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ABSTRACT. Omnidirectional bioacoustic recording systems offer the ability to record forest songbirds in the
field by technical staff, and then interpret the recordings later in the laboratory by skilled interpreters. Among
several advantages to this approach are the ability to estimate variance among interpreters, obtain a permanent
archival record of the point count, reduce costs by using regular field crews to collect data vs. those skilled in bird
identification, and remove impediments to breeding bird surveys due to lack of available skilled birders. In this
study we first evaluated the effects of microphone configuration and digital processing methods on the quality and
effectiveness of the recordings, and then evaluated how consistently skilled birders interpreted the same songbird
recordings collected under a mix of environmental conditions, and related this to the commonness of the species.
At the time of this evaluation, the most cost-effective configuration of the bioacoustic monitoring system included
use of a 180�/180� microphone combination, a minidisc digital recording system, analog transfer of the sound data
via a digital soundcard, post-processing amplification of the signal, and data storage in an .MP3 format. This
combination maintains high sound fidelity while minimizing both expense and data storage requirements. As
recording device technology improves, the direct storage and digital transfer of .WAV format files will be the
preferred and most effective recording option. Despite noisy conditions due to wind and other ambient sounds for
many of the recordings, interpreters showed a high level of similarity in species identification and enumeration for
the 34 most abundant species. Standardized coefficient of variance increased sharply when species had fewer than
10 occurrences, suggesting that birders are more variable in their identification of rare or uncommon species.
Desktop identification systems that include type specimens of spectrographic signature and sound clips to aid
interpreters could improve identification accuracy of rarer species.

SINOPSIS. Monitoreo bioacústico de aves de bosques: variabilidad en el interpretador y efecto de la
configuración del método de procedimiento digital en el laboratorio

Los sistemas de grabación bioacústicos omnidireccionales permiten grabar aves de bosque por personal técnico y
luego la interpretación de lo grabado por personal versado o con buena experiencia en el laboratorio. Estre las
ventajas de este método se encuentran la habilidad para estimar la variación entre interpretadores, obtener y archivar
un record permanente en el lugar de grabación, reducir los costos del trabajo utilizando un pequeño grupo para
tomar los datos vs. personal experimentado para la identificación de aves y minimizar los impedimentos de censos
de aves no-reproductivas debido a la limitación de observadores experimentados. En este estudio evaluamos, en
primer lugar, el efecto de la configuración del micrófono y el método de procesamiento digital en la calidad y
efectividad de la grabación. También se evaluó la consistencia del personal experimentado en la interpretación de
la grabación del canto bajo condiciones ambientales mixtas, y el relacionar esto con el número de individuos de la
especie. Al momento de la evaluación, la configuración más costo-efectiva del sistema de monitoreo bioacústico
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incluyó una combinación de micrófonos de 180/180 grados, un sistema de grabación digital con minidiscos, un
sistema ánalogo de transferencia vı́a una tarjeta digital de sonidos, amplificación post proceso digital y el almace-
namiento de los datos en formato .MP3. Dicha combinación mantiene un sonido de alta fidelidad y minimiza los
gastos y requerimientos de almacenar los datos. Según vaya mejorando la tecnologı́a, también mejorará, el alma-
cenamiento directo y transferencia digital a archivos .WAV lo que será la opción más efectiva y perferida de
grabación. No empece a condiciones en donde el viento y otros elementos produjeron ruido, los interpretadores
mostraron un alto nivel de similaridad en la identificación de las especies y en el número de las 34 más abundantes.
El coeficiente de varianza estandarizado, aumentó marcadamente cuando las especies fueron detectadas en menos
de 10 casos, lo que sugiere que los observadores son más variables en la identificacion de especies poco común o
raras. Sistemas de identificación que incluyan espectografias del canto tı́pico de aves y muestras de sonido, muy
bien pudieran ayudar a los interpretadores a identificar correctamente las especies raras.

Key words: acoustic surveys, digital recording techniques, microphones

Sustainable forest management programs are
increasingly being scrutinized for the effective-
ness of their conservation strategies. For exam-
ple, as management agencies develop prescrip-
tive indicators of their wildlife conservation
strategies (e.g., amount and distribution of old
growth forest), they are also finding that these
strategies must be tested by actually monitoring
the response of wildlife to changes in forest
structure, extent, and pattern (Simberloff 1998;
Carlson and Schmiegelow 2002). For forest
birds, this task is easier said than done. For ex-
ample, few resource management agencies have
the skilled and experienced staff required to
launch an intensive six-week field program to
identify and count forest songbirds through
song recognition. In addition to cost, the few
highly qualified birders that do exist are in high
demand during this short period (Hobson et al.
2002).

One possible solution to this lack of skilled
individuals in the field is to record songbirds
and use automated voice recognition software
to identify them. Although promising in theory,
the reality of noisy forest environments, bird
songs that overlap in frequency and occur si-
multaneously, regional dialects of songs, and
the mixture of loud and quiet birds makes the
automated acoustic wave composition analysis
of digital sound files very difficult (Anderson et
al. 1996; Larkin et al. 1996; Kogan and Mar-
goliash 1998). An alternative approach is to re-
cord songbirds using a high quality recording
system that attempts to mimic what a birder
would hear in the field, and then send these
recordings to experienced birders for interpre-
tation later in the year.

Bioacoustic recording systems utilizing mi-
crophones such as the Compression Zone Mi-
crophone (CZM) attempt to mimic what the
birder would hear in the field, and an initial

evaluation of such a system was positive (Hob-
son et al. 2002). These systems can be oriented
in a number of configurations involving more
than one microphone system. Monitoring
schemes such as these quickly accumulate large
volumes of digital audio information, necessi-
tating efficient methods of data backup and
storage that maintain sufficient audio fidelity to
enable interpretations of the data. Many for-
mats exist for performing these tasks, and in
particular, recent advances in audio compres-
sion (e.g., .MP3) and sound card technology
hold great promise. Several questions remain,
however. How effective are different micro-
phone configurations in terms of identifying
and counting birds, what are the effects of dif-
ferent digital processing methods on the quality
of the recordings, and how variable are the
songbird interpretations among analysts? We at-
tempted to answer these questions, and to assess
the financial costs of alternative methods for a
cost-effective configuration of a bioacoustic re-
cording system to monitor the diversity and
abundance of forest songbirds.

METHODS

Digital recording and processing
procedures. We used the CZM microphone
as described in detail by Hobson et al. (2002) to
make digital recordings of songbirds. The nature
and quality of digital recordings are very much
affected by the algorithms and parameters used
to encode, compress, store, and transfer the data.
The information presented in this section is
necessary and sufficient to reproduce our re-
sults. It is useful to note that the audio record-
ing options used here are necessary to achieve
audio quality similar to CD audio. CD audio
consists of 16-bit resolution (16 bits of data to
store audio) and a sampling frequency of 44.1
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Fig. 1. Schematic of both digital and analog con-
nections used for transfer of audio to the Soundblas-
ter Live� soundcard from MiniDisc and Digital Au-
dio Tape media.

kHz (the number of times per second the data
is sampled) in stereo format. A rule of thumb
for selection of sampling rate is to double the
highest audible frequency. The highest audible
frequency for human hearing is about 22 kHz,
so a sampling rate of 44.1 kHz should accu-
rately reproduce any audible tone.

Forest songbirds were recorded on the Sony
MiniDisc MZ-N707 (MD), which makes use
of the Adaptive Transform Acoustic Coding
(ATRAC) compression algorithm. This algo-
rithm compresses sound files by omitting
psychoacoustically inaudible data, i.e., frequen-
cies that are so similar that the human ear
‘‘lumps’’ them together. This allows large re-
cordings to be stored on relatively small media.
ATRAC nomenclature is confusing, and this
version is not the MiniDisc Long Play (MDLP)
that uses a higher compression ratio (sometimes
called ATRAC3), but is rather generation ‘‘DSP
Type-R’’ of the ATRAC algorithm, which in-
cludes improvements to version 4.5 in the high
frequency range, and is significantly improved
over versions 1 and 2. This ATRAC perceptual
coding system is similar in performance to the
ISO-MPEG Audio Layer-3 (.MP3) coding sys-
tem, popularized by Internet music file sharing
(Sablatash and Cooklev 1996). To evaluate the
effects of compression, we made simultaneous
test recordings on the Tascam DA-P1 Digital
Audio Tape (DAT) recorder, which stores re-
cordings in an uncompressed format. A ‘‘y-
cord’’ was specially constructed to allow simul-
taneous recording on both devices from a single
microphone combination.

Digital data were transferred to the computer
by digital sampling (44.1 or 48 kHz, 16-bit
format) using the Soundblaster Live� sound-
card. We used the Sony/Philips Digital Inter-
connect Format (S/PDIF) fibre-optic interface
with Pulse Code Modulation (PCM) and saved
data in an uncompressed file format, Waveform
Audio (.WAV). Data were downloaded using
the software provided with the soundcard. To
assess quality of analog versus digital recordings,
28 of the recordings were also downloaded di-
rectly from the MD stereo headphone-out port
(5 mW) to the analog line-in port on the
soundcard; this is the typical line-in available
on most soundcards (Fig. 1). The DAT record-
ings were transferred to the computer using the
coaxial interface (Fig. 1).

Seven of 84 DAT recordings were recorded

and downloaded at the 44.1 kHz sampling fre-
quency; all others were recorded and down-
loaded at the 48 kHz rate. All the MD record-
ings were recorded and downloaded with a
sampling frequency of 44.1 kHz. The Sony
MD Walkmans do not have a digital output
port, so the MD disks were placed in a Sony
JB940 MiniDisc deck unit, and digital MD re-
cordings were then transferred using the digital
optical Toslink (fibre-optic) interface between
the MiniDisc deck and the soundcard. Note
that the transfer of data from the MiniDisc me-
dia requires sampling of the digital datastream
via the soundcard by real time playback and
recording (on PC using sound editing soft-
ware), and is not simply a direct file transfer
from the MD media to the computer. This is
necessitated by proprietary software created by
Sony for ATRAC audio compression, making
the files unrecognizable to the PC except as an
audio signal via the soundcard.

Each recording was categorized according to
level and type of environmental noise. Noise
included wind effects (principally rattling of
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Fig. 2. Stereo configurations of CZM microphones
used in experiments: (A) 360�/360�, (B) 360�/180�,
(C) 180�/180�. Arrows indicate the directions from
which the microphone collects sound waves. Black
semi-circles indicate baffles preventing sound from
entering the microphone waveguide.

Table 1. Assessment of recording quality by one in-
terpreter (JE).

Recording quality Number of recordings

Good 13
Hiss 5
Wind minimal 4
Wind moderate 4
Mosquitoes 2
Machinery 1
Raindrops 1

leaves by trembling aspen), mosquitoes, and
machinery operating in the area. For tests of
perceived storage file format quality, data were
re-sampled in Cool Edit 2000 (Syntrillium
Software Corporation, Phoenix, AZ) to .MP3
format using the Fraunhofer-Thompson com-
pression scheme, 44.1 kHz sampling rate, and
a constant bit rate (256 kbps). The final com-
pression ratio from .WAV file to .MP3 was 5.5:
1. This is a less aggressive compression than
many default .MP3 schemes that result in a 10:
1 level of compression.

Analysis of the hardware/software
configuration. Three microphone configu-
rations were evaluated in terms of perceived
sound quality, and the ability of interpreters to
spatially discriminate the location of birds. The
microphones are available as either fully om-
nidirectional (360�) or semi-omnidirectional
(180�), where baffles block the sound for half
the microphone opening. To achieve stereo re-
cordings that allow estimation of bird abun-
dances, two microphones separated by approx-

imately 30 cm in configurations of 180�/180�,
360�/180�, and 360�/360� were used (Fig. 2).
In each instance, the microphones create sepa-
rate left and right audio channels, and the hu-
man ear perceives time delays between chan-
nels, creating the stereo effect. All three config-
urations were tested by playing recordings of
White-throated Sparrows (Zonotrichia albicolis),
Least Flycatchers (Empidonax minimus), and
Hermit Thrushes (Catharus guttatus) along an
arc at distances of 10 and 20 m. These songbird
species were selected for the test because they
range in frequency and quality of call, and
hence their potential effect on listeners’ expect-
ed ability to discern location.

Sound-clips (10 s) of songbird recordings
made as above were sent to four interpreters,
which included three of us (SVW, RSR, GH)
and one other experienced songbird interpreter.
For each test, recordings were randomly mixed,
and assigned an index number referencing the
recording to test conditions by one of us that
did not participate in the interpretation (JE).
Hence, the test was ‘‘blind’’ because none of the
interpreters had access to this information.

For perceived sound quality, interpreters
were asked to assign each recording to one of
four quality categories: poor (1), acceptable (2),
high (3), and exceptional (4). For spatial dis-
crimination, interpreters were asked which of
three recordings provided better spatial discrim-
ination (A, B or C? N � no obvious or easily
discernable difference). Results were analyzed
with ANOVA, with Student-Neuman-Keuls
(SNK) post-hoc hypothesis testing.

We evaluated the effect of recording methods
on sound quality with the following three tests.
(1) Similarity and quality of recordings made
on MD versus DAT recording devices was test-
ed by simultaneously recording to both devices.
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To remove the possible effect of different mi-
crophone acoustics, a y-cord was constructed to
simultaneously connect cables from a single set
of microphones to both the MD and DAT re-
corder. This also ensured that the interpreter
could interpret the same recording, and that the
similarity (correlation) between spectrograms
could be calculated. (2) Similarity and quality
of recordings made by digital transfer versus an-
alog transfer was tested by transferring the same
MD recording using both digital and analog
methods. Analog transfer, unlike digital trans-
fer, results in a loss of acoustic gain (i.e., vol-
ume). As a result, analog recordings were ini-
tially of lower amplitude than the digital re-
cording. To remedy this, all analog recordings
were amplified by 750% using sound analysis
software (Cool Edit) to create recordings of vir-
tually identical volume. (3) Similarity and qual-
ity of recordings replayed using uncompressed
file format (.WAV) versus compressed file for-
mat (.MP3) was tested by saving files in both
formats. The file sizes of the two formats differ,
so to hide the identity of the format, the .MP3
files were first compressed from .WAV to .MP3,
and then saved again as .WAV. This resulted in
files of identical size and the same extension
name, but with data resolutions inherent to the
originating format; data omitted in the initial
compression to .MP3 files is permanently lost.
This test was based on recordings downloaded
from the MD (ATRAC internal format).

For the above three questions, interpreters
were asked which recording sounded better (A,
B, or N), with results later recoded to �1, 1,
or 0, respectively. For example, the quality of
MD versus DAT recordings was scored for 84
pairs of recordings by selecting the best record-
ing (randomly labeled as either A or B), and
later we assigned either �1 (MD), 1 (DAT), or
0 (no detectable difference) to that response. If
the interpreters selected no detectable differ-
ence, and/or if DAT and MD were selected
with no evident preference, then the test score
approached 0. If one or the other device was
preferred, then the score was expected to devi-
ate significantly from 0. Results were analyzed
using a one-sample t-test, where the test value
was set to 0 (i.e., the null hypothesis is that
there is no evident preference), and with a two-
tailed test.

These three questions were also studied using
numerical spectrographic cross-correlation

(SPCC) techniques. For each pair of recordings,
a spectrogram was created in AVISOFT, and
saved in binary format. The correlation coeffi-
cient of the two spectrograms was calculated by
a routine that incrementally shifts the position
of 1 spectrogram relative to the other, and then
determines the maximum correlation coeffi-
cient (r). Because we were testing the similarity
of two theoretically identical sounds, we did
not specify any cut-off frequencies, or frequen-
cy tolerances for the correlation. The sound
clips were of identical length, and this elimi-
nates potential issues with SPCC that result
from comparisons of sounds of different
lengths. If used correctly, the SPCC approach
is an effective tool for examining bioacoustic
hypotheses (Cortopassi and Bradbury 2000).

The effect of recording level on sound qual-
ity was tested by recording at low, medium, or
high, or with Automatic Volume Limiter Sys-
tem (AVLS) engaged on the Sony MiniDisc sys-
tems.

Analysis of variability among songbird
interpreters. Thirty 10-min field recordings
were copied and transferred to CDs, and sent
to each of six experienced songbird interpreters.
Each interpreter had experience in songbird
identification for programs such as the Ontario
Breeding Bird Atlas (Cadman et al. 1987),
North American Breeding Bird Survey (Bystrak
1981), Forest Bird Monitoring Program (Welsh
1995) or for studies where results were pub-
lished in peer reviewed journals. Songs were re-
corded using the bioacoustic monitoring system
based on the CZM (formerly CVX) micro-
phone (Hobson et al. 2002) following standard
point count protocols. Songbird recordings
were made between 5:00 and 10:10, for the
period from 30 May to 8 July 2002. Recordings
were not made under high wind or rainy con-
ditions, and followed the environmental con-
dition protocol of the Forest Bird Monitoring
Program (Welsh 1995). All data were collected
in the mesic boreal mixedwood region of north-
west Ontario, with a mid-point location of ap-
proximately 89.0�W, 49.6�N. No identifying
information concerning site or habitat was in-
cluded. The recording quality label (high or
poor) was not revealed, and the names of other
interpreters were not divulged. Interpreters were
requested to identify birds heard during the first
five minutes, and then to continue recording
new individuals for the full 10 min of the re-
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Table 3. Community similarity measure (for all 58
identified songbirds) to evaluate similarity of the ob-
served bird community among interpreters (A–F).

Sorensen coefficient (CC)a

B C D E F

A 0.9111 0.8989 0.8966 0.7952 0.8354
B 0.8764 0.8276 0.7952 0.8101
C 0.8372 0.8049 0.8718
D 0.8000 0.8421
E 0.8333

a CC � 2c/s1 � s2, where CC is the Sorensen
community coefficient, c is the number of species in
common between observers, and s1 and s2 are the
number of species identified by interpreters 1 and 2,
respectively.

Table 4. Community similarity measure (for the 34
most abundant songbirds) to evaluate similarity of the
observed bird community among interpreters (A–F).

Sorensen coefficient (CC)

B C D E F

A 0.9851 0.9851 0.9538 0.9375 0.9375
B 0 0.9697 0.9375 0.9206 0.9206
C 0 0 0.9688 0.9524 0.9524
D 0 0 0 0.9508 0.9508
E 0 0 0 0 0.9333

Fig. 3. Coefficient of variation plotted against mean
count (among the six interpreters), for each forest
songbird species.

cording. Interpreters were asked to listen to the
recordings in the same manner as they would
in an operational setting, with no specific ad-
vice on listening to recordings more than once.
Interpreters were not informed a priori that the
results would be part of an evaluation of the
CZM microphone; hence these results are not
tests of interpreter ability, but simply an eval-
uation of consistency among interpreters in an
operational setting.

The analysis of how similar songbird iden-
tification and counts were among interpreters
was conducted using the Sørensen community
similarity coefficient (Sørensen 1948). This
metric considers both the commonness of spe-
cies identification, and the similarity of species
counts. A computer program, based on Basic
code in Brower et al. (1997), was written by
RSR in Visual Basic to calculate similarity be-
tween all pairs of observation sets and produce
the similarity matrix.

RESULTS AND DISCUSSION

Analysis of the hardware/software
configuration. Effect of microphone configu-
ration on sound quality. Interpreters rated the
180�/180� combination best in terms of spatial
discrimination. The average scores for the 28
recordings of 180�/180�, 360�/180�, and 360�/
360� combinations were 2.96, 2.39, and 2.32,
respectively. The combinations were signifi-
cantly different (among combinations F2 � 6.4,
P � 0.003), with the 180�/180� combination
significantly higher than the 360�/180� and
360�/360� group (SNK � � 0.05). Most re-

cordings scored either a 2 (acceptable quality)
or 3 (high quality), so the 180�/180� combi-
nation was scored as high quality on average
and the other two combinations as acceptable
quality.

Effect of microphone configuration on spatial
discrimination. Interpreters rated the 180�/
180� combination best in terms of sound qual-
ity. The average scores for 90 recordings of
180�/180�, 360�/180�, and 360�/360� combi-
nations were 0.408, 0.317, and 0.117, respec-
tively, where the recording was scored 1 if it
provided the best spatial discrimination among
the three recordings. The combinations were
significantly different (among combinations F2

� 14.2, P � 0.0001), with the 180�/180� and
360�/180� combinations being significantly dif-
ferent from the 360�/360� combination in
terms of spatial discrimination (SNK � �
0.05). The 180�/180� combination provided
the best ability to spatially discriminate the lo-
cation of birds, but the 360�/180� combination
also performed well. There was no effect of spe-
cies used in the playback (F2 � 0.10, P � 0.90)
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nor an interaction of microphone combination
and playback species (P � 0.11).

MD versus DAT. Interpreters could not dis-
cern the difference in quality between recording
formats. The average score of 84 pairs was
0.143 (SE � 0.078), and the score did not dif-
fer significantly from 0 (one-sample t-test; df �
83, P � 0.07). The recordings had almost iden-
tical spectrographic signatures, with a mean
correlation (r) of 0.968 (SD � 0.032). Both
the MD and DAT datastream are digitally sam-
pled in the soundcard at the same rate (44.1
kHz/s), and the resulting digital spectrographic
signature is similar between the two sources.
Although this test found no evidence that the
two recording formats differed, these results
must also be viewed with some caution because
the variance resulted in a relatively weak test
with a power of only 0.56. There is consider-
able variance in anecdotal opinion of the qual-
ity of the ATRAC internal compression algo-
rithm used by the MD, with some Internet re-
ports saying ATRAC is much better than .MP3
and others reporting that ATRAC should never
be used for recording birds. Essentially these
results compare the pure, uncompressed .WAV
format (as download from the Tascam DAT),
with the compressed MD ATRAC format, and
found no evidence of a strong difference.

Recording level. The effect of recording level
on sound quality was evaluated by listening to
recordings made at either low, medium, high,
or set to AVLS, and selecting the best quality
recording. Of eight pairs, only recordings made
at high or moderate levels were selected as best,
with AVLS and low levels never selected. AVLS
is responsive to the closest (or loudest) bird
singing, and hence will decrease the volume if
a nearby bird is calling loudly, making it more
difficult to hear the quieter birds.

Digital versus analog download. Interpreters
could not detect a difference between the am-
plified analog and digital downloaded versions
of the recordings (one-sample t-test, mean �
�0.071, df � 27, P � 0.16). The spectro-
graphic similarity between pairs was moderate
(average r � 0.85, SD � 0.091). Thus down-
loading data from a recorder that does not have
a digital output port (using the headphone out-
put port) did not have a detectable effect on
interpretability of the sounds. This value was
lower than the similarity of recording pairs
made using the MD versus DAT devices.

.MP3 versus .WAV format. Interpreters
could not discern the difference in quality be-
tween MD recordings stored using the .MP3
versus .WAV formats. The mean response value
(�0.107) did not differ significantly from 0
(one-sample t-test, df � 27, P � 0.18). Spectral
similarity of each pair of recordings was again
moderate (r � 0.86; SD � 0.021). However,
these tests were based on data originating from
the MD, which uses the real time, internal
ATRAC compression algorithm. Thus this test
simply determines if archiving the .WAV for-
mat download files as .MP3 has a negative ef-
fect on interpretation quality. Because the MD
files were already compressed internally, it is not
unexpected that there was no discernable dif-
ference. Note that this result does not apply if
the source of the data was the Tascam DAT
recorder, in which case the difference in spec-
trographic signatures between .MP3 and .WAV
would likely be much greater.

Variability among songbird interpreters.
To represent the range of conditions that occurs
in an ‘‘operational’’ setting, test recordings of var-
iable quality were selected. Verbal and written
response from the interpreters confirmed that
the interpreters felt many of the recordings were
of poor quality, with only 13 of the 30 record-
ings classified as ‘‘good’’ (Table 1). Wind and
mosquitoes were the two most disturbing
sounds reported.

A cumulative total of 58 songbird species were
identified (Table 2) by all observers. The number
of species identified by individual interpreters
varied between 45 and 34 species over the 30
recordings, with interpreters A–C identifying
44–45 species. None of the identifications were
subjected to further scrutiny or verification, as
the emphasis of the study is on variability among
interpreters, not absolute accuracy.

The full list of species counts (Table 2) was
analyzed using community similarity measures.
These indices compare the similarity of ‘‘com-
munities’’ based on the combined similarity of
species presence, and the relative abundance of
individuals within each species (Table 3). The
bird communities, as identified by interpreters
A–D, had high similarity with each other,
whereas the communities identified by inter-
preters E–F had lower similarity. This is in part
because interpreters E–F identified fewer and
different species, and their counts were more
variable.
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Substantially higher similarity values were
achieved among all interpreters when only the
34 most abundant species were included in the
analysis (Table 4). For these species most ob-
servers identified at least one or two individuals.
Visual inspection of the species counts (Table
2) confirms the finding that there is a high de-
gree of similarity among interpreters for the
more abundant species. Variance in estimated
abundance (expressed as coefficient of variance
[COV], where COV � SD/mean) decreased
with increasing abundance (Fig. 3). For total
abundance of 10 or more individuals, variance
stabilized, and there was little variability among
birders in abundance counts.

These results indicate that even with some
distracting noise, interpreters consistently iden-
tified the same common species, and produced
similar counts of individuals. Each interpreter
made sound clips of the species they identified,
so confirmation of rare species could be
achieved by comparison of the sound clips with
archived recordings.

CONCLUSIONS

Considering cost, complexity of setup, and
quality of recordings, the most effective record-
ing configuration is the 180�/180� microphone
pair, using the MD digital recorder. The MD
recorder is substantially less expensive than a
DAT recorder, is much lighter, and requires
fewer and lighter batteries. There was no listen-
er discernable difference in quality of recordings
using either method. The 180�/180� micro-
phone configuration provides the best spatial
discrimination, and the best quality of sound
in the recordings, although the 360�/180� con-
figuration is also effective.

The most cost-effective data transfer ap-
proach of those tested is to download record-
ings via the headphone port to an analog line-
in port on the computer, and post-process this
data by amplifying 750% and saving the data
as .MP3 using a single batch processing script.
There was no difference in quality between dig-
ital and analog downloads, nor between .WAV
and .MP3 file formats. This approach avoids
the purchase of the expensive MD deck unit
(e.g., JB940), and the complex setup of an op-
tical digital I/O firmware system in the com-
puter. It also allows considerable (�80%) sav-
ings of disk storage space by using the com-

pressed .MP3 data format. The only additional
cost is the purchase of digital sound editing
software (for amplification and conversion of
files to .MP3 format), but at this time good
software can be purchased for � $80 US.

Sound recording equipment will undoubtedly
change over the next few years. Recording media
will change and portable memory (e.g., micro-
drives and flash memory cards) will replace disks
as the favored media upon which recordings are
stored and transferred. The results from this
study will continue to apply in terms of sound
quality assessment if similar compression algo-
rithms are used by the recording device (e.g.,
.MP3). The cost-effectiveness of alternative strat-
egies, however, will likely shift if uncompressed
data (e.g., linear PCM .WAV format) can be
easily transferred to computers using inexpensive
microdrives. The preferred recording configura-
tion will have no moving parts (reducing me-
chanical failure), have sufficient memory to store
multiple recordings (avoiding costly storage
disks), allow direct recording of sounds in .WAV
format, allow direct file transfer of songs to the
computer (speeding data transfer rates and main-
taining original recording quality), and have low
power requirements (reducing battery weight
and expense).

Our research suggests that interpreter vari-
ability is likely most significant for rare species,
as has been found by previous work (Kepler
and Scott 1981). Interpreter variability declined
and stabilized at a frequency of about 10 in-
dividuals. This is likely no different than what
would occur with normal field sampling, and
suggests that for statistical analysis of trends, or
establishing relationships with resource man-
agement practices, interpreter error potentially
becomes an important component for analysis
of species that occur on less than 10 occasions
in a survey. Analysis of these bioacoustic re-
cording data demonstrates that at these lower
levels, observations of rare or uncommon song-
birds are more likely to be in error.

Sound-clips for unidentified birds can be ex-
tracted and compared to validated type speci-
mens of songbird songs and calls, and this ap-
proach may be of particular value for the mon-
itoring and documentation of rare and uncom-
mon species. An audio identification system,
comprised of desktop software to display ob-
served and type specimen spectrographic sig-
natures and audio clips would undoubtedly aid
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the identification of the rarer species, and result
in a higher similarity among all observers and
possibly reduced processing time. Analogous re-
cording approaches have been used by field ob-
servers, with recordings of unidentifiable calls
being made by miniparabolic microphones,
with identification against type specimens prov-
ing useful in improving data quality (e.g., Hob-
son and Schieck 1999). Furthermore, sharing
of sound clips between interpreters may serve
as a training tool, allowing for further reduction
in observer or interpreter variability. Robbins
and Stallcup (1981) identified numerous sourc-
es of error in species identification, including
for example observers’ lack of familiarity with
local dialect and dependence on bird song tapes
recorded mostly in eastern North America as
training aids. Comparison of sound-clips would
be particularly useful in reducing observer var-
iability and/or errors in these circumstances.

This omnidirectional recording system de-
scribed here is not designed for recording single
individuals, and hence is not necessarily suited
for the creation of an archive of type specimen
songs and calls (although we have obtained ex-
cellent recordings using this system). The twin
plate design of the microphone may filter
sounds in the 200–400 Hz band, thus limiting
it usefulness for recording certain owls, colum-
bids, and grouse (A. McCallum, pers. comm.).
Directional parabolic or shotgun microphones
are more suited for recording type specimen
sound clips, and the appropriate hardware/soft-
ware configuration would probably differ, with
no compromises in quality acceptable (Wicks-
trom 1982). A general recommendation that we
make is that directional microphone recordings
may be improved if they are used in a stereo
configuration, with recordings made with a ste-
reo recording device.

The bioacoustic configuration described
here, however, is appropriate for cost-effective
songbird monitoring, and for the collection and
documentation of sounds arising from entire
bird communities occurring in different forest
environments.
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