


cally paired avian taxa from low- and high-elevation sites in-
dicates that high-elevation species have smaller clutches and
fewer broods per year than their low-elevation counterparts
(Badyaev and Ghalambor 2001). Badyaev and Ghalambor
(2001) found that the reduced fecundity in these high-
elevation species is associated with increased parental care
and a shift away from investment in offspring number toward
investment in offspring quality. Similar life-history trade-offs
have been described within species that breed on a steep-
elevation gradient. For example, Dark-eyed Juncos (Junco
hyemalis (L., 1758)) that breed at high elevations initiate
breeding later and have a more compressed breeding season
than Dark-eyed Juncos breeding at low elevations, and conse-
quently produce fewer broods and fledglings per season.
However, Dark-eyed Juncos at high elevations produce heav-
ier offspring with greater fat reserves than Dark-eyed Juncos
at low elevations (Bears et al. 2009).

Most populations of American Dippers (Cinclus mexicanus
Swainson, 1827) contain altitudinal migrants, individuals that
move between winter habitat on the coast or on rivers at low
elevations and breeding habitat on higher elevation streams
(Morrissey et al. 2004a; Price and Bock 1983; Willson and
Hocker 2008). Some populations contain both migratory and



Feeding observations



Data analysis
We conducted a total of 91 provisioning observations at

68 nests containing broods produced by 54 pairs and deter-
mined the mean nestling condition of 59 broods produced by
34 pairs. We therefore used a mixed modeling approach to
test whether migrants provide their offspring with a higher
quality diet, deliver food at a higher rate, and produce
higher quality offspring than residents. We examined five
independent variables: the proportion of deliveries that con-
tained fish, whether at least one fish was delivered during a
provisioning observations (yes or no), the delivery rate of
both parents (total number of feeding visits/h), the energetic
provisioning rate (kJ/h), and the average nestling condition
of a brood. Pair identity was included as a random term in
all models. We included six explanatory variables in each
model: migratory strategy, hatch date, year, brood-size cate-
gory (small = 1 or 2; medium-sized = 3; large = 4 or 5),
nestling age, and the time of day observations were con-
ducted (morning 0800–1200; midday 1200–1600; afternoon
1600–2000). Brood size was categorized as a factor with
three levels, as brood sizes of 1 and 5 were rare. For each
analysis, we initially fitted a full model including all main



Results

Nestling diet
American Dippers delivered larval aquatic invertebrates,

small fish, and occasionally, salmonid eggs to their broods.
The proportion of deliveries that included one or more fish
did not vary with the size or age of the brood (brood size:
c2

½2� = 0.4, p = 0.84; age: c2
½1� = 0.6, p = 0.44). The

proportion of deliveries that included fish declined across
the season (date effect: –0.29 ± 0.11;c2

½1� = 6.5, p = 0.01)
but did not vary with the time of day or between years
(period:c2

½2� = 4.7,p = 0.10; year:c2
½3� = 1.2,p = 0.77). After

controlling for seasonal variation, resident pairs fed their
broods a diet that contained a greater proportion of fish
than did migratory pairs (c2

½1� = 8.7, p = 0.004; Fig. 1a).
This pattern remained when we analysed the diet fed to dip-
per broods as a binomial variable (fish: yes or no) with the
duration of the focal observation entered as a covariate
(GLMM; duration of observation:c2

½1� = 3.4, p = 0.07; mi-
gratory strategy: residents = 0.58 ± 0.06, migrants 0.21 ±
0.08; c2

½1� = 8.0, p = 0.006).
Larval aquatic invertebrate and fish samples collected

from the river had more enrichedd15N signatures than those
collected from higher elevation tributaries (Table 2). Feather
samples from juvenile dippers provisioned by residents on
the river also had more enrichedd15N signatures than feath-
ers from juveniles provisioned by migrants on the tributaries
(Table 2). The linear mixing model using habitat-specific
d15N values for fish and invertebrates estimated the amount
of fish in the diet of nestlings to vary from 0% to 83%. Ju-
veniles fed by sedentary pairs had a diet containing almost
three times as much fish as juveniles fed by migratory pairs
(percentage (mean ± SD) of fish in diet: sedentary off-
spring = 32% ± 22% (n = 40); migratory offspring = 11% ±
6% (n = 23); c2

½1� = 14.9,p < 0.001).

Delivery rates
Pairs of American Dippers delivered prey to broods approx-

imately 16 times/h (range 4–44 times/h) when nestlings were
between 9 and 23 days of age. Delivery rates increased with
brood size (small broods: 11.0 ± 1.9 deliveries/h; medium-
sized broods: 16.5 ± 1.5; large broods: 19.5 ± 1.3;c2

½2� = 15.5,
p < 0.001) but did not vary with nestling age (c2

½1� = 0.2, p =
0.68). Delivery rates also varied between years (2005: 14.9 ±
2 deliveries/h; 2006: 19.8 ± 1.4 deliveries/h; 2007: 14.2 ±
1.8 deliveries/h; 2008: 13.8 ± 1.4 deliveries/h;c2

½3� = 11.3,p =
0.01) but did not vary with the time of day or across the season
(period:c2

½2� = 1.1,p



Dippers; individuals that migrate to higher elevations to
breed are less likely to initiate a second clutch following the



reported no difference in the mean nestling mass of broods
raised by migratory and sedentary dippers (Morrissey 2004).
Importantly, however, neither study provides any evidence
to suggest dippers produce better quality offspring if they
migrate to higher elevations to breed.

Breeding at higher elevations may not have been associ-
ated with increased parental care in this study because pa-
rental care was only examined during the nestling period.
This is unlikely to be the case because parental provisioning
rates decline considerably 1 week after fledging in American
Dippers, and the offspring of migrants and residents are
equally likely to have left their natal territory within 2 weeks



(Loegering and Anthony 2006), residents have consistently
higher annual productivity than migrants, and are predicted
to have higher lifetime reproductive success (Gillis et al.
2008). This study demonstrates migrants do not compensate
for their lower productivity by producing higher quality
young. In fact, differences in the lifetime reproductive suc-
cess of migrants and residents will have been underesti-
mated because migrants produce lower quality offspring
that are less likely to survive their first winter. This study
therefore provides additional support for the hypothesis that
altitudinal migration is a conditional strategy and that mi-
grants are subordinate birds that are simply making the
‘‘best of a bad job’’ (Adriaensen and Dhondt 1990) by mov-
ing to higher elevations to breed.
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