AGE RATIOS OF COASTAL AND INLAND FALL MIGRANT
PASSERINES IN CENTRAL CALIFORNIA

By RoBert M. STEWART, L. RIcHARD MEWALDT,
AND SusaN Kaiser

INTRODUCTION

Changes in the age ratio of migrants in relation to time and
route have been reported from different parts of North America
(Robbins et al.,1959; Drury and Keith, 1962; King et al., 1965;
Murray, 1966; Hussel et al.,, 1967; Leberman and Clench, 1968,
1969; Clench, 1969; Ely, 1970; Johnson, 1970, 1973). Ralph (1971),
using data for three passerine speecies from an island and an adjacent
coastal station in central California, discussed hypotheses relating
to the high proportion of immatures. His data might be more mean-
ingful if compared with age ratios at inland stations. This paper
reports age ratios for common passerine autumnal migrants from
an insular, a coastal, and an inland station. Some supplemental
data are presented from three other inland stations. Together these
six stations comprise an east-west transeet of central California
(Fig. 1).

METHODS

Age ratio data are presented from Farallon Island 40 kilometers
west of San Francisco to Mono Lake near the California-Nevada
state line 330 km to the east. All stations are 37-39° N latitude.
Brief summaries of conditions peculiar to each station follow.

The Farallon Island Station of Point Reyes Bird Observatory
(PRBO) is a 45-hectare rocky island, the largest and only habitable
island of the Farallon Island National Wildlife Refuge. The island
is a focal point for migratory land birds flying over the Pacific Ocean
especially at dawn. Its three introduced trees tend further to con-
centrate land birds arriving on the island. Mist nets in the vicinity
of these trees were supplemented by a 20-meter Heligoland trap
constructed over a prostrate Monterey pine (Pinus radiata) and a
24 X 2.4 X 1.2 meter-high house trap beneath the two Monterey
cypresses (Cupressus macrocarpa) which stand in the lee of a two-
story living quarters. Occasionally mist nets were operated near the
lighthouse and on the grassy marine terrace. Data taken between
16 August and 15 November 1968-1972 are presented here.

The Bolinas Station of PRBO is on the adjacent mainland just
within the southern edge of Point Reyes National Seashore. It is
located on a marine terrace 60 m above sea level and within 30 m of
the cliff overlooking the beach. In favorable weather the Farallon
Islands, 30 km to the southwest, are clearly visible from the Bolinas
Station. Single- to triple-height mist nets were operated in the oak
woodland and coastal serub that characterize the immediate area.
Some granivorous species were also taken in 4-cell Glenhaven
“Potter” traps. Data taken between 16 August and 15 November
1968-1972 are presented here.
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Figure 1. Capture stations in central California: Farallon Island (F), Bolinas
(B), Wool Ranch (W), Sacramento (S), Robinson Flat (R), Mono Lake (M).

The Wool Ranch Station operated by the Avian Biology Labora-
tory (ABL) of California State University at San Jose is 55 km from
the outer coast. It is situated 615 m above sea level in a hanging
valley just east of the 800 m crest to Mission Ridge on the western
edge of the inner Coast Range. Mission Ridge overlooks South
San Francisco Bay, the San Jose-San Francisco metropolitan area,
and westward across to the Santa Cruz Mountains of the outer
Coast Range. Nets and a few “Potter” traps were located in a
willow-filled draw and in a surrounding 20-hectare prune and walnut
orchard. High ground around the Wool Ranch Station is open grass-
land. Slopes dropping off to the east are covered with oak woodland
or grassland depending upon exposure. The orchard and willows
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(Saliz sp.) function as a focal point for migrants grounded on the
grassy ridge. Frequently Mission Ridge at dawn stands out like an
island above the fog which flows in from the Pacific and obscures
land and water areas below 500 m. Data taken from 9 August to 15
November 1970 and 10 August to 30 November 1971 are presented
here.

The Sacramento Station at near sea level in the great interior
valley of California is 140 km from the coast. Nets were located in
riparian vegetation consisting of willows and large cottonwoods
(Populus Fremontii). This station was operated from 18 August to
7 September 1970.

The Robinson Flat Station near Duncan Peak Lookout at 2,040
m above sea level on the west slope of the Sierra Nevada is about
250 km from the Pacific coast. Nets were located in a small meadow
where the major vegetation is mountain alder (Alnus tenuifolia) and
willow. The surrounding forest consists of predominantly red fir
(Abies magnifica) and lodgepole pine (Pinus Murrayana). This sta-
tion was operated from 28 August to 26 September 1970.

The Mono Lake Station at 1,950 m above sea level at the eastern
base of the Sierra Nevada is about 300 km from the Pacific coast.
Nets were located on the northwest shore of this large saline lake
in an area of mixed vegetation consisting of willow, cottonwood
(Populus trichocarpa), and introduced Lombardy poplar (Populus
sp). This station was operated from 27 August to 27 September
1970.

Birds were aged using species-relevant criteria maintained in files
at PRBO and ABL. The stage of progressive skull ossification
(Stewart, 1972a) was the most useful single indicator of age in most
passerines. We omitted data from less than five percent of the birds
captured whose age we did not determine.

All birds were marked with bands issued by the Bird Banding
Laboratory. Only data from initial captures were used except at the
Bolinas and Wool Ranch stations, where returns of Hermit Thrushes
(Catharus guttata ), Oregon Juncos (Juncos oreganus), Chipping
Sparrows (Spizella passerina), Golden-crowned Sparrows (Zono-
atrichia atricapilla), Fox Sparrows (Passerella tliaca), White-crowned
Sparrows (Z. leucophrys), and Lincoln’s Sparrows (Melospiza lin-
colnit) were counted as adult birds.

“Testing equality of two percentages” (Sokal and Rohlf, 1969)
was used as a test of significance (P = .05) between stations.

RESULTS

In Tables 1-3 numbers of immatures are compared to numbers of
adults in 18 species of commonly captured fall migrants at three
stations. Data for five fall seasons at Bolinas (Table 2) show rela-
tively little annual variation in age ratios. Because the annual effort
at Bolinas was reasonably constant, changes in gross numbers prob-
ably reflect actual annual fluctuations in numbers passing through
the Bolinas area.

The greater variation in numbers captured in the same five fall
seasons on Farallon Island (Table 1) is due in part to variation in
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capture effort among the years. Important also, however, is the
island’s apparently greater sensitivity to chance precipitation of
wind-drifted waves of migrants. Observable differences in imma-
ture/adult numbers between those arriving in waves and those ar-
riving in smaller numbers between waves is discussed below.

Differences in gross numbers and some differences in immature
adult ratios between years at the Wool Ranch may be in part attri-
buted to longer coverage in 1971. Gross numbers of the subject
species captured on the Wool Ranch (5,574) make that 2-year sample
numerically comparable with the 5-year samples from Bolinas
(5,460) and Farallon Island (3,300).

Due to the small sample sizes of warblers at inland stations we have
combined data for five species of common western parulids (Fig. 2).
A significant difference is found in percentages of immatures between
the coastal stations (Farallon Island and Bolinas) and each inland
station, but there are no significant differences among the four in-
land stations. Together the two coastal stations had 91 percent
immature in contrast to 59 percent immature for the four inland
stations.

In the following species the percentage of immatures is signi-
ficantly higher at Bolinas than at the Wool Ranch: Hermit Thrush,
Swainson’s Thrush (Catharus ustulata), Western Tanager (Piranga
ludoviciana), Oregon Junco, Chipping Sparrow, both subspecies of
the White-crowned Sparrow (Zonotrichia leucophrys gambeliis and
Z. l. pugetensis), and the Golden-crowned Sparrow. Although there
is a lower percentage of immatures at the Wool Ranch for the Fox
Sparrow and Linecoln’s Sparrow, the difference is not significant
when compared with Bolinas, but is significant when compared with
Farallon Island.

In no species (except the Yellow Warbler) is there a significantly
higher percentage of immatures on Farallon Island than Bolinas.
However, in three species (Hermit Thrush, Swainson’s Thrush,
Golden-crowned Sparrow) the percentage of immatures on Farallon
Island is significantly lower than Bolinas. This lower percentage of
immatures on Farallon Island is because of a wave-day effect.
(Definition of a wave-day was the arrival of over 1,000 migrants on
the island.) Generally on other days there were less than 100 mi-
grants present. On wave-days a significantly higher proportion of
adults occurred as compared with all-other-days in the Hermit
Thrush, Puget-Sound White-crowned Sparrow, and Golden-crowned
Sparrow (Fig. 3). Although this wave-day effect occurs in the
Puget-Sound White-crowned Sparrow, it apparently does not occur
in the Gambel’s White-crowned Sparrow.

In three species, the Western Flycatcher (Empidonaz difficilis),
Warbling Vireo (Vireo gilvus), Black-headed Grosbeak (Pheucticus
melanocephalus), there is no significant difference in percentage of
immatures between Farallon Island, Bolinas, and the Wool Ranch.
Although the sample is small, the percentage of immatures at three
inland stations (lumped together) from Sacramento to Mono Lake
is also high for the Western Flycatcher (91-79,; n = 11) and War-
bling Vireo (91.7%; n = 22).
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Frauri 2. Combined age ratios of common western parulids (Orange-crowned
Warbler Vermivora celata, Yellow Warbler D( ndroica petechia, Townsend’s
Warbler Dendroica townsrmh MacGillivray’s Warbler Oporornis tolmied,
Wilson’s Warbler Wilsonia puwlla) at coastal and inland stations in central
California. Open bars for coastal stations, stippled bars for inland stations,
Numbers above bars are sample sizes.

DISCUSSION

Among the hypothesized postulates of Drury and Keith (1962)
was the statement that the high ratios of immatures to adults on the
Atlantic coast were due largely to genetically induced navigational
errors. Ralph (1971) subscribed to this hypothesis for fall migrants
on the central California coast and predieted that samples taken
farther from the mainland would have a higher percentage of im-
matures for any given species. Generally our data agree with this
hypothesis, but it is only supported statistically in the Yellow
Warbler. The lower percentage of immatures on Farallon Island in
the Hermit Thrush, Puget-Sound White-crowned Sparrow, and
Golden-crowned Sparrow 1s due to the wave-day effect. Wave-days
occur on Farallon Island because of a combination of factors associ-
ated with weather fronts (Ainley, Stewart, and Mewaldt, in prep.).
Migrating species wintering along the coast include adults returning
to coastal habitats where they spent the previous winter. TFor
example, Vargas (1971) found that 30 percent of wintering Golden-
crowned Sparrows at Bolinas returned the following year. Some
adults returning to the immediate coast could drift or be blown off
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Fraure 3. 1latios of immatures to adults of several species on wave-days com-
pared with all-other-days on Farallon Island 1968-72. Stippled bars are
wave-days, open bars are all-other-days. Numbers above bars are sample
sizes. * differences significant (P = .05).

course to Farallon Island when weather fronts oceur. The absence
of large numbers of adult Gambel’s White-crowned Sparrows on
wave-days (Fig. 3) may be because its main wintering ground is well
inland and not on the immediate coast (Grinnell and Miller, 1944).

Assuming there is no bias in favor of catching immature birds
and that adults migrate at the same speed and use similar habitats
as immatures, the high percentage of immatures at inland stations
in the Western Flycatcher, Warbling Vireo, and Black-headed Gros-
beak suggest either aging techniques are erroneous, adults use other
routes than sampled by our stations, or that most adults migrate
earlier than mid-August. Are the aging techniques erroneous? Skull
ossification is a reliable technique for aging the Warbling Vireo
(Stewart, 1972) and Black-headed Grosbeak (PRBO, unpubl.
data). In the Western Flycatcher some adults return in the spring
with an incompletely ossified skull (Johnson, 1973; PRBO, unpubl.
data) but the larger “‘windows’’ in the immatures during August and
September distinguish them from adults that have smaller unossified
areas or have completely ossified skulls (PRBO, unpubl. data).
Immature Western Flycatchers have new, buffy wing coverts in
contrast to the worn coverts of adults (Johnson, 1974). Both ossi-
fication and condition of wing coverts were used to age the Western
Flycatcher.
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Could the location of our stations have been such that we missed
the migration routes of certain speeies? Comparison of numbers of
early fall migrants at Bolinas show that the Western Flycatcher and
Warbling Vireo are the two most abundantly captured species. The
Western Flyecatcher is by far the most abundant early fall migrant
at Wool Ranch as well. In contrast the relative abundance of these
two species in the central valley of California is much lower. Com-
pared to other common species, the Western Flycatcher and War-
bling Vireo had a low relative abundance during a 10-week-end
census of Caswell State Park during the fall of 1966 (Marie Mans,
unpubl. data). The same is true at banding stations in the central
valley during the height of migration (Cogswell, 1962; Stewart,
1972b). Although information concerning migration in the Sierra
Nevada foothills is scarce, all existing evidence suggests that most
individuals of the Western Flycatcher and Warbling Vireo migrate
along the coast during the fall migration. Relatively little is known
about possible routes of the Black-headed Grosbeak.

That adults of the Western Flycatcher, Warbling Vireo, and
Black-headed Grosbeak migrate before immatures is suggested by
the following evidence: the higher percentage of adult Western
Flycatchers at Wool Ranch in early August gradually declining into
September (Fig. 4) suggests that the peak of adult migration in this
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Fraure 4. Percentage of aduly Western Flycatchers at the Wool Ranch 1 fall
1970-71. Numbers above bars are sample sizex.
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species is earlier than mid-August. Similarly four of the six adult
Black-headed Grosbeaks were captured before 22 August at the
Wool Ranch. The timing and location of the postnuptial molt in
these species is important to consider. If remex molt did not take
place in the United States in adult Western Flycatchers, Warbling
Vireos, and Black-headed Grosbeaks, it would add support to the
hypothesis that they migrate earlier than immatures. Molt of
remiges has never been detected in these three species at Bolinas
where continuous netting occurred throughout the year. Individual
Wilson’s Warblers, Orange-crowned Warblers, and Swainson’s
Thrushes (species that also breed locally and winter in western
Mexico) have been captured with remex molt during the summer
and fall (PRBO), unpubl. data). Michener and Michener (1951)
captured over 400 adult Black-headed Grosbeaks during a 25-year
period in Pasadena, California, but only one was undergoing post-
nuptial molt. This individual was caught on 30 September with an
injured but mended wing. Stewart (in prep.) has found no remex
molt in skins of the Warbling Vireo (western races) and Black-
headed Grosbeak taken in the United States.

Thus we interpret the high percentage of immatures in the West-
ern Flycatcher, Warbling Vireo, and Black-headed Grosbeak at
inland stations as evidence that in these species peak migration of
adults occurs prior to the postnuptial molt and earlier than peak
migration of immatures. Our data support Johnson’s (1973) con-
tention that this hypothesis is correct for the Western Flycathcher.

SUMMARY

Age ratios are presented for common fall migrant passerines at an
insular, a coastal, and inland stations on an east-west transect of
California. In general the percentages of immatures are highest at
the insular and coastal stations and much lower at inland stations.
In five common parulids the 91 percent immature at coastal sta-
tions contrasts to the 59 percent immature at inland stations.
Exceptions to this general pattern are found for some species in
which lower percentages of immatures were reported from the insular
station than on the coast. Apparently this is because on wave-days
immatures occur in substantially lower percentage than on other
days in these species. The high percentage of immatures at coastal
and inland stations in the Western Flycateher, Warbling Vireo, and
Black-headed Grosbeak is discussed. Our evidence suggests that in
fall adults of these three species migrate prior to the postnuptial
molt and before peak migration of immatures.

ACKNOWLEDGMENTS

We thank C. J. Ralph and Carol Pearson for critical reading of the
manuscript. The following people collected field data: Bill Clow,
Malecom Coulter, Dave DeSante, Robin Doughty, Arthur Earl,
Julie Frizzell, Virgil Frizzell, David Junkin, Ron LeValley, T. J.
Lewis, Stephen Long, Tim Merriman, Tim Manolis, C. J. Ralph,
Henry Robert, Chris Scheible, Dick Scheible, Fred Sibley, Steven



Vol. 45, No. 1 Fall Migrants in California [57

Speich, Richard Stallecup, Meryl Stewart, Vince Vesterby, and
students and volunteers of the Avian Biology Laboratory, Cali-
fornia State University at San Jose. We are grateful to the E. O.
Wool Ranch, Inc. for access to their land and other courtesies; to
the U. 8. Coast Guard for logistic support to the Farallon Island
Station, and to the Dean Whitter Foundation for financial support
of the Farallon Island Station. Bill Mewaldt drew the figures.

LITERATURE CITED

Coaswerr, H. L. 1962. Operation recovery begun in California’s central valley.
Western Bird Bander, 37: 52-54.

Crench, M. H. 1969. Additional observations on the fall migration of adult and
immature Least Flycatchers. Bird-Banding, 40: 238-243.

Drury, W. H. Jr., axp J. A. Krrre. 1962. Radar studies of songbird migration
in coastal New England. Ibes, 104:449-489.

Evy, C. A. 1970. Migration of Least and Traill’s Flycatchers in West-central
Kansas. Bird-Banding, 41: 198-204.

GRINNELL, J., anp A. H. MiLLer. 1944. The distribution of the birds of Cali-
fornia. Pacific Coast Avif. No. 27,

Husserr, D. J. T., T. Davrs, anp R. D. Moxrcomurie. 1967. Differential fall
migration of adult and immature Least Flycatchers. Bird-Banding, 38: 61-66.

Jonnson, N. K. 1970. Fall migration and winter distribution of the Hammond
Flycatcher. Bird-Banding, 41: 169-190.

——. 1973. Spring migration and seasonal change in sex and age ratios in the
Western Flycatcher. Beird-Banding, 44: 205-220.

——. 1974. Molt and age determination in Western and Yellowish flycatchers.
Auk, 91: 111-131.

King, J. R., D. S. FArNER, anDp L. R. MEwaLpT. 1965, Seasonal sex and age
in populations of the White-crowned Sparrows of the race gambelii. Condor,
67: 489-504.

Leserman, R. C., axp M. H. Crenca. 1968. Bird-banding at Powdermill.
Research report no. 23. Carnegie Museum Powdermill Nature Reserve.
———. 1969. Bird-banding at Powdermill. Research report no. 26. Carnegie

Museum Powdermill Nature Reserve.

MicHENER, J. R., axp H. Micuener. 1951, Notes on banding records and
plumages of the Black-headed Grosbeak. Condor, 53: 93-96.

Murray, B. G., Jr. 1966. Migration of age and sex classes of passerines on the
Atlantic coast in autumn. Ak, 83: 352-360.

Rarpy, C. J. 1971. An age differential of migrants in coastal California. Condor,
73: 243-246.

Rorains, C., D. Bripcr, AnD R. Ferier. 1959. Relative abundance of adult male
redstarts at an inland and a coastal locality during fall migration. Maryland
Birdlife, 15: 23-25.

Sokarn, R. R., axp F. J. Rouvr. 1969. Biometry, the principles and practice of
statistics in biological research. San Francisco, W. H. Freeman and Co.
StewarT, R. M. 1972a. The reliability of aging some fall migrants by skull

pneumatization. Bird-Banding, 43: 9-14.

. 1972b. Species composition of common passerines at Point Reyes Bird
Observatory. Western Bird Bander, 47: 58-59.

Vareas, D. J. 1971. Observations of winter ecology and morphology of the
groldfjn-crowned Sparrow. Masters Thesis, California State University,
San Jose.

Point Reyes Bird Observatory, P. O. Box 321, Bolinas, California
94924. (Present address of Mewaldt and Kaiser: Avian Biology
Laboratory, California State University, San Jose, San Jose, Cali-
fornia 95192.)

Received 24 March 1973, accepted 19 September 1973.



