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Abstract. The topography of western North America provides a complex landscape for
landbird migrants, and stopover patterns in this region are poorly understood. We examined
seven years of stopover data (1997–2003) from a montane area in southwestern Idaho to
determine whether this area provides suitable stopover habitat. We compared the proportion
of birds recaptured, stopover duration, and changes in energetic condition within and among
species and between two mist-netting sites located in different habitats. The proportion of
birds recaptured ranged from zero to over 20%, and fewer than 5% of individuals were
recaptured in most species. Mean minimum stopover durations from recapture data ranged
from 1 to 10 days; most species averaged less than 6 days. Stopover duration estimates
from open-population models were comparable but generally greater than estimates from
recapture data. As found in stopover studies from other regions, stopover metrics varied
within and among species in Idaho. However, most migrants in this study exhibited an ability
to gain mass, evidenced both by recapture data and by regression of energetic condition
against time since sunrise. These data imply that montane habitats in Idaho are suitable
stopover sites. It follows that these habitats might serve an important role for many landbird
migrants during the period of late summer molt and autumn migration, a time when many
lowland areas of the West, including some riparian systems, are especially arid. We suggest
that including montane nonriparian habitats in future stopover ecology studies will allow
for a more complete understanding of migrant habitat needs in the West.

Key words: habitat suitability, Idaho, Intermountain West, landbird migration, stopover
ecology.

Ecologı́a de Aves Migrantes de Otoño Durante Perı́odos de Escala en el Piedemonte de Boise,
Suroeste de Idaho

Resumen. La topografı́a del oeste de Norte América representa un paisaje complejo para
las aves terrestres migratorias, y los patrones de escala migratoria en esta región son poco
conocidos. En este estudio examinamos datos de escalas migratorias colectados a través de
siete años (1997–2003) en un área montana del suroeste de Idaho para determinar si esta
área provee hábitats de escala adecuados. Comparamos la proporción de aves recapturadas,
la duración del perı́odo de escala y los cambios en la condición energética por especie y
entre especies y entre dos sitios de captura con redes de niebla ubicados en hábitats dife-
rentes. La proporción de aves recapturadas varió entre cero y más del 20%, y en la mayorı́a
de las especies menos del 5% de los individuos fueron recapturados. La duración mı́nima
promedio de los perı́odos de escala estimada a partir de datos de recapturas estuvo entre
uno y 10 dı́as, y la estancia promedio de la mayorı́a de las especies fue menor de seis dı́as.
Los estimados de la duración de los perı́odos de escala calculados con modelos de población
abierta fueron comparables (pero generalmente mayores) a los estimados basados en datos
de recaptura. Tal como se ha encontrado en estudios sobre escalas migratorias realizados en
otras regiones, en Idaho las mediciones tomadas durante el perı́odo de escala variaron dentro
de cada especie y entre especies. Sin embargo, la mayorı́a de las especies migrantes que
estudiamos tuvieron la habilidad de incrementar su peso, lo que se evidenció por medio de
los datos de recaptura y de análisis de regresión entre la condición energética y el tiempo
transcurrido desde la salida del sol. Estos datos implican que los ambientes montanos de
Idaho son lugares de escala migratoria adecuados. Por lo tanto, estos hábitats pueden ser
importantes para muchas aves terrestres durante el perı́odo de la muda del final del verano
y la migración de otoño, un momento durante el cual muchas áreas de tierras bajas del
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oeste, incluyendo sistemas riparios, son especialmente secas. Sugerimos que incluir am-
bientes montanos no riparios en estudios futuros de la ecologı́a de los perı́odos de escala
migratoria permitirá tener un entendimiento más completo de los requerimientos de hábitat
de las aves migratorias en el oeste.

INTRODUCTION

Migration is an energetically expensive time pe-
riod for birds. Locating stopover habitat that is
suitable for rest and fuel deposition is critical to
the successful completion of migration and to
the overall fitness of en route migrants (Moore
and Wang 1991, Moore et al. 1995). Mortality
during migration may serve as a factor limiting
landbird populations (Sillett and Holmes 2002)
and may be especially high during fall migration
because of the large proportion of inexperienced
juvenile birds. To implement effective conser-
vation strategies, it is imperative to know which
stopover sites support high abundances of mi-
grants, and also which habitats provide oppor-
tunities for mass gain for the majority of mi-
grants.

The ability of migrant birds to gain mass dur-
ing stopover is an important determinant of site
suitability, and different sites may be more or
less suitable for different species or guilds
(Dunn 2001). Variable suitability of stopover
sites can be attributed to habitat features, as well
as the density of migrants (potential competi-
tors) encountered at the site (Hansson and Pet-
terson 1989, Kelly and Finch 2002). Addition-
ally, different species and individuals within
species vary in their ability to meet the energetic
demands of migration (Moore and Kerlinger
1987, Kuenzi et al. 1991, Wang et al. 1998).
Meeting the energetic demands of migration
may be especially difficult for relatively inex-
perienced, immature birds or females excluded
from foraging sites by dominant males (Ketter-
son and Nolan 1985, Wang et al. 1998). Consid-
ering these factors, assessing stopover site suit-
ability across the entire migrant assemblage is
important for research and conservation.

Few data exist on the stopover ecology of
landbird migrants in western North America and
the existing studies focus mainly on riparian
habitats (Otahal 1995, Wang et al. 1998, Finch
and Wang 2000). While riparian areas are clear-
ly important for many migrants, several studies
suggest that montane habitats also support high
numbers of migrants during fall migration (Aus-
tin 1970, Greenberg et al. 1974, Blake 1984,
Hutto 1985, Carlisle et al. 2004). In this study,

we examined stopover patterns and mass trends
over a seven-year period for the autumn landbird
migrant assemblage in a montane area of south-
western Idaho. We used several metrics to ex-
amine the stopover ecology of migrants, includ-
ing the proportion of birds recaptured, stopover
duration, and changes in energetic condition. We
compared age and sex related patterns, and test-
ed for differences among years. In addition, for
two years of the study (1998–1999), we com-
pared stopover data between two habitats, the
main mist-netting site located in upland shrubs
and a nearby station in a riparian draw.

METHODS

STUDY SITE

We conducted this study 12 km east of Boise,
Ada County, Idaho (438369N, 1168059W) on
Lucky Peak (1845 m), the southernmost peak of
the Boise foothills. The Boise foothills, com-
prised of north-south trending peaks and hills in
the Boise Mountains, form the northern bound-
ary of the Snake River Plain and the southern-
most extension of the central Idaho mountains.
The study site is located at the boundary be-
tween two major vegetation types: the mostly
forested mountains to the north and the shrubs-
teppe dominated Great Basin to the south. Four
distinct habitat types occur in a mosaic at Lucky
Peak and throughout the Boise Mountains: co-
nifer forest, mountain shrubland, shrubsteppe,
and willow-dominated riparian shrub (willow ri-
parian; see Carlisle et al. 2004).

MIST NET CAPTURES

We captured birds using mist-nets in mountain
shrubland and willow riparian habitats (Carlisle
et al. 2004). We operated mist nets daily for 5
hours beginning at sunrise, except in the case of
extreme temperatures (.328C or ,08C), high
winds, or continuous precipitation. The moun-
tain-shrubland site was the main mist-netting
site and it was operated from 12 August–21 Oc-
tober 1997, 5 August–15 October 1998, 31 July–
15 October 1999, 18 July–16 October 2000, and
16 July–15 October 2001, 2002, and 2003. For
two years, we operated a willow-riparian site to
draw comparisons against the mountain-shrub-
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land site and the riparian site was operated from
21 August–14 October 1998 and 2 August–29
September 1999. We identified captured birds to
species, age (after hatch-year [AHY] or hatch-
year [HY]), and sex (Pyle 1997) and fitted each
with individually numbered, U.S. Geological
Survey aluminum leg bands. We did not band
hummingbirds but individually marked tail
feathers to prevent double-counting of individ-
uals. We also recorded date, time, natural wing
chord (to the nearest mm), body mass to the
nearest 0.1 g (with an electronic scale [after
1997]), and fat stores for each bird (Pyle 1997,
DeSante et al. 2003). Subcutaneous fat stores
were estimated visually, based largely on fur-
cular and abdominal fat stores, according to an
8-point scale used in the MAPS program
(DeSante et al. 2003)—a scale generally com-
parable to Helms and Drury (1960) but with two
additional categories (fat scores 6 and 7) for ex-
ceptionally fat migrants. We re-examined body
mass and fat stores of birds that were recaptured
at least one day after initial capture.

STUDY SPECIES

We assigned species to one of three discrete cat-
egories for comparisons: Neotropical migrants
(generally long-distance migrants), temperate
migrants (generally short-distance migrants),
and irregular migrants (species that do not mi-
grate every year). We classified Neotropical mi-
grants according to DeGraaf and Rappole
(1995), but applied more stringent criteria such
that $ half of the geographical winter distribu-
tion must be south of the United States (see Car-
lisle et al. 2004). Based on MAPS (Monitoring
Avian Productivity and Survivorship) data from
the same study site, we also assigned each mi-
grant species to one of four breeding status
codes (Rimmer and McFarland 2000, DeSante
et al. 2003). Regular breeders (B) were defined
as birds within their normal breeding range that
bred at the study site in most or all years, spo-
radic breeders (S) were defined as birds within
the normal breeding range but which bred less
regularly at the site, passage migrants (P) were
birds outside of the breeding range that occurred
only as migrants at the site, and altitudinal mi-
grants (A) were birds within their normal breed-
ing range, but which only used the site during
migration.

Distinguishing migrants from local breeders.
A number of species bred at the study site or

nearby in addition to migrating through the
study site. Individual birds that were known to
be local breeders (banded at the site, birds in
juvenile molt, adults captured with dependent
juveniles, or birds in heavy symmetric molt)
were excluded from analyses. Nonetheless, a
number of birds likely dispersing from the near-
by area were captured during this study, partic-
ularly in late July. While capture totals for local
birds were generally very small relative to num-
bers encountered during migration, the possibil-
ity exists that data on stopover ecology may be
biased if non migrants were included. To sepa-
rate migrants from breeding or locally dispersing
individuals, we plotted numbers of new captures
against date for each species to examine early
season capture patterns in both age classes. Once
these plots were examined, a cut-off date was
chosen before which all captures were consid-
ered nonmigrants. For example, Hammond’s
Flycatchers (Empidonax hammondii) exhibited a
pattern of very few early season captures con-
sisting of recently-fledged but fully-feathered ju-
veniles and molting adults followed by a lull and
then a much greater abundance of birds in mid-
August; thus, the cut-off date for this species
occurred just prior to the second wave of cap-
tures. In most cases, the number of excluded ear-
ly-season birds was negligible when compared
to the total number of migrants.

STATISTICAL ANALYSES

Stopover behavior and energetics. Because of
the greater sampling effort and the larger sample
sizes involved, all analyses were based on data
from the mountain-shrubland site except when
we made direct comparisons of stopover param-
eters with the willow-riparian site (see separate
section below). To evaluate inter- and intraspe-
cific differences in the behavior exhibited during
stopover, we compared the proportion of birds
recaptured, stopover duration, and changes in
energetic condition. We defined energetic con-
dition as the residuals from individuals’ mass
controlling for body size (wing chord). The pro-
portions of birds recaptured were compared by
frequency analysis (x2; Brower et al. 1990).
When the proportion of birds recaptured differed
significantly among years, we ran pairwise sin-
gle degree-of-freedom tests to determine which
year(s) had significantly different recapture pro-
portions from others (Zar 1996, Carlisle et al.
2004). We compared stopover duration with
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nonparametric Kruskal-Wallis or Mann-Whitney
U-tests and differing means (of Kruskal-Wallis
tests) by Dunn’s test (Zar 1996). We used t-tests
to compare initial energetic condition within
species and between sites (Zar 1996). We also
used t-tests to compare initial energetic condi-
tion of birds captured only once to birds later
recaptured to evaluate whether recaptured birds
were in different energetic condition upon initial
capture. For species with adequate sample sizes
(n $ 10), we computed rates of daily mass
change for recaptured birds by subtracting mass
at initial capture from mass at final recapture,
dividing by stopover duration, and correcting for
time of day (Cherry 1982).

We estimated minimum stopover duration by
subtracting the initial capture date from the final
recapture date (Cherry 1982), a conservative but
widely used estimate of the time migrants spend
at stopover sites. Additionally, we estimated
stopover duration using open-population models
that were developed with all captures for each
species in each year (Viallefont et al. 1998).
Goodness-of-fit tests were used to determine
whether the parameters in each model could be
estimated. Due to small sample sizes or uneven
distribution of captures, we were unable to es-
timate some species by year combinations; how-
ever, the estimates provided offer a different ap-
proximation of stopover durations by consider-
ing the time before and after first and last cap-
tures (Schaub et al. 2001). We then compared
stopover duration estimates between recapture
data and open-population model estimates.

Because mass change of recaptured birds may
not be representative of the entire migrant pop-
ulation (Winker et al. 1992) and adequate sam-
ple sizes were available for relatively few spe-
cies, we also used a regression of energetic con-
dition on time since sunrise for all birds captured
to include more species in the analysis. We gen-
erated equations for rates of diurnal change in
energetic condition from a regression of mass on
wing chord for all species with at least 40 in-
dividuals captured, excluding recaptures (Wink-
er 1995). Regression equations were based only
on the first 5 hr after sunrise. Due to concerns
regarding the applicability of this method and,
specifically, how the relationship between mass
and wing chord might affect results, we also
used an alternate analysis relying on residuals in
order to confirm the results. First, we generated
residuals from a regression of mass on wing

chord for each species and we then regressed
these residuals against time since sunrise. Data
from both analysis techniques were remarkably
similar. Due to the similarity of the results, we
only present data from the regressions of resid-
uals on time since sunrise. We compared mass
gain estimates from recapture data and regres-
sion models to determine if the two methods
were consistent in assessing whether migrants
were gaining or losing mass (Winker et al.
1992).

To examine possible differences among years,
we compared annual variation in stopover du-
ration and mass changes among recaptured birds
for species with at least 10 recaptures in each
year. Among-year differences in sampling effort
were small, so this should have little effect on
estimates of stopover duration and mass change
among years. We used ANCOVA to test for an-
nual variation in energetic condition in 18 mi-
grant species with at least 50 individual captures
in three or more autumn seasons. We then used
least squares means to separate years differing
in y-intercepts (Zar 1996).

Comparing between mist-netting sites. The
two major habitats used by migrants at Lucky
Peak were mountain shrubland and willow ri-
parian (Carlisle et al. 2004). The vegetation
height and structure at both sites were similar
but the species composition differed; willows
(Salix sp.) were more prevalent at the riparian
site, and cherries (Prunus sp.) dominated in the
mountain shrubland (Carlisle et al. 2004). Also,
the willow-riparian site, located in a draw, was
smaller in area and more linear than the moun-
tain-shrubland site along the ridge. To examine
potential differences in stopover parameters be-
tween sites, we compared recapture proportions,
stopover duration, and changes in energetic con-
dition between the mountain shrubland and wil-
low riparian mist-netting sites using data from
common banding days during 1998–1999. Dur-
ing this time period, we recaptured 10 or more
individuals at each site for only five species
(Ruby-crowned Kinglet [Regulus calendula],
Spotted Towhee [Pipilo maculatus], Dark-eyed
Junco [Junco hyemalis], White-crowned Spar-
row [Zonotrichia leucophrys], and Lazuli Bun-
ting [Passerina amoena]); therefore, we restrict-
ed intraspecific comparisons of stopover ener-
getics among recaptured birds to these species.
However, we combined data for all species with
at least 20 individual captures at each site to
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FIGURE 1. Proportion of birds recaptured (%) plot-
ted against mean fat score for 35 autumn migrant spe-
cies in Idaho; r2 5 0.08, P 5 0.09. Fat scores range
from 0 to 7 and are drawn from DeSante et al. (2003).
Circles are data points for each species, solid line is
the predicted relationship between fat score and recap-
ture proportion, and dotted lines are the 95% confi-
dence intervals.

compare other stopover parameters between
sites. Thus, we compared recapture proportions
and stopover duration between sites for Neo-
tropical migrants (12 species), temperate mi-
grants combined (6 species), and all migrants
(19 species; includes 1 irregular migrant). Last-
ly, we compared mass gain rates from regression
equations between sites using ANCOVA (Zar
1996).

We considered results statistically significant
when P # 0.05. When making multiple com-
parisons using the same data set (i.e., by species
or migrant strategy), we used sequential Bonfer-
roni to control against making Type II errors
(Rice 1989).

RESULTS

STOPOVER PATTERNS IN THE MOUNTAIN-
SHRUBLAND HABITAT

Recapture proportions. The proportion of mi-
grants recaptured at least one day after original
capture ranged from 0% to over 25% for the 35
species with at least 40 captures (Table 1). Only
nine species had recapture proportions over 10%
and 21 species (60% of species) had recapture
proportions under 5%. Only the Black–capped

Chickadee (Poecile atricapilla) showed recap-
ture proportions over 20%. The highest recap-
ture proportion for a true passage migrant was
18% for the White-crowned Sparrow. The only
species with no recaptures were those with rel-
atively small numbers (n , 100); thus, all mi-
grant species with higher sample sizes showed
at least some stopover tendency (Table 1). There
was a trend (P 5 0.09) for species with lower
average fat scores upon initial capture to be re-
captured in higher proportions (Fig. 1).

Energetic condition and stopover duration
among recaptured birds. We examined age-re-
lated patterns of stopover duration and mass
changes in recaptured birds from 11 species (Ta-
ble 2). Mean minimum stopover duration for in-
dividual species ranged from 1–10 days (Table
2). While immature birds tended to stopover lon-
ger than adults in most species, there was no
significant age difference for any of the 11 spe-
cies (Table 2). Stopover duration estimates from
open-population models (calculated from all in-
dividuals, including recapture frequencies, of a
species in a given year) were generally greater
than those from recaptured birds, although in a
few cases estimates from the two methods were
very similar. Estimates from open-population
models averaged 1.9 times longer than minimum
estimates from recapture data but ranged from
0.6 to 5.0 times longer.

Mean mass change among recaptured individ-
uals was positive for most species (Table 2);
however, the percent of individuals losing mass
ranged from 25% to 67% for each species (Table
1). Thus, while most species seemed to gain
mass, there was much variability among individ-
uals. Mass changes were generally similar
among age groups for most species but in Yel-
low Warblers (Dendroica petechia), the only
species with significant age-related differences,
adults showed significantly greater mass gain
(Table 2).

After sequential Bonferroni corrections, none
of the 10 species with $5 recaptures for each
sex showed significant intersexual differences in
mass change during stopover (all P . 0.05) or
in stopover duration (all P . 0.05).

We analyzed 13 migrant species with $10 re-
captures (9 Neotropical and 4 temperate) for dif-
ferences in mass gain rates between birds recap-
tured one day after original capture and those
recaptured at least two days later. After Bonfer-
roni corrections, three of these species, Spotted
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Towhee, Dark-eyed Junco, and White-crowned
Sparrow, showed significant differences in mass
gain rates (all P , 0.01 after corrections) such
that birds with longer stopover durations gained
mass at a higher rate than birds staying only one
day. Four other species (Dusky Flycatcher [Em-
pidonax oberholseri] and Nashville [Vermivora
ruficapilla], MacGillivray’s [Oporornis tolmiei],
and Wilson’s warblers [Wilsonia pusilla]) exhib-
ited similar patterns of birds with longer stop-
over durations showing better rates of mass
change but these were not significant after Bon-
ferroni corrections.

Diurnal changes in energetic condition. Sev-
enteen of 36 species examined (those with $40
captures) exhibited significant changes in ener-
getic condition during the first 5 hours of the
day (Table 3). Only one of these species, the
Calliope Hummingbird, lost mass through the
morning hours; the remaining species showed
significant mass gains (Table 3).

Arrival condition vs. stopover propensity. Of
14 species (those with $10 recaptures), only
Black-headed Grosbeak (Pheucticus melanoce-
phalus) and Spotted Towhee showed signifi-
cantly higher energetic condition upon arrival
for birds captured only once than for those later
recaptured (both P , 0.01 after Bonferroni cor-
rections). Both Ruby-crowned Kinglets and
White-crowned Sparrows exhibited similar pat-
terns (of single capture birds showing higher en-
ergetic condition) but were not significant after
Bonferroni corrections. However, the remaining
10 species showed broad overlap between
groups.

Interannual comparisons. Nine species had
sufficient recaptures in multiple years of the
study to allow for interannual comparisons of
stopover duration and mass change. Stopover
duration appeared to vary somewhat among
years but only Ruby-crowned Kinglet showed
significant differences (Table 4; the apparent dif-
ference for White-crowned Sparrow was no lon-
ger significant after Bonferroni corrections).
Four species analyzed appeared to show signif-
icant differences in mass change among recap-
tured birds among years (Table 5; but none were
significance after Bonferroni corrections). No
year was shown to be universally better for all
(or most) species analyzed. Recapture propor-
tions showed the most variation among years;
six of 10 species showed significant differences
(Table 6; differences for Orange-crowned War-

bler were no longer significant after Bonferroni
corrections). As with mass change differences
among years, recapture proportion variation
among years appeared to vary independently
among species (Table 6).

Of 18 species examined for interannual dif-
ferences in energetic condition (those with at
least 50 individuals captured in each year), only
Ruby-crowned Kinglet and Dark-eyed Junco
showed significant differences in condition gain
rates during the morning hours among years
(Ruby-crowned Kinglet: slower mass gain in
1997 than all other years, P , 0.0001; Dark-
eyed Junco: faster mass gain in 1997, 1998, and
2001, P 5 0.01). Conversely, 14 species exhib-
ited significantly different initial energetic con-
dition (y-intercepts) among years (all P , 0.05;
all species examined except Warbling Vireo,
Wilson’s Warbler, and Chipping Sparrow). As
with mass change data from recaptured birds, no
year was universally more suitable across spe-
cies. In fact, the years in which particular spe-
cies attained better energetic condition varied
considerably across species.

COMPARING BETWEEN NETTING SITES
1998–1999

Recapture proportions were significantly higher
at the willow-riparian site than the mountain-
shrubland site for all species combined and for
temperate migrants, but did not differ for Neo-
tropical migrants (Table 7). Recapture propor-
tions differed significantly for only one of the
19 species examined (Dark-eyed Junco; Table 7)
whereas mean minimum stopover duration was
greater at the willow-riparian site for two of the
five species and both migrant groups (Table 7).
Dark-eyed Juncos showed significant differences
in mass change between sites; recaptured juncos
gained significantly more mass at the willow-
riparian site than at the mountain-shrubland site,
where they actually lost mass (Table 7). Thus,
while not universal, there was a tendency for
migrants to be recaptured more often, stay lon-
ger, and, at least in one species, gain more mass
at the willow-riparian site.

In addition to comparing data from recaptured
birds, we also compared rates of mass gain
(slopes of regression equations of energetic con-
dition against time since sunrise for all new cap-
tures) between sites by ANCOVA for the five
species compared using recapture data (see Ta-
ble 7). We found no significant differences be-
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TABLE 1. Breeding status, sample size (n), proportion of birds recaptured, percent of recaptured individuals
losing mass, and morphological measurements (mean 6 SD) for Idaho migrants with n $ 40. All data come
from initial captures at the mountain-shrubland site.

Species Statusa n

Percent
recap-
tured

Percent
losing
massb

Mass
(g)

Fat
scorec

Wing
(mm)

NEOTROPICAL MIGRANTS
Calliope Hummingbird (Stellula calliope) B 165 – – 2.6 6 0.2 1.3 6 1.0 42.9 6 1.5
Rufous Hummingbird (Selasphorus rufus) P 74 – – 3.5 6 0.4 2.5 6 1.2 44.8 6 1.5
Western Wood-pewee (Contopus sordi-

dulus) A 67 0.0 – 12.9 6 0.9 1.3 6 0.8 82.1 6 2.4
Dusky Flycatcher (Empidonax oberhol-

seri) B 1735 5.3 55.7 11.0 6 0.7 1.0 6 1.0 66.2 6 2.5
Hammond’s Flycatcher (Empidonax

hammondi) S 520 0.2 0.0 10.4 6 0.7 1.8 6 1.1 68.1 6 2.5
Western Flycatcher (Empidonax diffi-

cilis)d P 75 0.0 – 11.6 6 1.0 2.2 6 1.0 65.8 6 2.7
Cassin’s Vireo (Vireo cassinii) B 414 4.0 62.5 15.0 6 1.0 2.1 6 1.5 72.7 6 1.8
Warbling Vireo (Vireo gilvus) B 884 1.6 53.8 11.8 6 0.9 2.2 6 1.4 65.8 6 1.7
House Wren (Troglodytes aedon) B 47 13.0 0.0 10.5 6 0.8 2.2 6 1.4 51.1 6 1.6
Swainson’s Thrush (Catharus ustulatus) S 81 0.0 – 30.4 6 1.9 1.2 6 0.9 96.5 6 2.9
Nashville Warbler (Vermivora ruficapilla) B 915 6.9 33.3 8.3 6 0.6 1.6 6 1.5 58.7 6 2.3
Orange-crowned Warbler (Vermivora

celata) B 1193 4.0 25.5 8.8 6 0.6 2.0 6 1.3 60.2 6 2.3
Yellow Warbler (Dendroica petechia) B 727 13.5 42.3 9.1 6 0.7 1.3 6 1.4 59.6 6 2.1
Townsend’s Warbler (Dendroica town-

sendi) P 428 1.2 20.0 9.6 6 0.8 2.7 6 1.3 64.1 6 2.1
MacGillivray’s Warbler (Oporornis

tolmiei) B 1665 15.5 46.6 11.0 6 0.8 1.1 6 1.3 58.6 6 2.1
Wilson’s Warbler (Wilsonia pusilla) P 384 5.4 27.8 7.7 6 0.6 2.7 6 1.2 56.1 6 1.7
Western Tanager (Piranga ludoviciana) B 910 1.8 71.4 30.2 6 2.6 1.6 6 1.3 91.6 6 2.3
Black-headed Grosbeak (Pheucticus

melanocephalus) B 241 8.4 31.6 47.7 6 6.1 2.2 6 1.9 99.5 6 2.2
Lazuli Bunting (Passerina amoena) B 248 12.0 35.7 14.5 6 1.2 1.1 6 1.2 69.0 6 2.3
Brewer’s Sparrow (Spizella breweri) B 105 12.4 30.8 10.6 6 0.8 1.1 6 1.1 60.9 6 1.9
Chipping Sparrow (Spizella passerina) B 603 5.6 70.4 12.3 6 0.9 1.9 6 1.3 70.1 6 2.3

TEMPERATE MIGRANTS
Ruby-crowned Kinglet (Regulus

calendula) B 7376 4.6 30.2 6.2 6 0.4 2.3 6 1.3 57.7 6 2.0
Golden-crowned Kinglet (Regulus

satrapa) S 461 2.8 50.0 5.7 6 0.4 2.0 6 1.3 54.1 6 1.9
Townsend’s Solitaire (Myadestes

townsendi) P 290 3.2 25.0 34.0 6 2.0 1.6 6 1.0 113.0 6 3.0
Hermit Thrush (Catharus guttatus) B 202 3.0 40.0 26.5 6 2.8 2.0 6 1.2 91.6 6 5.3
American Robin (Turdus migratorius) B 133 1.5 0.0 81.0 6 5.3 1.1 6 1.1 132.5 6 4.4
Yellow-rumped Warbler (Dendroica

coronata) B 1124 1.0 50.0 11.6 6 0.7 1.0 6 1.0 74.0 6 2.6
Spotted Towhee (Pipilo maculatus) B 915 14.5 37.5 38.1 6 2.5 1.5 6 1.4 83.8 6 2.7
Fox Sparrow (Passerella iliaca) P 68 4.5 0.0 27.3 6 2.0 1.4 6 1.2 78.4 6 2.8
Dark-eyed Junco (Junco hyemalis) B 3219 4.4 55.8 17.6 6 1.1 1.9 6 1.1 75.9 6 2.9
White-crowned Sparrow (Zonotrichia

leucophrys) P 2181 18.1 33.1 23.8 6 2.0 1.9 6 1.3 74.8 6 2.6

IRREGULAR MIGRANTS
Black-capped Chickadee (Poecile

atricapilla) A 141 25.5 58.8 10.6 6 0.7 0.9 6 0.7 64.0 6 2.3
Mountain Chickadee (Poecile gambeli) B 502 10.6 38.1 10.6 6 0.7 1.2 6 0.9 65.8 6 2.1
Red-breasted Nuthatch (Sitta canadensis) B 459 4.4 30.0 10.4 6 0.7 2.8 6 1.4 66.4 6 1.9
Brown Creeper (Certhia americana) B 45 2.2 0.0 7.8 6 0.6 1.9 6 1.1 63.7 6 2.2
Pine Siskin (Carduelis pinus) S 388 3.1 50.0 12.0 6 0.9 1.5 6 1.1 71.5 6 2.0
Cassin’s Finch (Carpodacus cassinii) B 45 0.0 – 26.7 6 2.1 1.5 6 1.1 89.8 6 2.1
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TABLE 2. Age comparison of stopover data for commonly recaptured migrants in Idaho mountain shrubland, 1997–
2003 (data not analyzed if n , 5 for either age class). Minimum stopover duration is the number of days elapsed
between first and last capture, and mass change reflects the total change in mass of this time interval. Values are
mean 6 SE with sample size (n) in parentheses. Scientific names for all species are provided in Table 1.

Species

Minimum stopover duration (days)

AHY HY P

Mass change (g)

AHY HY P

NEOTROPICAL MIGRANTS
Dusky Flycatcher 4.6 6 0.7 (21) 3.7 6 0.3 (66) 0.34 0.11 6 0.08 (21) 20.08 6 0.06 (64) 0.03a

Nashville Warbler 2.6 6 0.5 (28) 2.9 6 0.4 (34) 0.23 0.27 6 0.13 (26) 0.24 6 0.07 (33) 0.68
Orange-crowned

Warbler 1.8 6 0.3 (9) 2.2 6 0.2 (39) 0.50 0.35 6 0.13 (9) 0.41 6 0.08 (38) 0.79
Yellow Warbler 3.3 6 1.0 (8) 4.5 6 0.4 (91) 0.44 0.61 6 0.07 (7) 0.13 6 0.06 (89) 0.003
MacGillivray’s

Warbler 6.0 6 0.8 (32) 5.1 6 0.3 (218) 0.33 0.08 6 0.19 (30) 0.11 6 0.04 (216) 0.67
Wilson’s Warbler 1.3 6 0.2 (6) 1.7 6 0.3 (14) 0.77 0.17 6 0.22 (5) 0.27 6 0.12 (13) 0.52
Western Tanager 7.5 6 2.5 (2) 2.8 6 1.0 (13) – 0.41 6 2.39 (2) 20.67 6 0.53 (12) –
Black-headed

Grosbeak – 3.2 6 0.6 (18) – – 0.63 6 0.34 (18) –
Lazuli Bunting 10.0 6 2.9 (8) 6.1 6 1.1 (22) 0.19 0.33 6 0.13 (8) 0.18 6 0.29 (19) 0.35
Chipping Sparrow 3.8 6 1.6 (6) 4.1 6 0.9 (23) 0.89 20.10 6 0.20 (5) 20.28 6 0.13 (23) 0.54

TEMPERATE MIGRANTS
Ruby-crowned

Kinglet 1.7 6 0.2 (79) 2.0 6 0.2 (127) 0.14 0.08 6 0.02 (62) 0.11 6 0.03 (113) 0.12
Townsend’s Soli-

taire – 6.2 6 2.0 (9) – – 0.60 6 0.65 (8) –
Yellow-rumped

Warbler 4.0 6 0.0 (1) 2.8 6 0.6 (10) – – 0.13 6 0.18 (10) –
Spotted Towhee 6.3 6 1.7 (4) 10.2 6 0.6 (133) – 21.78 6 0.64 (4) 0.83 6 0.22 (79) –
Dark-eyed Junco 4.3 6 0.7 (39) 5.2 6 0.4 (92) 0.24 20.11 6 0.15 (36) 20.09 6 0.09 (79) 0.90
White-crowned

Sparrow 6.2 6 0.6 (69) 6.8 6 0.3 (306) 0.34 0.74 6 0.23 (64) 0.77 6 0.12 (257) 0.90

a Not significant after Bonferroni corrections.

←
a Breeding status: B 5 regular breeder, S 5 sporadic breeder, P 5 passage migrant, A 5 altitudinal migrant.
b Percent of recaptured individuals showing mass loss between first and last capture.
c Fat scores from DeSante et al. (2003).
d Likely both Pacific-slope (Empidonax difficilis) and Cordilleran (E. occidentalis) Flycatchers based on Pyle

(1997).

tween sites in mass gain rates during the morn-
ing hours for any of these species.

DISCUSSION

STOPOVER PATTERNS IN THE MOUNTAIN-
SHRUBLAND HABITAT

Recapture proportions, stopover duration, and
mass change among recaptured birds. Recapture
proportions in this study varied widely among
species and these differences may reflect differ-
ences in migratory strategies. Ten species in this
study were recaptured in proportions ,2%
whereas nine species had recapture proportions
.10%. While not consistent across all species,

there was a tendency for species with lower
mean fat scores at initial capture to have a high-
er likelihood of recapture, suggesting that ener-
getic condition upon arrival or the migratory
strategy of each species may affect stopover pro-
pensity.

Generally, recapture proportions observed
here are comparable to those of other stopover
studies (Kuenzi et al. 1991, Morris et al. 1996,
Carlisle 1998) but were substantially higher than
those at a montane site in Vermont that was
deemed relatively unsuitable for migrants (Rim-
mer and McFarland 2000). Several factors may
affect the amount of time that a migrant spends
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TABLE 3. Summary of linear models for change in residuals of energetic condition (mass regressed against
wing chord) against time since sunrise for migrants in Idaho mountain shrubland with n $ 40; 1997 to 2003.
Variables: b 5 y-intercept, F indicates how well the linear model fits the data, and r2 measures what proportion
of the change in energetic condition can be attributed to elapsed time. Asterisks indicate the level of significance
such that * 5 P , 0.05, ** 5 P , 0.001.

Species n b F r2
Mass

changea

NEOTROPICAL MIGRANTS
Calliope Hummingbird (Stellula calliope) 130 0.11 4.3* 0.03 –0.191
Rufous Hummingbird (Selasphorus rufus) 57 0.12 0.6 0.01 –0.065
Western Wood-pewee (Contopus sordidulus) 66 –0.21 1.5 0.02 0.478
Dusky Flycatcher (Empidonax oberholseri) 1674 –0.06 5.4* ,0.01 0.128
Hammond’s Flycatcher (Empidonax hammondi) 486 –0.20 22.2** 0.04 0.469
Western Flycatcher (Empidonax difficilis)b 72 –0.04 0.1 ,0.01 0.051
Cassin’s Vireo (Vireo cassinii) 379 –0.15 2.1 ,0.01 0.308
Warbling Vireo (Vireo gilvus) 845 –0.08 1.5 ,0.01 0.163
House Wren (Troglodytes aedon) 42 –0.26 1.3 0.03 0.687
Swainson’s Thrush (Catharus ustulatus) 78 –0.14 0.3 ,0.01 0.587
Nashville Warbler (Vermivora ruficapilla) 875 –0.17 26.6** 0.03 0.411
Orange-crowned Warbler (Vermivora celata) 1124 –0.08 6.8** ,0.01 0.183
Yellow Warbler (Dendroica petechia) 698 –0.04 0.7 ,0.01 0.073
Townsend’s Warbler (Dendroica townsendi) 398 –0.20 10.9* 0.03 0.486
MacGillivray’s Warbler (Oporornis tolmiei) 1612 –0.14 20.2** 0.01 0.310
Wilson’s Warbler (Wilsonia pusilla) 367 –0.10 4.4* 0.01 0.218
Western Tanager (Piranga ludoviciana) 871 –0.18 1.3 ,0.01 0.323
Black-headed Grosbeak (Pheucticus melanocephalus) 231 –1.03 1.7 ,0.01 2.610
Lazuli Bunting (Passerina amoena) 234 –0.12 0.7 ,0.01 0.358
Brewer’s Sparrow (Spizella breweri) 102 –0.05 0.1 ,0.01 0.102
Chipping Sparrow (Spizella passerina) 558 –0.31 14.7** 0.03 0.559

TEMPERATE MIGRANTS
Ruby-crowned Kinglet (Regulus calendula) 6422 –0.12 253.9** 0.04 0.276
Golden-crowned Kinglet (Regulus satrapa) 397 –0.12 18.7** 0.05 0.334
Townsend’s Solitaire (Myadestes townsendi) 242 –0.81 18.7** 0.07 1.766
Hermit Thrush (Catharus guttatus) 185 –0.26 1.3 ,0.01 0.572
American Robin (Turdus migratorius) 95 0.39 0.2 ,0.01 –1.013
Yellow-rumped Warbler (Dendroica coronata) 1052 –0.25 44.6** 0.04 0.431
Spotted Towhee (Pipilo maculatus) 901 0.14 1.1 ,0.01 –0.326
Fox Sparrow (Passerella iliaca) 58 –0.02 0.0 ,0.01 0.111
Dark-eyed Junco (Junco hyemalis) 2433 –0.26 48.8** 0.02 0.526
White-crowned Sparrow (Zonotrichia leucophrys) 1875 –0.20 6.9* ,0.01 0.383

IRREGULAR MIGRANTS

Black-capped Chickadee (Poecile atricapilla) 131 0.01 0.0 ,0.01 –0.005
Mountain Chickadee (Poecile gambeli) 464 –0.21 16.7** 0.03 0.402
Red-breasted Nuthatch (Sitta canadensis) 451 –0.13 5.4* 0.01 0.295
Brown Creeper (Certhia americana) 44 –0.11 0.8 0.02 0.330
Pine Siskin (Carduelis pinus) 321 –0.04 0.1 ,0.01 0.094

a Projected change in mass (in grams) during 5-hour banding session; calculated by multiplying 5-hour change
in energetic condition by average wing chord for each species (metrics based on regression of condition index
on time since sunrise).

b Likely both Pacific-slope (Empidonax difficilis) and Cordilleran (E. occidentalis) Flycatchers based on Pyle
(1997).

at a stopover site (and, therefore, recapture pro-
portions) including habitat suitability, degree of
isolation of the stopover site, competition,
weather, and the bird’s condition upon arrival
(Richardson 1978, Graber and Graber 1983,
Moore and Wang 1991, Kelly et al. 2002). Due

to the need to rebuild fat loads, lean (fat-deplet-
ed) birds often stopover longer than fat birds
(Cherry 1982, Moore and Kerlinger 1987, Loria
and Moore 1990, Morris 1996). It seems plau-
sible that sites with more suitable habitat would
retain more migrants and thus have higher re-
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* capture proportions. For instance, in this study
and in Maine (Morris et al. 1996) and South
Dakota (Carlisle 1998), recaptured birds gener-
ally showed positive mass changes whereas
among spring migrants in Mississippi and au-
tumn migrants in Vermont, recaptured birds did
not fare as well (Kuenzi et al. 1991, Rimmer and
McFarland 2000). In the case of the Mississippi
birds, this pattern might be explained by a re-
duced digestive capacity in birds that had just
completed the long flight over the Gulf of Mex-
ico (Gannes 2002, Karasov et al. 2004). Further
study is needed to determine if a consistent pat-
tern of higher recapture rates and higher mass
gains exists at more suitable sites.

Another possible explanation for differences
in recapture proportions among sites is that
smaller sites or those with greater isolation (i.e.,
islands of suitable habitat surrounded by a less,
or unsuitable, matrix) experience higher recap-
ture proportions. In this study, recapture propor-
tions were higher in our relatively isolated ri-
parian site than in mountain shrubland. The rel-
atively higher recapture rates on Appledore Is-
land, Maine (Morris et al. 1996) and in South
Dakota woodlots (Carlisle 1998) might also be,
at least partially, explained by isolation.

Adult birds are generally more efficient for-
agers than immature birds (Wunderle 1991). It
follows that less efficient foraging should lead
to a slower rate of fat and mass gain resulting
in longer stopover and higher recapture rates for
hatching year birds. Evidence for such a differ-
ence has been found for some species in several
studies of age-specific stopover duration (Morris
et al. 1994, Woodrey and Moore 1997, Wang et
al. 1998). In Idaho, we found broad overlap in
both stopover duration and mass change be-
tween adults and immatures. While there was a
tendency for immature birds to stay longer than
adults, this was not the case in all species and
in only one of 11 species did adults gain more
mass than immature birds. Thus, we found little
evidence for adults stopping over more efficient-
ly than immatures at our study site.

Intersexual competition within species may
also affect stopover patterns. The dominant sex
might gain fat and mass faster and stopover for
shorter periods than the subordinate sex (Lind-
strom et al. 1990). However, we found no sig-
nificant differences in stopover behavior be-
tween sexes. Intersexual competition does not
appear to be an important factor affecting stop-
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over behavior at our study site and this is con-
sistent with data from another western stopover
study (Wang et al. 1998).

Some birds lose weight upon arrival and only
begin to accrue sizable mass gains after a few
days of stopover (Rappole and Warner 1976,
Hansson and Pettersson 1989), while other stud-
ies have found that birds are able to gain mass
immediately (Cherry 1982, Moore and Kerlinger
1987). In Idaho, we found that birds staying lon-
ger tended to gain more mass than birds staying
only one day. Some species showed mass gains
for both short and longer stopovers, whereas
others averaged mass losses during single day
stopovers and mass gain during longer stop-
overs. This finding suggests that an adjustment
time is involved for some birds early in stopover
before they are able to add mass in an efficient
manner. Whether this adjustment is due to di-
gestive limitations or other factors such as site
unfamiliarity or competition with previously set-
tled migrants is not known. However, it is un-
likely that digestive limitations constrains mi-
grants arriving at Lucky Peak, since these birds
have not yet faced a major geographical barrier
such as the Gulf of Mexico (Kuenzi et al. 1991)
or deserts of the Old World (Gannes 2002, Ka-
rasov et al. 2004). This pattern of mass loss
among migrants with one day stopovers may
also reflect stress associated with capture and
handling (i.e., loss of foraging time or physical
damage); however, many individuals do main-
tain or gain mass during single day stopovers
suggesting that all captured birds are not ad-
versely affected.

Diurnal changes in energetic condition. A
number of studies have used changes in ener-
getic condition among recaptured individuals to
examine the suitability of a site, but recaptured
individuals may not be representative of the mi-
grant population as a whole (Winker et al. 1992).
In particular, birds with less fat are more likely
to remain at a stopover site than fatter birds
(Moore and Kerlinger 1987, Loria and Moore
1990, Morris 1996), potentially biasing recap-
ture data toward leaner birds. Winker et al.
(1992) pioneered the application of linear re-
gression of mass on time since sunrise for all
first-time captures to examine whether the pop-
ulation as a whole (not just recaptured birds) is
able to gain mass at a particular site. Dunn
(2001) also applied this method to migrants at
Long Point, Ontario, Canada and found that
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most species were meeting or exceeding ener-
getic demands of migration. Here, we used a
variation on this method and, while there was
some variation among species in rates of con-
dition gain, we found that most Idaho migrants
were gaining mass through the morning hours,
suggesting that Lucky Peak serves as a suitable
stopover site. Conversely, the two common
hummingbirds at the site showed negative slopes
which may have been caused either by the di-
urnal migratory behavior of hummingbirds (i.e.,
hummingbirds captured later in the morning had
traveled farther that day, therefore using up
more energy stores) or that nectar resources at
our site are not sufficient for hummingbirds to
meet their energetic needs during migration.

Correspondence between recapture and re-
gression results. Winker et al. (1992) found that
recapture data indicated mass losses for many
species whereas regression data indicated that
many of these species were gaining mass. In
contrast, we found general agreement between
regression data and mass change among recap-
tured birds. Twelve of 15 species showed con-
sistent patterns between the two methods; seven
species showed significant mass gains across
both measuring techniques. Species that did not
fit this pattern included Dark-eyed Junco, a late-
season migrant with a locally wintering popu-
lation; thus, sampled birds likely included both
migrants and arriving winter residents. The pos-
itive mass gains for most species strongly sug-
gest that our study site serves as suitable stop-
over habitat for a wide range of migrants.

Arrival condition vs. stopover propensity. For
two species, the Black-headed Grosbeak and the
Spotted Towhee, birds captured only once ex-
hibited higher energetic condition at initial cap-
ture than those later recaptured. This finding
supports previous research that stopover dura-
tion is related to energetic condition and that
birds in poorer condition have longer stopovers
(Moore and Kerlinger 1987, Morris 1996). How-
ever, this was not a widespread pattern and sev-
eral frequently recaptured species (Nashville and
MacGillivray’s warblers and Lazuli Bunting)
had patterns suggesting that recaptured birds
were in better initial condition than individuals
captured only once. Thus, we found no clear pat-
tern between arrival condition and stopover du-
ration.

Interannual comparisons. We found ample
evidence for year-to-year variation in stopover

parameters among recaptured birds. Recapture
proportions varied significantly among years for
most species whereas fewer species had signif-
icant interannual differences in stopover dura-
tion and mass change. Based on ANCOVA anal-
yses, we also found interannual variation in ini-
tial energetic condition for most species. Morris
et al. (1996) had similar findings of annual var-
iation in recapture proportions, stopover dura-
tion, and mass changes for some, but not all,
species among the migrant assemblage in
Maine. However, Kuenzi et al. (1991) found ev-
idence for variation in recapture proportions but
not stopover duration or mass changes among
spring migrants in Mississippi. Interannual var-
iation in weather, migrant density, or food avail-
ability could drive such differences in stopover
parameters among years. The fact that interan-
nual stopover patterns for most species in this
study varied independently relative to other spe-
cies suggests that the causes for this variability
differed among species.

COMPARING BETWEEN MIST-NETTING SITES

We found several striking differences between
the willow-riparian and mountain-shrubland
sites. There was a tendency for higher recapture
proportions and longer stopover duration at the
willow-riparian site. For example, Dark-eyed
Juncos were about three times as likely to be
recaptured at the willow-riparian site and Ruby-
crowned Kinglets stayed more than twice as
long at the willow-riparian site than at the moun-
tain-shrubland site. We may have been more
likely to recapture a higher proportion of mi-
grants at the willow-riparian netting site due to
its smaller size and more isolated nature. Also,
recaptured Dark-eyed Juncos gained more mass
in willow riparian than at the mountain-shrub-
land site. However, recaptured birds of all spe-
cies except juncos were able to gain mass at
both sites. Regression data also showed similar,
positive rates of energetic condition gain at both
sites. Thus, these data suggest that both sites
serve well as stopover habitats.

CONCLUSIONS

The deciduous habitats at Lucky Peak, Idaho ap-
pear to provide suitable stopover habitat for
landbird migrants because most species showed
mass gains. Montane deciduous habitats (includ-
ing riparian draws and mountain shrublands) are
patchily distributed throughout much of the In-
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termountain West (Barbour and Billings 1988).
Previous studies have documented that migrants
use montane habitats especially during autumn
(Blake 1984, Hutto 1985, Carlisle et al. 2004).
This is the first study to investigate stopover pat-
terns in western montane habitats and, by doc-
umenting positive energetic changes among
most migrants at our site, we provide further ev-
idence that these habitats deserve further re-
search and conservation attention as autumn
stopover habitats.
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