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ABSTRACT: Much attention has been given to the topic of bird phenology in
response to climate change. While strong evidence supports a general pattern of
advancement in spring migrants’ arrival dates with warming temperatures, the
mechanisms underlying these changes are not clearly understood. We summarize
the spring arrival of the Mountain Bluebird (Sialia currucoides) in central Alberta
from 58 years of data and examine the influence of temperature and snow cover on
the patterns of arrival. We hypothesized that a significant advance in the Mountain
Bluebirdss first arrival date was related to weather variables. In central Alberta, March
temperatures increased, and first arrival dates for the Mountain Bluebird advanced
0.33 days per year from 1961 to 2018 or 19 days over the 58 years. However, tempera-
tures on the date of arrival have cooled slightly (2.8 °C) over the study period, and
snow depth on the date of arrival decreased slightly (1.5 cm) over the study period,
which may influence early migrants’ opportunities for foraging. Although Mountain
Bluebirds have arrived at our central Alberta study area considerably earlier over the
past decades, temperatures and snow depth have been highly variable, suggesting
that the species is likely responding to multiple cues that influence its arrival dates.
Given the Mountain Bluebird’s migratory nature, environmental and behavioral
stimuli en route to breeding areas likely exert considerable influence on arrival dates.

Studies of the phenology of spring migration in birds breeding in the North
Temperate Zone have sought to determine which species are adjusting their
arrival times in response to changing temperatures and other variables associ-
ated with climate change (Swanson and Palmer 2009, Ward et al. 2016). The
date of spring departure from the winter range, migration time, and date of
arrival at the breeding grounds can all be affected by local weather conditions
from the start to end of migration (Pulido 2007, Lehikoinen and Sparks 2010).
While changing day length (Rowan 1932) and endogenous hormonal changes
(Gwinner 1986) are the initial triggers for migration (Gienapp et al. 2007,
Pearce-Higgins and Green 2014), variables such as temperature, wind, and
other weather conditions modify the time and length of migration (Winkler et
al. 2016). In response to climate change, a general pattern of advancement of
spring movements and breeding of migratory birds has been found, irrespec-
tive of the metric considered (Winkler et al. 2016). Phenological responses
to climate change may also be dependent on the distance of migration, with
long-distance migrants’ phenological response being smaller than that of
short-distance migrants (Knudsen et al. 2011). However, variability among
species is wide and poorly understood, and the mechanisms underlying these
changes need further study (Knudsen et al. 2011). Furthermore, seasonally
asynchronous climate change—when a region warms during some parts of
the year then cools in others—may constrain species’ responses to climate
change (Senner et al. 2018).

The Mountain Bluebird (Sialia currucoides) is a common harbinger of
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spring in many parts of northern North America. It breeds from Alaska
across western Canada to the western contiguous USA, and winters from the
western USA to central Mexico (Johnson and Dawson 2019). By means of
light-level geolocators, Mountain Bluebirds that nest in central Alberta have
been tracked as wintering in the southwestern USA and northern Mexico
(K. C. Fraser unpubl. data). Accordingly, bluebirds nesting in this area are
considered short-distance migrants and typically arrive in March. At least
during the breeding season, terrestrial invertebrates, hawked from perches,
are the species’ primary food source (Herlugson 1982), so the birds require
accessible and active insects and spiders upon their arrival. They also hover-
hunt, especially on warm windy days (Power and Lombardo 1996). Therefore,
they rely on relatively benign conditions that facilitate the emergence and
activity of their insect prey. The Mountain Bluebird is more insectivorous
than most North American thrushes but during the fall and winter does
eat berries (Johnson and Dawson 2019). Although it is not known if berries
are consumed during spring migration, when the birds first arrive on their
breeding grounds, and/or during periods of inclement weather when insect
prey are temporarily unavailable, their spring and summer diets may be
supplemented to some extent by berries. Nevertheless, Beal (1907) found
that in California Mountain Bluebirds ate few berries.

Mountain Bluebirds nest in tree cavities or, as in this study area, in artifi-
cial nest boxes. Since bluebirds do not make their own nest cavities and are
dependent on cavities made by woodpeckers, they are considered secondary
cavity nesters. Therefore, competition for limited nest sites results in pressure
for males to arrive at breeding grounds and claim sites before competitors
(Winkler et al. 2016).

A common metric for detecting changes in migration timing is first arrival
date (Goodenough et al. 2015). This method may have shortcomings since it
may reflect an effect on the earliest-arriving birds that does not necessarily
represent a shift in the arrival dates of the total population, and detections are
dependent on observer effort and chance (Knudsen et al. 2011, Lehikoinen
et al. 2019). Despite these potential shortcomings, first arrival date is easily
measured and has broad appeal in long-term monitoring and citizen-science
programs. We determined the changes in first arrival date from a 58-year
record of the Mountain Bluebird in central Alberta (1961-2018). We inves-
tigated whether bluebirds were arriving earlier in the spring and, if so, what
conditions they faced upon arrival. We assessed the effect of temperature and
snow depth on first arrival date. Our hypothesis was that Mountain Blue-
birds have been arriving earlier in central Alberta because of warmer March
temperatures and shallower snow depths. In addition, we hypothesized that
because of climate change, birds should face, on average, similar conditions
upon arrival across the study period despite the advancement in arrival date.
We tested this hypothesis by comparing temperatures and snow depth to the
dates when the birds first arrived.

METHODS

This study took place near Lacombe, in central Alberta, Canada (52° 28’
06" N, 113° 44’ 13" W, elevation 916 m above sea level). Between 1961 and
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1981 (except in 1966, when no date was noted), Charlie and Winnie Ellis
recorded first arrival dates on their 388-ha farm, where they monitored up
to 250 nest boxes at a time when there were few other boxes in the surround-
ing area. In March, they drove local roadways, focusing their efforts on areas
along Highway 597 where steep south-facing slopes were usually the first
to be clear of snow and hence where the bluebirds were first seen (Winnie
Ellis pers. comm., 1986). Their actions represent an early, valuable example
of citizen science.

With the establishment of Ellis Bird Farm Ltd. in 1982, the Ellis’s farm-
based trail of nest boxes was expanded to cover 256 km? around the farm.
The responsibility for monitoring this trail, recording data, and banding
Mountain Bluebirds was assumed by the farm’s resident biologist. First ar-
rival dates were recorded by Bryan Shantz from 1982 to 1986 and by Myrna
Pearman from 1987 to 2018.

Starting in the 1980s, other bluebird trails were established throughout Al-
berta, and the trails’ monitors looked for first spring arrivals in their respective
areas. Hence some of the dates noted between 1983 and 2018 were reported by
others from over a wider area, up to approximately 120 km in all directions.
Nevertheless, all were within the Aspen Parkland Ecoregion (Bird and Bird
1967). Both Pearman and Shantz also drove local roads in mid-March and
compiled reports of first arrival dates from other bluebird-trail operators in
the wider area. When we received dates from several observers within the
same year, we used the one closest to Ellis Bird Farm.

We obtained historical temperature and snow-depth data from Envi-
ronment Canada (http://climate.weather.gc.ca/historical_data/search_his-
toric_data_e.html). The records from the Red Deer Regional Airport, located
30 km southwest of Ellis Bird Farm, were the region’s most extensive, and
so we used these records in our analysis. Because at any given time weather
conditions across the Aspen Parkland region of central Alberta are similar
(Beaubien 2013), we had confidence that the data from this weather station
reflected conditions across our study area.

March is the month when temperature increases in central Alberta are the
greatest of any month (Beaubien 2013). We compared first arrival dates to
spring temperatures and snow depths on 1, 15, and 31 March and found the
results were similar to those for the whole month. Therefore, we used the mean
temperature for the month as a predictor variable. We tested our prediction
of an advancement in first arrival dates from 1961 to 2018 by a simple linear
regression that included the first arrival date as the dependent variable and the
year as a continuous explanatory variable. We rescaled the years to range from
1 to 58 by subtracting 1960 from each value. Likewise, we tested for trends in
temperature and snow depth for the same years. We also tested for any correla-
tion between firstarrival date and temperature on the arrival dates, and likewise
for snow depth on first arrival. Finally, we evaluated the most likely weather
factors influencing the Mountain Bluebird’s first arrival date with multiple
linear regression models developed in the statistical package R (R Core Team
2019). The model assessed how temperature on the first arrival date (°C), snow
depth on the first arrival date (cm), mean March temperature, and mean March
snowfall influenced the first arrival date from 1962 to 2018. Data from 1963,
1966, 2008, and 2017 were incomplete and not included in this analysis. We
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created a set of additive models that included all unique possible combinations
of the four variables. We ranked the models by Akaike’s information criterion
corrected for sample size (AIC.) and, following the approach of Burnham and
Anderson (2002), used Akaike weights (w;) to assess the models’ support. We
averaged the estimated parameters across all models with the R package AIC-
cmodavg (Mazerolle 2019) and considered parameters with 95% confidence
intervals that did not overlap zero to be biologically meaningful.

RESULTS

Over the past 58 years, the date of spring arrival of the Mountain Bluebird
in central Alberta has advanced by 19 days (Figure 1). In the early 1960s,
birds tended to arrive around 30 March, but by the 2010s, they were arriving
around 11 March (Figure 1). The trend to earlier arrival over the study period
(r>=0.37, P<0.001) yielded advancement of first arrival date at a rate of 0.33
days per year. The trend from 1961 to 1986, when only the Ellis siblings made
observations around their farm, differed from that in the years after 1987,
when more observers were involved over a larger study area (Figure 1). The
trend toward earlier arrival was 0.66 days per year from 1961 to 1986 (12 =
0.23, P=0.01) but 0.14 days per year from 1987 onward (* = 0.07, P = 0.16).

While March temperatures varied substantially from year to year, the trend
over the past 58 years in our study area has been an increase (Figure 2). Over-
all, the mean monthly average temperature for March trended upward, rising
from -5.2 °C to -3.2 °C, but this relationship was not statistically significant
(r>=0.05, P=0.10). Bluebirds arrived significantly earlier when mean March
temperatures were warmer (Figure 3; r* = 0.35, P = 0.001).

The variability of average snow depth for March was greater than that of
temperature (Figure 4). For example, mean snow depth in March reached a
maximum of 47.7 cm in 1974 and a minimum of 0.2 cm in 1968. Snow depth
in March increased from the late 1960s to the early 1970s, then decreased until
the 2010s, when it began to increase again. Overall, however, mean March
snow depth decreased from 17 cm to 11.5 cm over the study period, but this
trend was not statistically significant (Figure 4; r* = 0.02, P = 0.32). Moun-
tain Bluebirds arrived earlier in Marches when the average snow depth was
low (Figure 5), a relationship that bordered statistical significance (> = 0.07,
P =0.06). The amount of snow present when Mountain Bluebirds arrived
decreased from 12.7 cm in 1961 to 9.9 cm in 2018.

In our model-ranking exercise, two models carried nearly all the weight
(wi = 0.96; Table 1). Only two of the four predictor variables (temperature
on first arrival date and mean March temperature) had 95% confidence
intervals that did not overlap zero. The parameter estimate (£95% confi-
dence interval) for temperature on first arrival date was 0.853 (confidence
interval 0.295-1.412), and for mean March temperature was —1.835 (-2.534
to —1.137). Over the 58 years of our study, the mean temperature on the first
arrival date was 0.73 °C £ 3.70 SD, and the average mean March temperature
was —4.5 °C + 3.82 SD. In relation to our parameter estimates for temperature,
this indicates that Mountain Bluebirds generally arrived in central Alberta as
temperatures broke the freezing point, and that bluebirds arrived earlier in
warmer Marches. The parameter estimates for variables based on snow cover
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FIGURE 1. Dates of first arrival of the Mountain Bluebird in central Alberta, 1961-2018.
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FIGURE 2. Mean March temperature (°C) recorded at Red Deer Regional Airport,

Alberta, 1961-2018. Data for 2017 were unavailable.
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F1GURE 3. Date of first arrival of the Mountain Bluebird in central Alberta as a function

of mean March temperature (°C) recorded at Red Deer Regional Airport, Alberta,
1961-2018. Data for 2017 were unavailable.
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FIGURE 4. Average March snow depth (cm) recorded at Red Deer Regional Airport,
Alberta, 1961-2018. Data for 1961, 1963, 1966, 2008, and 2018 were unavailable.
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F1GURE 5. Date of first arrival of the Mountain Bluebird in central Alberta as a function

of snow depth (cm) recorded at Red Deer Regional Airport, Alberta, 1961-2018. Data
for 1961, 1963, 1966, 2008, and 2018 were unavailable.

largely overlapped zero: 95% confidence interval —-0.403-0.194 for snow depth
on first arrival date, -0.197-0.678 for mean March snow depth), suggesting
that they were uninformative predictors of Mountain Bluebird arrival. Over
the course of our study, the average snow depth on the first arrival date was
11.4 cm + 12.5 SD, and mean March snow depth was 13.9 cm + 11.5 SD.

TaBLE 1 Rankings of Models Describing Effect of Environ-
mental Variables on Dates of First Arrival of the Mountain
Bluebirds in Central Alberta, 1961-2018

Model* Kt AAICS w; 4
TraD + Skap + TMaR 5 0.00 0.63
TraDp + SeaD + TMmAR + SMAR 6 1.29 0.33
Seap + Tmar 4 6.50 0.02
Skap + TMAR + SMAR 5 7.70 0.01
TrAD + SMAR 4 11.29 0.00
Intercept 2 43.88 0.00

“?The variables constituting the models are temperature (°C) on first arrival date
(Ttap), snow depth (cm) on first arrival date (Spap), mean March temperature
(°C; Tmar), and mean March snow depth (cm; Smar). Only the top five models
and the intercept-only model are shown.

*Number of parameters.

‘Difference between model’s Akaike’s information criterion corrected for
sample size (AIC.) and the lowest AIC, value (352.3).

“Relative weight of AIC, attributed to model.
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DISCUSSION

This study confirmed our hypothesis and supports earlier findings (Lane
and Pearman 2003) that spring arrival of Mountain Bluebirds breeding in
central Alberta hasadvanced. Lane and Pearman (2003) found the arrival date
had advanced by 16 days over 40 years since 1961 (0.4 days per year). Over
a span of 58 years, first arrival dates have advanced by 19 days, a statistically
significant finding. The rate of change found in our study (0.33 days per year)
is more than double the rate of change in bird-arrival dates found at Buffalo,
New York, by DeLeon et al. (2011) over a similar period. They reported that
from 1967 to 2008, short-distance migrants arrived earlier by an average 0.15
days per year, which is the same as the rate of change in the latter part (after
1987) of our study. As in our study, DeLeon et al. (2011) found warming
spring temperatures correlated with earlier arrival dates. The advance of 0.15
days per year is the same as the rate of average annual advance of the last day
of frost across North America (Schwartz et al. 2006). The more rapid rate of
change in first arrival date (0.33 days per year) for the Mountain Bluebird in
central Alberta is similar to the 0.31 days per year change of first arrival date
for birds in Europe (Thackeray et al. 2010). A review of migration timing of
195 species at 21 bird observatories in Europe and North America, based
on 57 years of daily data, found that birds’ spring arrival had advanced by
one week over 50 years, or 0.14 days per year (Lehikoinen et al. 2019). They
compared the timing of migration as a whole, not just first arrival dates, yet
found values similar to those above.

We presume this advance in first arrival dates is an effect of global climate
change. Mean temperatures in our study area in March increased by 2.7 °C
from 1961 to 2018, but because the bluebirds arrived earlier, the temperatures
on the date of their arrival cooled by nearly 3.0 °C over the same period.
However, snow depth at first arrival date decreased (by 3.6 cm) over the long
term, a factor that may favor foraging by exposing more bare ground, espe-
cially on south-facing slopes. Our analysis suggested that the mean March
temperature and temperature on the first arrival date were the most signifi-
cant weather factors that affected that date. Mountain Bluebirds rely on early
spring temperatures warm enough for terrestrial invertebrates, their primary
food source, to be active and accessible on bare ground. Thus our study sug-
gests that the bluebirds were responding to warming March temperatures.

Advancement of first arrival date was more pronounced prior to the late
1980s than after 1990 (Figure 1). Lehikoinen et al. (2019: figure 3) found
a similar tendency to less change in arrival dates after the late 1990s. The
similarity in their rate of change and that noted in our study may indicate
that certain species are approaching a limitation of the ability of their arrival
dates to advance further (Senner et al. 2018). In early spring migrants such
advancement may be constrained by cold, wet spring weather (Holroyd and
Beaubien 1997a, b).

The urgency for birds, including cavity-nesting birds, to arrive early is
driven by the need to secure a nest site and territory (Winkler et al. 2016).
The availability of cavities has been shown to limit the populations of cavity-
nesting birds (Holroyd 1975, Newton 1998). Thus migratory cavity-nesters
that arrive first are most likely to secure a nest site. Knudsen et al. (2011)
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pointed out that any differences in the age and sex of cohorts affected by
climate change are typically not reported or are unknown. In our study,
the first bluebirds to arrive were males, which presumably arrived early to
establish territories and claim a nest site (Johnson and Dawson 2019). The
risk of arriving too early for an insectivore, however, is the increased chance
of encountering adverse weather—an increase of which is another predicted
result of anthropogenic climate change (Donat et al. 2016, Blunden and Arndt
2016, 2017). Severe cold weather can reduce the availability of arthropods,
impair the survival of adult birds, and depress their productivity over the long
term (Holroyd and Beaubien 1997a, b, Wormworth and Sekercioglu 2011).
Severe spring weather in central Alberta usually entails snowfall and often
freezing temperatures, high wind, and wet, deep snow (Holroyd and Beaubien
1997a, b). Such conditions can reduce or eliminate opportunities for foraging
on open ground and lead to high mortality (Newton 1998).

Changes, either too rapid or too slow, in timing of arrival can lead to
reduced fitness through a temporal mismatch between consumer demands
and resource availability (Mayor et al. 2017, Knudsen et al. 2011). Ultimately,
a population’s fitness may be compromised if migratory birds breed too early
or too late relative to peak food resource availability, resulting in a trophic
mismatch (Both et al. 2009, Thackeray et al. 2010). However, the Mountain
Bluebird’s trend to earlier arrival in March in central Alberta parallels plants’
trend to earlier spring flowering (Beaubien and Freeland 2000). If the supply
of arthropod prey is also more advanced in the warmer springs, any mismatch
with bluebird nesting is reduced. We did not measure seasonal food avail-
ability or chick growth and survival during our study, so the extent to which
changes in the Mountain Bluebird’s breeding phenology is moderating the
effects of climate change is unknown.

First arrival dates have been criticized since they do not necessarily reflect
the arrival of the whole population of birds, and they are subject to variation in
effort and to chance sightings (Knudsen et al. 2011, Pearce-Higgins and Green
2014). Lehikoinen et al. (2019) analyzed the continuous daily records of spring
migration at 21 bird observatories and found that the earliest 5% of birds were
arriving earlier even though the median and 95% arrival did not advance as
much. Nevertheless, they found an earlier arrival of 0.14 days per year for the
populations of numerous species on two continents over a half century. Simi-
larly, Pearce-Higgins and Green (2014) summarized first arrival dates in 79
studies and found a positive correlation between first and median arrival dates,
indicating the utility of first arrival dates as a meaningful biological metric.

In our study, two biologists continued the efforts of two self-trained citizen
scientists, then expanded efforts to include other observers of nearby trails
of bluebird nest boxes. Thus the change in effort could have influenced the
accuracy of any given year. However, the change in first arrival dates is so
dramatic that we believe our observations reflect a true shift in the dates of
the Mountain Bluebirds’ arrival in central Alberta. Apparent first arrival dates
can also be confounded if any apparent arrivals had actually wintered locally,
but no winter records of the Mountain Bluebird in Alberta have been reported
via www.eBird.org, so overwintering is not likely a consideration in this study.

We demonstrated that spring arrival of the Mountain Bluebird in central
Alberta has advanced by 0.33 days per year over the past 58 years. Over the
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same period, spring temperatures have increased and snow depths have
decreased, but these trends are not statistically significant because of wide
year-to-year variation. Our findings suggest that climate change is influencing
arrival dates of these short-distance migrants in central Alberta. An increase
in snow-free areas as average snow depth decreases may be facilitating the
trend. The development of strong El Nifio events in the northern Pacific
Ocean and wide annual variability in spring snow depth in western Canada
are two of the many changes (Moller et al. 2010, Pearce-Higgins and Green
2014) that may affect the phenology of migratory birds in western Canada.
Our study demonstrates the value of long-term data sets collected by citizen
scientists, and also identifies the need for a better understanding of how spring
temperatures and snow depth affect the availability and abundance of inver-
tebrates. Since arrival dates have increased so significantly, yet temperature
and snow depth are extremely variable, are Mountain Bluebirds responding
to other, more meaningful cues? Further research could also investigate how
changes in first arrival date affect the species’ success in breeding.
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