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The Eagle Owl Bubo bubo is cited in Annex I of the Birds Directive of the European Union. Europe’s biggest owl is extremely sensitive to human presence and needs special conservation measures. The present paper aims to show that monitoring of individuals by bioacoustic methods can be relevant to understanding population dynamics. Our study investigates the possibility of identifying a vocal signature in the wild-recorded calls of male and female Eagle Owls, and assesses the potential use of these signatures for long-term monitoring of individuals in the field. We show that both males and females of a given population can be identified individually on the basis of their calls. Our results also show that, regardless of the sex, most of the individuals recorded in the first year of the investigation may be identical to those recorded in the same places the year after. This bioacoustic approach could thus be used in studies of site fidelity. Keywords: acoustic communication, acoustic monitoring, individual identification, vocal signature.



A great deal of work in the wildlife management of large birds and mammals involves the individual identification of animals (Terry et al. 2005). The need for individual identification is of importance for conservation purposes, especially in the study of rare species and metapopulations, for which a small change in numbers may reflect a relatively large change in the overall population size (McGregor & Peake 1998). For instance, monitoring of individuals may allow researchers accurately to count the number of birds present in a defined area while avoiding double counting (Peake & McGregor 2001). Proper monitoring also allows for accurate investigation of biological questions such as nest site and/or mate fidelity. Several methods have been used to identify animals individually, usually by adding markers or by using naturally occurring markers. For vocalizing species, like most birds and some mammals, a promising technique is acoustic monitoring (Gilbert et al. 1994, Hartwig 2005). The great advantage of acoustic *Corresponding author. Email: [email protected]
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monitoring of individuals is that it is a non-invasive technique that can be used in poorly lit environments where visual markers may be difficult to detect and on human-sensitive species, as recordings may be taken from a distance without disturbing the animals. The most important requirement for the reliability of acoustic monitoring is that individuals produce individualized and stable vocalizations. Individuality of sound signals has been found in most bird species that have been investigated, although to different degrees (e.g. Aubin & Jouventin 2002, Mathevon et al. 2003, Vignal et al. 2004). In the field, however, when vocalizations have to be recorded at some distance from the emitter, the quality of the signals to be analyzed is often poor: many sounds propagate long distances but suffer from degradation and jamming from background noise (Baptista & Gaunt 1997). Another difficulty may arise from unpredictable singing behaviour as the more predictable the birds are, the easier it is to get good quality recordings. These problems may impair the reliability of acoustic surveys of individuals, and acoustic monitoring of individuals may thus remain difficult for some species.
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In the present paper, we investigate the possibility of field acoustic monitoring of an endangered owl species, the European Eagle Owl Bubo bubo. In the past, this species was abundant and spread over a vast area in the Palaearctic because it can acclimatize to a great diversity of climatic conditions, biotopes and altitudes (Cramp 1985). However, during recent decades, populations have declined as a consequence of various human pressures. Even though there is presently a trend of increasing populations in a number of areas (essentially because of massive reintroduction and/or population restocking, reduction of the electrocution risk and hunting prohibition, Cochet 2006), numerous threats still exist. These include collisions with high-voltage wires, cars or trains, and disturbances at nesting sites, which induce desertion by the parents. In Europe, the Eagle Owl is a species that has to be monitored as a priority. It is protected by law in most European countries and is cited in the Annex I of the Birds Directive of the European Union, which identifies the species that have the lowest densities and/or the narrowest ecological niches. Monitoring of the Eagle Owl is difficult. The species is nocturnal, lives near cliffs, and usually nests on steep rocky slopes. The absence of visible sexual dimorphism and the cryptic plumage increase the difficulty of visually identifying individuals from a distance. As the calls of the Eagle Owl are easily heard in the wild, the monitoring of populations is based mainly on the vocalizations of individuals (Penteriani 2002, Delgado & Penteriani 2007). The most characteristic call of the Eagle Owl is the advertising-call, which is emitted by both sexes. The call of the male is a deep and booming ‘buho’ or ‘oohu’, which carries up to 1.5 km (Cramp 1985). The call of the female is a slightly higher pitched ‘u-hu’, used notably in duets with the male (Cramp 1985). The acoustic monitoring of individuals appears a promising method in this species since Eagle Owls, at least males, show stable individual features in their calls, as a previous study with mainly captive male birds has shown (Lengagne 2001). It remains to be determined whether individual vocal signatures of both males and females can be reliably found in sounds recorded in the wild and whether these signatures can be used to follow individuals within a population. Acoustic monitoring would allow us to answer many questions concerning the biology of this owl species; for example, what is the fidelity of individuals to the nesting site? Is there long-term fidelity
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within the male–female pair? Here we make a first attempt to assess the applicability of the acoustic monitoring technique to test the hypothesis that Eagle Owls return to the same nest from year to year. Although this species is usually seen as sedentary, no previous study has rigorously shown this to be true, in spite of its important implications for conservation-based decisions (Warkentin & Hernandez 1995). For instance, it is notable that the current census method of Eagle Owl populations relies on hypothetical site fidelity as the estimated number of birds is directly related to the number of occupied cliffs. By testing the hypothesis of nest fidelity, we would be able to evaluate the relevance of this approach. The aim of the present study is thus to assess the feasibility of individual acoustic monitoring of male and female Eagle Owls in the wild. We then compare calls recorded on the same sites during two consecutive years as a field test of how the technique could be used in studies about site fidelity. MATERIALS AND METHODS Recording conditions All the Eagle Owls recorded for this study were wild animals. The nine recording sites were localized in the Loire Department, near the town of Saint-Etienne (France, 45.26°N, 4°E, Fig. 1), where long-term monitoring of the Eagle Owl population began several



Figure 1. Position of the nine recording/nesting sites.
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years ago (Balluet & Faure 2004). In this species, the density is highly variable (from less than one pair/ 100 km2 to more than 30 pairs/100 km2, Cochet 2006, Delgado & Penteriani 2007). In our study area, densities can reach 2.5 pairs/100 km2 (Balluet & Faure 2004). The minimum distance between two recording sites was 5 km. To be sure of the identity of the recorded birds, recordings were always made on birds positioned near or on the nesting site. Recordings were obtained at the nine nesting sites in both years 2004 and 2005. They were made at sunset, when males and females are vocally active, during the most favourable period of the year, i.e. November–February (Penteriani 2002, Delgado & Penteriani 2007). We used a Sennheiser MKH 70 P48 microphone (Sennheiser France, Ivry-sur-Seine, France) connected to a Marantz PMD670 digital recorder (Marantz Europe, Eindhoven, The Netherlands). Male vocal behaviour is quite predictable, being mostly active between 1 h before and 2 h after sunset (Penteriani 2003). Most of the time, in our study area, the duration of the calling period is even shorter, usually centred between 30 min before and after sunset. It is possible, although rare, that an established male does not sing on a particular day and this is more likely during inclement weather. Female vocal behaviour is more variable, the peak period being in January and February (Penteriani 2002). To gain an idea of the time required to obtain recordings available for analysis, we were able to make usable recordings for the analysis on 53 of the 59 days that we were in the field during 2005. Signal analysis The acoustic signals used in the present study are the mating calls, which also have a territorial role (at least for male calls, Penteriani 2002). These male and female calls are a deep, sonorous, booming ‘buho’ or ‘oohu’, with emphasis on the first syllable, and pitch descending to the second (Cramp 1985). The basic acoustic structure of both calls is a simple sound approximately 0.8 s long (harmonics seem quite rare and difficult to record at long range) with slow frequency modulation. These calls are usually repeated every 8–12 s, in a long series (Svensson et al. 1999). Males are more vocally active than females. We analyzed 90 calls from nine males both for 2004 and for 2005 (10 calls/male for each year), 70 female calls in 2004 and 80 in 2005 from nine individuals (5–10 calls/female for each year) using the SYNTANA software (Université Paris XI, France, Aubin
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1994). To extract the acoustic features of the calls, we performed a spectrographic analysis and the instantaneous frequency was tracked using the autocorrelation method, which allows calculation of the fundamental frequency of a harmonic time wave by computing a correlation of the signal with itself after a time delay (Mbu-Nyamsi et al. 1994, Hopp et al. 1998). In both male and female calls, three temporal variables were measured from the instantaneous frequency (Fig. 2): duration of the ascending part (Dasc), duration of the stable part (Dsta) and duration of the descending part (Ddes). Five frequency variables were also measured (Fig. 2): start frequency (Fstart), end frequency (Fend) and frequency at the first quarter (Fmax1), at the second quarter (Fmax2) and at the third quarter (Fmax3) of the call. Is there a measurable individual signature in wild-recorded calls of both sexes? To assess the existence of a measurable individual signature in male and female calls recorded in the wild we used the 2005 datasets: 90 calls from nine males (10 calls/individual) and 80 calls from nine females (6–10 calls/individual). The male and female datasets were analyzed separately: male and female calls are highly distinguishable (even by human ears) and thus two individuals of different sexes could never be confused. Univariate analysis



The parameters measured from the 2005 calls allowed statistical analysis of the acoustic cues potentially supporting individual identity coding. We first performed a nonparametric analysis of variance (Kruskal-Wallis ANOVA, P = 0.05) using the STATGRAPHICS PLUS 3.1 software (Statistical Graphics Corporation, Herndon, VA, USA 1994 version). To describe the intra-individual and interindividual variation of each parameter we used the coefficient of variation (CV) (Robisson et al. 1993). For each parameter we calculated CVi (within individual CV) and CVb (between individual CV) according to the formula for small samples: CV = {100(sd/Xmean) [1 + (1/4 * n)]} where sd is standard deviation, Xmean is the mean of the sample and n is the population sample (Sokal & Rohlf 1995). To assess the potential of individual coding (PIC) for each parameter, we calculated the ratio CVb/mean CVi (mean CVi being the mean value of the CVi of all individuals). For a given parameter, a PIC value greater than one suggests that
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Figure 2. Male (a) and female (b) calls. Left: spectrographic representation. Right: instantaneous frequency tracked by autocorrelation. Fmax1, Fmax2, Fmax3, Fstart, Fend: measured parameters in the frequency domain. Dasc, Dsta, Ddes: measured parameters in the time domain (see text for explanation).



this parameter may be used for individual recognition as its intra-individual variability is smaller than its interindividual variability. Multivariate analysis



We performed a discriminant analysis on the variables that were identified as relevant by the univariate ANOVA (Pimentel & Frey 1978). Field test: how acoustic monitoring can be used in studies about site fidelity We tested the hypothesis that birds present on the 2005 nesting sites were at the same location in 2004 by assessing the similarity between calls that had been recorded in both years. As underlined by Terry et al. (2005), discriminant function analysis may only classify vocalizations to particular individuals if all individuals are known and thus this method cannot accommodate vocalizations from new individuals. This means that discriminant function analysis is a poor way to measure similarity between 2004 and 2005 calls. A better method is using Euclidian distance measurement (McGregor et al. 2000, Terry et al. 2005). Thus, following Gilbert et al. (2002), data from the eight measured variables were standardized across both years. In each year the mean of
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each measured variable was calculated for each bird and used to determine the bird’s position in eightdimensional acoustic space. These data were used as the quantitative descriptors of each bird’s call. A measure of the similarity between 2004 and 2005 calls was thus provided by calculating the Euclidian distances (here ‘acoustic distances’) between the quantitative descriptors of pairs of birds (Peake et al. 1998, Gilbert et al. 2002). RESULTS An individual vocal signature is measurable in wild-recorded calls of male and female Eagle Owls Univariate analysis



The eight parameters used to describe the calls of males and females (Table 1) show a greater interindividual variability than intra-individual variability, as the PICs of each parameter have a value greater than one (Tables 2 & 3). Moreover, the Kruskal-Wallis ANOVA reveals that the eight parameters present highly significant differences between individuals in both male and female groups (Table 2 & 3, P < 0.01). All the parameters considered are thus individually distinctive and may be useful in individual identification.
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Table 1. Comparison between male and female calls (P values with Bonferroni correction). Male



Fstart (Hz) Fmax1 (Hz) Fmax2 (Hz) Fmax3 (Hz) Fend (Hz) Dasc (ms) Dsta (ms) Ddes (ms)



Female



Mean



SD



Mean



SD



Student test (P values)



281 391 394 390 286 54 216 78



33 34 32 35 26 15 55 25



417 528 549 475 378 48 487 72



46 41 41 49 45 14 99 28



0.046 0.021 0.003 0.008 < 0.001 5.089 < 0.001 0.372



Table 2. Results of Kruskal–Wallis tests and PICs on male calls (P values with Bonferroni correction). Variables Fstart Fmax1 Fmax2 Fmax3 Fend Dasc Dsta Ddes



Mean CVi



CVb



PIC



Kruskal–Wallis



0.083 0.024 0.023 0.026 0.042 0.217 0.090 0.231



0.120 0.895 0.838 0.907 0.951 0.294 0.258 0.322



1.43 3.69 3.58 3.48 2.22 1.35 2.85 1.40



51.0* 74.7* 75.4* 73.9* 66.4* 40.5* 77.2* 44.9†



*P < 0.01. †P = 0.096.



Table 3. Results of Kruskal–Wallis tests and PICs on female calls (P values with Bonferroni correction). Variables Fstart FMax1 FMax2 FMax3 Fend Dasc Dsta Ddes



Mean CVi



CVb



PIC



Kruskal–Wallis



0.073 0.057 0.054 0.044 0.080 0.240 0.102 0.242



0.112 0.079 0.076 0.105 0.120 0.303 0.207 0.402



1.53 1.39 1.40 2.36 1.50 1.26 2.02 1.66



37.9* 44.2* 46.0* 58.1* 44.2* 40.2* 57.1* 51.5*



*P < 0.01.



Multivariate analysis



The results of the discriminant analysis are unequivocal (Table 4): 98% of the male calls and 89% of the female calls were correctly classified by the analysis. Thus, among the 90 calls of the 2005 male dataset (10 calls/individual), only two calls (emitted respec-
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tively by individuals no. 4 and no. 8) were misclassified as belonging to individuals no. 5 and no. 2, respectively. Among the 80 female calls in 2005, two calls (of 10) of female no. 2 were misclassified as belonging to female no. 1; three calls (of 10) of female no. 3 were misclassified as belonging to female no. 4 for two of the calls and to female no. 6 for the third; one call (of 10) of female no. 5 was misclassified as belonging to female no. 8; two calls (of 9) of female no. 7 were misclassified as belonging to females no. 4 and no. 8, respectively. These results suggest that the vocalizations of a given individual can be separated from those of others, the accuracy of discrimination being higher for male than for female calls. As an illustration, Figure 3 shows the individual consistency of the calls, as well as the differences between individuals in both males and females. Vocal monitoring supports hypothesis of nest fidelity between years 2004 and 2005 For six of the nine nesting sites monitored in our study, the acoustic distance of the 2004 male with the 2005 male living on the same territory was the smallest among all possible matches (acoustic distances comprised between 0.95 and 2.43, see Table 5). This suggests that, for these six sites, the males recorded in 2004 are likely to be the same individuals as those recorded in 2005. For the remaining sites, the acoustic distance between 2004 and 2005 individuals on the same nest site, although remaining in the range of 1.87–2.44, was not the smallest among all possible matches. However, if we removed the primary-matching individuals (nos 2, 3, 4, 6, 7 and 9) from the possible pool of individuals, the match between 2004 and 2005 recordings from nest one becomes the most likely. Following the same logic (by subsequently removing the individual from nest one), the best match becomes true between 2004 and 2005 calls for nest eight and finally for nest five. Thus, although these secondary matches are of course more uncertain than the primary ones, nest fidelity between 2004 and 2005 would not be improbable for all nine males. A similar picture, although less straightforward, emerges for females: for five of the nine nest sites monitored in our study, the acoustic distance of the 2004 female with the 2005 female living on the same territory is the smallest among all possible matches (acoustic distances comprised between 0.4



© 2007 The Authors Journal compilation © 2007 British Ornithologists’ Union



284



T. Grava et al.



Individuals (no. of calls)



% of correctly classified calls



male no. 1 (10) male no. 2 (10) male no. 3 (10) male no. 4 (10) male no. 5 (10) male no. 6 (10) male no. 7 (10) male no. 8 (10) male no. 9 (10) female no. 1 (10) female no. 2 (10) female no. 3 (10)



100% 100% 100% 90% (1 call classified as belonging to male no. 5) 100% 100% 100% 90% (1 call classified as belonging to male no. 2) 100% 100% 80% (2 calls classified as belonging to female no. 1) 70% (2 calls classified as belonging to female no. 4, 1 call as belonging to female no. 6) 100% 90% (1 call classified as belonging to female no. 8) 100% 78% (2 calls classified as belonging to females nos 4 and 8) 100% 100%



female no. 4 (8) female no. 5 (10) female no. 6 (10) female no. 7 (9) female no. 8 (6) female no. 9 (7)



Table 4. Results of the discriminant function analysis on the 2005 calls; 98% of the male calls and 89% of the female calls were correctly classified by the analysis.



Figure 3. Spectrographs of Eagle Owl calls showing individual consistency of the acoustic structure. (A1,2,3) Calls from the same male; (B,C) calls from two different males; (D1,2,3) calls from the same female; (E,F) calls from two different females.



and 2.03, Table 6). These recorded females thus probably nested at the same sites during the 2 years. For the remaining sites, the acoustic distance between 2004 and 2005 individuals on the same nest site varied between 1.55 and 3.21, and are not the smallest among all possible matches. However, if we remove the primary matching individuals (nos 1, 3, 4, 7 and 9) from the possible matches, the matches between 2004 and 2005 recordings from nesting sites two and six become the most likely. Following
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the same logic (i.e. removing individuals nos 2 and 6), the best match becomes true between 2004 and 2005 calls for nest eight and finally for nest five. Thus, in spite of these less straightforward results, nest fidelity should not be improbable also for females. It can be noticed that in both males and females nests five and eight were problematic. One cannot exclude that in both cases a new pair came in 2005. Even if this is the case, the present results support a nest-fidelity rate of 80–100% in this species.
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Table 5. Acoustic distances between 2004 and 2005 males. The acoustic distance between males living in the same territory is the smallest for six of nine nesting sites (underlined).



Nesting site one (2004) Nesting site two (2004) Nesting site three (2004) Nesting site four (2004) Nesting site five (2004) Nesting site six (2004) Nesting site seven (2004) Nesting site eight (2004) Nesting site nine (2004)



Nesting site 1 (2005)



Nesting site 2 (2005)



Nesting site 3 (2005)



Nesting site 4 (2005)



Nesting site 5 (2005)



Nesting site 6 (2005)



Nesting site 7 (2005)



Nesting site 8 (2005)



Nesting site 9 (2005)



2.20 2.20 1.40 2.45 3.26 4.86 5.39 2.30 3.09



1.63 1.98 1.58 2.73 3.77 5.49 5.82 2.46 3.12



2.52 2.37 1.06 1.83 2.39 4.20 4.37 2.25 3.20



2.91 3.71 1.58 0.95 2.06 3.25 3.76 3.52 4.44



2.83 3.26 1.50 1.27 1.87 3.23 3.62 3.13 3.93



5.86 6.00 4.39 3.75 2.24 1.05 2.48 5.68 6.04



4.19 4.71 3.02 2.22 1.90 2.18 2.33 4.49 5.14



2.94 2.64 1.26 1.66 1.61 3.39 3.78 2.44 3.21



3.84 2.63 2.63 3.29 2.40 3.80 4.31 2.50 2.43



Table 6. Acoustic distances between 2004 and 2005 females. The acoustic distance between females living in the same territory is the smallest for five of nine nesting sites (underlined).



Nesting site one (2004) Nesting site two (2004) Nesting site three (2004) Nesting site four (2004) Nesting site five (2004) Nesting site six (2004) Nesting site seven (2004) Nesting site eight (2004) Nesting site nine (2004)



Nesting site 1 (2005)



Nesting site 2 (2005)



Nesting site 3 (2005)



Nesting site 4 (2005)



Nesting site 5 (2005)



Nesting site 6 (2005)



Nesting site 7 (2005)



Nesting site 8 (2005)



Nesting site 9 (2005)



0.40 2.21 2.16 2.42 2.77 2.03 3.68 3.94 3.82



2.06 2.11 2.95 1.83 3.10 1.69 2.86 2.89 3.12



1.56 1.81 1.33 2.13 2.17 1.53 3.29 3.29 3.70



2.76 2.86 2.92 0.95 3.18 1.37 2.37 3.00 2.08



2.33 3.45 2.32 1.51 2.67 1.98 2.11 4.11 2.38



2.84 2.77 3.01 1.22 3.08 1.55 2.20 2.70 2.22



4.58 5.06 4.55 2.78 4.69 3.85 1.38 5.11 2.14



4.94 4.66 3.41 4.52 2.16 4.02 4.71 3.21 5.65



5.06 5.98 5.56 3.41 5.87 4.54 3.09 6.27 2.03



DISCUSSION In both sexes of the Eagle Owl, all the measured acoustic parameters were highly individually distinctive as shown by PIC values greater than one and the results of the Kruskal–Wallis ANOVAs. Moreover, the discriminant analysis correctly classified 98% of male calls and 89% of female calls. These results clearly show that the calls of both sexes are individually distinctive, and that these signatures can be identified in signals recorded under natural conditions from wild animals. Our results based solely on acoustics support the hypothesis that the Eagle Owls of the present study area were faithful to their nest over two consecutive years. Long-term mate fidelity has been described in numerous bird families, e.g. Spheniscidae, Laridae and Accipitridae (Jenkins & Jackman 1993, Black 1996). Despite long-term fidelity being strongly suspected in the Strigidae (Long-eared Owl Asio otus



Cramp 1985, Tawny Owl Strix aluco Cramp 1985, African Wood Owl Strix woodfordii Delport et al. 2002), it has never been assessed in the European Eagle Owl. Further investigations are needed to test whether mate fidelity can occur over several consecutive years in this animal: 2 years (and nine territories) are indeed probably not sufficient to test for nest-site fidelity in such a long-lived species. However, our work does suggest that vocal signatures can be used to monitor Eagle Owl occupancy of nest sites over a longer time series and consequently nestsite fidelity. The acoustic monitoring of Eagle Owl individuals thus represents an interesting tool to gain an understanding of the dynamics of this species, helping to follow accurately individual reproductive strategies. From a technical perspective, the bioacoustic approach offers many advantages to studies aimed at owl conservation. In contrast to radio-tracking, the birds need not be handled and the method is not too
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time-consuming: a database of 10 recorded calls/ bird is sufficient to characterize an individual’s acoustic signature and to assess accurately whether an individual is already known or not. However, bioacoustic monitoring does have two major constraints: (1) its accuracy can be impaired by the poor quality of some recorded signals and (2) the measurements of acoustic features remain operatordependent. First, as recordings are made in natural conditions and at a distance from the emitting bird, acoustic signals are often noisy and altered by degradation during transmission. This is particularly true for the female calls, which are less intense than the male’s. To limit this problem, the recordings should be performed during calm days (without wind or rain) and not too far from the birds (less than 150 m). Another difficulty is that the recorded calls are not necessarily nuptial or territorial ones. This means that the monitoring should be made by an experienced person who knows the vocal repertoire of the Eagle Owl well. Secondly, the measurements of acoustic features can be problematic if they are carried out by different people: it is essential to perform the analysis in a homogeneous manner for the whole set of recorded calls. This can involve considerable work if recordings of several years have to be processed. The solution to this problem may arise from automatic methods like signal processing by neuronal networks (Terry & McGregor 2002). Such approaches will certainly be usable in the near future. Given these limitations, acoustic monitoring in the Eagle Owl should be reserved more for research questions than ‘general’ monitoring, at least for the present. Although it can be useful to confirm the identity of territorial owners, a normal mapping method such as the one currently employed can be sufficient to determine for example the number/ density of reproductive birds in a given area. Indeed, as territories are well defined, mapping the singing positions of males and females would seem like a good monitoring solution. As we have already emphasized, the bioacoustic approach may be more appropriately used during investigations on finer aspects of the European Eagle Owl’s biology, such as individual reproductive strategies. One interesting aspect is that this species constitutes one of the few owls, and even birds, where both sexes can be acoustically monitored, another example being the African Wood Owl (Delport et al. 2002, Terry et al. 2005). Yet, to obtain straightforward results, special care in recording conditions is required, for example
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by focusing on nest sites that can be approached at a reasonable distance and without a permanent high background noise. We are in debt to Vincenzo Penteriani and two anonymous referees whose input has greatly improved previous versions of the manuscript. Many thanks to André Bouchet for his help and to Pierre-Paul Bitton, Marion Tanner and an anonymous referee for improvement of the English. The present study has been funded by the Université Jean Monnet of Saint-Etienne and by the Institut universitaire de France (IUF) who generously supports N.M.
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