AXHKC TKYXCYY @kt incur significant costs in
meeting their o springs’ energetic demands
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Hamer and Hill 1994; Kitaysky 1996; Takahashi
et al. 1999). Inconsistencies in results, both
between and within species, may arise when
incomparable types of manipulations are per-
formed in each study (see Bertram et al. 1996),
but the ability of parents to adjust provisioning
e
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from the flalyened wing length based on the age (y) to
wing length (x) relationship of a group of known-age
nestlings (y = 0.07x? + 0.85x + 20.66, R> = 0.85, n = 5;
Gjerdrum 2001). All nestlings in the experiment were
aged soon aSer hatching (<10-days old) when wing
length most accurately reflects age (Rodway 1997).

Supplementary feeding.—Nestlings were paired by
age and then randomly assigned to either a supple-
mented or control group (for both treatment groups,
n =17 in 1999 and n = 15 in 2000). In 1999, | pro-
vided each nestling in the supplemented group with
57.9 + 16.8 g (SD) thawed herring (Clupea sp.) daily
throughout the nestling period. Burrow tunnels were
examined each day; in 1999, younger nestlings leS the
supplements uneaten. Any uneaten supplements were
removed before additional fish were added. The her-
ring was likely too large for the nestlings to swallow.
However, older nestlings consistently ate supplements
(mean age when nestlings no longer leS supplements
uneaten was 31.4 + 7.8 days). In 2000, nestlings were
fed 50.0 + 17.2 g (SD) thawed sand lance (Ammodytes
sp.) daily. Sand lance were chosen because they are
much smaller than herring and were presumed to be
easier for the young nestlings to swallow. Burrow tun-
nels were examined each day for any uneaten fish but
on no occasion did | fi
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For comparisons of bill-load size (number of
prey and mass delivered per bill load) between
supplemented and control nestlings, test statistics
were calculated on means for individual burrows
and compared using one-way ANOVA. | compared
the relative proportions (by frequency of occurrence
and by mass) of prey species delivered between the
two treatment groups using Mann-Whitney U-tests.
Proportions were first averaged for each nestling with
multiple bill load estimates.

| used a multiple regression analysis to evaluate
the e ect of treatment (supplemented vs. control),
peak mass, and age at peak mass on the fledging age
for 1999 and 2000. | began with the statistical model
that included treatment as a class variable, peak mass,
and age at peak mass as continuous variables, and the
interactions treatment x peak mass and treatment x
age at peak mass. Nonsignificant interaction terms
were eliminated sequentially from the model and the
reduced model reanalysed (Zar 1999). Because there is
an expected positive relationship between age at peak
mass and fledging age (a nestling that peaks at 40 days
cannot be expected to fledge younger than 40 days), |
tested the significance of the slope between age at
peak mass and fledging age against a hypothesized
slope of one (the null hypothesis). Given the di erent
experimental protocols across years, | analysed each
year separately. Data met the assumptions of normal-
ity, linearity, and homoscedasticity (Tabachnick and
Fidell 2001).

Rxyy@¥y

Feeding frequency.—Supplemented nestlings
were fed significantly less oSen than control
nestlings (Table 1; F= 451, df =1 and 21, P =
0.046). Supplemented nestlings received 4.8
feeds day?! compared to 6.4 feeds day? for
control nestlings, given a 16-h feeding period
(0600-2200 hours). When averaged over the two

Rd 21, F 257 1298.895 TmM@0.00502@0.1459
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the average mass of bill loads delivered (Table
1; one-way ANOVA: F = 0.42, df = 1 and 28,
P = 0.52). Supplemental feeding had no detect-
able e ect on the composition of bill loads by
frequency or mass (Table 2; for all prey classes
P > 0.05).

Nestling growth.—Culmen, tarsus, wing
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that nestlings that peaked young remained in
the nest longer (aSer they reached their peak
mass) than nestlings that peaked older. In 2000,
supplemented nestlings fledged significantly
older than control nestlings (Table 1; F=7.05, df
=1and 21, P =0.01). | detected no e ect of peak
mass on fledging age (F=2.52, df =1 and 21, P
=0.13), and no interactions were significant (P >
0.10). Consistent with data from 1999, the slope
of the regression between age at peak mass and
fledging age was significantly less than the null
hypothesis of one (t=-0.22, df = 23, P < 0.0001).

DrykyyyicC

Parental response to manipulation of nestling
nutritional requirements.—Parents of supple-
mented nestlings provisioned significantly
less 0Sen than did parents of control nestlings.
That result supports the hypothesis that parents
will decrease provisioning e ort in response
to a reduction in their nestling’s nutritional
requirements. Presumably, parents perceived

CKYHCK GikYKYy@
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the nutritional status of their nestlings either
through the intensity of chick begging (Harris
1981) or through other behavioral changes in
the nestling during feeding. Here, supplemen-
tal feeding of nestlings did not appear to change
the prey species composition, number of prey
items, or the mass of bill loads delivered by
parents. TuSed Pu ns may have been unable
to adjust the quantity of prey or quality of bill
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have monitored parental behavior to answer
how behavior may be modified. Similar to
this study, Atlantic Pu n (Fratercula arctica)
nestlings given supplementary food received
fewer meals from their parents than did con-
trols, but meal size and composition remained
unchanged (Cook and Hamer 1997). Parents of
overfed Yellow-nosed Albatross (Diomedea chlo-
rorhynchos) nestlings delivered smaller loads
but did not change the frequency at which they
fed (Weimerskirch et al. 2000). Black-browed
Albatross (D. melanophris) parents adjusted

469
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fledge older is longer wings at fledging. There
is a positive relationship between fledging age
and wing length in TuSed Pu ns (C. Gjerdrum
unpubl. data). Longer wings may be a benefit
for a nestling’s first flight to the ocean or its first
underwater dive for food (Gilchrist and Gaston
1997, Hipfner and Gaston 1999) and may be
worth waiting for if the nestling continues to
receive enough food to allocate to wing growth.
Conversely, supplemental feeding did nota ect
fledging age in Atlantic Pu ns (Harris 1978,
Hudson 1979, Cook and Hamer 1997), and in
one study, decreased the fledging age (Wernham
and Bryant 1998). Rhinoceros Auklets were also
found to fledge younger when given additional
food (Harfenist 1995, Takahashi et al. 1999).
However, none of those studies controlled for
any e ect of nestling peak mass or age at peak
mass, which also have a strong e ect on depar-
ture timing as my study has shown. Future
experiments should vary the amount of supple-
ments given to nestlings to examine the relative
e ects of development and parental influences
on departure timing.

Reduction in parental provisioning e ort
late in the nestling period may instead reflect a
decline in chick demand, rather than a paren-
tal decision to encourage the chick to fledge.
Kitaysky (1999) demonstrated that captive
TuSed Pu n chicks fed ad libitum voluntarily
decreased their food intake starting at 34 days
posthatch. Atlantic Pu ns have also been
shown to reject food late in the nestling period
(Harris 1978). If parents here were simply
responding to a decrease in their nestling’s
demands as they approached independence,
I would have expected some rejection of the
food supplements and no e ect of treatment on
fledging age. However, supplemented nestlings
in the experiment ate all the food provided
and fledged older than controls. On the basis
of those results, | suggest that the reduction in
provisioning e ort late in the nestling period, at
least in part, serves to encourage fledging.

The age and mass of the nestling prior to
mass loss also had significant e
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