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Increase in Numbers and Potential Phenological Adjustment of Ruby-throated
Hummingbirds (4rchilochus colubris) during Autumn Migration at Hawk
Mountain Sanctuary, Eastern Pennsylvania, 1990-2014

Jennifer C. Probst,’ Jean-Frangois Therrien,? Laurie J. Goodrich,' and Keith L. Bildstein'

ABSTRACT.—Global change can affect several aspects
of bird biology, including population size and migration
timing. We used count data collected during 25 years
(1990-2014) at Hawk Mountain Sanctuary, a raptor
migration watch-site in eastern Pennsylvania, to
investigate population changes in Ruby-throated
Hummingbirds (Archilochus colubris) and the timing of
their autumn migration, in light of ongoing climate change.
Hummingbird numbers increased significantly from 1990—
2014. The first 5%-, 50%-, 95%- and average passage
dates of hummingbirds over this time indicated an earlier
passage, with the first 5% passage-date shifting earlier
significantly. Passage duration (number of days between
5% and 95% of the flight) remained relatively constant
from 1990-2014. In light of similar shifts in timing of
spring passage of this species, our results suggest that
Ruby-throated Hummingbirds may be shifting the timing
of their migratory cycle. Received 23 January 2016.
Accepted 24 July 2016.

Key words: Archilochus colubris, autumn migration,
migration counts, Ruby-throated Hummingbird, timing.

As temperatures and precipitation regimes are
altered worldwide (Hartmann et al. 2013), many
biological aspects of living organisms are influ-
enced. Indeed, many plants and insects have been
recorded emerging earlier from winter dormancy,
with higher temperatures allowing some plants to
flower earlier (Sparks et al. 2000, Fitter and Fitter
2002). Impacts of climate change also have been
shown to delay but also potentially hasten autumn
senescence in several plant species (e.g., Estiarte
and Penuelas 2015), phenomena likely to affect
food availability in bird populations. In response to
those ongoing changes, we are witnessing changes
in distribution as well as population size for
several bird species across various taxa (Maller et
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al. 2008). Many bird species have also adjusted the
timing of key events such as migration (Parmesan
and Yohe 2003, Root et al. 2003, Thackeray et al.
2010, Charmantier and Gienapp 2014). Adjust-
ments in migration phenology seem especially
noticeable for species feeding on resources such as
plants and insects.

Among the growing number of studies look-
ing at migration phenology adjustments, autumn
seems to have been neglected, and several
authors are now advocating for a better under-
standing of how species might be affected by
global changes during that particular season
(Gallinat et al. 2015). Even with the limited
knowledge available on phenological adjust-
ments, ongoing climate change has been shown
to advance as well as to delay autumn migration
in birds (Jenni and Kéry 2003, Van Buskirk et al.
2009). Such phenological changes are likely to
affect several aspects of the birds’ biology
including body condition, survival, and repro-
ductive success.

Ruby-throated Hummingbirds (Archilochus
colubris) migrate from breeding grounds in
eastern Canada to the Gulf of Mexico to
wintering grounds in southern Florida, Mexico,
Central America, and the Caribbean Islands
(Weidensaul et al. 2013). During migration
monitoring in autumn, Ruby-throated Humming-
birds are counted as they pass Hawk Mountain
(Willimont et al. 1988), in the central Appala-
chian Mountains of southeastern Pennsylvania
(see Therrien et al. 2012 for details). This
provides a useful source of information regarding
population changes for Ruby-throated Hum-
mingbirds in eastern North America, comple-
menting other databases such as Breeding Bird
Surveys. Because of low detectability of Ruby-
throated Hummingbirds, it is difficult to deter-
mine their population trends using breeding
surveys (Sauer et al. 2014), but migration counts
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FIG. 1. Annual counts of Ruby-throated Hummingbirds

at Hawk Mountain Sanctuary, Pennsylvania, 1990-2014.

at individual watch sites have been demonstrated
to reflect population changes in sparse and
inconspicuous species (e.g., Bednarz et al.
1990, Hill and Hagan 1991, Dunn and Hussell
1995, Farmer et al. 2010). Moreover, this
monitoring allows us to assess how the timing
of the hummingbird autumn flight has changed
during a 25-year period.

METHODS

Study Area.—Counts were made at Hawk
Mountain Sanctuary’s North Lookout, on the
Kittatinny Ridge in the central Appalachians of
eastern Pennsylvania (40° N, 75° W; Willimont et
al. 1988, Bednarz et al. 1990).

Counts—Counts were made daily, weather
permitting, from August 15 to December 15,
annually starting in 1990. Daily counts typically
began at 08:00 hrs and ended at 17:00 hrs,
Eastern Time. Count protocol and daily observa-
tion duration have been consistent throughout the
study period (for more details on the procedure,
see Therrien et al. 2012). The number of
migrating hummingbirds per day was recorded
by one or two experienced counters. No classi-
fications regarding age and sex of hummingbirds
were made.

Statistical Analyses.—Similarly to most bird
migration studies using a number of individuals
recorded per unit of time (e.g., Bednarz et al.
1990, Hill and Hagan 1991, Allen et al. 1996,
Farmer et al. 2007), we computed mean annual

passage rates by dividing the total number of
individual hummingbirds counted each year by
the number of hrs spent at the lookout from 15
August to 23 October, the period when the
hummingbird flight occurred. We evaluated the
population trend for 25 years (1990-2014). We
used annual counts of Ruby-throated Humming-
birds to evaluate the timing of passage. Although
first appearance dates are still frequently used as
indexes of phenological variation, it has been
shown that percentile values are more reliable
(Moussus et al. 2010). We thus calculated dates
when the first 5%, 50% and 95% of the
individuals passed annually. We also determined
the average passage date for each year and an
average passage date over all years. We defined
the passage window as the length (in days) of the
period of passage per year between the 5%- and
95%- passage dates. We calculated all trends
using linear regressions in SigmaPlot software
(version 11.0; Systat Software Inc., San Jose, CA,
USA).

RESULTS

A total of 6,766 individuals were counted
during the study period. Annual counts ranged
from 69 individuals in 1991 to 574 individuals in
2012. Mean annual passage rates of Ruby-throated
Hummingbirds increased between 1990 and 2014
(slope = 0.02, P < 0.001, ~* = 0.63; Fig. 1),
averaging 8% annually.

The 5%-passage date exhibited a significant
trend for earlier passage with an advancement of
1.3 days per decade (slope=—0.13, P=0.041, " =
0.17; Fig. 2a). The timing of the 95%-passage date
also exhibited a trend for an earlier passage,
although this was not significant (slope =—0.19, P
=0.10, /* = 0.11; Fig. 2b). The median (slope =
—0.03, P = 0.63, r° = 0.01) and average passage
dates (slope =—0.07, P=0.19, /* =0.07) both tend
toward an earlier passage, although neither varied
significantly over time. Average passage date over
all years was 2 September *= 1.9 days. The
passage window remained unchanged throughout
the study period (average =27.8 = 5.1 days, slope
=-0.06, P=0.68, ¥ = 0.01) but shifted in timing
from 21 August through 19 September in 1990 to
18 August through 14 September in 2014.
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FIG. 2. Timing of Ruby-throated Hummingbirds during

autumn migration at Hawk Mountain Sanctuary, Pennsylva-
nia, from 1990-2014 showing the day of the year (y-axis)
for (a) first 5%-passage dates and (b) first 95%-passage
dates.

DISCUSSION

The increase in numbers of Ruby-throated
Hummingbirds we observed agrees with other
monitoring schemes including the Breeding Bird
Survey, which have seen a 2%-increase annually
in the populations between 1966 and 2013 in New
England and the mid-Arctic (Sauer et al. 2014),
and the Christmas Bird Counts, which also show a
steady increase in numbers from 1990-2014
across the United States (National Audubon
Society 2010).

Our results suggest that passage dates of
hummingbirds in autumn might have been ad-
vancing during the 1990-2014 period. Both
observations, an apparent increase in numbers,
and an apparent earlier autumn migratory passage
in Ruby-throated Hummingbirds, may be linked.
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An increase in the number of migrants from the
northern regions, as suggested by eBird (eBird
2012) and the Breeding Bird Surveys (Sauer et al.
2014), could explain, in part, the apparent
observed advance in migration timing that we
observed in the present study, especially evident
for the date at which 5% of the individuals have
passed. In most species, populations from the
latitudinal limit of the species’ range are known to
migrate earlier in autumn than populations from
lower latitudes (e.g., Fransson 1995, Kelly et al.
2002). The observed pattern could thus be the
result of an increase in numbers, and especially in
the northern portion of the species’ breeding range.

In Ruby-throated Hummingbirds, adult males
apparently precede females in both spring and
autumn migrations while juveniles tend to lag
behind, at least during autumn (Robinson et al.
1996). Although speculative, adult males from the
northern portion of this species’ range could thus
contribute a large proportion of the early migrants
seen during autumn migration and could be in part
responsible for the advancement observed in the
5% passage date. By migrating somewhat later,
adult females and especially juveniles would
contribute in keeping the median and average
passage dates unchanged. Assessing sex, age, and
origin of migrating hummingbirds remains a
challenge, and we did not have that information
for our analyses. More research is needed to assess
if early migrants in Ruby-throated Hummingbirds
are over-represented by adult males coming from
the northern portion of the species’ range.

A previous study has suggested that the external
cue for autumn migration in hummingbirds is the
seasonal decline in the length of daylight (Wil-
liamson 2001). This cue is obviously not affected
by climate change. However, food abundance,
which is likely connected with the length of
daylight could act as an additional cue triggering
autumn migration. Migration of Ruby-throated
Hummingbirds in autumn was found to be nearly
synchronous with peak flowering of jewelweed
(Impatiens capensis; Bertin 1982, Willimont et al.
1988), one of the major food sources of Ruby-
throated Hummingbirds (Weidensaul et al. 2013).
And this cue is likely to be affected by climate
change, as many plants respond to increasing
temperatures with earlier flowering onset (Sparks
et al. 2000, Fitter and Fitter 2002). This phenom-
enon could result in a temporal shift in the
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availability of food sources to which humming-
birds could be adapting by shifting the timing of
their migrations. Courter et al. (2013), for
example, reported an advancement in spring
migration timing of Ruby-throated Hummingbirds
over all latitudes in North America which also
corresponds with warmer winters and springs in
the region.

As both spring and autumn migration show
signs of advancement and the autumn passage
window remained stable over the observed period,
it is possible that the annual cycle of Ruby-
throated Hummingbirds is shifting. Additional
research is needed to assess the underlying causes.
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