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BODY-MASS VARIATION IN BREEDING
NORTHERN WHEATEARS:
A FIELD EXPERIMENT WITH SUPPLEMENTARY FOOD!

JuaN MORENO?
Dept. of Zoology, Uppsala University, Box 561, S-751 22 Uppsala, Sweden

Abstract. Changes in body mass of breeding Northern Wheatears, Oenanthe oenanthe,
on the island of Oland, south Sweden, were monitored during 1985-1987 in the context of
a food provisioning experiment. Individuals were weighed periodically by attracting them
to feeders which were placed on electronic digital balances. Rations of 7 g of mealworms
per visiting individual were offered daily on certain territories (in 1987, some individuals
were offered rations of 4.5 and 9 g). Unprovisioned birds were captured and weighed during
the study. Males maintained constant body masses throughout the season. Females increased
in mass up to laying, maintained relatively large masses during incubation, and dropped in
mass by 14% during the first week after the young hatched. Mass then attained constant
levels until the time of offspring independence. There was a positive correlation between brood
size and the masses of unprovisioned females during the late nestling phase. Extra food had
a positive effect on the general mass level of females but not of males. However, provisioning
had no significant effect on the masses of females feeding thermoregulating nestlings, in-
dicating that reproductive stress is not important in determining posthatching mass losses.
All females lost mass after hatching, and the heaviest lost proportionally more. Extra food
was delivered almost exclusively to the chicks a few days after hatching. Females apparently
maintain reserves during incubation and transfer them to the young after hatching by a
voluntary shift in the allocation of collected food. Males do not store reserves and have
therefore no scope for significant mass changes.

Key words:  Body mass; food provisioning; electronic balances; incubation; mass losses;

energy reserves; nestling feeding.

INTRODUCTION

Changes in body mass of breeding birds have
frequently been cited as evidence of reproductive
stress, body mass being traditionally used as an
index of general condition in life history studies
of birds (Hussell 1972, De Steven 1980, Nur
1984). However, caution has been recommended
in the interpretation of mass fluctuations, be-
cause among other things changes in reproduc-
tive organs and tissues may be responsible for
the mass changes (Ricklefs 1974, Ricklefs and
Hussell 1984). The view that body mass de-
creases must be due to a failure to maintain en-
ergy balance during certain reproductive phases
has also been challenged by authors who consider
these changes as adaptations to changing needs
and selective pressures during reproduction. Thus
Freed (1981) and Norberg (1981) suggested that
the frequently observed mass decreases of the
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adults after hatching of the young in many al-
tricial species are adaptive, because they reduce
the energy costs of flight at a time when this
activity becomes increasingly important. Fur-
thermore, Sherry et al. (1980) and Mrosovsky
and Sherry (1980) have shown that mass de-
creases during incubation in some bird species
are the product of spontanecous shifts in energy
balance allowing an increase in nest attentiveness
during this critical phase.

Information on mass changes of individual
birds through the breeding cycle is scarce. In only
a few cases have techniques been used allowing
repeated weighings of undisturbed birds in the
field (but see Carpenter et al. 1983, Crick and
Fry 1986). Placing a balance under the nest (Sibly
and McCleery 1980, Westerterp et al. 1982, Jones
1987) is frequently impossible for practical rea-
sons. In the present case I attracted certain in-
dividuals to specific sites where they could be
repeatedly weighed without disturbance by of-
fering food. My aim was to explore the degree
of flexibility of the normal pattern of mass changes
in a breeding population of Northern Wheatears
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(Oenanthe oenanthe) by offering different quan-
tities of food to certain breeding pairs and com-
paring their body masses with those of unsup-
plemented individuals (resulting from captures).
Extra food should reveal the importance of en-
ergy stress as a determinant of mass losses.

STUDY AREA AND METHODS

The study was conducted during the breeding
seasons of 1985-1987 on a 60-ha plot of lime-
stone grassland on the island of Oland in the
Baltic Sea (56°34'N 16°36’E). The area is barren,
covered by a very thin layer of vegetation and
by irregularly distributed juniper (Juniperus
communis) bushes. It forms part of the Stora
Alvaret, the climate, topography, and vegetation
of which have been described by Rosén (1982).
Approximately 30 pairs of wheatears breed in
the study plot, the number fluctuating slightly
from year to year (Moreno, unpubl.). Most nests
were found when under construction or after ini-
tiation of egg laying.

Birds were captured throughout the season with
mist nets and spring traps baited with a single
mealworm. Mist nets were usually checked every
30-60 min. Birds were weighed with a Pesola
spring balance accurate to 0.1 g. Flattened wing
length and tarsus length were measured. Unfor-
tunately very few incubating females were cap-
tured due to their reduced activity and sensitivity
to disturbance at this stage. The following breed-
ing phases will be considered here: Prelaying (P),
laying (L), incubation (beginning the day on which
the last egg was laid) (I), brooding (from hatching
of the first egg to the seventh day after hatching)
(B), late nestling (from the seventh day until
fledging) (N), and postfledging (F). The nestling
period of 2 weeks (Moreno 1987) consists of B
+ N, and the period of offspring dependence of
B + N + F (offspring dependence after fledging
lasts 2 weeks, Moreno 1984).

Perches (1 m) with plastic cups at the top were
placed in different territories at the beginning of
the season. Different amounts of mealworms
(larvae of Tenebrio molitor) were offered in these
cups, depending on if one or both mates visited
the feeders (Table 1). In 1987, I varied the amount
of food offered to different pairs to look at its
effects on body mass (Table 1). The territories
on which perches were placed were selected ran-
domly, and perches were removed a few days
after placement if, as happened in half of the
cases, no wheatear started to visit them. A few
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days after the first confirmed visit to such a feeder
by one of the territory owners, I moved the cups
to shorter, 40-cm tall perches. In order to weigh
the individuals visiting the cups, the perches were
fixed on top of A & D (model EW-300B) elec-
tronic digital balances, accurate to 0.1 g. Weigh-
ing perches were always placed in the cover of
some dense juniper, in order to shelter the perch
balance from the effects of wind. The birds vis-
iting the cups usually remained for long enough
on the perch for the digital display to stabilize.
In some cases, no weights could be obtained due
to birds moving on the perch or strong winds.
Readings were made from 10-20 m with a tel-
escope of 25 x magnification. Figure 1 presents
some examples of the data sets obtained with the
perch balance. In 1985 feeding and perch weigh-
ing were discontinued after hatching. To stan-
dardize mass data with respect to body size, 1
have divided mass by tarsus length in all further
analyses (e.g., Jones 1987), as wing length de-
pends on the nutritional condition during the last
molt (Pehrsson 1987) and on the degree of wear
of the primaries. Not all provisioned birds were
captured and measured, which explains the dis-
crepancy in sample sizes of masses and size-cor-
rected masses. Most weighings (60%, n = 600)
were concentrated to the middle third of the day-
light period (10:00-16:00), making it difficult to
detect any effects of time of day.

Assuming that the assimilation efficiency of
mealworms is 0.65 (Kacelnik 1984), the rations
of 4.5, 7.0 and 9.0 g of mealworms would cor-
respond to daily energy intakes per individual of
25, 39, and 50 kJ (energy content of mealworms
= 8.54 kJ/g from McCauce and Widdowson
1960). Wheatears feeding nestlings expend on
average 87 kJ daily and have to collect 243 kJ to
supply half of an average-sized brood (Moreno
1989). The food supplements thus constitute
a substantial contribution to the energy require-
ments of breeding wheatears. It was impossible
to measure the proportions taken by male and
female respectively when both members of the
pair learned to use the feeders. Therefore I have
assumed that the mates took equal amounts of
food as no significant interference was observed
at the perches.

Weather data were available from the nearest
meteorological station (Ottenby) which was 40
km from the study area. The following variables
were derived from the meteorological informa-
tion and used in statistical analysis: the mean,
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FIGURE 1. Seasonal variation in body mass of three females and two males during the 1986 breeding season.
Birds were weighed periodically on a perch balance while consuming supplementary food. A recorded between
05:00 and 10:00; @ between 10:00 and 15:00; O between 15:00 and 20:00.

TABLE 1. Description of food provisioning experi-
ments made during the breeding seasons of 1985-1987
on a population of Northern Wheatears (Oenanthe oen-
anthe) breeding in Oland, south Sweden. Supplemen-
tary feeding was interrupted at hatching of the young
in 1985. In the other years, interruption prior to fledg-
ing was due to disappearance of one or both mates.

S:&%lle g Use of feeders Phases®
Year Nest @® Male Female covered
1985 D 7 + 1
G 7 + I
N 7 + 1
R 7 + I
1986 C 14 + + P-F
K 7 + P-F
N 14 + + P-F
1987 B 18 + + P-B
C 18 + + P-F
F 14 + + P-B
G 9 + + P-B
H 9 + + P-F
Y 14 + + P-F

* P = Prelaying, I = Incubation, B = Brooding, F = Postfledging.

maximum, and minimum temperatures for the
date of the observation, the precipitation (mm)
of the previous day, the sum of the precipitation
of the two previous days, the mean wind speed
(m/sec) measured the previous day, and the wind
speed measured at the time of the observation.
The temperature, at the specific time when the
bird was weighed, was measured in the study
plot. Mean values for each individual and breed-
ing phase will be considered as independent ob-
servations in all ANOVAs, in order to avoid
pseudoreplication. Data which did not fulfill the
prerequisites for parametric statistics have been
transformed.

RESULTS

MASS CHANGES WITH SEASON IN
RELATION TO SEX

Table 2 presents the mean body masses of cap-
tured wheatears during different phases of the
reproductive cycle. Masses have not been cor-
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TABLE 2. Body masses (g) of captured males and females during different phases of the breeding cycle. Mean
values for the same individual and phase have been averaged.

Breeding phase
Prelaying Incubation Brooding Late nestling
2+SD(» %+ SD (n) X + SD (n) x+ SD (n)
Males 23.2 + 1.1 (18) 25.5 + 1.4 (2) 22.5 £ 2.1 (2) 24.6 + 1.6 (10)
Females 23.8 £ 1.6 (14) 24.9 + 0.6 (3) 264 + 1.7(9) 23.5 + 1.4 (22)

rected for time of day, as a preliminary analysis
showed no significant correlations between mass
and time of day for either sex (Spearman’s rank
correlations). Breeding phase but not sex had sig-
nificant effects on body mass (Two-way ANO-
VA, F=17.3,P <0.001, n = 111). The absence
of differences between sexes is due to the fact
that only the samples for P and N are represen-
tative (Table 2). These are the phases when males
and females have similar body masses (see be-
low). I and B are characterized by significantly
larger masses than P and N (Student-Newman-
Keuls test, Table 2).

Considering now the detailed data for provi-
sioned individuals, I have analyzed the intra-
phasic trends in mass with the advancement of
the phase for every individual (only samples of
five or larger have been included) (Table 3). Fe-
males maintain constant levels during incuba-
tion (five of six birds), decrease markedly during
brooding (all four) and attain a new constant
level during the late nestling and postfledging
phases (four of five birds) (Table 2, Fig. 1). With
some exceptions, males do not exhibit any trends
at all (Table 2, Fig. 1). Males in contrast to fe-
males do not seem to accumulate body reserves.

TABLE 3. Pearson’s correlation coefficients of body mass with advancement of different breeding phases (days
before laying, eggs laid, day of incubation, and nestling or offspring age) for different provisional female (F) and
male (M) Northern Wheatears. Advancement of season is indicated by a negative scale for the prelaying phase.
Only samples with five or more observations have been analyzed. *** = P < 0.001; ** =P < 0.0l; *=P <

0.05; ns = P > 0.05.

Breeding phase*

P L 1 B N F B+ N B+N+F

F C-86 ~-0.73 ns ns —0.89 ns ns -0.91 —0.87
* * KAk sk

F K-86 -0.91 ns ns -0.98 ns ns -0.75 -0.70
seokk skkk *kk *kk

F N-86 - ns —0.58 —-0.98 ns —-0.67 —-0.95 —0.86
* sk %k kK *k¥
F B-87 - — ns — - — - —
F C-87 - — — - -0.93 ns -0.97 -0.51
* Aok *

F G-87 - - ns -0.95 — - —-0.95 —0.95
kK skkk Kk

F H-87 — - - - — ns —-0.95 -0.72
sk L2 2 3

F Y-87 — - ns - ns - -0.77 ~0.67
* *

M C-86 - ns ns -0.96 ns ns ns -0.50
*k *
M N-86 - ns ns ns ns ns ns ns
M B-87 - - 0.90 - - - - ns

*

M C-87 - — - — - — ns ns
M G-87 - - ns ns — - ns ns
M H-87 — — — — ns ns ns ns
M Y-87 — - ns — ns - ns ns

2 P = Prelaying, L = Laying, I = Incubation, B = Brooding, N = Late nestling, F = Postfledging.
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TABLE 4. Results of multifactorial analyses of variance for the effects of year, treatment (provisioned vs.
unprovisioned) and breeding phase on mass (g) and size-corrected body mass (mass/tarsus length) of males and
females. F-values for the different factors are presented together with the probabilities (in parentheses).

Model Factors
F P r n Year F (P) Treatment F (P) Phase F (P)
Males
Mass 1.7 0.114 0.20 70
Corrected mass 1.7 0.120 0.28 45
Females
Mass 20.1 0.001 0.67 97 4.2 12.0 19.7
(0.018) (0.001) (0.001)
Corrected mass 16.8 0.001 0.65 90 5.7 8.9 16.6
(0.005) (0.004) (0.001)

SOURCES OF CONTINUOUS VARIATION

To understand the sources of continuous varia-
tion in body mass, I conducted stepwise multiple
regression analyses of size-corrected masses de-
rived from single weighings, with weather vari-
ables, date and time of day as independent vari-
ables. Nestling age and brood size were also
included when analyzing posthatching phases.
Sexes and treatments (provisioned, unprovi-
sioned) were analyzed separately. All phases could
be analyzed jointly for males, while the I and N
phases (those with constant levels) were analyzed
separately for females. Corrected mass of unpro-
visioned males was positively affected by tem-
perature at the time of weighing (F = 8.01, P <
0.01, n = 27). Masses of unprovisioned females
during N were positively affected by brood size
(F=5.66, P <0.05, n=30). The corrected mass
of provisioned males was positively affected by
mean wind speed (F = 5.55, P < 0.05, n = 95).
When nestling age and brood size were included
in the analysis, the model including those two
variables plus temperature, minimum temper-
ature, and date explained 74% of the variation
in corrected mass of provisioned males (model:
F =24.70, P < 0.001, n = 49; brood size: F =
25.41, P < 0.001, b = 1.07; nestling age: F =
9.28, P < 0.01, b = —0.08; minimum temper-
ature: F' = 8.83, P < 0.01, b = —0.21; temper-
ature: F'=7.23, P = 0.01, b = 0.16; date: F =
4.31, P < 0.05, b = 0.30). The corrected mass
of provisioned incubating females was negatively
affected by date and positively by minimum tem-
perature (model: F = 12.16, P < 0.001, n = 75;
date: F=23.91,P <0.001 = —0.41; minimum
temperature: F = 11.97, P < 0.001, b = 0.29).
Finally for provisioned females during N, there

was again a negative effect of date independent
of nestling age (F = 9.31, P < 0.01, n = 28).

THE EFFECTS OF SUPPLEMENTARY FOOD

The different food rations offered during 1987
(Table 1) had no significant effect on male or
female masses (F = 0.40, P > 0.50, n = 30 and
F=0.48, P > 0.50, n = 31 respectively), so birds
receiving supplementary rations will be pooled
in further analyses. The effect of supplementary
food was tested by subjecting mass and size-cor-
rected body mass of males and females to mul-
tifactorial analyses of variance with year, treat-
ment, and breeding phase as classifying variables.
No factor affected significantly the body mass of
males, while all three factors were significant for
females (Table 4). Females were lighter in 1985
than in the other years, although comparisons
between means showed no significant differences
(Table 5). Provisioned females were significantly
heavier than unprovisioned females (Table 5).
Females were heaviest during L, intermediate
during I and B, and lightest during P, N, and F
(Table 5).

The mass of females during N was not affected
by either year or treatment (two-way ANOVA:
F=2.10,P > 0.10, n = 27) (Table 6). However,
year had a nearly significant effect in a one-way
ANOVA (F = 3.29, P = 0.055). Females were
heaviest in 1986 and lightest in 1987 (Table 6).
The 1986 season was the most benign with re-
spect to climate, while 1987 was exceptionally
cold and wet (Table 7). Provisioned females lost
on average 3.8 g (range = 1.4-52 g, n = 10)
during B, or 13.6% (range = 5.7-16.7%) of their
prehatching mass. Both absolute and propor-
tional mass losses were positively affected by size-
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Body masses (g) and size-corrected masses (mass/tarsus length [mm]) of males and females ac-

cording to breeding season, phase and treatment (provisioned vs. unprovisioned). Sample sizes (in paren-
theses) refer to mean values for each individual and breeding phase. Means with the same letter are not

significantly different (Student-Newman-Keuls tests).

Males Females
Mass Size-corrected Mass Size-corrected
X+ 8SD{(n) %+ SD (n) %+ 8D (n) X = SD (n)
Year
1985 a23.5 =+ 1.6(12) a 0.78 £ 0.05 (12) a252 + 2.6 (23) a2 0.85 £ 0.08 (23)
1986 b24.2 + 1.3 (21) b 0.81 = 0.05 (14) a25.8 + 2.9(36) a 0.87 £ 0.09 (29)
1987 b 24.3 + 1.0 (41) ab 0.79 = 0.04 (23) a25.8 + 3.0 (42) a 0.86 + 0.10 (42)
Treatment
Prov. a244 + 0.8 (42) a 0.81 = 0.04 (18) a26.9 + 3.0(53) a 0.90 + 0.10 (47)
Unprov. b23.7 + 1.5(32) a 0.78 = 0.05 (31) b24.3 + 1.8 (48) b 0.82 + 0.06 (47)
Phase
P a23.5 £ 1.1 (26) a 0.77 £ 0.04 (20) ab 25.2 + 2.4 (22) ab 0.85 =+ 0.08 (20)
L 2242 + 0.6 (8) a 0.80 = 0.04 (3) d 30.6 = 1.8 (9) d 1.03 + 0.07 (8)
1 a 250+ 1.1(10) a0.83 £ 0.04 (5) c27.9 + 2.1 (16) ¢ 0.93 = 0.08 (15)
B a242 + 1.49) a 0.80 = 0.04 (5) bc 26.2 = 1.8 (18) be 0.87 = 0.06 (17)
N a244 + 1.4(15) a 0.81 £ 0.05(13) a2235+1.4(028) ab 0.79 = 0.05 (27)
F a24.1+0.5(5 a2 0.80 = 0.03(3) a 23.1 = 1.0 (6) a0.77 £ 0.04 (5)

corrected incubation mass (F = 18.06, P < 0.01,
and F = 9.79, P < 0.05, n = 9 respectively).

DISCUSSION

Studies of avian breeding have often noted the
marked differences between sexes with respect to
mass changes. While males usually maintain rel-
atively constant body masses throughout the
breeding effort (Petersen 1955, Haukioja 1969,
Morton et al. 1973, Silverin 1981, Ricklefs and
Hussell 1984, Biermann and Sealy 1985), fe-
males frequently undergo significant changes for
different reasons. Gonadal growth and egg pro-
duction leads to body mass increments of be-
tween 7 and 30% up to a peak before the begin-
ning of laying (Petersen 1955, Haukioja 1969,
Dowsett-Lemaire and Collette 1980, Jakober and
Stauber 1980, Ricklefs and Hussell 1984,

Wijnandts 1984, Alonso 1985). There usually
follows an abrupt decline while the clutch is being
laid. This decline is continued during incubation
in anseriforms and galliforms (Breitenbach and
Meyer 1959, Redfield 1973, Korschgen 1977,
Ankney and MacInnes 1978), while it ceases in
passerines and raptors to be substituted by con-
stancy or even increases (Nice 1937, Petersen
1955, Dowsett-Lemaire and Collette 1980, As-
kenmo 1982, Ricklefs and Hussell 1984,
Wijnandts 1984, Newton 1986).

It is only after hatching that body mass de-
creases further in females of these species to reach
anew period of stability at the end of the nestling
period. There is increasing evidence that females
keep previously stored body reserves throughout
incubation (Newton 1972, Morton et al. 1973,
Jones and Ward 1976, Ricklefs and Hussell 1984,

TABLE 6. Masses (g) and size-corrected masses (mass/tarsus length (mm)) of females during the late nestling
phase (N) according to year and treatment (provisioned vs. unprovisioned). Sample sizes (in parentheses) refer
to mean values for each individual and breeding phase. Means with the same letter are not significantly different

(Student-Newman-Keuls tests).

Mass Size-corrected mass
X + SD (n) X+ SD(n)
1985 a23.7 £ 0.9 (10) ab 0.80 + 0.02 (10)
1986 a239 + 1.6 (10) a 0.82 + 0.06 (9)
1987 222.8 + 1.4(8) b0.76 + 0.05 (8)
Provisioned a23.5 + 1.4 (6) 2 0.78 =+ 0.06 (5)
Unprovisioned a2235+ 1422 a 0.80 + 0.05 (22)
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TABLE 7. Mean monthly values for daily mean,
maximum, and minimum temperatures, and wind
speed at 13:00, and total monthly precipitation during
the breeding seasons of 1985-1987 in Southern Oland,
Sweden.

Mean Max. Min. Wind
temp. temp. temp. speed  Precip.
°C °C °C m/sec mm
May 1985 7.8 109 5.3 7.0 8.0
June 1985 128 164 10.3 54 32.5
May 1986 8.2 108 6.2 6.0 27.4
June 1986 140 173 114 5.1 24.7
May 1987 6.8 9.5 4.9 7.2 423
June 1987 104 13.0 8.5 6.6 72.7

Jones 1987), which can later be mobilized in
order to sustain the breeding effort. The North-
ern Wheatear is another example of this sexual
difference in reserve storage and use of body mass.
Males do not store nor mobilize reserves, and
have thus no scope for significant mass changes.
Females store reserves which they use for laying
and as an energy buffer during incubation. This
reserve is depleted during the first week after
hatching, when females brood the chicks and co-
operate with the male in feeding them (Moreno
1987). After this decrease the scope for further
mass declines appears exhausted and mass sta-
bilizes at the prelaying level.

Variation exists around the typical pattern.
Higher temperatures lead to higher masses in
males and incubating females, probably due to
improved feeding conditions. Date has a nega-
tive influence on female incubation masses. This
seasonal effect could be related to the negative
trend in clutch size and brood size with laying
date (Moreno, unpubl.). As we will argue below,
large broods may require larger prehatching re-
serves than small broods. The negative effect of
date on female masses during N could be due
to lower prehatching mass levels. The positive
effect of date on masses of provisioned males
again points out the different strategies of males
and females. More interesting is the positive ef-
fect of brood size on both male and female masses.
Declines in body mass of birds feeding nestlings
have been used as evidence for reproductive stress
or as a good measure of reproductive costs (Hus-
sell 1972, De Steven 1980, Yom-Tov and Hil-
born 1981, Westerterp et al. 1982, Nur 1984). If
that is so, the present results imply that females
raising large broods experience less stress or are
subjected to smaller costs than those rearing

smaller broods. On the other hand, if we assume
that clutch size is adjusted to the phenotypical
quality of the parents (Perrins and Moss 1975,
Drent and Daan 1980, Hogstedt 1980), we would
not normally expect any clutch-size dependent
trends in reproductive stress nor in body mass.
However, phenotypical differences due to age or
some other factor could also be large enough to
explain the positive trend.

Food provisioning had no effect on males, while
it was associated with larger female masses.
However, this effect on females did not show
after the posthatching mass loss. All females at-
tained the same mass levels during N. This result
indicates that the 14% of body mass lost while
brooding is not a symptom of physiological stress.
One possible reason for this lack of effect of pro-
visioning is that females could use the extra food
to change their resource allocation in favor of
their offspring. Incubating females increased their
nest attentiveness along with increasing food
supplements (Moreno, unpubl.). Later, when the
chicks became sufficiently large to consume
mealworms (2-3 days), parents began to deliver
almost all of them to the young (it was impossible
to quantify exactly the amounts consumed by
adults and delivered to young as the observer
had to concentrate on reading the display of the
balance). Nonprovisioned females probably ex-
perience a similar voluntary reduction in energy
intake after hatching of the young. The reserves
of the female are in this way indirectly trans-
ferred to the young in order to speed up their
growth. Greater reserves could mean faster
growth. The proportion of incubation mass lost
by female wheatears after their chicks hatch is
positively correlated with the mass level attained
at the end of incubation. Females in good con-
dition at hatching are apparently willing to lose
proportionally more mass in order to care prop-
erly for their young.

Norberg (1981) has discussed this transference
of body reserves as one of the advantages of post-
hatching mass losses. This advantage can explain
why females of many passerines and raptors with
uniparental incubation maintain their reserves
until hatching. Lifjeld and Slagsvold (1986) have
shown that the mass of Pied Flycatcher (Ficedula
hypoleuca) females during incubation is posi-
tively correlated with fledgling size and condi-
tion. The importance of keeping reserves until
hatching is shown by incubating female sparrow-
hawks, Accipiter nisus (Newton 1986), and swal-



lows, Hirundo rustica (Jones 1987), which desert
when falling below a certain threshold of mass,
even if they normally attain the same level when
feeding large nestlings.

Why is it only females that transfer body re-
serves to their young? The answer lies probably
in the accumulation of reserves prior to laying.
Once these reserves have been collected for the
purpose of egg production, it is easier to maintain
them throughout a low activity phase such as
incubation. Males which have become liberated
from the presumably ancestral condition of joint
incubation (Kendeigh 1952, Skutch 1957) are ac-
tive and therefore conspicuous to predators dur-
ing incubation. In cavity nesters such as the
Northern Wheatear, they are vulnerable to pred-
ators because they remain outside of nest cavities
throughout incubation. Male wheatears are also
very active in trying to attract other females or
roaming around neighboring territories during
this time (Carlson et al. 1985 and pers. observ.).
They need to be lean in order to fly and escape
predators or rival males and display to females
in spectacular display flights. Here the ideas of
Freed (1981) and Norberg (1981) regarding min-
imization of flight costs would apply in full force.
The absence of effects of provisioning on male
mass also indicates that males are unwilling to
put on reserves. Only females have the capacity
for keeping and transferring reserves to the young,
a process which is typical of altricial and semial-
tricial species with role separation between the
sexes.
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