
Prepared by:
 John Kearney

John F. Kearney & Associates

for
Shear Wind Inc.
February 2013

Final Report

Post-Construction Monitoring
Glen Dhu Wind Energy

Spring Migration



Glen Dhu Wind Energy - Spring Migration - Page 1

Abstract

This chapter reports on spring migration studies comprising the post-construction monitoring for 
Glen Dhu Wind Energy. It consists of three component parts: stop-over, nocturnal passage, and diurnal 
passage. A univariate general linear model indicated two peaks in the spring migration; one in the ten-
day period extending from April 10-19, and a larger peak in the ten-day period, May 20-29. The model also 
indicated that the weather factors most affecting a higher number of birds in stop-over were southerly 
winds and higher night-time temperatures. There were no significant differences in the number of birds in 
stop-over before wind farm construction and afterwards. Birds in stop-over preferred habitats that were 
high in edge and with little forest canopy. Nocturnal migration was monitored in 2012 through acoustic 
recording of night flight calls. Nocturnal migration peaked between May 10-23 while stop-over counts 
peaked from May 17-31. The nocturnal migration of sparrows was highest in mid-May and in mid to late 
May for warblers. The number of birds observed in diurnal passage was quite low. The dominant heading 
of all birds was northeast and east. There were no statistically significant changes between pre-and-post 
construction studies in the abundance of species of conservation concern during the spring migration.

Introduction

This chapter reports the results of the spring migration surveys conducted during the baseline 
study in 2008 and the post-construction monitoring in 2011 and 2012. Chapters on the breeding season and 
autumn migration will be available in separate documents. 

This analysis provides the opportunity to compare the results of the studies conducted before 
construction of Glen Dhu Wind Energy with those obtained during the two years immediately following the 
commissioning of the facility. At the same time, it offers a deeper and more comprehensive perspective 
on spring migration on the Pictou-Antigonish Highlands in Nova Scotia by amalgamating three years of 
data. The results of the baseline study were first presented in Appendix D of the Glen Dhu Registration 
Document (Kearney 2008). The baseline study also presents background information on the natural history 
of the region and detailed descriptions of the study area. Some of this study area is part of Glen Dhu Wind 
Energy but an even larger part is now outside its boundaries. Although the data collected in this wider 
region is used in this analysis, the detailed descriptions of the baseline study area will not be repeated in 
this document except for those instances where there have been significant changes.

The objectives of the post-construction spring migration studies were outlined in the post-
construction monitoring plan submitted to the Canadian Wildlife Service and the Nova Scotia Department 
of Natural Resources in January 2010 (Kearney 2010a). These objectives were further refined over the 
course of the study as follows:

1) To determine the relative abundance, species composition, and timing of migration stop-over, 
diurnal passage, and nocturnal passage in the study area,

2) To determine the effects of wind turbines and human activities on migrating birds in the study 
area as to:



Glen Dhu Wind Energy - Spring Migration - Page 2

the use of habitats by migrating birds in stop-over,a. 

displacement from habitats,b. 

avoidance of habitats,c. 

the effects of habitat fragmentation on bird populations, and d. 

the barrier effects on flight pathways,e. 

3) To determine the effects of the project on the presence, abundance, and habitats of species of 
conservation concern, with a special focus on birds listed as endangered, threatened, or of special concern 
by the Province of Nova Scotia, the Government of Canada, and the Committee on the Status Endangered 
Wildlife in Canada, and 

4) To contribute to the national database on avian wind facility studies.

This chapter will address all of these objectives except 2)b. to 2)e. which will be discussed at the 

conclusion of the chapter on the autumn migration.

Field Methods

The study of spring migration at Glen Dhu Wind Energy consists of three component studies; 
stop-over, diurnal passage, and nocturnal passage. The methods followed several government guidance 
documents pertaining to the environmental assessment of wind energy facilities (Environment Canada 
2007a, b, Hanson et al. 2009, Ontario Ministry of Natural Resources 2011).

Stop-over

Two line-transects 
were used for the study 
of stop-over migration. 
Transects were 1,500 
metres in length with 
all birds recorded in 
the following distance 
categories from the 
transect line: <50 metres, 
50-100 metres, >100 

metres, and flying overhead. Transects followed already made trails or wood roads and thus were not 
straight lines. Transects were divided into three equal 500-metre segments which represent, as much as 
possible, distinct habitat types. Along each transect were six stops. The duration of a stop was ten minutes 
with birds recorded in the same distance categories as the rest of the transect line. The stops are similar to 
point counts in that all birds seen or heard during the ten minutes are counted as part of a distinct record. 
The stops differ from a point count in that the distance of the bird recorded is in reference to the transect 

Figure 1: Comparison of Point Count and Transect Stop Count
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line rather than a point location. Therefore a bird within 50 metres of the stop location is also within 50 
metres of the transect line.   However, an American Robin foraging on the transect path 55 metres ahead 
from the stop location is still within 50 metres of the transect line but 50-100 metres from the point 
location of the observer. In practical terms birds counted within 50 metres of a stop location are roughly 
comparable with birds seen or heard within 50 metres of a point count location. But as seen in Figure 1, 
there is a difference.

 The stops serve two purposes: 1) it slows down, in a consistent and systematic fashion, the walking 
of a transect so there is a greater likelihood to detect birds in stop-over, and 2) the stops are situated in 
distinct habitat types so that finer detail can be obtained on habitat use.

 Each transect was completed at least once each week during the spring migration from late March 
to early June in 2008, 2011 and 2012. Transect surveys were 
started between one half hour and one hour after sunrise. 

The location of the post-construction stop-over 
transects are shown in Figure 2. These are Transect 1 and 
Transect 5. Transect 2, Transect 3, and Transect 4 were 
surveyed during the baseline study in 2008 (and 2007 for 
the previous autumn migration) (Kearney 2008). Transect 
1 was also surveyed during the baseline study. However, 
between 2008 and the construction of Glen Dhu Wind 
Energy in 2010, Transect 1 was heavily harvested for forest 
products in 2009. This resulted in large clearcuts along 
major portions of the transect line and significant road 
widening in other sections. This means that there was no 
transect to use as a reference for comparative purposes in 
pre-and post-construction surveys. Thus it was decided to 
construct Transect 5 which closely follows the steep ridge 
at the boundary of the Glen Dhu site with the hypothesis 
that this area may potentially be attractive stop-over 
location for birds migrating along a ridge line.

Diurnal Passage

The baseline study (Kearney 2008) pointed to the 
need to better understand the behaviour of soaring birds 
(hawks, eagles, and ravens) at the scarp face due to the 
combined effects of thermals and orographic flows. Some 
of these were local birds while others were in diurnal 
passage. A supplementary study was conducted from 
mid-August to late October 2009. It was an extensive 
study documenting the behaviour of soaring birds at four 

Figure 2: Location of Transects and 
Observation/Listening Stations, 2007-
2012
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proposed turbine sites close to the scarp face (Kearney 2010b). The study provides data that soaring birds 
largely follow the line of the scarp face rather than traversing the plateau area. 

Diurnal passage studies during the baseline and supplementary study focused on raptor migration 
and the hours when these birds were most active, namely mid-morning to early afternoon. During the 
post-construction follow-up studies, greater attention was given to passerine species. This was done by 
making separate diurnal passage notes while walking the stop-over transects and during an one half-hour 
time block on the return trip after the transect survey was completed.   In addition, systematic diurnal 
passage observations were made at the baseline observation stations (see Figure 2) with observations 
also divided into 30 minute blocks. Diurnal passage observations of birds flying through a given air space 
were noted by taxa, flock size, altitude, direction of flight, and distance from a turbine. The distance from 
a turbine was recorded only in 2011 and 2012. For observations made during the conduct of a stop-over 
transect, altitude and distance from turbine were not recorded.

Nocturnal Passage

The baseline study pointed to the existence of a significant pre-dawn descent of thrushes in the 
study area during the autumn migration (Kearney 2008). A supplementary study conducted in September 
to October 2009 confirmed that this descent was significant but spread over a large area of the Pictou-
Antigonish Highlands. It was not specific to the wind farm or to particular turbine sites (Kearney 2010c). 
While based primarily on aural monitoring, the supplementary study experimented with the development 
of acoustic monitoring technology.

During the post-construction follow-up studies, a partnership between Shear Wind Inc., John 
F. Kearney & Associates, and the Cornell Lab of Ornithology led to the nocturnal recording of two full 

migration seasons in the autumn of 2011 
and the spring of 2012. Two Song Meter 
recorders with a Night Flight Call plate 
microphone, both made by Wildlife Acoustics, 
were deployed at listening stations 4 and 15 
as shown in Figure 2. The recordings were 
processed by a team of researchers at the 
Cornell Lab of Ornithology and the night flight 
calls identified to taxa by Anne Klingensmith 
and Andrew Farnsworth, two of the leading 
experts in night flight call identification.

Figure 3: Mean Total Birds per Transect by 10-Day Period
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Results

Spring Migration Stop-over

The results of the stop-over surveys for 
all five transects over the three years, 2008 and 
2011-2012 are shown in Figure 3. The mean 
total birds (shown with error bars) per transect 
increases steadily throughout the season, 
peaking in the period of May 30-June 8. The 
calculations of the mean include all birds at all 
distances; birds that are migrating and those 
that are local, those that are still migrating 
and those that have finished migrating and 
commenced breeding activities.

Through an analysis of variance of the 
means, it is possible to hypothesize which 
bird species exhibit migratory behaviour 
from significant differences in their mean 
numbers over the 10-day intervals. This 
analysis indicated that there are 26 species of 
migratory birds, many of them neo-tropical 
migrants, using the area near the transects as 
stop-over habitat. This analysis is taken one 
step further by plotting the means of each 
migratory bird species. The ten-day period 
following the period in which the maximum 
mean of a species occurs is treated as the 
commencement of its breeding period (if it 
does breed in the study area). This analysis was 
used in conjunction with the breeding dates 
of bird species suggested by the Maritime 
Breeding Bird Atlas (Bird Studies Canada et al. 
2012). Bird species that were determined to 
have commenced breeding were eliminated 
from the analysis for that 10-day period 
and subsequent ones. A shortcoming of this 
method is that it is likely that many species 
still have migrating individuals while others 
birds of their species are nesting. The plot of 

Figure 4: Mean Total Migrating Birds per Transect 
by 10-Day Period

Figure 5: Mean Total Migratory Birds per Transect by 
10-Day Period in the 50 Metre Distance Interval Only
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the mean total of migrating birds per transect is shown in Figure 4. It can be seen that the peak period has 
shifted to May 20-29 and that there is a less pronounced build-up compared to the chart for all birds.

Finally the latter analysis was carried out but using only birds recorded in the less than 50-metre 
distance interval of the transect. This interval represents the part of the transect where birds are most 
detectable, and thus more likely to be representative of trends in the presence of birds. The results are 
plotted in Figure 5. This graph indicates two peaks, an early peak from April 10-19 and a late peak from 
May 20-29 that spills over into May 30-June 8. The early peak is consistent with the results in the baseline 

Figure 6: Peak Mean of Migrant Species per Transect by 10-Day Period in the 50-Metre Distance 
Interval Only
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study (Kearney 2008). The baseline study did not indicate a late peak. However, this is explained by the fact 
that the baseline study used only the data from the Maritimes Breeding Bird Atlas to determine breeding 
dates. The data from three years of this study shows that the breeding dates for birds in the Pictou-
Antigonish Highlands is generally later than those for the Maritimes as a whole. This would explain why 
the baseline study failed to detect the second peak since it prematurely eliminated migrating birds from 
the analysis.

Figure 6 shows the 26 species of migratory birds with their peak mean number in the 50-metre 
interval of the transects by 10-day period. The early peak in stop-over species in mid-April was composed 
largely of American Robins and Dark-eyed Juncos.  This was followed by a late April movement of 
migratory woodpeckers; the Yellow-bellied Sapsucker and Northern Flicker. Early May was dominated 
by Hermit Thrushes, Yellow-rumped Warblers, and Ruby-crowned Kinglets. The White-throated Sparrow 
was totally dominant in mid-May. The peak migration at the end of May consisted primarily of Ovenbirds, 
Black-throated Green Warblers, Common Yellowthroats, and Blue-headed Vireos. Magnolia Warblers, Red-
eyed Vireos, and a variety of warblers and Empidonax flycatchers were the main species in the first week 
of June. Finally, the late nesting American Goldfinch was the only species still migrating in mid-June. 

A statistical analysis was conducted of the different factors affecting the total birds observed on the 
transects during the spring migration. The most important factor was seasonality. An analysis of variance 
showed high level of significance (p=0.000) for the fixed effect of the 10-day periods on total birds observed. 
Weather factors were also considered. Weather factors showing a possible effect on the total birds on the 
transect were current wind direction, previous night wind speed, previous day temperature, previous 
night temperature, and current temperature. The factors were analyzed by using a univariate general 
linear model (GLM). Through a step-wise process, each factor not showing a significant effect on total 
birds was removed from the model. As shown in Table 1, the weather factors having a significant effect 
on total birds on a transect were current wind direction (p=0.012), with southerly winds giving higher 
counts, and previous night temperature (p=0.016), with higher temperatures at night giving more birds in 
the morning. The partial eta squared statistic of the model indicated that seasonality (10-day periods) as 
the most significant effect on the number of migratory birds observed on the transect. Nonetheless, the 
effect of wind direction and previous night temperature would still be considered large from a statistical 

Type III Sum 
of Squares df

Mean 
Square F Sig.

Partial Eta 
Squared

Hypothesis 4,615.839 8 576.980 4.728 0.000 0.412
Error 6,589.378 54 122.026
Hypothesis 2,693.917 8 336.740 2.760 0.012 0.290
Error 6,589.378 54 122.026
Hypothesis 1,646.291 4 411.573 3.373 0.016 0.200
Error 6,589.378 54 122.026

Tests of Between-Subjects Effects
Dependent Variable: Total Birds 

Source
10-Day Period

Current Wind Direction

Previous Night Temperature

Table 1: General Linear Model of Factor Effects on Total Migratory Birds in 50-Metre Distance Interval
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perspective. The GLM also 
calculated the estimated 
marginal means for 
each 10-day period. The 
estimated marginal mean 
adjusts the mean based on 
its interaction with other 
factors in the model, such as 
weather effects. This graph 
is shown in Figure 7. Here 
it can be seen that the two-
peaks of spring migration 
are maintained.

An analysis of 
variance (ANOVA) was also 
used to determine if there 
were significant year-to-
year differences in birds 
in stop-over during the 
study. It is important to 
recall that only one of the 
five transects was used in 
all three years, Transect #1, 
and this transect had been 

greatly altered by both forestry practices 
and wind farm construction between 2008 
and 2011. The analysis shows that there was 
a statistically significant difference in the 
total migratory birds seen on the transects 
in the 50-meter interval between 2008 and 
2011 with a decrease of 12 birds per transect 

(see Table 2). However there was no significant difference between 2008 and 2012 or 2011 and 2012. For 
individual migrant bird species there were no statistically significant year-to-year variations in their 
numbers.

At the beginning of the baseline study (Kearney 2008), transects were classified into 5 forest habitat 
types. Since the Pictou-Antigonish Highlands are dominated by a mature Sugar Maple/Yellow Birch/
American Beech forest, the habitat types were based on the successional characteristics of this forest 
(Davis and Browne 1996). Thus, “mature deciduous” is one habitat type. When this forest is clearcut or 
otherwise disturbed, there is a distinct early successional flora dominated by alder, spruce, fir, poplar, 

Figure 7: Mean Migratory Birds per Transect by 10-Day Period in the 
50-Metre Distance Interval Adjusted for Weather Factors

Lower Bound
Upper 
Bound

2008 40 33.18 19.119 3.023 27.06 39.29
2011 18 21.50 13.751 3.241 14.66 28.34
2012 17 27.12 15.475 3.753 19.16 35.07
Total 75 29.00 17.657 2.039 24.94 33.06

  N Mean Std. Deviation Std. Error

95% Confidence 
Interval for Mean

Table 2: Mean Migrants Per Transect in the 50-Meter 
Distance Interval by Year
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birch, and aspen. This disturbed/early succession is another habitat type. When forest practices leave a 
clearcut on one side of an access road and mature deciduous on the other, this created another habitat 
type; clearcut next to mature deciduous. Sometimes a clearcut is replanted with spruce or pine. When this 
plantation comes close to harvestable size, it creates another habitat type of mature coniferous. When 
left to natural succession, the disturbed forest progresses from early to mid and late succession as young 
sugar maples and yellow birch grow alongside the early successional species. This is the mixed forest 
habitat type. Finally, the shade tolerant species of the mature forest outstrip the shade intolerant early 
successional forest in a process that takes 100-150 years for completion. 

With the construction of a large wind energy facility, a different kind of forest harvesting took 
place in which mixed forests were cut to clear wide access road to allow the passage of construction cranes 

and create turbine tower pads. This created a new forest habitat of disturbed forest next to mixed forest 
that was present in significant amounts only during the post-construction study.

The statistical analysis of habitat use, again including only migrating birds in stop-over, revealed 
that the 50-metre distance band on stop counts provided the most significant results. As shown in Table 3, 
birds in stop-over preferred habitats with edge and little forest canopy. The highest counts were in mixed 
forest, followed by disturbed areas, and disturbed areas next to deciduous or mixed forests. The lowest 
counts were in mature coniferous and deciduous habitats.  Analysis of variance (ANOVA) showed that 

Table 3: Mean Total Birds per Transect Stop in the 50-Meter Distance Interval by 
Habitat Type

Lower Bound Upper Bound
Disturbed or early succession 104 2.65 2.061 0.202 2.25 3.05
Disturbed next to mature deciduous 127 1.97 1.996 0.177 1.62 2.32
Mixed forest 67 2.81 2.169 0.265 2.28 3.34
Mature coniferous 40 1.60 1.429 0.226 1.14 2.06
Mature deciduous 77 1.57 2.074 0.236 1.10 2.04
Disturbed next to mixed forest 35 2.31 1.530 0.259 1.79 2.84
Total 450 2.18 2.021 0.095 1.99 2.37

 Habitat Type Habitat Type N Mean
Std. 

Deviation
Std. 

Error

95% Confidence Interval for Mean

Table 4: Habitat Preferences of Migrant Songbirds in Stop-over

Species

Disturbed or 
early 
succession

Disturbed 
next to 
mature 
deciduous Mixed forest

Mature 
coniferous

Mature 
deciduous

Disturbed 
next to mixed 
forest

Alder Flycatcher + - - - -
Least Flycatcher - + -
Blue-headed Vireo + -
Red-eyed Vireo + -
Ruby-crowned Kinglet + -
Magnolia Warbler + + + - - -
Black-and-White Warbler - + - -
Ovenbird - + + -
Common Yellowthroat + + - - -
Lincoln's Sparrow + - - - - -
White-throated Sparrow + - - - -



Glen Dhu Wind Energy - Spring Migration - Page 10

counts in mature coniferous and deciduous were significantly lower than the other habitat types.

An analysis of variance also indicates some of the stop-over habitat preferences of migrating bird 
species. Table 4 lists the species for which statistically significant stop-over habitat associations were 
evident. Positive habitat preferences are noted in green while negative associations are in orange. Grey 
cells are habitats for which there are no statistically significant relationships. In line with the analysis of 

all migrants, no species preferred mature deciduous or coniferous stop-over habitat.  All species in this 
analysis preferred stop-over habitats that were mixed forest or disturbed in some fashion.

An analysis of year-to-year variations in the use of stop-over habitats by birds is represented in 
Figure 8. The error bars indicate no significant difference between years for disturbed habitats, disturbed 
alongside mature deciduous, and mixed forests. It should be noted that mean counts were often lower in 
2011, as it was for that year overall. There were no stop counts in mature coniferous in 2011-2012 and no 
counts in disturbed areas next to mixed forests in 2008. There was finally a significant decline in the mean 
counts in mature deciduous between 2008 and 2011 which remained quite low in 2012. 

Only Transect 1 was surveyed in all three years of the study. The mean number of birds in stop-over 

Figure 8: Annual Variations in the Use of Stop-over Habitat by Type in the 50-Metre Distance 
Interval
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at all 

distances was 57.10 on Transect 1 in 2008 (pre-construction) and 45.64 in 2011-2012 combined (post-
construction). Although the mean counts were lower after the forest harvesting and wind turbine 
construction, the differences are not statistically significant.  On the other hand, the number of birds in 
stop-over on Transect 5 in 2011 and 2012 was significantly lower than on all the other transects during the 
three years of the study. 

Table 5: Factors Affecting the Mean Number of Birds in Stop-over within the 50-metre 
Distance Interval

Type III Sum of Squares df
Mean 

Square F Sig. Partial Eta Squared
Hypothesis 160.502 8 20.063 7.691 0.000 0.128
Error 1,093.070 419 2.609
Hypothesis 44.929 2 22.464 8.611 0.000 0.039
Error 1,093.070 419 2.609
Hypothesis 131.378 5 26.276 10.072 0.000 0.107
Error 1,093.070 419 2.609
Hypothesis 135.273 4 33.818 12.963 0.000 0.110
Error 1,093.070 419 2.609
Hypothesis 44.615 4 11.154 4.276 0.002 0.039
Error 1,093.070 419 2.609
Hypothesis 39.537 7 5.648 2.165 0.036 0.035
Error 1,093.070 419 2.609

Factor
10-Day Period

Year

Habitat

Previous Night 
Temperature
Visibility

Current Wind 
Speed

Figure 9: Mean Number of Birds in Stop-over in the 50-metre Distance Interval 
Adjusting for Year, Weather, and Habitat Type

Turbine Access Road Next to 
Deciduous Forest



Glen Dhu Wind Energy - Spring Migration - Page 12

A univariate general linear model was employed to measure the 
effects of different factors on the stop counts within the 50-metre distance 
interval. The results are shown in Table 5. The factors having a significant 
effect on the mean number of birds in the 50-meter band of a transect 
stop were seasonality (medium effect as measured by Partial Eta Squared), 
year (small effect), habitat (medium effect), previous night temperature 
(medium affect), visibility (mainly fog and having a small effect), and 
current wind speed (lower wind speeds having a small effect). When these 
effects are used to calculate the estimated marginal means of the birds 
within 50-metres of the transect stop during the course of the migration 

season, the result is as indicated in Figure 9. The two-peaks of spring migration are again maintained but 
with even greater emphasis on the magnitude of the early peak. 

Nocturnal Passage

Nocturnal migration was monitored acoustically from 23 April to 11 June 2012 at Observation/
Listening Station 15 (see Figure 2). This station was within the 100-metre distance band of Transect 1 and 
2100 metres from Transect 5. A second recorder was placed at Observation/Listening Station 4, about 11 
kilometres south of Transect 1 and 700 metres from Transect 4. The recorder at Station 4 ran from 30 April 
to 11 June 2012.

Figure 10: Night Flight Call Count at Station 15 and Total Migrants on Transects 1 and 5 in 2012
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Figure 10 plots the total night flight calls (NFC) recorded at Station 15 alongside the total counts of 
migrants in stop-over on the two transects surveyed in 2012, Transects 1 and 5 (all distance bands). The 
graph suggests that there was a steady build-up of migrants in stop-over from 23 April to 8 May with only 

small nocturnal movements detected. On 10 May there was a large nocturnal flight. On the next transect 
count on 12 May, there is a significant decrease in the number of migrants. By 16 May the number of 
migrants on the transects had increased again, reaching a seasonal peak on that day. Night flight calls 
were small to moderate (4-32 per night) from 11-21 May. After 21 May, night flight calls were very few in 
number (0-8 per night) but migrants were still present in stop-over in significant numbers.

Figure 11 plots the transect counts 
alongside the combined night flight call 
counts recorded at Station 15 and Station 
4. This graph more clearly demonstrates 
how there can be a net increase or 
decrease in the number of birds in stop-
over on the transects with increasing 
levels of nocturnal migration.

One of the most common bird 
species in stop-over is the White-throated 

Figure 11: Night Flight Call Count at Stations 15 and 4 and Total Migrants on Transects 1 and 5, 
2012
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Sparrow. Figure 12 plots the counts of White-throated Sparrow night flight calls from the two recording 
stations and the counts of this species on the two transects.  The graph shows the build-up of the number 
of White-throated Sparrows in stop-over with variable levels of nocturnal migration from 23 April to 
9 May. The graph also shows that on 10 May, the large nocturnal flight shown in Figures 10 and 11 was 
composed largely of White-throated Sparrows (72%). It suggests further that this large flight resulted in a 
net decrease of these sparrows in stop-over. Their numbers built up again until 16 May and then reached 
their lowest level on 19 May. Throughout the period from 11-20 May there were small to moderate levels 
of nocturnal migration. The data also show that some small amount of nocturnal migration continued into 
the breeding season of the White-throated Sparrow from 21 May to 2 June.

Figure 13 shows the relationship between night flight calls of all warbler species and their presence 
in stop-over on the transects. The early migrating 
warbler, the Yellow-rumped Warbler, is excluded from 
this analysis. The column graph in Figure 13 indicates 
that warbler migration took place after the peak in 
the White-throated Sparrow migration. Warbler night 
flight calls were greatest from 13 to 27 May while 
warblers in stop-over peaked on 29 May. As with the 
White-throated Sparrows and other species, there were 
either net increases or decreases of warblers in stop-
over with increased levels of nocturnal passage. There 
was a moderately high level of warblers in stop-over on 
the transects on 2 June with no substantial nocturnal 
passage after this date. This suggests that these late 
migrants were local breeding birds.

Diurnal Passage

As described in the field methods, systematic 
observations were made of birds in diurnal passage in all 
three years. In 2008 and 2011-2012, diurnal counts were 
conducted at the observation/listening stations. In 2012, 
counts were also made during the stop-over transects, 
and on the return walk of the transect.

An analysis of the flight direction of individual 
birds or an individual flock of birds for all three methods 
of observation for all three years is shown in Figure 14 
for woodpeckers and songbirds (excluding some local 
passerines such American Crow and Common Raven). A 
flock is here understood as two or more birds of a single 
species. The radar graph shows the predominate heading 

Figure 14: Flight Direction of Individual and 
Flocks of Woodpeckers and Passerines in 
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of the birds in diurnal passage to be to the northeast 
and east. The northeast direction is to be expected 
(Richardson 1971) but the strong easterly tendency less 
so. The latter may be explained by the proximity of 
the study area to Cape Breton Island to the east where 
many birds may breed, or they may use the Island as a 
departure point for Newfoundland.

Figure 15 shows the flight direction of all birds. 
The radar graph shows north as the predominate 
heading. However, these results were skewed by one 
flock of 50 Snow Buntings flying high overhead on 25 
April 2011. If these birds are removed from the analysis, 
the dominant heading would again be northeast and east 
with a stronger emphasis toward the east.

Figure 16 shows the flight direction of all raptors 
noted in diurnal passage in the study area (thus excluding the local population 
of Bald Eagles). The radar graph shows the dominant direction for these birds 
also to be to the northeast and east.

A total of 102 30-minute blocks of systematic observations of diurnal 
passage were made at the observation stations and return transects in the three 
years of the study. Out of these, 64 or 63% had no observations of birds in diurnal 
passage or making local movements above tree-top level in the spring. Table 
6 shows the altitudes of the birds seen during the time blocks. The distance 
categories are slightly different in 2008 from 2011-2012 (e.g. 0-50 meters 
instead of 0-40 meters) since the reference point of primary concern, the blade 
sweep of a turbine, was not known in 2008. Since the recorded altitudes are 
estimates with some degree of uncertainty, the altitude estimates of 2008 were 
incorporated into one of the 2011-2012 categories. The less than zero category 
refers to those bird flying below the base level of a turbine tower located near 

the edge of a steep ridge. Thus 73% of individual birds or individual flocks of birds flying at a known 
altitude were below the level of the blade sweep of a turbine while 20% were flying at blade sweep level.

Table 7 shows the proximity of the birds or flocks of birds to a turbine in 2011-2012. Out of 43 
occurrences, only 5 birds or flocks of birds flew within 50 meters of a turbine. Of these, there was only one 
occurrence of birds flying at blade height, an adult and an immature Red-tailed Hawk on 26 April 2012. 
These two birds could be categorized as “at risk of collision” as described in the soaring bird study at the 
site in the autumn of 2009 (Kearney 2010b).

The most common birds seen during the 30-minute observations blocks were Common Ravens 
(24 occurrences), Bald Eagle (20 occurrences), Red-tailed Hawk (17 occurrences), and American Robin (11 

Figure 16: Flight Directions of Raptors in 
Diurnal Migration, 2008 & 2011-2012 
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Table 6: Altitude of 
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Distance Number
<50 5
50-100 17
>100 21
Grand Total 43

Table 7: Distance of 
Birds from Turbines, 
2011-2012
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Table 8: Spring Migration Status of Species of Conservation Concern in the Study Area

NS SARA COSEWIC COSEWIC
CESCC Priority

Species Rank Schedule 1 Listed Candidates Status during Spring Migration in Study 
Area

Common Loon May be at 
Risk

1 flying over Transect 2 on two occasions 
in 2008; 1 flying over Station 4 in 2008

American Kestrel Mid

2 >100 m from Transect 3 in 2008 and 1 
flying over Transect 1 in 2012; 2 at Station 
4 twice in 2008, 1 at Stations 8 and 1 in 
2008, 1 at Station 10 in 2011, and 1 at 
Station 12 in 2012

Greater Yellowlegs Sensitive 1 flying over Transect 1 in 2012

Olive-sided 
Flycatcher At Risk Threatened Threatened

3 within 50 meters, 2 within 50-100 meters, 
and 1 >50 meters of Transect 1 in 2008, 1 
>100 m from Transect 3 in 2008, and 1 
<50 m of Transect 5 in 2012

Eastern Wood-
Pewee Sensitive Special 

Concern 
1 >100 m of Transect 4 and 1>100 m from 
Transect 2 in 2008

Yellow-bellied 
Flycatcher Sensitive 4 found dead at base of turbines in 2011

Gray Jay Sensitive 1 <50 m of Transect 1 in 2011

Tree Swallow Sensitive
1 flying over Transect 2 in 2008; 1 flying 
over Station 4 in 2008 and 1 over Station 5 
in 2011

Boreal Chickadee Sensitive

Seen on 33% of all spring stop-over 
transects in the three study years with a 
mean of 0.65 per transect and a maximum 
of 7; there was a statistically significant 
decrease in the mean number of birds per 
transect between 2008 (1.18) and 2011 
(0.00) and 2012 (0.12)

Golden-crowned 
Kinglet Sensitive Seen on Transect 1, 3 times in 2008, once 

in 2011, and twice in 2012

Ruby-crowned 
Kinglet Sensitive

For the three year study, there was a mean 
1.43per transect. There were no significant 
differences between years.

Gray Catbird May be at 
Risk 1 seen <50 m from Transect 3 in 2008

Tennessee Warbler Sensitive 1 <50 m of Transect 1 and 3 <50 m of 
Transect 3 in 2008

Bay-breasted 
Warbler Sensitive 3 recorded in nocturnal passage in 2012

Blackpoll Warbler Sensitive

1 <50 m on Transect 4, 1 <50 m and 1 50-
100 m on Transect 1, and 1 <50 m on 
Transect  3 in 2008; 5 recorded in 
nocturnal passage in 2012 along with 24 
Blackpoll/Yellow Warbler complex calls

Wilson's Warbler Sensitive 1 < 50 m on Transect 1 in 2008; 

Canada Warbler At Risk Threatened Threatened 1 recorded in nocturnal passage in 2012

Rose-breasted 
Grosbeak Sensitive 1 >100 m on Transect 2 and 1 <50 m twice 

on Transect 4 in 2008

Bobolink Sensitive Threatened 1 in diurnal passage at Station 4 in 2008

Rusty Blackbird May be at 
Risk

Special 
Concern

Special 
Concern

1 <50 m and 2 flying over Transect 1 and 1 
flying over Transect 5 in 2011, 1 flying over 
Transect 1 in 2012

Pine Grosbeak May be at 
Risk

2 <50 m of Transect 3, 1 50-100 m of 
Transect 2, and 1 flying over Transect 1 
and 1 flying over Transect 2 in 2008

Pine Siskin Sensitive

A total of 13 birds flying over Transects 1, 
2, and 3 in 2008; 1 flying over Transect 5 in 
2011; 2 flying over Station 4 in 2008 and 1 
over Station 2

Evening Grosbeak High

A mean of 1.33 birds per transect in 2008 
was significant higherat the 95% 
confidence level than the means of 0.22 
and 0.24 in 2011 and 2012 respectively
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occurrences).

Species of Conservation Concern

Table 8 lists the species of conservation concern occurring in the study area along with their 
conservation status as determined by the Government of Canada and the Province of Nova Scotia 
(Canadian Endangered Species Conservation Council 2011, Canada 2012a, Canada 2012b). Of the 23 species 
listed, 2 species showed statistically significant declines between pre-and post-construction studies. These 
are the Boreal Chickadee and the Evening Grosbeak. 

There were no statistically significant increases in any species of conservation concern. There was 
no statistically significant change in the number of migrant Ruby-crowned Kinglets. For all other species 
of conservation concern, there were not enough records for statistical analysis. Nonetheless, a review of 
Table 8 reveals that many of the species of conservation concern occurred less frequently in 2011-2012 
than they did in 2008. These would include Common Loon, American Kestrel, Olive-sided Flycatcher, 
Eastern Wood-Pewee, Tennessee Warbler, Rose-breasted Grosbeak, Pine Grosbeak, and Pine Siskin. Only 
Rusty Blackbirds appeared more often in post-construction studies; 4 times in 2011-2012 and not at all in 
2008.

Discussion

The analysis points to the importance of distinguishing migrant birds from local, resident birds in 
the analysis of migration stop-over. The probability of a bird being a migrant can be detected through a 
statistical analysis of stop-over counts over a multi-year time frame. In addition, further acoustic studies 
of nocturnal passage will also provide more information when specific species are migrating in a particular 
area. The migration timing for species such as the Blue Jay that have a strong component of both local 
and migrating birds is more problematic. Since Blue Jays can be seen migratiing during the day, diurnal 
passage studies can help illuminate the migration timing of this and other diurnal migrating species. 
The analysis separating migrant from local birds supports a hypothesis that there are two peaks in the 
migration of birds in the Pictou-Antigonish Highlands, one in the period of 10-19 April and the second 
in the period of 20-29 May. The fact that the latter peak occurred a few days earlier in 2012 is possibly 
indicative of the role of climate and weather in the annual variation of these movements.

The logging of Transect 1 between pre- and post-construction studies was an unanticipated 
dimension of the study. It precluded the opportunity to use one or more of the three other pre-
construction transects as controls to compare with the one transect that ended up in the project site (the 
final boundaries of the wind energy facility were not known during the baseline study). The decrease in 
the number of birds in stop-over on Transect 1 and the statistically significant lower numbers on Transect 
5 in 2011-2012 may indicate that in the two years after construction, the site was less attractive to birds in 
stop-over. If so, the data suggests there was some recovery in stop-over habitat already in 2012. There is no 
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evidence at this time that the steep ridge on the border of the wind facilitiy is a draw for migrants in stop-
over during the spring.

The number of birds detected in nocturnal passage seems low. Since the use of this acoustic 
monitoring technology is new in Nova Scotia, it is necessary to await the findings of other studies in a 
variety of locations in order to evaluate fully these results. The results of the acoustic monitoring together 
with the analyis of stop-over show why leaving a light on at a turbine can lead to high warbler and vireo 
mortalities in late May and early June. It also raises the question why warblers and vireos are vulnerable 
to collisions and White-throated Sparrows appear not to be. This sparrow was the most common bird in 
nocturnal passage over the wind facility but not a single carcass of this species was found in two years of 
systematic searching at the base of the turbines.

The low numbers of birds in stop-over in mature deciduous forest, the dominant forest type, and 
the overall low numbers of birds in nocturnal and diurnal passage, and stop-over would indicate that the 
Pictou-Antigonish Highlands is not a critical pathway for spring migration. Nonetheless the lower number 
of birds in post-construction deciduous forest is an issue that will be examined further in subsequent 
chapters.
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