cells used by Oja et al. 2005). However, this scale is consistent with findings in mixed
farmland where landscape composition effect was stronger at smaller scales (200 - 400 m) than at
larger scales (2 - 3 km) (Deconchat et al. 2009). This buffer range is also similar to breeding dispersal
distances of several birds, such as Turdus migratorius and Toxostoma rufum (ca. 200 m within a
breeding season), in agricultural landscape with wooded patches (Haas 1995), or other territorial
passerines that have territories covering ca. 3-30 ha in riparian areas (Paradis et al. 1998; Pearson
and Manuwal 2001). The mean distance of breeding bird dispersal varies according to landscape
composition and structure, and a complex landscape matrix is more likely to supply several types
of habitat for foraging, nesting and sheltering in multi-habitat species through a mechanism of
habitat complementation (Dunning et al. 1992).

Furthermore, a landscape matrix with open areas may limit bird movement outside poplar
plantations as a result of gap-crossing decision, a process influenced by travel costs due to preda-
tion risk or energy expenses (Desrochers and Fortin 2000; Bélisle and Desrochers 2002). Size of
open areas in our study is not a physical barrier for songbirds, therefore it may reflect a behavioural
response, which was already demonstrated in other matrix types such as a mixture of conifer plan-
tations and deciduous forests (Villard and Haché 2012).

The most important variable explaining species richness, abundance index and the structure
of bird assemblages was the percentage of poplar plantations in the surrounding landscape (within
a 400m range). This probably involves a mechanism of landscape supplementation (Dunning et
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al. 1992; Tubelis et al. 2004), since the small size of poplar plantations in the study area may not
support species-rich bird communities. Furthermore, other poplar plantations in the surroundings
could be used by birds as corridors or stepping stones for dispersal across complex landscape
matrix with habitats as diverse as riparian forest and agricultural crops, thus acting like hedgerow
networks in other areas (Parish et al. 1994; Baudry et al. 2000; Hinsley and Bellamy 2000; Fuller
etal. 2001). Indeed, only poplar stands with a high cover of surrounding plantations were visited
by bird species typical of natural riparian forests, such as Cettia cetti, Aegithalos caudatus, Parus
major and Regulus ignicapillus (Jubete 1997), whereas poplar plantations within predominantly
agricultural landscapes (i.e. with a lower percentage of surrounding poplar plantations) were
mainly visited by bird species associated with open areas, such as Carduelis cannabina, Carduelis
carduelis and Miliaria calandra (Jubete 1997).

5 Conclusions

The study results indicated that poplar plantations should not be used as surrogate habitat for native
riparian forests with the aim of preserving bird species diversity and that native riparian forests
should be preserved or restored as far as possible. Nevertheless, bird communities occurring in
poplar plantations can still accommodate rich communities of forest bird species, providing that
suitable management is applied at local and landscape levels. The landscape matrix should include
a high percentage of poplar plantations, with a distance between the plantations of less than 400
m, to provide forest bird species with well connected supplementary forest habitats. However, as
the effect of large scale forest plantations in agricultural areas may also adversely affect threatened
bird communities of open habitats (Diaz et al. 1998; Reino et al. 2009), we suggest that future
poplar plantations might be considered within a global landscape planning perspective taking into
account all relevant bird habitats such as grasslands and riparian forests.
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