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a b s t r a c t Measuring biodiversity is a challenging task for research in taxonomy, ecology and conservation. Biodiversity is commonly measured using metrics related to species richness, phylogenetic-, or functional-trait diversity of species assemblages. Because these metrics are not always correlated with each other, they have to be considered separately. A descriptor of animal diversity based on the diversity of sounds produced by animal communities, named here the Community Acoustic Diversity (CAD), was recently proposed. In many cases, the CAD could be easier to measure than other metrics. Although previous analyses have revealed that acoustic diversity might increase as species richness increases, the ability of CAD to reﬂect other components of biodiversity has not been formally investigated. The aim of this study is to test theoretically whether functional and phylogenetic diversities could be reﬂected by acoustic diversity indices in bird communities. Data on species assemblages were collated by the French Breeding Bird Survey describing spatial and temporal variation in community structure and composition across France since 2001. Phylogenetic and functional data were compiled from literature. Acoustic data were obtained from sound libraries. For each of the 19,420 sites sampled, indices of phylogenetic, functional and acoustic diversity of bird communities were calculated based on species’ pair-wise distance matrices and species’ abundances. The different aspects of biodiversity were compared through correlation analyses. The results showed that acoustic diversity was correlated with phylogenetic diversity, when the branch lengths of the tree were considered, and to functional diversity, especially body mass and reproduction. Correlations between phylogenetic, functional and acoustic distances among species did not entirely explain the correlations between phylogenetic, functional and acoustic diversity within communities. This result was interpreted as an effect of local ecological processes underpinning how bird communities assemble. Comparing the diversity patterns with a null model, phylogenetic and functional diversities were signiﬁcantly clustered whereas acoustic diversity was not different from what was expected by chance. A comparison between acoustic indices showed that spectral component of acoustic diversity seems more appropriate to reveal bird phylogenetic diversity whereas temporal component seems more adapted to reveal functional diversity of a bird community. Overall, even if the processes at the origin of the different facets of biodiversity are different, CAD reveals part of phylogenetic diversity and some extent of functional diversity. © 2012 Elsevier Ltd. All rights reserved.



1. Introduction Diversity indices have been growing in number, but have been developed separately by different research ﬁelds related to evolution or ecology (Pavoine and Bonsall, 2011). At the community
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level, indices mostly used to describe biodiversity include species richness, species relative abundance, and rarity. However, several recent studies have shown that these traditional metrics are insufﬁcient to capture all facets of diversity and have proposed to focus instead on species functional and phylogenetic distinctiveness. Functional diversity is measured from functional traits that describe a variety of roles that different organisms play in their ecosystem (Petchey and Gaston, 2002). Depending on the ecosystem process analyzed, these traits might depend, for instance, on physiological, life-history, morphological, ecological or behavioral characteristics. In the last two decades, there has been an increasing
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number of functional diversity studies focusing on the local biotic and abiotic interactions that could explain the processes of species assemblages (Pavoine and Bonsall, 2011; Pillar et al., 2009). Phylogenetic diversity measures the dispersion of species belonging to a community over a phylogenetic tree (Faith, 1992; Pavoine et al., 2005a; Vane-Wright et al., 1991). In theory, phylogenetic diversity can reﬂect functional diversity if functional traits have a strong phylogenetic signal and thus if the phylogenetic distance between any two species reﬂects their difference in terms of a combination of functional traits (Webb et al., 2002). In practice, few studies have compared results collected from different aspects of biodiversity and some have shown that these were only partially correlated (Devictor et al., 2010; Pavoine et al., 2005a; Petchey and Gaston, 2002). Working on phylogenetic and functional diversities can shed light on ecological processes. Indeed, functional traits could be affected by local ecological processes including competition and environmental ﬁlters. Competition leads to functional diversiﬁcation contrary to environmental ﬁlters. Therefore, low functional diversity might be obtained with high species richness and abundance if environmental constraints ﬁlter species with similar traits (Holdaway and Sparrow, 2006; Petchey et al., 2007). Moreover, an evolutionary convergence of the functional traits of distantly related lineages can lead communities to include many lineages (high phylogenetic diversity) but which are functionally similar (low functional diversity) (e.g. Cavender-Bares et al., 2004; Grandcolas, 1993, 1998). In addition, in regions where species recently emerged by rapid radiation, high species richness might be attained with low phylogenetic diversity as species have diverged only recently (Slingsby and Verboom, 2006). Overall, although phylogeny and functional trait variations are becoming frequently used to assess biodiversity, they do not necessarily correlate due to evolutionary and ecological processes and have to be considered separately. Beyond these components of biodiversity, acoustic diversity recently emerged as a possible relevant indicator of biodiversity for several reasons (Obrist et al., 2010; Sueur et al., 2008b). First, there are practical advantages to using passive acoustic methods in conservation surveys. Acoustics allows exploring habitats that are difﬁcult to access such as canopy (Riede, 1997), marine and freshwater habitats (Luczkovich et al., 2008), soil and interior structures of plant (Mankin et al., 2000), and dark environments (Meyer et al., 2011; Obrist et al., 2004). Moreover, compared to classic methods of biodiversity assessment based on ﬁeld inventories, passive acoustic censuses are less costly especially when automatic recordings are used which can ensure large temporal and spatial scale surveys. The description of sound provides information on acoustic diversity at individual (Pollard et al., 2010), population (Dawson and Efford, 2009; Forrest, 1988), species (Brandes et al., 2006; Skowronski and Harris, 2006), community (Cardoso and Price, 2010; Diwakar and Balakrishnan, 2007; Riede, 1997, 1993) and landscape levels (Pijanowski et al., 2011). At the landscape scale, a soundscape ecological approach distinguishes three components in the soundscape, namely the biophony, the geophony and the anthrophony. Biophony is mainly deﬁned as “a collection of sounds produced by all living organisms in a given habitat over a speciﬁed time” (Pijanowski et al., 2011). The present paper considers the diversity of the acoustic community here named for the ﬁrst time Community Acoustic Diversity (CAD). Biophony is very closely related to acoustic community. However, the concept of community includes not only the species assemblage but also the interactions between species that are supposed to compete for the acoustic resource. The CAD considers the competitive interaction for the sound space, structured by the sound resource. Contrary to biophony, community acoustic diversity intends to reﬂect all ecological processes that determine how many diverse biotic sounds



co-occur in a community. Acoustic output of an animal community is generally analyzed using three approaches: species identiﬁcation by an expert, species identiﬁcation using automatic recognition and global acoustic measure without species identiﬁcation. As species identiﬁcation of singing individuals is necessary and requires a high level of expertise, identiﬁcation has to be achieved by trained experts (Dickinson et al., 2010) or by automatic classiﬁcation processes (e.g. Acevedo et al., 2009; Han et al., 2011). Both approaches are difﬁcult to apply due to song overlap observed in rich acoustic communities. Consequently, new indices have been recently developed to obtain a global measure of acoustic diversity without any species identiﬁcation. For instance, an entropy-like index based only on the frequencies recorded was proved to increase with the number of species. Likewise, a dissimilarity index based on the variations of frequencies collected was shown to be inversely correlated with the number of shared species between two focal communities (Depraetere et al., 2012; Sueur et al., 2008b). An acoustic variability index was also shown to evolve with the dynamics of bird communities (Farina et al., 2011; Pieretti et al., 2011). These approaches generally support a correlation between the CAD and species richness, and the CAD and abundance, but whether and how CAD can be related to other biodiversity components has never been investigated. Rather than working on pure simulated communities as Sueur et al. (2008a,b) did it ﬁrst, we chose to test the dissimilarity index and to try to understand the information it can provide by working on bird communities that were described through data gathered by local ﬁeld workers. A theoretical analysis was performed on data extracted from different sources: (i) bird community composition from the French breeding bird survey, (ii) phylogenetic and functional data corresponding to each species from literature and (iii) acoustic data corresponding to each species from different sound libraries to answer the following questions: (i) Do spectral and temporal parts of an acoustic signal have different impacts on acoustic diversity calculation? (ii) Does the acoustic diversity reﬂect phylogenetic and/or functional diversities of bird communities? (iii) Do the acoustic, phylogenetic and functional diversities result from the same ecological and evolutionary processes? 2. Materials and methods Acoustic, phylogenetic and functional diversity indices were computed using the quadratic entropy index (Chave et al., 2007; Pavoine et al., 2004, 2005b; Pavoine and Bonsall, 2011; Rao, 1986). The quadratic entropy index was applied to abundance data describing bird communities and a pair-wise distance matrix among species for each diversity type (i.e. acoustic, phylogenetic, and functional diversity) (Fig. 1). Two types of data were necessary to calculate diversity indices: the detail of bird community assemblage in terms of species’ abundances and acoustic, phylogenetic and functional data used to calculate the distances between species. 2.1. Data 2.1.1. Bird communities Bird community compositions were extracted from data collected by the French breeding bird survey (FBBS; Jiguet et al., 2012). This survey is based on a standardized protocol conducted by a volunteer network coordinated by the Muséum national d’Histoire naturelle (Paris, France, Jiguet et al., 2012; Julliard et al., 2006). A sampling quadrat of 2 km × 2 km is randomly localized in a 10 km circle around a location chosen by a volunteer. Ten points are then located homogeneously and proportionately to the habitats occurring in the quadrat. Points have to be separated by at least 300 m.
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Data (196 species) Bird community composition (19420 listening points) species' identities and abundances
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Data (196 species) Bird songs



Phylogenetic tree



Functional data



Matrix of pair-wise ultrametric distances Acoustic Spectral dissimilarity Kolmogorov-Smirnov Kullback-Leibler 1-Vectorial correlation



Richness, Shannon-Wiener, Gini-Simpson diversity indices with Jost (2007) transformation



Functional



Phylogenetic



Coef f icient of distance on mixed data



Nodal distance (without branch length) Sum of branch lengths (with branch length)



Acoustic, functional and phylogenetic diversity indices measured with Chao et al. (2010) index



Correlations between acoustic diversity and all other types of diversity with and without correction for co-factors Fig. 1. From data to indices: process used for the computation of diversity indices. The ﬁve functional categories were diet, reproduction, behavior, body shape and body mass.



Every spring, each volunteer spends 5 min on each point at two dates before and after May 8th. For each species, the volunteer counts the number of detected individuals, which is considered as an index of species abundance. For each point visited at least one year between 2001 and 2010, average species abundances over all available years were calculated, for a total of 19,420 points. Among the species detected in at least two points, 196 species were selected based on song recording availability (see Section 2.1.2 and list of species in supplementary information in Table S1). 2.1.2. Bird songs A species-speciﬁc territorial song of each bird species was selected (Bossu and Charron, 2004, 1998; Deroussen, 2001, 2011; Deroussen and Jiguet, 2006; Roché, 1990; Xeno-canto, http://www.xeno-canto.org) according to two conditions: (i) the song had to be emitted by an isolated individual, and (ii) the Signal to Noise Ratio (SNR) of the recording had to exceed 10. This ratio was estimated following: SNR = 100 × (rms(S)/rms(N)), where S and N are the probability mass functions of the amplitude envelope of 0.5 s of signal and of 0.5 s of noise both randomly chosen along the recording considered, respectively, and rms is the root mean square. This recording selection constituted our acoustic data. 2.1.3. Phylogenetic data The phylogenetic tree came from a mega-phylogeny approach performed by Thuiller et al. (2011) who combined supertree and supermatrix approaches with sequences obtained from GenBank. This tree has branch lengths that can be deﬁned in terms of time since speciation. Within the 340 bird species composing the tree, a tree of 192 species was sub-sampled. This tree was completed with four missing species (Lanius meridionalis, Anas strepera, Ardea alba, Larus fuscus) using literature data (Davis, 2008). The ﬁnal tree was composed of the 196 bird species selected for acoustics. 2.1.4. Functional data Forty-eight functional traits were extracted from Devictor et al. (2010, n = 17), Cramp et al. (2004, n = 17), Davies et al. (2004, n = 13) and BirdLife International (2004, n = 1) (see supplementary information Table S2). The traits were organized in ﬁve functional categories: behavior (social, migration, nocturnal), diet (type,



foraging, substrate), morphology (body size, tarsus size, tail size, span), reproduction (habitat type, nest construction, parental behavior), and body mass. Morphological variables were highly correlated to body mass. In order to have an idea of body shape, independently to body mass, the morphological variables were transformed as follow: Vmc =



Vm Vp3



with Vmc is the morphological variable corrected, Vm is the morphological variable and Vp is the body mass variable. In the following text, the transformed morphological variable will be referred to “body shape”. A logarithmic transformation was applied on “body shape” and “body mass” variables. 2.2. Distance matrices From the data described in the previous subsection distinct matrices of distances among species were calculated and used to obtain measures of acoustic, phylogenetic, and functional diversities. 2.2.1. Acoustic distances Evolution might not have been constant for all song features (Robillard and Desutter-Grandcolas, 2011). For this reason, the acoustic indices used in this paper are not based on classical acoustic parameters but on a single distance measure embedding temporal and/or spectral characteristics. Four types of pair-wise acoustic distances between species were computed: (i) A spectral dissimilarity index (Df ), as described in Sueur et al. (2008b), was based on the difference between a pair of mean spectra. Each spectrum was computed as the average of a Short Time Fourier Transform with a non-overlapping sliding window (length = 512 points, time precision = 0.012 s, frequency precision = 86 Hz). Each spectrum was transformed into a probability mass function Si (f) and vectorial difference was calculated between the two spectra to be compared. (ii) Kolmogorov–Smirnov distance (KS), which was deﬁned as “the maximum value of the absolute difference between two
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cumulative distribution functions” (Rachev, 1991), was computed between cumulated spectra. (iii) Symmetric Kullback–Leibler (KL) distance was estimated by computing the relative entropy between two probability frequency spectra (Kullback and Leibler, 1951). (iv) The similarity RV correlation coefﬁcient was used as developed by Escouﬁer (1973) and Robert and Escouﬁer (1976). RV correlation measures the correlation between two matrices. Short Time Fourier transform with a non-overlapping sliding window was computed for each recording leading to a data matrix. The columns of each matrix were the successive spectra computed along the time scale with a time precision of 0.012 s and a frequency precision of 86 Hz. RV was computed according to Kazi-aoual et al. (1995) and Josse et al. (2008). The complement 1 − RV was computed to obtain a dissimilarity measure. 2.2.2. Phylogenetic distances Phylogenetic distances were calculated as the number of branches on the shortest path that connects two species in the phylogenetic tree without branch length. A phylogenic distance including branch lengths was also calculated as the sum of branch lengths on the shortest path that connects two species. 2.2.3. Functional distances Functional distance matrices were computed using Pavoine et al.’s coefﬁcient of distance calculated from species-speciﬁc traits (Pavoine et al., 2009). This index, based on Gower distance (Gower, 1971), allows measuring functional distances from any type of variables (e.g. quantitative, nominal, ordinal, proportional, binary, circular). The types of the traits here considered are given in Table S2. Details on these types of traits can be found in Pavoine et al. (2009). Quantitative traits and (rank-transformed) ordinal traits were treated by formula 3 in Pavoine et al. (2009, Euclidean metric). The distance between two species based on a nominal trait was 1 if the two species had similar attributes and 0 elsewhere. Proportional (fuzzy) variables were treated by formula 11 in Pavoine et al. (2009). Multichoice variables were treated by Jaccard (1901) index. Five distance matrices were separately calculated using the ﬁve functional groups deﬁned a priori (diet, behavior, body shape, weight, reproduction, Table S2). These functional groups contained several traits each (see Table S2). An average distance over all traits per group was obtained as deﬁned in Pavoine et al. (2009). Traits were weighted to take account of their pair-wise correlations as deﬁned by Petchey et al. (2009). All functional distance matrices were transformed into ultrametric distances using the UPGMA (Unweighted Pair Group Method with Arithmetic Mean) method (Legendre and Legendre, 1998). 2.3. Diversity indices Species richness (number of species – 1), Shannon and GiniSimpson indices were calculated for each community (Magurran, 2004). In order to respect the replication principle, Shannon and Gini-Simpson indices were corrected using the exponential of Shannon and the inverse of Gini-Simpson index as 1/(1 − GiniSimpson values) (Jost, 2007). These indices equal zero for a community with a single species. Acoustic, phylogenetic and functional diversity indices were computed using the quadratic entropy from the distances previously calculated and species’ abundances within bird communities (Fig. 1). In Chao et al. (2010), the authors proposed a new correction for the quadratic entropy to comply the replication principle. This correction was applied and the resulting index will be called Chao et al.’ index in the following text. The resulting diversity estimates had symmetric distributions. A part of the correlation observed between the acoustic, phylogenetic and functional diversity indices could possibly be driven by the intrinsic



mathematic property of these indices associated with the inverse Gini-Simpson index. All diversities calculated following Chao et al. (2010) index shared this co-variable due to the mathematical formula. To correct for this co-variable, the three diversities values (acoustic, phylogenetic and functional) were divided by 1/(1 − GiniSimpson values). 2.4. Statistical analyses Acoustic, phylogenetic and functional diversities were computed with the same mathematical methodology that depends on pair-wise distances between species and species’ abundances. This led to a dependency between the three diversities. Indeed, if two pair-wise distance matrices were strongly correlated (i.e. pair-wise acoustic and phylogenetic distances between species were strongly correlated), and the corresponding values of the diversity index were correlated as well (i.e. the acoustic and phylogenetic diversities of the bird communities were also strongly correlated), the similarity between two aspects of diversity (i.e. phylogenetic and acoustic diversity) could be explained only by the similarity of the distances between species and not by the assemblage processes that underpin bird communities. By contrast, a difference in the correlations calculated between distances at species level and those calculated between diversities at community level would indicate that diversity at the community level could not be considered just as the random addition of pair-wise species distances but that the community structure, in terms of how species assemble, had an inﬂuence on the diversity of the community. Finally, if two matrices of pair-wise distances between species were not (or moderately) correlated, then the corresponding values of the diversity index within communities might still be correlated if similar stochastic, or deterministic ecologically based processes, inﬂuence the community composition. To counteract this issue, statistical analyses were achieved at species level based on the distance matrices and at community level based on the calculation of the diversity indices (see below). 2.4.1. Species level A preliminary Mantel test with Spearman correlation and 999 permutations (Hardy and Pavoine, 2012; Mantel, 1967) was used to compare the four acoustic dissimilarity indices. The Mantel test was also applied to compare acoustic distances with phylogenetic and functional distances. The equality between phylogenetic distances and acoustic distances between species would imply evolutionary-based mechanisms such as the Brownian model of evolution if the phylogeny has branch lengths or punctuated evolution of species’ acoustic properties if the phylogeny has no branch lengths (Brooks and McLennan, 1991; Legendre et al., 2008; Robillard and Desutter-Grandcolas, 2011). Similarly, the equality between functional distances and acoustic distances between species would imply that species’ acoustics could depend directly, or indirectly via a correlation with a co-factor, on the trait(s) analyzed. 2.4.2. Community level Spearman correlation coefﬁcients were calculated between the different aspects of biodiversity at the community level (see the description of the diversity indices above). No test was performed because the high number of communities (19,420) is known to lead to signiﬁcant tests (low p-values) even with a correlation coefﬁcient close to zero. In that case, analyzing the correlation coefﬁcient was more informative than tests. To reveal if ecological processes can explain the observed composition of bird assemblages, Webb et al. (2002) suggested to compare the observed diversity within each community with the one expected according to a null model. The following null model
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Table 1 Mantel correlations, based on Spearman method with randomization, between the different matrices of pair-wise acoustic distances between species: frequency distance (Df ), Kolmogorov–Smirnov distance (KS), symmetric Kullback–Leibler (KL) and dissimilarity RV correlation (1 − RV). Acoustic distances



Df



KL



KS



KL KS 1 − RV



0.902, p = 0.001 0.864, p = 0.001 0.785, p = 0.001



0.912, p = 0.001 0.838, p = 0.001



0.841, p = 0.001



was used: for each community, the distribution of species abundances, and the number of species were ﬁxed but species identities were randomly extracted from the 196 species pool (model 1p in Hardy, 2008). For each aspect of biodiversity (functional, phylogenetic and acoustic diversity), Chao et al. (2010) index was calculated for the corresponding artiﬁcial communities. This process was repeated 999 times. At the end for each aspect of diversity and each community, 1000 theoretical diversity values were calculated (one obtained from the real communities and 999 obtained based on the null model). Then a new diversity value within the commu¯ sim )/SDDsim where nity considered was deﬁned by: D∗ = (Dobs − D ¯ sim is the mean of the 1000 theoretical diversity values, Dobs is the D observed diversity value and SDDsim the standard deviation of the theoretical diversity values. The index D* was calculated for each of the 19,420 communities. The null model chosen assumed that the distribution of species within communities was not dependent on species phylogenies, traits or acoustics. Negative values of the corrected index were expected if the species with close characteristics tended to co-occur in local communities. In contrast, large positive values were expected if species co-occurring within local assemblages tended to have distinct characteristics. A value close to zero indicated that the composition of the community supported the null model. These trends were visualized with histograms. All calculations were achieved with the R software (R Development Core Team, 2010) including the packages ‘seewave’ (Sueur et al., 2008a), ‘ade4 (Dray and Dufour, 2007), ‘vegan’ (Oksanen et al., 2011), and ‘FactoMineR’ (Husson et al., 2011). 3. Results 3.1. Species level Correlations between the acoustic distances were all signiﬁcant (Table 1). All distances associated with the spectral component only (i.e. Df , KL and KS) were highly correlated. Even if high, the lowest correlations were between 1 − RV and the other indices. Due to high redundancy between Df , KS and KL and because these three indices measure the same sound component, only Df and 1 − RV indices were considered in the following analyses. Correlations between the acoustic distances and the functional distances were all signiﬁcant except between reproduction category and 1 − RV. The signiﬁcant values were low to moderate ranging from 0.061 to 0.307 (Table 2). The highest values were observed between acoustic distances and distances among species deﬁned by differences in their body mass and in their body shape. The correlations between acoustic distances and phylogenetic distances were signiﬁcant but moderate (ranging from 0.124 to 0.296). The highest correlation was observed with phylogenetic diversity including branch lengths. 3.2. Community level Most pair-wise correlations between Chao et al. (2010) index applied to acoustics, phylogeny and functional traits had high values. A high correlation coefﬁcient was observed for Chao et al. (2010) index of diversity between acoustic and phylogenetic diversity especially when time-scaled branch lengths were



Table 2 Results of the Mantel test, with randomization using Spearman correlation coefﬁcient, between the different distance matrices. Notations are: frequency distance (Df ) and dissimilarity RV correlation (1 − RV).



Phylogenetic distances Tree with branch length Tree without branch length Functional distances Body mass Body shape Reproduction Diet Behavior



Acoustic distances, Df



Acoustic distances, 1 − RV



r = 0.266, p = 0.001 r = 0.124, p = 0.001



r = 0.296, p = 0.001 r = 0.124, p = 0.001



r = 0.307, p = 0.001 r = 0.295, p = 0.001 r = 0.061, p = 0.008 r = 0.064, p = 0.011 r = 0.136, p = 0.001



r = 0.289, p = 0.001 r = 0.254, p = 0.001 r = 0.009, p = 0.323 r = 0.075, p = 0.007 r = 0.079, p = 0.004



Table 3 Spearman correlation coefﬁcients between acoustic diversity indices. The acoustic diversity indices were considered without and with correction by the inverse GiniSimpson index. Phylogenetic, functional and acoustic diversities were calculated by entropy quadratic index corrected by Chao et al. (2010) method. Acoustic diversities No correction



Phylogenetic diversities Tree with branch length Tree without branch length Functional diversities Body mass Body shape Reproduction Diet Behavior Others diversities Inverse Gini-Simpson Exponential Shannon Richness



Inverse Gini-Simpson correction



Df



1 − RV



0.621 0.501



0.610 0.493



0.506 0.351



0.446 0.266



0.428 0.419 0.515 0.352 0.362



0.422 0.481 0.585 0.481 0.469



0.301 −0.002 0.284 0.064 0.094



0.223 −0.080 0.415 0.243 0.206



0.615 0.564 0.370



0.707 0.654 0.441



0.302 0.185



0.497 0.324



Df



1 − RV



available (Table 3). All types of functional diversity were from moderately to highly correlated with acoustic diversity with correlation coefﬁcients ranging from 0.352 to 0.516 for Df and 0.422 to 0.649 for 1 − RV. The 1 − RV index showed slightly higher values than Df index. All correlations decreased when Chao et al. (2010) index of diversity was corrected by 1/(1 − Gini-Simpson index) (Table 3). The highest correlation was still obtained with phylogeny with branch lengths. The correlations between Df and the functional diversities were low except for reproduction and body mass categories. However, a high correlation was observed between 1 − RV and the diversity in reproduction strategies and moderate correlations were obtained with diversities in diet habits, behaviors, and body masses. Df and 1 − RV were not correlated with body shape diversity. Regarding exponential Shannon and richness indices, the correlations were higher with 1 − RV than with Df . Besides, comparing exponential Shannon and richness indices, correlations between acoustic indices and exponential Shannon were higher than between acoustic indices and richness. Chao et al. (2010) index standardized by the null model revealed mostly negative when applied to functional diversity and especially
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Fig. 2. Histogram of diversities corrected with the null model: (A) acoustic diversities; (B) phylogenetic diversities; (C) functional diversities. The vertical dashed line represented the value zero where the occurrence of a species within a community is independent of its functional, phylogenetic and acoustic characteristics. On the negative side, the community is considered as clustered, and on the positive side it is considered over-dispersed.



phylogenetic diversity (Fig. 2b and c). In contrast, the distribution of the standardized Chao et al. (2010) index applied to acoustic diversity had a bell shape centered near 0 (Fig. 2a).



4. Discussion Interest in using acoustic methods as a new tool for the identiﬁcation of singing species, the monitoring of species or populations, or the evaluation of global acoustic diversity is rapidly increasing (Acevedo et al., 2009; Blumstein et al., 2011; Obrist et al., 2010). In particular, the evaluation of global acoustic diversity (e.g. Sueur et al., 2008b) appears as an innovative method in conservation biology as it can be deployed over large spatial and temporal scales and can facilitate the assessment of numerous communities simultaneously. The previously observed correlations between acoustic diversity and number of species (Depraetere et al., 2012; Sueur et al., 2008b) reinforce the interest of acoustic diversity studies to evaluate the biodiversity. Before applying passive acoustic diversity analyses at large scales, there is a critical need to know whether acoustic aspects reﬂect phylogenetic (Faith, 1992; Isaac et al., 2007; Pavoine et al., 2005a; Vane-Wright et al., 1991) and/or functional diversity (Dalerum et al., 2009) levels. An important database on bird community was therefore used to theoretically assess the relative parts of phylogenetic and functional diversities embedded in the measures of acoustic diversity. To complete the ﬁrst acoustic distance produced by Sueur et al. (2008b) (Df ), three other dissimilarity measurements based on spectral (KS, KL) or time and spectral (1 − RV) proﬁles were ﬁrst used. It appears that the mathematical method used to calculate spectral dissimilarity between two sounds does not signiﬁcantly impact the result as shown by the high correlation between Df , KL and KS. We found differences between 1 − RV and Df leading to a better correlation between 1 − RV and the others diversities. However, 1 − RV is quite more costly in terms of computational time and might be difﬁcult to obtain when handling large datasets. In practice, the choice of the index will result in a trade-off



between the processing time and the accuracy of the expected results. At the species level, the moderate correlations between acoustic distances and body shape and body mass distances among species indicate that the more different species are in their body mass and body shape the more different their songs are likely to be. This implies that species acoustics could depend directly or indirectly via a correlation with a co-factor on these traits. This could be explained by morphological constraints known to occur on the frequency range produced by birds. Body weight is negatively correlated to the mean song frequency in passerine birds (Wallschläger, 1980). This relationship can be extended to several bird taxa (Martin et al., 2011), and even to vertebrates for which the optimal communication frequency is inversely proportional to body mass (Fletcher, 2004). High correlations between acoustic and phylogenetic distances based on the tree with branch length available suggest the occurrence of evolutionary-based mechanisms that have led to a phylogenetic signal embedded in the songs of extant species. Overall, branch lengths seem to have a decisive impact on the correlation between phylogenetic and acoustic distances. Given the assumption that the phylogenetic tree with branch length is clockwise, acoustic behavior evolution may be associated to clockwise evolution; although this hypothesis should be tested on larger data sets. Another explanation might be that the data set included a large number of Passerine birds (n = 105). Consequently, the consideration of branch lengths in the calculation of phylogenetic diversity increased the importance given to the phylogenetic distinctiveness of the non-passerine species, which also contained several of the most acoustically distinct species. This greater differentiation among bird orders might be responsible for the increased detection of phylogenetic signal in acoustic distances among species. At the community level, the expected correlation between acoustic diversity and richness (Depraetere et al., 2012; Sueur et al., 2008b) was conﬁrmed when considering the diversities calculated by Chao et al. index without any corrections. The strong correlation between acoustic diversity and the inverse Gini-Simpson index
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was expected as Chao et al. index is mainly based on inverse GiniSimpson index. The high correlation between acoustic, functional and phylogenetic diversity indices suggest that acoustic diversity index, as calculated here, could be used as an acceptable surrogate of phylogenetic and functional diversities indices. As expected, the correlations among different aspects of biodiversity differed with and without correction by inverse Gini-Simpson index. This difference was due to the important covariable role of species’ abundance distribution within all diversity indices computed with Chao et al. (2010) index. However, the high correlation between tree with branch length and acoustic diversity was conserved, which indicates that the evolution time information is included in the acoustic diversity of the bird community. Our results also suggested that spectral information may be sufﬁcient to reﬂect phylogenetic diversity even if temporal variation participates to the diversity and encoding processes of bird songs (Catchpole and Slater, 1995 for a review). Considering the functional diversities, the corrections also pointed out a difference between Df and 1 − RV. The temporal information supported by 1 − RV appears to have higher links with functional information, especially with diversity in reproduction strategies. This result supports the fact that sexual selection of several bird species is based on temporal features of male song (Catchpole and Slater, 1995 for a review). It was in particular demonstrated that male song rate is associated to reproductive success and territory quality (Alatalo et al., 1990; Greig-smith, 1982). The diversity of frequencies supported by Df , was nevertheless also related to diversity in reproduction. A moderate correlation between Df and 1 − RV and body mass was maintained after the correction for the co-factor. The spectral diversity seems thus to better reﬂect phylogenetic diversity whereas temporal diversity would better reﬂect functional diversity. Acoustic diversity was correlated with species richness, exponential Shannon index and inverse Gini-Simpson index. When corrected for the inverse Gini-Simpson index, it was still correlated with the exponential Shannon index and to a lesser extent with species richness. Inverse Gini-Simpson, exponential Shannon and the richness indices differ in the importance they give to rare vs. abundant species (Patil and Taillie, 1982). A correlation between acoustic diversity, exponential Shannon index and species richness, even after a correction by the inverse Gini-Simpson suggest that less abundant species are important in explaining the level of acoustic diversity in a community. This might be due to the high abundance of passerine species in French bird communities and to the acoustic distinctiveness of less abundant non-passerine species whose occurrence in a community impacts the overall level of acoustic diversity despite their lower abundance. The correlations found between different aspects of distances among species (functional, phylogenetic vs. acoustic distances) were different from the correlations found between different aspects of diversity within communities. Several researches focused on the environment ﬁltering and the competitive interaction as two contrasting processes underlying community assembly, as reviewed in Emerson and Gillespie (2008). Our results highlight that the community structure, in terms of how species assemble within communities, is likely to have an inﬂuence on the diversity of the community. Bird communities are not just random assemblages of species but depend on ecological processes. According to the FBBS protocol, each local community was investigated within a homogeneous habitat. Environmental ﬁlters within each habitat are therefore likely to ﬁlter species based on their functional traits (Lebrija-Trejos et al., 2010). In our case study, phylogenetic and functional clustering was indeed found in local communities, which means that co-occurring species tend to be closely related and to share similar traits. In
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other words, communities tend to have closely related species with similar traits and similar phylogenetic history. Phylogenetic and functional clustering might simply be explained by limits in the geographic distribution range of related species with similar traits (such as Devictor et al., 2010) and also by local ecological processes, especially habitat ﬁltering. Species found in the same habitat type are expected to share functional traits (Cornwell et al., 2006) and phylogenetic positions (Emerson and Gillespie, 2008). However, in contrast to the observed phylogenetic and functional clustering, bird communities continuously ranged from acoustically clustered, through random to over-dispersed patterns. Within a homogeneous habitat, acoustic overdispersion is expected because speciﬁcity ensures an efﬁcient communication between congeners (Chek et al., 2003). However, acoustic clustering is expected if the pressure of habitat type leads to acoustic adaptation of the species. In that case acoustic features are dependent on particular habitats (Boncoraglio and Saino, 2007). For instance, closed habitats have greater reﬂections than tree trunks and leaves (Slabbekoorn, 2004; Wiley and Richards, 1978). These opposed processes could lead to different community acoustic assemblies, from clustered to over-dispersed. Even if the acoustic diversity seems to be positively correlated with phylogenetic and body mass diversities, the processes that structure the acoustic diversity are thus expected to be partly different than those that structure phylogenetic and functional diversity. In conclusion, a means of estimating a ﬁner deﬁnition of acoustic diversity at the community level was suggested. The Community Acoustic Diversity (CAD) contains all the variability that can be extracted out of a sound produced by an animal community. Traditionally, two components of the sound, frequency and time structure are used to describe this variability. The number of species (Depraetere et al., 2012; Sueur et al., 2008b) and the number of signals (Farina et al., 2011; Pieretti et al., 2011) can potentially be assessed by the CAD. The present work showed that, in bird communities, the CAD contains a phylogenetic signal with evolution time information. Still in regard to the data used here, the CAD contains also a functional signal essentially linked to body mass and reproduction and more slightly to diet and behavior. This preliminary work is theoretical and it raised new hypotheses that now have to be tested on real community songs. However, it supports the idea that biodiversity assessment through acoustics could then provide valuable information on different biodiversity facets. The CAD could be used on real animal choruses through data collected by automatic devices settled in the ﬁelds. To applied the CAD index on the ﬁeld, this theoretical work needs to be complete by tests on real choruses.



Acknowledgements This work was supported by a CNRS INEE PhD grant and the FRB BIOSOUND program. Authors would like to thank Pierre-Yves Henry, Marsha Schlee, Grégoire Lois, Philippe Clergeau, Camila Andrade for their help when we collecting bird functional traits. We greatly thank the hundreds of volunteers who have been taking part in the national breeding bird survey (FBBS program). We thank Ryan Calsbeek for improving the language of the manuscript and the two anonymous referees for their helpful comments on the manuscript.



Appendix A. Supplementary data Supplementary data associated with this article can be found, in the online version, at http://dx.doi.org/10.1016/j.ecolind. 2012.10.009.



Author's personal copy 286



A. Gasc et al. / Ecological Indicators 25 (2013) 279–287



References Acevedo, M.A., Corrada-Bravo, C.J., Corrada-Bravo, H., Villanueva-Rivera, L.J., Aide, T.M., 2009. Automated classiﬁcation of bird and amphibian calls using machine learning: a comparison of methods. Ecol. Informatics 4, 206–214. Alatalo, R.V., Glynn, C., Lundberg, A., 1990. Singing rate and female attraction in the pied ﬂycatcher – an experiment. Anim. Behav. 39, 601–603. Blumstein, D.T., Mennill, D.J., Clemins, P., Girod, L., Yao, K., Patricelli, G., Deppe, J.L., Krakauer, A.H., Clark, C., Cortopassi, K.A., Hanser, S.F., McCowan, B., Ali, A.M., Kirschel, A.N.G., 2011. Acoustic monitoring in terrestrial environments using microphone arrays: applications, technological considerations and prospectus. J. Appl. Ecol. 48, 758–767. Boncoraglio, G., Saino, N., 2007. Habitat structure and the evolution of bird song: a meta-analysis of the evidence for the acoustic adaptation hypothesis. Funct. Ecol. 21, 134–142. Bossu, A., Charron, F., 1998. Le chant des oiseaux. Sang de la terre, Paris. Bossu, A., Charron, F., 2004. Guide des chants d’oiseaux d’Europe occidentale: description et comparaison des chants et des cris. Delachaux et Niestlé, Neuchâtel, Switzerland. Brandes, T.S., Naskrecki, P., Figueroa, H.K., 2006. Using image processing to detect and classify narrow-band cricket and frog calls. J. Acoust. Soc. Am. 120, 2950–2957. Brooks, D.R., McLennan, D.A., 1991. Phylogeny, Ecology, and Behavior: A Research Program in Comparative Biology. University of Chicago Press, Chicago. Cardoso, G.C., Price, T.D., 2010. Community convergence in bird song. Evol. Ecol. 24, 447–461. Catchpole, C.K., Slater, P.J.B., 1995. Bird Song: Biological Themes and Variations. Cambridge University Press, Cambridge, UK. Cavender-Bares, J., Ackerly, D.D., Baum, D.A., Bazzaz, F.A., 2004. Phylogenetic overdispersion in Floridian oak communities. Am. Nat. 163, 823–843. Chao, A., Chiu, C.H., Jost, L., 2010. Phylogenetic diversity measures based on Hill numbers. Philos. Trans. R. Soc. B: Biol. Sci. 365, 3599–3609. Chave, J., Chust, G., Thébaud, C., 2007. The importance of phylogenetic structure in biodiversity studies. In: Storch, D., Marquet, P., Brown, J. (Eds.), Scaling Biodiversity. Cambridge University Press, Cambridge, UK, pp. 151–167. Chek, A.A., Bogart, J.P., Lougheed, S.C., 2003. Mating signal partitioning in multispecies assemblages: a null model test using frogs. Ecol. Lett. 6, 235–247. Cornwell, W.K., Schwilk, D.W., Ackerly, D.D., 2006. A trait-based test for habitat ﬁltering: convex hull volume. Ecology 87, 1465–1471. Cramp, S., Simmons, K.E.L., Snow, D.W., Perrins, C.M., 2004. The Birds of the Western Palearctic; Interactive. BirdGuides, Shefﬁeld, UK. Dalerum, F., Cameron, E.Z., Kunkel, K., Somers, M.J., 2009. Diversity and depletions in continental carnivore guilds: implications for prioritizing global carnivore conservation. Biol. Lett. 5, 35–38. Davies, C.E., Moss, D., O’Hill, M., 2004. EUNIS Habitat Classiﬁcation Revised 2004. Report to the European Topic Centre on Nature Protection and Biodiversity, European Environment Agency, Paris. Davis, K.E., 2008. Reweaving the tapestry: a supertree of birds. PhD Thesis. University of Glasgow. http://linnaeus.zoology.gla.ac.uk/∼rpage/birdsupertree/index.php Dawson, D.K., Efford, M.G., 2009. Bird population density estimated from acoustic signals. J. Appl. Ecol. 46, 1201–1209. Depraetere, M., Pavoine, S., Jiguet, F., Gasc, A., Duvail, S., Sueur, J., 2012. Monitoring animal diversity using acoustic indices: implementation in a temperate woodland. Ecol. Indic. 13, 46–54. Deroussen, F., 2001. Oiseaux des jardins de France. Nashvert Production, Charenton, France. Deroussen, F., Jiguet, F., 2006. La sonothèque du Muséum: Oiseaux de France, les passereaux. Nashvert production, Charenton, France. Deroussen, F., 2011. Sound Library of the National Museum of natural History of Paris. National Museum of Natural History, Paris http://museumedia.mnhn.fr/content/sons Devictor, V., Mouillot, D., Meynard, C., Jiguet, F., Thuiller, W., Mouquet, N., 2010. Spatial mismatch and congruence between taxonomic, phylogenetic and functional diversity: the need for integrative conservation strategies in a changing world. Ecol. Lett. 13, 1030–1040. Dickinson, J.L., Zuckerberg, B., Bonter, D.N., 2010. Citizen science as an ecological research tool: challenges and beneﬁts. Annu. Rev. Ecol. Evol. Syst. 41, 149–172. Diwakar, S., Balakrishnan, R., 2007. Vertical stratiﬁcation in an acoustically communicating ensiferan assemblage of a tropical evergreen forest in southern India. J. Trop. Ecol. 23, 479–486. Dray, S., Dufour, A.B., 2007. The ade4 package: implementing the duality diagram for ecologists. J. Stat. Softw. 22, 1–20. Emerson, B.C., Gillespie, R.G., 2008. Phylogenetic analysis of community assembly and structure over space and time. Trends Ecol. Evol. 23, 619–630. Escouﬁer, P., 1973. Le traitement des variables vectorielles. Biometrics 29, 751–760. Faith, D.P., 1992. Conservation evaluation and phylogenetic diversity. Biol. Conserv. 61, 1–10. Farina, A., Pieretti, N., Piccioli, L., 2011. The soundscape methodology for longterm bird monitoring: a mediterranean Europe case-study. Ecol. Informatics 6, 354–363. Fletcher, N.H., 2004. A simple frequency-scaling rule for animal communication. J. Acoust. Soc. Am. 115, 2334–2338. Forrest, T.G., 1988. Using insect sounds to estimate and monitor their populations. Fla. Entomol. 71, 416–426. Gower, J.C., 1971. A general coefﬁcient of similarity and some of its properties. Biometrics 27, 857–871.



Greig-smith, P.W., 1982. Song rates and parental care by individual male stonechats (Saxicola torquata). Anim. Behav. 30, 245–252. Grandcolas, P., 1993. The origin of biological diversity in a tropical cockroach lineage – a phylogenetic analysis of habitat choice and biome occupancy. Acta Oecol. 14, 259–270. Grandcolas, P., 1998. Phylogenetic analysis and the study of community structure. Oikos 82, 397–400. Han, N.C., Muniandy, S.V., Dayou, J., 2011. Acoustic classiﬁcation of Australian anurans based on hybrid spectral-entropy approach. Appl. Acoust. 72, 639–645. Hardy, O.J., 2008. Testing the spatial phylogenetic structure of local communities: statistical performances of different null models and test statistics on a locally neutral community. J. Ecol. 96, 914–926. Hardy, O., Pavoine, S., 2012. Assessing phylogenetic signal with measurement error: a comparison of Mantel tests, Blomberg et al.’s K and phylogenetic distograms. Evolution 66, 2614–2621. Holdaway, R.J., Sparrow, A.D., 2006. Assembly rules operating along a primary riverbed-grassland successional sequence. J. Ecol. 94, 1092–1102. Husson, F., Josse, J., Le, S., Mazet, J., 2011. FactoMineR: Multivariate Exploratory Data Analysis and Data Mining with R. R Package Version 1.16. Isaac, N.J.B., Turvey, S.T., Collen, B., Waterman, C., Baillie, J.E.M., 2007. Mammals on the EDGE: conservation priorities based on threat and phylogeny. PLoS One 2, e296. Jaccard, P., 1901. Étude comparative de la distribution ﬂorale dans une portion des Alpes et des Jura. In: Bulletin de la Société Vaudoise des Sciences Naturelles, 37, pp. 547–579. Jiguet, F., Devictor, V., Julliard, R., Couvet, D., 2012. French citizens monitoring ordinary birds provide tools for conservation and ecological sciences. Acta Oecol. 44, 58–66. Josse, J., Pages, J., Husson, F., 2008. Testing the signiﬁcance of the RV coefﬁcient. Comput. Stat. Data Anal. 53, 82–91. Jost, L., 2007. Partitioning diversity into independent alpha and beta components. Ecology 88, 2427–2439. Julliard, R., Clavel, J., Devictor, V., Jiguet, F., Couvet, D., 2006. Spatial segregation of specialists and generalists in bird communities. Ecol. Lett. 9, 1237–1244. Kazi-aoual, F., Hitier, S., Sabatier, R., Lebreton, J.D., 1995. Reﬁned approximations to permutation tests for multivariate inference. Comput. Stat. Data Anal. 20, 643–656. Kullback, S., Leibler, R.A., 1951. On information and sufﬁciency. Ann. Math. Stat. 22, 79–86. Lebrija-Trejos, E., Perez-Garcia, E.A., Meave, J.A., Bongers, F., Poorter, L., 2010. Functional traits and environmental ﬁltering drive community assembly in a species-rich tropical system. Ecology 91, 386–398. Legendre, F., Robillard, T., Desutter-Grandcolas, L., Whiting, M.F., Grandcolas, P., 2008. Phylogenetic analysis of non-stereotyped behavioural sequences with a successive event-pairing method. Biol. J. Linn. Soc. 94, 853–867. Legendre, P., Legendre, L., 1998. Numerical Ecology, 2nd ed. Amsterdam, Elsevier. Luczkovich, J.J., Mann, D.A., Rountree, R.A., 2008. Passive acoustic as a tool in ﬁsheries Science. Trans. Am. Fish. Soc. 137, 533–541. Mantel, N., 1967. The detection of disease clustering and a generalized regression approach. Cancer Res. 27, 209–220. Magurran, A., 2004. Measuring Biological Diversity. Blackwell, Oxford. Mankin, R.W., Brandhorst-Hubbard, J., Flanders, K.L., Zhang, M., Crocker, R.L., Lapointe, S.L., McCoy, C.W., Fisher, J.R., Weaver, D.K., 2000. Eavesdropping on insects hidden in soil and interior structures of plants. J. Econ. Entomol. 93, 1173–1182. Martin, J.P., Doucet, S.M., Knox, R.C., Mennill, D.J., 2011. Body size correlates negatively with the frequency of distress calls and songs of Neotropical birds. J. Field Ornithol. 82, 259–268. Meyer, C.F.J., Aguiar, L.M.S., Aguirre, L.F., Baumgarten, J., Clarke, F.M., Cosson, J.F., Villegas, S.E., Fahr, J., Faria, D., Furey, N., Henry, M., Hodgkison, R., Jenkins, R.K.B., Jung, K.G., Kingston, T., Kunz, T.H., MacSwiney, M.C., Moya, I., Patterson, B.D., Pons, J.M., Racey, P.A., Rex, K., Sampaio, E.M., Solari, S., Stoner, K.E., Voigt, C.C., von Staden, D., Weise, C.D., Kalko, E.K.V., 2011. Accounting for detectability improves estimates of species richness in tropical bat surveys. J. Appl. Ecol. 48, 777–787. Obrist, M.K., Boesch, R., Fluckiger, P.F., 2004. Variability in echolocation call design of 26 Swiss bat species: consequences, limits and options for automated ﬁeld identiﬁcation with a synergetic pattern recognition approach. Mammalia 68, 307–322. Obrist, M.K., Pavan, G., Sueur, J., Riede, K., Llusia, D., Marquez, R., 2010. Bioacoustics approaches in biodiversity inventories. Abc Taxa 8, 68–99. Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, P.R., O’Hara, R.B., Simpson, G.L., Solymos, P., Henry, M., Stevens, H., Wagner, H., 2011. Vegan: Community Ecology Package. R Package Version 2. 0-0. Patil, G.P., Taillie, C., 1982. Diversity as a concept and its measurement. J. Am. Stat. Assoc. 77, 548–561. Pavoine, S., Dufour, A.B., Chessel, D., 2004. From dissimilarities among species to dissimilarities among communities: a double principal coordinate analysis. J. Theor. Biol. 228, 523–537. Pavoine, S., Ollier, S., Dufour, A.B., 2005a. Is the originality of a species measurable? Ecol. Lett. 8, 579–586. Pavoine, S., Ollier, S., Pontier, D., 2005b. Measuring, diversity from dissimilarities with Rao’s quadratic entropy: are any dissimilarities suitable? Theor. Popul. Biol. 67, 231–239. Pavoine, S., Vallet, J., Dufour, A.B., Gachet, S., Daniel, H., 2009. On the challenge of treating various types of variables: application for improving the measurement of functional diversity. Oikos 118, 391–402.



Author's personal copy A. Gasc et al. / Ecological Indicators 25 (2013) 279–287 Pavoine, S., Bonsall, M.B., 2011. Measuring biodiversity to explain community assembly: a uniﬁed approach. Biol. Rev. 86, 792–812. Petchey, O.L., Evans, K.L., Fishburn, I.S., Gaston, K.J., 2007. Low functional diversity and no redundancy in British avian assemblages. J. Anim. Ecol. 76, 977–985. Petchey, O.L., Gaston, K.J., 2002. Functional diversity (FD), species richness and community composition. Ecol. Lett. 5, 402–411. Petchey, O.L., O’Gorman, E., Flynn, D.F.B., 2009. A functional guide to functional diversity measures. In: Naeem, S., Bunker, D.E., Hector, A., Loreau, M., Perrings, C. (Eds.), Biodiversity and Human Impacts. Oxford University Press, Oxford, pp. 49–60. Pieretti, N., Farina, A., Morri, D., 2011. A new methodology to infer the singing activity of an avian community: the Acoustic Complexity Index (ACI). Ecol. Indic. 11, 868–873. Pijanowski, B.C., Farina, A., Gage, S.H., Dumyahn, S.L., Krause, B.L., 2011. What is soundscape ecology? An introduction and overview of an emerging new science. Landscape Ecol. 26, 1213–1232. Pillar, V.D., Duarte, L.D., Sosinski, E.E., Joner, F., 2009. Discriminating traitconvergence and trait-divergence assembly patterns in ecological community gradients. J. Veg. Sci. 20, 334–348. Pollard, K.A., Blumstein, D.T., Grifﬁn, S.C., 2010. Pre-screening acoustic and other natural signatures for use in noninvasive individual identiﬁcation. J. Appl. Ecol. 47, 1103–1109. R Development Core Team R, 2010. A Language and Environment for Statistical Computing. R Foundation for Statistical Computing, Vienna, Austria, ISBN 3900051-07-0 http://www.R-project.org/ Rachev, S.T., 1991. Probability Metrics and Stability of Stochastic Models. John Wiley & Sons, New York. Rao, C.R., 1986. Rao’s axiomization of diversity measures. Encyclopedia Stat. Sci. 7, 614–617. Riede, K., 1993. Monitoring Biodiversity: analysis of Amazonian Rainforest Sounds. Ambio 22, 546–548. Riede, K., 1997. Bioacoustic monitoring of insect communities in a Bornean rainforest canopy. In: Stork, N.E., Adis, J.A., Didham, R.K. (Eds.), Canopy Arthropods. Chapman & Hall, London, pp. 442–452.



287



Robert, P., Escouﬁer, Y., 1976. A unifying tools for linear multivariate statistical methods. J. R. Stat. Soc. 25, 257–265. Robillard, T., Desutter-Grandcolas, L., 2011. Evolution of calling songs as multicomponent signals in crickets (Orthoptera: Grylloidea: Eneopterinae). Behaviour 148, 627–672. Roché, J.C., 1990. Oiseaux d’Europe, Sitelle. Mens. Slabbekoorn, H., 2004. Singing in the wild: the ecology of birdsong. In: Marler, P., Slabbekoorn, H. (Eds.), Nature’s Music: The Science of Birdsong. Academic Press/Elsevier, New York, pp. 178–207. Skowronski, M.D., Harris, J.G., 2006. Acoustic detection and classiﬁcation of microchiroptera using machine learning: lessons learned from automatic speech recognition. J. Acoust. Soc. Am. 119, 1817–1833. Slingsby, J.A., Verboom, G.A., 2006. Phylogenetic relatedness limits co-occurrence at ﬁne spatial scales: evidence from the schoenoid sedges (Cyperaceae: Schoeneae) of the Cape Floristic Region, South Africa. Am. Nat. 168, 14–27. Sueur, J., Aubin, T., Simonis, C., 2008a. Seewave, a free modular tool for sound analysis and synthesis. Bioacoustics 18, 213–226. Sueur, J., Pavoine, S., Hamerlynck, O., Duvail, S., 2008b. Rapid acoustic survey for biodiversity appraisal. PLoS One 3, e4065. Thuiller, W., Lavergne, S., Roquet, C., Boulangeat, I., Lafourcade, B., Araujo, M.B., 2011. Consequences of climate change on the tree of life in Europe. Nature 470, 531–534. Vane-Wright, R.I., Humphries, C.J., Williams, P.H., 1991. What to protect? Systematics and the agony of choice. Biol. Conserv. 55, 235–254. Wallschläger, D., 1980. Correlation of song frequency and body weight in passerines birds. Experientia 36, 412. Webb, C.O., Ackerly, D.D., McPeek, M.A., Donoghue, M.J., 2002. Phylogenies and community ecology. Annu. Rev. Ecol. Syst. 33, 475–505. Wiley, H.R., Richards, D.G., 1978. Physical constraints on acoustic communication in the atmosphere: implications for the evolution of animal vocalizations. Behav. Ecol. Sociobiol. 3, 69–94.



























des documents recommandant







[image: alt]





Diversity and Distributions - DR. Vincent Devictor 

Parus montanus. Willow tit. 5.67E-05. Turdus pilaris. Fieldfare. 5.39E-05. Table S2 The contribution (see Methods) of different species to the national trend.










 


[image: alt]





these de doctorat - DR. Vincent Devictor 

Oct 17, 2006 - biologie de la conservation ne s'impose pas d'emblÃ©e comme une nÃ©cessitÃ©. De fait ..... recherche de solutions pratiques efficaces. ... Page 21 ..... decreased during the twentieth century because ..... vation of Damasonium alisma M










 


[image: alt]





Author's personal copy - Dr Pierre FREON 

Oct 21, 2008 - of 20 to >100 years are observed, with the present stock abundance ... pate changes in fish abundance, yet there is a long lag between ... cal point of view the fishery is free access. ... spawning biomass above about 5 million tons at










 


[image: alt]





Predictive ecology in a changing world - DR. Vincent Devictor 

In a rapidly changing world, ecology has the potential to move from empirical and con- ceptual stages ... anticipatory predictions (see section Explanatory Versus.










 


[image: alt]





More species, fewer specialists: 100years of ... - DR. Vincent Devictor 

homogenization is usually assessed by calculating a similarity index (e.g. Jaccard ... land-use and land-cover alterations (e.g. plants, Fischer &. StÃ¶cklin, 1997 ..... Rooney, T.P., Wiegmann, S.M., Rogers, D.A. & Waller, D.M.. (2004) Biotic ...










 


[image: alt]





Beyond taxonomic diversity patterns: how do ... - DR. Vincent Devictor 

community, and therefore could be related to either the system's capacity to generate new ...... Bank, M., Reeves, G., Hedderson, T.A.J. & Savolainen, V.










 


[image: alt]





Defining and measuring ecological specialization - DR. Vincent Devictor 

We then explain how specialization depends on species-specific ... connections between several fields of ecology using the niche concept. ... standing of the concept of specialization, a classification of the .... ecological processes involved in spe










 


[image: alt]





Phylogenetic diversity and nature conservation - DR. Vincent Devictor 

110. 111. 112. 113. 114. 115. 116. 117. 118. 119. 120. 121. 122. Glossary. Complementarity approach: ..... on the available data (Box 2). Although bioinformatic tools ... identification and prioritisation of species in need of pro- tection and it can










 


[image: alt]





Phylogenetic diversity and nature conservation - DR. Vincent Devictor 

research and conservation with respect to phylogenetic diversity. A promising but ... Ecological keystone species: an ecological keystone species is defined as a species that is ..... on the advantages and disadvantages of the metrics and the ...










 


[image: alt]





Impact of climate change on communities - DR. Vincent Devictor 

score was greater than zero .... nificantly different from zero in all models (P < 0Ã�05, ..... Gaston, K.J., Davies, R.G., Orme, C.D.L., Olson, V. A., Thomas, G.H.,.










 


[image: alt]





Author's personal copy .fr 

Concerning the Feâ€“C system the eutectic temperature of 1460K at ... and the Feâ€“O system, we find eutectic temperatures significantly lower than previously ...










 


[image: alt]





Author's personal copy 

Jan 10, 2014 - We transferred the. FCM listmode files to a PC and analyzed them using the ...... obtained psbA sequences had closer phylogenetic prox-.










 


[image: alt]





Author's personal copy 

10-4. 10-2. 100. 102. 102. 103. 104. Particle diameter ( m). 0.0. 0.2. 0.7. 4.0 ..... carbon fluxes to the ocean interior and factors controlling the biological pump:.










 


[image: alt]





Author's personal copy 

Dec 25, 2008 - Isocratic and gradient elution formats have been used to ... Silica hydride-based HPLC stationary phases were first proposed as an alternative ...










 


[image: alt]





123 personal copy 

In the literature, there are some research on stochastic graph partitioning such as .... As a typical example of application of (SGPKC), we can mention a problem arising in ..... Optimization and operations research (PGMO) supported by EDF and the ..










 


[image: alt]





Author's personal copy 

Mar 16, 2012 - microbial properties and their interactions with veg- etation attributes ... generally of sandy texture (60â€“80% of the elements have sizes higher ...










 


[image: alt]





Author's personal copy - ba333 

Sep 2, 2008 - Secondary ion emission from Cu(100) surfaces with atomic adsorbates (N ... Nuclear Instruments and Methods in Physics Research B 266 (2008) 4959â€“4968 ..... the largest absolute yields of both positive and negative SIs are.










 


[image: alt]





Author's personal copy Lingua 

Jun 9, 2010 - there is a formally defined method that allows the analyst (and the language learner, Dresher ..... advance that the time spent on this book is no time wasted: before making ..... creating computation is actually located in the overall 










 


[image: alt]





Author's personal copy .fr 

Jul 10, 2012 - Several investigators have studied the equation of state (EoS) using ...... quadratic equations were fitted to the aP, bP, and cP versus P data.










 


[image: alt]





Author's personal copy 

Aug 5, 2012 - a â€œBabes-Bolyaiâ€� University, Department of Chemistry, 11 Arany J anos st., 400 ... Resulting from pharmaceutical chemistry, Serinol is the trivial.










 


[image: alt]





Author's personal copy 

Adaptive learning systems open new potentialities for a personalized .... â€œintegration of educational computer use in professional ... helpful in guiding this process to build ICT-based curriculums .... mapping software, presentation software, and 










 


[image: alt]





Author's personal copy 

Oct 31, 2010 - However, renouncing carbon also means losing the wide operational window that such a strong edge radi- ator provided in tokamak operation.










 


[image: alt]





Author's personal copy 

Mar 17, 2010 - Article history: Received 25 September 2009 .... X-ray absorption near edge structure (XANES) spectroscopy, respec- tively at ID27 and ID24 ... thermal parameters for all atoms in Pv and PPv phases. Atomic positions were ...










 


[image: alt]





Author's personal copy 

law-type increase of the yield stress with decreasing crystal size.1 ...... The points can be accurately fitted by the full curve representing the theoretical variation of.










 














×
Report Author's personal copy - DR. Vincent Devictor





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



