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Abstract. We examined home-range characteristics
of seven Black Vultures (Coragyps atratus) and four
Turkey Vultures (Cathartes aura) at the Savannah Riv-
er Site, South Carolina. Birds were captured at their
primary roost and tracked via aeria telemetry from 11
February 2002 through 29 January 2003. Mean annual
home-range sizes (95% fixed kernel) for Black and
Turkey Vultures were 12399 = 5199 ha [SE] and
34 053 + 8567 ha, respectively. Black Vultures con-
centrated their movements around the primary roost,
whereas Turkey Vultures demonstrated less site fidel-
ity. Home-range sizes and time spent soaring for both
species were much greater than reported for vultures
residing in an agricultural landscape. We suggest that
food resources at the heavily forested Savannah River
Site were fewer and less predictable than in agricul-
tural landscapes, requiring larger home ranges and in-
creased time spent foraging.

Key words. aerial telemetry, Black Vulture, Ca-
thartes aura, Coragyps atratus, home range, movement
patterns, Turkey Vulture.

Rangos de Hogar de los Buitres Simpatricos
Coragyps atratus y Cathartes aura en Carolina
del Sur

Resumen. Examinamos las caracteristicas de los
rangos de hogar de siete Coragyps atratus y cuatro
Cathartes aura en Savannah River, Carolina del Sur.
Las aves fueron capturadas en sus sitios de descanso
principales y fueron rastreadas mediante telemetria aé-
readesde el 11 de febrero de 2002 hasta el 29 de enero
de 2003. Los tamafios medios de rango de hogar (ker-
nel fijo del 95%) fueron de 12399 + 5199 ha [EE]
para C. atratus y de 34 053 * 8567 ha para C. aura.
Cathartes atratus concentrd sus movimientos arede-
dor de sus sitios de descanso principales, mientras que
C. aura demostro menor fidelidad al sitio. Para las dos
especies, los tamafios del rango de hogar y el tiempo
que permanecieron planeando fueron mucho mayores
que los reportados para buitres que habitan paisajes
agricolas. Sugerimos que en Savannah River, un sitio
con alta cobertura forestal, los recursos aimenticios
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eran mas escasos y menos predecibles que en paisajes
agricolas, requiriendo rangos de hogar mayores y un
incremento en el tiempo de forragjeo.

Black Vultures (Coragyps atratus) and Turkey Vul-
tures (Cathartes aura) are scavengers found commonly
throughout much of the temperate and tropica Amer-
icas. Both species preferentially use a mosaic of hab-
itat types: roosts and nests often are located in dense,
undisturbed forests, whereas pastures, fields, and other
open areas are preferred for foraging (Coleman and
Fraser 1989, Kirk and Mossman 1998, Buckley 1999).
Asis evident from the wide distribution and abundance
of Black and Turkey Vultures throughout the New
World (Kirk and Mossman 1998, Buckley 1999), both
species have adapted well to landscapes fragmented by
human activities. However, little information is avail-
able concerning the spatial ecology of Black or Turkey
Vultures across ecosystem types and locations. In par-
ticular, virtually nothing is known about home-range
characteristics of either species, apart from one study
in an agricultural landscape in southern Pennsylvania
and northern Maryland (Coleman and Fraser 1989).
New information on home ranges and movement pat-
terns of Black and Turkey Vultures would help provide
amore complete account of the natural history of these
Species.

A deeper understanding of the spatial ecology of
Black and Turkey Vultures also might aid in reducing
bird-aircraft collisions, which cost $400 million an-
nually in aircraft repairs and have been responsible for
over 350 human mortalities worldwide (Sodhi 2002).
Black and Turkey Vultures together were ranked as the
top threat to civil and military aviation with regard to
bird—aircraft collisions in the United States (Dolbeer
et al. 2000). Accurate information regarding movement
patterns of vultures relative to areas of high density
and activity (i.e., roosts) might be used to fine-tune
spatial models designed to prevent bird—aircraft colli-
sions.

The purpose of this study was to quantify home-
range characteristics of Black and Turkey Vultures at
a heavily forested site in South Carolina where both
species are common. We used radio-telemetry from
fixed-wing aircraft to observe individuals of both spe-
cies over ayear. A primary objective was to compare
our results to those of Coleman and Fraser (1989), al-
lowing a comparison of home-range ecology in two



very different landscapes. Secondarily, we examined
the time spent soaring as opposed to other activities,
flight altitudes, and the nature of vulture movements
with regard to the major communal roost.

METHODS
STUDY AREA

The 78 000 ha Savannah River Site is a limited-access
nuclear production and research facility near Aiken,
South Carolina. The Savannah River Siteis owned and
operated by the United States Department of Energy.
Approximately 64% of the site has been planted in
loblolly pine (Pinus taeda), longleaf pine (P. palus-
tris), and slash pine (P. dlliottii; Workman and Mc-
Leod 1990), which are managed for timber by the
United States Forest Service. An additional 15% of the
land cover is classified as bottomland hardwood
(Workman and McLeod 1990). Although most of the
Savannah River Site is forested, severa industrial ar-
eas are located throughout the site. Elevation ranges
from <30 m above sea level on the southwestern por-
tion of the site to 115 m on the northern portion of the
site (White and Gaines 2000).

FIELD METHODS

In 2000 and 2001 we captured 22 Black Vultures and
12 Turkey Vultures, primarily by rocket net. All indi-
viduals were captured near R-Reactor, an abandoned
nuclear reactor located approximately 5 km east of the
center of the Savannah River Site. R-Reactor has
served as a major communal vulture roost for many
years (ILB, pers. obs.).

Captured birds were weighed and aged (adult or ju-
venile) based on the color and degree of wrinkling of
the head (Kirk and Mossman 1998, Buckley 1999).
Backpack-style radio-transmitters weighing ~30 g
(Holohil Systems Ltd., Carp, Ontario, Canada; model
Al-2B; 164-166 MHz) were attached to all birds. The
transmitters were equipped with position sensors that
enabled us to determine remotely whether radio-tagged
birds were oriented horizontally or verticaly. Trans-
mitters always emitted the horizontal signal when ra-
dio-tagged birds were in flight. Transmitters on
perched birds usually emitted the vertical signal; how-
ever, occasionaly the horizontal signal was emitted
during feeding or loafing.

A preliminary examination of telemetry error at the
Savannah River Site indicated that radio-tracking from
ground level was not feasible for such wide-ranging
birds due to extensive forest cover and the lack of an
extensive road network in some areas (White and
Gaines 2000). Thus, we conducted a detailed study to
evaluate the feasibility of aerial telemetry and to assess
patterns of error (DeVault et a. 2003). We used a
fixed-wing aircraft (Cessna 172) equipped with a two-
element Yagi antenna on each wing strut to locate 24
beacons (vulture transmitters) placed throughout the
Savannah River Site and to mark their locations with
a handheld GPS receiver. We found that the mean lin-
ear distance error (from actual beacon locations to lo-
cations estimated via aerial telemetry) was 191 = 197
m (SD; range 22—1011 m), and that 95% confidence
circles were 47 ha in size. Twenty-two of 24 (92%) of
the actual beacon locations fell within the confidence
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circles. These error estimates fell within the normal
bounds for aerial telemetry (Samuel and Fuller 1996)
and provided a reasonable degree of accuracy for our
objectives (DeVault et a. 2003). However, the error
estimates applied only to location estimates of unseen,
perched birds. Although we could not quantify the lin-
ear error associated with location estimates of visible
perched or soaring birds (see below), such location es-
timates were almost certainly more accurate than those
of unseen, perched birds.

We conducted 84 telemetry flights, totaling 175 hr,
from 11 February 2002 through 29 January 2003. One
radio-tracker accompanied the pilot on al flights. We
distributed flight times evenly over all daylight hours.
Occasionaly, flights were postponed due to rainfall or
heavy winds;, however, vultures were generally
perched and inactive during such times.

During each flight, we systematically searched the
Savannah River Site and the surrounding 15 km to
locate as many birds as possible during the prearranged
flight time (generally 2 hr). Upon detecting a radio
signal, the radio-tracker indicated the general direction
of that signal to the pilot. If the transmitter emitted a
vertical signal (perched bird), we followed steps out-
lined in Samuel and Fuller (1996) and DeVault et al.
(2003) to mark the estimated location with a Garmin
12 CX handheld GPS unit (10-30 m accuracy). Gen-
eraly, this process entailed (1) circling the signa
source, (2) visually estimating the bird's location after
circling the signal source several times and monitoring
signal strength, and (3) flying directly over the esti-
mated location and recording the coordinates with the
GPS unit. If the transmitter emitted a horizontal signal
(flying bird), we circled the signal source widely until
we visualy located the bird, beginning at approxi-
mately 1000 m above ground level and descending
slowly. When we located the bird visually, we flew at
the same altitude as the bird and recorded its altitude
using the GPS unit. We verified al altitude estimates
generated by the GPS unit with the aircraft’s onboard
atimeter and found that the estimates were aways
within 10 m. After we recorded altitude, we flew di-
rectly over the marked bird and recorded its location
with the GPS. If we could not see atarget bird emitting
a horizontal signal after ~5 min of searching, we first
confirmed that the bird was not above the airplane by
tilting the wing tips and monitoring signal strength,
and then proceeded to locate the bird under the as-
sumption that it was perched. Individual birds were not
located more than once per telemetry flight.

STATISTICAL ANALYSES

Eleven Black Vultures and six Turkey Vultures appar-
ently left the vicinity of the Savannah River Site short-
ly after trapping. Some birds captured during the win-
ter were likely migrant birds that returned to more
northern locations in the spring. Other birds may have
used the R-Reactor only as a secondary roost. Addi-
tionally, two radio-tagged Black Vultures and one ra-
dio-tagged Turkey Vulture died from unknown causes
during the study period. Thus, we restricted our anal-
yses to seven Black Vultures and four Turkey Vultures
that were located >30 times throughout the tracking
period. Restricting our analyses to these birds helped
assure that we only considered birds whose home rang-
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TABLE 1. Home-range characteristics of Black Vultures and Turkey Vultures at the Savannah River Site,
South Carolina. Home-range sizes (ha) were calculated by 50% fixed kernel, 95% fixed kernel, and 95% Jenn-
rich-Turner (JT) methods. Interspecific comparisons of home-range sizes were conducted using Mann-Whitney
U-tests. Data were gathered via aerial telemetry from 11 February 2002 through 29 January 2003.

Home-range size

Mass
Individual Age? (kg) nb 50% kernel 95% kernel 95% JT

Black Vulture

A Adult 2.4 50 1509 4579 6067

B Adult 2.3 42 1516 5365 42 071

C Adult 2.4 47 1557 6308 43 828

D Adult 2.4 35 1470 4209 1004

E Adult 18 40 1674 7788 9266

F Adult 2.4 47 3722 41418 81 688

G Adult 2.2 45 2749 17128 45 337

Mean = SE 2.3 2028 + 330+ 12 399 + 5119+ 32751 = 10 948*
Turkey Vulture

H Adult 2.1 47 1811 9117 88 804

| Juvenile 2.0 51 2424 38 699 62 690

J Adult 17 36 4918 40 236 54 505

K Adult 2.0 50 7485 48 161 80195

Mean = SE 2.0 4159 + 1296+ 34053 + 8567+ 71549 + 7861*

aDetermined based on the color and degree of wrinkling of the head (Kirk and Mossman 1998, Buckley

1999).
b Number of telemetry locations.
+ P < 0.10; * P < 0.05.

es were confined to the tracking area, and that stable
home-range estimates were generated (Seaman et al.
1999, Kernohan et al. 2001).

We calculated home-range estimates using the fixed
kernel method described by Worton (1989, 1995). We
used the least-squares cross-validation procedure to
choose the optimal smoothing parameter. Following
Churchill et a. (2002), we calculated the smoothing
parameters at 50% and 95% utilization distribution
levels separately for each bird, and then used the me-
dian value of the smoothing parameters from the initial
calculations for al subsequent analyses. We aso cal-
culated noncircular home ranges using the Jennrich-
Turner estimator (Jennrich and Turner 1969) to allow
comparison with vulture home-range estimates from
Coleman and Fraser (1989).

We used Mann-Whitney U-tests to examine inter-
specific differences among home-range sizes based on
50% kernel, 95% kernel, and 95% Jennrich-Turner
home-range descriptors (Table 1). We used the Animal
Movements extension (Hooge and Eichenlaub 1997)
in ArcView 3.2 (ESRI 1999) to generate al home-
range estimates, and SPSS version 10.0 (SPSS 1999)
for statistical analyses.

RESULTS

We obtained 490 location estimates (306 from Black
Vultures and 184 from Turkey Vultures) from the 11
birds located >30 times. For Black Vultures, 169
(55%) of the location estimates were of soaring birds.
Of the 137 location estimates of perched Black Vul-
tures, 59 (43%) were visually obtained. For Turkey
Vultures, 111 of the location estimates (60%) were of

soaring birds. Of the 73 location estimates of perched
Turkey Vultures, 23 (32%) were visually obtained. All
unseen birds were assumed to be perched. The mean
flight altitude (above ground level) for Black Vultures
and Turkey Vultures was 166 = 115 m (SD; n = 169)
and 165 = 93 m (n = 111), respectively.

The mean home-range size of Turkey Vultures was
over twice that of Black Vultures for 50% kernel, 95%
kernel, and 95% Jennrich-Turner methods (Table 1).
However, only the home-range estimates cal culated by
the Jennrich-Turner method were significantly different
between species at « = 0.05 (Table 1).

Despite the large size of the Savannah River Site
(78 000 ha), 139 of 306 (45%) location estimates for
Black Vultures were within 1 km of the R-Reactor
(Fig. 1). The two Black Vultures whose home ranges
did not include the R-Reactor (individuals E and G;
Fig. 1) aso concentrated their movements around a
communal roost. Individual E's home range was cen-
tered on a 40-m-tal fire tower that traditionally has
served as a vulture roost near the town of Jackson,
South Carolina. Individual G's home range included
several nuclear industrial areas that occasionally
served as roosts. In contrast, only 33 of 184 (18%)
location estimates of Turkey Vultures were within 1
km of the R-Reactor. Like Black Vultures, al core
home ranges of Turkey Vultures included a communal
roost.

DISCUSSION

Vultures at the heavily forested Savannah River Site
exhibited annual home ranges about twice as large as
those reported by Coleman and Fraser (1989) in south-
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FIGURE 1. Location estimates and 1-year core home
ranges (50% fixed kernel) of seven Black Vultures (n
= 306 locations) and four Turkey Vultures (n = 184
locations) at the Savannah River Site, South Carolina.
Locations were estimated by fixed-wing aerial telem-
etry from 11 February 2002 through 29 January 2003.
Four of the core home ranges for Black Vultures were
nearly identical in size and location, reflecting the in-
tense use of the immediate vicinity of the R-Reactor,
the main communal roost. Letters correspond to the
individuals in Table 1; the heavy black line indicates
the boundary of the Savannah River Site.

ern Pennsylvania and northern Maryland. In Coleman
and Fraser’s (1989) study, Black and Turkey Vultures
had annual home ranges (Jennrich-Turner method) of
14881 * 3160 ha (SE; n = 5) and 37072 + 27 625
ha (n = 4), respectively, compared to our estimates of
32751 = 10948 (n = 7) and 71549 + 7861 (n = 4)
using the same home-range calculation method. Our
ability to locate vultures far from the main roost using
aircraft might have contributed somewhat to the larger
home-range estimates we obtained compared to those
reported by Coleman and Fraser (1989), who tracked
from a car. Nonetheless, the magnitude of difference
in home-range sizes between the two studies strongly
suggests that Black and Turkey Vultures have consid-
erably larger home ranges at the Savannah River Site
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than in southern Pennsylvania and northern Maryland.
To our knowledge, the only other published home-
range study of Black or Turkey Vultures was conduct-
ed by Santana et al. (1986) in southern Puerto Rico;
they reported an 18-month home-range size (minimum
polygon method; Mohr 1947) of 45800 ha for one
radio-tagged Turkey Vulture.

In a recent review, Rolando (2002) concluded that
food availability is generally the most important de-
terminant of home-range size and shape in birds. Our
study appears to support this assertion, as the differ-
ences in home-range size between the current study
and that by Coleman and Fraser (1989) probably re-
flect variations in habitat structure, and thus feeding
opportunities, between the two sites. Black and Turkey
Vultures in Pennsylvania and Maryland primarily used
carcasses of domestic animals generated by the nu-
merous cattle, hog, poultry, and dairy farms located
throughout the mostly agricultural landscape (Coleman
and Fraser 1987). Conversely, feeding opportunities at
the Savannah River Site, which is ~80% forested, are
amost certainly fewer and less predictable. Our an-
ecdotal observations suggest that Savannah River Site
vultures make extensive use of road-killed animals (es-
pecially white-tailed deer [Odocoileus virginianus]);
however, Savannah River Site vultures apparently must
range wider than those in agricultural landscapes to
forage adequately.

Black and Turkey Vultures at the Savannah River
Site also were observed soaring more frequently than
their counterparts in Pennsylvania and Maryland. In
Coleman and Fraser’'s (1989) study, Black and Turkey
Vultures spent 9-12% and 27-33% of daylight hours
in flight, respectively. Conversely, Savannah River Site
vultures flew during the majority of daylight hours
(55% for Black Vultures and 60% for Turkey Vul-
tures). Greater time spent in flight for Savannah River
Site vultures compared to those in Pennsylvania and
Maryland lends further support to our assertion that
foraging was less predictable and more time-consum-
ing for vultures at the heavily forested Savannah River
Site. Coleman and Fraser (1989) did not quantify flight
altitudes of their marked vultures; however, other lit-
erature suggests that Black Vultures normally fly sub-
stantially higher than Turkey Vultures, and that Turkey
Vultures usualy fly below 150 m except when mi-
grating (Houston 1988, Estrella 1994, Buckley 1996).
It appears that vultures at the Savannah River Site, and
especialy Turkey Vultures, tend to fly higher than vul-
tures in other areas.

Although some aspects of the movements of Black
and Turkey Vultures appear to vary depending on hab-
itat structure and foraging opportunities, the use of
large communal roosts is prevalent across habitat types
(Kirk and Mossman 1998, Buckley 1999). Core home
ranges of al radio-tagged Black and Turkey Vultures
in this study were centered on a traditional roost, and
8 of 11 included the R-Reactor, the largest communal
roost in the Savannah River Site vicinity, where all
birds were trapped (Fig. 1). Communal roosts offer
advantages to both species, including energy savings
through thermoregulation, opportunities for socia in-
teractions, and a reduced risk of predation (Buckley
1998, Kirk and Mossman 1998). For Black Vultures,
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communal roosts also enhance foraging success by fa-
cilitating the formation of foraging groups (Buckley
1996) and by serving as information centers, allowing
naive birds to follow knowledgeable birds to known
feeding locations (Rabenold 1987). The use of com-
munal roosts as information centers may be especially
advantageous in heavily forested areas like the Savan-
nah River Site where foraging is more difficult (Buck-
ley 1997).

The results of this study and those of Coleman and
Fraser (1989) suggest that Black and Turkey Vultures
are able to adjust their home ranges, movement pat-
terns, and flight behavior to local conditions, especially
those related to habitat structure and foraging oppor-
tunities. This plasticity in ranging behavior undoubt-
edly has contributed to the vast distribution and rela-
tive abundance of both species throughout the Ame-
ricas (Sauer et a. 2003), as well as their recent range
expansion into the northeastern United States (Rabe-
nold 1989). Future studies concerning the interplay of
ranging behavior, foraging ecology, and flight behavior
would identify key elements that control plasticity of
vulture movements and provide a more complete as-
sessment of the biology of the two species.
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WINTER PHILOPATRY OF HARLEQUIN DUCKS IN PRINCE WILLIAM SOUND, ALASKA

SAMUEL A. IVERSON'3, DANIEL ESLER! AND DANIEL J. RizzoLo?
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Abstract. We used capture-mark-recapture data to
assess winter philopatry by Harlequin Ducks (His-
trionicus histrionicus) in Prince William Sound, Alas-
ka, during winters 1995-1997 and 2000—2001. Philo-
patry was quantified using homing rates, which were
estimated as the proportion of birds recaptured at their
original site out of al recaptured birds. Between-year
homing rates of 0.95 (95% Cl: 0.87-1.00) and 1.00
(0.92-1.00) were estimated for females and males, re-
spectively, at three locations on Montague Island. Sim-
ilar homing rates were measured in western Prince
William Sound, where estimates were 0.92 (0.80-0.98)
for females and 0.96 (0.79-1.00) for males, with a
scale of detected movements for al recapture birds
ranging from 3-52 km. Our results indicate that win-
tering aggregations may be demographically indepen-
dent at a much finer spatial scale than genetic data
indicate, and that conservation efforts should recog-
nize this degree of demographic separation among
population segments.

Key words. demographic independence, Harlequin
Duck, Histrionicus histrionicus, homing rate, seaduck,
site fidelity, winter philopatry.

Filopatria Invernal de Histrionicus histrionicus
en Prince William Sound, Alaska

Resumen. Utilizamos datos de marcaje y recaptura
para determinar |a filopatria de Histrionicus histrioni-
cus en Prince William Sound, Alaska, durante los in-
viernos de 1995-1997 y 2000—2001. La filopatria fue
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cuantificada utilizando la tasa de retorno, estimada a
partir de la proporcion del total de aves capturadas que
se recapturaron en su sitio original. Las tasas de retor-
no entre afios, estimadas en tres localidades en laisla
Montague, fueron de 0.95 (95% IC: 0.87-1.00) y 1.00
(0.92-1.00) para hembras y machos, respectivamente.
En Prince William Sound se midieron tasas de retorno
similares, donde las estimaciones fueron 0.92 (0.80—
0.98) para las hembras y 0.96 (0.79-1.00) para los
machos, y para todas las aves recapturadas se detectd
una escala de movimiento entre 3 y 52 km. Nuestros
resultados indican que las agrupaciones de invierno
pueden ser demograficamente independientes a una es-
cala espacial mucho més fina de lo que los datos ge-
néticos indican, y que los esfuerzos de conservacion
deberian reconocer este grado de separacion demogréa-
fica entre segmentos de poblaciones.

Breeding philopatry among North American waterfowl
is typically female biased, and much attention has fo-
cused on the social and genetic consequences of this
particular sex-biased dispersal pattern (Greenwood
1980, Rockwell and Barrowclough 1987, Rohwer and
Anderson 1988). To date, comparatively little attention
has been given to the consequences of philopatric be-
havior during other stages of the annual cycle. How-
ever, for most species the winter period encompasses
a majority of the annual cycle and can be a consider-
able source of annual mortality. Furthermore, because
most migratory waterfowl form pair bonds on winter-
ing areas, the strength of individua affiliations to spe-
cific wintering grounds plays an important role in de-
termining the genetic and demographic structure of
populations (Robertson and Cooke 1999).

For example, geese and swans (tribe Anserini) typ-
ically exhibit high levels of philopatry to both breeding
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and wintering areas. As a result, their populations tend
to be among the most genetically and demographically
substructured of any migratory bird (Robertson and
Cooke 1999), with geographically distinct subpopula-
tions often forming at one or both stages. A classic
example is that of the Canada Goose (Branta cana-
densis), for which 12 or more subspecies have been
recognized (Van Wagner and Baker 1990, Scribner et
a. 2003). In contrast, dabbling duck species (tribe
Anatini) exhibit extremely low rates of winter philo-
patry, particularly among males (Robertson and Cooke
1999). Anatini populations tend to be much more ge-
netically panmictic and demographically interconnect-
ed despite high rates of breeding site fidelity (Ander-
son et a. 1992). The Northern Pintail (Anas acuta)
offers an extreme example, as they have very low rates
of winter philopatry (Fedynich et al. 1989, Hestbeck
1993), with amost no genetic population structuring
even at a continental scale (Cronin et a. 1996), and
demographic rates that are thought to be correlated
across broad geographic regions (Hestbeck 1993).

Seaducks (tribe Mergini) provide an interesting ex-
ception to the general pattern of low winter philopatry
and male-biased dispersal characteristic of other ducks.
Several seaduck species exhibit a high degree of phi-
lopatry to nonbreeding areas (Alison 1974, Spurr and
Milne 1976, Limpert 1980, Savard 1985, Breault and
Savard 1999, Robertson et al. 2000, Flint et al. 2000,
Pearce et a. 2004), which makes them a potentially
useful group for resolving the ecological mechanisms
underlying philopatry, as well as deducing its genetic
and demographic consequences. Furthermore, because
of conservation concerns brought on by declines in
seaduck population numbers (U.S. Fish and Wildlife
Service 1993, Goudie et al. 1994), understanding how
affinities to specific locations during the annua cycle
may act to constrain population growth rates is ex-
tremely important.

In this paper we assess philopatry of Harlequin
Ducks (Histrionicus histrionicus) wintering in Prince
William Sound, Alaska (60°N, 148°W). Previous re-
search on the wintering ecology of Harlequin Ducks
has indicated that wintering habitats are stable and pre-
dictable (Esler, Bowman et a. 2000), and that within-
winter site fidelity to specific stretches of coastline is
high (Robertson et a. 1999, Cooke et al. 2000). Fur-
thermore, Harlequin Ducks form pairs on wintering ar-
eas (Bengston 1972, Gowans et al. 1997, Robertson et
a. 1998), re-pairing appears to be common (Smith et
a. 2000), and there is evidence that postfledging
broods are led to wintering areas by females (Regehr
et a. 2001). While much research has been conducted
to illuminate these characteristics, formal estimates of
winter return rate are few. Winter philopatry has been
studied in coastal British Columbia (Robertson et al.
1999, Cooke et al. 2000, Regehr 2003), but no studies
have determined whether these patterns are consistent
across the species' range. Thus, our objective was to
quantify rates of winter philopatry by adult Harlequin
Ducks in Prince William Sound, Alaska, and to con-
sider the genetic, demographic, and conservation im-
plications of the observed rates of movement.

METHODS
FIELD METHODS

Harlequin Ducks were captured during wing molt by
herding flightless birds into funnel traps using sea kay-
aks. Unlike most waterfowl, Harlequin Ducks undergo
wing molt on the same marine areas where they winter
(Robertson and Goudie 1999, athough more extensive
molt migrations have been documented in the eastern
North American population, Brodeur et a. 2002).
Therefore, inferences drawn from molting birds are ap-
plicable to both molting and wintering stages. Three dif-
ferent trapping locations were used along northwestern
Montague Idand: (1) Stockdae Harbor, (2) Port Chal-
mers (3) West Montague (Fig. 1). Distances between
sites ranged from 8.4 to 16.1 km. Capture sessions were
conducted during five molt seasons: 1995, 1996, 1997,
2000, and 2001. Capture dates ranged from 1 August to
17 September in 1995-1997 and 6 to 12 September in
2000-2001. These capture dates encompassed the pe-
riods of peak wing molt by adult females. Adult males
typically undergo wing molt before females, and were
not targeted during 2000—2001. All captured individuas
were marked with U.S. Fish and Wildlife Service au-
minum bands. Sex determinations were based on plum-
age characteristics and cloacal examination. Age class
was determined by probing bursa depth (Mather and
Eder 1999). Our anayses were restricted to after-hatch-
year birds because waterfowl do not undergo a wing
molt during their first autumn and, as a result, hatch-
year birds were not susceptible to our trapping meth-
odology.

STATISTICAL ANALYSIS

We quantified philopatry by estimating homing rate,
which is the probability an individual will return to the
study area, given that it is aive. In studies that use
multiple capture areas, homing rate can be estimated
directly astheratio of birds recaptured on their original
capture site to those recaptured elsewhere (Robertson
and Cooke 1999). Thisratio considers only individuals
dive at both time t and time t + 1, thus eliminating
survival as a confounding variable. The method as-
sumes that recapture probabilities are similar at all
study sites, and will tend to overestimate the true hom-
ing rate if recapture effort outside the study areais|ow.
We estimated homing rates and 95% CI for Harlequin
Ducks banded and subsequently recaptured at the three
capture sites on Montague Island. Contingency tests
were used to assess variation in homing rate with re-
spect to sex, trapping location, and year of recapture.

To complement this fine-scale anaysis, we used
supplementary data from Harlequin Ducks captured in
western Prince William Sound, to estimate the number
of birds that moved outside the Montague Island study
area (a requirement of unbiased homing-rate estima-
tion), and to quantify the range of distances moved.
The additional capture sites were located on the Kenai
Peninsula (Foul Bay, Main Bay, Crafton Island),
Knight Island (Bay of Isles), and Green Island (North
Green, West Green, South Green; Fig. 1). All seven of
the additional trapping sites were located within the
Exxon Valdez oil spill zone, and ranged in distance
from 8.0-62.4 km from Montague |sland. Capture pro-
tocols were identical to those described above, and
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FIGURE 1.

Map of the Harlequin Duck study area in Prince William Sound, Alaska. Triangles denote primary

capture locations on Montague Island; circles denote supplementary capture sites on the Kenai Peninsula, Knight

Island, and Green Island.

took place over the same date ranges as at Montague
Island during 1995, 1996, and 1997.

RESULTS

In total, 799 captures were made during the 5 years of
trapping on Montague Island, of which 348 were males
and 451 were females. Among these, 102 were recap-
tures (28 males and 74 females). Homing rates to the
three Montague Island capture locations were high,
with estimates of 0.95 (95% Cl: 0.87-1.00) and 1.00
(0.93-1.00) for recaptured females and males, respec-
tively. Homing rate did not differ according to sex (Ta-

TABLE 1. Homing rates for adult Harlequin Ducks
captured in Prince William Sound, Alaska, during win-
ter. Homing rate was calculated as the number of in-
dividuals recaptured at their original banding location
divided by the total number recaptured. See Figure 1
for locations of main and supplementary capture sites.

Number
Number recap- Homing
captured  tured rate 95% ClI
Montague Island capture sites?
Males 348 28 1.00 0.92-1.00
Females 451 74 0.95 0.87-1.00
Supplementary capture sites?
Males 334 24 0.96 0.79-1.00
Females 342 49 092 0.80-0.98

aOperated 1995-1997 and 2000—2001.
b Operated 1995-1997.

ble 1; Fisher exact test, P = 0.57), location (x%, = 3.0,
P = 0.22), or year (x% = 3.0, P = 0.39).

An additional 676 after-hatch-year birds, 334 male
and 342 female, were captured at the seven trapping
locations in western Prince William Sound, including
73 recaptures. Homing rates in western Prince William
Sound were estimated at 0.92 (n = 49; 95% Cl: 0.80—
0.98) and 0.96 (n = 24; 0.79-1.00), for females and
males, respectively. None of the birds originally band-
ed on Montague Island during 1995 or 1996 were re-
captured in outlying areas during 1996 or 1997. In the
combined datasets, a grand total of 175 after-hatch-
year Harlequin Ducks were recaptured, nine of which
were at sites other than their original location. The
maximum dispersal distance for any bird was 51.9 km,
by a female dispersing from Foul Bay on the Kenai
Peninsula to the north end of Green Island. The re-
maining eight recaptures in which movement was de-
tected included one male and seven females, and
ranged in distance from 3.1 to 8.9 km.

DISCUSSION

Harlequin Ducks in Prince William Sound, Alaska, ex-
hibited a high degree of philopatry to specific winter-
ing areas. The homing rates calculated in this study
were >90% for both sexes, making them among the
highest documented of any waterfowl species (Ander-
son et a. 1992, Robertson and Cooke 1999). The lon-
gest recorded dispersal distance was 52 km. Our results
corroborate previous work on Harlequin Duck site fi-
delity and winter philopatry in coastal British Colum-
bia (Robertson and Cooke 1999, Cooke et al. 2000,
Robertson et al. 2000, Regehr 2003), and add to the
growing body of evidence suggesting that strong affil-
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iations to nonbreeding areas are common among sea-
duck species (Alison 1974, Spurr and Milne 1976,
Limpert 1980, Savard 1985, Breault and Savard 1999,
Robertson et al. 1999, Flint et a. 2000).

Severa ecologica mechanisms have been proposed
to select for philopatric behavior by wintering water-
fowl. Primary among these are knowledge of loca food
resources, experience with the movements and habits of
predators, and advantages conferred when acquiring ma-
tes (Robertson and Cooke 1999). Seaducks have high
rates of annual survival, relative to other duck species
(Livezey 1995), and hence may acquire considerable ex-
perience at particular locations. In addition, some sea-
ducks form pairs during fall and early winter, and there
is evidence that pairs reunite from one year to the next
(Harlequin Ducks. Gowans et al. 1997, Robertson et al.
1998, Smith et al. 2000; Common Eiders [Somateria
mollissima]: Spurr and Milne 1976, Tiedemann et al.
1999; Barrow’s Goldeneye [Bucephala idandica): Sa
vard 1985). High rates of winter philopatry might result
from selective pressure to facilitate re-pairing (Robert-
son et a. 1998). Findly, environmenta variability is
thought to be linked to philopatry, with philopatry being
more likely in birds that use temporally consistent hab-
itats (Flint et a. 2000). The intertidal prey resources
Harlequin Ducks rely on are stable and predictable (Es-
ler, Bowman et ad. 2000, Eder et a. 2002), and this
dependability likely contributes to the fine-scale homing
that we observed.

Molecular data have indicated that genetic structure
is evident among wintering populations of Harlequin
Ducks only on a continental level, with regiona pop-
ulations being effectively panmictic (Lanctot et al.
1999, K. Scribner et a., unpubl. data). However, our
results suggest that from a demographic standpoint
wintering subpopulations are independent on a much
finer scale. We believe it isimportant to recognize that
a lack of genetic differentiation does not necessarily
imply demographic panmixia. Population genetic
structure reflects a complex interplay between current
and historical population size and movements (Avise
2000), and while only afew immigrants per generation
can homogenize the genetic variance within a popu-
lation, similarly low exchange rates would not neces-
sarily link them demographically. Given the homing
rates that we estimated and the movements we ob-
served, demographically important levels of isolation
may occur within Harlequin Duck populations at a
scale of tens to hundreds of kilometers.

The primary implication of philopatry by a migra-
tory species from a conservation standpoint is that
habitat perturbations occurring in alocation where sea-
sonal affiliations are strong may have long-lasting ef-
fects on local populations. From this perspective, ac-
tions such as the recent downlisting of the Eastern pop-
ulation of Harlequin Ducks from Endangered to Spe-
cial Concern status in Canada (Thomas and Robert
2001) appear less well supported. The species was
downlisted because new survey dataidentified alarger,
previously unknown wintering population in Green-
land. However, the possibility that the populations in
eastern North America and Greenland are demograph-
ically isolated should be considered. Along the same
lines, previous research has shown that recovery of

Harlequin Duck populations in areas affected by the
1989 Exxon Valdez oil spill was slowed by the high
degree of demographic structure among population
segments in south-central Alaska (Esler, Schmutz et .
2000, Edler et al. 2002). In the absence of immigration
of adult females from surrounding populations, full re-
covery of Harlequin Duck populations in oiled areas
was likely delayed, even after immediate spill effects
had ended (Esler et a. 2002). We conclude that efforts
must be made to identify and manage populations pri-
marily according to their degree of demographic sep-
aration, basing area-specific management actions on
the demographic viability of population segments
throughout the annual cycle.
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Schmutz, M. Stoskopf, J. Stout, K. Trust, and the
crews of the motor vessels Auklet, Julia Breeze, Kit-
tiwake |1, Waters, and Babkin. We thank Barry Smith
for assistance with data analysis.

LITERATURE CITED

ALIsoN, R. M. 1974. Oldsguaw homing in winter. Auk
91:188.

ANDERSON, M. G., J. M. RHYMER, AND F C. ROHWER.
1992. Philopatry, dispersal, and the genetic struc-
ture of waterfow! populations, p. 365-395. In B.
D. J. Batt, A. D. Afton, M. G. Anderson, C. D.
Ankney, D. H. Johnson, J. A. Kadlec, and G. L.
Krapu [Eps.], Ecology and management of breed-
ing waterfowl. University of Minnesota Press,
Minneapolis, MN.

Avisg, J. C. 2000. Phylogeography: the history and
formation of species. Harvard University Press,
Cambridge, MA.

BenasTtoN, S. A. 1972. Breeding ecology of the Har-
lequin Duck (Histrionicus histrionicus) in Iceland.
Ornis Scandinavica 3:1-19.

BReEAULT, A., AND J.-P. L. Savarp. 1999. Philopatry of
Harlequin Ducks moulting in southern British Co-
lumbia, p. 41-44. In R. |. Goudie, M. R. Petersen,
and G. J. Robertson [Eps.], Behaviour and ecology
of sea ducks. Canadian Wildlife Service Occa
sional Paper 100, Ottawa, ON, Canada.

BRODEUR, S., J.-P L SavarDp, M. RoBERT, P LAPORTE,
P LamoTHE, R. D. TiTmMAN, S. MARCHAND, S. GI-
LLILAND, AND G. FiTzGERALD. 2002. Harlequin
Duck Histrionicus histrionicus population struc-
ture in eastern Nearctic. Journal of Avian Biology
33:127-137.

CookE, F, G. J. RoBerTsoN, C. M. SmiTH, R. |. Gou-
DIE, AND W. S. Boyp. 2000. Survival, emigration,
and winter population structure of Harlequin
Ducks. Condor 102:137-144.

CRrONIN, M. A., B. J. GRAND, D. ESLER, D. V. DIRKSEN,
AND K. T. ScrIBNER. 1996. Breeding populations
of Northern Pintails have similar mitochondrial
DNA. Canadian Journal of Zoology 74:992—999.



EsLER, D., T. D. BowmaN, T. A. DeaN, C. E. O CLAIR,
S. C. JEweTT, AND L. L. McDoNALD. 2000. Cor-
relates of Harlequin Duck densities during winter
in Prince William Sound, Alaska. Condor 102:
920-926.

EsLER, D., T. D. BowMAN, K. A. TrusT, B. E. BALLA-
cHey, T. A. Dean, S. C. Jewert, AnD C. E.
O’ CLAIR. 2002. Harlequin Duck population recov-
ery following the ‘Exxon Valdez' oil spill: pro-
gress, process and constraints. Marine Ecology
Progress Series 241:271-286.

EsLER, D., J. A. ScHmuTz, R. L. JaRvis, AND D. M.
MuLcaHy. 2000. Winter survival of adult female
Harlequin Ducks in relation to history of contam-
ination by the Exxon Valdez oil spill. Journal of
Wildlife Management 64:839-847.

FepynNicH, A. M., R. D. Goprrey Jr., AND E. G. Bo-
LEN. 1989. Homing of anatids during the non-
breeding season to the southern high plains. Jour-
na of Wildlife Management 53:1104-1110.

FLinT, P L., M. R. PeTerseEN, C. P Dau, J. E. HINES,
AND J. D. NicHoLs. 2000. Annual survival and site
fidelity of Steller’'s Eiders molting along the Alas-
ka Peninsula. Journal of Wildlife Management 64:
261-268.

Goupig, R. 1., S. BrRAULT, B. CoNANT, A. V. KON-
DRATYEV, M. R. PEeTERSEN, AND K. VERMEER.
1994. The status of seaducks in the north Pacific
rim: toward their conservation and management.
Transactions of the North American Wildlife and
Natural Resource Conference 59:27—-49.

Gowans, B., G. J. RoBerTsoN, AND F CookEe. 1997.
Behaviour and chronology of pair formation by
Harlequin Ducks Histrionicus histrionicus. Wild-
fowl 48:135-146.

GREENWOOD, J. 1980. Mating systems, philopatry and
dispersal in birds and mammals. Anima Behav-
iour 28:1140-1162.

HestBeck, J. B. 1993. Overwinter distribution of
Northern Pintail populations in North America.
Journa of Wildlife Management 57:582-589.

LANCTOT, R., B. GOATCHER, K. T. SCRIBNER, S. L. TAL-
BOT, B. PIERSON, D. ESLER, AND D. ZWIEFELHOFER.
1999. Harlequin Duck recovery from the Exxon
Valdez ail spill: a population genetics perspective.
Auk 116:781-791.

LimperT, R. J. 1980. Homing success of adult Buffle-
heads to a Maryland wintering site. Journal of
Wildlife Management 44:905-908.

Livezey, B. C. 1995. Phylogeny and evolutionary
ecology of modern seaducks (Anatidae: Mergini).
Condor 97:233-255.

MATHER, D. D., AND D. EsLEr. 1999. Evaluation of
bursal depth as an indicator of age class of Har-
lequin Ducks. Journa of Field Ornithology 70:
200—205.

Pearcg, J. M., S. L. TaLot, B. J. PiERsoN, M. R.
PeTERSEN, K. T. SCRIBNER, D. L. DICKSON, AND A.
MossecH. 2004. Lack of spatial genetic structure
among nesting and wintering King Eiders. Condor
106:229-240.

REGEHR, H. M. 2003. Movement patterns and popu-
lation structure of Harlequin Ducks wintering in
the Strait of Georgia, British Columbia. Ph.D. dis-
sertation, Simon Fraser University, Burnaby, BC,
Canada.

SHORT COMMUNICATIONS 715

REGEHR, H. M., C. M. SuviTH, B. ARQuUILLA, AND F
CookE. 2001. Post-fledging broods of migratory
Harlequin Ducks accompany females to wintering
areas. Condor 103:408-412.

RoBERTSON, G. J., AND F CookE. 1999. Winter philo-
patry in migratory waterfowl. Auk 116:20-34.

RoBERTSON, G. J., E CookE, R. |. Goupig, AND W. S.
Boyp. 1998. The timing of pair formation in Har-
lequin Ducks. Condor 100:551-555.

ROBERTSON, G. J., FE CookE, R. I. Goubig, AND W. S.
Bovp. 1999. Within-year fidelity of Harlequin
Ducks to a moulting and wintering area, p. 45—
51. In R. I. Goudie, M. R. Petersen, and G. J.
Robertson [eps.], Behaviour and ecology of sea
ducks. Canadian Wildlife Service Occasional Pa-
per 100, Ottawa, ON, Canada.

RoBERTSON, G. J., E CookE, R. |. Goubig, AND W. S.
Boyp. 2000. Spacing patterns, mating systems,
and winter philopatry in Harlequin Ducks. Auk
117:299-307.

RoOBERTSON, G. J., AND R. |. Gouble. 1999. Harlequin
Duck (Histrionicus histrionicus). In A. Poole and
F Gill [eps.], The birds of North America, No.
466. The birds of North America, Inc., Philadel-
phia, PA.

RockweLL, R. F, AnND G. E BARROwCLOUGH. 1987.
Gene flow and the genetic structure of popula-
tions, p. 223-255. In E Cooke and P A. Buckley
[EDs.], Avian genetics. Academic Press, London.

RoHWER, F C., AND M. G. ANDERSON. 1988. Femae-
biased philopatry, monogamy, and the timing of
pair formation in migratory waterfowl. Current
Ornithology 5:187-221.

Savarp, J-P L. 1985. Evidence of long-term pair
bonds in Barrow’s Goldeneye Bucephala islandi-
ca. Auk 102:389—-391.

ScRIBNER, K. T., S. L. TaLBoT, J. M. PeARrcg, B. J.
PiErsON, K. S. BOLLINGER, AND D. V. DIRKSEN.
2003. Phylogeography of Canada Geese (Branta
canadensis) in western North America. Auk 120:
889-907.

SwiTH, C. M., E CookE, G. J. ROBERTSON, R. I. Gou-
DIE, AND W. S. Boyp. 2000. Long-term pair bonds
in Harlequin Ducks. Condor 102:201-205.

SPURR, E., AND H. MILNE. 1976. Adaptive significance
of autumn pair formation in the Common Eider
Somateria mollissima (L.). Ornis Scandinavica 7:
85-89.

THomAs, P W., AND M. RoBeRT. 2001. The updated
status report of the eastern North American Har-
lequin Duck (Histrionicus histrionicus). Commit-
tee on the Status of Endangered Wildlife in Ca
nada (COSEWIC), Ottawa, ON, Canada.

TiebeMANN, R., K. G. VoN Kistowskl, AND H. NOER.
1999. On sex-specific dispersal and mating tactics
in the Common Eider Somateria mollissima asin-
ferred from the genetic structure of breeding col-
onies. Behaviour 136:145-155.

U.S. FisH AND WILDLIFE SERVICE. 1993. Status of sea-
ducks in eastern North America. USDI Fish and
Wildlife Service, Office of Migratory Bird Man-
agement, Laurel, MD.

VAN WAGNER, C. E., AND A. J. BAKER. 1990. Associ-
ation between mitochondrial DNA and morpho-
logical evolution of Canada Geese. Journal of Mo-
lecular Evolution 31:373-382.



	TRAVIS L. DEVAULT
	SAMUEL A. IVERSON

