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Maximizing call detections of Boreal Owl
by combining Kaleidoscope PRO and BirdNET
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Abstract. Ecoacoustics is an effective technique for monitoring elusive species,

but generates large datasets that require processing and validation. In 2024, we
deployed passive audio recordes to study the distribution of Boreal Owl (Aegolius
funereus) in the Spanish Pyrenees. We assessed the performance of Kaleidoscope
PRO and BirdNET against 25 manually-reviewed audio recorders. By combining
both software, we detected 95% of positive audio recorders identified by manual
revision. To maximize the detections of Boreal Owl calls, we recommend a two-step
protocol based first on Kaleidoscope PRO with an advanced classifier, followed by
BirdNET. We recommend developing a species-specific approach when aiming to
study distribution or behavioural traits of different taxa.

Introduction

Ecoacoustics is a relatively new field of research  about its distribution, abundance and ecology in
thatis constantly evolving (Stowell & Sueur 2020).  Spain is very limited, affecting its conservation
In this discipline, Passive Acoustic Monitoring  strategies.

(PAM) has proven to be a useful tool for wildlife ~ During 2024, we designed and carried out the
monitoring, and can help answer questions with-  first national survey of Boreal Owl in Spain. Pas-
in the fields of biogeography, population dynam-  sive audio recorders were set along the Spanish
ics, or animal behaviour (Ross et al. 2023; Stowell ~ Pyrenees, in order to update its distribution and
& Sueur 2020). More precisely, PAM has become  abundance (Martinez-Padilla et al. 2024). PAM
a widely used technology to monitor uncommon  has proven to be a very useful technique to mon-
or cryptic species (Campos-Cerqueira & Aide itor owl species and to increase their detection
2016; Freitas et al. 2023; Gibb et al. 2019). rates in other regions (Freitas et al. 2023, Shon-
The Boreal Owl (Aegolius funereus) is an elusive  field et al. 2018). Nevertheless, PAM has some
nocturnal raptor, and the Spanish Pyrenees isthe  constraints concerning the management of large
meridional limit of its distribution (Keller et al.  amounts of data (Gibb et al. 2019). Audio re-
2020). The low detectability and scattered distri-  corders can record for several months with high
bution constrain its monitoring at populationand  frequency intervals accumulating large quanti-
individual level. As a consequence, knowledge ty of audio data, which requires a considerable
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amount of time and resources for data process-
ing (Nieto-Mora et al. 2023). The use of artificial
intelligence (Al) has considerably increased in the
last few years in order to maximize the detection
of targeted species, optimizing the time spent
reviewing and improving data processing (Nie-
to-Mora et al. 2023). However, the reliability of
Al differs between species (Ruff et al. 2021, Nie-
to-Mora et al. 2023, Manzano-Rubio et al. 2022,
Kahl et al. 2021), and enhancing the specificity
and sensibility of species detection is essential to
improve the robustness of the analysis outcomes.
Kaleidoscope PRO is a commercial software de-
signed for bioacoustics analysis. One of its func-
tionalities, cluster analysis, can be used for tar-
geted searches of acoustic patterns using Hidden
Markov Models, detecting and sorting signals of
given characteristics within the audio files. Clus-
ter analysis can also be combined with the use
of “bait files”, improving the detection rate by
augmenting the statistical density of the target
sounds. In addition, cluster analysis allows ad-
vanced classifiers to be built from training data,
enabling a better isolation of the target species
and labelling the detections with custom tags
(wildlife Acoustics, Inc. 2023). Alternatively,
BirdNET is a deep neural network trained for the
sound detection of more than 900 bird species
(Kahl et al. 2021). One of its multiple features
include the detection of target species by pro-
viding a specific species list, with a differing per-
formance depending on the species to detect, its
distance to the call source and the recorder itself
(Manzano-Rubio et al. 2022, Pérez-Granados
2025, Wood & Kahl 2024). Once analysed, Bird-
NET provides detections in three seconds splits,
with a confidence score for each one (Kahl et al.
2021, Wood & Kahl 2024). Despite its usefulness,
both Kaleidoscope PRO and BirdNET require hu-
man validation of the results, since it is usual to
find false-positive detections (Pérez-Granados
et al. 2024, Tseng et al. 2025, Wood & Kahl 2024).
Therefore, the reliability of results of both me-
thods demands human validation.

The aim of this study is assessing the performance
of Kaleidoscope PRO and BirdNET in detecting
Boreal Owl calls compared to human-expert de-
tection, in order to outline a species-specific pro-
tocol for its monitorization using passive audio
recorders (PAM). Specifically, we aimed to i) eval-
uate the performance of several cluster analyses
in Kaleidoscope PRO; ii) develop an advanced
classifier with Kaleidoscope PRO; iii) assess the
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performance of BirdNET at different confidence
thresholds; iv) evaluate the performance of Bird-
NET in recorders not detected by Kaleidoscope
PRO; and v) quantify the performance of both
software together.

Material and methods
Collection of acoustic data

We used two types of passive audio recorders,
Audiomoth and Song Meter Micros, in order to
record the Boreal Owl male calls in the Spanish
Pyrenees. The devices were deployed in subal-
pine forests during the breeding season (March —
April) for a mean of 19 days (range: 6 to 42 days).
They were programmed to record 90 and 270
minutes before and after sunset, respectively,
and 150 and 45 minutes before and after sunrise,
respectively. From all the recorders installed, we
selected 25 and reviewed them manually (visu-
alization and earing) in order to look for Boreal
Owl calls. After human validation, 20 of them
were positive and five of them negative to the
presence of the species. The amount of manual
validated files was equivalent to 1 TB.

Kaleidoscope PRO

We assessed the performance of three clus-
ter analysis methods of Kaleidoscope PRO 5.6.6
(Wildlife Acoustics, 2024) in the 25 manually re-
viewed recorders. The methods evaluated were:
i) signal extraction and clustering; ii) signal extrac-
tion and clustering with baits; and iii) advanced
classifier. Each analysis took a rough of 12-15
minutes (not including the validation process).
The signal parameters settled were: 400 and 900
Hz (minimum and maximum frequency range, re-
spectively); 0.1 and 7.5 seconds (minimum and
maximum length of detection, respectively); a
maximum inter-syllable gap of 0.35 seconds; a
maximum distance from cluster centre of 1.0; a
Fast Fourier Transform Window of 21.33 ms; and
default settlings for: maximum states, maximum
distance to cluster centre for building clusters,
and maximum clusters. Likewise, the advanced
classifier was built with the same parameters and
553 audio files with calls from the same study
area. The bait files were selected from a dataset
of recordings collected in 2023 from the same
study area.

For each method and each recorder, we checked
the detections of the first four clusters, and com-
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Table 1. Comparison of performance of cluster analysis tools in Kaleidoscope PRO for positive audio recorders.
Method 1: signal extraction and clustering; Method 2: signal extraction and clustering with baits; Method 3: advanced

classifier.

Kaleidoscope PRO methods Method 1 Method 2 | Method 3
Positive audio recorders detected 6 4 12
Positive audio recorders not detected 14 16 8
Success rate 30 20 60

pared the results with the results of the manual
review. If a Boreal Owl call was found in at least
one detection of the first four clusters, the re-
corder was considered positive to the presence
of the species. If not, the recorder was consi-
dered negative to the presence of the species.

BirdNET

Using the same 25 audio recorders, we analysed
the accuracy of the detections of Boreal Owl in
BirdNET in a range from 0 to 0.99 confidence.
We manually reviewed the three-second detec-
tions delivered by the programme, and noted:
1) whether the detection was a true positive (a
Boreal Owl present in the audio fragment and
correctly identified by BirdNET as a Boreal Owl)
or a false positive (any sound different to a Bo-
real Owl but incorrectly identified by BirdNET as
a Boreal Owl), and 2) the confidence score giv-
en by BirdNET for both true and false positive
detections. We then evaluated the relationship
between the confidence score of the detections
and their classification as true positive or false
positive, by applying a logistic regression model
using a generalized linear model (GLM) with a bi-
nomial distribution in R 4.2.2 (R Core Team 2024).
In such models, “detection” (1: true positive; O:
false positive) was the dependent variable and
confidence the explanatory term.

Secondly, we selected the false negative audio
recorders (Boreal Owl presence confirmed man-
ually, but considered negative by Kaleidoscope
PRO) from the 25 sample. We analysed them with
BirdNET and a custom species list to compare its
performance in relation to Kaleidoscope PRO and
manual reviewing. Each analysis took about three
hours, and the inference settings were: 0.5 mini-
mum confidence threshold, 1 sensitivity, O over-
lap, 0 Hz minimum bandpass frequency and 1500
Hz maximum bandpass frequency. If a true posi-
tive was found in at least one detection of Bird-
NET, the recorder was considered to be correctly
identified as positive to the presence. To the con-
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trary, a recorder was considered negative to the
presence if there were no detections of Boreal
Owl, or no true positive detections.

Results
Kaleidoscope PRO

The advanced classifier built with Kaleidoscope
PRO was the cluster analysis method with the
best performance, by detecting the 60% (n=12
out of 20 positive audio recorders; Table 1) of
the positive audio recorders of the sample. The
signal extraction and clustering tool was not ef-
ficient, as it only detected the 30% (n=6) of the
positive audio recorders. The use of baits did not
improve the detection rates, as it detected the
20% (n=4) of the positive audio recorders. As a
consequence, eight out of 20 positive audio re-
corders were incorrectly considered by Kaleido-
scope PRO as negatives to the presence of Boreal
Owl. Furthermore, none of the three methods
found Boreal Owl calls in the five audio recorders
that were negative to the presence of the species
by manually reviewing, validating the negative
results.

BirdNET

Concerning the detections of BirdNET and its
confidence, we found that detections were as-
sociated with confidence interval (estimate
10.108+0.264, z=38.34, p<0.001). Specifically,
both true positives and false positives could be
found at both very low and very high confidence
scores. Noteworthy, in our analysis, the number
of true positive detections reached a maximum
specially from a 0.5 confidence (Fig. 1).

On the other hand, BirdNET was able to detect
the 87.5% (n=7 out of 8) of the positive audio au-
dio recorders that were not detected by Kaleido-
scope PRO.

The combination of the best method of Kaleido-
scope PRO (in this case, the advanced classifier)
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Figure 1. The positive relationship between BirdNET con-
fidence scores and the probability of a true detection for
Boreal Owl vocalisations. The blue line represents the pre-
dicted probability of detection as a function of confidence.
The individual points represent observed detections
classified as true positives (1) and false positives (0).

and BirdNET resulted in a correct classification of
the positive audio recorders of 95% (n=19).

Discussion

The fast development of Al is providing research-
ers and managers an increasing number of effi-
cient tools to work with. However, Al needs qual-
ified personnel, big training datasets and a large
amount of time to be trained (Manzano-Rubio
et al. 2022; Pérez-Granados et al. 2024, Wood
et al. 2023). Moreover, the large amount of data
generated by PAM leads to a trade-off between
precision and time investment. In this context,
resources like Kaleidoscope PRO and BirdNET
emerge as useful tools when facing constraints
in time and/or specialised staff. Nevertheless, it
is important to emphasize that the performance
of each software varies depending on the spe-
cies (Ruff et al. 2021, Nieto-Mora et al. 2023,

40

Manzano-Rubio et al. 2022, Kahl et al. 2021), for
example, between an owl that hoots or trills and
a songbird that warbles. Therefore, our study
stresses the need to properly characterise the
calls of the target species to avoid false positive
detections of the target species. Particularly, the
length of the call, the pauses or gaps and the
range of frequencies are crucial traits that need
to be carefully determined (Wildlife Acoustics,
Inc. 2023). In our study, the most frequent false
positives were: 1) Tawny Owl detections (Strix
aluco; similar range of frequencies), 2) environ-
mental noise (wind, storms, screeching trees),
3) drumming of several species of woodpeckers
(similar range of frequencies), and 4) anthropic
sounds (church bells, machines, cars or humans).
Regarding methodological aspects, the quality of
an advanced classifier in Kaleidoscope PRO re-
lies on the good characterisation of the sound,
the performance of the signal extraction and the
quality and source of origin of the audio files
used for building it. Building an advanced classifi-
er with sound files from the same study area can
partially tackle these issues (Wildlife Acoustics,
Inc. 2023). In the case of BirdNET, the training
dataset is not publicly available, so the charac-
teristics and quality of vocalisations used to train
the algorithm remain unknown (Pérez-Granados
et al. 2024). This is especially relevant when aim-
ing to study ecological patterns, as it is necessary
to determine whether the software detects the
full range of vocal variation in the call of the spe-
cies. In our study, BirdNET only detected the so-
called ‘staccato’ song and the prolonged stacca-
to song of male Boreal Owls. It remains unclear
whether this is because the BirdNET algorithm
has only been trained with these types of calls,
or because other vocalisations were absent from
our recordings. We did not find other types of
vocalisations described in the literature, such as
the delivery call, screech, peeping call, weak call,
‘chuuk’ call or hiss (Korpimaki & Hakkarainen
2012) by manual reviewing. Besides BirdNET not
detecting all the calls of each positive audio re-
corders manually reviewed, it allowed us to cor-
rectly classify as positives the 87.5% of the posi-
tive audio recorders that had not been detected
by Kaleidoscope PRO, resulting in a 95% of cor-
rect classification when using both software. The
remaining underestimation of the detections
of positive audio recorders by the two software
may be due to the quality of the recordings; the
distance between the sound source and the re-
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corder; and the differences between the Boreal = combination of both tools was also recommend-
Owl calls of the study area and the calls used ed by Pérez-Granados et al. (2024) to detect calls
to train the advanced classifier in Kaleidoscope  of an amphibian species. Above all, when com-
PRO, and the algorithm in BirdNET. However, we  bining the use of PAMs and Als, human validation

expect that the underestimation rate of Boreal s crucial to quantify the reliability of the detec-
Owl calls will decrease in the near future, with  tion outcome for each species, as these tools
the improvement of Al and new technologies. may produce a biased understanding of species

Given the differences in computing time between  distribution or individual behaviour (Pérez-Gra-
Kaleidoscope PRO and BirdNET, we recommend  nados 2025). In conclusion, we support the use
to design a workflow in which the audio record-  of advanced classifiers with Kaleidoscope PRO
ers are first analysed with the advanced classifier ~ followed by BirdNET as an effective way of maxi-
in Kaleidoscope PRO, and secondly analysed with  mizing the detection of Boreal Owl calls in passive
BirdNET if they are negative in the first stage. This  acoustic recorders.
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