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Introduction 

This document is one of four reports examining the coastal habitats of migratory 

birds in Kespukwitk (Southwest Nova Scotia) through bioacoustics. Two reports focus 

on passerines in the Municipalities of Clare, Yarmouth, Argyle, and Barrington (2020 

and 2021), and another concerns the migration of shorebirds in the Municipality of 

Yarmouth (2021). These studies took place during the autumn migration, from August 

to October. The current study is the first in the series targeting spring migration and 

extends coverage to the Municipality of Digby. The primary purpose of all this work is 

to provide data to the Nova Scotia Department of Environment and Climate Change to 

aid in the decision-making process for the protection of habitats crucial to the 

conservation of migratory bird populations. 

There are a few problems with the acoustic study of spring migration compared 

to autumn migration. First, fewer birds are migrating in the spring, and it seems those 

birds call less during the night than in the autumn. In addition, based on 19 studies I 

conducted in Nova Scotia using the same type of equipment, total night flight calls in 

Kespukwitk were about half the average in northeastern Nova Scotia. In contrast, the 

opposite is true in the fall when night flight calls in Kespukwitk are two to three times 

greater than in northeast Nova Scotia. 

Second, during spring migration, breeding birds that have already arrived on 

their territories dominate the soundscape with their songs. Since many species sing 

while still migrating, it isn’t easy to distinguish breeding from migrating birds.  

Finally, the amphibian, known as the spring peeper (Pseudacris crucifer), is a 

pervasive sound throughout Nova Scotia in the spring. Its repetitive calling can result 

in tens of thousands of false positives in the detections of bird calls generated by 

bioacoustics software. Although most spring recordings contain peeper calls, it is a 

daunting problem near wet areas. In this case, the analyst must filter out the spring 

peepers. This process leads to the loss of bird calls and songs in the same frequency 
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range as the peeper. Fortunately, most bird calls of migration interest during twilight 

and night hours are in a frequency range higher than the spring peeper. 

Description of Study Sites 

I chose two sites for this bioacoustics study of spring migration. 

Toymakers Marsh 

Ducks Unlimited Canada owns this property. It floods entirely except for a 

higher peripheral edge in the early spring. Later in the season, there is only water in the 

creek (see cover photo). As shown in Figure 1, the monitoring station (white arrow) is in 

the northwest corner of the property. 

Figure 1: Aerial view of Toymakers Marsh 
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To the west of the marsh, adjacent to the monitoring station, is a mixture of old 

fields and spruce/alder. Figures 2 and 3 show these habitats. Toymakers Marsh is 1,275 

metres from an eBird hotspot, the Marsh Road, known for abundant waterfowl and 

shorebirds. 

Figure 2: Old Field                                           Figure 3: Monitoring Station 

 
 

Northern Point, Brier Island 

Northern Point is one of the most well-known birding locations in Atlantic 

Canada. The monograph by Mills and Laviolette (2022) documents its birding and 

scientific history. A birding day on Brier Island begins at Northern Point as migrants 

arrive in the hours following dawn to take shelter in the alders and spruces. Since 1956 

scientists and naturalists have operated a bird banding station here. Northern Point is 

an eBird hotspot, and the banding station is a hotspot within the larger hotspot. The 

banding station consists of two properties. The southern portion belongs to Acadia 

University, and the northern portion to the Municipality of the District of Digby. 
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Figure 4 is an aerial photograph of Northern Point with the white arrow 

indicating the location of my acoustic monitoring station and the green pointer showing 

the site of the banding station. 

Figure 4: Google Earth View of Northern Point 
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Figure 5 shows the location of the acoustic monitoring station (red star) in 

relation to the banding net lanes (red lines) and walking paths (black dashed lines) at 

the banding station (Lance Laviolette personal communication). 

Figure 5: Sketch of Monitoring Station and Bird Banding Net Lanes 
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Figure 6 is a photo of the habitat surrounding the acoustic monitoring station at 

Northern Point. 

Figure 6: Photo of Acoustic Monitoring Station 
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Methods 

The field season began on 18 April at Northern Point and 30 April at Toymakers 

Marsh and ended at both sites on 4 June. I placed 

stations where a recording device could capture the 

sounds of birds flying overhead and in a mix of 

terrestrial habitats, thus a sheltered location with an 

open sky above. My choice of autonomous recording 

unit was the AudioMoth (Hill et al. 2018). I mounted 

the device on a 2-metre stake above a 30X30 centimetre 

plexiglass plate. The plate creates a pressure zone that 

increases the gain of the AudioMoth microphone. Based on field experience, I estimate 

its range to be 100-200 metres. Figure 7 shows an AudioMoth in its weather-protective 

case, and Figure 8 shows a unit mounted above the plexiglass plate. 

Figure 8: AudioMoth Mounted above Plexiglass Plate 

Each day, the AudioMoth 

enabled the extraction of recordings 

at the following sampling times: 

• 2.5 hours before civil dawn (the sun 
is 6 degrees below the horizon) – 
Nocturnal migration, pre-civil dawn 

• Sunrise to 10 minutes after sunrise – 
Morning flight 

• 30-40 minutes after sunrise – Morning flight 

• 60-70 minutes after sunrise – Morning flight 

• 2200-2400 hours Atlantic Daylight Time – Nocturnal migration, evening 

Equipment failure can result from extreme weather events, unexpected loss of 

battery strength, and human failure. There were no equipment failures in the spring 

2022 season. 

Figure 7: AudioMoth in 
Weather-Protective Case 
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Morning flight refers to a period in the early morning when nocturnal migrants 

are engaged in reorientation or resumed migration. In the recordings, morning flight 

also includes the calls of diurnal migrants, resident birds, and migratory birds in a 

stopover at that location. During the spring migration, the dawn chorus of breeding 

birds on their territories dominates the recorded sounds. 

The python-based program, BirdVoxDetect, created a .csv file of the bird 

vocalizations in the sampled periods (Lostanlen et al. 2019). An R script (R Core Team 

2021) created by Phil Taylor at Acadia University converted the .csv file to a Raven Pro 

selection table (Center for Conservation Bioacoustics 2014). I then classified all the 

vocalizations in the selection table to the species, genus, or family taxon. It is possible to 

identify most vocalizations to the species level. 

There were three basic types of vocalizations; songs, calls, and flight calls. Birds 

make calls on the ground and in trees, and flight calls when in the air and shrubs or 

trees during migratory excitation. I counted a song as one vocalization and a single note 

call, and a multi-note call as one vocalization. An example of a single note call is the 

chip sound of a White-throated Sparrow. A multi-note call is the “chick-a-dee-dee” of a 

Black-capped Chickadee. 

A bird detector like BirdVoxDetect does not recognize all bird vocalizations in a 

recording sample due to variable ambient conditions, the type of bird vocalization, and 

the loudness of the bird sounds compared to background noise. At the same time, a 

single bird in the recording may make more than one vocalization. Thus the total 

number of detected vocalizations over time does not represent the number of birds 

present but is an index of bird abundance. The abundance index is the number of calls 

per hour over a specific period. This gap between the number of vocalizations and birds 

present is especially significant in the spring migration. Many male birds constantly 

sing, especially while establishing territories and pairing. For example, the Common 

Yellowthroat, a common bird at Toymakers Marsh, sings 125 to 300 times per hour 

during pairing (Guz and Ritchison 2020). 
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I analyzed every fifth day of migration at each site. At Northern Point, there were 

ten sampling days, and at Toymakers Marsh, eight sampling days. Since there were 

much lower numbers of vocalizations at Northern Point, I was able to analyze all 47 

days of recordings. 

Results 

Table 1 presents the abundance indices based on calls per hour at the two 

monitoring sites. Vocalizations occur in one of five periods; pre-dawn (2.5 hours before 

civil dawn), dawn (10 minutes), 30-minutes after dawn (10 minutes), 60-minutes after 

dawn (10 minutes), and evening (3 hours from 2100-2400 hours). 

Table 1: Abundance Indices for Spring Migration 

Toymakers Marsh             
(sampling days, n=8) 

Northern Point                           
(sampling days, n=10) 

Northern Point                                      
(all days, n=47) 

Time 
Segment 

Total 
Calls* 

Abundance 
Index 

(Calls/hour) 
Time 

Segment 
Total 
Calls* 

Abundance 
Index 

(Calls/hour) 
Time 

Segment 
Total  
Calls* 

Abundance 
Index 

(Calls/hour) 
Pre-Dawn 777 38.85 Pre-Dawn 47 1.88 Pre-Dawn 362 3.08 
Dawn 1,290 322.50 Dawn 412 82.40 Dawn 1,728 73.53 
Dawn+30 1,558 389.50 Dawn+30 459 91.80 Dawn+30 2,013 85.66 
Dawn+60 1,447 361.75 Dawn+60 738 147.60 Dawn+60 2,185 92.98 
Evening 127 5.29 Evening 23 0.77 Evening 153 1.09 
Total 5,199 108.31 Total 1,679 55.97 Total 6,441 22.84 

*Calls include songs 

The abundance index for total calls at Toymakers Marsh was almost twice as 

great as Northern Point on the sampling days. These indices for total calls are similar to 

the autumn study in 2021 (Kearney 2022). However, they differ significantly from the 

autumn migration in two respects. First, the number of calls during nocturnal 

migration, both pre-dawn and evening, is exceedingly low in the spring. The higher 

pre-dawn abundance index at Toymakers Marsh is due entirely to the early dawn 

chorus of breeding birds. And in pre-dawn and evening categories, most vocalizations 

are songs given in twilight rather than nocturnal flight calls. Second, dawn chorus 

better defines the vocalizations in the hour after dawn than morning flight. 
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A comparison of the abundance indices at Northern Point on the ten sampling 

days against those on all 47 days showed no statistically significant difference using a 

two-sample t-test. The higher values in sampling days data in the dawn period resulted 

from the peak vocalizations for the entire season occurring on one of the sampling days, 

20 May. 

Table 2 shows the species diversity at each location on the sampling days and all 

days at Northern Point. 

Table 2: Species Diversity by Location 

Northern Point 
Sampling days, 

n=10 

Northern Point 
All days,           

n=47 

Toymakers 
Marsh Sampling 

days, n=8 
35 54 42 

 

Table 3 lists each species’ total number of vocalizations at Toymakers Marsh 

(sampling days) and Northern Point (all days). The species with the highest number of 

vocalizations at Northern Point were Yellow-rumped Warbler (861), Black-throated 

Green Warbler (1,016), American Redstart (1,406) and White-throated Sparrow (401). 

Figure 9 plots the total vocalization by date for these four species. For the Yellow-

rumped Warbler, almost all vocalizations are songs. For White-throated Sparrow, 

virtually all of the vocalizations are flight calls, with very few songs. For Black-throated 

Green Warbler and American Redstart, most vocalizations are songs with many chip 

calls and flight calls.  

The Yellow-rumped Warbler vocalizations peak on 12 May. Next, the Black-

throated Green Warbler and the White-throated Sparrow peak on 20 May, and the 

American Redstart on 3 June. Except for the White-throated Sparrow, how is it possible 

to determine if they are peaks in migration, or peaks in territorial singing? I will return 

to this question after presenting the species data for Toymakers Marsh. 
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Table 3: Total Calls (includes songs) by Species and Location 

Species 

Northern 
Point      

n=47 days 

Toymakers 
Marsh                 

n=8 days 
Alder Flycatcher 1 499 
American Crow 30 2 
American Goldfinch 161 731 
American Redstart 1,406 42 
American Robin 18 424 
Black-and-White Warbler 75 5 
Bay-breasted Warbler 20 0 
Black-capped Chickadee 276 156 
Blue-headed Vireo 17 17 
Blackburnian Warbler 65 1 
Blue Jay 37 6 
Blackpoll Warbler 20 9 
Brown Creeper 3 0 
Black-throated Blue Warbler 1 0 
Black-throated Green Warbler 1,016 4 
Canada Goose 0 24 
Canada Warbler 1 0 
Cedar Waxwing 11 88 
Shorebird 2 0 
Chipping Sparrow 1 1 
Cape May Warbler 2 0 
Common Grackle 15 45 
Common Loon 0 2 
Common Raven 6 0 
Common Yellowthroat 48 715 
Chestnut-sided Warbler 12 2 
Dark-eyed Junco 51 4 
Eastern Towhee 4 0 
European Starling 0 2 
Gadwall 0 1 
Great Blue Heron 4 0 
Golden-crowned Kinglet 372 0 
Gray Catbird 1 3 
Greater Yellowlegs 7 0 
Herring Gull 391 0 
Hermit Thrush 6 0 
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Killdeer 0 1 
Mallard 0 1 
Magnolia Warbler 71 8 
Merlin 0 7 
Nashville Warbler 104 0 
Northern Flicker 15 0 
Northern Parula 40 0 
Northern Waterthrush 3 1 
Northern Saw-Whet Owl 0 5 
Ovenbird 21 4 
Warbler 111 1 
Sparrow 15 1 
Passerine 192 31 
Palm Warbler 9 1 
Pine Grosbeak 7 0 
Pine Siskin 1 0 
Purple Finch 33 31 
Rose-breasted Grosbeak 1 0 
Red-breasted Nuthatch 62 0 
Red-eyed Vireo 23 0 
Ring-necked Pheasant 0 5 
Red-winged Blackbird 0 797 
Savannah Sparrow 11 13 
Sora 0 38 
Solitary Sandpiper 1 0 
Song Sparrow 160 294 
Spotted Sandpiper 2 0 
Swamp Sparrow 1 287 
Swainson’s Thrush 8 0 
Tree Swallow 0 508 
Veery 0 1 
White-throated Sparrow 401 0 
White-winged Crossbill 1 0 
Yellow Warbler 207 376 
Yellow-rumped Warbler 861 4 
Total Vocalizations 6,441 5,199 
Species 54 42 
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Figure 9: Total Calls (including songs) at Northern Point by Date for Four Species with 
the Highest Total Number of Vocalizations 

 

Figure 10: Total Calls (including songs) at Toymakers Marsh by Date for Four Species 
with the Highest Total Number of Vocalizations 

 

0

50

100

150

200

250

300

American Redstart Black-throated Green Warbler Yellow-rumped Warbler White-throated Sparrow

0

50

100

150

200

250

300

350

400

450

Red-winged Blackbird American Goldfinch
Common Yellowthroat Tree Swallow



P a g e  | 14 
 

The four species with the highest number of vocalizations at Toymakers Marsh 

were Red-winged Blackbird (797), American Goldfinch (731), Common Yellowthroat 

(715), and Tree Swallow (508). Figure 10 shows the distribution of these vocalizations 

over the spring migration. 

The peak in American Goldfinch vocalizations is 10 May, 15 May for the Tree 

Swallow, 20 May for the Red-winged Blackbird, and 30 May for the Common 

Yellowthroat. 

If one graphs the eBird data (Sullivan et al. 2009) on the abundance of these four 

species during the spring, where abundance is the average number of birds reported on 

all checklists in Nova Scotia, one finds a similar pattern. Throughout the province, the 

peak abundance is mid-May for Tree Swallow, American Goldfinch, and Red-winged 

Blackbird, and late May to the first week of June for Common Yellowthroat. The 

abundance drops steeply after the peak date in all four cases. However, we assume the 

birds are still engaged in breeding activities in the province after the peak, and it is their 

detectability that has steeply declined both to observers and audio recording devices. 

We can apply the same dynamic to the dominant breeding warblers at Northern Point; 

Yellow-rumped Warbler, Black-throated Green Warbler, and American Redstart. Thus, 

it does not seem feasible to distinguish territorial singing from migration stopover 

singing of these species when in suitable breeding habitat. 

Thus, we must look to the species in the recordings that are not singing or not in 

suitable breeding habitats to distinguish migrants in passage or stopover. I chose 16 

candidate passerine species from the Toymakers Marsh data and 27 candidates from the 

Northern Point data. Figure 11 plots the calls of these candidate migrants. 

As seen in Figure 11, most candidate migrants passed through the study areas in 

the last half of May. Before this time, it was very difficult to detect passerine birds in 

passage or stopover from those engaged in territorial singing. 
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Figure 11: Total Calls (including songs) of Candidate Migrants by Location and Date 

 

Figure 11 shows a large peak of candidate migrants at Northern Point on 20 May, 

and a smaller peak on 25 May. Looking back at Figure 9, a substantial spike and the 

seasonal peak of singing Black-throated Green Warblers occurred on the same day, 

providing evidence that singing peaks may also mark an influx of migrants or new 

arrivals of that species on or near their territories. 25 May was also a peak for non-

singing White-throated Sparrows and Nashville Warblers. 

Figure 11 also indicates peaks of candidate migrants at Toymakers Marsh on 15 

May and 30 May. The day of 15 May corresponds with the influx and the seasonal peak 

vocalizations of Tree Swallows at this site, as shown in Figure 10. Singing Yellow 

Warblers also appear in the Toymakers Marsh data for the first time and reach their 

peak vocalizations on that date. The 30 May migration peak at Toymakers Marsh also 

corresponds with a significant influx and the seasonal peak of singing Common 

Yellowthroats, as well as Alder Flycatchers. 

0

20

40

60

80

100

120

140

160

Northern Point Toymakers Marsh



P a g e  | 16 
 

Examining the weather conditions on the night preceding migrant arrivals helps 

illuminate factors leading to the noted peaks. 

Figure 12 presents the weather condition on the night before the 15 May peak at 

Toymakers Marsh. 

Figure 12: Weather at 1500 metres on 15 May 2022 at 0100 hours (Beccario 2022) 

 

As seen in Figure 12, southwest winds at 1500 metres ahead of a weather system 

provide a tailwind for migrants moving from southern New England to the Toymakers 

Marsh. 
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On 20 May, a low pressure and cold front were passing just to the southwest of 

the study area (see Figure 13). Behind the front, northwest winds would have carried 

birds directly to Northern Point from northeast Maine or whipped them around from 

southern New England right behind the front to Northern Point. 

Figure 13: Weather at 1500 metres on 25 May at 0100 hours (Beccario 2022) 

 

On the night of 30 May at 0100 hours, a high pressure was pushing into the 

region from the southeastern United States. As seen in Figure 14, at 1500 metres, a west 

northwest wind provided a tailwind for migrants to cross the Gulf of Maine and lower 

Bay of Fundy to Nova Scotia. The highest migration peak for Toymakers Marsh 

occurred on that day, and a smaller peak for Northern Point. 
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Figure 14: Weather at 1500 metres on 30 May 2022 at 0100 hours (Beccario 2022) 

 

Table 4 lists the species at risk detected during the spring migration and their 

status under the Species at Risk Act (SARA), the Committee on the Status of 

Endangered Wildlife in Canada (COSEWIC), and the Nova Scotia Endangered Species 

Act (NSESA). The Canada Warbler was the only species at risk detected in the spring. 

Table 4: Species at Risk Detected During Spring Migration 2022 

Species Site 
Number of 

Calls SARA Status 
COSEWIC 

Status  NSESA Status 

Canada Warbler Northern Point 1 Threatened 
Special 

Concern    Endangered 
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Table 5 shows the conservation ranks of species of conservation concern detected 

during spring migration at the two sites. Table 6 lists the definitions of the ranks. 

Table 5: Total Calls (including songs) of Species of Conservation Concern by Site and 
Rank 

Species 
Northern 

Point 
Toymakers 

Marsh Rank 
American Robin 18 424 S3N 
Bay-breasted Warbler 20 0 S3S4B 
Blackpoll Warbler 20 9 S3B 
Canada Warbler 1 0 S3B 
Cape May Warbler 2 0 S3B 
Gadwall 0 1 S2B 
Killdeer 0 1 S3B 
Pine Grosbeak 7 0 S3B 
Pine Siskin 1 0 S3 
Purple Finch 33 31 S3S4N 
Rose-breasted Grosbeak 1 0 S3B 
Solitary Sandpiper 1 0 S3S4M 
Spotted Sandpiper 2 0 S3S4B 
Total Species 11 5  

  

Table 6: Rank Definitions 

S1 
Critically 
Imperiled 

S2 Imperiled 
S3 Vulnerable 
B Breeding 
M Migrant 
N Non-breeding 

 

There were no observations by birders at the two eBird hotspots near the 

monitoring sites during the time of the study to complement the acoustic data. 
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Discussion 

This study has demonstrated the difficulty of distinguishing birds singing in 

breeding territory from those singing in stopover habitats. However, the study provides 

evidence that peaks in singing activity can occur in conjunction with the arrival of 

migrants of the same species. This correspondence seems especially true when the 

migrants arrive in suitable nesting habitats for that species, like the marsh/old field 

habitat of Toymakers Marsh and the spruce/alder thickets of Northern Point. In other 

cases, it appears that peak singing relates to breeding phenology. 

This study also suggests that there is limited use of stopover habitat by 

passerines in Kespukwitk during the spring. Birds appear to cross the upper Gulf of 

Maine or lower Bay of Fundy and descend directly on breeding territories. Birds that 

nest further north may continue up the New Brunswick coast before crossing into the 

northeastern section of Nova Scotia. This possibility may explain why acoustic 

recorders detect smaller numbers of night flight calls in Kespukwitk. 

The lack of night flight calls detections in the spring may also be the result of 

birds flying higher to reach stronger tailwinds in their rush to breeding territories and a 

diminution of social interaction as they enter a more competitive stage of their annual 

cycle. 

Only at Northern Point were there appreciable numbers of migrants like 

Blackburnian Warbler and Nashville Warbler that are not known to breed on Brier 

Island other than in minimal numbers (Mills and Laviolette 2022) and are, thus, in 

stopover. Based on vocalizations, these stopover migrants at Northern Point were 

present in small numbers and only on five or six days in the last half of May. However, 

as noted by Mills and Laviolette (2022), a sudden change in weather conditions can 

disrupt the rush to mainland breeding territories and result in a fallout at Northern 

Point in the spring. 
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There were even fewer indications of spring stopover passerine migrants at 

Toymakers Marsh. 
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