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AGE STRUCTURE OF NEOTROPICAL MIGRANTS DURING FALL
MIGRATION IN SOUTH DAKOTA: IS THE NORTHERN GREAT
PLAINS REGION AN INLAND “COAST”?

KURT L. DEAN,? HEATHER A. CARLISLE,!* AND DAVID L. SWANSON'+#

ABSTRACT.—Proportions of juvenile birds in migrant populations at coastal stopover sites are often higher
than proportions of juveniles at inland stopover sites, a phenomenon called the ““coastal effect.”” The northern
Great Plains forms the western boundary of the migratory ranges for many Neotropical woodland migrants.
Moreover, woodland habitat is scarce in this region, consisting primarily of natural riparian corridor woodlands
(hereafter corridors) and planted woodlots and shelterbelts around farmsteads and agricultural fields (hereafter
woodlots). Due to the scarcity of woodland habitat, one might expect that adults—by virtue of their experience
and better-developed navigational abilities—would avoid the Great Plains during fall migration. thus producing
age structures in migrant populations similar to those found at coastal sites. We tested this “inland coast”
hypothesis for Neotropical migrants captured during fall migration at corridor and woodlot stopover sites in
southeastern South Dakota. We classified migrants into three groups based on whether our South Dakota study
sites were peripheral (western edge of migratory range within South Dakota), near-peripheral (western edge in,
or just west of, Wyoming or Montana), or central (western edge well west of Montana and Wyoming) to their
regular migratory ranges. We captured higher juvenile proportions of peripheral (86.5 = 10.4%, 2 species) and
near-peripheral (85.6 = 4.5%, 7 species) migrants than central migrants (79.6 = 7.2%, 5 species), but the

. difference was not significant (P = 0.11). The proportion of juveniles was inversely correlated with the distance

of our study sites from the western edge of a given species’ migratory range (r = 0.476, P = 0.085). The
proportion of juvenile Neotropical migrants at our study sites was near the upper end of proportions recorded
for other inland sites in North America, but was slightly lower than those recorded at coastal sites. Our results
are, therefore, only partially consistent with the inland coast hypothesis, suggesting that factors other than
geographic location also shape age structures at our study sites. The mean proportion of juveniles (for species
captured =13 times in both habitats; n 10) was significantly greater (P = 0.002) in the woodlot (89.1 =
7.0%) than in corridors (73.8 * 12.5%). The differential age structure in the two habitats suggests that habitat
characteristics may influence age structure of the migrant community, but mechanisms for such an influence are
currently unknown. Received 5 August 2003, accepted 21 October 2004.

Variation in age structure among Neotrop-
ical migrants at stopover sites during migra-
tion may indicate age-related differences in
the selection of migration routes (Clench
1969. Ralph 1981). timing of migration (Dru-
ry and Keith 1962, Hussell et al. 1967, Stew-
art et al. 1974, Hall 1981), or navigational
abilities (Drury and Keith 1962, Ralph 1978).
Ralph (1971, 1978) proposed that age-related
differences in migratory orientation abilities
and experience may lead to a higher-than-ex-
pected incidence of juvenile birds at coastal
sites or at the peripheries of migratory routes,
a so-called “‘coastal effect.” Most of the data
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supporting these conclusions were derived by
comparing age structures and densities at
coastal stopover sites with similar data from
interior sites (Drury and Keith 1962: Murray
1966; Ralph 1971, 1978. 1981). Subsequent
research has confirmed the generally high pro-
portion of juveniles at coastal stopover sites
(Hall 1981, Stewart 1986, Taylor ct al. 1994.
Morris et al. 1996, Woodrey and Moore
1997). Ralph (1981) further argued that sites
with higher percentages of juveniles and low-
er overall densities were principal criteria for
defining the periphery of a species” migration
route. This argument implies that the causa-
tive factor for the high proportions of juve-
niles at coastal sites is that they are peripheral
to the main migratory route for the species.
The basis for this argument is the unproven
assumption that following a main migratory
route i1s an adaptive behavior. and that indi-
viduals straying from these routes suffer in-
creased mortality. and thereby reduced fitness
(Ralph 1981). The coastal effect could also
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result from young birds seeking out coastal
habitats for a variety of reasons (e.g., better
food resources, decreased competition with
adults, navigational purposes). None of these
alternatives has been adequately addressed
and the causative factors underlying the coast-
al effect are not well understood. If, however,
Ralph’s (1981) assumption—that the periph-
ery of a migratory route confers lower fit-
ness—is valid. and juveniles occur in higher
proportions at the periphery due to less effec-
tive navigation, then the proportion of juve-
niles at the periphery of a species’ migratory
route should be high relative to more-central
sites, whether coastal or inland.

Age structures during fall migration have
been documented for several inland sites
(Ralph 1971, 1978, 1981; Stewart et al. 1974;
Hall 1981; Rimmer and McFarland 2000), but
none of these sites lies near the inland bound-
ary of the migratory ranges for migrants typ-
ically associated with forested areas in eastern
North America. Consequently, the age com-
positions of fall migrants at inland peripheries
of routes are essentially unknown. The north-
ern Great Plains lies on the western periphery
of migratory routes used by a number of east-
ern migrants (American Ornithologists’ Union
1998). Current landscapes of the eastern por-
tion of the northern Great Plains consist main-
ly of agricultural habitats interspersed with
pastures and grasslands. Woodland habitats in
this region are scarce, composing only about
4% of land area in southeastern South Dakota.
Historically, they consisted mainly of natural,
deciduous riparian woodlands bordering
streams and rivers (hereafter corridors), but
they have since been supplemented with
woodlots and shelterbelts surrounding farm-
steads and agricultural fields (hereafter wood-
lots). Of the current woodland area in south-
eastern South Dakota, 60 and 40% is com-
posed of woodlots and corridors, respectively
(Castonguay 1982). If adult birds are capable
of more refined orientation during migration
than juveniles, then it might be expected that
they would avoid the relatively inhospitable
landscapes of the northern Great Plains, which
would result in age structures skewed toward
juveniles in this region. As a consequence, age
structures of migratory populations in this
area might resemble coastal age structures, at
least for those species for which the northern
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Great Plains are peripheral to the main migra-
tory range. A corollary prediction of the
coastal effect hypothesis is that the proportion
of juveniles should be greater in migratory
populations of peripheral species than central
species.

We evaluated the age structure of Neotrop-
ical migrant passerines captured at corridor
and woodlot study sites during fall migration
in southeastern South Dakota to delineate age-
related migratory patterns in the northern
Great Plains. Our objectives were to deter-
mine (1) whether coastal-like proportions of
juveniles occurred at these study sites, (2)
whether the proportion of juveniles in migrat-
ing populations differed between peripheral
and central species, and (3) whether propor-
tions of juveniles differed between corridor
and woodlot study sites—the two habitats that
represent the major types available to wood-
land migrants seeking stopover sites in this
area.

METHODS

Study sites.—We captured Neotropical mi-
grants with mist nets (9 X 2.6 m, 30 mm
mesh) at four corridor sites in Clay and Union
counties in southeastern South Dakota during
fall migration (15 August—6 October) from
1993 through 1995. Three of the study sites
were located in riparian corridor habitats
along the Missouri and Big Sioux rivers. The
fourth study site was located on a north-south
tributary of the Big Sioux River (Brule
Creek), and included both upland and riparian
deciduous habitats. Migrants were also cap-
tured with mist nets at a single farmstead
woodlot study site (~3.5 ha) during fall mi-
gration (15 August—6 October) in 1996 and
1997. These study sites and their vegetation
are described in detail in Dean (1999) and
Swanson et al. (2003). Because we sampled
in corridor and woodlot study sites in different
years, between-year differences might con-
found comparisons of age structure between
sites; however, Ralph (1981) showed that 2
years of intensive sampling produced juvenile
percentages within 5% of long-term averages
for 95% of all species. Because we sampled
intensively for at least 2 years at each study
site, our data should accurately reflect the
long-term age structure of migrants at these
sites. Moreover, early August to early October
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TABLE 1. Percent juveniles and total captures (n) for Neotropical migrant species (=15 overall captures)

at corridor and woodlot stopover sites in southeastern South Dakota, 1993—-1997.
Corridor Woodlot Overall
% n % n %

Central migrants

“Traill’s” Flycatcher (Empidonax traillii and E. alnorum) 60.8 51 91.2 34 72.9

Swainson’s Thrush (Catharus ustulatus) 81.8 11 75.0 4 80.0

Orange-crowned Warbler (Vermivora celata) 69.5 141 75.0 196 72.7

Nashville Warbler (Vermivora ruficapilla) 83.8 74 92.5 199 90.1

Wilson’s Warbler (Wilsonia pusilla) 70.5 44 859 142 82.3
Near-peripheral migrants

Least Flycatcher (Empidonax minimus) 50.0 16 89.1 55 80.3

Red-eyed Vireo (Vireo olivaceus) 83.7 43 100.0 13 87.5

Tennessee Warbler (Vermivora peregrina) 0.0 1 95.8 24 92.0

Yellow-rumped Warbler (Dendroica coronatay 81.8 22 85.9 64 84.9

Black-and-White Warbler (Mniotilta varia) 70.0 10 90.9 11 81.0

Ovenbird (Seiurus aurocapilla) 87.5 16 91.7 24 90.0

Northern Waterthrush (Seiurus noveboracensis) 78.3 23 92.3 13 83.3
Peripheral migrants

Mourning Warbler (Oporornis philadelphia) 69.0 29 83.9 62 79.1

Canada Warbler (Wilsonia canadensis) 100.0 5 90.9 11 93.8

encompasses the major migration period for
both adults and juveniles of most species of
Neotropical woodland migrants that move
through southeastern South Dakota, except
perhaps, for later-migrating individuals of late
migrants, such as Orange-crowned (Vermivo-
ra celata) and Yellow-rumped warblers (Den-
droica coronata; Tallman et al. 2002).
Capture techniques.—Mist nets were placed
at specific locations within each study site
during fall migration; the same net locations
were used throughout the study (both within
and between years) at both corridor and wood-
lot study sites. Weather permitting, mist-net-
ting was conducted 7 days per week at corri-
dor sites and at least 6 days per weeck at the
woodlot site. We opened 5-7 nets at each cor-
ridor site and 7-10 nets in the woodlot site;
net hours were recorded as one net open for
I hr = 1 net-hr. We sampled corridors only in
the morning (sunrisc until approximately
11:00 CST). whercas we sampled the woodlot
in mornings and often cvenings (for 2-3 hr
prior to sunset) as well (Dean 1999, Swanson
et al. 2003). Mist-netting at corridor sites oc-
curred on a 4-day rotation so that cach site
was visited every 4th day—except during fall
1995, when flooding prevented continuous ac-
cess to the Big Sioux River site. During the
period of flooding. we alternated between the

two Missouri River study sites and the Brule
Creek site on alternate days. Nets were not
opened on rainy or very windy days. Total
net-hr were 2,050 for corridor sites and 5,107
for the woodlot site (Dean 1999, Swanson et
al. 2003).

Age structure analysis.—All birds were
aged (hatching year = HY. after hatching year
= AHY) by skull ossification, which is a re-
liable aging technique through at least the
month of September for most Neotropical mi-
grant passerines (Pyle 1997). For analysis of
the “‘inland coastal effect,” we classified mi-
grants into three groups (peripheral, near-pe-
ripheral, and central) based on the degree to
which our study sites were peripheral to their
regular migratory range (Table 1). Division of
migrant birds into these groups was based on
the broad-scale migratory range maps in Sib-
ley (2000) and the finer scale migration maps
in Tallman et al. (2002). If the western border
of the main migratory range fell within South
Dakota. we classified species as peripheral mi-
grants: if the western border of the main mi-
gratory range at the latitude of South Dakota
fell in, or just west of Wyoming or Montana.
we classified species as near-peripheral mi-
grants: and. if the western border of the main
migratory range fell well west of Montana and
Wyoming. we classified species as central mi-
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grants. Yellow-rumped Warbler was classified
as a near-peripheral migrant because the Myr-
tle race (D. c¢. coronata) is a common fall mi-
grant in eastern South Dakota, but is rare in
western South Dakota and casual in western
North America away from coastal wintering
areas (Hunt and Flaspohler 1998, Tallman et
al. 2002). We did not include migrants that
regularly breed at our study sites because we
could not reliably distinguish between local
breeders and passage migrants from farther
north. Grouping species into arbitrary associ-
ations (e.g., by migratory boundaries) intro-
duces difficulties in analyses such as these be-
cause each species has range boundaries that
are not identical to those of other species, and
which may vary temporally. However, be-
cause we were interested in broad-scale pat-
terns of age structure that should apply gen-
erally to migrants—depending on the relative
degree to which our sites are peripheral to the
migratory range—we contend that pooling
species into these groups does provide an ad-
equate test of the ““inland coast’ hypothesis.

Migratory group comparisons.—We ana-
lyzed differences in juvenile proportions
among migratory groups by calculating the
percentage of juveniles for individual species
captured =15 times and then calculating
means for each group. Percentage data were
arcsine-transformed prior to calculating means
and we used one-way ANOVA to compare
group means. Because only two species of pe-
ripheral migrants met the criterion of =15
captures, the power of one-way ANOVA to
detect differences among means was very low.
Consequently, we also compared mean juve-
nile proportions of pooled peripheral and near-
peripheral migrants (means for the two groups
were essentially identical, see Results) with
central migrants by r-test.

We also calculated Pearson’s correlation co-
efficients to test for correlations between pro-
portions of juveniles at our study sites and dis-
tance to the edge of the migratory range. To
determine distance to migratory range edge, we
measured the approximate distance (nearest 50
km) to the migratory border (from maps in Sib-
ley 2000) for each species at the latitude of our
study sites (43° N) with the Geodetic II World
Distance Calculator program, ver. 1.0 (www.
infoairports.com/freeservices/worlddistance.
html). For the Myrtle race of the Yellow-rumped

THE WILSON BULLETIN « Vol. 116, No. 4, December 2004

B S r=0.476, P=0.085
®
90 o °
124
2
g 85
>
=3
=
g 80
o
o
75
[
70
0 500 1,000 1,500 2,000 2,500
Distance to range boundary (km)
FIG. 1. Correlation between proportion of juve-

niles (species captured =15 times) for pooled corridor/
woodlot sites and distances from our study sites to the
approximate western boundaries of species’ migratory
ranges.

Warbler, whose migratory range Sibley (2000)
depicts as extending west to the west coast of
North America (where it is only a casual fall
migrant away from the coast; Hunt and Flas-
pohler 1998), we arbitrarily selected the western
border of Wyoming as the edge of its migratory
range. Changing the western edge of the migra-
tory range for this species by 500 km in either
direction resulted in a maximum change of only
0.012 in the Pearson’s correlation coefficient, so
the exact position of the migratory boundary
had little impact on our results.

Comparisons with other sites.—We used
paired z-tests to compare mean proportions of
juveniles for species that occurred at both our
study sites (corridors and woodlot pooled) and
other inland sites (see Fig. 1). We also cal-
culated Pearson’s correlation coefficients to
test for correlations between latitude and pro-
portions of juveniles at inland and coastal
study sites. Latitudes for other study sites in
North America, when not reported, were es-
timated (to the nearest 0.5° N) with the Geo-
detic II World Distance Calculator program.

Between-habitat comparisons.—For each
migratory group, we used r-tests to compare
mean percentages of juveniles in corridor sites
versus the woodlot site [calculated for species
captured =15 times in each habitat, but also
including Red-eyed Vireo (Vireo olivaceus)
and Northern Waterthrush (Seiurus novebor-
acensis), captured =15 times in corridors but
only 13 times in the woodlot]. For between-
habitat comparisons of juvenile proportions by
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individual species (using only those species
captured =15 times), we used a log-likelihood
ratio for 2 X 2 contingency tables (G statistic,
Zar 1996).

Additional statistics.—Median migration
dates were established for species with =6
captures for each age class. Age-related syn-
chrony of migration was compared using a
median test 2 X 2 contingency table, which
was analyzed by chi-square or Fisher’s Exact
tests (Zar 1996). Statistical significance for all
tests was set at P < 0.05, except for paired z-
tests of species that occurred at both our sites
and other inland sites, and G-tests and median
tests on individual species where multiple sig-
nificance tests were required. For these tests,
we used a sequential Bonferroni procedure
(Rice 1989) to adjust a-levels and reduce the
probability of type 1 errors, with k = 7 for
paired z-tests, k = 8 for between-habitat com-
parisons for individual species, and kK = 6 in
both corridors and woodlots for median tests
for individual species. Means are presented =*
SD.

RESULTS

Migration timing.—One factor influencing
the variability of age structures at stopover
sites may be age-related asynchrony in migra-
tory timing. If sampling effort is not even over
the entire migration period, or if peak migra-
tory periods for specific age groups are un-
dersampled, then calculations of age struc-
tures may be inaccurate (Kelly and Finch
2000). The age structures we report are not a
reflection of asynchronous migration, as me-
dian migration dates of adults and juveniles
did not differ (P > 0.05, all species).

Migratory group comparisons.—The pro-
portions of juveniles (for species with =15
captures, Table 1) for peripheral migrants
(86.5 = 10.4%, n = 2 species), near-periph-
eral migrants (85.6 = 4.5%, n = 7 species),
and central migrants (79.6 = 7.2%, n = 5 spe-
cies) did not differ (F,,, = 1.474, P = 0.27).
The proportion of juveniles was higher for pe-
ripheral and necar-peripheral migrants pooled
(85.8 £ 5.3%) than for central migrants, but
not significantly so (7, = 1.73. P = 0.11).
Twelve species of peripheral migrants were
represented by fewer than 9 captures (48 in-
dividuals total): Yellow-bellied Flycatcher
(Empidonax  flaviventris), Eastern Phocebe
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(Sayornis phoebe), Great Crested Flycatcher
(Myiarchus crinitus), Blue-headed Vireo (Vir-
eo solitarius), Philadelphia Vireo (Vireo phil-
adelphicus), Golden-winged Warbler (Vermi-
vora chrysoptera), Chestnut-sided Warbler
(Dendroica pensylvanica), Magnolia Warbler
(D. magnolia), Black-throated Green Warbler
(D. virens), Blackburnian Warbler (D. fusca),
Bay-breasted Warbler (D. castanea), and Scar-
let Tanager (Piranga olivacea). The pooled
proportion of juveniles for these 12 species
was 93.8%. The proportion of juveniles was
inversely correlated (marginally; r = 0.476, P
= 0.085) with the distances of our study sites
from the edges of species’ migratory ranges
(Fig. 1).

Comparisons with other sites.—The pro-
portion of juveniles captured in South Dakota
fell within the range (corridor sites) or were
near the upper end (woodlot site) of propor-
tions recorded at other inland sites in North
America (Fig. 2). Comparisons of shared mi-
grant species revealed that South Dakota
study sites had higher proportions of juveniles
than all other inland sites, but in only one case
was the difference significant (South Dakota
versus Carlisle, PA; Table 2). Ralph (1981)
considered individual species to exhibit coast-
al age ratios if the percentage of juvenile birds
was =85%. For species with at least 13 cap-
tures in our study, coastal-like age ratios
(=85%) were obtained for only | of 10 spe-
cies in corridor sites, but for 9 of 11 species
in the woodlot site (Table 1). The proportion
of juveniles was not correlated with latitude
for either inland (r = 0.43, P = 0.25) or coast-
al (r = 0.07, P = 0.92) sites (Fig. 3).

Between-habitat comparisons.—The pro-
portion of juveniles was greater in the woodlot
than in corridors for both peripheral/near-pe-
ripheral (1,, = 2.82, P = 0.018) and central
(1o, = 2.55, P = 0.044) migrants (pooled: 73.8
* 12.5% juveniles in corridors, 89.1 £ 7.0%
juveniles in woodlots: 1,, = 3.55, P = 0.002;
Fig. 4). Of the species captured =15 times in
both corridors and the woodlot (n = 8 spe-
cies), only “Traill's™ Flycatcher (Empidonax
traillii and E. alnorum: G = 8.76. P = 0.004)
and Least Flycatcher (£. minimus. G = 8.42,
P = 0.004) differed in age structure between
corridors and the woodlot: for both species.
there were greater percentages of juvenile
birds in the woodlot than in corridors.
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FIG. 2. Age structure of Neotropical woodland mi-

grant populations at inland sites, coastal sites, and
southern Veracruz, Mexico. Sites marked by asterisks
do not represent the entire Neotropical migrant popu-
lation, but studies at those sites included at least six
commonly captured species of Neotropical migrants.
Sites and data sources are as follows: Powdermill and
Carlisle, PA, and coastal MA/NJ (Ralph 1981); Alle-
gheny Front, WV (Hall 1981); Wool Ranch and Far-
allon Islands, CA (Stewart et al. 1974); Mt. Mansfield,
VT (Rimmer and McFarland 2000); Whitefish Point,
MI (R. Utych pers. comm.; data from fall migration
seasons 1995-1997); coastal Alabama (Woodrey and
Moore 1997); corridor and woodlot sites. SD (this
study); Appledore Island, ME (Morris et al. 1996);
coastal VA (Stewart 1986); Palomarin, CA (Taylor et
al. 1994); and Veracruz, MX (Winker 1995). The
coastal Alabama stopover site was included with the
inland sites because it is far removed from the Atlantic
coast and lies directly south of inland migration routes.
The Veracruz site is unique due to the extreme narrow-
ing of the continental landmass at that location, and is
presented separately from inland and coastal sites.
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FIG. 3. Correlation between latitude and propor-

tion of juveniles for nine inland and five coastal stop-
over sites in North America. There was no relationship
between latitude and proportions of juveniles at either
inland or coastal sites. Sources of data are the same as
those listed for Figure 1.

DISCUSSION

Migratory group comparisons.—The pro-
portions of juveniles among peripheral and
near-peripheral migrants were slightly greater
than they were for central migrants. The pro-
portion of juveniles was inversely related to
the distance of our sites from the boundaries
of their migratory ranges (P = 0.085). Cap-
ture rates (this study) and abundance estimates
from point counts (Dean 1999, Swanson et al.
2003) of peripheral and near-peripheral spe-
cies also were typically lower than those for
central migrant species, which is one of the
criteria proposed by Ralph (1981) for delin-
eating the periphery of a species’ migratory
range. The pooled proportion of juveniles for

TABLE 2.

Comparisons of mean proportions of juveniles (% HY *= SD) common to South Dakota (pooled

corridor and woodlot data) and seven other inland sites to the east of South Dakota. Comparisons were limited

to Neotropical migrant species with =15 captures/site.

South Dakota

Sited nb % HY % HY ' P
Powdermill, PA 11 75.1 + 13.8 84.6 + 4.6 2.26 0.048
Carlisle, PA 10 69.3 + 13.3 84.6 + 4.9 3.56 0.006¢
Allegheny Front, WV 3 70.1 + 5.1 88.1 * 5.1 9.51 0.011
Mt. Mansfield, VT 7 84.9 =+ 153 88.3 + 4.7 0.02 0.99
Whitefish Point, M1 13 819 * 144 84.4 + 6.0 0.45 0.66
Coastal AL 2 79.1 = 11.2 83.8 £ 53 1.16 0.45
Southern Veracruz, MX 3 61.5 = 19.5 86.6 = 39 2.17 0.16

2 For sources of data, see Fig. 1.

b Number of species occurring at both South Dakota sites and other sites.

¢ Significant after sequential Bonferroni adjustment.












