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GREATER FOOD AVAILABILITY REDUCES TARSUS ASYMMETRY IN
NESTLING BLUE TITS
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Abstract. Previous work has shown that the quan-
tity or quality of food affects the degree of asymmetry
in bilateral body traits in adult birds, but so far there
is no evidence that this is the case in early phases of
growth too. I studied asymmetry of tarsus length of
nestling Blue Tits (Parus caeruleus) in relation to sup-
plemental feeding. I offered food, in the form of meal-
worms (Tenebrio molitor) and wax moth (Galleria
mellonella) larvae, to the adults during the brood-rear-
ing period. The parents consumed the extra food them-
selves and fed the brood an amount corresponding to
one-third of the brood’s total food intake. Food sup-
plementation resulted in reduced asymmetry of nest-
ling tarsus length, indicating that body asymmetry in
early phases of life, not only in adult birds, depends
on energy or protein intake.

Key words: breeding, developmental stability, Pa-
rus caeruleus, supplemental feeding experiment, sym-
metry.

Mayor Disponibilidad de Alimento Reduce la
Asimetrı́a del Tarso en Polluelos de Parus
caeruleus

Resumen. Investigaciones previas han demostrado
que la cantidad o calidad de alimento disponible afecta
al grado de asimetrı́a bilateral de rasgos corporales en
aves adultas, pero hasta ahora no se ha demostrado si
este proceso también sucede en las fases tempranas del
crecimiento. En este estudio investigué la asimetrı́a de
la longitud del tarso en polluelos de Parus caeruleus
con relación a la administración de una dieta suple-
mentaria. Se ofreció alimento a los adultos durante el
periodo de crı́a en forma de larvas de escarabajo de la
harina y larvas de polilla de la cera. Los padres con-
sumieron el alimento adicional y entregaron una can-
tidad correspondiente a un tercio de la ingesta total de
alimento de los polluelos. El suplemento de alimento
resultó en una reducción significativa en la asimetrı́a
de la longitud del tarso de los polluelos, indicando que
el estrés ambiental mediado por el comportamiento de
aprovisionamiento efectuado por los padres afecta a la
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asimetrı́a del desarrollo corporal en fases tempranas de
la vida.

In birds, bilateral traits like tarsi and flight feathers are
expected to be identical in size on the two sides (left
and right), as they are assumed to be under control of
the same genome and environment. However, this
symmetry is rarely the case. Bilateral structures have
been found to be more or less asymmetrical because
of environmental (Hoffmann and Parsons 1991, Par-
sons 1992) or genetic stress (Palmer and Strobeck
1986, Leary and Allendorf 1989, Parsons 1990, 1992).
Fluctuating asymmetry (Ludwig 1932, van Valen
1962, Palmer and Strobeck 1986) refers to small, ran-
dom deviations from perfect symmetry of bilateral
traits and is assumed to be a measure of the ability of
an organism to develop bilateral characters identically
(developmental stability; Zakharov 1992). Most stud-
ies on the effects of environmental stress on fluctuating
asymmetry are correlative, and, among the experimen-
tal ones, very few have investigated the effect of food
(with the exception of some studies on insects; Bjorks-
ten et al. 2000). In birds, food availability is known to
affect feather asymmetry in adults (Swaddle and Witter
1994, Nilsson 1994); however, it is still unclear wheth-
er that is the case for birds in early phases of life,
especially in natural conditions. In a recent book on
growth in birds (Starck and Ricklefs 1998), the terms
‘‘asymmetry’’ and ‘‘fluctuating asymmetry’’ do not
even appear in the subject index. Hovorka and Rob-
ertson (2000) found no evidence for an effect of food
deprivation on body asymmetry of nestling Tree Swal-
lows (Tachycineta bicolor). It is clear that we need
more studies that investigate the mechanisms that give
rise to developmental instability, particularly by ma-
nipulating behaviorally mediated environmental stress.

In this study, I examine the effects of food avail-
ability on the asymmetry of tarsi in nestling Blue Tits
(Parus caeruleus). The reproductive success of this
species depends on the abundance of insect food, pri-
marily caterpillars, which varies markedly during the
breeding season (Gibb and Betts 1963, Nur 1984, Pe-
rrins 1991). Especially when the adults raise their
brood well before or after the peak period of caterpillar
abundance, food stress is likely to increase the degree
of body asymmetry, because fewer resources are di-
rected to the control of developmental precision. An
experimental increase in food availability is predicted
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to decrease asymmetry of bilateral characters (Nilsson
1994).

To increase food availability to the nestlings, I pro-
vided additional food to the adults in the brood-rearing
phase. The parents could either give the supplemented
food to the nestlings or eat it themselves. In the latter
case, the brood could still benefit from the added food,
because the parents would allocate more time to food
provisioning, resulting in greater rates of food delivery
to the nest (Grieco 2002). In the year I did this study,
food-supplemented adults brought to the nest 0.06 6
0.01 (SE) g dry mass nestling21 hr21, significantly
more than control, unfed adults (0.04 6 0.01 g nest-
ling21 hr21; Grieco 2002).Therefore, nestlings in food-
supplemented nests were expected to grow in better
conditions, with positive effects on their body sym-
metry.

METHODS
The study was carried out in 1999 in the National Park
‘‘De Hoge Veluwe’’ (52819N, 58529E), central Nether-
lands, in mixed deciduous forest patches provided with
nest boxes. The patches grew on poor sandy soil and
were dominated by Scots pine (Pinus sylvestris), Eu-
ropean oak (Quercus robur), and birch (Betula pen-
dula), with some occurrence of American oak (Quer-
cus borealis) and beech (Fagus sylvatica; van Balen
1973). The study area contains 400 nest boxes.

SUPPLEMENTAL FEEDING EXPERIMENT

Mealworms (Coleoptera: Tenebrio molitor) and larvae
of wax moth (Lepidoptera: Galleria mellonella) were
placed in small feeding trays (5.5 3 3.5 3 4.5 cm)
inside the nest boxes from the date of hatching of the
first egg (day 0) to the date of fledging of the young.
At early chick ages (day 0 to 6), food consisted of a
mixture of the two species; subsequently it was com-
posed of mealworms only. The quantity of food sup-
plied daily corresponded to about one-half of the
brood’s daily requirement as reported by Gibb and
Betts (1963). The variation in this amount across nest-
ling ages was calculated by taking into account that
natural food consumption increases linearly with nest-
ling age and then levels off around the middle of the
nestling stage (as reported by van Balen 1973 for the
Great Tit [Parus major]). I calculated several curves
of food amount versus nestling age depending on
brood size. For a 12-chick brood, the food amount of-
fered increased approximately linearly from day 0 to
day 10, and then leveled off around 20 g day21. For
smaller and larger broods I calculated food amounts
proportionally: amount for n-chick brood 5 (amount
of 12-chick brood/12) 3 n; (more details in Grieco
2002). Feeding trays were replenished each day ac-
cording to the scheduled amount. Half of the boxes
were food supplemented (n 5 11), while the other half
were not and served as controls (n 5 11). All control
nest boxes were at least 50 m from the nearest food-
supplemented one, so it is very unlikely that control
adults had access to the food added. In addition, video
recording at the nest (see below) suggested that control
adults never entered food-supplemented nest boxes.
Food-supplemented and control boxes were chosen
randomly within pairs having similar hatching dates. I
assigned different treatment levels to boxes in similar

habitats whenever possible. I classified habitats in
wood plots according to the dominant tree species:
birch, European oak, mixed European oak and pine, or
American oak. Nests of the two treatment groups were
represented in those habitats at similar frequencies
(number of nests [control:food-supplemented]: birch 1:
2, European oak 3:4, mixed 7:4, American oak 0:1; x2

3

5 2.3, P 5 0.51).
For all nests, I videotaped the adults feeding the

young. A Sony CCD-TR825E videocamera was placed
facing down from the top of the open nestbox. During
filming, a wooden box covered the videocamera, while
a small lamp placed behind it provided more light in
the nest. Nests were filmed twice for 90 min each, the
first when the nestlings were 3 to 7 (mean 5.6) days
old, the second when they were 9 to 14 (mean 11.5)
days old (Grieco 2002). Videotapes were analyzed to
assess the rate of consumption of supplemental food.

MORPHOMETRY

I measured left and right tarsi of all nestlings at 10 and
14 days after hatching. Measurements were not blind;
that is, at the moment of measurement I was aware of
which experimental group the nestling belonged to.
Asymmetry was defined as the unsigned difference be-
tween the right and the left side (zright2leftz). This
index included measurement error since I did not take
multiple measurements. Thus, it cannot distinguish be-
tween measurement error and true fluctuating asym-
metry (Swaddle et al. 1994). At both nestling ages, the
signed differences (R2L) were distributed normally
(Shapiro-Wilk tests, P . 0.10), their means did not
depart significantly from zero (one-sample t-tests, max.
t19 5 0.6, P 5 0.54), and were not correlated with trait
size within nestling age (correlations, max. r 5 20.2,
n 5 20, P 5 0.34). Therefore, no size correction of
asymmetry index was applied.

STATISTICAL ANALYSES

I estimated repeatability of tarsus measurements (left
and right side) following Lessells and Boag (1987) for
the average and Becker (1984) for the standard error.
Tarsus asymmetry was analyzed with repeated-mea-
sures ANCOVA in Statistica for Windows version 5.5
(StatSoft 1999), where nestling age (expressed in days
after hatching) was the repeated-measures factor. Nests
were the unit of observations, and average measures
per nest were entered in the analysis. Hatching date
(expressed as April date, 1 5 1 April, 31 5 1 May),
average tarsus length at day 10 and day 14, and brood
size at day 10 were entered in the models as covariates,
and were excluded if not significant to test for the sig-
nificance of the effect of food addition. Tarsus length
was normally distributed, while unsigned asymmetry
was not and therefore was log transformed (y9 5 log[y
1 0.5]).

Of the 22 broods initially studied, one was aban-
doned by the parents at hatching, and another was un-
usually small. I excluded these nests from analysis,
resulting in 20 total nests (10 in each experimental
group). Variables are reported as means 6 SE. Control
and food-supplemented broods did not differ in hatch-
ing date, tarsus length at day 10 and 14 or brood size
(t-tests, max. t18 5 1.7, P 5 0.12).
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TABLE 1. Repeatability estimates (r) of tarsus length in Blue Tit nestlings for two ages posthatching in food-
supplemented and control nests. Repeatability was calculated from a one-way ANOVA with individual as a
factor (n 5 number of nestlings). Tarsus length was entered as deviation from the nest average. Repeatability
estimates did not differ between control and food-supplemented nests (t-tests within age classes, max. t130 5
–0.22, P 5 0.17).

Day
Treatment n r 6 SE df F P

Day 10
Control
Food-supplemented

67
65

0.95 6 0.01
0.94 6 0.01

66, 67
64, 65

39.7
33.9

,0.001
,0.001

Day 14
Control
Food-supplemented

67
65

0.87 6 0.03
0.92 6 0.02

66, 67
64, 65

13.9
22.9

,0.001
,0.001

FIGURE 1. Degree of asymmetry of tarsus length of
Blue Tit nestlings in control and food-supplemented
nests, at 10 and 14 days after hatching. Sample size is
10 nests for each group.

RESULTS

FOOD CONSUMPTION

The parents took all larvae offered daily in 183 (89%)
of the 205 nest-feeding days (n 5 10 food-supple-
mented nests). When the young approached fledging
(17–20 days after hatching), mealworms were found
during the check of nestboxes on the subsequent day,
suggesting that the amount offered at that stage ex-
ceeded the need of the parents and the brood. During
videotaping sessions, the adults took on average 21.5
6 3.5 items hr21 (range 0–49, n 5 20 videotaping
sessions). However, the adults delivered to their young
only 35 6 7% (range 0–100%, n 5 19) of the food
items taken from the tray. As a result, the broods re-
ceived 16.3 6 3.5 (n 5 20) extra food items hr21,
which corresponded to approximately one-third of the
total food amount consumed (estimate: 0.06 6 0.01 g
dry mass nestling21 hr21; Grieco 2002).

EFFECTS OF FOOD SUPPLEMENTATION

Tarsus length was highly repeatable, and repeatability
did not differ between control and food-supplemented

nests (Table 1), suggesting that the measurement error
was similar between nestlings of the two groups.

Food supplementation did not result in greater skel-
etal size of nestlings before fledging. The tarsi of food-
supplemented nestlings were similar in length to those
of control nestlings (repeated measures ANCOVA, ef-
fect of food addition, F1,18 5 2.3, P 5 0.15). However,
tarsi of food-supplemented nestlings were more sym-
metrical than those of control nestlings, both at day 10
and day 14 after hatching (Fig. 1; repeated measures
ANCOVA, effect of food addition, F1,18 5 8.9, P ,
0.01; food addition 3 nestling age interaction, F1,18 5
1.9, P 5 0.18). The degree of asymmetry did not
change significantly with nestling age (F1,18 5 0.7, P
5 0.40; this was also the case when expressing asym-
metry relative to trait size). Brood size, tarsus length,
and hatching date did not affect tarsus asymmetry (re-
peated measures ANCOVA, all P . 0.09). Thus, food
supplementation reduced asymmetry of tarsi in Blue
Tit nestlings, independent of their developmental
stage.

DISCUSSION

This study provides experimental evidence that asym-
metry of tarsi is influenced by the feeding conditions
in which nestlings grow. Food-supplemented Blue Tit
nestlings had more symmetrical tarsi than controls,
both when 10 and 14 days old. In Parus species tarsi
generally grow until 14–15 days after hatching
(O’Connor 1977, van Noordwijk et al. 1988, Kunz
1999), so the effect of food addition on tarsus asym-
metry presumably persisted at least until fledging.

With this data set I could not properly estimate mea-
surement error, which complicates the reliability of my
measure of fluctuating asymmetry. However, the dif-
ference in tarsus asymmetry between the two experi-
mental groups was highly significant, leaving few
doubts on the effect of feeding conditions on tarsus
asymmetry in nestling Blue Tits. It is possible that the
higher degree of asymmetry in unfed control broods
was the result of a greater measurement error in this
group. However, the estimates of repeatability of tarsus
length suggest that the magnitude of the measurement
error was similar between control and food-supple-
mented broods, indicating that the effect of food ma-
nipulation was not an artifact.
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Previous studied have provided contrasting evidence
for an effect of food abundance on body asymmetry.
Björklund (1996) found that Blue Tit nestlings attend-
ed by only the female parent (and that presumably suf-
fered food shortage; Sasvári 1986) had feathers as
symmetrical as those in broods attended by two par-
ents. Björklund (1996) concluded that food stress did
not influence asymmetry in Blue Tits early in life, al-
though he did not measure asymmetry in other traits.
Swaddle and Witter (1994) found that the degree of
primary-feather asymmetry in adult European Star-
lings (Sturnus vulgaris) was negatively correlated with
an index of fat reserve, providing an indication that
energetic stress plays a direct role in the development
of asymmetry. The results of my study indicate that
the quality or quantity of food affects the degree of
body asymmetry in young birds too. More importantly,
they show that environmental stress mediated by pa-
rental behavior influences asymmetry of a trait (tarsus
length) that is likely to persist during life, and may
have fitness consequences.

I failed to find an effect of nestling age on tarsus
asymmetry. Nestlings in both experimental groups
showed the same degree of asymmetry at day 10 and
at day 14, when growth is assumed to be at its maxi-
mum. This contrasts with many empirical studies
where asymmetry of certain traits decreases at the end
of their development (Teather 1996, Møller and Swad-
dle 1997, Swaddle and Witter 1997, Aparicio 1998,
2001), while other studies including those on bone
growth have found increasing asymmetry with ontog-
eny (Chippindale and Palmer 1993, Hallgrı́msson
1999, Tomkins 1999). This study suggests that much
of the asymmetry of tarsi accumulates early in life (0
to 10 days after hatching) and does not decline at the
end of growth. This agrees, at least in part, with pat-
terns of asymmetry of bones in mammals, where
asymmetry increases as long as the bones grow (Hall-
grı́msson 1999).

The causal link between increased food availability
and greater symmetry remains unclear. Nestlings
growing in better feeding conditions could allocate
more resources to mechanisms of compensational
growth that restore symmetry between the left and
right tarsi. The existence of such active mechanisms
of developmental control has been proposed to explain
patterns of asymmetry with ontogeny (Swaddle and
Witter 1997), but other processes could explain these
patterns. The degree of asymmetry could not only de-
pend on developmental errors at the microscopic level,
but also on the stage of ontogeny at which the study
takes place (Aparicio 1998, 2001). In the model by
Aparicio (2001), traits that are more developed are ex-
pected to be more symmetric, because once the in-
vestment level reaches a certain value the high cost of
growth would minimize the effect of developmental
noise. However, in my study food-supplemented nes-
tlings showed the same degree of development as con-
trol nestlings, as indicated by tarsus length. Therefore,
a model that takes only the effect of ontogeny into
account is less likely to explain the effect of food ad-
dition reported here, unless food addition somehow
changes the shape of the relationship between invest-
ment level and trait size.
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luwe’’ for permission to carry out this research. Com-
ments by Niels Cadée, Martin Granbom and another
referee improved previous versions. Arie van Noord-
wijk and Erik Postma gave advice about repeatability
calculations. Silvia Perez provided the Spanish trans-
lation for the abstract. This study was part of a Ph.D.
project partly funded by the European Commission
with a Marie Curie Research Fellowship (No. ERB
FMBICT 971939).
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QUALITY OF FOOD SOURCE AFFECTS FEMALE VISITATION AND DISPLAY RATES OF
MALE BROAD-TAILED HUMMINGBIRDS

ALAINE F. CAMFIELD1

School of Natural Resources and Environment, University of Michigan, Dana Building, 430 E. University,
Ann Arbor, MI 48109-1115

Abstract. I studied the relationships among energy
availability, female visitation rates, and male display
rates in Broad-tailed Hummingbirds (Selasphorus pla-
tycercus). Feeders contained 10%, 20%, or 30% su-
crose solutions; female visitation rates and male hum-
mingbird display rates were measured. Display rates of
male Broad-tailed Hummingbirds and visitation rates
of females depended on the quality of the food source.
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The fact that male display rates matched female visi-
tation rates provides further evidence that dive displays
play a role in courtship. More work needs to be done
to determine if the relationship between resource qual-
ity, female visitation, and male display rates shows a
threshold contingent on food availability.

Key words: Broad-tailed Hummingbird, display
rates, female visitation, food quality, Selasphorus pla-
tycercus.

La Calidad de los Recursos Alimenticios
Afecta las Tasas de Visita de las Hembras y de




