


Changes to weather patterns have wide-reaching
impacts on the population dynamics and persis-



temperature, particularly during the winter, and
rainfall, and decreases in snowfall and snow depth
(Mekis and Vincent 2011, Vincent et al. 2012,
2015), and thus could be implicated in the
observed population declines. To determine
whether there have been changes in breeding phe-
nology and performance over time, we used his-
torical data to compare each before (1962–1972)
and after (2006–2016) the onset of steep population
declines (i.e., during the mid-1980s, Nebel et al.
2010, Smith et al. 2015). Although the population
trends during the before period are unknown, it is
clear that populations of all four species were lar-
ger during the before period than during the after
period (Sauer et al. 2014, A. C. Smith,personal com-
munication). To help inform our understanding of
the potential effect of climate change on popula-
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index_e.html. When temperature and precipita-
tion data were not available from the same
weather station (314 of 6692 breeding records),
we used data from the two closest stations within
50 km. We excluded 320 nest records from our
analyses because temperature (86) and precipita-
tion (234) data were not available.

Although many studies examine the relation-
ship between spring temperatures and breeding
phenology (e.g., Dunn and Winkler 1999, Hussell
2003), recent work has also demonstrated that
winter temperature can affect breeding phenol-
ogy and performance of insectivorous birds (Wil-
liams et al. 2015). This is likely due to the effects
of temperature and/or precipitation on overwin-
ter insect survival and development (Irwin and
Lee 2000, Musolin and Saulich 2012, Templer
et al. 2012). Our exploratory data analysis sug-
gested that minimum temperature and/or median
precipitation over short periods of time through-
out the winter were most predictive of breeding

phenology for Barn and Tree Swallows. There-
fore, we determined minimum temperature and
median precipitation across six consecutive 14-d
windows (e.g., 1–14 January, 15–28 January) from
1 January to 25 March for all breeding records
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and precipitation on Barn and Tree Swallows
breeding phenology and performance, we used a
linear regression (clutch initiation date) or gener-
alized linear model with a poisson distribution
(clutch size, brood size, and nestling survival).
Our full models included all four principal com-
ponents identi� ed above, year, latitude, and lon-
gitude, and, for models with different measures
of breeding performance as the response variable
(clutch size, brood size, and nestling survival), we
included clutch initiation date to account for sea-
sonal declines in breeding performance (Møller
1994, Wardrop and Ydenberg 2003, Dawson



differ signi � cantly for Barn and Cliff Swallows
between these time periods.

Hatching success for all species differed
between 1962–1972 and 2006–2016, with decreases
in hatching success in the later period for Bank
(26.1%), Barn (12.3%), Cliff (26.6%), and Tree Swal-
lows (7.1%) compared to the earlier period. For
successful nests, brood size also differed signi� -
cantly between 1962–1972 and 2006–2016, with a
decrease of 1.1 nestlings/clutch for Bank Swallows
and an increase of 0.6 nestlings/clutch for Tree



for both species, and, for Tree Swallows, brood
size and nestling survival, indicating higher per-
formance with earlier breeding.

DISCUSSION

The goal of our study was to determine
whether changes in breeding performance over

time, potentially as a result of changes in breed-
ing phenology and climate change, could explain
population declines for four swallows. We found
changes in at least one measure of breeding per-
formance for all species, but only Bank Swallows
had consistently lower breeding performance in
all components, particularly fewer nests � edg-
ling young and lower nestling survival, that

Table 3. Model selection table for the best-� tting models for the relationships between temperature and Barn
Swallow breeding phenology and performance.

Response variable Model†.‡ df AIC c DAIC c wi Log likelihood

Clutch initiation date Latitude + Longitude + PC2 + Year 6 1906.81 0.00 0.09 � 947.27
Latitude + Longitude + PC1 + PC2 + Year 7 1907.50 0.69 0.06 � 946.56

Latitude + PC2 + Year 5 1907.64 0.83 0.06 � 948.72
PC1 + PC2 + Year 5 1907.89 1.08 0.05 � 948.85

Latitude + PC1 + PC2 + Year 6 1908.36 1.55 0.04 � 948.04
Longitude + PC1 + PC2 + Year 6 1908.40 1.59 0.04 � 948.06

Latitude + Longitude + PC2 + PC4 + Year 7 1908.68 1.87 0.04 � 947.16
Clutch size CID 2 1811.05 0.00 0.04 � 903.51

CID + Longitude 3 1812.16 1.11 0.02 � 903.05
CID + PC4 3 1812.40 1.35 0.02 � 903.18

CID + Source 3 1812.51 1.46 0.02 � 903.23
CID + PC4 + Source 4 1812.58 1.52 0.02 � 902.25

CID + Latitude 3 1812.72 1.67 0.02 � 903.34
CID + PC3 3 1812.93 1.88 0.01 � 903.44
CID + PC1 3 1813.04 1.99 0.01 � 903.50

Brood size Latitude 2 1223.55 0.00 0.04 � 609.75
Latitude +





measures between 1962–1972 and 2006–2016. We
estimated that this decline in reproductive per-
formance would result in an estimated 46%
reduction in � edglings/pair. While we do not
know the mechanism behind this reduction in
breeding performance, the Bank Swallow was
the only swallow that did not advanced their
clutch initiation dates in recent years. Therefore,
like other migratory birds that exhibit little or no
change in spring phenology, it is possible that a
mismatch between food supply and breeding
phenology is driving population declines (Møller
et al. 2008). Another possible cause of the reduc-
tions in breeding performance is carry-over
effects from winter to breeding for this species
(T.L.I., G. Mastromonaco, F. Angelier, K.A. Hob-
son, and M.L.L., unpublished data). Carry-over
effects from poor wintering conditions to breed-
ing have also been linked to population declines
for some migratory birds (Finch et al. 2014), but

other studies have found that breeding condi-
tions have a greater effect on populations than
carry-over effects from non-breeding conditions
(Ockendon et al. 2013, Rushing et al. 2016).

Aside from decreased hatching success, we
did not � nd a consistent decline in breeding per-
formance over time for the remaining three spe-
cies. Breeding performance either increased



(Møller et al. 2008, but see Dunn et al. 2011). In
addition, recent research in this region indicates



Wardrop and Ydenberg 2003), although senes-
cence may reduce performance for very old indi-
viduals (Møller and de Lope 1999). Therefore,
lower survival rates for older Bank Swallows and
younger Barn and Tree Swallows could result in
the changes we observed (i.e., lower performance
for Bank Swallows and higher performance for



been attributed to a broad-scale common driver
affecting multiple species (Nebel et al. 2010, Smith
et al. 2015, but see Michel et al. 2016). However,
our results suggest that population declines for
these three of species cannot be explained by
reductions in breeding performance. Furthermore,
for Barn and Tree Swallows, climate change does
not appear to be driving population declines
through reduced breeding performance at this
time. Together, this suggests that future work
should consider the potential effects of conditions
during migration and winter on population decli-
nes through their effects of swallow survival. For
example, adult survival in Afro-Palearctic popula-
tions of Bank and Barn Swallows is closely related
to precipitation during the winter (Cowley and
Siriwardena 2005, Robinson et al. 2008, Norman
and Peach 2013).

Citizen scientist data from programs like the
MNRS present valuable opportunities for exam-
ining trends in breeding phenology and perfor-
mance for a variety of species and over longer
periods of time than most research projects. For
our study, the MNRS data spanned a period of
57 yr, both before and after these species began
experiencing steep declines (e.g., mid-1980s;
Nebel et al. 2010, Smith et al. 2015). We recom-
mend that data from the MNRS and other related
programs be used in similar projects aimed at
understanding changes in breeding phenology,
performance, and population trends.
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