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Abstract Climate change is affecting behaviour and

phenology in many animals. In migratory birds, weather

patterns both at breeding and at non-breeding sites can

influence the timing of spring migration and breeding.

However, variation in responses to weather across a species

range has rarely been studied, particularly among popula-

tions that may winter in different locations. We used prior

knowledge of migratory connectivity to test the influence

of weather from predicted non-breeding sites on bird

phenology in two breeding populations of a long-distance

migratory bird species separated by 3,000 km. We found

that winter rainfall showed similar associations with arrival

and egg-laying dates in separate breeding populations on

an east–west axis: greater rainfall in Jamaica and eastern

Mexico was generally associated with advanced American

redstart (Setophaga ruticilla) phenology in Ontario and

Alberta, respectively. In Ontario, these patterns of response

could largely be explained by changes in the behaviour of

individual birds, i.e., phenotypic plasticity. By explicitly

incorporating migratory connectivity into responses to

climate, our data suggest that widely separated breeding

populations can show independent and geographically

specific associations with changing weather conditions.

The tendency of individuals to delay migration and

breeding following dry winters could result in population

declines due to predicted drying trends in tropical areas and

the tight linkage between early arrival/breeding and

reproductive success in long-distance migrants.

Keywords American redstart � Climate change �
Migration � Migratory connectivity � Setophaga ruticilla

Introduction

Animal phenologies are changing along with recent climate

change (Root et al. 2003). Many bird species show earlier

spring arrival and egg-laying dates in response to warmer

spring temperatures (Both et al. 2004; Lehikoinen and

Sparks 2010), and higher winter rainfall or temperatures

have been correlated with earlier departure from the non-

breeding grounds and earlier arrival to the breeding

grounds in some migratory birds (Saino et al. 2004, 2007;

Gordo et al. 2005; Studds and Marra 2011). However,

variation in such responses among migratory populations

across breeding and non-breeding ranges has received less

attention (but see Both et al. 2006; Balbontı́n et al. 2009a;

Wilson et al. 2011). Understanding how weather from one
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phase can carry over to influence migratory animals during

subsequent phases of their annual cycle is becoming

increasingly important in light of global climate change.

This is especially critical when considering the tight link-

age between arrival timing to the breeding grounds and

reproductive success (e.g., Møller 1994; Lozano et al.

1996). Our study focuses on the potential influence of

rainfall from the non-breeding grounds on the phenology of

widely separated breeding populations of the American

redstart (Setophaga ruticilla), a long-distance Neotropical–

Nearctic migratory warbler.

Migratory birds might respond to a changing climate

through two non-exclusive mechanisms: population- or

individual-level adjustment. Population-level change could

arise because of dispersal of new individuals into the

population, for example, the shifting ranges of some

northern hemisphere birds (Thomas and Lennon 1999;

Hitch and Leberg 2007). Such shifts could bring earlier-

laying individuals farther north and result in changes in

mean population laying dates. Population-level change

might also occur through changes in gene frequencies via

selection. For example, deteriorating conditions at a stop-

over site are thought to have caused selection against poor-

quality male barn swallows (Hirundo rustica), resulting in

a rapid increase in mean tail length in a breeding popula-

tion (Møller and Szép 2005). Overall, strong evidence for

microevolution in response to recent climate change is

lacking, perhaps in part because it is difficult to detect

(Gienapp et al. 2008). Individual-level adjustment to cli-

mate via phenotypic plasticity, on the other hand, has been

documented in several longitudinal studies where marked

birds have been followed in different climatic conditions

over at least 2 years (Saino et al. 2004; Gunnarsson et al.

2006; Balbontı́n et al. 2009b; Studds and Marra 2011). In

most cases, the extent of phenotypic plasticity detected has

been sufficient to explain population changes in response to

climate. However, the majority of these studies have

focused on European migrants, and comparable studies of

North American species are lacking.

Migratory connectivity (the extent to which individuals

from the same non-breeding area migrate to the same

breeding area and vice versa; Marra et al. 2010) may affect

how breeding populations will respond to variation in non-

breeding weather conditions. In less-connected popula-

tions, the influence of weather at a particular non-breeding

location might not be as apparent because individuals from

such a location would disperse to multiple breeding sites

(Marra et al. 2010). Low levels of connectivity could thus

buffer local populations against declines owing to habitat

loss or degradation that occur during one part of their

annual cycle (e.g., Jones et al. 2008). In more-connected

populations, the influence of non-breeding conditions on

migration might be stronger and easier to detect, and

spatial variation in non-breeding weather could result in

corresponding variation in response across the breeding

range.

American redstarts are thought to exhibit reasonably

strong migratory connectivity, as evidenced by a handful of

recoveries of banded birds and stable-hydrogen isotope

analysis of feathers moulted on the breeding grounds and

sampled across the non-breeding range (Norris et al. 2006;

C.E. Studds and P.P. Marra, unpublished data). Across 26

sampling locations spanning the non-breeding range of

redstarts, feather hydrogen isotopic values were strongly

correlated with longitude of the sampling location, which

suggests that redstarts show east–west clinal variation in

their migration. Furthermore, assignment tests indicated

that eastern non-breeding populations were more likely to

breed in eastern and southern breeding locations, and

western non-breeding populations were more likely to

breed in northwestern breeding locations (Norris et al.

2006). Thus, we might expect longitudinally separated

breeding populations to respond to variation in winter

rainfall from non-breeding areas along a corresponding

east–west axis (see also Wilson et al. 2011). In addition,

given strong levels of migratory connectivity across lon-

gitude, one would predict that migratory timing (e.g.,

departure dates from the non-breeding grounds and arrival

dates to the breeding grounds) should be correlated

between particular breeding and non-breeding regions

along this axis.

Assessing how species respond to variation in weather,

if this response differs among populations across their

range, and the mechanism responsible for this response

(i.e., microevolution and/or plasticity) are fundamental to

understanding how continued climate change will affect

migratory species. In this study, we investigate variation in

arrival and laying dates over 10 years in two breeding

populations of American redstarts. These sites, in eastern

Ontario and central Alberta, Canada, are located at oppo-

site sides of the breeding range of redstarts approximately

3,000 km apart (Fig. 1). We determine whether rainfall at

different non-breeding locations, each assumed to corre-

spond to a particular breeding population, is associated

with arrival and laying dates. For one breeding population

with sufficient data, we also evaluate whether the above

associations could be due to plasticity alone by examining

within-individual changes in phenology in relation to

interannual changes in non-breeding rainfall (Charmantier

et al. 2008). We predicted that (1) increased winter rainfall

in Jamaica would be associated with earlier arrival and

laying dates in Ontario, whereas increased winter rainfall in

Mexico would be associated with earlier arrival and laying

dates in Alberta, and that (2) these associations could be

explained by changes in individual behaviour. Finally, we

provide a preliminary analysis from a smaller 6-year
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dataset of departure dates from a Jamaican non-breeding

population to test their potential association with arrival

and laying dates in Ontario.

Materials and methods

Field data

American redstarts are sexually dimorphic, and males

exhibit delayed plumage maturation. Males in their first

breeding season resemble females and do not mature into

their full adult breeding plumage until their second prebasic

moult, following their first breeding season. Adult (after-

second-year or ASY) males arrive first to the breeding

grounds, and are followed approximately 1 week later by

young males (second-year or SY) and females (Sherry and

Holmes 1997). Early male arrival is strongly associated

with increased reproductive success in this species (Lozano

et al. 1996; Smith and Moore 2005; Reudink et al. 2009).

We focused on ASY male arrivals because SY males often

move around before settling, annual numbers of SY males

varied substantially in our study populations, and SY male

migratory timing is influenced by factors in addition to

weather (e.g., social competition affecting departure dates

from the non-breeding grounds; Studds et al. 2008). For

females, we used first egg date as a proxy for arrival because

females are often inconspicuous on arrival, making arrival

dates less accurate. Since females pair upon arrival by

selecting among already-established males (Ficken 1963),

the date of initiation of their first breeding attempt should be

strongly related to their true arrival date to the breeding

grounds (Smith and Moore 2005). Furthermore, though

female arrivals were not estimated in Alberta, annual mean

first egg dates in Ontario were strongly correlated with

estimates of female arrival based on first sightings of

females (2001–2010: r2 = 0.51, t8 = 2.89, P = 0.02). We

included both ASY and SY females in our analyses to

ensure sufficient sample sizes (females are more difficult to

capture than males, they must be captured to be aged, and

even so, ageing females can be ambiguous; Pyle 1997), and

we detected no difference in first egg dates between known-

age ASY and SY females (A.E. McKellar, unpublished

data).

Field work in eastern Ontario was conducted from 2001

to 2010 on a 100-ha site at the Queen’s University Bio-

logical Station (44�340N, 76�190W). This study site is

composed of mixed-deciduous forest, primarily dominated

by sugar maple (Acer saccharum) and eastern hophorn-

beam (Ostrya virginiana). From 1 to 31 May each year, we

monitored this site from 0600 to 1200 hours every day to

detect the presence of American redstart males by listening

for singing and subsequent visual identification. We iden-

tified males that were not already banded from a previous

year by the size and shape of the distinctive black bib on

their breast until they could be captured. We recorded the

first day that a new male was identified as his arrival date.

This method for estimating male arrival date has proven

effective in revealing differences in reproductive success

and in non-breeding habitat occupancy through the use of

stable isotopes (Reudink et al. 2009). We mapped the

positions of males for at least 20–30 min/day to determine

territory boundaries and pairing. Once males were paired to

females, we monitored territories each day until we located

nests and determined first egg dates of first nesting

attempts. We captured males in mist nets upon their arrival

by simulating a territorial intrusion with the use of a stuffed

male decoy and song playback. We captured females in a

similar fashion or with the use of fledgling distress play-

back during nestling or fledgling feeding. We banded males

and females with a unique combination of colour bands and

a single Canadian Wildlife Service aluminum band.

Field work in central Alberta was conducted from 1995

to 2005 (excluding 1997) on a 2,722-ha site in and around

the Meanook Biological Research Station (54�370N,

113�200W). This study site is composed of forest fragments

containing aspen (Populus tremuloides), balsam poplar

(Populus balsamifera), and conifers (white spruce Picea

glauca, black spruce Picea mariana, and tamarack larch

Larix laricina), interspersed within a landscape of agri-

cultural fields, livestock grazing areas, farmyards, and

Fig. 1 Study locations and predicted migratory connectivity in

American redstarts (Setophaga ruticilla). Breeding populations were

studied in Ontario and Alberta, Canada. A non-breeding population

was studied in Westmoreland, Jamaica, and rainfall data were

collected for Jamaica and eastern Mexico. Dashed lines connect non-

breeding populations to their most likely breeding region, as inferred

from stable isotope analysis (see text; Norris et al. 2006)
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roads. Within forest fragments, redstarts bred in clusters of

wet, dense, and structurally heterogeneous stands of willow

(Salix spp.) and alder (Alnus spp.). Field work was per-

formed similarly, but differences in study objectives

between our two breeding locations meant that recordings

of arrival dates were done only from 2002 onwards, and

individuals were banded only from 2000 onwards.

Field work in Jamaica was conducted from 2003 to 2009

(excluding 2006) on five 5-ha study plots at the Font Hill

Nature Preserve (18�020N, 77�570W) (see also Studds and

Marra 2011). Study plots were either wetter mangrove

stands (three study plots) dominated by black mangrove

(Avicennia germinans) with some white (Laguncularia

racemosa) and red mangrove (Rhizophora mangle), or drier

second-growth stands (two study plots) dominated by

invasive logwood trees (Haematoxylon campechianum)

with some other species including Bursera simaruba,

Terminalia latifolia, and Crescentia alata. We pooled

departure dates from both habitat types, but results were

similar if we restricted our analysis to one or the other

habitat type. From 15 January to 15 April each year, we

captured American redstarts as above as well as with

passive mist netting. We banded individuals with a unique

combination of colour bands and a single United States

Geological Survey aluminum band. We followed individ-

uals for a minimum of 3 h each to map their territories.

From 1 April to 15 May, we searched territories every

3 days to estimate the date redstarts left for spring migra-

tion. When we failed to re-sight a bird, we checked the

territory twice more during the next 3-day period and once

more during the following 3-day period. On the final visit,

we broadcast playback of redstart songs and chips. If

playback drew no response, we considered birds to have

departed during the initial 3-day period when we first failed

to detect them. As above, we restricted our analyses to

ASY male departures but included both ASY and SY

female departures.

Weather data

We obtained non-breeding season rainfall data for Jamaica

and eastern Mexico (Fig. 1). Based on banded recoveries

and stable isotope data, we made the assumption that the

greatest proportion of American redstarts from Jamaica and

eastern Mexico, in comparison to other non-breeding loca-

tions, should breed in the northeastern (including Ontario)

and northwestern (including central Alberta) parts of their

breeding range, respectively (see Norris et al. 2006: fig. 3).

We used mean rainfall from January to March as a measure

of dry season rainfall. Although a recent study at the same

non-breeding site in Jamaica found rainfall in March only to

be the strongest predictor of individual departure dates

(Studds and Marra 2011), we here used January to March

rainfall because it is also associated with American redstart

food availability, body condition, and departure date from

the non-breeding grounds (see ‘‘Results’’; Studds and Marra

2007; Angelier et al. 2011). Also, March rainfall in Mexico

was zero for several years used in our analysis, whereas

rainfall in January and February was higher and more var-

iable and thus allowed for annual variation in January to

March rainfall across years. Jamaica rainfall data

(1995–2010) were provided for Burnt Savannah, West-

moreland, Jamaica (18�190N, 78�50W) by the Jamaica

Meteorological Service (http://www.metservice.gov.jm),

and Mexico rainfall data (1995–2010) were averaged for

five weather stations on the Yucatán peninsula (ranging

from 19�340 to 21�180N and 88�10 to 90�320W) from the

National Oceanic and Atmospheric Administration’s

(NOAA) Climate Prediction Centre, available from the IRI/

LDEO Climate Data Library (http://iridl.ldeo.columbia.edu/).

We obtained local breeding season temperature data for

Ontario from a weather station at the Queen’s University

Biological Station. Local temperature data for Alberta were

provided by Environment Canada’s National Climate

Data and Information Archive (http://climate.weatheroffice.

gc.ca/) from a weather station in Edmonton, Alberta,

120 km south of the Meanook Biological Research Station.

We averaged daily temperature means for the arrival or

laying period across all years at each site, although results

were similar if we used local breeding season temperature

for 1 or 2 weeks preceding the annual mean arrival or first

egg dates. Local temperature during similar time periods

has been shown to predict phenology and abundance in

certain migratory populations (Dunn and Winkler 1999;

Marra et al. 2005; Smith et al. 2009; Wilson et al. 2011).

Although temperatures en route can also be associated with

migratory timing (Marra et al. 2005), our goal here was to

assess whether rainfall from predicted non-breeding loca-

tions was associated with redstart phenology, rather than to

discover all sources of variation in timing of arrival and

egg-laying. Thus, rather than reducing power by incorpo-

rating additional weather variables in our models, we

restricted our analyses to include winter rainfall and local

breeding season temperature, which represent breeding

season conditions and should also correlate with nearby

conditions en route (e.g., Tøttrup et al. 2010).

Statistical analyses

We performed statistical analyses in R version 2.14.2

(R Development Core Team 2011). To determine whether

Ontario and Alberta breeding populations differed in their

responses to rainfall at the two non-breeding areas, we

constructed two Generalized Linear Mixed Models

(GLMM) using the R package ‘lme4’ (Bates et al. 2011).

We modelled male arrival date or female first egg date as a
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function of rainfall in Jamaica, rainfall in Mexico, breeding

location (Ontario or Alberta), and both two-way interac-

tions between breeding location and rainfall (i.e., ‘breeding

location’ 9 ‘Jamaica rainfall’ and ‘breeding location’ 9

‘Mexico rainfall’). Both models included individual and

year as random effects. We evaluated the significance of

interactions via likelihood ratio tests by removing each

interaction in turn and comparing the difference in devi-

ance between the resultant model and the full model. These

differences in deviance approximately follow a Chi-square

distribution with one degree of freedom (Zuur et al. 2009).

Significant interaction terms (see ‘‘Results’’) indicated that

associations between winter rainfall and response variables

at each breeding population indeed differed between the

breeding populations.

We thus proceeded to model male arrival date and

female first egg date for Ontario and Alberta separately,

with rainfall from the corresponding predicted non-

breeding area. This new set of four GLMMs included

rainfall from the predicted wintering area and local

breeding season temperature as fixed effects, and individ-

ual and year as random effects. We evaluated the signifi-

cance of fixed effects with likelihood ratio tests as above.

To evaluate the direction of the association between

response variables and effects, we present effect estimates

and standard errors from final models including only

significant effects. We used Gaussian distributions and

identity link functions for all GLMMs.

To examine whether phenotypic plasticity could explain

results from the above models, we first determined the

slope of the relationship between mean within-individual

changes in arrival or first egg dates and interannual changes

in rainfall for banded individuals that returned in consec-

utive years. We compared these estimates to the slope of

the relationship between mean annual arrival or first egg

dates and rainfall. Similar slopes would indicate that pop-

ulation-level changes could be explained by changes in

individual behaviour (see also Charmantier et al. 2008;

Matthysen et al. 2011). These analyses were only per-

formed for the Ontario breeding site due to the smaller

number of years for which individuals were banded in

Alberta and the consequently small number of years with

returning individuals.

To examine associations between departure in Jamaica

and arrival to the breeding grounds, we performed corre-

lation analyses between adult male departure from Jamaica

and arrival in Ontario, and female departure from Jamaica

and first egg date in Ontario. We only performed these

analyses for the Ontario breeding site because (1) there

were only 3 years of overlap between Alberta and Jamaica

datasets, and (2) we detected significant associations

between Jamaica rainfall and redstart phenology in Ontario

(see ‘‘Results’’). Due to the small number of years (n = 6)

in this exploratory analysis and because both arrival/egg-

laying and departure dates were associated with measure-

ment error, we present non-parametric correlations.

Results

Weather and spring arrival and laying dates

We did not detect any strong multicollinearity that would

have affected our results, as indicated by non-significant

correlations and small variance inflation factors (VIF).

Correlation coefficients for variables used in the same

models were all\0.51 and non-significant (Table 1; values

[0.8 indicate possible multicollinearity; Glantz and

Slinker 2001), and VIFs were \2.4 (VIF [ 10 represents

evidence of significant multicollinearity, and VIF [ 4

represents moderate multicollinearity; Glantz and Slinker

2001).

We obtained arrival dates for 373 adult male American

redstarts in Ontario and 97 in Alberta, and first egg dates

for 251 female American redstarts in Ontario and 456 in

Alberta. Breeding locations generally differed in their

associations with rainfall from each non-breeding location.

Specifically, arrival dates differed between breeding

locations in response to rainfall in Jamaica (‘breeding

location’ 9 ‘Jamaica rainfall’ interaction: v2
1 = 7.86, P =

0.005, n = 470) and in Mexico (‘breeding location’ 9

‘Mexico rainfall’ interaction: v2
1 = 29.9, P \ 0.001, n =

470), and first egg dates differed between breeding loca-

tions in response to rainfall in Jamaica (v2
1 = 15.77, P \

0.001, n = 707), but not in Mexico (v2
1 = 1.95, P = 0.162,

n = 707).

Mixed models containing all individuals revealed that

adult males in Ontario arrived significantly earlier and

females in Ontario had significantly earlier first egg dates

when rainfall in Jamaica was higher (Table 2; Fig. 2).

Local breeding season temperature in Ontario was not

related to arrival or first egg dates in Ontario. Females in

Alberta had significantly earlier first egg dates when rain-

fall in Mexico was higher, but adult male arrival dates in

Alberta were not related to rainfall in Mexico (Table 2;

Fig. 3). Local breeding season temperature in Alberta was

not related to arrival or first egg dates in Alberta.

The slope of the relationship between within-individual

changes in arrival dates of adult males in Ontario and

interannual changes in rainfall in Jamaica (-0.045 ±

0.021 days mm-1) was very similar to that between mean

arrival date and rainfall in Jamaica at the population level

(-0.043 ± 0.018 days mm-1; Fig. 2). The slope of the

relationship between within-individual changes in female

first egg dates in Ontario (-0.083 ± 0.053 days mm-1)

was also similar to that at the population level

Oecologia (2013) 172:595–605 599
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(-0.063 ± 0.015 days mm-1; Fig. 2), though the standard

error for within-individual changes was large due to the

smaller number of years with multiple returning females

(n = 5). The above results indicate that the population-

level responses in Ontario to rainfall in Jamaica can likely

be explained by phenotypic plasticity.

Winter departure dates and spring arrival dates

Mean arrival and first egg dates tended to be earlier in years

when males and females departed earlier from Jamaica, but

non-parametric correlations were non-significant (arrival:

Spearman’s r = 0.37, P = 0.479; first egg: Spearman’s

r = 0.60, P = 0.208; Fig. 4). Mean male departure from

Jamaica was earlier in years when rainfall in Jamaica

was higher (r2 = 0.80, t4 = -3.98, P = 0.017), but this

relationship was marginally non-significant for females

(r2 = 0.57, t4 = -2.29, P = 0.084) (see also Studds and

Marra 2011).

Discussion

The evidence for strong migratory connectivity in Ameri-

can redstarts led us to predict that climatic conditions

experienced in eastern non-breeding areas might influence

bird phenology in eastern breeding populations, whereas

conditions experienced in western non-breeding areas

might influence bird phenology in western breeding pop-

ulations. We found support for this pattern for arrival and

laying dates in two populations breeding at opposite sides

of their breeding range in North America (Table 2):

Table 1 Correlation coefficients among weather variables at two non-breeding and two breeding areas of American redstarts (Setophaga
ruticilla)

Jam rain Mex rain ON arr temp ON egg temp AB arr temp

Mex rain 0.38 (15) – – – –

ON arr temp -0.17 (10) 0.18 (10) – – –

ON egg temp -0.46 (10) 0.28 (10) 0.80* (10) – –

AB arr temp 0.03 (10) 0.51 (10) -0.61 (5) -0.23 (5) –

AB egg temp 0.06 (10) 0.46 (10) -0.63 (5) -0.26 (5) 0.94* (10)

Sample sizes are shown in parentheses and indicate the number of years of overlap for those variables

Jam rain Jamaica rainfall (mm), Mex rain Mexico rainfall (mm), ON arr temp mean temperature (�C) during arrival in Ontario, ON egg temp
mean temperature (�C) during first egg-laying period in Ontario, AB arr temp mean temperature (�C) during arrival in Alberta, AB egg temp mean

temperature (�C) during first egg-laying period in Alberta

* Significant at P \ 0.05

Table 2 Results of GLMMs explaining variation in adult male arri-

val and female first egg dates at two breeding populations of Amer-

ican redstarts

v2
1

P Estimate ± SE

Ontario arrival model n = 373

Jam rain 4.54 0.033 -0.041 ± 0.018

ON arr temp 0 1 –

Ontario first egg model n = 251

Jam rain 11.85 \0.001 -0.059 ± 0.017

ON egg temp 2.66 0.103 –

Alberta arrival model n = 97

Mex rain 0.40 0.525 –

AB arr temp 0 1 –

Alberta first egg model n = 456

Mex rain 5.36 0.021 -0.083 ± 0.033

AB egg temp 0 1 –

Individual and year were included as random effects. Significance of

fixed effects (see Table 1 for abbreviations and units) was evaluated

via likelihood ratio tests by removing each sequentially from a full

model containing all fixed effects. Estimates from final models con-

taining only significant fixed effects are shown

Fig. 2 Relationship between mean January to March rainfall in

Jamaica and adult male American redstart arrival (filled circles;

mean ± SE) and female first egg date (empty circles; mean ± SE) at

a breeding site in Ontario. Solid lines show predicted relationship

based on final models (Table 2)
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a population in Ontario experienced earlier male arrival

and female first egg dates when rainfall in Jamaica was

greater, whereas a population in Alberta experienced ear-

lier female first egg dates when rainfall in eastern Mexico

was greater. The relationship between rainfall and male

arrival dates was not significant in Alberta, perhaps due to

the small number of years in this analysis. The magnitude

of these associations was similar between populations,

despite overall differences in absolute rainfall between

non-breeding locations (x-axis on Fig. 2 vs. x-axis on

Fig. 3), suggesting that American redstarts respond in the

same way to changes in winter rainfall across their range.

Finally, we found that mean population-level responses

were similar to within-individual changes in arrival and

laying dates of returning birds that experienced years of

differing non-breeding season rainfall, indicating that the

above associations could likely be explained entirely by

phenotypic plasticity, at least in Ontario where sufficient

data were available to perform these analyses.

In a similar study, Wilson et al. (2011) detected asso-

ciations between the Normalized Difference Vegetation

Index (NDVI) during the winter in the Greater Antilles and

American redstart abundance in eastern breeding popula-

tions the following spring. No associations were discovered

for the western non-breeding range in Mexico and western

breeding populations. They concluded that migratory

connectivity might be weaker in western populations or

that winter conditions might not affect redstarts similarly

across their range. Our results imply otherwise. Differences

between studies in precise locations chosen to represent the

likely non-breeding range of western breeding populations

could account for this discrepancy. Alternatively, non-

breeding conditions could influence redstart phenology and

abundance in different ways across their range (see also

Balbontı́n et al. 2009a). In any case, this is among the first

studies to document at least some spatial correspondence in

response to winter conditions between different breeding

populations in a long-distance migrant. Other studies

include barn swallows (Hirundo rustica) breeding in

Denmark and Spain that showed different arrival, dispersal,

and survival responses to large-scale climate indices in

winter (Balbontı́n et al. 2009a), and different breeding

populations of pied flycatchers (Ficedula hypoleuca) that

showed variation in the strength of the relationship

between laying date and winter vegetation productivity

(Both et al. 2006).

Interestingly, we detected no significant associations

between local temperature on the breeding grounds and

Fig. 3 Relationship between mean January to March rainfall in

Mexico and adult male American redstart arrival (filled circles;

mean ± SE) and female first egg date (empty circles; mean ± SE) at

a breeding site in Alberta. Solid lines show predicted relationship

based on final models (Table 2)

Fig. 4 Association between annual departure date from Jamaica

(mean ± SE) and a arrival (mean ± SE) at a breeding site in Ontario

for adult male American redstarts, and b first egg date (mean ± SE)

at a breeding site in Ontario for female American redstarts
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arrival or laying dates (Table 2), which indicates that the

influence of winter conditions on American redstart phe-

nology may be stronger than that of breeding conditions

(see also Gordo et al. 2005), at least for the time periods

that we examined. Likewise, Wilson et al. (2011) found no

associations between breeding season temperature and

population trends across the redstart breeding range.

However, it remains possible that nearby temperature acts

to fine-tune arrival and egg-laying dates once redstarts

approach and reach the breeding grounds (Tøttrup et al.

2010).

Population differences in response to weather conditions

on or close to the breeding grounds have been demonstrated

in other species. As one example, pied flycatchers migrating

later to northern Europe have experienced warming tem-

peratures and have advanced their arrival, whereas those

migrating earlier to western and central Europe have not

experienced warming temperatures and have not advanced

their arrival (Both and te Marvelde 2007). As another

example, advances in tree swallow (Tachycineta bicolor)

laying dates from different populations were found to

correspond to local increases in temperature (Dunn and

Winkler 1999). These types of patterns, combined with

our findings in this study, suggest that spatio-temporal

variation in climate change could potentially have disparate

effects on different breeding populations of long-distance

migrants, as is the case in short-distance migrants and

residents (Sanz 2002; Visser et al. 2003; Both and te

Marvelde 2007).

Despite the small number of years and thus corre-

spondingly low power, our preliminary analyses provided

some indication of positive associations between departure

dates from a Jamaican non-breeding population and arrival

and egg-laying dates in Ontario (Fig. 4). Such a result was

expected given that winter conditions in Jamaica were

related to redstart phenology in Ontario and departures

from Jamaica (this study; Studds and Marra 2011).

Unfortunately, we were not able to test whether the same

was true for non-breeding populations in Mexico and in an

Alberta breeding population, though this would be a rea-

sonable prediction. Few studies have explicitly linked

mean winter departure of populations to subsequent spring

arrival dates (but see Gunnarsson et al. 2006), though a

handful of studies have tracked individuals during migra-

tion. As one example, bar-tailed godwits (Limosa lappo-

nica baueri) that departed the non-breeding grounds earlier

tended to arrive to the breeding grounds earlier, with this

relationship apparently mediated by breeding latitude

(Conklin et al. 2010). However, no relationship between

individual departure and arrival dates was found in greater

snow geese (Anser caerulescens atlanticus) (Bêty et al.

2004). It may be that yearly variation in population

departure dates, perhaps as a consequence of variation in

winter conditions (Gunnarsson et al. 2006), can be asso-

ciated with variation in arrival dates, but that this rela-

tionship is not always true for individuals within a given

year.

The comparative strength of migratory connectivity in

redstarts might have contributed to our findings. If a rela-

tionship between the degree of connectivity and response

to climate is a general phenomenon, then the effects of

continued climate change will likely be most severe in

strongly connected populations. We are not aware of any

studies that have related the degree of migratory connec-

tivity to responses to climate variation, though a study of

Cerulean warblers (Setophaga cerulean) found that popu-

lations with weaker connectivity did not suffer declines as

severe as those with stronger connectivity (Jones et al.

2008). Future research could use evidence from stable

isotopes of tissue grown on the non-breeding grounds in

combination with climatic data to determine the likely non-

breeding locations of breeding individuals and their pre-

dicted phenological responses, though such comparisons

may be complicated by associations between isotopic sig-

natures and weather itself (Farmer et al. 2008). Better yet,

the increasing use of telemetry and geolocators may allow

for accurate identification of both non-breeding location

and arrival timing.

The associations that we detected between winter con-

ditions and redstart phenology were negative, i.e., earlier

arrival and laying dates in years of greater rainfall. This

pattern mirrors well-documented associations between

breeding ground arrival dates and winter habitat quality

inferred from stable-carbon isotopes: American redstarts

overwintering in high-quality wet habitat tend to arrive

earlier than those overwintering in low-quality dry habitat

(Marra et al. 1998; Reudink et al. 2009; Tonra et al. 2011).

Our findings are also in agreement with studies showing

earlier passage and arrival in certain European long-distance

migratory bird populations in years of higher precipitation

and vegetation productivity on their African non-breeding

grounds (Saino et al. 2004; Gordo et al. 2005; Gordo and

Sanz 2008). Interestingly, some European long-distance

migrants have shown opposite patterns, with delayed pas-

sage in years of increased vegetation productivity at non-

breeding or passage areas (Tøttrup et al. 2008; Robson and

Barriocanal 2011). And in the case of barn swallows, the

direction of this association appears to differ among popu-

lations (Møller and Merilä 2004; Balbontı́n et al. 2009a, b).

Such variation is not yet well understood, but differences

among species and populations in their general ecology and

migratory timing and routes, as well as differences among

studies in the metrics of migratory phenology used (e.g.,

passage vs. arrival, first arrival vs. mean arrival) could play a

role. Furthermore, the exact non-breeding and breeding

origins of populations in the above studies were often not
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known (for further discussion, see Balbonı́n et al. 2009b;

Robson and Barriocanal 2011). In any case, we now have

support that increased winter rainfall, which is correlated

with increased arthropod prey abundance, influences

migratory phenology in breeding and non-breeding popu-

lations of a North American long-distance migrant (Studds

and Marra 2007, 2011; present study).

We found that variation in breeding ground phenology in

Ontario could be largely explained by individual behaviour.

Banded individuals were generally able to arrive and lay

eggs earlier in years of improved winter conditions, and the

magnitude of this association was very similar to that of the

population as a whole. We expected that phenotypic plas-

ticity would be able to account for associations between

winter conditions and phenology in American redstarts for

several reasons. First, the relatively small number of years

in our dataset and the lack of a directional trend in winter

rainfall over this timescale (results not shown) might negate

the potential for microevolution or its detection, and high

breeding site fidelity in adult redstarts might counteract the

potential for dispersal (Studds et al. 2008). Second, prior

work with American redstarts has demonstrated the

importance of non-breeding habitat quality in influencing

individual condition and departure dates (Marra et al. 1998;

Marra and Holmes 2001; Studds and Marra 2011), spring

arrival and reproductive success (see above), and natal

dispersal (Studds et al. 2008). Thus, our results provide

further evidence that individual migratory schedules in

long-distance migrants are not always rigidly fixed and can

vary along with climatic conditions (Saino et al. 2004;

Studds and Marra 2011).

Incorporating knowledge of migratory connectivity

across a species range should improve our ability to predict

how different populations will respond to climate change.

Here, we have shown that separate breeding populations

can have similar but independent and spatially specific

associations with weather conditions from non-breeding

areas to which they are likely linked. In American redstarts,

such responses may prove to be maladaptive due to pre-

dicted patterns of global change. Drying conditions in

tropical non-breeding areas in combination with warming

trends across the temperate breeding range (Neelin et al.

2006; IPCC 2007) could presumably cause population

declines as a result of the tight association between early

arrival and reproductive success (Lozano et al. 1996; Smith

and Moore 2005; Reudink et al. 2009). Unfortunately, this

may be the case for a number of long-distance migrants

owing to climate change at different periods of their annual

cycle (Gordo et al. 2005; Both 2010).
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