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Simple Summary: Counting from points is one of the most popular techniques for surveying birds,
and it is applied in various environments, from polar to tropical regions. Across such a wide range
of environmental conditions, the effectiveness of this method may vary considerably. In this study,
we applied autonomous sound recorders to examine whether effectiveness of the method in bird
biodiversity estimation differ depending on the geographical region (tropical vs. temperate), habitat
type (forest vs. open area) and the time of day at which the survey began. We found that point-
counts provided statistically indistinguishable estimates of bird biodiversity in different geographical
regions and habitats. However, during a single 5-min survey, only 41-54% of species present at the
recording site were detected. Independent of the region or habitat type, we recorded significantly
more species at sunrise than during later surveys. Our study showed that point-counts provided
similar estimates of bird biodiversity in various habitat types and geographical regions. At the
same time, the low proportion of detected species during a single survey limits the usefulness of
the method in studying bird-environment relationships (e.g., habitat preferences), while decreasing
number of detected species across the day may result in the misinterpretation of the status of bird
populations when early and late surveys are compared without controlling this factor.

Abstract: The point-count method is one of the most popular techniques for surveying birds. How-
ever, the accuracy and precision of this method may vary across various environments and geograph-
ical regions. We conducted sound-recorder-based point-counts to examine the accuracy and precision
of the method for bird biodiversity estimation as a function of geographical region, habitat type and
the time of day at which the survey began. In temperate (Poland) and tropical (Cameroon) regions, we
recorded soundscapes on two successive mornings at 36 recording sites (18 in each location). At each
site, we analyzed three 5-min surveys per day. We found no differences in the accuracy and precision
of the method between regions and habitats. The accuracy was significantly greater at sunrise than
during later surveys. The similarity of the bird assemblages detected by different surveys did not
differ between regions or habitats. However, the bird communities described at the same time of day
were significantly more similar to each other than those detected by surveys conducted at different
times. The point-count method provided statistically indistinguishable estimates of bird biodiversity
in different geographical regions and habitats. However, our results highlight two weaknesses of
the method: low accuracy (41-54%), which limits the usefulness of a single survey in understanding
bird—environment relationships, and changes in accuracy throughout the day, which may result in
the misinterpretation of the status of bird populations.

Keywords: bird survey; bird monitoring; autonomous sound recording; tropics; temperate region;
effectiveness of point-count method; bird biodiversity; acoustic monitoring
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1. Introduction

The point-count method is one of the most popular techniques for surveying birds,
used for estimating abundance, density, species richness, distribution, and relations be-
tween birds and environment [1-3]. However, this method does not provide real values
but estimates of measured parameters [4,5]. Therefore, knowing the accuracy and preci-
sion of any applied variants of the method for surveying birds is important. Accuracy
describes how close the estimate is to the true value, whereas precision is a measure of how
close replicated estimates are to each other and is unrelated to the true value of species
abundance or distribution [5].

For point-counts, accuracy and precision in the context of species richness estimation
are influenced by the detectability of particular species in a bird community [5]. Detectabil-
ity of a species is determined by the detection probabilities of each individual present in
a given area (D =1 — (1 — p)N, where D = detectability of a species, p = probability of
detecting an individual, and N = number of individuals), which varies among species and
depends on a number of variables, including specific behavior (e.g., secretive vs. vocifer-
ous), territory size, habitat (open vs. closed), and inhabited vegetation layer (understory
vs. emergent layer) [6,7]. Thus, by applying a given set of methodological assumptions
(e.g., constant detection distance, time and duration of survey, observer skills, and weather
conditions), different species are detected with different probabilities [8].

Point-counts have been used to survey birds in a variety of habitats, ranging from
dense forests to completely open areas, and from polar to tropical regions [9,10]. These
environments have species that differ in detection probability during a single survey,
and the combination of detection probabilities of the species reflects the effectiveness
of the surveying method in the context of the whole bird community within the studied
environment. Therefore, we may expect variation in the precision and accuracy of the point-
counts in different habitats and geographical regions, even when the same methodological
assumptions are applied. Moreover, typical monitoring schemes assume that field surveys
are conducted in a specific period of the season (e.g., one month) and time of day (e.g.,
from one hour before sunrise to four hours after sunrise). Such assumptions lead to
inconsistencies in the accuracy and precision of the method, since the probability of species
detection varies daily and seasonally.

Differences in detectability have been characterized for many bird species, especially in
temperate regions [7,8,11,12]. However, most studies have focused on a single geographical
region, a single type of environment, or a selected species from the whole bird assemblage.
Therefore, it is important to know how effective point-counts are in estimating bird species’
richness, assuming that the same methodological assumptions are applied under different
environmental conditions and geographical regions.

We focused on the accuracy and precision of the acoustic-recorder-based point-count
method for estimating breeding bird species’ richness in forests and open habitats of tropical
and temperate regions. The detectability of a species strongly depends on survey methods,
e.g., survey duration, time of day, stage of the breeding season, weather conditions, the size
of the area sampled around points, and the skill and experience of observers [4,11,13-15].
For this reason, we standardized the survey method. In both locations, we surveyed birds
in the peak of the breeding season of most species and maintained constant survey duration,
time of day, and detection range for the species within recording site. However, detection
distance varied between species due to differences in species’ frequency ranges and ampli-
tude influencing the effective detection distances, and it varied between habitats, because
effective detection distance is shorter in open habitats than in forests. We also minimized
the effect of the observer’s skills and applied a standardized approach throughout the
study. We replaced human-observers surveying birds in the field within unlimited distance
with autonomous sound recorders. Autonomous sound recorders enable users to record
soundscapes and are a promising alternative to human-based point-counts for estimation
of abundance, density, occupancy, or bird species’ richness [16,17]. Many investigators
have compared the effectiveness of bird species’ richness estimated by autonomous sound
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recorders and human-based point-counts. The results showed higher effectiveness of
human-observers [18], recorders [19], or no differences between methods [20]. This incon-
sistency may arise from three factors: varying skills of the observers who surveyed birds in
the field (low-skilled observers should support recorders), varying detection ranges applied
by observers (unlimited radius should support observers), and different types of habitats in
which comparisons were made. However, a recent meta-analysis showed that bird species’
richness estimated by human-observers and autonomous sound recorders surveying birds
at the same time is statistically indistinguishable when detection distance is controlled [21].
One reason is that human-observers, especially in forest habitats, detect most birds by
using auditory cues [22]. Thus, in our study, autonomous sound recorders should provide
a similar estimate of bird species’ richness as human-observers. Applying autonomous
sound recorders allowed us to survey birds at the same time at multiple sites. Using the
same model of sound recorder, we kept the detection range constant at the recording sites
(generally shorter than that of a human-observer without distance limitation; [23]) and,
most importantly, minimized the effect of observer’s skills and experience. In the field,
observers may not detect or may incorrectly identify a species, and these sources of error
can bias the results of a study [24,25]. We analyzed soundscape recordings in the lab, so
we were able to listen to them many times and compare vocalizations with samples from
sound libraries when we had difficulty identifying species.

Our objective was to examine the precision and accuracy of the recorder-based point-
count method in estimating breeding bird species’ richness in two different geographical
regions (temperate vs. tropical), two different habitat conditions (forest vs. open), and at
different times of day (sunrise and one and two hours after sunrise). Our goal was not to
optimize the method or estimating bird biodiversity for a given location but to assess how
well a particular variant of the method works in different environmental conditions, and
how the time of the survey influences estimated bird-species richness from the perspective
of an individual recording site and a single survey.

2. Materials and Methods
2.1. Study Area

We conducted our study in two locations (Tables S1 and S2), representing a temperate
region (Upper Nurzec River Valley, eastern Poland; coordinates: N52.597521°, E23.230633°)
and a tropical region (Bamenda Highlands, Northwest Cameroon; coordinates: N6.090594°,
E10.298807°).

The Upper Nurzec River Valley is a ~4000 ha Important Bird Area of international im-
portance in Poland (PL056), protected as part of the Natura 2000 conservation network [25].
This area has temperate climate, with warm summers (an average temperature in June is
18 °C) and cold winters (an average temperature in January is —6 °C). Annual precipitation
in the region oscillates from 600 to 700 mm, and annual mean temperatures are from 8.7 °C
t0 9.3 °C [26]. The Upper Nurzec River Valley is a compact complex of drained alluvial
agricultural meadows and wastelands, with low coverage by forests and arable fields,
located at elevations from 144 to 162 m a.s.l. The number of breeding bird species was
estimated to be 111 [27], the breeding season for most species extends from beginning of
April to the end of June [28], and most bird species leave the area for the winter.

The Bamenda Highlands are part of the Cameroon Mountains Endemic Bird Area [29].
This area has a short dry season (from November to February) and a long wet season
(March—October; [30]). Annual precipitation ranges from 2300 to 3000 mm, and annual
mean temperatures range from 18.7 °C to 21.0 °C [31]. Our study area covered a non-
protected area of ~400-ha located near the village of Big Babanki (Northwest Region,
Cameroon; 1824-2340 m a.s.l). The habitat consisted of a mosaic of fragments of upper
montane rainforests, woodlands, forest clearings, stream corridors, shrub vegetation,
pastures, and abandoned lands under succession by shrubs and ferns. In our study
location, most species of birds breed during the dry season, from October to March [32,33].
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The local breeding bird community included an estimated 109 species [33]; most of them
are resident.

2.2. Soundscape Recording and Analysis

We used Song Meter SM2 autonomous sound recorders (two omnidirectional micro-
phones SMX-II, signal-to-noise ratio > 62 dB; Wildlife Acoustics) to collect soundscape
recordings in the Bamenda Highlands, and Song Meter SM3 recorders (two omnidirec-
tional microphones SMM-A1, signal-to-noise ratio > 68 dB; Wildlife Acoustics) in the Upper
Nurzec River Valley. The detection range of recorders is generally shorter than the human
detection range; is species-specific (species producing lower-frequency and louder sounds
are detected from a further distance); and depends on vegetation type (detection range
is longer in open habitats than in forests), humidity (positive effect on detection range),
and wind conditions (negative effect on detection range) [23]. The comparison of the two
models of recorders we used suggests that SM2 has a slightly shorter effective detection
range than SM3, but the difference depends on frequency of sound and habitat type [23].
However, for the purpose of the study, we did not apply a correction for effective detection
distance related with species, recorder and vegetation type, humidity, and wind. At each
location, we recorded soundscapes at 18 randomly chosen recording sites, including nine
located in forests and nine in open areas. We defined forests as an area of land dominated
by trees, whereas open areas included meadows, pastures, and abandoned lands with
herbaceous vegetation, ferns, or shrubs. Recorders were attached to shrubs or trees between
2 and 5 m aboveground. We collected soundscape data on two successive mornings at each
site when weather conditions were suitable (no rain or strong wind). We used the same
recording settings at both locations (stereo recordings, 16-bit PCM WAV recording format,
and 48.0 kHz sample rate; no low- or high-pass filter applied).

In the Bamenda Highlands, we recorded soundscapes from 16 November to 12 Decem-
ber 2010 (14 recording sites) and 2011 (four recording sites), corresponding to the beginning
of the breeding season in this region [33]. The average linear distance between neighboring
recording sites was 287 m (range = 89-630 m; the closest recording sites were located
on opposite sides of a hillcrest, so soundscapes did not overlap). In the Upper Nurzec
Valley, we recorded soundscapes from 3 to 7 May 2018, corresponding to the beginning
of the breeding season for most bird species [28]. The average linear distance between
neighboring recording sites was 568 m (range = 334-1212 m).

At each recording site, we selected and analyzed three sound samples, each 5-min
long, per day, that began at sunrise, one hour after sunrise, and two hours after sunrise
(early, intermediate, and late survey, respectively). A 5-min survey duration is often used
by human-observers to survey birds in the field, and this duration is usually sufficient
to determine the structure of a bird community [34]. In total, at each recording site, we
analyzed 30 min of soundscape recordings (3 per day x 5 min x 2 days), using Avisoft
SAS Lab Pro 5.2.13 software. We generated spectrograms with the following settings:
FFT length = 1024, frame size = 75%, Window = Hamming, and overlap = 50%. We then
manually scanned spectrograms and listened to recordings to detect and identify all bird
vocalizations. Recordings were analyzed by two experienced observers (KK—recordings
from Upper Nurzec River Valley; MB—recordings from Bamenda Highlands). When
we had difficulties with species identification, we compared the unknown sound with
examples of bird vocalizations from www.xeno-canto.org, accessed on 21 October 2021
(Xeno-Canto Foundation). For each 5-min recording, we prepared a list of species detected.

2.3. Statistical Analyses

First, we determined if the number of bird species detected at a recording site de-
pended on the region where the survey was conducted (tropical vs. temperate), the habitat
type (forest vs. open area), the day of survey (first or second), or the time of day (early,
intermediate, or late). For this, we used generalized estimating equations (GEEs). GEEs ex-
tend the generalized linear model to allow for analysis of repeated measurements or other
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correlated observations [35]. In the model, we used the number of detected bird species as
the dependent variable, and region, habitat, day, and time of survey as predictors. In the
GEEs, we specified each recording site as a subject variable, and survey as a within-subject
variable. Data were fitted by a negative binomial distribution with a log-link function.

In the second step, we estimated the accuracy of a single survey by calculating the
ratio of the number of bird species detected during a single survey to the total number of
bird species detected during all six surveys at the recording site. Our assumption was that,
over the course of six surveys, we would detect almost all species breeding around the
recording site, but not all. We then applied GEEs to determine if the accuracy of a single
5-min survey differed between regions, habitats, days, or times of day. Again, we specified
the recording site as a subject variable, and survey as a within-subject variable in the GEEs.
Data were fitted by a gamma distribution with a log-link function.

To compare the precision of applied recorder-based point-count method (i.e., the
repeatability of results delivered by different point-counts conducted in the same recording
site) between habitats and regions, we calculated the standard error of the mean number
of species recorded in each recording site over the six surveys [5]. We then created a
generalized linear model (GLM) with this value as the dependent variable, and region and
habitat type as predictors. Data were fitted by a gamma distribution and log-link function.

In the last step, we compared the similarity of the bird assemblages that were detected
in the different surveys conducted at the same recording site. For this, we applied a measure
commonly used to compare species composition between two communities: Serensen
similarity index [36]. In our case, Serensen similarity index (QS = 2C/(A + B)) counted the
number of bird species recorded during each of two surveys at a recording site (Survey A
and B), and the number of bird species detected by both (C). QS values can range from 0
(no bird species were detected by both surveys) to 1 (all bird species were observed during
both surveys). We compared all possible combinations of surveys at the recording site (six
surveys per recording site; ten combinations). We then applied GEEs to examine whether
QS varied between regions, habitat types, days of survey, and times of survey. We specified
the recording site as a subject variable, and comparison ID as a within-subject variable.
Data were fitted by a normal distribution with identity link function. All statistical analyses
were performed in IBM SPSS Statistics 26. We assumed a significance level of « = 0.05, and
the tests were two-tailed.

3. Results
3.1. Species Richness

We recorded 51 bird species in the tropical region and 54 in the temperate region.
On average, we observed 21.3 & 3.8 species per recording site at the tropical region and
14.9 £ 2.1 at the temperate region (Mann-Whitney test: Z = —4.196, p < 0.001). During a
single survey, we recorded an average of 10.0 & 3.1 species at tropical sites and 7.0 £ 2.2 at
temperate regions (Mann—-Whitney test: Z = —7.709, p < 0.001, Supplementary Materials
Tables S1 and S2).

The GEE-based analysis revealed that the number of birds detected during 5-min
surveys differed significantly by region (Wald x? = 26.5, p < 0.001) and time of survey
(Wald x? = 28.1, p < 0.001), but not by habitat (Wald x> = 0.03, p = 0.87) or day of survey
(Wald x? = 0.002, p = 0.96). We recorded significantly more species per survey in the tropical
region than the temperate region, and during surveys conducted at sunrise than one or
two hours after sunrise (Table 1 and Figure 1).
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Table 1. Results of generalized estimating equations examining the effect of region, habitat type, day, and time of survey on

the number of bird species recorded during a single five-minute survey. As reference categories, we used tropical region,
forest, first day, and early survey.

Predictor B SE Wald x? df p-Value
Intercept 2.442 0.0635 1480.179 1 <0.001
Region (temperate) —0.362 0.0703 26.536 1 <0.001
Habitat (open habitats) —0.012 0.0705 0.028 1 0.867
Day (second) 0.002 0.0323 0.002 1 0.961
Survey (late) —0.247 0.0528 21.890 1 <0.001
Survey (intermediate) —0.154 0.0335 21.050 1 <0.001

12— Survey

EEarly
Mintermed

[ Late

Number of species
(o)}
|

Tropical Temperate

Region

Figure 1. Average number of bird species (+/—SD) recorded during a five-minute survey in tropical
and temperate regions. Surveys started at sunrise (early), 1 h after sunrise (intermediate), and 2 h
after sunrise (late). The significant differences (p < 0.001) in the number of detected bird species
were observed between the regions, as well as between early vs. intermediate and late survey
independently on the region.

3.2. Accuracy and Precision of 5-min Surveys

We found that the accuracy of a given survey depended on the time of the survey (Wald
x> =28.9, p < 0.001), but not on region (Wald x? = 0.003, p = 0.96), habitat (Wald x? = 0.4,
p = 0.84), or day (Wald x? = 0.1, p = 0.83). Accuracy was significantly higher at sunrise
(54% of bird biodiversity detected) than one or two hours after sunrise (46% and 41% of
bird biodiversity detected, respectively; Table 2 and Figure 2). We found no differences
in the precision of surveys either between regions (Wald x? = 1.2, p = 0.28) or habitats
(Wald x2 = 0.01, p = 0.92). The average precision (measured as a standard error of the
six surveys conducted at recording site) was 0.84 in the tropical region and 0.72 in the
temperate region.

Table 2. Results of generalized estimating equations examining the effect of region, habitat type, day, and time of survey
on the accuracy of a single five-minute survey. As reference categories, we used tropical region, forest, first day, and

early survey.

Predictor B SE Wald x2 df p-Value
Intercept —0.628 0.0439 205.055 1 <0.001
Region (temperate) —0.003 0.0501 0.003 1 0.955
Habitat (open habitats) 0.032 0.0505 0.396 1 0.529
Day (second) —0.008 0.0355 0.045 1 0.832
Survey (late) —0.264 0.552 22.933 1 <0.001
Survey (intermediate) —0.160 0.0346 21.253 1 <0.001
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Figure 2. Accuracy of a single five-minute survey in tropical (orange) and temperate (green) region
during early, intermediate, and late survey. Mean values and SE of means are given.

3.3. Species Composition

The average value of Sgrensen similarity index for any two surveys at a recording site
was 0.55 at tropical sites (range = 0-1) and 0.56 at temperate sites (range = 0.15-0.89) (Figure 3).
No differences were found between tropical and temperate regions (Wald x? = 0.02, p = 0.89)
or between forests and open habitats (Wald x> =0.3, p = 0.59). However, we found that
similarity values depended significantly on whether the two surveys were conducted on
the same day (Wald x> =64, p = 0.012) or the same time of day (Wald x% =230, p < 0.001).
Similarity was significantly lower for surveys conducted on the same day than on different
days, and it was significantly higher for surveys conducted at the same time of day than at
different times of the day (Table 3).

40—
30
20—
10 —
0—
40—
30
20—
10
0—

eordory,

Frequency
uo13oy

9eraduwa |,

0.0 0.2 0.4 0.6 0.8 1.0
Serensen similarity index
Figure 3. Distribution of Serensen similarity index comparing bird species composition during two

random surveys at recording site in tropical and temperate regions. Histogram based on comparisons
of 540 pairs of surveys.

Table 3. Results of generalized estimating equations examining the effect of region, habitat type, day (surveys conducted on
the same or different days), and time of survey (surveys conducted at the same time on different days or at different times)

on values of Serensen similarity index.

Predictor B SE Wald x2 df p-Value
Intercept 0.546 0.0266 420.792 1 <0.001
Region (temperate) 0.004 0.0294 0.020 1 0.888
Habitat (open habitats) 0.016 0.0294 0.292 1 0.589
Day (different) —0.027 0.0106 6.361 1 0.012
Time of survey (the same) 0.069 0.0144 22.953 1 <0.001
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4. Discussion

We detected no differences in the accuracy or precision of the recorder-based point-
count method, either between tropical and temperate regions or between forests and open
habitats. Similarly, there was no effect of region or habitat on the species assemblage
detected by multiple surveys at a given recording site (Serensen similarity index). Thus, in
the environments analyzed here, 5-min surveys provided estimates of bird-species richness
that were statistically indistinguishable between regions and habitats. Our results are
based on a specific approach where a human-observer surveying birds within unlimited
radius was replaced by an autonomous sound recorder. Therefore, by using our method,
we were unable to detect silent species that can be recorded visually by observers [18], but
this bias concerned analyzed regions. The difference may come from the varying numbers
of silent species inhabiting different locations and generally greater likelihood of visually
spotting birds in open habitats than in forests. If we assume that the detection distance is
only slightly shorter for the recorders than for observers [23], that most birds are detected
by auditory cues in the field [22], and that similar species richness estimations are obtained
by recorders and observers [21], then we may generalize our results also to traditional
human-based point-counts where bird species richness is estimated in an unlimited radius.
In studied locations, the effectiveness of the same type of recorders was compared with
human point-counts. Studies reported similar bird-species-richness estimation by human-
observers and recorders in Cameroon [20] and in forests in Poland, but in open habitats in
Poland, recorders detected a lower number of bird species than human-observers surveying
birds at the same time [37]. During a single survey, we detected an average of 47% of
the overall daily bird-species richness observed during two succeeding days at a given
recording site. Correspondingly, estimates of community similarity between surveys, as
quantified with Serensen similarity index, were low (0.55-0.56). This degree of repeatability
among surveys has been due to the specific methods used in our study—a 5-min survey.
The accuracy and precision of single surveys have been shown to depend not only on their
duration, time of day, and stage in the season, but also on the probabilities of detection
of single species that make up a bird community [11,37,38]. Survey durations and stages
of the breeding season from the perspective of a single recording site were constant in
our study. Thus, variation in bird-species-richness estimation was mainly related to daily
changing probabilities of detecting species that compose the bird community at a recording
site. It means that, in all analyzed regions and habitat types, as in other studies (e.g., see
References [39,40]), some species were easy to detect, while others were not, and the sum
of probabilities of detection gave an estimation of species richness, which, in our study,
did not differ between habitats. In our study, tropical and temperate locations varied in
their size and the distance between neighboring recording sites. Therefore, we analyzed
bird-species richness only at the recording site and did not compare species’ richness
between whole locations. Additionally, the effectiveness of a single survey in our study
was compared to the total number of bird species detected during six surveys conducted
in two succeeding days in the morning hours.

Our results also highlight a more general problem, i.e., a single point-count survey
has clear limitations for assessing the spatial distribution of particular species, such as in
studies of site occupancy rates or habitat preferences [41,42]. This limitation especially
applies to species with low detectability. In such cases, increasing either the duration (e.g.,
by applying autonomous sound recorders) or number of surveys in a season may improve
detectability and increase the performance of models that seek to describe relationships
between birds and environmental characteristics [40,43,44]. We showed that a single survey
conducted at sunrise recorded more species than surveys conducted one or two hours
after sunrise, but it was still only 54% of overall bird species detected at the recording site
during six surveys conducted by two succeeding days. We are aware that, even when
conducting six surveys, we were not able to detect all bird species present around recording
sites, because we did not record soundscapes at night, for example. Autonomous sound
recorders are well adapted for studying bird species’ richness. In the simplest approach, a
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single 24-h survey should allow for the detection of all vocalizing species present within the
detection range of the recorders. Manual spectrogram scanning and listening to recordings
are time-consuming, but appropriate sampling across whole days (e.g., 5 min every hour)
should reduce the effort with a slight decrease of accuracy and give a good bird-species-
richness estimation independently of the geographical region and habitat type. Sound
attenuates faster in forests than in open habitats [45], so the detection ranges of the same
sound by recorders and human-observers are larger in open than in forest habitats [23]. We
did not apply habitat-related correction for detection range in our study, so we expect that
the sampling area around recording sites was larger in the open than in the forest habitat,
but still constant at the recording site. Such an approach corresponds with point-counts,
applying an unlimited radius of detection.

Regardless of habitat type or region, the number of species detected in our study was
highest at sunrise and lower in later surveys. This result is not surprising, because bird
vocal activity is highest at dawn [46-48]. However, human-observers have a finite ability to
perceive different birds, and, therefore, the probability of not detecting a species increases
with the number of species vocalizing at the same time [49]. In our approach, we sought to
eliminate the subjective effects of perception and observer skill by analyzing recordings
in the lab; we were thus able to listen to recordings many times and compare unknown
vocalizations with sound samples from online libraries. If we had used human-observers,
differences between different times of day would likely have been less pronounced—
human-observers should tend to overlook species during dawn chorus, when most species
are singing than during later hours [49]. As is, our results highlight a clear effect of the
time of day when surveys are conducted. If this factor is not considered in the design and
interpretation of surveys, spurious changes in bird biodiversity would likely appear that
do not reflect any biological or ecological process but are merely an effect of the time when
surveys were conducted.

5. Conclusions

Our study showed that recorder-based point-counts provided similar estimates of bird
biodiversity in various habitat types and geographical regions. At the same time, a low
proportion of detected species during a single survey limits the usefulness of the method
in studying bird-environment relationships (e.g., habitat preferences), while a decreasing
number of detected species across the day may result in the misinterpretation of the status
of bird populations, when early and late surveys are compared without controlling this
factor. Using acoustic recorders, we missed some silent species, which could be detected
by human-observers. We also focused on a very short period in the breeding season and
only surveyed birds active during the day. To fully estimate bird biodiversity, repeated
surveys at recording sites should be conducted across the whole year, including day and
night controls. Our study was conducted only in two locations. To support our results
further studies applying the same bird survey method in tropical and temperate regions
are needed.
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