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I. Introduction

Modern technologies, such as the development 

(PAM), e.g., AudioMoth (Hill et al., 2019), placed 
in natural habitats of various species, are increas-
ingly becoming a valuable complement to tradi-

e.g., BirdNET (Kahl et al., 2021), contribute to this 

-
-

ing was taken.
We lack methods to acquire the number of indi-
viduals of a species in recordings, as automated 

-

-
search, we are taking steps towards a more com-
plex method of bird monitoring that does not 

-
gy and computer science knowledge to develop 

-

the past) about a way to count bird individuals 

However, their approach inspired us to develop 

limited computer science knowledge. By applying 
-

mine the number of breeding birds in spring in a 

promising results have been shared in our pre-

II. Deployment and problem definition

We deployed 29 AudioMoth PAMs in a nature re-
serve in North Rhine-Westphalia, Germany on 3 
June 2023, recording soundscapes from 4:00 to 
10:00 (Fig. 1). Due to their dense outdoor place-

Network (ASN). Their close proximity created 
overlapping recording ranges, allowing us to cap-

Figure 1a. Deployment area in a nature reserve in Germa-
ny, the icons refer.
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Kahl (2024), in the following referred to as 
dence scores. A score of 0 indicates the species is 
undetected, while a score of 1 indicates a strong 

-
dence scores for each species.
Figure 2 shows a glimpse of the challenge we are 

-
ployment. Each circle represents a recorder that 

One bird (here Common Redstart Phoenicurus 
phoenicurus

in Figs. 2g and 2h. Similarly, another bird in the 

then becomes silent. The third Common Redstart 

neighboring recorders. Some recorders, such as 
the green recorder in the west in Fig. 2b, show 

-

-

III. Methods

Our algorithm, called TASE, is formalized in Brüg-
gemann et al. (2025), including requirements that 

-
-
-

-
calise simultaneously, the intermediate PAM be-

score than those closest to the birds. That forms a 

-

IV. Exemplary results

Figure 3 shows an exemplary result, comparing 

coloured circles) and the density map of our ap-
proach (green colors). Notably, we see that the 
expert assessment and the density map overlap 
to a large extent with the high-density areas, 

green spots lie outside the circles for three rea-

the individual territory, whose actual borders are 
unknown. Territorial behavior is quite complex, 
and the species might move more dynamically in 
the area. (2) Non-territorial birds being present 

Figure 1 b, c. Deployment area in a nature reserve in Ger-
many. (b) Exemplary Scene within the forest. (c) PAM in its 
waterproof to the ARU AudioMoth case.

b

c
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a) Time: 4:15:00–4:15:03 b) Time: 4:15:01–4:15:04
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c) Time: 4:15:02–4:15:05 d) Time: 4:15:03–4:15:06

e) Time: 4:15:04–4:15:07 f) Time: 4:15:05–4:15:08

Phoenicurus phoenicurus 
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Phoenicurus phoenicurus obser-

intervals. 

g) Time: 4:15:06–4:15:09 h) Time: 4:15:07–4:15:10
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Field-monitored territory (safe)

Field-monitored territory (outside)

Sylvia atricapilla generated by 
TASE, with the expert’s territorial assessment shown by red and gray circles. 
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-
-

Map data sources and licensing

Base map data in this paper were provided by Ge-

in the area vocalize. (3) Our approach requires 
-

odological errors.
-
-

proach, focusing on eleven species and discuss-

steps include scaling up to larger, longer deploy-
-

References

monitoring biodiversity and the environment. , 6: 1–19.
-

ing. , 61: 101236.
Knight, E., Rhinehart, T., de Zwaan, D. R., Weldy, M. J., Cartwright, M., Hawley, S. H., Larkin, J. L., Lesmeister, D., 

, 39: 947–960.
Pérez-Granados, C. 2023. BirdNET: applications, performance, pitfalls and future opportunities. Ibis, 165: 

1068–1075.
Stattner, E., Hunel, P., Vidot, N. & M. Collard. 2011. Acoustic scheme to count bird songs with wireless sensor 

Wood, C. M. & S. Kahl. 2024. Guidelines for appropriate use of BirdNET scores and other detector outputs. Jour
, 165: 777–7.

Received: 27th May 2025
Accepted: 26th November 2025


