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In short-lived species, parents are expected to favour their offspring and may therefore
have to sacrifice the best part of their diet to feed their young (‘conflict hypothesis’). In
addition, they need to maximize energy delivered per unit of time to the young (‘delivery
hypothesis’). We examined the influence of these two factors on food allocation in
Lincoln’s Sparrows Melospiza lincolnii by measuring plasma d15N and d13C values in both
parents and offspring. Adults’ isotopic values were unchanged when feeding chicks, but
their d15N values were higher than those of their chicks. Using the isotopic signature of
Lincoln’s Sparrows and that of prey available in their habitat, we reconstructed the diet
of parents and chicks using mixing models for stable isotope analyses. The main differ-
ence between the diet of chicks and that of adults was that the proportion of spiders
was lower in chicks than in adults, while the proportion of grasshoppers was higher.
Spiders appear more valuable than grasshoppers, as they are more easily digested and
richer in lipids, proteins and essential amino acids. However, grasshoppers are larger than
spiders and are therefore likely to be better suited to maximize energy delivery to chicks.
As parents keep their diet constant when breeding and as the contribution of large prey
is higher in the diet of chicks than in that of their parents, our results suggest that the
influence of optimal foraging strategy is predominant over the influence of parent–off-
spring conflict on food allocation in Lincoln’s Sparrows, thereby supporting our delivery
hypothesis. However, this relative influence may differ when resource availability con-
strainsing parent–offspring conflict varies.
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Two theories have been proposed to explain how
parents allocate food resources between them-
selves and their offspring. On the one hand, cen-
tral place foragers such as parents provisioning
their chicks are expected to select prey to feed
their offspring to maximize energy delivery per
unit of time. In that case, they may have to select
large prey to feed their young and use small prey
for self-feeding (Orians & Pearson 1979). This is
likely to be crucial when parents need long periods
of time to find food for their offspring because of
long travelling distances or prolonged search effort
(Kaspari 1991, Grieco 2002), or when commuting

between breeding and foraging areas exposes
parents or young to high predation risk (Skutch
1949). In the latter case, feeding young with large
prey would allow parents to decrease provisioning
rate and hence reduce predation risk without com-
promising energy delivery rate. On the other hand,
because food resources are finite, a conflict of
interest may arise between adults and their off-
spring, both generations being expected to take
advantage of resources at the expense of the other
(Trivers 1974). The decision to favour one compo-
nent at the expense of the other depends on life-
history characteristics (Stearns 1989); in long-lived
species, allocating too many resources to current
reproduction may reduce survival and therefore
lifetime reproductive success more than in short-
lived species. Thus, in parent–offspring conflict,
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long-lived parents may be expected to retain the
most beneficial prey for themselves, while the
opposite is expected in short-lived species. Even
though these two theories on resource allocation
between parents and offspring have been formu-
lated separately, they are likely to act together on
parental feeding decisions. Yet, the importance of
one relative to the other has not been examined.

Food allocation between parents and young has
mostly been examined through visual observations
of the solicitation behaviour of the young and the
associated feeding behaviour of their parents (e.g.
Cameron-Macmillan et al. 2007, Beaulieu et al.
2009a). Even though this approach has led to a
better understanding of food allocation, it has
drawbacks: behaviour is difficult to observe in fur-
tive species, human presence is stressful and can
modify parental foraging and allocation decisions
(McDonald et al. 2007), and individual behaviour-
al observations give only a snapshot of how parents
allocate food to their offspring and do not neces-
sarily reflect the whole young-rearing period. In
this context, the use of stable isotope analyses can
be useful. Indeed, as the incorporation rate of iso-
topes depends on the turnover rate in tissues, the
isotopic signature of a tissue with turnover rate
corresponding to the young-rearing period inte-
grates all of the parental feeding decisions over the
same period of time. The comparison of the isoto-
pic signature of parents to that of their offspring
can therefore provide a more complete picture of
food allocation between parents and young than
individual behavioural observations.

Despite the advantages of stable isotope analysis
to study food allocation between parents and their
offspring, investigators have so far only simulta-
neously measured the isotopic signature of adults
and young to look for general intraspecific pat-
terns. Two-thirds of studies conducted in birds
(mostly in seabirds) report that adults and juve-
niles show different (either lower or higher) d15N
values and/or d13C values (see Supporting Infor-
mation Table S1 for a list of these studies and a
brief description of their results). This suggests
that the division of food resources by parents
between their own feeding and the provisioning of
their young is common in bird species. Although
some of these studies measured stable isotope
ratios from both chicks and their parents, only two
explicitly examined how the isotopic signature of
the young was related to the isotopic signature of
their parents (Nisbet et al. 2002, Koenig et al.

2008). In Common Terns Sterna hirundo, parents
and their offspring exhibit similar isotopic signa-
tures, suggesting that parents feed their chicks as
they feed themselves (Nisbet et al. 2002). This
may be explained by the fact that (1) Common
Terns feed on very few prey species (Granadeiro
et al. 2002), which limits the possibility for par-
ents to select a given prey type for chick provision-
ing or self-feeding, and (2) they are long-lived
(maximum life expectancy: 33 years; The Animal
Ageing & Longevity Database 2013) and are there-
fore expected to sacrifice relatively less of their
diet and self-maintenance to feed their chicks
(Stearns 1992).

Terrestrial birds, which tend to have shorter life
expectancy than most seabirds, may be more likely
to sacrifice the most profitable part of their diet to
feed their young. Moreover, they often feed on a
wider range of prey from different trophic levels,
from plant material to arthropods, which exhibit
distinct d15N signatures (Girard et al. 2011, Beau-
lieu & Sockman 2012) and therefore provide the
possibility to discriminate food for chick provision-
ing and self-feeding. In agreement with this
hypothesis, Acorn Woodpeckers Melanerpes formi-
civorus (maximum life expectancy: 17 years; The
Animal Ageing & Longevity Database 2013)
appear more flexible than Common Terns in terms
of feeding their chicks. In this species, even though
the diet of chicks depends heavily on the diet of
their parents, adults feed their offspring propor-
tionally more arthropods than they feed them-
selves, which is reflected by different isotopic
values between adults and chicks (Koenig et al.
2008). As arthropods are rich in proteins, one
explanation for this high proportion of arthropods
in the diet of chicks is that parents regulate the
diet of chicks as a function of their demand for
proteins. However, the composition of arthropods
is not constant and some species may be more
advantageous than others for adults and for chicks.
For instance, spiders represent a highly valuable
prey both for adults and developing young, as they
have a high content of lipids, proteins and essential
amino-acids, a low content of indigestible chitin,
and can be easily handled relative to most other
arthropod prey (Ba~nbura et al. 1999, Brodmann &
Reyer 1999, Ramsay & Houston 2003, Magrath
et al. 2004). Considering that short-lived parents
are expected to favour their current reproduction
at the expense of their own maintenance, short-
lived terrestrial birds may withhold this highly
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profitable prey from their own diet in order to
feed their young (what we call the ‘conflict
hypothesis’). As spiders are at the top of the
arthropod trophic chain, they have the highest
d15N values among arthropods (Beaulieu & Sock-
man 2012, Wimp et al. 2013). Consequently, if
parents withhold spiders from their diet to feed
their chicks, this should be reflected (1) by lower
d15N values in adults during the chick-rearing
period than before, and (2) by lower d15N values
in parents than in their young. Alternatively,
because spiders are generally smaller than other
arthropod prey, feeding chicks with this prey may
not maximize the amount of energy delivered to the
young per unit of time as much as feeding them
with larger arthropods, such as grasshoppers. Con-
sequently, spiders may not be best suited for chick
feeding but rather for parents’ self-feeding. In that
case, parents may not have to withhold spiders from
their own diet to feed their young but should
feed chicks with larger prey species from lower tro-
phic levels, such as grasshoppers (what we call the
‘delivery hypothesis’). This should be reflected (1)
by constant d15N values in adults before and during
the chick-rearing period, and (2) by lower d15N
values in young than in their parents.

To examine these two hypotheses, we consid-
ered here two key aspects in the short-lived
Lincoln’s Sparrow Melospiza lincolnii (maximum
life expectancy: 7.6 years; The Animal Ageing &
Longevity Database 2013). First, we assessed how
feeding offspring impacts adults’ diet. Secondly,
we examined within Lincoln’s Sparrow families
how parents allocate food resources to their chicks.
We used stable isotope analyses to examine (1)
the isotopic signature of adults before and when
feeding chicks, (2) the isotopic signature of parents
and that of their chicks, and (3) the composition
of the diet of parents and chicks.

METHODS

Fieldwork

We conducted fieldwork from late May to late
July 2010 in a sub-alpine meadow located in the
Rocky Mountains close to Molas Pass (37.74°N,
107.69°W), Colorado, USA (see Sockman 2008,
2009 for details of the study system). Each day
during the field season, five people searched for
Sparrow nests in the grass under bushes for 3 or
4 h each. Nests were found at four different

stages: before and during egg-laying, during
incubation and after hatching. We checked nests
daily (except during the first 7 days of incubation
to limit disturbance) and noted each breeding
event (egg-laying, clutch completion, hatching)
until chicks were 8 days old (i.e. just before they
fledged). Over the season we found 76 Lincoln’s
Sparrow nests in which birds initiated clutches
from early June to early July (mean � se: 20 June
� 0.88 days; Beaulieu & Sockman 2012). Because
of nest desertion and predation, one nest produced
no eggs, 22 nests with eggs produced no hatch-
lings, 24 nests with chicks were depredated and
nine nests lost at least one chick during the first
8 days of the chick-rearing period. Among the 20
remaining nests, 8 days after hatching, one nest
had one chick, five had two chicks, six had three
chicks and eight had four chicks. To limit the
potential effect of brood size on parental feeding
decisions, we focused on nests with a constant
number of chicks from hatching to fledging and
composed of three or four chicks. We used mist-
nets to capture both parents from 10 of these 14
nests (from 29 June to 23 July) while they were
provisioning their chicks (seven nests with four
chicks and three nests with three chicks, i.e. 20
adults and 37 chicks). We collected blood (50–
100 lL) for isotopic measurement from the wing
vein with a heparinized capillary tube (Natelson
blood collecting tubes, Fisherbrand�; Fisher Scien-
tific, Pittsburgh, PA, USA). As with the adults, we
collected blood (50 lL) from the chicks when
they were 8 days old (i.e. before fledging).

We also captured adults with 50 seed-baited
trapping stations placed throughout the meadow
before capturing birds provisioning their chicks.
These birds were bled and identified with a US
Geological Service identification ring and a unique
combination of coloured leg rings. In the second
half of June (17 June–1 July), we captured 14
individuals, which we later knew did not have
chicks at the time they were captured (i.e. their
nest was found later with chicks, and on our field
site Lincoln’s Sparrows typically breed only once
over one breeding season: we observed only once a
bird breeding twice over one breeding season in
8 years of fieldwork). These 14 birds were not the
same as those feeding chicks described above.
Most of these 14 birds visited seed-baited traps
several times over the season. Importantly, we did
not find any relationship between their isotopic
values (see below) and the frequency with which
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they visited seed-baited traps before we took blood
for isotopic measurements (between 0 and 10
times) (Pearson correlations: r = –0.276, P = 0.340
for d13C values, and r = –0.442, P = 0.114 for d15N
values), suggesting that the consumption of seeds
from baited-traps did not interfere with isotopic
measurements. This may be because we used very
few seeds to bait birds in traps and because birds
spent a short period of time (between a few min-
utes and an hour) in the traps for each capture.

Once collected, blood was transferred into
Eppendorf tubes, held on ice for a few hours and
centrifuged (4600 g, 9 min). Plasma was then
separated from red blood cells and both were
frozen until analysis.

Bird sexing

As Lincoln’s Sparrows are slightly sexually dimor-
phic (males being 2–10% heavier than females;
Ammon 1995), feeding allocation can be affected
by the sex of the parents and the sex of the chicks
(Quillfeldt et al. 2004, Beaulieu et al. 2009b). We
therefore took the sex of birds into consideration
in our analyses. We sexed adults using cloacal
inspection and, because the young are sexually
monomorphic, we sent chick red blood cells to
Zoogen Incorporated (Davis, CA, USA) for molec-
ular sexing. We also sent to Zoogen the red blood
cells from three known males and three known
females (sexed as adults by cloacal inspection),
which enabled us to confirm that the molecular
technique was accurate (each of these six was
identified as the correct sex).

Isotopic analyses

To reflect the 8 days of the chick-rearing period,
we chose to measure isotopic ratios in plasma, as
opposed to red blood cells. In White-spectacled
Bulbuls Pycnonotus xanthopygos, plasma 15N reten-
tion time (i.e. the amount of time isotopes spend
in plasma) ranges from 5 to 8 days (i.e. the age of
Lincoln’s Sparrow chicks when they were bled),
whereas in red blood cells, it ranges from 22 to
32 days (Tsahar et al. 2008). Moreover, in Myrtle
Warblers Setophaga coronata, the plasma half-life
of C lasts 24 h vs. 11 days in red blood cells, and
8 days after a switch from C4 to C3 diet, birds’
plasma isotopic values are stable and reflect their
C3 diet (Podlesak et al. 2005). These durations are
presumably even shorter in growing individuals

like chicks (Fry & Arnold 1982, MacAvoy et al.
2005). Finally, in altricial birds, the yolk sac,
which constitutes only 5–10% of the total body
mass of hatchlings (Schmidt et al. 1985), is quickly
resorbed after hatching (Tully et al. 2000). There-
fore, we can be confident that plasma isotopic
measurements of 8-day-old Sparrow chicks reflect
entirely or almost entirely the isotopic signature of
the diet provided by parental feeding rather than
the isotopic signature of the yolk.

After the field season, we freeze-dried plasma
samples from adults and chicks overnight, homo-
genized them and loaded them in tin cups for
d15N and d13C analyses. Isotopic assays were car-
ried out at the Duke Environmental Stable Isotope
Laboratory (Duke University, NC, USA). Results
are expressed as the standard d notation (&) rela-
tive to Peedee belemnite for d13C and atmospheric
N2 for d15N. The mean difference between two
standards of acetanilide within the same assay was
0.24 � 0.06& for d15N and 0.12 � 0.06& for
d13C (mean � se, n = 4 assays). The mean differ-
ence between two measurements of standard acet-
anilide in different assays was 0.07 � 0.02& for
d15N and 0.09 � 0.02& for d13C (mean � se,
n = 4 assays).

Data analyses

When possible, lipids should be removed from
plasma samples before measuring isotopic ratios
because lipids are depleted in 13C (Post et al.
2007). In our study, because of the small size of
Lincoln’s Sparrows, we only collected a small
amount of plasma, which did not allow us to
remove lipids chemically from our samples. There-
fore, to each of the statistical models with d13C as
a response, we added the C : N ratio as a covari-
ate, as it strongly predicts lipid content in animal
samples (Post et al. 2007). Additionally, we previ-
ously discovered that the isotopic signature of Lin-
coln’s Sparrows could change with time (between
spring and summer; Beaulieu & Sockman 2012).
We thus first checked the effects of date on the
isotopic signature of the birds considered in the
present study; we did not find any effect, presum-
ably because the time scale in the present study is
much shorter than in our previous study.

For statistical analyses, we used mixed effects
linear regressions, which become general linear
models in the absence of a nested random effect.
These models use Z-tests, which assume a standard
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normal sampling distribution under the null
hypothesis that a coefficient equals zero. To com-
pare the isotopic signatures of adults with and
without chicks, we used sex, breeding status
(absence or presence of chicks) and their interac-
tion as fixed factors in each of two general linear
models, one with d13C and one with d15N as the
response.

To compare isotopic ratios between chicks and
adults, we used age category (adult or chick), sex
and their interaction as fixed factors, and nested
individual within family as a random intercept and
random coefficient for age and sex (covariance
structure: unstructured) in each of two mixed
effects linear regressions, one with d13C (in which
the C : N ratio was included as a covariate, see
above) and one with d15N as the response.

Finally, we estimated the proportion of each
prey in the diet of adult Lincoln’s Sparrows (with-
out and with chicks) and in the diet of chicks by
using mixing models for stable isotope analyses in
R (SIAR v4). SIAR offers the possibility through a
Bayesian approach to investigate complex dietary
systems by considering uncertainties related to
consumers, multiple food resources and diet–tissue
isotopic fractionation (Parnell et al. 2010). As
such, SIAR models incorporate the d13C and d15N
means and standard deviations of consumers and
of food resources, as well as trophic enrichment
factors for 13C and 15N, and generate probability
distributions for food resources in the diet of con-
sumers. Based on three studies comparing plasma
and diet isotopic values in passerine birds (Hobson
& Clark 1993, Evans-Ogden et al. 2004, Tsahar
et al. 2008), we used for these analyses the follow-
ing trophic enrichment factors (mean � sd):
0.5 � 0.3& for d13C and 3.3 � 0.5& for d15N.
However, these trophic enrichment factors can be
impacted by growth in chicks. For instance, by
feeding growing chicks and adults of Rhinoceros
Auklets Cerorhinca monocerata with the same diet
in captivity, Sears et al. (2009) found lower d15N
values in chicks than in adults. This difference is
likely to be due to a difference in 15N fractionation
between growing chicks and adults, growth being
related to a better nitrogen-use efficiency responsi-
ble for 15N depletion. Indeed, at fledging (i.e. after
most growth had occurred), these differences of
trophic enrichment factors between adults and
chicks disappear (Sears et al. 2009).

We did not have direct information about isoto-
pic fractionation in 8-day-old Lincoln’s Sparrows

(i.e. at fledging). Thus, we conducted SIAR analyses
first by using the same trophic enrichment factor in
chicks and in adults, and secondly after correcting
them in chicks because of the potential 15N deple-
tion in growing chicks. We applied correction
factors only in SIAR models and not directly in our
analyses of isotopic values because correction factors
are likely to vary between individual chicks. Because
SIAR models do not use individual values but the
mean of isotopic values for a group of individuals
(chicks), we were able to use the mean correction
factor for 13C and 15N values given by Sears et al.
(2009) in these analyses. For this correction, we
subtracted 0.2& from the 15N trophic enrichment
factor of adults and 0.3& from the 13C trophic
enrichment factor of adults (Sears et al. 2009). The
95% range of the high-density regions of residual
variance for d13C and d15N from SIAR models with
and without correction of trophic enrichment fac-
tors was similar (Table 1), indicating similar fit of
both models. Moreover, both models recovered
prey proportions in the diet of chicks that were very
close. For these reasons, we present below only the
results of the model including corrected trophic
enrichment factors in chicks.

For SIAR models, we used the isotopic values of
six groups of potential food types: dandelion
(Taraxacum) seeds, willow (Salix) seeds, grasshop-
pers (Orthoptera), insect 1, insect 2 and spiders
(Araneae). These were collected over the field
season in 2010 at our field site that we measured
in another study (Beaulieu & Sockman 2012).
Because of isotopic similarity, ‘insect 1’ comprised
crane flies (Tipulidae), ants (Formicidae) and
caterpillars, and ‘insect 2’ comprised ladybirds

Table 1. The 95% high-density region values for residual
variance (standard deviation (sd)) from SIAR models for adult
Lincoln’s Sparrows (without and with chicks) and for chicks.
For chicks, calculations were carried out with and without cor-
rection of the trophic enrichment factor due to the potential
effects of growth on isotopic enrichment (see Methods). Lower
residual variance values reflect better fit for the models.

sd d15N sd d13C

Low
95%

High
95%

Low
95%

High
95%

Adults with no chicks 0.00 1.00 0.51 1.71
Adults with chicks 0.00 0.66 0.55 1.33
Chicks 0.00 0.54 0.78 1.36
Chicks (corrected) 0.00 0.51 0.79 1.37
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(Coccinellidae), damselflies (Odonata) and non-
tipulid flies (Diptera). Among these prey items,
spiders had the highest d15N and d13C values,
whereas dandelion seeds, willow seeds and grass-
hoppers had the lowest d15N values. The mean
isotopic values of each prey type used in our SIAR

models as well as their respective standard devia-
tions are presented in Table 2. Statistical analyses
were conducted in STATA IC 10.1 for Macintosh
(Stata Corporation, College Station, TX, USA).
Results are expressed as means � 1 se.

RESULTS

We found no difference in the isotopic signatures
of adults feeding nestlings and those not raising
young (breeding-status-effect on d15N: z = –0.35,
P = 0.729; d13C: z = –1.40, P = 0.161; Fig. 1),
and the effect of the breeding status did not vary
by sex of the adult (sex-by-breeding status interac-
tion effect on d15N: z = 1.09, P = 0.275; d13C:
z = 1.26, P = 0.208). Males and females had
similar isotopic signatures (sex effect on d15N:
z = –0.66, P = 0.512; d13C: z = –1.08, P = 0.282).

Similarly, we found no differences in isotopic
signature between males and females in our tests
comparing the isotopic values of parents to those
of their offspring (sex effect on d15N: z = –0.31,
P = 0.754; d13C: z = –0.59, P = 0.557). However,
although chicks had similar d13C values to adults
(age effect on d13C: z = 0.74, P = 0.459; Fig. 1),
they exhibited significantly lower d15N values (age
effect on d15N: z = 3.05, P = 0.002; Fig. 1). We
found no evidence of a reliable sex-by-age

interaction (d15N: z = 1.87, P = 0.062; d13C:
z = 1.61, P = 0.108).

Having established using frequentist statistics
that plasma d15N values were lower in chicks than
in adults, we took a Bayesian approach using SIAR

mixing models to determine the likely cause of
that difference. SIAR mixing models suggested that
willow seeds and ‘Insects 2’ (ladybirds, damselflies
and flies) were the main food sources both for
adults and for chicks, as they represented together
half of their diet (Fig. 2). The proportion of wil-
low seeds was higher in adults with no chicks than
in adults provisioning chicks (modal values: 35 and
26%, respectively). In contrast, the proportion of
grasshoppers was higher in adults provisioning
chicks than in adults with no chicks (modal values:
12 and 2%, respectively), suggesting that provi-
sioning adults partially abandoned willow seeds as
a feeding resource in favour of grasshoppers
(although these apparent diet differences were not
reflected by significantly different isotopic values
between adults without and with chicks; Fig. 1).
The proportion of spiders was high in adults both
with and without chicks (modal values: 24 and
22%, respectively). Interestingly, spiders contrib-
uted less to the diet of chicks (modal value: 14%)
than to the diet of adults (Fig. 2). Instead, the
proportion of grasshoppers was higher in the diet
of chicks than in the diet of their parents (modal
values: 18 and 12%, respectively). Finally, and to a
lesser extent, differences in the contribution of
plant material in the diets of chicks and their

Table 2. Mean isotopic values and standard deviations of
each prey type used in SIAR models. Values are expressed as
the standard d notation (&) relative to atmospheric N2 for d15N
and Peedee belemnite for d13C. Crane flies, ants and caterpil-
lars were combined into ‘Insect 1’, and ladybirds, damselflies
and flies into ‘Insect 2’ due to isotopic similarities. For more
details, see Beaulieu and Sockman (2012).

d15N d13C

Mean sd Mean sd

Dandelion seeds 0.57 0.28 �28.61 0.21
Willow seeds 1.32 0.25 �23.49 0.04
Grasshoppers 1.10 0.17 �26.20 0.24
Insect 1 3.62 1.76 �25.83 1.80
Insect 2 5.55 1.47 �24.68 0.74
Spiders 7.83 0.58 �24.49 0.28

6

7

δ1
5 N

 (‰
)

δ13C (‰)

8

–25 –24 –23

Chicks 

Adults
with

chicks Adults
with
no

chicks

Figure 1. Isotopic signatures (mean � se) of adult Lincoln’s
Sparrows with and without chicks, and of 8-day-old chicks (at
fledging). Raw values (i.e. uncorrected because of potential
different isotopic fractionations in adults and chicks) are repre-
sented.
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parents were also observed, with higher propor-
tions in the diet of chicks than in the diet of their
parents (modal values for dandelion seeds: 8 and
3%, respectively; Fig. 2). No obvious difference
was apparent between the respective diet of adults
and chicks for the other prey categories (Fig. 2).

DISCUSSION

We found in Lincoln’s Sparrows that feeding
chicks did not appreciably alter the isotopic signa-
ture of adults, and that chicks had lower d15N
values than their parents. This difference in d15N
values between parents and young appears to be
the result of a lower relative contribution of prey
from high trophic levels (spiders) and a higher
relative consumption of prey from lower trophic
levels (grasshoppers and plant material) in the diet
of chicks than in the diet of their parents. Alto-
gether, these results support our ‘delivery hypoth-
esis’ about food allocation between parents and
young in Lincoln’s Sparrows. These results also
illustrate the use of stable isotope analysis in deter-
mining the general outcome of food allocation
decisions between parents and young.

Considering that spiders represent the most
profitable part of the diet of Lincoln’s Sparrows
and that Lincoln’s Sparrows are relatively short-
lived, our ‘conflict hypothesis’ predicts that parent
Lincoln’s Sparrows should withhold this prey from

their own diet and that the contribution of spiders
should be more important in the diet of chicks
than in the diet of their parents. In contrast, we
found that the proportion of spiders was similar in
the diet of adults with no chicks and in the diet
of adults provisioning chicks, and that the diet of
chicks was characterized by lower proportions
of spiders than was the diet of adults, thereby
discrediting our ‘conflict hypothesis’.

To explain this discrepancy, it is possible that
Lincoln’s Sparrow chicks have to be fed spiders at
a low and fixed level (with a proportion of about
14%). Indeed, other studies conducted in passerine
birds (and using techniques other than stable iso-
tope analysis) show proportions of spiders in the
diet of their chicks very close to the proportions
observed in our study: 9% in Water Pipits Anthus
spinoletta (Brodmann & Reyer 1999), 12% in
Brown Songlarks Megalurus cruralis (Magrath et al.
2004), 9% in Great Tits Parus major (Wilkin et al.
2009) and 6–14% in Eurasian Blue Tits Cyanistes
caeruleus (Grieco 2002). Moreover, even experi-
mentally supplementing parents with extra food
does not affect this proportion in Eurasian Blue
Tits (Grieco 2002), suggesting that this proportion
is fixed in the diet of passerine chicks.

It is interesting to note that the main difference
in food contribution between the diet of chicks and
that of adults was observed for spiders, the prey that
was expected to be the most profitable for adults
and chicks. It is therefore also possible that, contrary
to our ‘conflict hypothesis’ in a short-lived species,
Lincoln’s Sparrow parents invest more in their own
diet than in the diet of their young, as they consume
more spiders than their chicks. This hypothesis is
reinforced by the fact that they feed their chicks
slightly more plant material (which has been associ-
ated with higher chick mortality rate in House
Sparrows Passer domesticus; Peach et al. 2008).
However, consistent with our ‘delivery hypothesis’
predicting that larger prey species maximize energy
delivery to young, spiders smaller than grasshoppers
may be better suited for adults’ self-feeding than for
chick provisioning. Because of the absence of deliv-
ery constraint on self-feeding, parents may be able
to include a higher proportion of spiders in their
diet than in the diet of their offspring, and may thus
optimize their energy intake with small and ener-
getic prey. This may be especially true when parents
forage far away from their nest or for a long period
of time. Indeed, studies conducted in passerine birds
have shown that parents are more likely to bring

0.0
0.1
0.2
0.3
0.4
0.5
0.6

D
an

de
lio

n

W
ill

ow

G
ra

ss
ho

pp
er

In
se

ct
 1

In
se

ct
 2

S
pi

de
r

P
ro

po
rti

on
 in

 th
e 

di
et

A P C

Figure 2. Proportion of prey in the diet of adult Lincoln’s Spar-
rows without chicks (A), of adults provisioning chicks (P) and
of the chicks (C). The bars show the credibility intervals at
50% (grey) and 95% (white), as well as the modal values
given by SIAR for each food resource. For chicks, calculations
were carried out with correction of the trophic enrichment
factor due to the potential effects of growth on isotopic enrich-
ment (see Methods). Some insect sources were combined into
two categories (Insect 1: crane flies, ants, caterpillars, and
Insect 2: ladybirds, damselflies, flies) because of isotopic
similarities.
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larger prey to their chicks when foraging for a long
time and in distant foraging patches (Kaspari 1991,
Grieco 2002). In this case, parents may consume
smaller prey such as spiders to satisfy their own
energy requirements, while provisioning their
young with larger prey, such as grasshoppers, as we
observed in the present study. As Lincoln’s Spar-
rows forage relatively close to their nest (on average
< 60 m, Beaulieu & Sockman 2012), this suggests
that allocation decisions by adults may not be due
to foraging distances but to searching time. More-
over, provisioning chicks with large prey may be a
way for parents to limit nest detection by predators
by reducing provisioning rate to the nest without
compromising energy delivery rate to the chicks (as
suggested by the high number of depredated nests;
predation risk was high in our field site). Therefore,
optimal foraging theory appears more likely to
explain the differences in the diet of Lincoln’s Spar-
row parents and chicks that we observed in our
study than does parent–offspring conflict. However,
this does not mean that life-history traits do not
have any influence on food allocation decisions
made by Lincoln’s Sparrow parents (as mentioned
in the Introduction, both parent–offspring conflict
and optimal foraging strategies are expected to act
together on parental feeding decisions). It is likely
that the influence of life-history traits is minor
relative to (and therefore overwhelmed by) the
influence of optimal foraging strategy. Therefore
studies examining the influence of these two factors
under variable environmental conditions would be
of great interest. Indeed, the influence of life-history
traits may become important only when the avail-
ability of prey devoted to provisioning chicks or
self-feeding is limited in the environment, and the
parent–offspring conflict becomes more critical.
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Table S1. Summary of previous studies examin-
ing d15N and d13C values both in adults and in
chicks.
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Table S1. Summary of previous studies examining δ15N and δ13C values both in adults 

(A) and chicks (C) (without taking into account possible differential affects of 

fractionation in adults and chicks). Kinship refers to the parental relationship between 

adults and chicks: ‘yes’ indicates that adults were the biological parents of the chicks, ‘no’ 

indicates that adults were not related to the chicks, and ‘?’ indicates that the study does 

not provide details about kinship. The difference (or the absence of difference) between 

the isotopic signature of adults and chicks is given in parentheses (= identical, > higher, < 

smaller, M: males, F: females). Sears et al. (2009) refers to the field experiment of this 

study, and not to the captive experiment where food was controlled. 

  



Species Kinship δ15N δ 13C Tissue Reference 

Melanerpes formicivorus Yes C < A (1.1 ‰) C > A (0.6 ‰) Blood Koenig et al. 2008 

Sula sula ? C = A C > A (1.5 ‰) Feather (C) / Blood (A) Young et al. 2010 

Fregata minor Yes C = A C = A Blood Cherel et al. 2008 

Onychoprion fuscatus Yes C > A (1.0 ‰) C < A (0.5 ‰) Blood Cherel et al. 2008 

Sterna hirundo Yes C = A C = A Feather Nisbet et al. 2002 

Alle alle 
Yes/No C < A (0.3-1.0 ‰) C > A (0.3-1.7 ‰) Blood Harding et al. 2008 

No C = A C = A Blood Fort et al. 2010 

Uria aalge Yes C < A (1.0 ‰) C < A (0.7 ‰) Blood Davies et al. 2009 

Ptychoramphus aleuticus Yes C > A (0.5 ‰) C = A Blood Davies et al. 2009 

Fratercula cirrhata Yes C = A C = A Blood Davies et al. 2009 

Cerorhinca monocerata 

Yes C < A (0.1 ‰) C < A (0.3 ‰) Blood Davies et al. 2009 

? C < A (0.2 ‰) C < A (0.3 ‰) Red blood cells Sears et al. 2009 

Yes C < A (0.1 ‰) C < A (0.1 ‰) Blood Hipfner et al. 2013 

Rissa tridactyla Yes C > A (0.4 ‰) ? Muscle Hobson 1993 

Uria lomvia No C > A (0.5 ‰) ? Muscle Hobson 1993 

Larus hyperboreus No C = A ? Muscle Hobson 1993 

Fulmarus glacialis No C = A ? Muscle Hobson 1993 

Macronectes giganteus 

Yes 
C > A (F) (1.0 ‰) 

C = A (M) 

C > A (F) (0.5 ‰) 

 C = A (M) 
Blood Forero et al. 2005 

Yes 
C < A (F) (2.6 ‰) C < A (F) (1.4 ‰) 

Blood Raya Rey et al. 2012 
C < A (M) (1.8 ‰) C < A (M) (1.0 ‰) 

Oceanodroma leucorhoa No 
C > A (0.4 ‰) 

C = A 
C < A (0.5-1.3 ‰) Feather Hedd et al. 2006 

Puffinus tenuirostris Yes C > A (2.0 ‰) C > A (0.6 ‰) Plasma Cherel et al. 2005 

Bulweria bulwerii ? C < A (2.0 ‰) C > A (1.0 ‰) Blood Bond et al. 2010 

Oceanodroma tristrami ? C < A (2.0 ‰) C < A (2.0 ‰) Blood Bond et al. 2010 

Puffinus pacificus ? C > A (9.0 ‰) C = A Blood Bond et al. 2010 

Puffinus nativitatis ? C = A C = A Blood Bond et al. 2010 

Fulmarus glacialoides ? C > A (1.0 ‰) C < A (0.5 ‰) Red blood cells Hodum & Hobson 2000 

Thalassoica antarctica ? C > A (1.0 ‰) C < A (0.5 ‰) Red blood cells Hodum & Hobson 2000 



Daption capense ? C > A (1.0 ‰) C < A (0.5 ‰) Red blood cells Hodum & Hobson 2000 

Pagodroma nivea ? C > A (2.0 ‰) C < A (0.2 ‰) Red blood cells Hodum & Hobson 2000 

Pachyptila belcheri  
Yes C = A C = A Red blood cells Quillfeldt et al. 2008 

No C > A (3.8 ‰) C > A (5.5 ‰) Down (C) / Feather (A) Weiss et al. 2009 

Thalassarche melanophris No C = A C = A Down (C) / Feather (A) Weiss et al. 2009 

Procellaria aequinoctialis No C = A C = A Down (C) / Feather (A) Weiss et al. 2009 

Pygoscelis papua No C = A C < A (1.0 ‰) Down (C) / Feather (A) Weiss et al. 2009 

Eudyptes chrysocome 
No C = A C = A Down (C) / Feather (A) Weiss et al. 2009 

No C = A C = A Blood Cherel et al. 2007 

Aptenodytes patagonicus No C = A C = A Blood Cherel et al. 2007 

Eudyptes chrysolophus No C > A (0.5 ‰) C = A Blood Cherel et al. 2007 

Eudyptes moseleyi Yes/No C < A (F) (1.0-1.9 ‰) C < A (F) (0.7 ‰) Blood Booth & McQuaid 2013 

Pygoscelis adeliae 

No C = A C > A (0.5 ‰) Blood Tierney et al. 2008 

Yes C = A (M) C < A (M) (0.7 ‰) Blood Thierry et al. 2013 

No C > A (1.0 ‰) C = A Blood Cherel 2008 

Aptenodytes forsteri No C = A C = A Blood Cherel 2008 

Spheniscus magellanicus Yes C > A (0.2 ‰) C < A (0.3 ‰) Blood Forero et al. 2002 

Megadyptes antipodes No C > A (1.0 ‰) C > A (0.7 ‰) Feather (C) / Blood (A) Browne et al. 2011 

Eudyptula minor Yes/No C < A (0.2-1.0 ‰) C < A (0.3-0.6 ‰) Blood Chiaradia et al. 2010 
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