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Avian Behavior, Ecology, and Evolution

Using song dialects to reveal migratory patterns of Ruby-crowned Kinglet
populations

Usando dialecots del canto para revelar patrones migratorios en poblaciones de
Corthylio calendula
Edward R. Pandolfino 1   and Lily A. Douglas 2 

ABSTRACT. Conservation of a migratory species requires knowledge not only of its breeding range, but also of its migratory path
and non-breeding range. Except for timing, other aspects of the migration of the Ruby-crowned Kinglet (Corthylio calendula) remain
largely unstudied, with no published data on migration routes. Breeding populations of this species in the Sierra Nevada and Cascades
mountain ranges, as well as those in eastern Canada and the northeastern U.S., have experienced significant declines, whereas Rocky
Mountain breeders have increased. Understanding the winter range and migratory pathways used by different breeding populations
may be key to explaining these contrasting population trends. Song dialects of the Ruby-crowned Kinglet differ regionally among
various breeding populations, and these dialect regions were previously mapped. Because this kinglet sings during spring migration
and winter, we obtained archived, non-breeding-season recordings of song and assigned each to one of those regional song dialects.
This allowed us to assess the likely winter ranges and migration pathways of different breeding populations. This approach offers some
advantages over typical methods of tracking movements. Birds do not need to be captured; one can easily obtain data over large ranges
and from many individuals; and it can be applied to species, such as this kinglet, that are too small to permit use of most tracking
devices. We were able to assess likely winter range and spring migration routes for populations that breed in the eastern U.S. and Canada,
the interior of Alaska, and for the subspecies C c. grinnelli that breeds along the Gulf of Alaska and western British Columbia. We
found that kinglets breeding in the eastern portions of the range wintered in the southeastern and south-central U.S., and that their
spring migrations occurred across a broad swath of the eastern U.S. Interior Alaska breeders wintered mostly in California, and the
subspecies C. c. grinnelli wintered from the southernmost parts of their breeding range, south as far as northwestern California. We
obtained too few winter recordings from birds using the dialects of kinglets breeding in the interior west (Rocky Mountains and the
Sierra Nevada and Cascades ranges) to determine their winter range, and spring recordings were also sparse from those regions. It is
likely that those interior-west breeders winter mainly in Mexico, an area with very few archived recordings. We also analyzed unpublished
banding data for the Ruby-crowned Kinglet that, although providing little information about breeding-wintering range connectivity,
were consistent with the migratory pathways we determined from song dialects.

RESUMEN. La conservación de una especie migratoria requiere del conocimiento no solo de su rango de reproducción, pero también
de su ruta migratoria y su rango no reproductivo. Con excepción del tiempo, no han sido estudiados otros aspectos de la migración de
Corthylio calendula, y no existen datos publicados en las rutas de migración. Las poblaciones reproductivas de esta especie en las
cordilleras Sierra Nevada y Cascades, así como aquellas en el este de Canadá y noreste de Estados Unidos, han experimentado
disminuciones significativas, mientras que las que se reproducen en las Montañas Rocosas han incrementado. Comprender el rango
de invierno y las rutas migratorias utilizadas por diferentes poblaciones puede ser la clave para explicar estas tendencias poblacionales
contrastantes. Los dialectos del canto en Corthylio calendula difieren regionalmente entre varias poblaciones reproductivas, y estas
regiones de dialectos han sido mapeadas previamente. Esto nos permitió evaluar los rangos de invierno probables y las rutas de migración
de las diferentes poblaciones. Esta aproximación provee algunas ventajas sobre otros métodos típicos de rastreo de movimiento. Las
aves no deben ser capturadas; es posible obtener datos a lo largo de una gran área geográfica y de muchos individuos; y puede ser
aplicado a especies, como Corthylio caléndula, que son muy pequeños para el uso de la mayoría de los aparatos de rastreo. Logramos
determinar los rangos de invierno probables y la ruta de migración de primavera para las poblaciones que se reproducen en el este de
Estados Unidos y Canadá, el interior de Alaska, y para la subespecie C.c. grinnelli que se reproduce a lo largo del golfo de Alaska y el
oeste de British Columbia. Encontramos que Corthylio calendula que se reproduce en las regiones del este del rango geográfico, pasan
el invierno en el sureste y centro sur de Estados Unidos, y que la migración de primavera ocurrió a lo largo de un amplio territorio del
este de Estados Unidos. Las poblaciones que se reproducen en el interior de Alaska pasaron el invierno principalmente en California,
y la subespecie C.c. grinnelli paso el invierno desde la región mas al sur de su rango de reproducción, hasta el noroeste de California.
Encontramos muy pocos registros de invierno de aves utilizando los dialectos de las poblaciones que se reproducen en el oeste interior
(Montañas Rocosas, y cordilleras Sierra Nevada y Cascades) para determinar su rango de invierno, y las grabaciones de primavera
fueron también escasas a lo largo de estas regiones. Es probable que estas poblaciones reproductivas del oeste interior pasan el invierno
principalmente en México, un área donde obtuvimos muy pocas grabaciones. También analizamos datos de anillamiento no publicados
para Corthylio calendula que, a pesar de proveer poca información sobre la conectividad de los rangos reproductivos y de inverno,
fueron consistentes con las rutas migratorias determinadas por los dialectos del canto.
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INTRODUCTION
Migratory species present challenges to understanding their
ecology and any conservation challenges they may face (Faaborg
et al. 2010). Whereas most bird research is focused on the breeding
season (Marra et al. 2015), migratory birds generally spend most
of their year in migration or in the winter range (Newton 2008).
Development of effective conservation plans for such species
requires knowledge of habitat conditions in both the breeding
and non-breeding ranges.  

Newer tracking technologies, such as light-level geolocators or
satellite tracking, have dramatically improved our ability to learn
about bird migration (Stutchbury et al. 2009, Flack et al. 2022).
However, these techniques have limitations. They require
capturing individuals, usually twice, to attach and recover the
devices, and they are limited to tagging animals above a minimum
mass (Brlik et al. 2020). Bird banding may also offer glimpses into
the migration path or winter range of birds, although encounter
rates away from the original banding location, particularly in
small passerines, are often low.  

For bird species that use different regional song dialects, and also
sing during migration or winter, such dialects can allow one to
use recordings to assess the non-breeding ranges of birds using
these distinct song dialects. This approach offers advantages over
other techniques because birds do not need to be captured and
large numbers of individuals can be studied from many locations.
This approach was used to reveal the migratory strategies of the
Puget Sound subspecies of the White-crowned Sparrow
(Zonotrichia leucophrys pugetensis; DeWolfe and Baptista 1995)
and the Golden-crowned Sparrow (Z. atricapilla; Pandolfino and
Douglas 2021), and to determine the source of irruptive
individuals of the Black-chinned Sparrow (Spizella atrogularis;
Pandolfino et al. 2022). The large and rapidly growing archives
of bird recordings offers promise that this approach may have
broad applications to many species.  

The Ruby-crowned Kinglet (Corthylio calendula) breeds from
easternmost Canada and the northeastern U.S. across the boreal
regions of Canada and the upper Great Lakes and into western
Canada and much of Alaska (Swanson et al. 2021). The breeding
range extends through most of the montane western U.S.,
including the Rockies, Cascades, Sierra Nevada, and higher
elevations in the Great Basin region. The winter range includes
the Pacific coast from southernmost British Columbia through
Baja California, lower elevation inland areas of the western U.S.,
the U.S. Eastern Seaboard from southern New England south,
most of the southern half  of the eastern U.S., and south through
Mexico (Swanson et al. 2021) into Guatemala (Howell and Webb
1995). According to Swanson et al. (2021), no migratory-route
information is available. And the Ruby-crowned Kinglet, at six to
seven grams (Swanson et al. 2021), is so small that only the largest
individuals meet the criteria for tagging with the smallest currently
available geolocators.  

With the apparent extinction of the Guadalupe Island endemic
C. c. obscurus (Quintana-Barrios et al. 2006), there are now two
recognized subspecies, nominate C. c. calendula and C. c. grinnelli 
(Swanson et al. 2021). C. c. grinnelli breeds in coastal forests from
the Gulf of Alaska through British Columbia. There is
disagreement about the non-breeding movements of C. c.
grinnelli. Browning (1979) asserted that this taxon is resident

within its breeding range, and Campbell et al. (1997) speculated
that C. c. grinnelli makes short latitudinal movements with
northern breeders, possibly wintering in southern British
Columbia. Others have characterized it as partially migratory
with regular winter movements south along the west coast
(Phillips 1991), at least into Washington (Wahl et al. 2005) and
Oregon (Marshall et al. 2003), and possibly as far south as coastal
central California (Dawson 1923). Winter specimens of this taxon
have been collected in coastal California as far south as San Diego
County (Unitt 2004).  

The winter ranges of various populations of the nominate
subspecies remain unknown. Some have suggested that these birds
may make altitudinal movements from the western mountain
breeding areas to nearby lower elevations (Browning 1979, Ryser
1985, Campbell et al. 1997, Wahl et al. 2005, Floyd et al. 2007).
Hobson et al. (2014) analyzed stable isotopes from Ruby-crowned
Kinglets wintering in Mexico, but the results showed a very wide
range of values potentially representing most of the species’
breeding range.  

Different breeding populations of the Ruby-crowned Kinglet
have shown starkly different breeding-population trends since the
mid-1960s (Sauer et al. 2020). Birds breeding in the easternmost
parts of the range demonstrated significant negative population
trends, as have breeders of the Sierra Nevada and Cascades ranges
in California, Oregon, and Washington. In the Sierra Nevada of
California this species was abundant and widespread in the early
20th century (Dawson 1923, Grinnell and Miller 1944), but is now
an uncommon and sparsely distributed breeder (Beedy and
Pandolfino 2013), even in areas where the habitat is well-protected
and largely unchanged from earlier conditions (Moritz 2007).
Indeed, a recent Breeding Bird Atlas in the central Sierra Nevada,
where this kinglet was previously common, did not record a single
observation of the species (Rose and Rose 2019). In contrast, most
of the Rocky Mountain breeding populations from Canada to
Arizona and New Mexico showed population gains (Sauer et al.
2020). To understand factors that may be driving these contrasting
trends, we need to know the migration pathways and winter ranges
of these different regional populations.  

The Ruby-crowned Kinglet uses distinctly different versions of
their songs (dialects) in different regions within their breeding
range, and Pandolfino and Douglas (2022) recently mapped these
dialects throughout this species’ breeding range. Because this
kinglet also sings during spring migration and winter (Marshall
et al. 2003, Wahl et al. 2005, Swanson et al. 2021), we chose to
use non-breeding season recordings to assess winter ranges and
migration pathways of various populations by assigning one of
the regional song dialects to each individual recorded. Because
spring migration tends to be generally direct in most birds species
studied (Newton 2008, Nilsson et al. 2013, La Sorte et al. 2016),
we hypothesized that spring migration of the Ruby-crowned
Kinglet would be direct.

METHODS
We used Raven Pro software (KLYCCB 2022) to visually examine
all song recordings available from xeno-canto (https://www.xeno-
canto.org) and the Mark Robbins/Macaulay Library (https://
www.macaulaylibrary.org) of Ruby-crowned Kinglets outside the
breeding season (August through mid-May). We compared the
songs of each individual recorded to the 43 dialect song types
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(hereafter “song types”) previously identified by Pandolfino and
Douglas (2022). Following Pandolfino and Douglas (2022), the
song types were based on the type of repeated phrases used in the
third part (Unit C) of the song (Fig. 1). As these authors
demonstrated, these phrases are visually distinct and can be
unambiguously assigned to a type based on visual inspection of
spectrograms (Appendix 1), and each individual appears to have
only a single song type in their repertoire.

 Fig. 1. Spectrograph of a typical Ruby-crowned Kinglet
(Corthylio calendula) song.
 

When multiple recordings at the same location on the same day
were available, we assumed that all those recordings were of the
same individual. The assignment of a given song type to a
recording was done in a blind fashion. That is, the recordings were
coded such that the authors did not know the location of the
recording when assigning a song type, to avoid any possibility of
unintended bias. Because many of the songs from the non-
breeding period were subsong (a poorly formed vocalization given
by birds still perfecting their song), presumably from young birds,
we only assigned song types when the song clearly matched one
of the types identified by Pandolfino and Douglas (2022). Of the
1110 recordings available from xeno-canto and the Macaulay
Library (through 30 April 2022), 165 were of too poor quality to
be used. Another 186 recordings were eliminated as possible
duplicate recordings from the same individual (recorded on the
same day and location). We eliminated 286 recordings of subsong
that could not be unequivocally assigned to an adult song type.
We used the same numbering system for these types as Pandolfino
and Douglas (2022).  

We were able to assign a song type to 473 individuals (Appendix
2). We grouped these recordings by breeding region based on song
types found exclusively or predominantly within that region by
Pandolfino and Douglas (2022), and we used the geographic
regions identified by those authors: east, north central, northern
Rockies, central Rockies, southern Rockies, west, interior Alaska,
and the range of the subspecies C. c. grinnelli (Fig. 2).  

We also obtained data on all encounters of banded Ruby-crowned
Kinglets from the Bird Banding Laboratory archives (Celis-
Murillo et al. 2021). Our sample used only data from encounters
at least 500 km from the banding location (Appendix 3). We chose
500 km to eliminate or reduce examples of within-season
movement as opposed to migratory movement.

 Fig. 2. The song dialect breeding regions used by Pandolfino and
Douglas (2022). Ranges (breeding shaded yellow, winter shaded
blue) based on Fink et al. (2022).
 

We grouped the recordings and banding data into the following
time frames: fall migration (August through October); winter
(November through March); spring migration (April); late-spring
migration (first half  of May); and breeding (mid-May through July;
Fig. 3). Table 1 shows proportions of recordings or banding
encounters by non-breeding period. We used the time frames noted
above based on eBird movement data as displayed in Swanson et
al. (2021). Whereas this schedule may not apply to all populations
precisely, it does represent movement timing for the bulk of the
population. For example, those data show that, whereas a few
individuals may begin moving north during the last week of March,

 Fig. 3. The time periods used to assign the migratory seasons for
the Ruby-crowned Kinglet (Corthylio calendula).
 

 Table 1. Number and proportion by season of recorded individuals
and banding/encounter events.
 
Data source Fall Winter Spring

migration
Late spring
migration

Breeding

Recordings 2 (<1%)† 102 (13%) 315 (40%) 54 (7%) 313 (40%)‡

Banding 41 (44%) 35 (37%) 6 (6%) 8 (9%) 4 (4%)
†As noted in text, nearly all fall recordings were of subsong.
‡Recordings from Pandolfino and Douglas 2022.

spring migration appears to be largely restricted to April and early
May. These dates are also consistent with earlier spring migration
of males, which likely account for all song recordings we used, as
demonstrated by Swanson et al. (1999).

https://journal.afonet.org/vol94/iss3/art10/
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 Fig. 4. The locations of individuals using song dialects of the east region (A) and the north-central region (B). Blue dots represent
recordings made from November through March; light green arrows, recordings from April; dark green arrows, recordings from the
first half  of May; brown arrows, recordings from August through October; red dots, recordings from mid-May through July
(Pandolfino and Douglas 2022, but only including song types found in this study). Ranges (breeding shaded yellow, winter shaded blue)
based on Fink et al. (2022).
 

RESULTS

General observations
We found no identifiable song types from August or September,
two from October, one from November, none from December or
January, and four from February. Nearly all the songs recorded in
those months appeared to be subsong and could not be assigned
to any song type. We found many individuals giving recognizable
song types by March (98), April (315), and early May (54).

East region
Our sample included eight different song types from 241 individuals
that were associated exclusively with the east breeding region (types
1, 5, 13, 21, 30, 31, 34, and 40). Song type 21 was the most common,
accounting for 60% of the eastern song types in our sample. This
was also the most common type found by Pandolfino and Douglas
(2022) in the breeding season. The seasonal distribution of these
song types (A, Fig. 4) showed the winter individuals in the
southeastern U.S. (from Mississippi eastward) and along the
Eastern Seaboard. During spring migration (April), most birds
were found along the east coast of the U.S., with most on or near
the breeding range by early May.

North-central region
We found four north-central song types (9, 26, 28, and 38) from
124 individuals. As with the east region, the most common song
type in the breeding-season samples from Pandolfino and Douglas

(2022) was the most common (77%) in our sample (type 9). Some
winter-season individuals using those song types overlapped with
the winter range of the east-region birds in the southeast and along
the eastern U.S. coast (B, Fig. 4), but most were found farther west
from Mississippi into Texas, with one bird recorded in Mexico. One
winter individual in western Nebraska was recorded in late March
(23 March) and was likely an early-spring migrant. Birds giving
these song types showed spring-migration distribution across a
wide swath of the eastern U.S. from Iowa to the east coast. However,
birds using these song types in spring were found, on average,
significantly farther west than the east-region birds (average spring
migration longitude = -85.6° ± 6.6° for north-central song types,
vs. -76.1° ± 4.3° for east types). As with the east-region breeders,
most late-spring migrants were on or near the breeding range.

Interior Alaska
We found 40 individuals giving song types used by interior Alaska
breeders (types 15, 20, 22, and 27). Of those, 33 were of song type
27, also the most common type found by Pandolfino and Douglas
(2022). Most of the winter recordings were from California, with
a few from Arizona and Washington, and all spring migrants were
close to the west coasts of California, Oregon, Washington, and
British Columbia (A, Fig. 5).

Range of C. c. grinnelli
Kinglets in the breeding range of this subspecies used two song
types (18 and 38) almost exclusively (Pandolfino and Douglas
2022). We found 10 winter-season birds giving these song types

https://journal.afonet.org/vol94/iss3/art10/
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 Fig. 5. The locations of individuals using song dialects of the interior Alaska region (A) and those the subspecies Corthylio
calendula grinnelli (B). Blue dots represent recordings made from November through March; light green arrows, recordings from
April; dark green arrows, recordings from the first half  of May; brown arrows, recordings from August through October; red dots,
recordings from mid-May through July (from Pandolfino and Douglas 2022, but only including song types found in this study).
Ranges (Breeding shaded yellow, Winter shaded blue) based on Fink et al. (2022).
 

from the southern tip of Vancouver Island south through
Washington, Oregon, and into California (B, Fig. 5). Spring
migrants were recorded along the Pacific coast from Washington,
through British Columbia, and into Alaska.

Interior west
This area includes four of the regions identified by Pandolfino
and Douglas (2022) encompassing the Rocky Mountains from
northern Canada to Arizona, and the Cascades and Sierra
Nevada ranges from Washington to California. We found too few
recordings of interior-west song types (42 recordings in our
sample for all four regions) to derive useful information about
winter ranges or migration. For example, our winter recordings
of song types from the northern, central, and southern Rockies,
and the west regions, numbered just 2, 3, 6, and 1, respectively. In
addition, some of the song types from those regions were
widespread through more than one breeding region (Pandolfino
and Douglas 2022). The few spring-migration examples suggest
a fairly direct northward migration, but characterization of
migratory pathways is not possible without more information
about the winter range of these populations.

Banding data
Banding data provided information about the movements of 46
different individuals (Fig. 6). Unfortunately, we found only a
single bird for which there was information about both the winter

and breeding locations. That individual was banded 16 July in
western Quebec and was encountered the following winter (22
January) in the panhandle of Florida. In addition, three other
individuals banded in the first week of May, most likely on or
near the breeding range, were encountered in winter. Two of those
birds were banded on 6 May and 9 May in southern Ontario and
encountered in winter in North Carolina and eastern Texas,
respectively, within the winter range inferred from our song-
dialect work. The other was banded on 6 May in the Sierra Nevada
of California and encountered 20 January in northern Mexico.
Kinglets wintering in the southeastern U.S. all remained in the
two regions expected from the dialect data, and all the birds
banded in the west were encountered in the west. Even the
individual showing the longest migration (banded in early spring
on the Louisiana coast) bred in central Alberta, within the
expected north-central region (longest line in Fig. 6). Thus, all
these encounters with banded birds were consistent with the
migration paths suggested by our song dialect analyses.

Vagrants
Among the 1066 recordings used in this study and by Pandolfino
and Douglas (2022), we assumed that eight were vagrants (Table
2): that is, birds that had wandered well beyond the expected
breeding or migration areas based on the song types used. Two
of these were birds recorded in the west, singing song types from
eastern breeding regions, and six were recorded in the east, singing
western-type song dialects.

https://journal.afonet.org/vol94/iss3/art10/


Journal of Field Ornithology 94(3): 10
https://journal.afonet.org/vol94/iss3/art10/

 Fig. 6. Banding and encounter locations of banded Ruby-crowned Kinglets (Corthylio calendula). Colors represent the same time
periods used in the previous figures. Lines link the locations for each individual. Ranges (breeding shaded yellow, winter shaded
blue) based on Fink et al. (2022).
 

DISCUSSION

Broader application of the method
To our knowledge, this approach to studying bird movements has
only been applied in three prior studies (DeWolfe and Baptista
1995, Pandolfino and Douglas 2021, Pandolfino et al. 2022). The
large and growing archives of bird song should allow this method
to be applied to many other species. This offers the advantages of
birds not needing to be captured, and many individuals across a
broad range being able to be sampled very economically.
Application of this method requires that the species show distinct
regional variation in song and that individuals sing during the
non-breeding season. It is also very helpful if  the species has only
one, or very few, song types in its repertoire. Because nearly all
such species studied appear to maintain this repertoire
throughout their lives (Marler and Slabbekoorn 2004, Catchpole
and Slater 2008), one can be reasonably confident that a song type
encountered outside the breeding range will match the one used
in that range. One must also be aware that females of many species
sing. However, in most cases, as with the Ruby-crowned Kinglet
(Pieplow 2017), their song is easily distinguished from that of the
male. For example, female song of the Ruby-crowned Kinglet
lacks Unit C entirely (Pieplow 2017). However, Pieplow (2017)
notes singing mainly from February through August, and our
analyses of the available recordings (Pandolfino and Douglas,
personal observation) showed only a few examples of poorly
developed song during fall, with progressively larger proportions
of fully crystallized adult song from March through May. By late
May through July, all birds recorded were singing fully developed
songs.

Migration routes and winter ranges
Our approach does not reveal migration routes of individuals but
provides an overview of winter ranges and migration routes for
subpopulations. For example, individual birds may make
significant intra-winter movements within the winter range and
we did not assume that the location of any individual bird in our
sample was stable throughout the winter period. Ruby-crowned
Kinglets using the song dialects of the two easternmost regions
(east and north central) appeared to take a direct spring-migration
route from their winter range to the breeding range. Although we
had fewer data points for breeders from interior Alaska and
members of the C. c. grinnelli subspecies, those spring migrations
also appeared to be direct with spring migrants found mainly
along the west coast.  

Those results are consistent with the general pattern of most
migratory birds for which spring migration is faster and more
direct than fall migration (Newton 2008, Nilsson et al. 2013, La
Sorte et al. 2016). This difference is believed to be driven by the
importance of arriving on the breeding grounds early enough to
find and occupy the best territories (Myers 1981, Gauthreaux
1982, Francis and Cooke 1986, Chandler and Mulvihill 1990,
Newton 2008). Female Ruby-crowned Kinglets may give a short
version of song lacking the last part (Unit C; Pieplow 2017), so
we assumed that all the singing individuals in our sample were
males. Male Ruby-crowned Kinglets migrate earlier than females
(a common observation among most passerines studied; Newton
2008), allowing them to establish breeding territories before
females arrive (Swanson et al. 1999). Males also appear to winter
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 Table 2. Apparent vagrant Ruby-crowned Kinglets (Corthylio calendula) based on song types encountered well beyond the expected
breeding/migration range. Catalog numbers preceded by “xc” are from xeno-canto, others from the Macaulay Library.

Cat No. Recordist Date Type Expected breeding range Recording location

112050 Charles Duncan 31-May 19 Central Rockies Maine
151835141 Kriss Replogle 18-Apr 22 Interior Alaska New Jersey
225100031 Daniel McDermott 19-Apr 25 †North Rockies + Massachusetts
227321191 Jeff  Ellerbusch 25-Apr 25 †North Rockies + New Jersey
428783001 Natasza Fontaine 26-Mar 25 †North Rockies + South Carolina
160909771 Justyn Stahl 18-May 31 East Baja Mexico
333163191 Teresa Dolman 1-May 31 East Southern Alberta
xc1217 Don Jones 11-Apr 33 South Rockies New Jersey
†Song Type 25 was widely distributed in the western breeding range with most breeding season examples from the North Rockies Region, but others found
from southern Alaska to California.

farther north than females (Fairfield and Shirokoff 1978,
Swanson et al. 1999); thus, the winter ranges inferred from our
song data may be skewed northward.  

Based on the winter locations of birds singing the dialects of C.
c. grinnelli, some members of this taxon migrate well south of the
breeding range, which is contra Browning (1979) and Campbell
et al. (1997). We found these individuals at the southern tip of
Vancouver Island, British Columbia, and south into Washington,
Oregon, and northwestern California. Of course, females
wintering farther south would not have been found by our
method, and the winter range of this subspecies may well extend
through the Marine West Coast Forest ecoregion in California.  

The migration routes and wintering ranges of birds breeding in
the western mountain ranges (Rockies, Sierra Nevada–Cascades)
remain largely unknown due to the small number of recordings
we found from birds using those dialects and the widespread
nature of some of those dialects. It seems likely that many or most
of those western montane breeders may winter in Mexico.
However, we have information on only two individuals wintering
in Mexico: one in Mexico City (south-central Mexico) giving a
song type exclusively associated with breeders in the north-central
region, and another banded in the central Sierra Nevada in May
and encountered in January in northwestern Mexico.  

Our data included only one migrating bird west of the Mississippi
River using an east-region song; therefore, it seems unlikely that
significant numbers of east-region breeders winter in Mexico.
Stable isotope analysis of samples from Ruby-crowned Kinglets
wintering in Mexico (Hobson et al. 2014) were consistent with
this assumption, suggesting most birds may have bred in the
northern Rockies from Canada into Wyoming. However, the full
range of values reported in that study was broad enough to
encompass nearly the entire breeding range.  

Migratory connectivity, the extent to which birds breeding in one
area also share a wintering area, is not possible to assess from our
data. Whereas there may be groups of individual Ruby-crowned
Kinglets that have a high degree of migratory connectivity, the
relatively widespread nature of the song dialects we observed
suggests only a very diffuse sort of connectivity. For example,
song type 21, for which we have the most examples, is found in
the breeding range from Newfoundland, south into upstate New
York, and in winter along the U.S. Eastern Seaboard from
Connecticut to Florida and west into eastern Louisiana.  

Our samples included only three song types for which we had
robust numbers (> 10) of observations from both the breeding
range and the wintering range. Therefore, our data were
insufficient to assess whether the Ruby-crowned Kinglet uses a
chain-migration strategy (in which the most northern breeders
also winter the farthest north), or leapfrog migrations (in which
the most northern breeders winter the farthest south). And the
lack of data from Mexico, where many Ruby-crowned Kinglets
winter, makes any estimate of typical wintering latitudes suspect.

Vagrancy
Vagrancy, when a bird is observed well away from its expected
breeding, wintering, or migration range, is observed among nearly
all migratory species (Newton 2008). Such birds are most often
found in spring or fall and are usually young birds making their
first migration from the breeding area or from their wintering
range (De Sante 1983a, De Sante 1983b, Newton 2008). Many of
these birds are believed to have an anomalous sense of orientation
in which they choose to migrate on a trajectory different from
that of most members of that species. This misorientation can
vary among individuals from a few degrees to 180 degrees,
resulting in migration in the opposite direction from normal (De
Sante 1983b, Newton 2008).  

Ruby-crowned Kinglets have been observed as vagrants as far east
as Scotland (BOURC 2022) and as far west as Attu Island at the
western end of the Aleutian Chain (Dunn and Alderfer 2011).
Our use of mapped song dialects allowed us to detect so-called
cryptic vagrant Ruby-crowned Kinglets that would never have
been noted as being out of range. Seven of the vagrants were
recorded within regions and on dates when the species is common.
Thus, only the detection of unexpected song dialects revealed that
they were outside the expected range. The exception was a bird
recorded 18 May in Baja California, Mexico, a date when Ruby-
crowned Kinglets are not expected in that area. In each case, these
birds were using a dialect otherwise unrecorded in that area. The
fact that more vagrants were detected in the east than the west
may reflect the higher concentration of birders in the east, though
our sample size is too small to draw any conclusions.

Priorities for future research
The paucity of recordings from Mexico leaves an important
conservation question unanswered. The starkly contradictory
trends among birds breeding in the Rocky Mountains versus those
breeding in the Sierra Nevada–Cascades range may be related to
the conditions in the wintering ranges of those birds. A concerted
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effort to record songs of the Ruby-crowned Kinglet in Mexico in
March could yield important information, especially about any
difference in wintering ranges among populations. Additional
recordings may help reveal details about migratory strategy (e.g.,
chain versus leapfrog) or connectivity, as well.  

Other methods could complement our results and provide more
information about movements of individual birds. Stable isotope
analyses of feathers can produce information about the molting
locations of birds (Hobson 1999), and Ruby-crowned Kinglets
are believed to molt on the breeding grounds (Swanson et al.
2021). However, the wide range of isotope values from Ruby-
crowned Kinglets reported by Hobson et al. (2014) revealed only
very general information about breeding ranges. Tagging Ruby-
crowned Kinglets with MOTUS (https://www.motus.org)
transmitters, which are light enough to use with kinglets, could
reveal much more about movements of individuals, at least in
areas with a high density of receivers.
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Appendix 1: Examples of the song types (Unit C phrases) encountered in our sample. Numbering of types is 

based on Pandolfino and Douglas 2022. Scale for each is 0–6000Hz (y axis) and 0–2 sec (x axis). 

 



Cat No. date song type Lat Long breeding region Recordist
14585 16-Apr 13 42.5 -76.45 east Robert C. Stein
14587 04-May 13 42.5 -76.45 east Robert C. Stein
84777 21-Apr 1 39.3 -77.58 east Wil Hershberger

126423 06-Apr 33 38.1 -122.87 south Rcky Thomas G. Sander
128912 23-Mar 28 34.4 -91.01 north central Gerrit Vyn
136207 13-Mar 21 25.8 -81.1 east Martha Fischer
167841 22-Mar 20 35.7 -118.31 int Alaska Hope Batcheller
199003 20-Apr 31 42.3 -76.34 east Bob McGuire
199005 20-Apr 21 42.3 -76.34 east Bob McGuire
199009 21-Apr 31 42.3 -76.34 east Bob McGuire
209320 20-Apr 9 39.1 -86.22 north central Julia Ferguson
213627 19-Apr 34 42.3 -76.43 east Bob McGuire
213629 19-Apr 40 42.3 -76.43 east Bob McGuire
213631 29-Apr 26 42.4 -76.3 north central Bob McGuire
216823 22-Apr 40 42.3 -76.33 east Bob McGuire
539613 10-Apr 21 39.6 -78.06 east Wil Hershberger
539615 10-Apr 21 39.6 -78.06 east Wil Hershberger
539642 23-Apr 21 39.6 -78.06 east Wil Hershberger
539646 25-Apr 21 39.6 -78.06 east Wil Hershberger

26076311 23-Mar 20 36.5 -121.73 int Alaska Brian Sullivan
26131451 25-Mar 34 36 -84.24 east Colin Sumrall
26799501 09-Apr 40 43.8 -73.5 east Glen Chapman
26799581 09-Apr 21 43.8 -73.5 east Glen Chapman
26973981 12-Apr 9 43.1 -89.57 north central Mike Bailey
27064031 14-Apr 34 42.4 -76.34 east Jay McGowan
27146221 16-Apr 21 42.4 -76.34 east Brad Walker
27253071 17-Apr 26 41.4 -78.25 north central Alan Buriak
27261861 03-Apr 28 30.1 -92.88 north central Max Kirsch
27389001 21-Apr 21 42.5 -76.45 east Brad Walker
27799351 28-Apr 21 42.5 -76.46 east Brad Walker
27843591 29-Apr 21 42.4 -76.37 east Jay McGowan

Appendix 2: Metadata for all recordings used. Catalog numbers preceded by xc are from xeno-canto; others are 
from the Macaulay Library; the two labeled "Gibson Ranch" and "RiceXing" are available on request



31091761 26-Mar 21 39.6 -75.6 east Brian Henderson
33719481 04-May 40 43.7 -72.4 east Kent McFarland
38626441 30-Oct 40 29.9 -81.96 east Jeff Graham
39883061 01-May 1 42.4 -76.69 east Gregory Budney
48513711 12-May 23 51.8 -123.08 north Rcky Michael Morris
48514931 22-Apr 23 51 -118.22 north Rcky Michael Morris
50325031 07-Mar 21 40.9 -73.88 east Todd Olson
51093701 03-Mar 27 38.9 -121.58 int Alaska Ed Pandolfino
51151021 13-Mar 27 38.7 -121.4 int Alaska Ed Pandolfino
51767391 20-Mar 40 34 -84.72 east andrew aldrich
52173351 19-Mar 32 40.9 -124.09 grinnelli reg Rob Fowler
52746021 29-Mar 21 35.9 -78.77 east LynnErla Beegle
52851311 30-Mar 28 33.1 -96.94 north central Winston Caillouet
52994501 31-Mar 40 33.2 -80.35 east Kathy Woolsey
53292861 03-Apr 9 38.6 -90.29 north central Joel Rurik
53634751 02-Apr 9 37.1 -84.72 north central Roseanna Denton
53817371 08-Apr 9 35.9 -84.16 north central Colin Sumrall
54428811 12-Apr 9 41.7 -88.14 north central Davida Kalina
54441481 14-Apr 26 42.5 -71.41 north central Melani Sleder
54496221 14-Apr 9 41.3 -89.89 north central Stephen Hager
54628241 15-Apr 21 43.8 -73.49 east Malinda Chapman
54841461 16-Apr 9 42.2 -85.59 north central Tim Winslow
55261061 21-Apr 29 49.5 -115.73 west Bobby Dailey
55263231 21-Apr 9 45.2 -88.49 north central Nick Gremban
55357151 22-Apr 21 39.9 -75.36 east David Eberly
55474591 23-Apr 31 42.4 -72.54 east Larry Therrien
55556031 23-Apr 38 46.4 -94.38 north central John P Richardson
55585301 23-Apr 21 41.1 -74.18 east Krzysztof Bystrowski
55705131 25-Apr 21 42.5 -76.45 east Brad Walker
55775751 24-Apr 9 43 -81.22 north central Mhairi McFarlane
55941421 27-Apr 21 44.3 -69.18 east Fyn Kynd
55956171 27-Apr 21 43.7 -65.52 east Mark Dennis
56439341 16-Apr 31 43.3 -70.75 east andrew aldrich
56492651 14-Apr 31 43.3 -70.75 east andrew aldrich
57974771 08-May 21 43.8 -73.49 east Glen Chapman



67649081 12-Mar 27 38 -122.62 int Alaska Nick  Roth
73985541 23-Apr 21 42.1 -73.91 east Gregory Budney
73986981 23-Apr 21 42.1 -73.91 east Gregory Budney
83129411 26-Apr 1 42.4 -76.69 east Gregory Budney
86620101 19-Feb 27 38.6 -121.44 int Alaska Ed Pandolfino
87428271 28-Mar 9 33.4 -81.96 north central Liam Wolff
89197661 10-Mar 32 47.7 -122.42 grinnelli reg Dave Slager
89477521 11-Mar 23 38.6 -121.02 north Rcky Ed Pandolfino
90048851 16-Mar 5 28.7 -81.05 east Paul Marvin
90144481 17-Mar 32 48.3 -123.67 grinnelli reg Daniel Donnecke
90268671 18-Mar 32 45.5 -122.75 grinnelli reg Dwight Porter
90702651 18-Mar 27 38.2 -121.98 int Alaska Adam Dudley
90947921 22-Mar 31 32.8 -79.72 east Pamela Ford
91056671 23-Mar 21 30 -90.09 east James (Jim) Holmes
91520531 23-Mar 32 48.5 -123.36 grinnelli reg David Badke
91700271 25-Mar 9 30.9 -91.51 north central Robert Dobbs
92035571 30-Mar 9 32.8 -83.61 north central Anne Armstrong
92053001 30-Mar 27 37.8 -120 int Alaska James (Jim) Holmes
92573011 30-Mar 21 33.2 -83.75 east andrew aldrich
93173311 06-Apr 31 35.1 -81.45 east Marbry Hopkins
93318831 29-Mar 21 33.5 -83.98 east andrew aldrich
93446701 08-Apr 34 35.3 -82.26 east Miles  Buddy
93509021 08-Apr 21 33.9 -81.04 east Jennifer  Shockley
93568051 08-Apr 34 36.1 -83.73 east John O'Barr
93723471 09-Apr 32 49.7 -125.32 grinnelli reg Blair Dudeck
93761501 08-Apr 32 48.5 -123.36 grinnelli reg Mike McGrenere
93824391 10-Apr 9 34.8 -85.13 north central Robert Bethel
94280261 13-Apr 21 34.2 -84.73 east Marshall Weber
94403361 14-Apr 21 42.7 -71.61 east Christopher McPherson
94800131 15-Apr 21 42.5 -71.33 east Robert Jilek
94826151 16-Apr 40 35.8 -78.8 east Brian Murphy
95390121 19-Apr 32 49.7 -125.32 grinnelli reg Blair Dudeck
95460771 20-Apr 31 43.3 -70.75 east andrew aldrich
95532861 20-Apr 21 38 -78.45 east Guy Babineau
95537651 20-Apr 21 42.3 -72.61 east Aaron Hulsey



95747211 21-Apr 21 41.3 -74.08 east Louis DeMarco
95859851 22-Apr 21 42.4 -71.21 east Lily Morello
95868211 20-Apr 34 39.1 -84.79 east Brian Wulker
95879121 21-Apr 21 40 -85.89 east Nick Kiehl
95904611 22-Apr 32 49.7 -125.32 grinnelli reg Blair Dudeck
95949571 21-Apr 9 41.4 -81.3 north central Linda Gilbert
96043291 22-Apr 21 40.9 -81.53 east Jon Cefus
96057431 21-Apr 21 42.4 -71.15 east Michael Mulqueen
96108901 23-Apr 21 42.5 -76.45 east Brad Walker
96339231 22-Apr 21 42.5 -76.55 east Jay McGowan
96478921 22-Apr 1 42.5 -76.35 east Jay McGowan
96777311 27-Apr 9 43.5 -80.54 north central Justine Heinrichsberg
96913451 28-Apr 5 44.3 -69.88 east Glenn Hodgkins
97069871 29-Apr 9 42.3 -83.7 north central Norka Saldana
97071711 28-Apr 21 39.8 -82.85 east Jeffrey Roth
97473031 01-May 21 39.6 -78.06 east Wil Hershberger
98231741 04-May 29 40.8 -111.86 west Kenny Frisch
98356051 05-May 25 51.5 -114.62 north Rcky + Lorna Aynbinder
99485201 05-May 21 43.6 -70.21 east Glen Chapman
99990601 12-May 29 44.2 -118.77 west Aaron Beerman

100116421 12-May 5 45 -63.81 east Liz Voellinger
100272451 27-Apr 22 50.7 -119.17 int Alaska Geoff Styles
101153811 22-Apr 9 44.5 -92.95 north central Dana Sterner
103388331 01-Oct 21 40.8 -80.03 east Clark Teeman
131140651 10-May 32 62.3 -149.88 grinnelli reg Maureen Chambrone
131799321 08-May 32 62.3 -149.88 grinnelli reg Maureen Chambrone
141323521 26-Apr 31 40.8 -80.03 east Clark Teeman
141323521 26-Apr 40 40.8 -80.03 east Clark Teeman
142902741 27-Feb 9 30.6 -96.28 north central Simon Burton
144884851 11-Mar 5 28.2 -80.81 east Paul Marvin
145511011 15-Mar 32 46.1 -123.88 grinnelli reg J. Micheal Patterson
145754201 27-Apr 21 37.6 -77.85 east Clark Teeman
146036561 17-Mar 6 37.8 -122.43 central Rcky-west Erica Rutherford/John Colbert
146036561 17-Mar 27 37.8 -122.43 int Alaska Erica Rutherford/John Colbert
146433321 18-Mar 18 48.5 -123.37 grinnelli reg David Badke



146730251 22-Mar 35 33.2 -96.94 south Rcky Winston Caillouet
146764081 17-Mar 9 29.7 -95.43 north central John O'Brien
146808661 22-Mar 21 34.7 -89.46 east Hal Mitchell
146951981 23-Mar 28 29.4 -95.62 north central Bill Schneider
147141091 24-Mar 28 30.3 -97.83 north central Shelia Hargis
147503331 25-Mar 28 31.4 -97.8 north central Liam Wolff
148766221 23-Mar 9 30.2 -92.06 north central Robert Dobbs
148851761 03-Apr 40 36.2 -80.03 east Marbry Hopkins
148999661 04-Apr 21 40.7 -74.93 east Peter Kwiatek
149023921 04-Apr 34 35.3 -82.24 east Marilyn Westphal
149146901 05-Apr 9 32.8 -83.65 north central Anne Armstrong
149182431 05-Apr 9 36 -84.24 north central Colin Sumrall
149439441 24-Mar 32 45.6 -122.57 grinnelli reg Audrey Addison
149847221 07-Apr 21 36.5 -79.98 east Martin Wall
149878801 03-Apr 1 29.7 -82.35 east Gabriel Gonzalez
150108371 04-Apr 26 40.1 -76.9 north central Dean Newhouse
150507611 11-Apr 30 42.3 -72.65 east Mary McKitrick
150572971 12-Apr 19 49.5 -117.36 central Rcky Paul Prappas
150598071 11-Apr 29 40.7 -111.85 west Kenny Frisch
151074421 13-Apr 40 37.5 -77.91 east Darrell Peterson
151184901 15-Apr 21 41 -73.94 east Kriss Replogle
151222981 15-Apr 17 35.3 -106.58 south Rcky Spencer Follett
151389381 16-Apr 5 41.1 -74.26 east Kriss Replogle
151545301 16-Apr 21 43.8 -73.48 east Glen Chapman
151826101 09-Apr 9 37.2 -97.53 north central S. Queen
152086931 19-Apr 5 41 -73.92 east Kriss Replogle
152121641 18-Apr 21 40.1 -76.9 east Dean Newhouse
152305241 20-Apr 9 42.8 -88.92 north central Seth Greene
152330581 20-Apr 9 38.1 -90.58 north central Kathleen Wann
152382631 17-Apr 20 45 -124.01 int Alaska Audrey Addison
152439541 20-Apr 28 45.4 -84.85 north central Darrell Lawson
152512711 12-Apr 27 39.3 -121.32 int Alaska Asher Perla
152550211 21-Apr 5 42.3 -72.38 east Larry Therrien
152604761 21-Apr 21 48.4 -71.05 east Julien Piolain
152945281 21-Apr 31 40.8 -80.03 east Clark Teeman



152998801 18-Apr 9 43.6 -80.24 north central Rohan van Twest
153088881 23-Apr 21 42.3 -72.56 east Larry Therrien
153170601 23-Apr 23 53.5 -113.54 north Rcky Myriam Berube
153257001 23-Apr 31 42.3 -72.56 east Mary McKitrick
153656211 24-Apr 28 43 -82.33 north central Scott  Connop
153744921 25-Apr 21 41.5 -71.25 east Matthew Schenck
153769291 25-Apr 9 39.7 -79.97 north central Gordon Dimmig
153794511 25-Apr 31 43.4 -70.45 east Josh Fecteau
153883681 25-Apr 9 42.3 -85.6 north central Todd Alfes
154014811 25-Apr 21 42.4 -76.34 east Brad Walker
154151561 26-Apr 32 58.4 -134.65 grinnelli reg Gus van Vliet
154163861 27-Apr 28 46.8 -92.08 north central Kieran Schwartz
154212831 25-Apr 31 42.5 -76.45 east Jason Chou
154672451 29-Apr 21 42.4 -71.15 east Jeffrey Offermann
154694751 29-Apr 9 44.4 -79.68 north central Burke Korol
155211211 01-May 21 42.5 -76.52 east Brad Walker
155366521 02-May 9 44 -73.09 north central Lewis Holmes
155443511 01-May 21 45.5 -75.63 east Gregory Zbitnew
155631791 11-Apr 21 39 -76.92 east Kevin Bennett
155691711 25-Apr 21 43.3 -79.88 east Caleb Scholtens
156241641 04-May 9 42.7 -76.9 north central Brad Walker
156287511 04-May 21 41.4 -82.96 east Jeffrey Roth
156427861 02-May 21 43.5 -80.24 east Andrew Bendall
156646131 19-Apr 28 46.5 -88.93 north central Damon Haan
156812551 04-May 29 43.9 -103.54 west Adam Dudley
157015981 05-May 5 43.7 -65.52 east Mark Dennis
157316901 17-Apr 9 40.5 -86.93 north central Sam Hartzler
157477951 09-May 21 46 -72.59 east Daniel Jauvin
157574751 10-May 23 54 -128.7 north Rcky Brennan Bantle
157586851 07-May 19 53.6 -113.66 central Rcky Scott & Jill Tansowny
159147361 16-Apr 9 40.9 -91.07 north central Bobby Wilcox
160542731 30-Mar 9 34.2 -91.08 north central Nathan Pieplow
160774221 26-Apr 23 53.4 -117.59 north Rcky David M. Bell
163538181 21-Mar 15 38.5 -122.87 int Alaska Bob Hasenick
168717271 09-May 21 48.4 -68.8 east Jocelyn Lauzon



169153331 25-Apr 31 43.8 -73.49 east Glen Chapman
169153431 25-Apr 21 43.8 -73.49 east Glen Chapman
169544041 12-Apr 28 29.8 -99.57 north central Laura Gooch
171070431 05-May 9 45.6 -76.19 north central Carolyn Cahill
171113351 11-May 9 45.7 -86.97 north central Damon Haan
193929461 12-Apr 18 59.5 -136.03 grinnelli reg Maureen Chambrone
193930591 12-Apr 32 59.4 -136.12 grinnelli reg Maureen Chambrone
211610761 24-Feb 27 34.1 -117.83 int Alaska Lance Benner
213934491 07-Mar 27 32.2 -110.72 int Alaska Scott Crabtree
214277061 07-Mar 1 30.1 -81.71 east Jeff Graham
214732671 10-Mar 17 31.6 -111.05 south Rcky Kathleen & Hal Robins
215036881 12-Mar 27 32.5 -117.11 int Alaska Paul Marvin
215697701 15-Mar 9 35.9 -84.51 north central Roger Kroodsma
217430521 20-Mar 27 46.8 -120.84 int Alaska Jerred Seveyka
217562561 23-Mar 9 32.8 -83.61 north central Anne Armstrong
217657281 17-Mar 25 38.7 -121.17 north Rcky + Gary Mele
217784851 23-Mar 9 41.3 -102.12 north central Steven Mlodinow
218018511 25-Mar 9 37.1 -90.04 north central Michael S Taylor
218417081 27-Mar 9 38.1 -78.48 north central Guy Babineau
218779121 28-Mar 27 38 -122.48 int Alaska Richard Ackley
219277701 29-Mar 9 33.1 -97 north central John Kirk
219376901 30-Mar 9 32.9 -83.72 north central Jim Ferrari
220175931 02-Apr 28 37.1 -90.04 north central Michael S Taylor
220298721 03-Apr 34 36.3 -81.24 east Guy McGrane
220402231 03-Apr 9 37.5 -77.91 north central Darrell Peterson
220761221 04-Apr 21 35.1 -81.27 east Steven Biggers
220924581 05-Apr 21 37.6 -77.97 east Darrell Peterson
221451471 07-Apr 34 39.6 -78.05 east Wil Hershberger
221500691 07-Apr 1 39.7 -75.66 east Megan Kasprzak
221589621 07-Apr 9 35.9 -84.4 north central Roger Kroodsma
221778941 08-Apr 9 42.4 -83.8 north central Juliet Berger
221785601 08-Apr 21 36.3 -80 east Martin Wall
221857501 07-Apr 38 41.3 -93.59 north central Jay Gilliam
221982261 09-Apr 34 39.6 -78.05 east Wil Hershberger
222044831 09-Apr 21 37.5 -77.91 east Darrell Peterson



222355751 10-Apr 27 45.7 -122.77 int Alaska Nick Mrvelj
222537851 11-Apr 9 39.6 -78.05 north central Wil Hershberger
222677401 11-Apr 21 42.3 -72.59 east Larry Therrien
222698121 09-Apr 38 41.5 -93.74 north central Jay Gilliam
222749221 08-Apr 21 40.8 -77.94 east Julia Plummer
222935981 11-Apr 21 39.2 -76.91 east Severin Uebbing
223094541 11-Apr 9 40.8 -77.94 north central Julia Plummer
223690871 12-Apr 21 42.4 -76.38 east Jay McGowan
223781921 15-Apr 21 39.6 -78.05 east Wil Hershberger
223832071 15-Apr 31 44.4 -78.35 east Christopher Moser-Purdy
223839491 12-Apr 21 35.9 -78.65 east LynnErla Beegle
223975221 15-Apr 38 37.4 -90.02 north central Michael S Taylor
224252491 15-Apr 34 42.5 -76.35 east Jay McGowan
224375101 17-Apr 21 39.5 -78.14 east Wil Hershberger
224400361 17-Apr 21 40.9 -73.33 east Taylor Sturm
224664141 18-Apr 21 38.1 -78.48 east Guy Babineau
224764111 18-Apr 21 40.2 -76.52 east Jared Evans
224780781 18-Apr 27 48.5 -123.32 int Alaska Carl Hughes
224803241 18-Apr 21 41.3 -73.34 east Jeremy Nance
225054201 19-Apr 21 38.1 -78.48 east Guy Babineau
225059911 19-Apr 26 39.6 -78.05 north central Wil Hershberger
225309261 19-Apr 31 40.1 -74.11 east joe demko
225714631 20-Apr 34 42.5 -76.45 east Brad Walker
225833231 17-Apr 21 43.8 -73.5 east Glen Chapman
225899641 18-Apr 31 43.8 -73.49 east Glen Chapman
226129661 22-Apr 21 39.1 -76.88 east Derek Richardson
226130391 21-Apr 21 43.5 -73.23 east Joel Tilley
226354981 19-Apr 9 38.4 -90.36 north central Adam Hartz
226420961 23-Apr 1 40.5 -74.43 east John Beetham
226715571 23-Apr 21 41.6 -71.48 east Matthew Schenck
226787391 24-Apr 9 45.2 -75.83 north central Peter Blancher
226840161 24-Apr 21 45.3 -66.01 east Jim Carroll
226931841 20-Apr 9 42.5 -76.35 north central Jay McGowan
226941751 24-Apr 34 36 -78.64 east LynnErla Beegle
227078071 25-Apr 21 39.6 -78.05 east Wil Hershberger



227146481 25-Apr 21 41.1 -73.84 east valerie heemstra
227321401 25-Apr 5 40.7 -74.7 east Jeff Ellerbusch
227534731 25-Apr 34 40.1 -74.11 east joe demko
227535601 25-Apr 21 40.1 -74.11 east joe demko
227548891 26-Apr 9 43.1 -89.43 north central David Liebl
227748981 26-Apr 21 44.2 -72.59 east Richard Littauer
227781801 25-Apr 9 41.8 -93.78 north central Aaron  Brees
227877181 27-Apr 21 45.5 -77.58 east Brian Shulist
227890251 27-Apr 9 41 -81.52 north central Brian Tinker
227996901 27-Apr 9 44 -79.11 north central Mark Dorriesfield
228274981 28-Apr 28 41.9 -88.17 north central Matthew Wistrand
228493591 28-Apr 21 43.2 -81.9 east Scott  Connop
228537141 28-Apr 34 45.5 -77.58 east Brian Shulist
228798201 23-Apr 9 40.8 -80.03 north central Clark Teeman
229316221 01-May 32 57.1 -135.33 grinnelli reg Denise Turley
229354671 28-Apr 9 44.5 -72.99 north central Jeff Hullstrung
229757901 02-May 31 45.8 -74.11 east Marjolaine Beaudet
229808521 02-May 9 44.5 -87.94 north central Jessica Gorzo
230034191 03-May 9 45.5 -77.58 north central Brian Shulist
230398251 03-May 32 57 -135.26 grinnelli reg Denise Turley
230464141 02-May 9 44 -79.13 north central Mark Dorriesfield
230542781 26-Apr 21 43.8 -73.5 east Glen Chapman
230596301 28-Apr 21 43.7 -73.5 east Glen Chapman
231045061 03-May 21 44.5 -72.96 east Jeff Hullstrung
231055881 25-Apr 21 44.5 -72.96 east Jeff Hullstrung
231330611 06-May 25 55.3 -127.59 north Rcky + Larry Joseph
231386711 10-Apr 21 40.7 -74.46 east William Whitehead
233080981 16-Apr 9 41.5 -93.77 north central Jay Gilliam
233086311 21-Apr 9 40.9 -93.21 north central Jay Gilliam
233156071 09-May 35 40.5 -106.13 south Rcky Steven Mlodinow
233328471 11-May 34 45.5 -77.58 east Brian Shulist
233954471 01-May 18 61 -149.4 grinnelli reg Alexander Lange
234100061 12-May 25 53.5 -113.56 north Rcky + Kelsey Poloney
234579931 29-Apr 9 41.5 -93.74 north central Jay Gilliam
237265201 13-May 6 51 -114.21 central Rcky-west Neil  McMurray



238664161 12-Apr 21 44.4 -72.73 east Richard Littauer
245021801 05-Apr 21 40.3 -75.39 east Scott Godshall
301484451 23-Mar 28 31.3 -97.82 north central David Cimprich
302069001 06-Apr 9 31.3 -97.82 north central David Cimprich
315198371 09-Mar 27 38.6 -121.38 int Alaska Diane Schroeder
315393791 10-Mar 21 36 -79.24 east Kent Fiala
318199331 19-Mar 28 30.5 -95.62 north central Mike Austin
318759071 21-Mar 9 30.4 -90.63 north central Matt Brady
318963371 ########## 9 19.4 -99.14 north central Anuar López
319443761 24-Mar 21 32.8 -83.68 east Anne Armstrong
320652911 27-Mar 27 37.5 -121.81 int Alaska Jerry Cole
320656281 28-Mar 9 36 -79.04 north central Joe Donahue
321315361 30-Mar 9 36.5 -82.61 north central Bambi Fincher
321656121 31-Mar 27 48.8 -122.58 int Alaska Kilian White
321906111 01-Apr 31 36 -79 east Kent Fiala
322127441 23-Mar 27 37.9 -122.5 int Alaska Nick  Roth
322859621 04-Apr 40 36.1 -79.16 east Kent Fiala
323624041 06-Apr 21 36.1 -79.01 east Kent Fiala
323657701 26-Mar 27 34.5 -111.77 int Alaska Jerred Seveyka
324409051 09-Apr 21 44.2 -72.59 east Avery Fish
324496051 09-Apr 5 43.7 -72.78 east Susan Elliott
324629611 09-Apr 23 46.7 -114.1 north Rcky Eric Rasmussen
325130111 08-Apr 9 42.5 -76.46 north central Brad Walker
325147011 11-Apr 21 35.9 -79.02 east Kent Fiala
325371791 04-Apr 9 39.9 -75.26 north central Martin Dellwo
325871591 13-Apr 9 46.5 -84.35 north central Anonymous
325898581 10-Apr 5 42.3 -72.42 east Larry Therrien
326170261 14-Apr 5 40.8 -74.57 east Kriss Replogle
326203871 14-Apr 9 46.5 -84.35 north central Anonymous
326245371 14-Apr 9 45.5 -77.58 north central Brian Shulist
326286041 12-Apr 31 40.1 -76.87 east Dean Newhouse
326286101 12-Apr 21 40.1 -76.87 east Dean Newhouse
326400451 14-Apr 19 45.4 -122.63 central Rcky Andrew  Thomas
326409331 14-Apr 27 44.1 -123.09 int Alaska Rich Hoyer
327080981 17-Apr 21 39.5 -78.13 east Wil Hershberger



327496771 18-Apr 21 39.5 -78.13 east Wil Hershberger
327667391 18-Apr 21 35.5 -82.63 east Seth Buddy
327971401 19-Apr 21 42.4 -73.24 east Noah Henkenius
328292281 11-Apr 9 40.8 -81.46 north central Jon Cefus
328345241 20-Apr 31 43.3 -70.72 east David Nelson
328371871 20-Apr 1 42.3 -72.66 east Mary McKitrick
328848351 17-Apr 5 38.7 -77.1 east Claire  Kluskens
328955591 22-Apr 31 42.8 -71.71 east Christopher McPherson
328961171 21-Apr 31 45.2 -66.32 east Jim Carroll
329357021 23-Apr 28 43.1 -89.44 north central David Liebl
329598321 18-Apr 21 40.5 -81.17 east Jon Cefus
330528771 26-Apr 21 45.6 -77.28 east Carey Purdon
330636761 25-Apr 5 45.2 -66.32 east Jim Carroll
330669461 26-Apr 21 43.9 -76.86 east Anthony Kaduck
330726061 25-Apr 9 40.2 -88.43 north central Thomas Anderson
330799131 24-Apr 21 45.4 -72.27 east Jean Crépeau
330887601 27-Apr 21 39.7 -77.94 east Wil Hershberger
331010921 27-Apr 1 43.9 -69.92 east Weston Barker
331116611 24-Apr 21 45.4 -72.27 east Jean Crépeau
331532751 28-Apr 21 43.5 -73.21 east Joel Tilley
331788171 29-Apr 9 40 -86.27 north central Whitney Yoerger
331845411 25-Apr 21 41.1 -77.55 east Julia Plummer
331845461 25-Apr 9 41.1 -77.55 north central Julia Plummer
332693141 01-May 25 37.8 -121.8 north Rcky + Erica Rutherford/ John Colbert
334220591 03-May 21 49 -68.45 east Jean-Pierre Barry
334404151 05-May 9 48.8 -93.65 north central Bob Saunders
334543961 05-May 29 49.5 -114.4 west Pat Lucas
334563181 06-May 21 46.7 -71.54 east Bobby Nadeau
337733371 01-May 21 45.6 -73.32 east Camille Rondeau
339289021 24-Apr 28 41.6 -91.53 north central Torin Waters
347591801 05-Apr 32 47.7 -122.42 grinnelli reg Dave Slager
385508851 01-Nov 21 32.9 -83.72 east Jim Ferrari
406774441 25-Apr 21 47.6 -69.09 east Réjean Deschênes
419967441 25-Feb 27 32.6 -116.77 int Alaska Paul Marvin
422911531 06-Mar 27 34.3 -118.25 int Alaska Naresh Satyan



423307671 12-Apr 9 42.2 -80.06 north central Justin Berkheimer
423365171 08-Mar 27 37.8 -122.5 int Alaska Sam Smith
424830321 13-Mar 9 32.8 -96.73 north central Blaine Carnes
425920081 15-Mar 32 45.5 -122.71 grinnelli reg Max Smith
427687711 22-Mar 9 29.9 -97.97 north central Derek Richardson
428221091 22-Mar 27 35.3 -120.88 int Alaska Jay Carroll
428489451 25-Mar 1 30.2 -81.56 east Marie Chappell
428567161 25-Mar 9 33.3 -97.06 north central Blaine Carnes
428826291 26-Mar 42 38.9 -76.94 Gerry Hawkins
430560771 31-Mar 9 29.6 -95.23 north central Mike Austin
431244951 02-Apr 35 35.8 -106.16 south Rcky Chris Chappell
431379941 29-Mar 21 36.4 -79.8 east Martin Wall
431505731 18-Mar 9 30.6 -88.93 north central Brian Henderson
431630831 29-Apr 31 40.8 -74.34 east Kriss Replogle
432011551 02-Apr 21 35.6 -78.91 east WS Barbour
432619451 06-Apr 28 33.3 -97.06 north central John Kirk
432874161 07-Apr 9 37.4 -90.02 north central Michael S Taylor
433150051 07-Apr 25 47.5 -122.38 north Rcky + Greg Harrington
433214471 08-Apr 21 32.8 -79.99 east Marc Regnier
434161381 27-Apr 9 46.9 -96.77 north central Aric Gjervold
434349801 11-Apr 21 42.8 -71.79 east Nora Hanke
434789581 12-Apr 21 39.9 -84.29 east Laura Jenkins
434832111 12-Apr 9 35.1 -89.82 north central Silvan Laan
435315701 14-Apr 21 42.2 -70.84 east Brian Vigorito
435322871 14-Apr 21 40.1 -75.55 east Jeff Kenney
435799541 15-Apr 21 36.1 -79.16 east Kent Fiala
435807511 15-Apr 21 35.5 -82.64 east Seth Buddy
435807731 15-Apr 31 35.5 -82.64 east Seth Buddy
436228121 16-Apr 9 39.8 -86.19 north central Whitney Yoerger
436483641 17-Apr 34 39.6 -78.05 east Wil Hershberger
436551401 17-Apr 5 43.3 -70.72 east David Nelson
436571711 17-Apr 31 42.7 -71.62 east Christopher McPherson
436731611 17-Apr 21 42.1 -75.94 east Mickey Ryan
438330121 21-Apr 9 41.8 -87.93 north central Greg J
438669201 18-Apr 21 42.5 -76.35 east Jay McGowan



438681321 22-Apr 19 43.8 -111.2 central Rcky Hilary Turner
438756621 22-Apr 21 42.4 -71.37 east Cristina Hartshorn
438928391 22-Apr 21 39.8 -77.41 east Julia Plummer
439098211 23-Apr 19 43.7 -111.19 central Rcky Hilary Turner
439370371 24-Apr 34 44.5 -80.01 east Nancy Lance
439438451 19-Apr 21 39 -77.04 east Stephen Davies
440080541 25-Apr 1 45.1 -64.87 east George Forsyth
441210251 26-Apr 21 42.8 -70.8 east Marjorie Watson
441635851 27-Apr 21 43.7 -73.5 east Glen Chapman
441946941 29-Apr 17 40 -105.34 south Rcky Charles Hundertmark
442008501 30-Apr 9 44.5 -80.01 north central Nancy Lance
442257061 30-Apr 21 40.7 -75.1 east Jeff Ellerbusch
442745431 22-Apr 21 42.2 -70.84 east Brian Vigorito
443816131 30-Apr 5 42.2 -70.84 east Dan O'Brien
444695221 25-Mar 27 38.5 -122.76 int Alaska Bob Hasenick
444712361 05-May 23 55.4 -127.67 north Rcky Larry Joseph
445255991 04-May 19 52.5 -115.05 central Rcky Bob Bowhay
445429871 07-May 5 44.4 -64.4 east Kevin Lantz (NM)
446728001 10-May 29 41.3 -105.59 west Megan Kruse
446901221 03-Apr 27 46.7 -120.65 int Alaska Jerred Seveyka
446974941 10-May 22 54.8 -127.17 int Alaska Larry Joseph
455794621 01-May 17 40.9 -105.57 south Rcky robert beauchamp
458926821 26-Mar 21 29.7 -82.38 east Orlando Acevedo Charry
459047191 04-May 19 51 -114.06 central Rcky Mike Russum
514799802 06-May 17 38.7 -106.76 south Rcky Wil Hershberger

96,651,871,921 26-Apr 32 49.7 -125.32 grinnelli reg Blair Dudeck
################# 12-Apr 5 43.7 -70.24 east Doug Hitchcox
326571831-ind1 13-Apr 32 48.6 -123.15 grinnelli reg Phil Green
326571831-ind2 13-Apr 27 48.6 -123.15 int Alaska Phil Green

54676601,11 16-Apr 9 42 -86.41 north central Matt Hysell
55031121,31 19-Apr 31 42.5 -71.41 east Melani Sleder

55075,8,9 19-Apr 25 38.6 -110.9 north Rcky + Kevin J. Colver
55132511,31 20-Apr 21 41.2 -77.04 east David Brown
GibsonRanch 17-Mar 27 38.7 -121.4 int Alaska Lily Douglas

RiceXing 06-Apr 27 39.3 -121.19 int Alaska Steve Rose



xc125256 18-Mar 8 35.5 -120.72 west Thomas G. Graves
xc129113 07-Apr 13 32.6 -95.18 east L. G. Price
xc171880 01-Apr 32 47.6 -122.32 grinnelli reg Derek Buchner
xc174939 04-Apr 31 40.1 -75.13 east Paul Driver
xc175994 17-Apr 21 36 -83.95 east Mike Nelson
xc232971 24-Mar 17 35.9 -106.31 south Rcky Mouser Williams
xc313080 19-Apr 1 39.2 -75.54 east Jerald R.
xc363867 10-Apr 13 36 -78.73 east Brian Murphy

xc365225-6 19-Apr 31 42.5 -71.41 east Melani Sleder
xc365227 19-Apr 26 42.5 -71.41 north central Melani Sleder
xc373500 21-Apr 9 40.9 -91.08 north central Bobby Wilcox
xc442351 03-Mar 27 38.9 -121.59 int Alaska Ed Pandolfino
xc475136 16-Apr 9 40.9 -91.08 north central Bobby Wilcox

xc531123,5 24-Feb 27 34.1 -117.84 int Alaska Lance Benner
xc534178 12-Mar 27 32.6 -117.07 int Alaska Paul Marvin
xc534256 30-Mar 20 45.6 -122.69 int Alaska Thomas Magarian
xc539225 28-Mar 21 42.1 -71.37 east John Baur
xc54374 10-Mar 40 35.9 -84.15 east Mike Nelson

xc544223 11-Apr 21 40.6 -74.26 east William Whitehead
xc545893 19-Mar 32 45.7 -122.76 grinnelli reg Thomas Magarian
xc552470 25-Apr 21 40.4 -79.92 east Aidan Place
xc97242 22-Mar 28 30.4 -91.17 north central Daniel Lane



Event Band No. Date Lat Long Season
1 B08083609973 24-Sep-93 49.25 -122.92 Fall Mig

1-B B08083609973 12-Aug-93 60.75 -148.92 Fall Mig
2 B08943200453 12-Jan-62 31.58 -88.25 Winter

2-B B08943200453 2-Oct-61 43.58 -87.92 Fall Mig
3 B17413113323 10-Jan-11 40.25 -120.75 Winter

3-B B17413113323 20-Sep-09 55.40 -123.21 Fall Mig
4 B27023794184 19-Feb-21 34.51 -92.38 Winter

4-B B27023794184 16-Oct-19 42.92 -79.92 Fall Mig
5 B28213343934 4-Jan-86 35.42 -79.75 Winter

5-B B28213343934 6-May-85 42.58 -80.42 Late Spr Mig
6 B28483926298 24-Apr-85 49.25 -123.08 Spr Mig

6-B B28483926298 5-Dec-83 37.42 -121.92 Winter
7 B28733297728 17-Nov-73 35.75 -78.58 Winter

7-B B28733297728 15-Oct-73 41.25 -73.75 Fall Mig
8 B28923702709 02/53/1963 33.25 -80.58 Winter

8-B B28923702709 8-Oct-62 41.25 -69.92 Fall Mig
9 B37073382270 14-Oct-21 40.16 -79.27 Fall Mig
9 B37073382270 17-Oct-21 40.16 -79.27 Fall Mig

9-B B37073382270 29-Sep-21 47.08 -70.78 Fall Mig
10 B37333025707 13-Jan-10 32.58 -91.42 Winter

10-B B37333025707 3-Oct-09 46.88 -96.51 Fall Mig
11 B37423087154 5-Dec-08 32.81 -96.81 Winter

11-B B37423087154 9-May-08 42.58 -80.42 Late Spr Mig
12 B37593907473 24-Nov-07 30.25 -89.75 Winter

12-B B37593907473 13-Oct-07 39.08 -79.25 Fall Mig
13 B37633533575 3-May-03 41.75 -82.75 Late Spr Mig

13-B B37633533575 7-Oct-02 39.08 -76.75 Fall Mig
14 B38073204677 23-May-95 53.42 -112.58 Breeding
14 B38073204677 26-May-95 53.42 -112.58 Breeding

14-B B38073204677 1-Apr-93 30.25 -88.75 Spr Mig
15 B38303884350 17-Feb-85 33.08 -84.25 Winter

15-B B38303884350 13-Oct-82 42.42 -85.58 Fall Mig
16 B38673053793 22-Jan-77 30.25 -85.58 Winter

16-B B38673053793 16-Jul-76 48.92 -78.58 Breeding
17 B38673239173 1-Apr-76 34.75 -84.92 Spr Mig
1B B38673239173 25-Apr-75 41.58 -81.42 Spr Mig
18 B38743192998 20-Jan-72 28.43 -106.53 Winter

18-B B38743192998 6-May-70 38.08 -119.08 Late Spr Mig
19 B38783980919 28-Oct-71 35.42 -97.58 Fall Mig

19-B B38783980919 9-Oct-71 42.42 -89.25 Fall Mig
20 B38843363313 08/41/1970 46.42 -72.42 Fall Mig

20-B B38843363313 21-Oct-68 39.92 -74.08 Fall Mig
21 B38873710753 4-Feb-68 34.25 -80.75 Winter

Appendix 3: Metadata for all banded bird encounters used. Event number is the number we 
assigned to each individual; those followed by a B indicate the banding event; others represent 
an encounter event.



21-B B38873710753 22-Oct-67 38.42 -75.08 Fall Mig
22 B46433963933 21-Oct-98 39.92 -74.08 Fall Mig

22-B B46433963933 7-Oct-98 44.75 -87.92 Fall Mig
23 B47723541017 26-Dec-02 35.92 -91.42 Winter

23-B B47723541017 22-Oct-01 42.75 -79.92 Fall Mig
24 B47843455244 7-May-19 49.94 -97.10 Late Spr Mig

24-B B47843455244 22-Oct-18 44.58 -87.91 Fall Mig
25 B48443603854 26-Feb-79 35.75 -80.42 Winter

25-B B48443603854 20-Oct-78 43.92 -76.92 Fall Mig
26 B57543793593 2-May-06 45.43 -73.94 Late Spr Mig

26-B B57543793593 9-Oct-05 43.63 -79.33 Fall Mig
27 B58163985513 8-Oct-93 40.25 -79.25 Fall Mig

27-B B58163985513 2-Oct-93 43.42 -80.08 Fall Mig
28 B58453673513 29-Nov-80 30.42 -84.25 Winter

28-B B58453673513 15-Oct-80 42.58 -70.58 Fall Mig
29 B58573837698 20-Mar-79 42.75 -88.92 Winter

29-B B58573837698 7-Oct-76 41.92 -73.42 Fall Mig
30 B58853510600 20-Nov-69 29.75 -95.58 Winter

30-B B58853510600 11-Oct-69 43.75 -88.08 Fall Mig
31 B77043717167 28-Mar-21 33.17 -101.80 Winter

31-B B77043717167 9-Oct-20 43.61 -116.06 Fall Mig
32 B77263385123 11-Mar-18 27.94 -81.96 Winter

32-B B77263385123 8-Apr-17 39.23 -75.99 Spr Mig
33 B77843970643 22-Nov-00 44.58 -123.25 Winter

33-B B77843970643 3-Aug-00 60.75 -149.25 Fall Mig
34 B77893246487 5-May-02 43.92 -76.92 Late Spr Mig

34-B B77893246487 5-Dec-00 28.92 -95.92 Winter
35 B78753743297 21-Nov-73 30.25 -97.75 Winter

35-B B78753743297 1-Nov-73 37.25 -97.08 Winter
36 B79793714121 11/74/1962 30.08 -97.92 Winter

36-B B79793714121 16-Oct-62 42.25 -83.75 Fall Mig
37 B86433806046 11-Jul-04 52.08 -122.08 Breeding

37-B B86433806046 10-May-03 37.75 -119.08 Late Spr Mig
38 B87353082210 23-Jan-14 34.16 -118.04 Winter

38-B B87353082210 28-Sep-12 40.78 -111.80 Fall Mig
39 B88483449784 15-Nov-81 35.92 -79.08 Winter

3-B9 B88483449784 25-Apr-81 41.42 -81.58 Spr Mig
40 B88813686243 28-Jan-67 30.75 -85.75 Winter

40-B B88813686243 17-Oct-66 39.92 -74.08 Fall Mig
41 B88833180963 12/62/1977 37.25 -88.92 Winter

41-B B88833180963 31-Oct-65 32.92 -80.08 Fall Mig
42 B88833558228 3-Feb-66 33.92 -81.08 Winter

42-B B88833558228 23-Oct-65 42.58 -80.42 Fall Mig
43 B88863100418 4-Nov-69 34.25 -86.92 Winter

43-B B88863100418 19-Oct-69 40.58 -73.75 Fall Mig
44 B88873884524 3-Mar-68 30.25 -81.75 Winter

44-B B88873884524 23-Oct-67 39.92 -74.92 Fall Mig
45 B98593611545 16-Jan-80 29.92 -92.08 Winter



45-B B98593611545 5-Oct-79 44.92 -91.42 Fall Mig
46 B98963234096 17-Jan-65 30.92 -93.92 Winter

46-B B98963234096 7-Oct-64 38.42 -75.08 Fall Mig
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