JOURNAL of Horticulture, Forestry and Biotechnology
Volume 29(2), 2025, 264-268
https://jhfb.ro/index.php/jhfb

Print ISSN: 2066-1797

Online ISSN: 3045-1876

Acoustic bird monitoring — advantages and disadvantages

Oliver MERCE?, Ciprian VASILEY

LINCDS Marin Dracea - Station Timisoara, e-mail: oliver_merce@yahoo.com, vasile.ciprian99@yahoo.com
* Corresponding author: vasile.ciprian99@yahoo.com
Manuscript received: 15 October 2025; revised: 29 October 2025; accepted: 12 November 2025

Abstract

Globally, there are approximately 10,000 bird species, 75% of which have their habitat in forests. Forests
provide essential resources necessary for life cycles, offering food sources, nesting sites or thermal refuges.
But, in addition to the benefits brought to bird populations in forests, there are a number of threats to birds in
managed forests. Well-designed monitoring programs can identify the decline of bird species populations, as
it is known that birds can be used as indicators of biodiversity. Along with classical methods of bird monitoring,
recently, automatic recorders are increasingly used. Through this article, we aim to present the acoustic
monitoring method used to determine bird species in sample plots located in mixed stands (beech and sessile
oak) both in managed forests and in the Runcu-Grosi Natural Reserve. Thus, we used eight Song Meter Mini
Bat recorders for the managed forest located in eight sample plots, and for the natural forest we used six Song
Meter Mini Bat recorders and two Song Meter Mini Bat 2AA recorders located in another eight sample plots.
The audio recorders were mounted on trees at a height of 2 m. The recorded sounds were analyzed using the
Raven Pro and BirdNET Analyzer software. We also presented the advantages and disadvantages of this
method.
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Introduction

There are approximately 10,000 species of birds worldwide, ranging from the poles to the equator,
from deserts to oceans, and from mountain forests to urban centers [29].

Forests are home to approximately 75% of bird species and are the primary habitat for most bird
species [27].

Forests provide essential resources needed to complete their life cycles, including food for adults and
young, as well as nesting sites. Birds are found at various trophic levels in forests; from primary consumers to
predators, from omnivores to scavengers. Forests also provide nesting sites for birds. Nests can be found in
all layers: from the ground, in shrubs, and up to the treetops [28].

Forests also provide wintering grounds, being important habitats for migratory birds on all major
migration routes [12], where birds feed on insects and fruits and replenish their fat reserves used to cross seas
or unforested habitats [19]. Forests provide thermal refuges when temperatures are physiologically difficult for
birds, with birds seeking forested habitats in winter to be in an environment protected from winds, but also cool
refuges when temperatures are high enough to cause heat stress in summer [28].

During the nesting season, the protection provided by the canopy can directly influence the
development of chicks and can also influence reproductive success, at least for cavity-nesting birds [8].

Forest structure influences avian communities. Increased diversity of canopy height is associated with
increased avian diversity, especially insectivores [13] and increased foraging habitats [14].

Just as forests influence bird populations, birds also influence forests. This interaction is both direct
(e.g., seed dispersal) and indirect (e.g., consumption of phytophagous insects) [28].

But, in addition to the benefits brought to bird populations by forests, managed forests face a number
of threats to birds: deforestation, habitat fragmentation and degradation, overexploitation, the emergence of
invasive species and emerging infectious diseases, climate change, etc. [28].

Due to the increasing anthropogenic impact, 1012 species are subject to various types of threats [21].

A short-term solution could be forests (especially virgin forests) used as reserves to maintain
biodiversity. Therefore, stands in the final stages of development should be a high priority [10].

Well-designed monitoring programs can identify declines in bird species populations early enough to
facilitate the implementation of appropriate measures [15].
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Classical bird monitoring methods using sample plots, strip transects, point counts, remote sampling
or capture—mark—recapture can provide data indicating the diversity, composition, density and abundance of
species in the study area [7]. Recently, however, automatic recorders are increasingly used to study birds [9].

They provide records that help identify species, records that can be independently reviewed and
validated by several experts [22]. For this reason, and due to the lower costs and potential for greater
standardization of methods, some researchers advocate the use of automatic recorders instead of expert
personnel performing point counts [2].

The advantages of using birds as indicators of biodiversity and/or habitat quality in forest habitats are
mainly based on (a) their relative ease of detection and (b) their strong association with many forest
characteristics [1].

In this article, we aim to present the acoustic monitoring method used to determine bird species in
sample plots located in mixed stands (beech and sessile oak) both in the managed forest and in the “Runcu-
Grosi” Natural Reserve, as well as the advantages and disadvantages of this method.

Material and Method

We used 16 automatic sound recorders in 16 sample plots, 8 of which were located in the Runcu-
Grosi Nature Reserve to monitor birds in a natural forest, and the other 8 were installed in the forest fund near
the Conop locality to monitor birds in a managed forest.

We selected sample plots distributed in such a way as to represent the diversity of forest habitats:
edges, interior, areas with mature trees, regenerative areas, areas with dead wood, areas with different types
of microhabitats, areas with a mixture of forest species. Each plot was located with GPS to ensure repeatability
and precise geographical documentation.

Runcu Grosi sample plots

Q

Conop sample plots

Q

Fig. 1. The Iocat|on of the sample plots in the managed forest and
in the ,,Runcu-Grosi” Nature Reserve [30]

The recordings were made with autonomous sound recording units with omnidirectional microphones
Song Meter Mini Bat from Wildlife Acoustics. Although they are basically recorders used to capture ultrasounds
produced by bats, they also have an acoustic recording option for bird sounds, an option that we also used.
The recorders were mounted on trees in the centers of the sample areas at a height of about 2 meters to
minimize background noise generated at ground level and to guarantee an effective acoustic coverage of the
area of interest.

The recordings were made during a period that covers the bird breeding season, April-June, when
vocal activity is maximum. The devices were programmed to make recordings throughout the day, between
sunrise and sunset, an interval that corresponds to the peak moments of vocalizations, specific to the mating
and raising periods of chicks. From a technical point of view, the devices have the capacity to capture sounds
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with frequencies between 8 kHz and 96 kHz, in one-minute sequences. They are also designed to operate in
various environmental conditions, withstanding temperatures between —20 °C and +85 °C, which gives them
high reliability in the field. Thanks to the batteries used, a total duration of approximately 250 hours of
recordings per month was achieved for each device.

The audio data were downloaded periodically (every two weeks) and stored in a digital database. The
identification of the vocalizations was carried out both manually, by listening and visual analysis of the
spectrograms, and with the help of specialized bioacoustic analysis programs, such as BirdNET Analyzer and
Raven Pro. For each identified vocalization, information was recorded regarding the species, time of emission,
duration, signal intensity and exact location of the sound source.

Results and Discussion

One of the advantages of acoustic recorders is that they can sample significantly higher densities of
birds than human point counts because birds are likely to be frightened away by human observers [5], and
recorders are less likely to be perceived as a disturbance by birds than humans [6]. Sound recordings are also
better suited to modelling distance sampling than point counts because they do not exhibit observer-induced
avoidance and can easily collect multiple responses to obtain more accurate estimates of bird density [5].
Another advantage includes reduced human effort and the possibility of detecting nocturnal or cryptic species
and obtaining valuable time series for population trend analysis [17].

In addition to the obvious advantages, acoustic recorders can also have a number of disadvantages.
One of them is the degradation of the automatic recorder signal reception with increasing distance, which
affects the ability of interpreters to visually distinguish bird sounds from background noise in the spectrograms
of the recordings. Field analyses showed that the signal strength of recorded bird sounds was reduced by
approximately 10 decibels at 40 m for recorders and microphones placed in protective containers compared
to those that were not. Specialists also had great difficulty distinguishing bird sounds from background noise
in spectrograms for distances of 80-100 m for recordings placed in protective containers. Also, experiments
showed that the probability of detection was higher for point counts carried out by an experienced ornithologist
than for the use of automatic recorders. Unfortunately, it can be costly and logistically difficult to find enough
qualified ornithologists to support an annual point count program, especially for random locations in a large
forested region that must be surveyed during the short breeding season when migratory birds are best detected
by their song [11].

Manual analysis of acoustic data requires highly skilled ornithologists for the identification process,
and accurate interpretation of the results requires a thorough knowledge of the ecosystems from which the
data are collected [17].

A human observer can also visually detect birds at distances beyond the detection range of the sound
recorder [6].

Another problem is posed by bird species with short or infrequent vocalizations. Birds such as
woodpeckers or raptors are difficult to study based solely on acoustic cues and may therefore be better
represented in human point data or other survey methods that include visual identification [26].

Habitat can also affect auditory detections through its influence on sound transmission and ambient
sound levels due to insect noise, rustling leaves, wind, rain, or other water sources [6].

The quality of recordings also depends on the placement of microphones: those close to the ground
place them in sound shadows [20], with detection ranges increasing with the height of the sound source, while
microphones placed at higher heights will capture sounds from greater distances [4].

The use of at least two omnidirectional microphones oriented in opposite directions ensures the
sampling of more birds by covering a larger sampling space and recording binaural cues, necessary for the
localization of vocalizations [23], and the use of an even larger number of microphones (four channels) has
produced some of the most efficient recording systems, allowing uniform coverage of the entire soundscape

[31.

A major influence on sound quality is given by the signal-to-noise ratio This is a defining characteristic
of the microphone, which describes how faithfully a microphone records sound. Thus, increasing the signal-
to-noise ratio of the microphone improves the probability of detection and identification by extending the
detection range of the recording system [6].

For optimal results, specialists suggest recording audible sounds in uncompressed audio formats
(sampling frequency: 44.1 kHz, WAV or FLAC audio file format), and microphones should be placed at a height
of 1.5-2 m (i.e. a height similar to that of most human observers' ears) to maximize the sound detection space
and avoid sound shadows [6]. Trees can be used as installation poles, but nevertheless, the microphones
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should not be in direct contact with their trunk to avoid impeding sound transmission (a distance of 25 cm
between the trunk and the recorder is sufficient) [16].

Audio recording installations can be configured in a variety of ways, they can be placed arbitrarily from
above (in the tree crown using poles or even above the crown using drones [6].

Regarding the sampling method, specialists consider that high temporal resolution sampling of studies
based on passive acoustic monitoring should be considered the main method for estimating the species
richness of bird communities instead of low temporal resolution [17].

To establish the recording protocol, their vocal activity must be taken into account, activity that can
vary throughout the year depending on the breeding season, migration periods, and their activity cycle (the
peak of these cycles) [18].

Conclusions

Passive acoustic monitoring is an efficient, non-invasive and reproducible method for studying forest
avifauna.

This type of monitoring requires a significant investment in both equipment and data management,
which can often be difficult, compression and transfer operations can often take several days and require
expertise in managing large volumes of data [18].

The analysis of the data resulting from the recordings often involves highly specialized personnel, who
identify and annotate all or only a set of focal bird species present in the recordings, depending on the type of
analysis that will be used: a trained detection algorithm or annotated raw data [25]. These approaches can be
time-consuming.

In combination with appropriate statistical analyses, this technique can be used to assess species
diversity, habitat use and community dynamics [11].

From the above, the usefulness of acoustic recorders as a long-term monitoring tool is confirmed, with
applications in both biodiversity conservation and forest management [18]. However, combining
traditional and autonomous survey techniques is desirable to obtain the best results in bird species inventory
[24].
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