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mostraban caracter�·sticas intermedias (n 5 15). Cuarenta y siete por ciento (n 5 75) de los individuos
marcados fueron reavistados vivos, y el 6.4% (n 5 9) fueron recuperados muertos. Cincuenta y un individuos
mostraron fidelidad al uso de playas, definida como reobservacio·n en la misma playa por .1 d�·a despue·s del
anillado, y . 50% de estos exhibieron fidelidad de uso dentro de la playa, definida como reobservacio·n en la
misma a·rea general en la misma playa por .1 d�·a despue·s del anillado. Individuos marcados fueron reob-
servados hasta 1019 km al norte de Langara Island, British Columbia, 1679 km al sur del Mar de Salton,
California, y localmente 83 km al este del estuario Kennedy Creek, cerca de Shelton, Washington. Estudios
futuros que consideren anillado en la costa de Washington que este·n disen�ados para investigar las estrategias
de migracio·n o el uso del espacio por parte de los halcones ser�·an informativos y considerar�·an lagunas de
informacio·n en nuestra comprensio·n sobre F. sparverius en la costa pac�·fica norteamericana. Adema·s, los
datos de programas de anillado pueden hacer un valioso aporte a los modelos, que a su vez, informan las
decisiones sobre el uso sustentable de F. p. pealei para fines de cetrer�·a.

[Traduccio·n del equipo editorial]

Raptor banding in North America has been on-
going since the first part of the twentieth century.
Federal banding offices opened in the United States
in 1920 and in Canada in 1922 (Bildstein 2006). By
1935 more than 4000 raptors of 17 species had been
banded in North America (Bildstein 2006). The first
recovery of a banded Peregrine Falcon (Falco peregri-
nus) occurred on 28 September 1924, in New Jersey;
this individual had been banded on 1 June 1924, in
Massachusetts (D. Bystrak pers. comm.). Today the
U.S. and Canadian banding offices hold more than
47 000 electronic records on banded peregrines, in-
cluding about 25 000 records for peregrines with
auxiliary markers (D. Bystrak pers. comm.). In
1973, F. Prescott Ward began a color-banding
scheme for Peregrine Falcons captured on Assatea-
gue Island on the Atlantic coast in Maryland, there-
by greatly increasing information gained from band-
ed birds compared to aluminum bands used alone
(Ward 1975). Patterned after a program developed
for swans using visual identification (VID) bands,
this color-marking scheme was one of the earliest
established for raptors.

Sites along the Atlantic and Gulf coasts of North
America have long been recognized as important ar-
eas for Peregrine Falcon migration. For example, the
magnitude of the migration of tundra Peregrine Fal-
cons (F. p. tundrius) was documented at Assateague
Island in 1938 (Seegar et al. 2003) and numerous
studies involving banding and telemetry have been
conducted there (e.g., Ward and Berry 1972, Ward
et al. 1988). Similarly, Padre Island on the southern
coast of Texas was identified as an important area for
migrating peregrines in 1890 (Griscom and Crosby
1925) and has been a study area for many investiga-
tions of the ecology and behavior of Peregrine Fal-
cons (Hunt et al. 1975, Enderson et al. 1995, Juergens
2003; for review, see Seegar et al. 2003).

Few banding studies have been conducted of mi-
grating or overwintering Peregrine Falcons on the
northern Pacific coast of North America. Anderson
et al. (1988) published the first comprehensive ac-
count of peregrine migration along the Pacific coast
of North America, using information from band re-
turns and field observations. Among the records re-
ported were those of seven falcons previously banded
or recovered in Washington, 71 sightings of fall mi-
grant peregrines at Long Beach, on the southern
Washington coast, and 22 captures of migrant fal-
cons from the Washington coast. Movement patterns
of overwintering Peregrine Falcons were later docu-
mented by VHF-radiotelemetry at Grays Harbor,
Washington (Dobler and Spencer 1989), the north-
ern Olympic Peninsula near Sequim, Washington
(Dobler 1993), and at Vancouver Island, British Co-
lumbia (E. McClaren pers. comm.).

In 1995, we began a long-term banding study of
raptors on the outer coast of Washington (Fig. 1),
including color-marking and surveys of Peregrine
Falcons and other species. We previously reported
on survival rates, resighting rates, beach use fidelity,
and subspecies occurrence for the period 1995 to
2003 (Varland et al. 2008a) and summarized the
occurrence of F. p. tundrius through May 2007
(Varland et al. 2008b). Here we extend the analysis
period to 15 yr (1995 to 2010) and document or up-
date analyses for Peregrine Falcons relating to: (1)
occurrence by subspecies, (2) site fidelity of marked
individuals, and (3) observation rates by season and
subarea. We also identify information gaps and topics
relevant for future investigations involving banding of
Peregrine Falcons in coastal Washington or elsewhere
along the Pacific coast of North America.

STUDY AREA AND METHODS

Study Area. We conducted this study at three
beaches on the southern Pacific coast of Washington
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(Fig. 1): Ocean Shores (23.5 km long), Grayland
(11.3 km long), and Long Beach (39.6 km long).
The beaches are generally broad and gently
sloping expanses of sand backed by low dunes
dominated by European beachgrass (Ammophila
arenaria). For details of the study area, see Varland
et al. (2008a).

Survey Methods. We conducted surveys on the
beaches from January 1995 to May 2010. One to
four experienced observers surveyed each beach
in a four-wheel drive vehicle in all seasons, here
defined as: fall (September�November), winter
(December�February), spring (March�May), and
summer (June�August). Due to unsafe driving con-
ditions, time constraints, and other factors, we were
occasionally unable to drive the full length of a
beach during a survey. Therefore, for our assess-
ment of within-beach use fidelity, we defined ��com-
plete beach coverage�� as those surveys covering
$18.7 km at Ocean Shores (80% of full length),
$10.8 km at Grayland (96% of full length), and
$39.3 km (99% of full length) at Long Beach. For
peregrine counts, we did not include results ob-
tained during surveys with high winds (sustained
.32 km/hr) or heavy fog. We counted only those
peregrines associated with one or more of three
adjacent habitats: beach, dunes, and ocean areas
within 100 m of the beach. We did not count pere-
grines in surveys if we observed them after the vehi-
cle was stopped .1 min (e.g., during capture at-
tempts). We counted only peregrines observed
while ��on transect�� during surveys, which is here
defined as the length of beach surveyed by first pas-
sage of the survey vehicle (.1 pass was frequently
made).

We determined peregrine counts from surveys
with three patterns of beach travel. For one pattern
(523 surveys), we drove the length of the beach in
two passes with the ��on transect�� portion consisting
of the first pass over the area. At Ocean Shores and
Grayland we accessed the beach at a point approx-
imately midway along the beach. In each case we
drove north ��on transect�� from the access point
to the north end of the beach, returned to the road
access point and from there drove south ��on tran-
sect�� to the south end of the beach, before return-
ing north ��off transect�� to the access point where
we exited the beach. We alternated the starting di-
rection at the access point for these surveys. The
second pattern (103 surveys) occurred only at Long
Beach where we accessed the beach at the south-
most access road, drove ��off-transect�� to the south

end of the beach, and then drove the entire length
of the beach ��on-transect.�� We then drove south
��off-transect�� to the start point at the south end
of the beach, departing ��off-transect�� at the closest
access road. The third pattern (71 surveys) occurred
at all three beaches. For these surveys we accessed
the beach at the access point nearest the south end,
drove to the south end and initiated the survey at
that point, driving the full length of the beach and
exiting near the opposite end. We generally alter-
nated the sequence of initial directions, except in
situations when the tide was very high and this then
influenced the width of some beach segments and
the potential for unsafe traveling conditions.

Capture and Banding. We captured most pere-
grines with a harnessed Rock Pigeon (Columba livia)
or European Starling (Sturnus vulgaris; Bloom et al.
2007). On occasion we captured peregrines using
a dho gaza net, phai trap, or a noose carpet (Bloom
et al. 2007). Each peregrine was banded with two
bands: a U.S. Geological Survey lock-on band on
one leg and an AcraftH color-coded alphanumeric
rivet-on band, also known as a Visual Identification
Band (VID), on the other leg. We began using an-
odized lock-on bands in 1999. We applied blue-
anodized bands to peregrines banded at Ocean
Shores or Grayland and red-anodized bands to per-
egrines banded at Long Beach. TLF placed anod-
ized bands on the left leg; DEV and MKK placed
them on the right. We used black-blue VID bands
from 1995�98 and in 1999 we adopted the interna-
tional protocol for peregrine banding in North
America (USGS 2010a).

On most occasions, we attempted to determine
whether the peregrines we saw were already banded
before we tried to capture them. We used a window-
mounted spotting scope, or sometimes binoculars,
to read alphanumeric codes on peregrines with col-
or bands. We defined a reobservation as the identi-
fication of an individual peregrine by reading the
alphanumeric code on its VID band with a spotting
scope or with the bird in hand at recapture.

To determine the proportions of peregrines en-
countered during surveys that were banded, un-
banded, or undetermined, we used data from sur-
veys with peregrine counts (n 5 697). We were
unable to use all surveys (n 5 841) for this determi-
nation because, on some surveys, we did not record
whether peregrines were banded.

To determine subspecies, we compared photo-
graphs of individuals we captured to subspecies in-
formation in Clark and Wheeler (1987, 2001) and
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was never observed on the beach after banding in
1999.

To establish context for our assessment of site
fidelity, we first compared proportions of falcons
that were never resighted with those that were re-
sighted. Fifty-three of 111 (47%) peregrines we
banded between 1995 and March 2008 were never
resighted alive or found dead during the study pe-
riod (1995�31 May 2010). Of the 58 Peregrine Fal-
cons that were resighted on the study area, 47
(81%) were ,1 yr at banding; this was a greater
proportion than of the peregrines that were never
observed again (35 of 53, 66%; chi-square test of
proportions, z 5 21.8, P 5 0.07). Of peregrines
never seen again, the percentage captured in the
autumn was higher and that in the spring was lower
compared to falcons that were captured in those
seasons and reobserved (x2 5 5.6, df 5 2; P 5

0.06; Table 4). The percentages of falcons that were
females were nearly identical in the two groups: 36
of 53 (68%) of falcons never seen again were fe-
males and 38 of 58 (65%) that were reobserved were
females. Not surprisingly, 53 of 58 (91%) resighted
falcons were of the pealei subspecies, whereas only
38 of 53 (71.7%) falcons that were never resighted
were this subspecies (z 5 2.45, P 5 0.014). Ratios of
females: males were 2.1:1 for falcons never seen
again and 1.9:1 for falcons reobserved.

Because F. p. pealei was the most abundant pere-
grine subspecies on our study area, we further eval-
uated our data on whether falcons of this subspecies
were reobserved. In the sample of F. p. pealei, there
were no differences in the proportions of falcons by

age class in the two groups (never resighted: 31 of
38 [82%] were #1 yr old; resighted: 42 of 53 [79%]
were #1 yr old; chi-square test, z 5 0.28, P 5 0.78).
Additionally, the proportions of females were simi-
lar (never resighted: 27 of 37 [73%] were females;
resighted: 36 of 53 [68%] were females; chi-square
test, z 5 0.51, P 5 0.61). A higher proportion of
falcons that we captured in fall were never seen
again compared to falcons that were reobserved
(Table 4). Finally, we found that hatch-year F. p.
pealei that were observed again were captured com-
paratively later in the autumn (mean of falcons nev-
er seen again: 15 October, SE 5 5.8, n 5 16; mean
of falcons observed again: 4 November, SE 5 5.6,
n 5 11; comparison of Julian dates, t 5 2.26, P 5

0.03); individuals banded throughout the fall peri-
od were known to overwinter on the study area. The
timing difference we observed was not explained by
sex of the falcons involved, as there were no differ-
ences in the proportion of females in either of the
groups (never observed again 5 75%, observed
again 5 64%; Fisher exact test 5 0.68).

Study-area use fidelity. Sixteen Peregrine Falcons
exhibited study-area use fidelity and little or no beach
use fidelity. Eleven peregrines we banded were never
observed on the beach where they were banded but
were observed at least once on one of the other
study area beaches. Five peregrines were resighted
at least once on the beach where they were banded,
indicating beach use fidelity (Fig. 3), and then resight-
ed on $1 occasion on one of the other two study
area beaches. One of these individuals, P/U, was
banded at Long Beach and resighted at Ocean

Table 4. Percentages of all Peregrine Falcons (n 5 111) and Peale�s Peregrine Falcons (n 5 91) that were either
reobserved or not reobserved after their capture in the season indicated at our study area beaches in coastal Washington,
U.S.A., between January 1995 and March 2008. Data are limited to peregrines captured and banded between 1995 and
March 2008 (see Methods). Chi-square analyses (2 3 3 contingency table, df 5 2) were based on samples and proportions
from fall, winter, and spring.

BIRDS

SEASON

CHI-SQUARE; P-VALUE

FALL

SEPTEMBER�
NOVEMBER

WINTER

DECEMBER�FEBRUARY

SPRING

MARCH�MAY

SUMMER

JUNE�AUGUST

All peregrines
Not reobserved 47.2 (25)a 26.4 (14) 20.8 (11) 5.7 (3)
Reobserved 27.6 (16) 44.8 (26) 24.1 (14) 3.4 (2) 5.6; 0.06

Peale�s falcons
Not reobserved 50.0 (19) 29.0 (11) 15.8 (6) 5.3 (2)
Reobserved 26.4 (14) 45.3 (24) 24.5 (13) 3.8 (2) 5.8; 0.06

a Number in parentheses 5 n.
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Shores on 21 occasions from 2002�05. Seven pere-
grines showed beach use fidelity but were also resight-
ed off the study area (Appendix).

Several of the falcons for which we documented
beach use fidelity were observed outside our study ar-
ea. Peregrine Falcons P/D, V/C and W/M, which
were banded at Ocean Shores, were all observed off
our study area, but within 1.3 km of the beach on
other occasions (Appendix). Peregrine V/M was re-
sighted once on the same beach during the same
winter she was banded, and then was resighted twice
the next winter on Vancouver Island, British Colum-
bia (Appendix). Peregrine W/R was resighted six
times on two study area beaches between 2003 and
2005, and then was resighted in three winters
(2007�09) at Boundary Bay, British Columbia. Fe-
male 4/H was banded at $1 yr of age at Ocean
Shores in spring 1998, and then found nesting on
Langara Island, British Columbia, that same spring
(R. Nelson pers. comm.). We resighted this pere-
grine twice at Ocean Shores the following winter,
and that summer she was observed nesting again
at Langara Island.

Beach use fidelity. The pattern of beach use fidelity
varied. Some peregrines were present in one or two
seasons in multiple years (e.g., M/K observed only
in winter) whereas others were observed consistent-
ly across seasons and years (e.g., W/M; Fig. 3). Of
51 individuals resighted on $1 occasions on the
same beach where they were banded, 53% (n 5

27) were observed again in the combined fall-win-
ter-spring period that they were banded or during
one other of these periods, 23.5% (n 5 12) were
resighted in two combined fall-winter-spring peri-
ods, 18% (n 5 9) were resighted in 3�5 of these
periods, and three birds were resighted in 6�9 of
these periods. Six peregrines resighted during $2
combined fall-winter-spring periods were also ob-
served on $1 occasion in summer. Two of the three
birds observed in summer, W/X and A/4, were 1 yr
old at the time and the third, W/M, was a 2-yr-old.

Within-beach use fidelity. Some Peregrine Falcons
were faithful to local areas on beaches. Our analysis
of 35 peregrines on 3 beaches where we had com-
plete beach coverage resulted in rejection of the
null hypothesis that peregrines we captured, band-
ed, and subsequently reobserved were randomly dis-
tributed on the beaches. Included in this group
were 4/H, V/C, W/R, V/M and W/M that were
resighted off our study area on .1 occasion (Ap-
pendix). The test statistic was r ~ 0:43, based on
observed vs. uniform variance ratios of 0.52 for

Ocean Shores, 0.36 for Long Beach, and 0.06 for
Grayland. The smallest of the 10 000 randomly-gen-
erated values of rs was 0.74, so the P-value for the
test was ,1/10 000 5 0.0001. We concluded that
individual peregrines exhibited much less variability
in their sighting locations than would be expected if
they were using the beaches at random. Moreover,
these locations tended to be clumped on the three
beaches (Fig. 5).

DISCUSSION

Few beach surveys of Peregrine Falcons reported
encounters per linear distance traveled. Enderson
(1965) surveyed South Padre Island, Texas, in au-
tumn and reported an overall mean that translates
to 3.1 peregrines observed/100 km driven, with a
mean of 0.8 Peregrine Falcons/100 km for South
Beach and 7.8 Peregrine Falcons/100 km for North
Beach. Enderson et al. (1991) conducted a fall sur-
vey on a beach in coastal Sinaloa, Mexico, and pre-
sented results that we extrapolated to 3.9 Peregrine
Falcons/100 km. The mean observation rate for
Peregrine Falcons in our study in fall was 3.8 Pere-
grine Falcons/100 km driven, which was similar to
the fall rates reported for Padre Island and the Mex-
ican coast at Sinaloa. Peregrine Falcon encounter
rates during beach surveys have also been reported
as birds observed per unit time (Padre Island, Texas
[Juergens 2003, Seegar et al. 2003]; Assateague Is-
land, Maryland/Virginia [Ward et al. 1988, Seegar
et al. 2003]; coastal Sinoloa, Mexico [Enderson et al.
1991]). Estimated encounter rates from time spent
or distance traveled afield only provide an index to
abundance. Juergens (2003) obtained population
estimates of peregrines overwintering on South Pa-
dre Island using the Jolly�Seber method for open
populations (e.g., his mid-January estimate in 2001
was 8.0 peregrines (95% CI 5 4.9�19.2). Our data
should allow us to make annual and seasonal pop-
ulation estimates for peregrines on our study area
(L. Powell pers. comm.).

The vast majority of falcons we banded were of
the subspecies F. p. pealei. Only 17 occurrences of
F. p. tundrius were documented in Washington be-
tween 1913 and 2007 (Varland et al. 2008b), based
on evaluations of three falcons we had in-hand for
banding, our field observations of five falcons dur-
ing surveys, band returns (Anderson et al. 1988),
and museum specimens in Washington. We also
documented the rare occurrence of a wintering tun-
dra Peregrine Falcon on our study area, far north of
the reported winter range for the subspecies (Palm-
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er 1988, Wheeler 2003). More recently, in winter
2010, we captured and banded a tundra Peregrine
Falcon at Ocean Shores (K/2, Fig. 3), providing an-
other example of an apparently unusual winter oc-
currence of F. p. tundrius at our study site.

Longevity and Mortality. The longest span from
banding to resighting for a marked peregrine in our
study was 8.9 yr (8/7, a first-year male banded 29
March 1997). Because our study period spanned
15 yr, it was conceivable that we could have resight-
ings of banded peregrines approaching or within
the maximum 15�20-yr lifespan known for the spe-
cies through banding records (White et al. 2002,
USGS 2010b). That no peregrine we banded was
reobserved over .9 yr of the study period was not
surprising, given the potential for banded individu-
als to go unnoticed, the vagile nature of the species,
and mortality. We estimated annual apparent surviv-
al on our study area was 60% and found that resight-
ing probabilities varied by season (summer vs. fall-
winter-spring) and by age and sex (juveniles and
adult females had higher resighting probabilities
than did adult males; Varland et al. 2008a). During
our surveys with peregrine counts (n 5 697), we
were able to read the alphanumeric code on bands
for 33.3% (n 5 698) of our observations. For 33.3%
(n 5 699) of these, we were unable to read the code,
and for 33.4% (n 5 698) we could not determine
whether the individuals we saw were banded.

Migration. Anderson et al. (1988) provided the
most comprehensive documentation of peregrine
migration along the northern Pacific Coast of North
America by reporting their banding and survey work,
and band recovery information. Based on these
sources, they concluded that autumn migration of
peregrines along the Pacific Coast of North America
was well underway by mid-September and suggested
that the peak dates for the peregrine migration on
the Washington coast were 1�10 October. The mean
number of Peregrine Falcons/100 km in our study
increased during September and through the fall
(Fig. 2). Though our data show some high counts
for surveys in early October, they do not show a clear

r

Figure 5. Location of capture sites associated with Pere-
grine Falcons (n 5 35)exhibiting within-beach use fidelity
on three study areas. Five of the capture locations are not
visible because they are identical to other capture locations
included on the map.
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peak in abundance (Fig. 2). However, our data do
not distinguish between strictly migrant and winter-
resident falcons, nor do they account for length-of-
stay.

Fidelity. Other than the falcons we captured and
never saw again, we observed site fidelity by falcons
at our study area. Many of the falcons we captured
were hatch-year birds that were migrating to or se-
lecting their first overwintering areas, and many
birds we saw or captured likely continued on to
more distant destinations, as has been documented
previously for peregrines migrating along the Pacif-
ic coast (Anderson et al. 1988, Earnheart-Gold and
Pyle 2001, Hayes and Buchanan 2002). In autumn,
the percentage of falcons we banded that were not
reobserved was higher than the percentage we
banded and reobserved, suggesting that segments
of the population of fall-captured falcons exhibited
differing stopover or migration strategies. Because
our study area is at the southern limit of the breed-
ing range of F. p. pealei (White et al. 2002), a sub-
stantial number of migrants from this population
may migrate through our study area each autumn.
Consequently, some falcons that were never resight-
ed may overwinter farther south. That we never saw
a substantial number of these birds in subsequent
seasons may reflect random chance in some cases,
and an unknown amount of mortality. Additionally,
we suspect the likelihood that a falcon will be reob-
served may be substantially influenced by subtle dif-
ferences in migration pathways. For example, large
numbers of migrant Peregrine Falcons visit Grays
Harbor and Willapa Bay (Herman and Bulger
1981, Buchanan et al. 2011), two large estuaries im-
mediately adjacent to our study area beaches. Shore-
bird prey is abundant in these estuaries (Herman
and Bulger 1981, Buchanan and Evenson 1997),
and some peregrines may make exclusive use of
those areas and not visit the outer beaches. Indeed,
three of the peregrines we banded, 4/C, 4/G, and
3/Z, were resighted in Grays Harbor after banding
but never seen again on our study area. There were
no differences in sex ratios or age of Peale�s Pere-
grine Falcons that were never seen again compared
to those reobserved, which led us to conclude that
these factors did not influence the likelihood of
reobservation.

Peregrine Falcons exhibited site fidelity at three
spatial scales: the study area, the individual beach,
and specific areas along beaches. Some falcons ex-
hibited only fidelity at one of these scales and some
exhibited fidelity at two or all three scales. Peregrine

Falcons have very large home ranges during the
winter (Dobler and Spencer 1989, Dobler 1993,
McGrady et al. 2002) and we suspect that the varia-
tion we noted in fidelity reflects to some extent the
varying use of beaches by falcons that also used the
adjacent estuaries. Moreover, we think the patterns
of within-beach use fidelity were influenced in at least
some cases by the distribution of prey populations
on the beaches. For example, the northern end of
the Long Beach study site, where falcons tended to
exhibit within-beach use fidelity (see Fig. 5), typically
supported large numbers of overwintering shore-
birds, generally Dunlins (Calidris alpina; J. Bucha-
nan unpubl. data). Large flocks of Dunlins and oth-
er shorebirds move from the adjacent estuaries to
the outer beaches where they roost on wide sand
beaches during high tides (Buchanan 1992). Pere-
grine Falcons regularly hunted Dunlins at these sites
(Buchanan 1996) during high tide periods that may
extend for several hours each day depending on
tide height.

Future Directions. The Peregrine Falcon is one of
the most extensively studied raptors in the world
(Ratcliffe 1993, White et al. 2002). Although this
likely reflects, in part, its status as a charismatic apex
predator that captivates the interests of ornitholo-
gists and falconers alike, its global population de-
cline resulting from chemical contaminants was
the impetus for much of the research in the last
several decades. With the recovery of Peregrine Fal-
con populations, limited conservation and manage-
ment funds are now being directed to other species
and issues. Nonetheless, topics of management sig-
nificance remain that require attention. In addition,
basic information gaps of interest to the scientific
community exist, particularly relative to the ecology
of Peale�s Peregrine Falcons during the nonbreed-
ing season in coastal Washington and elsewhere
along the Pacific Flyway.

Four years after the Peregrine Falcon was delist-
ed, the U.S. Fish and Wildlife Service developed
and implemented a range-wide monitoring plan
(Green et al. 2003). Although considered important
�indeed, peregrines are clearly susceptible to
environmental contaminants (Cade et al. 1988) and
some localized populations with poor reproductive
output still accumulate and carry high contami-
nant loads (Mora et al. 2002, 2007)�an active
contaminant monitoring plan, with requisite fund-
ing support, was not implemented. There is a need
to generate information on contaminant loads in
peregrines that can be used to track the presence
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