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Evaluation of an Automated Recording Device
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ABSTRACT Monitoring of forest songbirds via auditory detections during point surveys can be enhanced by
using preprogrammed recording devices. During May–July 2008, we compared boreal forest bird surveys
conducted with SM-1 bird song recorders (Wildlife Acoustics, Inc.) with field surveys by observers and
surveys recorded with the E3A Bio-Acoustic Monitor Kit (River Forks Research Corp.) in Ontario, Canada,
to evaluate the utility of the SM-1 to generate reliable detections of forest birds. The SM-1 surveys identified,
on average, 8.95 species, 0.76 fewer species per 10-min point count than field surveys (x ¼ 9.71 species) and
1.26 fewer species than the E3A (x ¼ 10.21 species). SM-1 surveys also identified on average 11.6
individuals per 10-min count, 2.5 fewer than field surveys (x ¼ 14.1) and 2.3 fewer than E3A surveys
(x ¼ 13.9), respectively. The lower number of SM-1 detections, however, was less than the reduction in
detections made by field surveys later as compared to earlier in the breeding season. This suggests that SM-1
recorders set up early in the season would detect more birds than field surveys stretching late into the season.
Moreover, lower detections with the SM-1 could be easily offset by collecting an additional 10-min sample
on another day. Most species were detected equally well by all 3 methods with a few exceptions. Unattended
recording devices are especially advantageous in situations where the number of experienced observers is
limited, where access difficult, where multiple samples at the same site are desirable, and where it is desirable
to eliminate inter-observer, time-of-day and time-of-season effects. � 2011 The Wildlife Society.
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Monitoring programs to assess trends and status of songbirds
need better coverage in boreal habitats, where access is
limited (Sauer et al. 2003, Blancher et al. 2009, Francis
et al. 2009). Point-count surveys, where an observer records
all birds seen or heard at a point location for a specified time
(Ralph et al. 1995b), are the most common survey method for
songbirds (Rosenstock et al. 2002). Large-scale monitoring
programs and surveys are often volunteer-based because they
are less costly to implement, and as such, areas of low human
population or relatively inaccessible terrain are often not
well-monitored or surveyed. Recording technology has
been suggested as a partial solution to this problem
(Hobson et al. 2002, Francis et al. 2009) because it is not
necessary to send trained observers to the field and the
recorders can be left unattended for long periods of time.
This reduces the need for experienced auditory bird surveyors
during the breeding season and enables fewer experienced

observers to interpret recordings from a large number of
breeding season surveys in the off-season. As well, if record-
ers are unattended, more sampling can be conducted at each
point to improve the quality of the data, deployment of
recording units can occur any time of day, regardless of
weather, and deployment and retrieval of recorders can occur
outside of the breeding season, making field work more
flexible.
The general idea of using recordings to facilitate monitoring

of birds and other taxa is not new (Haselmayer and Quinn
2000, Hobson et al. 2002, Acevedo and Villanueva-Rivera
2006, Celis-Murillo et al. 2009, Swiston and Mennill 2009).
Comparisons of recordings with field observations have varied
in their approaches and have come to different conclusions.
Hutto and Stutzman (2009) concluded that recording systems
could not provide a cost-effective alternative to field point
counts, whereas several other studies argued that recording
approaches were advantageous (Haselmayer and Quinn 2000,
Hobson et al. 2002, Acevedo and Villanueva-Rivera 2006,
Celis-Murillo et al. 2009).
Two ‘‘off-the-shelf’’ recording systems are currently avail-

able for unattended recording of animal vocalizations via a
programmable schedule. The E3A system (River Forks
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Research Corporation, Chilliwack, BC, Canada) uses pat-
ented Compression Zone Microphone (CZM) technology
to collect high-resolution ambient recordings. The E3A
system can ‘‘hear’’ birds as well, and sometimes better than
field observers (K. McIlwrick and S. Holmes, personal ob-
servation). On playback, positions of individual sound sour-
ces can be visualized on a 3608 degree radial. The E3A
system has been evaluated in 2 published studies. Hobson
et al. (2002) compared species richness and abundance of
birds in field surveys in southern boreal mixed woods to
interpretations from simultaneous field recordings made
by the same observers using the E3A system; agreement
between the 2 methods was 83–97%. Rempel et al. (2005)
examined observer differences in interpretation of recordings
made with the E3A system. They found that interpreters
showed a high level of similarity in species identification and
enumeration for the 34 most abundant species in their study
area, with sharply increased variability for less common
species. They did not compare the E3A recordings to field
observations, however. The SM-1 (Wildlife Acoustics, Inc.,
Concord, MA) is a compact weather-resistant recorder
designed specifically for collecting unattended recordings
in remote locations. To our knowledge, its reliability com-
pared to field surveys of songbirds has not been evaluated.
Our objective was to evaluate the SM-1 system for con-

ducting bird point counts, and ultimately to evaluate its
usefulness in conducting large-scale monitoring of forest
birds in remote locations. We compared richness and
abundance estimates from interpreted point counts from
SM-1 recordings to point counts conducted by field workers.
We also compared interpretations of SM-1 recordings to

those from E3A recordings. We included the E3A system
in the comparison because we wanted to be able to distin-
guish between issues of sound quality and issues related
more directly to recording versus live data collection. We
also examined the influence of time of season and number
of visits on the relative performance of the various
approaches.

STUDY AREA

The study area was located near Thunder Bay, Ontario,
Canada (Fig. 1). Ten sites were included in the study.
Eight of the sites were on the Sibley Peninsula in the
Boreal Forest, Lake Nipigon Ecoregion (3W) and 2 sites
(Prelate Lake and Southfowl) were in the Great Lakes–St.
Lawrence Forest, Pigeon River Ecoregion (4W) (Rowe
1972, Crins et al. 2009). The forest composition in
Ecoregion 3W was predominantly black spruce (Picea
mariana), white spruce (P. glauca), balsam fir (Abies balsa-
mea), trembling aspen (Populus tremuloides), white birch
(Betula papyrifera), and jack pine (Pinus banksiana) on upland
sites. Ecoregion 4W had a warmer climate, with a mixture of
boreal and Great Lakes–St. Lawrence species, including
eastern white pine (Pinus strobus) and red pine (Pinus
resinosa).

METHODS

Recording Equipment
We used 3 methods to collect auditory bird-survey data: field
surveys, SM-1 recordings, and E3A recordings. The SM-1 is

Figure 1. Map of study area (Thunder Bay area, ON, Canada) where we compared bird detection probabilities for 3 survey methods: point-count field surveys,
SM-1 bird song recorders, and E3A Bio-Acoustic monitoring kits, in May–July 2008.
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a digital audio recorder specifically designed to monitor
wildlife populations in harsh outdoor environments over
extended periods of time. It is relatively inexpensive
(US$599 at the time of writing) and lightweight (approx.
1,300 g with batteries), uses relatively simple and inexpen-
sive microphone technology, and requires very little power,
enabling it to record for >90 hr on a single set of 4 Alkaline
D-cell batteries. The SM-1 measures 21.3 cm � 18 cm �
6.1 cm and has 2 built-in stereo omni-directional micro-
phones with a sensitivity of �35 � 4 dB, a frequency re-
sponse of 20–20,000 Hz, and a signal-to-noise ratio of
>62 dB. The SM-1 can sample at rates of 4,000–
48,000 samples/sec, but all of our recordings were sampled
at 16,000 samples/sec. The electronics, batteries, display and
controls are mounted inside a weatherproof enclosure. For
our surveys, we removed the cover for each recording to
access the manual controls.
The Earthsong series E3A DSS Bio-Acoustic Monitor Kit

is designed to generate a high-resolution ambient stereo
recording with a 3608 view. The E3A includes the CZM
microphone comprised of a high-sensitivity electret micro-
phone, high-gain low-noise integrated amplifier, and a pat-
ented acoustic waveguide. The recording unit is a Marantz
PMD670 (Kanagawa, Japan) digital-solid state recorder.
The power system consists of an internal lead-acid battery
that provides power to the microphones and recorder.
Technical data for the CZM microphone can be found at
the River Forks website (www.riverforks.com). The E3A
system, which includes paired stereo microphones
(3.2 kg), tripod (1.7 kg), carrying case with recorder and
power supply (7.7 kg), and cables (0.9 kg) fits in a large
canoe-style pack (14 kg).

Data Collection

Each of the 10 study sites contained 5–7 survey stations
spaced �250 m apart. We conducted surveys during 0550–
0915 Eastern Daylight Time using both the SM-1 and E3A
recording systems. Simultaneously, a field observer con-
ducted a point-count survey. We visited most stations 4
times from 27 May to 4 July 2008, although the number
of useable visits per station ranged from 1 to 5. Some visits
were not used because of bad weather, technical difficulties
with recorders, or other logistical issues. Visit 1 was made
from 27 May to 2 June, visit 2 from 2 June to 18 June, visit 3
from 18 June to 3 July, visit 4 from 25 June to 4 July, and visit
5 from 3 July to 4 July.
Each station was visited alternately by 1 of 2 field observers

(including GH) who recorded all birds seen or heard using
a standardized, 10-min point-count protocol (Howe et al.
1997). The distance to each bird was estimated in
4 distance classes (<25 m, 25–50 m, 51–100 m, >100 m).
We did not conduct surveys in the rain or when wind was
significant.
We interpreted recordings in a similar manner to field

surveys in that each was listened to just once for 10 min.
All recordings were initially interpreted by GH. Additional
interpretations of the SM-1 recordings were carried out by
3 other observers.

Analysis
We carried out analyses out using Splus version 7 (Insightful
Corporation 2005) and Resampling Stats for Excel version 4
(Resampling Stats, Arlington, VA).
Species richness and abundance.—We examined 1) richness

(no. of species) and abundance per 10-min point count
overall and as a function of sampling method and visit period,
and 2) richness based on number of visits (1–4) and sampling
method, with the expectation that more visits would ame-
liorate differences between methods. Stations with 5 visits
were too few to include in the analysis. We used 2-way
ANOVA with replicates and Tukey method for multiple
comparisons.
Distance analysis.—We looked for a relationship between

the rate of detection (dependent variable) and the distance
class estimated in the field using ANOVA and multiple
comparisons (Tukey method). Observations >100 m were
too uncommon to be included in the analysis. To estimate
rate of detection we calculated the proportion of times that a
species was detected by the SM-1 sample when it had been
detected in the field sample. We used only detections in the
field sample because distance measures were only available
for the field-sample observations. To assess the true rate of
detection, the field sample would have had to have correctly
identified all individuals of all species present at each sample
location. This assumption was subsequently proven to be
false (see Results Section). However, because observer-based
field surveys are the current standard for forest bird moni-
toring, estimating rates in relation to this standard has some
interpretive benefits.
Species analysis.—We estimated the probability of detection

for each species individually using each method by dividing
number of method-specific detections/total detections using
all methods. A detection is defined here as presence of a
species at a survey. For example, brown creeper (Certhia
americana) was detected on 60 occasions by �1 of the 3
methods; 36 times by SM-1, 51 times by E3A, and 22 times
in field surveys (Table 1). Using these data, the probability of
detection was 0.60 (36/60) for SM-1, 0.85 (51/60) for E3A,
and 0.37 (22/60) for the field survey. These are generous
estimates because they exclude cases where the species was
present but not detected by any of the methods. The calcu-
lated probabilities are, therefore, relative, rather than
absolute.
We tested for differences in species-specific detection effi-

ciencies among the 3 methods by conducting Monte Carlo
simulations. There were 220 station and visit combinations
(61 stations and 1–5 visits/station) where a species might be
detected. So, for a comparison of any 2 methods, there were
220 possibilities of detection by one method and 220 by the
other method. To conduct the simulation, we created a bin
(column in an Excel spreadsheet) of 220 ‘‘1s’’ (representing
the first method) and 220 ‘‘2s’’ (representing the second
method). The bin could also be visualized as a bowl con-
taining 220 black marbles and 220 white marbles. If a species
was detected x times by one method and y times by the
second method (real data), we randomly selected without
replacement (x þ y) values (marbles) from the column
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Table 1. Detections (presence) of bird species using SM-1 bird song recorders, and E3A Bio-Acoustic monitoring kits, and in simultaneous field observations
during 10-min point-count surveys (Thunder Bay area, ON, Canada) fromMay to July 2008. Species are listed in order of least to most common. P values were
estimated by Monte Carlo simulation for species with >3 detections. Significant differences in detection are indicated in bold.

Species code Common name Scientific name

Detections P values

Total SM-1 E3A Field SM-1 vs. field E3A vs. field SM-1 vs. E3A

WISN Wilson’s snipe Gallinago delicata 1 1 0 0
YWAR Yellow warbler Dendroica petechia 1 1 0 0
OSPR Osprey Pandion haliaetus 1 1 1 0
RBGU Ring-billed gull Larus delawarensis 1 1 1 0
WOTH Wood thrush Hylocichla mustelina 1 1 1 0
GCFL Great-crested flycatcher Myiarchus crinitus 1 0 1 0
MALL Mallard Anas platyrhynchos 1 0 1 0
RWBL Red-winged blackbird Agelaius phoeniceus 1 0 1 0
CLSW Cliff swallow Petrochelidon pyrrhonota 1 0 0 1
OSFL Olive-sided flycatcher Contopus cooperi 1 0 0 1
RTHU Ruby-throated hummingbird Archilochus colubris 1 0 0 1
BBCU Black-billed cuckoo Coccyzus erythropthalmus 2 0 1 1
COGR Common grackle Quiscalus quiscula 2 0 1 1
COYE Common yellowthroat Geothlypis trichas 2 0 0 2
SOSP Song sparrow Melospiza melodia 2 0 0 2
CONW Connecticut warbler Oporornis agilis 3 1 0 2
COME Common merganser Mergus merganser 3 1 0 2
AMGO American goldfinch Carduelis tristis 4 0 2 4 0.124 0.696 0.484
CHSP Chipping sparrow Spizella passerina 4 2 4 2 1 0.696 0.696
PISI Pine siskin Carduelis pinus 5 2 3 1 1 0.646 1
CEDW Cedar waxwing Bombycilla cedrorum 6 1 5 1 1 0.23 0.21
BLBW Blackburnian warbler Dendroica fusca 7 0 0 7 0.018 0.018
NOWA Northern waterthrush Seiurus noveboracensis 7 4 5 2 0.696 0.458 1
BWHA Broad-winged hawk Buteo platypterus 7 4 3 7 0.515 0.323 1
EAWP Eastern wood-pewee Contopus virens 8 6 7 7 1 1 1
AMCR American crow Corvus brachyrhynchos 10 3 3 7 0.323 0.323 1
HETH Hermit thrush Catharus guttatus 10 8 7 6 0.814 1 1
GRAJ Gray jay Perisoreus canadensis 11 6 5 6 1 1 1
TEWA Tennessee warbler Vermivora peregrina 11 7 11 2 0.182 0.022 0.497
RBGR Rose-breasted grosbeak Pheucticus ludovicianus 16 7 8 14 0.151 0.271 1
PUFI Purple finch Carpodacus purpureus 18 13 15 7 0.27 0.129 0.843
BBWA Bay-breasted warbler Dendroica castanea 24 9 6 9 1 0.598 0.598
DOWO Downy woodpecker Picoides pubescens 24 11 10 18 0.264 0.174 1
CAWA Canada warbler Wilsonia canadensis 29 20 25 14 0.378 0.023 0.564
GCKI Golden-crowned kinglet Regulus satrapa 30 9 9 21 0.025 0.025 1
HAWO Hairy woodpecker Picoides villosus 30 11 14 19 0.196 0.482 0.697
RUGR Ruffed grouse Bonasa umbellus 31 22 25 26 0.65 1 0.764
LEFL Least flycatcher Empidonax minimus 34 22 30 26 0.642 0.676 0.313
BHVI Blue-headed vireo Vireo solitarius 38 5 5 37 <0.001 <0.001 1
YBFL Yellow-bellied flycatcher Empidonax flaviventris 39 28 25 19 0.24 0.441 0.873
RCKI Ruby-crowned kinglet Regulus calendula 40 34 30 18 0.069 0.119 0.677
BCCH Black-capped chickadee Poecile atricapillus 43 26 37 27 1 0.23 0.162
BLJA Blue jay Cyanocitta cristata 43 32 38 35 0.817 0.822 0.533
NOPA Northern parula Parula americana 44 27 34 32 0.591 0.892 0.426
AMRO American robin Turdus migratorius 46 8 16 37 <0.001 0.001 0.121
BTBW Black-throated blue warbler Dendroica caerulescens 48 35 40 38 0.792 0.898 0.485
NOFL Northern flicker Colaptes auratus 51 26 33 29 0.769 0.667 0.439
MOWA Mourning warbler Oporornis philadelphia 52 37 42 26 0.162 0.039 0.603
CORA Common raven Corvus corax 53 34 30 37 0.8 0.431 0.753
PIWO Pileated woodpecker Dryocopus pileatus 58 26 30 47 0.015 0.044 0.676
BRCR Brown creeper Certhia americana 60 36 51 22 0.07 <0.001 0.073
VEER Veery Catharus fuscescens 62 46 46 51 0.66 0.66 1
CSWA Chestnut-sided warbler Dendroica pensylvanica 66 45 50 43 0.911 0.583 0.636
YRWA Yellow-rumped warbler Dendroica coronata 74 41 48 40 0.903 0.4 0.555
YBSA Yellow-bellied sapsucker Sphyrapicus varius 92 55 65 67 0.24 0.926 0.65
RBNU Red-breasted nuthatch Sitta canadensis 93 50 79 77 0.008 0.936 0.004
BTNW Black-throated green warbler Dendroica virens 110 86 91 97 0.333 0.613 0.697
BAWW Black-and-white warbler Mniotilta varia 117 75 93 70 0.682 0.168 0.066
SWTH Swainson’s thrush Catharus ustulatus 142 108 124 119 0.344 0.694 0.148
NAWA Nashville warbler Vermivora ruficapilla 146 102 114 88 0.227 0.014 0.282
AMRE American redstart Setophaga ruticilla 148 92 128 82 0.378 <0.001 <0.001
REVI Red-eyed vireo Vireo olivaceus 152 132 135 83 <0.001 <0.001 0.866
WIWR Winter wren Troglodytes troglodytes 155 119 139 140 0.027 1 0.061
MAWA Magnolia warbler Dendroica magnolia 168 130 128 135 0.675 0.571 0.929
OVEN Ovenbird Seiurus aurocapilla 179 152 161 168 0.091 0.526 0.412
WTSP White-throated sparrow Zonotrichia albicollis 193 177 178 187 0.257 0.31 1
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(bowl), counted the number of 1s and 2s (black marbles and
white marbles), and calculated the difference z (1s minus 2s
or black marbles minus white marbles). The bin was shuffled
and the operation repeated 1,000 times. The proportion of
times that jzj � jx � yj is an exact P-value for a 2-tailed test
of the significance of the difference between x and y.

RESULTS

Species Richness and Abundance
We observed 66 different species, 58 in the field surveys, 56
in the E3A interpretations and 54 in the SM-1 interpreta-
tions (Table 1). Nineteen species were not observed by 1 or 2
of the 3 methods. Nearly all of the species that were missed
by �1 method were detected only 1–2 times in the study
(Table 1).
Species richness varied significantly both with survey meth-

od (F2, 642 ¼ 13.17, P < 0.001; Fig. 2) and visit number (F4,

642 ¼ 25.92, P < 0.001; Fig. 2), but the interaction was not
significant (F8, 642 ¼ 0.32, P > 0.96). Overall, the SM-1
detected on, average 8.95, species, 0.76 (8%) fewer species
per 10-min count than the field surveys (x ¼ 9.71 species)
based onmultiple comparisons by Tukeymethod (SE ¼ 0.26,

95% CI ¼ 0.14–1.38) and 1.26 (12%) fewer species than the
E3A (x ¼ 10.21 species; SE ¼ 1.26, 95% CI ¼ 0.64–1.88).
The E3A detected 0.50 more species than the field surveys,
but this difference was not statistically significant
(SE ¼ 0.26, 95% CI ¼ � 0.12–1.11). The average number
of species present in a sample decreased as the season
progressed, with mean richness per survey 4 species
lower between the first and last visit of the breeding season
(Fig. 2).
Cumulative species richness increased with each additional

visit (Fig. 3; F3, 1,242 ¼ 712.8, P < 0.001), and was signifi-
cantly lower in SM-1 recordings than in field surveys for up
to 4 visits, and lower in SM-1 recordings than in E3A
recordings for up to 3 visits (Fig. 3). Cumulative species
richness did not differ between E3A recordings and field
surveys (Fig. 3).
In 220 visits, we counted 3,093 individuals in the field

surveys, 3,020 individuals in the E3A interpretations, and
2,554 individuals in the SM-1 interpretations. On average,
the SM-1 picked up 11.6 individuals per 10-min count,
whereas the field surveys captured 14.1, and the E3A surveys
captured 13.9. Based on 2-way ANOVA with replicates, and
multiple comparisons (Tukey method) the SM-1 method

Figure 2. Number of bird species detected (richness) on point counts as a function of survey type and visit number.Whiskers are plotted as the nearest value not
beyond a standard span (1.5� inter-quartile range) from the quartiles. The line inside the box represents the median, the box represents the middle half of the
data. Extreme points are shown beyond the whiskers.
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counted significantly fewer individuals than both the field
and E3A surveys (Fig. 4; F2, 654 ¼ 25.94, P < 0.001). There
was no statistical difference between the E3A and field
surveys. As well, the number of individuals observed by visit
number declined through the breeding season for all
survey types (Fig. 4; F1, 654 ¼ 73.4, P < 0.001). There
was no interaction between survey type and visit number
(F2, 654 ¼ 0.49, P > 0.61).

Distance Analysis

Individuals estimated to be <25 m from the point-count
center were more likely to be detected by the SM-1
method (detection rate of 0.59) than individuals sampled
in the 51–100-m range (detection rate ¼ 0.39; ANOVA,
F2, 142 ¼ 3.48, P ¼ 0.033; Tukey multiple-comparisons
estimate ¼ � 0.201, SE ¼ 0.078, 95% CI ¼ � 0.017 to
�0.39). The detection rate for the 25–50-m range was
0.54 and was not significantly different from either the
<25-m or 51–100-m ranges. This relationship also held
true for the E3A system, where the detection rate was
0.62 for the <25-m range, 0.59 for 25–50-m, and 0.42
for 51–100-m (ANOVA, F2, 142 ¼ 3.54, P ¼ 0.032, Tukey
multiple-comparisons estimate ¼ � 0.203, SE ¼ 0.079,
95% CI ¼ � 0.39 to �0.02).

Individual Species Analysis
Probability of detection for most species was>0.5 for each of
the methods (Fig. 5). However, a few species were sampled
better by some methods. For example, field surveys did a
better job of detecting Blackburnian warbler (Dendroica
fusca), blue-headed vireo (Vireo solitarius), American robin
(Turdus migratorius), golden-crowned kinglet (Regulus
satrapa), and pileated woodpecker (Dryocopus pileatus) than
either the SM-1 or E3A, whereas the SM-1 and E3A did a
better job of sampling red-eyed vireos (Vireo olivaceus;
Table 1; Fig. 5). The E3A also performed better than field
recordings in detecting Tennessee warbler (Vermivora
peregrina), Canada warbler (Wilsonia canadensis), mourning
warbler (Oporornis philadelphia), brown creeper, American
redstart (Setophaga ruticilla), and Nashville warbler
(Vermivora ruficapilla), and better than SM-1 in detecting
red-breasted nuthatch (Sitta canadensis) and American
redstart (Table 1). Field surveys were superior to SM-1
recordings in detecting red-breasted nuthatch and winter
wren (Troglodytes troglodytes; Table 1). The detection effi-
ciencies of SM-1 recordings and E3A recordings were highly
correlated (Fig. 5c; r ¼ 0.565, P < 0.001 for all species;
r ¼ 0.753, P < 0.001 for species with >5 detections).
Cedar waxwing (Bombycilla cedrorum) was an outlier.

Figure 3. Richness as a function of survey type and number of visits. Within a visit, box-plots with the same letter are not significantly different. Whiskers are
plotted as the nearest value not beyond a standard span (1.5� inter-quartile range) from the quartiles. The line inside the box represents the median, the box
represents the middle half of the data. Extreme points are shown beyond the whiskers.
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DISCUSSION

The SM-1 recording method used here captured slightly
fewer species than both the field-survey and the E3A
method. Other studies have found similar (Haselmayer
and Quinn 2000, Hobson et al. 2002) or better (Acevedo
and Villanueva-Rivera 2006, Celis-Murillo et al. 2009) rich-
ness estimates with recorded versus field observations. In
contrast, Hutto and Stutzman (2009) found that the number
of species detected per point was 34% less for recordings and
that 40.9% of field observations were not captured by the
recorders. Our comparisons between the SM-1 and field
observations were much more favorable (8% and 17%, re-
spectively). In our study it appears that lower richness in
recorded observations can be mitigated by conducting addi-
tional surveys on additional days because richness captured
by the SM-1 based on 2, 3, and 4 visits far exceeds the
richness captured by 1 visit using the field or E3A method
(Fig. 3).
Survey points are often visited more than once to generate a

better quality estimate of species presence (Hutto et al. 1986,
Ralph et al. 1995a). This is a reasonable approach if certain
assumptions are met; specifically, the majority of species

must be territorial and breeding must be relatively synchro-
nous (Karr 1981). These assumptions are met in the boreal
and temperate forests. Repeated visits to the same site over
the course of the breeding season are expected to sample the
same community of birds, although the probabilities of
detection may change for different species. Given this, we
expect that higher richness estimates based on additional
surveys during the breeding season represent improved esti-
mates, not increasing numbers of species present.
Additional surveys are cost-effective if recording units are

left unattended. For the purposes of this study, field observers
conducted point counts while recordings were being made to
reduce the variability between approaches that might be as-
sociated with sampling at different times. Under normal
circumstances, however, SM-1 recorders would be left unat-
tended at sampling stations. Stations must be visited twice,
once for deployment and once for retrieval of recording units.
Thus, if 2 or more surveys per site are planned, the time
required to sample is roughly the same or less when using
recorders than when conducting field surveys. This conclusion
is contrary to the findings of Hutto and Stutzman (2009),
because they did not consider the possibility of multiple
surveys at stations and because they had a recording system

Figure 4. Number of individuals of all bird species detected on point counts as a function of survey type and visit number. Whiskers are plotted as the nearest
value not beyond a standard span (1.5� inter-quartile range) from the quartiles. The line inside the box represents themedian, the box represents themiddle half
of the data. Extreme points are shown beyond the whiskers.
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that required significant set-up time, whereas the SM-1
can be deployed in a few minutes and is light and easy to
carry.
There are other advantages to unattended recordings that

might make recording methods more feasible than field
observations. Deployment and retrieval of programmable
units can be done outside of the breeding season, during
any time of day, under any weather conditions. Surveys at all
sites can be conducted at the same time during the day and
breeding season. This is a significant advantage because time
of day and time of season are both important factors in
species detectability (Ralph et al. 1995b). In our study the
date of the visit also appears to be more important to
the number of species captured than the survey method.
The earliest visit using the SM-1 had equal or greater
richness than subsequent visits using the field or E3A
method (Fig. 2). The SM-1 units are well-designed for
unattended recording because they are weather resistant,
programmable, and have low power requirements (will
record up to 540 10-min samples).
Fewer individuals were observed using the SM-1 than the

E3A (15%) and field observations (17%; Fig. 4), in part due
to the differing ability of these methods to detect distant
species. In general, distance from the observer is a significant
factor in detection probabilities on point counts (Alldredge
et al. 2007). This appears to be more so for recorded point
counts (Hutto and Stutzman 2009). Our distance analysis
suggests that individuals that are farther away are less likely
to be sampled by the SM-1 and by the E3A system than
by field observers. The lower sensitivity of the SM-1, in
particular, may be due in part to the lack of compression zone
discs in the SM-1 and its difficulty in separating sounds
spatially. The E3A uses 2 highly directional microphones
that provide 3608 audio, so the listener can spatially separate
multiple individuals of the same species. The field observer
has the same capacity and can reorient to map multiple
individuals of the same species. The SM-1 does record in
stereo, but the microphones are less sensitive due to lack of
compression and are spaced only 20 cm apart (in the SM-1
configuration), so it is possible but more difficult to identify
multiple individuals of the same species in a single survey. As
with richness, the timing of the visit appears to be relatively
more important in determining the number of individuals in
the sample than does the survey method. The SM-1 method
captured more individuals in the earliest visit than the other 2
methods did in any of the subsequent visits (Fig. 4). This
suggests that a recording protocol that involves �1 survey in
the earliest visit window will provide the best estimate of the
number of individuals. Again, with unattended recording it
is possible to sample all stations within the same time
window.
An examination of species identity suggests that a small

group of species is less well-sampled by the SM-1 and E3A
systems (species in the bottom right corner of Fig. 5a and b).
This suggests that surveys recorded with the SM-1 have
sufficient sound quality to identify all species (E3A sound
quality is known to be excellent), but that some other factors
are also an issue (Hutto and Stutzman 2009). One obvious

Figure 5. Comparison of detection probabilities for the 3 survey methods:
(a) SM-1 (recording units) versus field surveys, (b) E3A (recording units)
versus field surveys, and (c) SM-1 versus E3A. Only species detected at 5 or
more sites and/or times are presented. Species abbreviations are shown in
Table 1.
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advantage of field surveys over recording is the ability to use
visual cues for identification (Celis-Murillo et al. 2009,
Hutto and Stutzman 2009). Hutto and Stutzman (2009)
found that 14.8% of observations that were only observed in
the field were identified by visual cues. Woodpeckers are a
good example, where auditory cues from foraging or flight
may not be sufficient to identify individuals to species, but
visual identification is often possible.
We examined the survey results of several species where

there were large discrepancies between recording and field
observations to identify potential sources of error. We
selected 12 blue-headed vireo field observations at random,
where the original interpretation of the recordings did not
identify blue-headed vireo. In 10 of these, the reinterpreta-
tion indicated that the individuals were more likely red-eyed
vireo than blue-headed vireo, in agreement with the original
interpreter. This example suggests that some errors associ-
ated with field surveys may go unnoticed. This is to be
expected because auditory sampling is very difficult and
the surveyor only gets one opportunity to listen at the
site. Thus, some of the apparent missed detections with
the recording devices may actually have been due to errors
in field surveys. This emphasizes one of the most important
advantages of the recording methods: the opportunity to
listen to samples again (Celis-Murillo et al. 2009). As an
example, Blackburnian warbler was originally observed
8 times in field surveys and not at all in E3A or SM-1
surveys. Two experts revisited these recordings and observed
Blackburnian warblers in 5 of the recordings. Upon
reinterpretation, American goldfinch (Carduelis tristis) was
observed in 4 of 4 recordings from which the species was
initially interpreted as absent. There is significant cost asso-
ciated with listening to recordings multiple times, however.
One approach would be to resample a portion of recordings
to assess observer accuracy and, thereby, determine whether
multiple interpretations of recordings would be useful or
necessary. In our study, the discrepancies between recordings
and field observations for the majority of species appear to be
quite small (only 7 of 59 species had significantly lower
detectability using the SM-1). The decision to resample
recordings needs to be made on a case-by-case basis depend-
ing of the experience of the interpreter, as well as the
occurrence of anomalies in the data.
An additional advantage to using recordings and a single

interpreter in the laboratory is the removal of inter-
observer error (Sauer et al. 1994, Simons et al. 2007) and
the reduction of intra-observer error associated with being
able to listen to recordings multiple times, using visual
cues from spectrograms, checking identifications against a
library of songs, and conferring with additional experts
(Hobson et al. 2002, Rempel et al. 2005, Celis-Murillo
et al. 2009, Hutto and Stutzman 2009). Rempel et al.
(2005) found that birders were more variable in their
identification of more uncommon than common species
and recorded data may ameliorate this effect based on
approaches mentioned above. All of these additional activi-
ties take time, however, so there is a trade-off between data
quality and cost.

Eliminating inter-observer error will be most beneficial for
large-scale or long-term studies where there may be many
observers (Celis-Murillo et al. 2009). Recording approaches
will also be advantageous where expert birders are limited or
where institutional staff does not have the required skills to
conduct bird surveys. Overall, the cost of conducting surveys
is likely higher using recorders than using field observations
(Hutto and Stutzman 2009), although this depends some-
what on the accessibility of stations, the number of surveys
per station desired, the longevity of the recorders, and the
number of years of monitoring.
Ultimately, however, one of the greatest advantages of

recorded data is the possibility that a semi-automated system
of song recognition may be developed that will enable
recordings to be interpreted much more quickly and effi-
ciently (Brandes 2008). This would make large-scale surveys
feasible and much more efficient, and would also aid in
finding rare species, because the cost of searching out
those rare species in the recordings could be substantially
reduced. Automated song-recognition approaches are still in
early stages of development (Brandes 2008, Swiston and
Mennill 2009).
The results described here are not limited to the SM-1.

Other studies have used different recording devices (e.g.,
Haselmayer and Quinn 2000, Hobson et al. 2002, Celis-
Murillo et al. 2009, Hutto and Stutzman 2009). The
desirable characteristics of a recording device for unattended
recording are that it be omni-directional (Haselmayer
and Quinn 2000), weather resistant, programmable, light-
weight, inexpensive, and have low power requirements
(so that it can be left unattended for long periods of
time). There are also advantages to recordings made simul-
taneous with field observations (and not left unattended).
Many commercially available, high-quality digital recorders
would suffice for this situation.
The proposed approaches do not eliminate the need

for skilled bird observers. Ecological insight can only be
developed by spending time in the field and developing
knowledge of how birds interact with their environment.
Survey data are only useful if knowledgeable ecologists are
able to interpret patterns, and develop and test hypotheses
that attempt to explain these patterns.

MANAGEMENT IMPLICATIONS

Unattended recording devices like the SM-1 provide data on
the presence and abundance of songbirds that are comparable
to that obtained by field observers. Such devices would be
particularly useful where expert field observers are limited,
and where it is desirable to eliminate inter-observer, time-of-
day and time-of-season effects. Logistically, recording
approaches become much more efficient where multiple
surveys are desired, because the devices can simply be left
to collect the additional data at programmed intervals.
Recording approaches could greatly facilitate large-scale,
long-term monitoring programs in remote locations such
as the Canadian boreal forest, where lack of data is currently a
serious impediment to assessing the sustainability of forest
management practices.
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