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INTRODUCTION

Demographic estimates of nearctic–neotropic migrant 
landbirds (“migrants”) have informed life-history variation 
across taxa and conservation efforts across latitudes (e.g., 
Rappole et al. 1989, Karr et al. 1990, Conway et al. 1995, Saracco 
et al. 2009a). Despite broad interest in measuring migrants’ 
demography through their entire life cycle, the majority of 
monitoring efforts remain in temperate regions (DeSante 
and Saracco 2009, Saracco et al. 2009b). The relatively few 
studies addressing wintering migrants have examined factors 

limiting population growth (Sillett and Holmes 2002), associ-
ations between condition and arrival on the breeding grounds 
(Marra et al. 1998), how conditions migrants experience on 
their winter grounds affect summer breeding (e.g., carry-over 
effects; Norris 2005), climatic influences on survival (Sillett  
et al. 2000), and physiological condition (Wolfe and Ralph 
2009). In this vein, the Tortuguero Integrated Bird Monitor-
ing Project was initiated in 1994 in northeastern Costa Rica 
to broaden our collective knowledge of tropical and migrant 
birds (Ralph et al. 2005). Although smaller in geographic scale 
than similar efforts such as the Institute for Bird Population’s 
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Abstract. Estimates of survival of nearctic–neotropic migrants have broadened our understanding of life-
history variation across taxa and latitudes. Despite the importance of assessing migrants’ survival through all 
phases of their life-cycle, data from their tropical winter ranges are few. In this study we used 14 years of data on 
captured birds to quantify the influence of mass on the annual survival of the Prothonotary Warbler (Protonotaria 
citrea) in northeastern Costa Rica and compared our results to survival estimates generated from the breeding 
grounds. furthermore, from estimates of population growth (λ) based on marked individuals, we projected the 
Prothonotary Warbler’s demographic trajectory at our study site. Our results suggest that heavier individuals had 
higher rates of annual survival. Population growth at our study sites was stable, punctuated by swings in growth 
and decline. We believe the benefits of weight gain (preparation for migration and intraspecific competition for 
territories) outweigh inherent costs (greater susceptibility to predation). 
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Una Masa Mayor Aumenta la Supervivencia Anual de los Individuos de Protonotaria citrea que 
Invernan en el Noreste de Costa Rica

Resumen. las estimaciones de supervivencia de los migrantes neárticos–neotropicales han ampliado nuestro 
entendimiento de las variaciones en la historia de vida a través de los taxones y las latitudes. A pesar de la impor-
tancia de evaluar la supervivencia de los migrantes en todas las fases de sus ciclos de vida, son pocos los datos 
provenientes de sus rangos de invernada tropicales. En este estudio empleamos 14 años de datos de aves capturadas 
para cuantificar la influencia de la masa en la supervivencia anual de Protonotaria citrea en el noreste de Costa 
Rica y comparamos nuestros resultados con las estimaciones de supervivencia generadas desde los territorios de 
reproducción. Más aún, a partir de las estimaciones de crecimiento poblacional (λ) basadas en individuos marca-
dos, proyectamos la trayectoria demográfica de P. citrea en nuestro sitio de estudio. Nuestros resultados sugieren 
que los individuos más pesados tuvieron tasas de supervivencia anual más altas. El crecimiento poblacional en 
nuestro sitio de estudio fue estable, puntuado por vaivenes en crecimiento y disminución. Creemos que los benefi-
cios del aumento de peso (preparación para la migración y competencia intraespecífica por los territorios) superan 
los costos inherentes (mayor susceptibilidad a la depredación).
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Monitoreo de Sobrevivencia Invernal (DeSante et al. 2005), 
the temporal breadth of bird-capture data from Tortuguero is 
unparalleled in Costa Rica and can provide novel insights into 
migrants’ natural history. 

for example, Wolfe and Ralph (2009) found that 
migrants’ body mass is correlated with weather and habi-
tat quality, dry weather associated with El Niño possibly 
suppressing fruit eruptions, resulting in leaner frugivorous 
migrants. Similar findings have been reported in Jamaica, 
where wintering American Redstarts (Setophaga ruticilla) 
lost mass in poorer-quality habitat and heavier individuals 
returned to the breeding grounds earlier, clearly indicating 
that body mass in winter was positively correlated with hab-
itat quality (Sherry and Holmes 1996, Marra et al. 1998). 
Strong and Sherry (2000) reported corresponding results 
in wintering Ovenbirds (Seiurus aurocapilla): through the 
winter, individuals lost more mass in poorer-quality habi-
tats. Conversely, in the southeastern United States, heavier 
wintering Henslow’s Sparrows (Ammodramus henslowii) 
were associated with poorer-quality habitat, suggesting that 
extra mass may mitigate unpredictable resources in low-
quality habitats (Strong and Sherry 2000, Johnson et al. 
2011). Winker et al (1990) found a similar pattern with the 
Wood Thrushes (Hylocichla mustelina) wintering in Mex-
ico, transient individuals being significantly heavier than 
their resident counterparts. Contradictory interpretations 
from populations of wintering birds, pertaining to the acqui-
sition of mass and habitat quality, obscures broad relation-
ships between winter mass and migrants’ fitness. 

In this study we used 14 years of bird-capture data from Tor-
tuguero, Costa Rica, to explore relationships between survival 
and mass of an overwintering population of the Prothonotary 
Warbler (Protonotaria citrea). We also used bird-capture data to 
examine population growth to determine the demographic tra-
jectory of Prothonotary Warblers wintering at Tortuguero.

STUDy SITE

Monitoring stations were located near the village of Tortu-
guero on the northeast coast of Costa Rica, in limón Province 
(83° 31′ W, 10° 33′ N). The study area is dominated by low-
land, wet broadleaf tropical forest (Holdridge 1987) that is dis-
sected by canals and rivers that flow east into the Caribbean 
Sea. The area receives an average rainfall of more than 5 m 
per year (Janzen 1983), making it one of the wettest regions in 
the country. Tortuguero’s wet season begins from mid to late 
April and continues through January. The wet season is inter-
rupted by a short dry season during September. A long dry 
season tends to occur through february and March, but pre-
cipitation is common even during this period (Janzen 1983). 
forests surrounding the village are protected by the 170 000-
ha Tortuguero National Park and Barra del Colorado National 
Wildlife Refuge (Ralph et al. 2005). 

METHODS

Since 1995, up to seven capture stations located near the vil-
lage of Tortuguero have operated 10–15 mist nets for most 
of the year. for this study, we selected the four stations that 
routinely capture Prothonotary Warblers and have been 
continuously operated annually from mid-January to No-
vember since 1995. One “central” station was run at least 3 
times every 10 days, and the other “satellite” stations were 
run at least once every 10 days. Protocols for capturing and 
processing birds were described in Ralph et al. (1993). We 
used records of wintering Prothonotary Warblers captured 
from 1995 through 2008, for the months December, January, 
and february. Although each winter encompasses two cal-
endar years, for simplicity’s sake, we identify each winter by 
December’s calendar year (e.g., the winter of 1996 is defined 
as December 1996 through february 1997). 

We used condition indices to represent a bird’s mass, 
where condition index = mass × 100/wing chord (Winker 
1995). Some studies have generated condition indices on 
the basis of residuals from an ordinary least-squares lin-
ear regression of body mass against a linear measure of 
size (i.e., wing chord; Green 2001). We considered residu-
als unsatisfactory for the present study because of frequently 
unsatisfied assumptions associated with analyses by ordinary 
least squares of residuals as they pertain to condition indices 
(see Green 2001).

We estimated apparent survival of Prothonotary War-
blers by formulating and ranking candidate Cormack–
Jolly–Seber models by their associated corrected Akaike 
information criterion (AICc) in program Mark (White and 
Burnham 1999). In addition to varying modeled probability 
of survival (φ) and recapture (p) by time, we included time-
since-marking models with φ, where survival in the first 
interval (φ1) differed from survival during the second (φ2) and 
subsequent capture intervals (Blake and loiselle 2008, Cooch 
and White 2012). Time-since-marking models can account for 
deflation of apparent survival due to the effects of transients 
moving through the study area (Johnston et al. 1997, Pradel 
et al. 1997).

In the models we also included bird-condition indices as 
individual covariates to examine the influence of winter mass 
on annual survival and probability of recapture. In total, we 
formulated 15 candidate models representing every possible 
variation of time and time-since-marking dependency with 
condition covariates (Table 1). We calculated the overdisper-
sion factor (ĉ) for each species by dividing the deviance of 
each species’ global model by the deviance estimated via a 
boot-strapping goodness-of-fit routine (1000 iterations; Cooch 
and White 2012). The resulting ĉ value was 2.36, indicating 
relatively good model fit. To examine net shyness, we used 
program release; its results were uniformly not significant 
(P > 0.05), further supporting adequate model fit. To produce 
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more general estimates of annual survival, we averaged all 
candidate models encompassing 0.95 of the total AICc weight.

finally, to examine demographic trajectory, we employed 
Pradel models in program Mark to generate estimates of an-
nual population growth (λ). All candidate models varied λ, 
φ, and p by time for a total of eight candidate models, and, as 
in the Cormack–Jolly–Seber analysis, we averaged all Pradel 
models encompassing 0.95 of the total AICc weight to produce 
general estimates of λ (Table 2).

RESUlTS

During winters between 1995 and 2008, we captured Prothono-
tary Warblers 354 times, of which 192 were recaptures of previ-
ously banded birds (many individuals were recaptured multiple 
times), representing a total of 212 individuals. The birds’ mass 
and wing length varied (fig. 1). The Cormack–Jolly–Seber 
routine of model selection yielded a top model with condition-
index covariates associated with φ (β = 0.43, 95% CI = 0.01, 
0.84) and p (β = –0.73, 95% CI = –1.20, –0.26), suggesting that 
heavier wintering birds had increased annual survival and were 
recaptured less often. Eight models encompassed 0.95 of the 
total AICc weight and were subsequently averaged, yielding an 
estimate of annual survival (φ) of  0.55 (SE = 0.06) and an es-
timate of annual recapture probability (P) of 0.42 (SE = 0.08). 

The Pradel model-selection routine yielded four models 
that encompassed 0.95 of the total AICc weight and were sub-
sequently averaged, yielding estimates of λ for 1995 through 

2008; however, the estimate of λ for 1996 failed to statisti-
cally converge and we excluded it from the results. To explore 
trends of population growth in the Prothonotary Warbler, we 
ran a linear regression in program R (R Development Core 
Team 2011), regressing estimates of λ with year and found no 
significant trend (P > 0.05, adjusted r2 = 0.04; fig. 1). 

DISCUSSION

At our study site, we found that the annual survival of heavier 
wintering Prothonotary Warblers was greater than that of 
their leaner counterparts. Although, to our knowledge, our 
study is the first to include body-condition indices within sur-
vival models for a wintering population of a migratory bird, 
our results are similar to those of other studies that have corre-
lated increased migrants’ body mass with increased fitness in 
tropical latitudes (Sherry and Holmes 1996, Marra et al. 1998,  

TABlE 1. Candidate Cormack–Jolly–Seber (CJS) models for the 
Prothonotary Warbler. Model parameters include annual survival 
(φ) and recapture probability (p), varying by time (t), constant time 
(.), time-since-marking transiency (2./.), and standardized mass 
(condition). Data associated with each model include differences in 
AICc values between the candidate model and top model (ΔAICc), 
AICc weights (wi) and number of parameters (k). Results are based 
on Prothonotary Warblers captured in northeastern Costa Rica from 
December through february, 1995–2008.

Model ΔAICc wi k

φ(condition) p(condition)a 0.00 0.25 4
φ(2./. – condition) p(condition) 0.63 0.18 5
φ(2./.) p(.) 1.29 0.13 3
φ(2./.) p(condition) 1.31 0.13 4
φ(.) p(.) 1.86 0.10 2
φ(.) p(condition) 2.25 0.08 3
φ(2./. – condition) p(.) 3.10 0.05 4
φ(condition) p(.) 3.66 0.04 3
φ(2./. – condition) p(t) 5.18 0.02 14
φ(2./.) p(t) 7.77 0.01 15
φ(condition) p(t) 7.96 0.00 14
φ(.) p(t) 8.28 0.00 14
φ(t) p(condition) 10.23 0.00 14
φ(t) p(.) 12.64 0.00 14
φ(t) p(t) 22.15 0.00 25

aAICc of the top model was 359.94.

TABlE 2. Candidate Pradel models. Model pa-
rameters include annual survival (φ), probability 
of recapture (p), and population growth (λ), which 
varied by time (t) and constant time (.). Data asso-
ciated with each model include difference in AICc 
values between the candidate model and top model 
(ΔAICc), AICc weights (wi) and number of param-
eters (K). Results are based on Prothonotary War-
blers captured in northeastern Costa Rica from 
December through february, 1995–2008.

Model ΔAICc wi K

φ (t) p(t) λ(t)a 0.00 0.45 27
φ (.) p(t) λ (.) 0.49 0.35 16
φ (.) p(t) λ (t) 2.67 0.12 23
φ (.) p(.) λ (t) 3.36 0.08 15
φ (t) p(.) λ (t) 16.92 0.00 27
φ (t) p(t) λ (.) 17.70 0.00 28
φ (.) p(.) λ (.) 34.80 0.00 3
φ (t) p(.) λ (.) 46.20 0.00 15

aAICc of the top model was 1345.03.

fIGURE 1. Tukey boxplots (showing median, quartiles, and outliers)  
of wing chord (mm) and mass (g) of Prothonotary Warblers cap-
tured in northeastern Costa Rica from December through february, 
1995–2008.
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Norris et al. 2003). Conversely, several studies have demon-
strated the opposite effect, that is, heavier individuals win-
tering in poorer habitat (Winker et al. 1990, Johnson et al. 
2011). We believe the rigors of long-distance migration may 
influence migrants’ mass gain so that wintering birds may 
deposit muscle and fat well before migration to facilitate 
their successful return to the breeding grounds. furthermore, 
our results suggest that wintering Prothonotary Warblers se-
lect high-quality habitats that provide the food resources 
necessary to accumulate fat. Increased mass may increase 
vulnerability to predators (lima 1986, Rogers 1987), but, 
if migration limits populations (Sillett and Holmes 2002), 
wintering migratory birds may be under strong selective 
pressure to ensure the successful completion of migration by 
increasing mass despite the risk of predation. Alternatively, 
acquiring a winter territory in the tropics may be more daunt-
ing because of less habitat available in Central America than 
in North America (Cox 1985), resulting in more competition 
for territory. Presumably, competition may be manifested in 
more fit winter birds gaining mass. Preparation for migration 
and intraspecific competition are not mutually exclusive and 
could act synergistically to produce the association we found 
between Prothonotary Warbler survival and mass. We believe 
future studies should consider endocrinological methods to 
correlate differences in migrants’ stress hormones with their 
condition (Marra and Holberton 1998).

In general, our estimate of the Prothonotary Warbler’s 
annual survival in northeastern Costa Rica (φ = 0.55, SE = 
0.06) is higher than estimates from North America, for exam-
ple, those of the Monitoring Avian Productivity and Survival 
program (MAPS; DeSante et al. 2004) from the south-central 
(φ = 0.48, SE = 0.05) and southeastern (φ = 0.46, SE = 0.05) 
United States (DeSante and Kaschube 2009). In addition to 
interesting patterns of survival, we also found annual to bien-
nial fluctuations in the population of the Prothonotary War-
bler we marked in northeastern Costa Rica (fig. 2).

Although all standard error bars overlapped greatly, our 
estimates of Prothonotary Warbler population growth oscil-
lated around a value of one, indicating a stable population 
(fig. 1). The cyclical nature of Prothonotary Warbler popu-
lation growth may reflect a lotka–Volterra model, in which 
bird communities exhaust food resources at regular intervals 
or, conversely, predators or disease diminish the population 
at regular intervals, leading to predictable oscillations of 
declines followed by increases. We recommend similar stud-
ies with resident birds and other species of migrants in north-
eastern Costa Rica to determine if demographic oscillations 
reflect statistical vagaries associated with a single species or 
a broad demographic response to ecologically meaningful 
phenomena. 

Here, we have demonstrated that at our study site in 
northeastern Costa Rica estimates of the Prothonotary War-
bler’s annual survival are higher than those based on birds 
captured on the breeding grounds and that wintering birds’ 

mass is positively associated with annual survival. Addition-
ally, we believe Prothonotary Warblers in northeastern Costa 
Rica represent a stable population potentially subject to pre-
dictable demographic peaks and troughs. We hope our study 
promotes a continued effort to study migrants’ demography 
on their tropical wintering grounds. 

ACKNOWlEDGMENTS

Thanks to all Costa Rica Bird Observatories volunteer banders 
and to Pablo Elizondo and John Alexander for providing logistical 
support, manuscript edits and comments, and to two anonymous 
reviewers who substantially improved the quality of the manuscript. 
This study would not have been possible without the partnership of 
the Sea Turtle Conservancy. This is a contribution of the Costa Rica 
Bird Observatories.

lITERATURE CITED

Blake, J. G., and B. a. loiselle. 2008. Estimates of apparent 
survival rates for forest birds in eastern Ecuador. Biotropica 
40:485–493.

ConWay, C. J., G. V. n. poWell, and J. d. niChols. 1995. Overwin-
ter survival of neotropical migratory birds in early-successional 
and mature tropical forests. Conservation Biology 9:855–864.

CooCh, e., and G. C. White [online]. 2012. Program Mark: a gen-
tle introduction. <http://www.phidot.org/software/mark/docs/
book/> (20 April 2012).

Cox, G. W. 1985. The evolution of avian migration systems between 
temperate and tropical regions of the New World. American 
Naturalist 126:451–474.

desante, d. f., and d. r. kasChuBe. 2009. The Monitoring Avian 
Productivity and Survivorship (MAPS) program 2004, 2005, and 
2006 report. Bird Populations 9:86–169.

desante, d. f., and J. f. saraCCo. 2009. Power of the MAPS pro-
gram to detect differences and trends in survival and a vision for 
future program expansion. Bird Populations 9:42–75.

desante, d. f., J. f. saraCCo, d. r. o’Grady, k. M. Burton, and 
B. l. Walker. 2004. Some methodological considerations of 
the Monitoring Avian Productivity and Survivorship Program. 
Studies in Avian Biology 29:28–45.

fIGURE 2. Population growth (λ) and associated standard error 
bars for Prothonotary Warblers captured in northeastern Costa Rica 
from December through february, 1995–2008.



PROTHONOTARy WARBlER SURVIVAl  167

desante, d. f., t. s. sillett, r. B. sieGel, J. f. saraCCo, C. a. 
roMo de ViVar alVarez, s. Morales, a. Cerezo, d. r. 
kasChuBe, M. Grosselet, and B. Mila. 2005. MoSI (Monitoreo 
de Sobrevivencia Invernal): assessing habitat-specific overwin-
tering survival of Nneotropical migratory landbirds, p. 926–936. 
In C. J. Ralph and T. D. Rich [eds.], Bird conservation implemen-
tation and integration in the Americas. U.S. Department of Agri-
culture forest Service General Technical Report PSW-GTR-191.

holdridGe, l. r. 1987. Ecología basada en zonas de vida, 3ra reim-
presión. Editorial del Instituto Interamericano de Cooperación 
para la Agricultura, San José, Costa Rica.

Janzen, d. h. 1983. Costa Rican natural history. University of Chi-
cago Press, Chicago.

Johnson, e. i., J. k. diMiCeli, p. C. stouffer, and M. e. Brooks. 2011. 
Habitat use does not reflect quality for Henslow’s Sparrows winter-
ing in fire-managed longleaf pine savannas. Auk 128:564–576.

Johnston, J. p., W. J. peaCh, r. d. GreGory, and s. a. White. 1997. 
Survival rates of tropical and temperate passerines: a Trinida-
dian perspective. American Naturalist 150:771–789.

karr, J. r., J. d. niChols, M. k. kliMkieWiCz, and J. d. BraWn. 
1990. Survival rates of birds of tropical and temperate forests: 
will the dogma survive? American Naturalist 136: 277–291.

liMa, s. l. 1986. Predation risk and unpredictable feeding condi-
tions: determinants of body mass in birds. Ecology 67:366–376.

Marra, p. p., k. a. hoBson, and r. t. holMes. 1998. linking win-
ter and summer events in a migratory bird by using stable carbon 
isotopes. Science 282:1884–1886.

Marra, p. p., and r. l. holBerton. 1998. Corticosterone levels 
as indicators of habitat quality: effects of habitat segregation 
in a migratory bird during the non-breeding season. Oecologia 
116:284–292.

norris, d. r. 2005. Carry-over effects and habitat quality in migra-
tory populations. Oikos 109:179–186.

norris d. r., p. p, Marra, t. k. kyser, t. W. sherry, and l. M. 
ratCliffe. 2003. Tropical winter habitat limits reproductive 
success on the temperate breeding grounds in a migratory bird. 
Proceedings of the Royal Society of london B 271:59–64.

pradel, r., J. e. hines, J. d. leBreton, and J. d. niChols. 1997. 
Capture–recapture survival models taking account of transients. 
Biometrics 53:60–72.

ralph, C. J., G. r. Geupel, p. pyle, t. e. Martin, and d. f. 
desante. 1993. Handbook of field methods for monitoring land-
birds. U.S. Department of Agriculture forest Service General 
Technical Report PSW-GTR-144.

ralph, C. J., M. J. WiddoWson, r. i. frey, p. herrera, and B. p. 
o’donnell. 2005. An overview of a landbird monitoring pro-
gram at Tortuguero, on the Caribbean coast of Costa Rica, 
p. 831–846. In C. J. Ralph and T. D. Rich [eds.], Bird conser-
vation implementation and integration in the Americas. U.S. 

Department of Agriculture forest Service General Technical 
Report PSW-GTR-191.

rappole, J. h., M. a. raMos, and k. Winker. 1989. Wintering 
Wood Thrush movements and mortality in southern Veracruz. 
Auk 106:402–410.

r deVelopMent Core teaM [online]. 2011. R: A language 
and environment for statistical computing. R foundation for 
Statistical Computing, Vienna. <http://www.R-project.org/> (20 
April 2012).

roGers, C. M. 1987. Predation risk and fasting capacity: do winter-
ing birds maintain optimal body mass? Ecology 68:1051–1061.

saraCCo, J. f., d. f. desante, M. p. nott, W. M. hoChaChka,  
s. kellinG, and d. fink. 2009a. Integrated bird monitoring and 
the Avian Knowledge Network: using multiple data resources 
to understand spatial variation in demographic processes 
and abundance, p. 659–661. In T. D. Rich, C. D. Thompson,  
D. Demarest, and C. Arizmendi [eds.], Proceedings of the fourth 
International Partners in flight Conference: tundra to tropics. 
University of Texas-Pan American Press, Edinburg, TX.

saraCCo, J. f., d. f. desante, M. p. nott, and d. r. kasChuBe. 
2009b. Using the MAPS and MoSI programs to monitor land-
birds and inform conservation, p. 651–658. In T. D. Rich,  
C. D. Thompson, D. Demarest, and C. Arizmendi [eds.], Pro-
ceedings of the fourth International Partners in flight Con-
ference: tundra to tropics. University of Texas-Pan American 
Press, Edinburg, TX.

sherry, t. W., and r. t. holMes. 1996. Winter habitat quality, 
population limitation, and conservation of neotropical–nearctic 
migrant birds. Ecology 77:36–48. 

sillett, t. s., and r. t. holMes. 2002. Variation in survivorship 
of a migratory songbird throughout its annual cycle. Journal of 
Animal Ecology 71:296–308.

sillett, t. s., r. t. holMes, and t. W. sherry. 2000. Impacts of 
a global climate cycle on population dynamics of a migratory 
songbird. Science 288:2040–2042.

stronG, a. M., and t. W. sherry. 2000. Habitat-specific effects 
of food abundance on the condition of ovenbirds wintering in 
Jamaica. Journal of Animal Ecology 69:883–895.

White, G. C., and k. p. BurnhaM. 1999. Program Mark: survival 
estimation from populations of marked animals. Bird Study 
46:120–138.

Winker, k., J. h. rappole, and M. a. raMos. 1990. Population 
dynamics of the Wood Thrush in southern Veracruz, Mexico. 
Condor 92:444–460.

Winker, k. 1995. Autumn stopover on the isthmus of Tehuantepec 
by woodland nearctic–neotropic migrants. Auk 112:690–700.

Wolfe, J. d., and C. J. ralph. 2009. Correlations between El Niño–
Southern Oscillation and changes in nearctic–neotropic migrant 
conditions in Central America. Auk 126:809–814.


