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FIGURE 1. Map showing the Chilliwack River watershed in southwestern British Columbia, Canada. Numbers
(1–8) on the watershed map indicate the locations of winter banding and bimonthly survey sites along the main
stem of the Chilliwack River. Shaded areas indicate open water lakes and streams.

cordance with federal scientific, banding, and
animal care permits. We established eight sites
along the river at approximately 4-km intervals
for trapping and surveying (Fig. 1). The majority
of dippers were caught at those eight sites from
January to March, as they wintered on the Chil-
liwack River. Additional breeding birds were
caught opportunistically until late July in all ar-
eas of the watershed including the tributaries.
We trapped adult and newly fledged dippers pri-
marily by flushing them into 6-m passerine mist
nets set up over moving water in narrow chan-
nels or on edges of the river and creeks. A hand
net was used to trap a few additional adults
while on the nest during incubation (females) or
during nest building (males). Capture and han-
dling of breeding birds was never observed to
cause nest abandonment or hatching failure. In
1999, 2000, and 2001, nestling dippers were
banded when they were 12–14 days old. Nests
were monitored weekly throughout the breeding
season to allow for accurate ageing of nestlings.
All dippers were weighed, measured, and band-

ed with a numbered USFWS aluminum band
and three colored celluloid bands. Adult dippers
are sexually dimorphic in size and have different
breeding behavior, allowing us to sex them by
wing chord measurement, by the presence of a
brood patch during the breeding season, or by
incubation behavior (only females incubate)
(Kingery 1996). Dippers in juvenile plumage
cannot be sexed in the hand but were later iden-
tified if captured or sighted in the following year.

SURVEYS

Beginning in November 1999 and then every 2
months until November 2002, we surveyed the
eight sites along the main stem of the Chilliwack
River. The search area at each of the eight sites
consisted of approximately 2 km of linear
stream segments (precise distances were deter-
mined using Bushnell Yardage Pro 400 rangefin-
ders, Richmond Hill, Ontario, Canada). Surveys
were routinely done within the first 2 weeks of
the month by two experienced observers (in-
cluding CAM). Both observers walked along the
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riverbank searching all channels and the lower
reaches of creeks where they met the river. The
same search areas were used for all surveys.
Each survey took 3 consecutive days to com-
plete, moving upstream for each of the eight
sites such that we completed three sites each on
days one and two and the last two sites on day
three. Although it is possible that individual dip-
pers could have moved between sites during
subsequent days of the counts, we never en-
countered any double observations of banded
birds between sites during any of the surveys.
We made periodic visits to the river in late sum-
mer but did not survey in early September be-
cause the majority of birds were molting and
therefore not visible for counting.

We searched for all dippers and recorded all
banded and unbanded birds. In addition, if we
sighted a bird but were unable to identify wheth-
er it was banded or not (usually because it was
flying out of range), it was recorded as unknown
but included in the total count. The unique band
combinations were visible with 83 binoculars or
a 10–403 spotting scope when the birds stood
on rocks, even at distances of 100 m or more.
Throughout the 4-year study, and particularly
during the field seasons from January to July,
we searched for dippers throughout the water-
shed and recorded any observations of banded
individuals. When we sighted a dipper, we made
every effort to identify whether it was banded.
We kept a history for each banded bird, includ-
ing the date and location of all sightings as well
as any relevant breeding information.

Since most of the breeding birds on the river
were color banded, we were able to divide the
population into two groups: dippers that re-
mained on or near their breeding territories year-
round, usually on the river main stem (river res-
idents); and dippers that seasonally migrated or
dispersed, moving more than 1 km between their
wintering site on the river and a defined breed-
ing territory, typically on a tributary (creek mi-
grants). Since we could not assume this was a
closed population, other nonresidents that win-
tered on the river but moved to an unknown
breeding site either within or outside the water-
shed were also classified as migrants.

RADIO-TELEMETRY

In late February and early March of 2000, we
radio-tagged 14 adult dippers wintering along
the main river channel. Six birds had been cap-

tured and color banded in 1999 and had moved
off the river in spring, while eight had not been
previously marked. We used transmitters with a
whip antenna (Holohil Systems Ltd., Carp, On-
tario, Canada) that had unique frequencies and
weighed approximately 1.65 g, which is approx-
imately 2.5–3.5% of a dipper’s body weight. We
glued the transmitters to several contour feathers
with a waterproof epoxy (Titan Corp., Lynn-
wood, Washington) approximately 1 cm anterior
of the uropygial gland on the rump, allowing the
radio to fall off over time or when the birds
molted. We observed birds feeding and preening
normally for several days following transmitter
attachment, and resighted four surviving indi-
viduals the subsequent winter without their ra-
dios. Transmitter batteries had an expected life
span of 12 weeks.

We located radio-tagged dippers on the river
during late winter and early spring until we
could no longer detect a signal using ground-
tracking methods. During two aerial telemetry
flights (17 April and 7 May 2000), we flew all
sections of the watershed following the river and
its tributaries to the snowline to try to locate all
14 radio-tagged birds. From the air, we detected
transmitter signals from several km away, but on
the ground, transmitters had limited range of 1–
2 km due to the mountainous terrain.

MOVEMENT AND POPULATION-SIZE
ANALYSIS

Movement patterns were analyzed using the
multistrata model in Program Mark (White and
Burnham 1999). Although the model estimates
probabilities for survival, resighting, and move-
ment between independent strata, we report
movement estimates only. All dipper resightings
throughout the watershed were categorized into
eight time periods by breeding season (late
March through August) or nonbreeding season
(September through early March) and year
(1999–2002). Movement patterns were assessed
from 668 observations of 298 banded adults dur-
ing those eight periods. We structured the model
with 22 parameters to identify probability of
movement between strata during the breeding
and nonbreeding seasons with 95% confidence
intervals (CI). Males, females, and birds of un-
known sex had similar patterns of movement be-
tween seasons. Therefore, we pooled the sexes
in the model for movement, reporting them as a
single probability, but kept them as independent
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FIGURE 3. Summary of bimonthly surveys on the Chilliwack River, British Columbia, Canada, from Novem-
ber 1999 to November 2002. Line graph indicates survey totals including all banded, unbanded, and unidentified
American Dippers sighted on the main stem of the river. Bar graph shows numbers of river residents (birds that
breed and winter on the river) and creek migrants (birds that leave the river to breed).

TABLE 3. Probability of movement between the Chilliwack River and its creeks by adult and juvenile Amer-
ican Dippers using the multistrata model in Program Mark (White and Burnham 1999). Data show movement
in the spring (between nonbreeding and breeding season) and in the fall (between breeding and nonbreeding
season) for 1999–2002 combined. Movements for juvenile birds (fledging through first winter) in spring were
not estimated since there are no juvenile birds in this period.

Movement parameter

Probability of movement (95% CI)

Spring (1999–2002) Fall (1999–2002)

Adults (both sexes) (n 5 298)
From river to creek
From creek to river

0.21 (0.09–0.43)
0.15 (0.01–0.75)

0.02 (0.00–0.47)
0.53 (0.25–0.79)

Juvenile males (n 5 10)
From natal site to river
From natal site to creek

—
—

0.60
0.40

Juvenile females (n 5 10)
From natal site to river
From natal site to creek

—
—

0.88
0.12

Juveniles unknown sex (n 5 28)
From natal site to river
From nata site to creek

—
—

0.50
0.50

inal capture site were initially captured in March
and likely had already started their spring mi-
gration.

Analysis of movement between river and
creek strata using Program Mark (White and
Burnham 1999) revealed that migrant birds
moved in spring (from the nonbreeding to breed-
ing season) primarily from the river to the creeks
(best model QAICc 5 470.55, ĉ 5 4.05, 22 pa-
rameters; global model DQAICc 5 437.15, 192
parameters; all other models DQAICc . 4.9). In
contrast, the movement in the fall (from breed-

ing to nonbreeding season) was primarily from
the creeks to the main river (Table 3). Residents
generally remained on the river between seasons
with little or no movement. Surviving juveniles
(n 5 10 males, 10 females, 28 unknown sex)
that were resighted after their first molt through
their first winter moved from their natal site in
the breeding season to a wintering location on
the river or a tributary. Both male and female
juveniles wintered primarily on the main river,
in a similar pattern to adult birds. However, ju-
venile males had a higher probability of moving










