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A B S T R A C T

Here are proposed two automatic detectors of Barau’s petrel (Pterodroma baraui) and tropical shearwater
(Puffinus bailloni) vocalisations in noisy audio recordings (1) trained with a low number of positive training
instances, and (2) whose performances would be the highest possible. To do so, acoustic recordings were
performed in one Barau’s petrel colony between February and May 2014 (85 h) and in two tropical shear-
water colonies in March and April (21 h). Manual and automatic methods of segmentation were combined.
Manual segmentation allowed (1) to miss a very few number of positive segments and (2) to avoid introduc-
ing false positive instances. Automatic segmentation provided quickly a diversified set of negative instances.
Manual labelling must be regarded as an investment, for current and future works. A random forest classifier
and classical methods of acoustic signal characterisation (cepstral coefficients, spectral moments, etc.) were
tested. Best models were able to discriminate each target species calls from other sounds of its colony with
F1 scores of 88% (Barau’s petrel, 1015 samples) and 85% (tropical shearwater, 1217 samples). The acous-
tic monitoring of nocturnal burrow-nesting seabirds based on (1) data collected by autonomous recording
units in harsh, windy and wet environments and (2) automatic analysis tools is feasible. The size of our
database was limited. Consequently further works will be necessary to study robustness of models on long
time-series data.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Between 1996 and 2015, the number of threatened species of
birds increased by 13.43% (IUCN Red List version 2015.2: Table 1).
Policy makers are expected to make decisions to mitigate or man-
age the threats of climate change and the high rates of species loss
(Aide et al., 2013). Unfortunately, they rarely have the information
needed to make informed decisions. The highly aggregated distri-
bution of information limits our ability to understand large-scale
ecological processes and to properly manage fauna in large areas
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(Condit, 1995; Gentry, 1993; Porter et al., 2005, 2009; Terborgh et al.,
1990; Underwood et al., 2005).

An alternative to physical surveys of seabirds presence is the
use of acoustic monitoring (Aide et al., 2013). Acoustic monitoring
requires very little time in the field. Autonomous Recording Units
(ARU) can be easily deployed and retrieved. They can record ani-
mal populations on a very long time (from whole days to several
years), in multiple stations across a variety of habitats, facilitating
spatial and temporal comparisons of activity (Acevedo et al., 2009;
Acevedo and Villanueva-Rivera, 2006; Aide et al., 2013; Hoeke et al.,
2009; Lammers et al., 2008; Scott Brandes, 2008; Sueur et al., 2008;
Tricas and Boyle, 2009). Acoustic monitoring is especially advanta-
geous for monitoring nocturnal seabirds, due to their conspicuous
and nocturnal vocalisations (Oppel et al., 2014; Robb et al., 2008).
Colonies of nocturnal burrowing seabirds are noisy places, where
vocalisations replace visual displays (Brooke, 1986). Moreover, noc-
turnal vocalisations have been used as an indicator of general activity
(Gaston et al., 1988; Jones et al., 1990) and have been suggested
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Table 1
Capacity of different models to discriminate each target species sounds from others sounds recorded in its colony. P1 and P2 were the number of positive instances used for
training/validation and test respectively. N1 was the number of negative instances used for learning. N2 was the number of negative instances used for the test. F1: F1 score (%),
s: standard deviation (%). Numbers in bold correspond to best performances.

Size of feature vectors PSD TFS CC SMSM LDA

257 320 16 39 20

F1 s F1 s F1 s F1 s F1 s

Barau’s petrel (P1 = P2 = 115)
N1 = 200; N2 = 1000 81 4 73 5 77 3 56 9 86 2
N1 = 500; N2 = 1000 81 3 70 2 85 3 67 3 88 2
N1 = 1000; N2 = 1000 76 4 57 6 79 4 63 5 85 3

Tropical shearwater (P1 = P2 = 218)
N1 = 200; N2 = 1000 72 3 69 3 74 2 59 2 80 3
N1 = 500; N2 = 1000 81 3 70 5 82 2 65 4 85 2
N1 = 1000; N2 = 1000 79 2 56 4 79 1 57 5 84 1

to be a useful indicator of seabirds status and relative abundance
(Bradford, 2005; Whittington et al., 1999). Population size assess-
ments of nocturnal burrow-nesting seabirds are logistically chal-
lenging. These species are active in colonies only during darkness.
And they often nest on remote and hilly islands where manual
inspections of breeding burrows are not feasible (Oppel et al., 2014).
However, ARU collect an overwhelming amount of data, challenging
data analysis (Villanueva-Rivera and Pijanowski, 2012). Researchers
regularly develop algorithms to automate species identification from
vocalisations of bats, whales, dolphins, insects, amphibians and birds
(Acevedo and Villanueva-Rivera, 2006; Anderson et al., 1996; Kogan
and Margoliash, 1998).

Barau’s petrel (Pterodroma baraui) and tropical shearwater
(Puffinus bailloni) are two pelagic seabirds breeding on Reunion
Island. Barau’s petrel is an endemic species classified as endangered
since 2008 and its population is known to decrease (IUCN). Tropical
shearwater (P. bailloni) is (1) a subspecies of the Puffinus assimilis
lherminieri complex and (2) regionally endemic of the Malagasy
region (Austin, 2004; Safford and Hawkins, 2013). Petrels in general,
and tropical species in particular, are notoriously difficult to locate
and census (Bretagnolle et al., 2000; Day and Cooper, 1995). They
both spend daytime offshore to feed and come back to the breed-
ing colony by night. Barau’s petrel breeding colonies are accessible
only after several hours of walking. The breeding colonies of trop-
ical shearwater on Reunion Island are unreachable since restricted
to cliffs (Bretagnolle et al., 2000). Thus, the monitoring of these
two species is currently limited by the extreme difficulty of reach-
ing colonies, environmental conditions (wind, rain and waterfall)
and timing (darkness, moon phase, season). Pinet et al. (2009) sug-
gested the extinction of Barau’s petrel in fewer than 100 years in
the absence of cat predation control at breeding colonies. Corre et al.
(2002) also highlighted how Barau’s petrel fledglings are attracted by
urban lights. This phenomenon causes massive and seasonal light-
induced mortality. Effective conservation strategies of Barau’s petrel
and tropical shearwater by the recent National Park of Reunion
Island are constrained by the low number of big-scale spatial and
temporal data available concerning these two species (Pinet et al.,
2009).

For these reasons, here are proposed two automatic detectors
of Barau’s petrel and tropical shearwater vocalisations (we defined
a segment as an uninterrupted sound in temporal and frequency
domains) in noisy audio recordings (1) trained with a low number
of positive training instances, and (2) whose performances would be
the highest possible. To do so, we examined a random forest machine
learning algorithm combined with some classical methods of acous-
tic signal characterisation (Buxton and Jones, 2012; Ericsson, 2009;
Fagerlund, 2004; Harma, 2003; Stowell and Plumbley).

2. Materials and methods

2.1. Recording system

Autonomous digital recording units (ARU) called Song Meters
(Model SM2+, Wildlife acoustics Inc., 3 Hz high-pass filter, 44.1 kHz
sampling rate, 16 bits quantification resolution) were used to col-
lect sounds on Reunion Island. Gain was set to 36 dB. The detection
range of vocalisations depends on background noise levels, wind
speed, topography, vocalisations properties, etc. Song Meters can
detect vocalisations at least up to 50 m away under ideal conditions
(Buxton and Jones, 2012 and personal observations). Audio record-
ings were realised in one Barau’s petrel colony between February and
May 2014 (85 h) and in two tropical shearwater colonies in March
and April (21 h).

2.2. Segmentation

Segmentation consisted in locating remarkable sounds in audio
recordings. We defined a segment as an uninterrupted sound in tem-
poral and frequency domains. Segments may have various origins.
Segments corresponding to acoustic signals of target species (Barau’s
petrel and tropical shearwater) were positive instances. Segments
corresponding to acoustic signals of untargeted species of birds,
insects, motorised vehicles, thunder, human voices or any other
unwanted sounds are negative instances. Manual and automatic
methods of segmentation were combined (see below).

2.2.1. Manual segmentation
Twenty recordings (ten recordings for each species) were selected

to provide various acoustic backgrounds (signal-to-noise ratios and
weather conditions). For Barau’s petrel, the ten recordings (total
duration = 36 min) were made on six different dates in one colony.
For tropical shearwater, the ten recordings (total duration = 32 min)
were made on six different dates in two different colonies. Time-
frequency spectrograms of the 20 audio recordings were visually
inspected using Audacity 2.0.0 software (Mazzoni and Dannenberg). A
human operator measured in milliseconds the beginning and the end
of all vocalisations of target species he found. Measuring onset and
offset of signals in spectrograms is inherently inaccurate when done
in spectrograms. This inaccuracy were estimated to be +/−7 ms.

2.2.1.1. Preliminary observations made on acoustic signals of target
species. Adults of each target species emit segments of different
shapes (Fig. 1) and juveniles emit different segments than adults.
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