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Introduction
Migratory birds can fly non-stop for thousands of

kilometres (Egevang et al. 2010; Bairlein et al. 2012;
Battley et al. 2012) and are likely to encounter ecolog-
ical barriers, such as bodies of water, mountain ranges,
or stretches of desert as they move between breeding
and wintering grounds. Numerous factors might lead
birds to select circuitous routes rather than cross over
ecological barriers (Alerstam 2001), including their
own body condition and external information such as
weather conditions (Schmaljohann and Naef-Daenzer
2011). The increased risk of crossing an ecological bar-
rier may be offset by the time or energy saved in using
the shortest migratory route (Bruderer 2001). This may
be particularly important during spring migration, when
urgency drives males to reach their breeding grounds to
compete for prime territory and attract mates (Francis
and Cooke 1986). 
Migration strategies and the behaviour of migrating

birds are well-studied areas of ornithology (Moore and
Kerlinger 1987; Gauthreaux and Belser 1999). During
a journey from Africa to Europe, for example, migratory
birds encounter the Sahara Desert, the Mediterranean
Sea, and the Alps, all of which could pose a threat to the
long-distance migrant. Historically, researchers believed
that birds were distributed homogenously as they nav-
igated the Mediterranean (Bruderer 2001); however,
banding studies have demonstrated that birds exhibit
diverse migration strategies when encountering ecolog-
ical barriers (Spina and Pilastro 1999). In the Mediter-

ranean, radar studies have shown that the number of
migrants over water is often a third to half that over the
Iberian Peninsula, demonstrating that most birds prefer
to circumnavigate the sea (Bruderer and Liechti 1999).
Furthermore, islands and peninsulas appear to play an
important role for migrants that choose to cross the
Mediterranean Sea, although the use of island stopovers
varies among species and within species based on age
and sex (Barriocanal and Robson 2007). 
The Gulf of Mexico is a major ecological barrier in

North America. Birds vary in their propensity to cross
the water of this gulf (Stutchbury et al. 2009). For ex -
ample, geolocator data from a Wood Thrush (Hylocicha
mustelina) suggest that it crossed the Gulf of Mexico
during its northward migration, but went around on its
southward journey; another thrush chose a land-based
route on its northward spring migration but then crossed
the gulf in the two subsequent spring migrations (Stan-
ley et al. 2012). Barrier islands along the Mississippi
coast play an important role for some migrants, provid-
ing habitat for foraging before or after the substantial
journey across the gulf (Moore et al. 1990).
North America’s Great Lakes are ecological obsta-

cles that influence the migration of songbirds (Diehl et
al. 2003; Deutschlander and Muheim 2009). The geog-
raphy of the lakes channels millions of spring and fall
migrants through the region. The north and south shores
of Lake Erie, as well as the Lake Erie island archipel-
ago, are important stopover locations, and many parts
of this region have been designated Important Bird
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Areas by Bird Studies Canada and Nature Canada be -
cause of their seasonal concentration of migratory birds
(BirdLife International n.d.*). However, because of the
technical challenges involved in monitoring nocturnal
migration of many bird species, we lack significant
information on the ecology and behaviour of migratory
birds that pass through the Great Lakes. Recent radar
studies in the region have explored ecological barrier
avoidance (Diehl et al. 2003), as well as habitat use
by migrant birds and stopover ecology (Bonter et al.
2009). Radar data confirm that many migrants cross the
Great Lakes in spring and fall, although higher densi-
ties of birds were always detected over land than over
water during migration (Diehl et al. 2003). Little is
known about the importance of the islands in western
Lake Erie to migratory bird species.
Although general patterns of barrier avoidance can

be revealed through radar studies of migratory birds,
it is not possible to distinguish between bird species
using radar. In addition, if nocturnal migrants travel at
lower altitudes than diurnal migrants, as reported in the
Gulf of Mexico, they may not be detected by radar
(Farnsworth and Russell 2005). Acoustic monitoring
technology overcomes these limitations. Using species-
specific signatures of the flight calls of migratory birds,
we can collect detailed population and behavioural in -
formation on cryptic, aquatic, and nocturnal species
that are otherwise difficult to monitor (Marques et al.
2013). We recently showed that night-flight call data
can be used to determine the timing and magnitude of
spring and fall migration through the southern Great
Lakes (Sanders and Mennill in press). Therefore, night-
flight call data may improve our understanding of the
spatial and temporal distribution of avian migration pat-
terns in the western basin of Lake Erie. 
In this investigation, we used night-flight call data

and banding station records to determine whether Lake
Erie acts as an ecological barrier to migratory birds by
comparing the number of birds detected on an island
mid-way across the lake versus the number detected
on the north shore. If Lake Erie acts as an ecological
barrier, we expected to find a smaller community of
migrants over the island than on the mainland. If Lake
Erie does not serve as an ecological barrier, but instead
concentrates birds over the island chain as they cross
the lake, then we expected to detect more migratory
birds over the island than at mainland sites. Finally, if
Lake Erie does not serve as a barrier, but an obstacle
that temporarily delays the migration of birds, we ex -
pected to see a lag in detection between the southerly
island and the northerly mainland sites in spring migra-
tion, and the reverse pattern in the fall.

Study Area
We studied bird migration in Essex County, Ontario,

during the 2012 spring migration from April 15 to June
15 and the 2012 fall migration from August 15 to No -
vember 10. We recorded night-flight calls at seven loca-

tions (Figure 1). Three recording sites were located on
Pelee Island mid-way across Lake Erie: two at a bird
banding station in Fish Point Provincial Nature Reserve
at the southern end of the island (41°44'N, 82°40'W)
and one 15 km north at Lighthouse Point Provincial Na -
ture Reserve at the northern end of the island (41°47'N,
82°38'W). Four recording sites were located on the
north shore of Lake Erie: Holiday Beach Migration
Observatory in the Holiday Beach Conservation Area
(42°02'N, 83°02'W); a private woodlot near McGregor,
Ontario (42°06'N, 82°59'W); Cedar Creek Conserva-
tion Area (41°00'N, 82°47'W); and Point Pelee Nation-
al Park (41°56'N, 82°30'W). 

Methods
Acoustic recordings
At each of the seven recording sites, we deployed an

autonomous digital recorder (SM-2 Song Meter, Wild -
life Acoustics, Concord, Massachusetts) equipped with
a single night-flight call microphone (SMX-NFC, Wild -
life Acoustics), mounted on a 30 × 30 cm plastic plate
to minimize recording of sounds below the microphone.
We attached the microphone to a 5.8-m pole that we
lashed to a tree or post at the seven recording sites. To
minimize interference noise from leaves, insects, and
amphibians, we positioned the microphones just above
tree height.With seven identical microphones all mount -
ed in similar fashion above the trees, we assumed that
each of our seven recorders was equally capable of de -
tecting the night-flight calls of birds passing overhead.
As recommended in eBird’s Nocturnal Flight Call

Count Protocol (eBird n.d.*), we programmed recorders
to begin sampling at astronomical dusk and conclude
at astronomical dawn (approximately 70 minutes after
sunset to 70 minutes before sunrise), when the sun was
more than 18° below the horizon. Recordings were
collected at 44 100-Hz sampling frequency with 16-bit
accuracy in WAVE format in 1-h and 59-minute files
(1-minute silent intervals between files allowed the
recorders to write the recordings to memory cards).
Each recorder was visited every 3–5 days to change
batteries and collect recordings.
Recordings were processed manually to ensure the

greatest possible accuracy in detecting all flight calls,
as recommended by Swiston and Mennill (2009). We
processed recordings in two stages (for detailed descrip-
tion see Sanders and Mennill in press). Briefly, record-
ings were first visualized as sound spectrograms using
Syrinx-PC sound analysis software (J. Burt, Seattle,
Washington) and scanned 30 s at a time, by a team of
12 volunteer sound analysts (spectral settings: 1024
FFT size, Blackman window). We used the time and
frequency cursors in Syrinx-PC to annotate all night-
flight calls in our recordings. 
During the second stage of processing, we classified

the species or species group of as many night flight
calls as possible. Using both time and frequency char-
acteristics of the spectrograms of various flight calls



to distinguish between species (Sanders and Mennill
in press, Appendix 1), we constructed a classification
chart modified from Evans and Rosenberg (2000). After
evaluating our own recorded flight calls and reference
recordings (Evans and O’Brien 2002*), we determined
that 67 species of nocturnal migrants could be identi-
fied to the species level (i.e., their night-flight calls
were distinctive) or into seven bioacoustic categories,
or spe cies groups, each comprising multiple bird spe -
cies whose calls could not be distinguished from one
another (details in Sanders and Mennill in press, Ap -
pendix 1). For example, the night-flight calls of North-
ern Parula (Setophaga americana) and Pine Warbler
(S. pinus) both appear as a single down-sweep on a

sound spectrogram; thus, we pooled the detections for
these species into the “single down-sweep” species-
group category (Sanders and Mennill in press, Appen-
dix 1). Furthermore, several species spanned multiple
bioacoustic categories or were classified as distinct at
the species level as well as a member of a broader cat-
egory. For example, Ovenbirds (Seiurus aurocapilla)
produce a distinctive checkmark-shaped flight call that
is species-specific, but also produce calls that consist
only of a frequency modulated upsweep (i.e. the “up”
complex; Sanders and Mennill in press). 
Banding data
Banding data were collected at two migration mon-

itoring stations that operated mist nets concurrent with
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FIGURE 1. Map of study area showing the seven acoustic recording locations (white circles) and the three banding stations
(black stars) used to study spring and fall migration in 2012 around the western basin of Lake Erie, Essex County,
Ontario.



our recordings. During spring 2012, birds were banded
at Fish Point Provincial Nature Reserve on Pelee Island
and at Hillman Marsh Conservation Area on the north
shore of Lake Erie from April 15 to June 10. During
fall 2012, birds were banded at Fish Point Provincial
Nature Reserve on Pelee Island and at Holiday Beach
Conservation Area on the north shore of Lake Erie
from August 15 to November 10. 
The type of species captured in mist nets is heavily

influenced by local habitat; the nets at both Pelee Island
and Holiday Beach banding stations are located in sim-
ilar habitats of semi-mature deciduous forest dominat-
ed by Silver Maple (Acer saccharinum) and Red Maple
(Acer rubrum), with Eastern Cottonwood (Populus
deltoides), Black Ash (Fraxinus nigra), American
Elm (Ulmus americana), Common Hackberry (Celtis
occidentalis), and Pin Oak (Quercus palustris). The
Hillman Marsh banding station operates in an early suc -
cessional habitat previously dominated by hawthorn
(Crataegus sp.), Rough-leaved Dogwood (Cornus
drum mondii), EasternWhite Pine (Pinus strobus), Black
Cherry (Prunus serotina), Northern Red Oak (Quercus
rubra), willow shrubs (Salix sp.), and some Pin Oak
(Quercus palustris). The banding station on Pelee Is -
land used 10 mist nets and followed the monitoring
protocol recommendations of Hussell and Ralph (2005).
The nets at this station were open half an hour before
sunrise and ran for 6 h, excluding down time when nets
were closed due to bad weather (rain or wind) or high
bird volume when nets were closed to ensure safe and
efficient bird handling. The Holiday Beach Migration
Observatory operated both the banding stations on the
mainland at Hillman Marsh and Holiday Beach. As a
volunteer organization, this observatory’s research ef -
forts varied with the availability of volunteers; seven
nets were in use at Hillman Marsh in spring 2012 and
16 at Holiday Beach in fall. 
To facilitate comparisons with our acoustic data, we

pooled banding records for the species that made up
each of our acoustic species groups (e.g. given their
similar night-flight calls, we pooled together all Fox
Sparrows and Song Sparrows captured in mist nets in
a “FOSP/SOSP” species group of bird captures).
Statistical analysis and sample size
To determine whether there were more detections

over the island or the mainland, we combined the detec-
tions from all mainland recorders, adjusted for the num-
ber of hours per recorder, and calculated the average
number of calls per recording station. We repeated this
process for the island recorders to produce a relative
number of calls per recording station for each species
or species group (Table 1). We used sign tests to deter-
mine whether the number of acoustic detections over
the island was less than the number over the mainland
across 38 species and species groups. Given the well-
established problems of estimating abundance from
mist net records (Karr 1981) — especially due to the
strong influence of surrounding habitat — we did not
compare the total number of birds in mainland and
island mist nets. 
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To determine whether some species were present at
the mainland sites, but not the island sites, we exam-
ined both the acoustic and banding data for the pres-
ence or absence of each species or species group in
both spring and fall. 
To determine whether the date of first detection on

the island was different from that on the mainland, we
used Wilcoxon sign-rank tests to compare average ar -
rival dates for all species. We pooled the data for the
four mainland recorders and calculated the average first
detection date for all species or species groups at the
mainland sites, and repeated this process for is land re -
corders and sites. We performed a parallel analysis using
banding data to compare first arrival dates at the island
and mainland banding stations in spring and fall.

Results
We collected 2261 h of recordings over 58 nights at

the seven recording locations during the spring migra-
tion and 3960 h of recordings over 63 nights at the
same locations during the fall migration, for a total of
6237 h of recordings over both seasons. In these record-
ings, we noted 60 013 nocturnal flight calls: 22 554 dur-
ing spring migration and 37 567 during fall migration.
Wewere able to classify, with confidence, 46 846 (78%)
calls to species or species group: 16 646 (74%) spring
recordings and 30 200 (81%) fall recordings. There was
substantial variation in the number of night-flight call
detections at the various recording locations in spring
and fall (Table 2). 
During the spring migration, 834 birds were banded

at the island site and 910 birds were banded at the main-
land site. During the fall migration, 2079 birds were
banded at the island site and 2711 birds were banded at
the mainland site. 
Number of migrants detected on mainland versus island
During spring migration, we detected more night-

flight calls on the island than on the mainland (Table 1):
35 species or species groups were more abundant on
the island; only two species — Vesper Sparrow (Po -
oecetes gramineus) and Wilson’s Warbler (Wilsonia
pusilla) — were more abundant on the mainland (sign
test, P < 0.0001, n = 37); two of the species indicated
in Table 1 were not detected on either the mainland or
island recorders in spring: Golden-crowned Kinglet
(Regulus satrapa) and Pine Siskin (Carduelis pinus).
Similarly, during fall migration, we also detected

more calls on the island than on the mainland (Table 1):
35 species or species groups were more abundant on
the island; only three species — Pine Siskin, Scarlet
Tanager (Piranga olivacea), and Virginia Rail (Rallus
limicola) — were more abundant on the mainland (sign
test, P < 0.0001, n = 38; cuckoos were not detected by
either mainland or island recorders in fall). 
Species detected on mainland versus island
Acoustic monitoring data revealed that the same

composition of species passed over the mainland and
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the island (Table 1). We found no evidence in the
acoustic recordings that any species avoided crossing
Lake Erie. In spring migration, all species or species
groups were detected in both mainland and island
recordings; in fall migration, American Robin (Turdus
migratorius) and Wood Thrush (Hylocichla mustelina)
were recorded only on the island, and a single Virginia
Rail (Rallus limicola) was recorded on the mainland,
with none on the island. 
The banding data show a similar pattern in that most

species or species groups were captured in both main-
land and island mist nets (Table 1). In spring migra-
tion, the “double-down” species group and the Fox
Sparrow (Passerella iliaca) / Song Sparrow (Melospiza
melodia) species group were captured in mainland but
not island mist nets, whereas Hooded Warbler (Wilso-
nia citrina), Mourning Warbler (Oporornis philadel-
phia), and White-crowned Sparrow (Zonotrichia leu-
cophrys) were captured in island but not mainland mist
nets. 
In fall migration, the “double down” species group

and the Fox Sparrow / Song Sparrow group was cap-
tured on the mainland, but not in island mist nets,
whereas a Rose-breasted Grosbeak (Pheucticus ludovi-
cianus) was captured on the island but not in the main-
land mist nets. Several species (American Robin, Wood
Thrush, and the Cuckoos) were netted in spring but
not in the fall. 
Date of arrival
In the spring, species were first detected significant-

ly earlier at the island recorders than on the mainland
(average ordinal date of first detection on island:
114.1 ± 1.6; mainland: 117.1 ± 1.6; Wilcoxon sign-rank
test: W = 154.5, P = 0.0006, n = 36). This matched
our prediction that birds would be detected earlier at
the more southerly site during northward migration.
However, in the fall, there was no significant difference
between dates of arrival on the mainland and the island
(average ordinal date of first detection on island: 254.6
± 1.8; mainland: 258.1 ± 2.8; Wilcoxon sign-rank test:
W = 73.5, P = 0.09, n = 36). 
Based on data from the banding stations, we found

no significant difference in date of arrival during spring
(average ordinal date of first detection on island: 119.8
± 1.8; mainland: 121.2 ± 1.9; Wilcoxon sign-rank test:
W = 0.5, P = 0.99, n = 22) or fall migration (average
ordinal date of first detection on island: 248.4 ± 2.0;
mainland:  252.0 ± 5.0; Wilcoxon sign-rank test: W =
36.0, P = 0.28, n = 25).

Discussion
Acoustic recordings of nocturnal migrants over west-

ern Lake Erie showed that migratory birds do not avoid
crossing the lake and suggest that birds may concen-
trate over Pelee Island mid-way across the lake on both
their northward and southward journeys. Island micro-
phones detected significantly more calls in both spring
and fall than the microphones located nearby on the
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north shore of Lake Erie. Migrant communities on the
mainland and island were similar in composition, al -
though subtle seasonal differences in the relative abun-
dance of each species were evident. Species were detect-
ed by acoustic recorders earlier in the spring on the
island than on the mainland. Based on the differences
in the number of birds and the timing of migration, we
conclude that Lake Erie does not represent an ecolog-
ical barrier to migratory birds. Although our results
suggest that a migratory route across Pelee Island is
especially important in this region, acoustic record-
ings collected over the open water of Lake Erie will be
required to confirm whether birds concentrate over the
island during migration.
Thousands of night-flight call detections revealed a

substantially greater number of calls over Pelee Island
than over mainland Ontario during both spring and fall
migration. This implies that birds use the island archi-
pelago in large numbers during migration. Pelee Is -
land’s geography could act to concentrate birds as they
approach the north or south tip of the island (Farns -
worth 2005). Point Pelee National Park, a peninsula that
projects into Lake Erie, may also concentrate birds as
they migrate south in the fall (Lincoln et al. 1998*),
although our acoustic recorder in the centre of this
peninsula (Figure 1) did not detect significantly more
migrants than the other mainland sites (Table 2). The
theory that peninsulas concentrate migratory birds is
supported by the fact that more calls were detected by
the microphone at the north end than those at the south
end of Pelee Island in spring and the reverse in the
fall (Table 2), although this is an anecdotal observation. 
We interpret the higher number of acoustic detec-

tions over Pelee Island than over the mainland in both
seasons as evidence that more migrants pass over the
island, but this pattern could also arise if birds increase
their calling rate as they pass over islands. Although
the function of night-flight calls is still under debate,
they may be important in maintaining flock cohesion
and communicating directional information to flock-
mates (Hamilton 1962; Farnsworth 2005). As birds ap -
proach a shoreline and detect open water, this may be
an especially opportune time to communicate, perhaps
to aid orientation among flockmates, leading to higher
numbers of flight calls (Farnsworth 2005). However,
confirming this pattern requires further investigation at
multiple positions, such as microphones mounted in
the middle of the lake away from islands, for direct
comparison with island recordings. This is a challeng-
ing area for future research. 
It is also noteworthy that radar research suggests that

migrating birds may decrease their altitude as much
as 9% when crossing bodies of water (Bruderer and
Liechti 1998); this might make them more likely to
be detected by our island microphones than mainland
microphones and explain the greater number of calls
detected on the island. However, radar data suggest that
Great Lake islands are important parts of the migratory

flyway (Diehl et al. 2003); thus, these alternative expla-
nations alone cannot account for the higher number of
migrants detected on the island. 
All songbird species or species groups were detected

by the island recorders in both spring and fall, and mist
net data contain only subtle differences. This suggests
that the lake is not an insurmountable barrier to any
of the nocturnal migratory species or species groups
that we studied. Previous radar studies demonstrate
that nocturnal migrants cross Lake Erie in significant
numbers in both spring and fall (Diehl et al. 2003),
although they do not reveal which species are cross-
ing the lake. All species and species groups that we
could distinguish do indeed cross over Lake Erie in
both fall and spring migration. Further research on sea-
sonal variation in migration paths (especially through
the use of geolocators; e.g., Stutchbury et al. 2009), as
well as multi-year studies that explore annual variation,
will provide important insight into the migration of
birds through the Great Lakes.
In the spring, the first birds of each species or species

group were detected earlier by the Pelee Island re -
corders than those on the mainland. This matched our
expectation and is consistent with the seasonal direction
of migration. However, contrary to our expectation, we
did not find the reverse pattern during fall migration,
when the dates of first detection were not statistically
different at the mainland and island sites. Further inves-
tigation is required to explore whether this anomaly is
due to Lake Erie serving as a temporary barrier to
spring migrants, but not to fall migrants. Further exam-
ination of the stopover behaviour of birds on Pelee
Is land might determine whether they are spending a
longer time on the island in the spring than in the fall,
which might produce the significant delay in detection
on the mainland. This idea stands at odds with the gen-
eral consensus that the spring migration window is
shorter, with many species flying faster and stopping
for briefer periods (e.g., American Redstart, Setophaga
ruticilla; Morris and Glasgow 2001). Furthermore, our
banding data showed no significant differences between
mainland and island sites in first arrival date in spring
and fall. 
Although Lake Erie may not be an insurmountable

barrier to migrants, poor weather conditions may ampli-
fy the risk of crossing open water. Wind strength and
direction, visibility, cloud cover, and temperature play
a role in determining the intensity of migration events
(Elphick 2007; Gagnon et al. 2011). Low cloud cover
may concentrate migrants at lower altitudes, resulting
in higher acoustic detection rates (Evans and Mellinger
1999). Furthermore, artificial light may cause disori-
entation and serve to reorient birds in flight toward the
island or cause individuals to increase their calling rate
(Evans et al. 2007; Poot et al. 2008). Artificial light
may have a more pronounced effect under poor or de -
teriorating weather conditions when stars are obscured
by cloud cover (Farnsworth and Russell 2005; Hüppop
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and Hilgerloh 2012). An investigation into the com-
position of nocturnal migrants detected over Pelee
Island on nights preceding and during strong winds or
precipitation could lead to a better understanding of
which species are most affected by poor weather while
navigating the Great Lakes. 
In the western basin of Lake Erie, acoustic and band-

ing data suggest that Pelee Island is an important geo-
graphic feature for migratory birds. Many individuals
of all species passed over the island in spring and fall,
with little indication that they avoided crossing Lake
Erie, suggesting that islands in the middle of poten-
tial geographic barriers are important for migratory
birds. Given that many species of North American
migrants are in decline, studies that monitor migratory
bird behaviour at smaller geographic scales are impor-
tant for local management and development decisions
in regions where birds are known to concentrate sea-
sonally.
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