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Abstract We analysed female body mass change, cor-
rected by tarsus length (body condition) in tawny pipits
Anthus campestris during the nesting period in a popu-
lation subject to high nest predation rates (between 70
and 85%), which leads to the need for replacement
clutches. Decrease in female body condition over the
nesting stage (6.8 g, around 27% of the initial mass
during the whole nesting process) was related to laying
date, clutch size and nesting period (incubation and
nestling phases). Data from recaptured females indi-
cated a decrease during each of the three nesting phases
considered (the last days of incubation and first and last
days of the nestling phase), with body mass always being
higher in the first of the two measurements taken in each
of these phases. The observation of a continuous de-
crease in body condition during the last days of incu-
bation and first and last days of the nestling phase does
not support the programmed anorexia hypothesis, but
adjusts well to predictions of the stress hypothesis. These
results suggest that the costs accumulated during the
entire nesting stage in ground passerines subjected to
high nest predation rates are linked to a superimposed
effect of the cost of replacement clutches.
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Introduction

Body mass change during the nesting period has been
considered an indicator of the reproductive stress suf-
fered by the adults. Female mass loss, which is usually
observed during the reproductive period, has been pos-
itively associated with clutch size and therefore with the
cost of reproduction (stress hypothesis; Hussell 1972;
Ricklefs 1974; Bryant 1979; Moe et al. 2002). Never-
theless, it has been suggested that the mass loss observed
in the post-hatching period could be programmed, i.e.
adaptive (Freed 1981; Norberg 1981; Moreno 1989a;
Slagsvold and Johansen 1998; Cichon 2001), given that
it would confer advantages to the adults in reducing the
costs of flying when feeding young (programmed anor-
exia hypothesis, in the terminology of Jones 1994). The
two hypotheses are not mutually exclusive, given that
mass loss could be programmed, but, below a certain
threshold, could still indicate reproductive stress (Jones
1994), especially if the high energy cost to females of
incubation and nestling care is taken into account
(Monaghan and Nager 1997; Tinbergen and Williams
2002, and references therein).

The timing of mass loss determines which of the
two hypotheses best applies (Croll et al. 1991; Jones
1994). In the programmed anorexia hypothesis the
mass losses have to occur before the period of maxi-
mum energy demand (Moe et al. 2002). This is during
the nestling and chick-rearing period (see, however,
Williams and Dwinnel 2001) in those passerines with
monoparental incubation. According to the pro-
grammed anorexia hypothesis, mass losses would occur
at the end of the incubation period or just at the
beginning of the nestling one (Gaston and Jones 1989,
Phillips and Furness 1997). In contrast, under the
stress hypothesis, the mass losses would occur
throughout the whole nestling period, from the first
day to the last (Weldeln and Becker 1996), although
some mass loss during the final days of incubation
might also be observed, because of the high energy



costs incurred during this period (Monaghan and
Nager 1997; Williams and Dwinnel 2001; Tinbergen
and Williams 2002).

We explored two basic ideas:

1. Is the pattern of change of body condition (body
mass corrected by tarsus length) of female tawny
pipits Anthus campestris best explained by the anor-
exia hypothesis or the stress hypothesis? We expect
that if the observed loss of body condition fits the
anorexia hypothesis, the pattern during the last days
of the incubation period or the first days of nestling
phase will show a decrease in one or both of the two
periods. Also, it will not involve a mass loss during
the final days of the nestling period. If the loss pattern
fits the stress hypothesis there will be a decrease in
female body mass at the end of the incubation period
and throughout the nestling one.

2. Does the laying date affect the body mass condition
of the females? The nests in our population are sub-
jected to high predation rates (between 70 and 85%,
Suarez et al. 1993), which lead to a need for
replacement clutches in a species, which normally lays
only one or two clutches (Cramp 1988). Therefore
laying date must be positively correlated with the
number of replacement clutches in the population
and it would also be expected that body condition
would be negatively correlated with laying date, if a
cost associated with the number of clutches exists.

Methods
The species

The tawny pipit is a medium sized passerine (females:
25 g) whose natural history traits are summarised in
Cramp (1988). The species is ground-nesting, and in our
population only females incubate and feed nestlings
(J. Herranz, unpublished data). Fledglings are semipre-
cocial and are cared for by both sexes (Cramp 1988).
The potential number of replacement clutches is un-
known.

Study area and methods

The study area was located in central Spain (Layna,
Soria, 41°05'N, 1°50'W; 1,200 m a.s.l.). It has a conti-
nental Mediterranean climate, with an annual rainfall of
500 mm and an annual mean temperature of 10.2°C.
The landscape is flat or gently undulating and the veg-
etation is a shrub-steppe dominated by Genista pumila,
G. scorpius, Thymus spp., Poa spp. and Stipa spp.
Nests were found through systematic searches and by
observations of adult behaviour during May—June 1995.
The earliest laying date registered was 18 May, the
modal date falling within the period 27-31 May (dates
grouped by 5-day classes). Laying dates of successive or
second clutches continued until 4 July (n=43 nests). The
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females were caught at the nest during incubation (early
incubation, age of the nest 1-6 days, n=4 different fe-
males; late incubation, 7-12 days, n=17) and/or when
feeding chicks in the nest (early nestling phase, age of the
nest 13-18 days, n=15; late nestling phase, > 18 days,
n=17; total number of different females caught, n=43).
Traps were only used for 30 min a day to avoid excessive
disturbance at the nest. Birds were colour-ringed and
sometimes recaptured. Individuals were weighed on an
electronic balance with a precision of 0.01 g, and tarsal
lengths were measured with callipers to the nearest
0.01 mm.

Clutch sizes and dates of first eggs were recorded for
each nest. For nests discovered during incubation, clutch
size was taken as the maximum number of eggs found. For
nests found during the nestling period, a clutch size equal
to the maximum number of chicks recorded was assumed.
The date of the first egg laid was estimated assuming a
laying rate of 1 per day (Cramp 1988). In nests found
during the post-hatching stage, the laying date was esti-
mated assuming a 12-day incubation period and using
growth curves of the chicks, with an estimated error of
+1 day (e.g., Shkedy and Safriel 1992). Nest mortality in
our population during the study years was 74.9%, esti-
mated by means of the Mayfield method (Mayfield 1961).

Data analysis

Two separate analyses were made, one using data from
all birds combined and the second using only those birds
which were recaptured. In the first, we used General
Linear Models (GLMs), using the body mass of indi-
viduals as the dependent variable (n=43). To avoid
pseudoreplication problems resulting from measuring
individuals on successive days, we used average mass
and average capture dates, as long as the data related to
the same phase of nesting (incubation or the nestling
phase). Clutch size and nesting period were considered
as fixed factors and laying date and nest age (taken as
the number of days from the first laying date in the
population and the number of days for which each nest
was occupied, respectively) as covariates. We used the
quadratic term of both covariates because it was more
explanatory than the linear one. To eliminate possible
effects resulting from individual differences in body
mass, tarsus length was also included in the analyses as a
covariate (Freckleton 2002).

A second analysis was undertaken on the variation in
body mass of recaptured females (n=17) during differ-
ent phases of nesting. We defined four phases: (1) first
6 days of incubation, (2) last 6 days of incubation, (3)
first 6 days of the nestling period, and (4) the nestling
period after the 6th day. We have used the first and last
mass measurement of recaptured females taken in each
phase, except for phase (1), where data were lacking.
Data for females captured only once during each phase
were not considered. We used a repeated measures
ANOVA test, with the first and last body mass mea-
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surements in each phase as dependent variables and the
nesting phase as a fixed factor. The number of days
between captures and the quadratic term of laying date
were included as covariates, as well as the individual
tarsal lengths.

To determine whether there was any change in the
body mass loss of recaptured females between nesting
phases we analysed the daily body mass change (first
minus last measurements divided by the number of
intervening days) using a one-way ANOVA. We used
the quadratic term of the laying dates, the number of
days elapsed between measurements and the tarsal
lengths as covariates.

In all GLM analysis we always tested the two-way
interaction terms and removed them from the model
when insignificant. The number of females in each test is
given in the text. The significance level considered was
P=0.05. All analyses were undertaken using the
STATISTICA 6.0 statistical package (StatSoft 2002).

Results

The females showed a decrease in body condition
throughout the breeding period with respect to the
quadratic term of the laying date, nesting period and
clutch size (Table 1). Body mass decreased by approxi-
mately 2 g between the first and last dates (Fig. 1a),
being greater during incubation than during the nestling
period (Fig. 1b). Female body mass also decreased as
clutch size increased (Fig. 1c¢). Nest age was not signifi-
cant.

When considering recaptured females, the vast
majority lost mass during the whole nesting period. The
great majority lost body mass during the final days of
the incubation period (83.3%, n=06). Nearly all did so
during the first days of the nestling phase (88.9%, n=29)
and all lost mass during the final days of that phase
(100%, n=10). Female body mass varied significantly
between the first and the last days within each phase,
and across the three phases (Table 2), body mass always
being higher in the first of the two measurements taken
in each phase (Fig. 2). The number of days elapsed be-
tween captures was not significant in any case (P> 0.05),
but the quadratic term of the laying date was significant
for the final mass variable, showing that the longer the

Table 1 General Linear Model results of body mass variation of
female tawny pipits Anthus campestris in relation to nesting period
(incubation or nestling phases), laying date, nest age, clutch size
and tarsus length

Variable Quadratic mean df F P
Nesting period 7.046 1 6933 0.013
Laying date (quadratic) 27.326 1 26.887 <0.001
Nest age (quadratic) 2.347 1 2310 0.138
Clutch size 3.940 2 3.877 0.031
Tarsus length 18.372 1 18.077 <0.001
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Fig. 1 Female tawny pipit Anthus campestris body mass variation
in relation to a laying date, showing the line from a curvilinear
regression only as mass trend, b nesting period (marginal
mean=+ SE) and c¢ clutch size (marginal mean+SE). Marginal
means come from the residuals of the model, once corrected by the
covariates

season progressed the more that female body condition
at the end of each phase decreased.

Daily mass loss rates were not significantly different
between nesting phases (phase 2: 0.17+0.26 g/day,



Table 2 Repeated measures ANOVA results of body mass varia-
tion of recaptured females during three phases of nesting. The
covariates considered in the model were laying date (quadratic
term), number of days between captures and tarsus length

Variable Quadratic df F P
mean
Mass variation 12.276 1 30.870 <0.001
within phase
Nesting phase 15.700 2 10.978 <0.001
Interaction 0.326 2 0.820 0.453
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Fig. 2 Female body mass variation (mean = SE) between first and
last measurements in the three nesting phases considered. Blank
squares represent first measurements in each phase and blank
triangles represent last measurements in each phase

n=6; phase 3: 0.24+0.20 g/day, n=9; phase 4:
0.37+£0.32 g/day, n=10; one-way ANOVA, df=2;
F=1.476; P=0.252). Given these daily mass losses and
the duration of the two nesting periods (12 days incu-
bation and 12 days of nestling period), females lose 2.8 g
during incubation and 4.0 g during the post-hatching
phase, representing an average total of 27% of the
female body mass during the nesting period.

Discussion

The results of the first GLM analysis showed that the
quadratic term of laying date, clutch size and nesting
period are determinant variables in the variation of body
condition. Also, the fact that the recaptured females lost
body condition significantly during the three nesting
phases considered shows that mass loss in females is
related to nest age. All these results support the stress
hypothesis, showing the cost to female body condition
being associated with the number of clutches laid.
Although the total number of replacement clutches
laid is unknown, females in the studied population may
extend their nesting period until 1.5 months after the
first laying date (extreme laying dates recorded were 18
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May and 4 July; Fig. 1). This fact, together with the high
nest predation rates recorded (nearly 75% of the nests),
suggests that laying date may be indicative of successive
clutches being laid and that the decrease in body con-
dition is linked to the high energetic costs of laying the
previous clutches, which must be elevated in a species
with monoparental incubation, brooding and nestling
feeding. The quadratic term of the laying date seems to
indicate that the body condition decrease is sharper as
the season progresses, which was also observed in the
results of the analysis of body masses of recaptured fe-
males.

The continuous decline in body condition of the
recaptured females during the final days of incubation
and first and last days of the nestling period also fits the
stress hypothesis predictions well. Moreover, all females
lost a high proportion (approx. 4%) of their mass during
the last phase of the nestling period, which cannot easily
be explained as programmed anorexia. The total mass
lost over the whole nesting period (27%) is also indica-
tive of the application of the stress hypothesis, especially
since the mean mass losses estimated for a range of other
passerines was approximately 10% (Moreno 1989b).
This fact indicates that the cost (in body mass terms) of
the entire nesting period is high and perhaps does not
allow female tawny pipits to recover their body condi-
tion after their first clutches and it agrees with obser-
vations of the energetic costs incurred by females of
various species during the incubation and nestling peri-
ods (Tinbergen and Williams 2002).

The pattern in which mass loss increases with clutch
size, so that maximum female body masses correspond
with the smallest clutch sizes, is also compatible with the
stress hypothesis. According to this hypothesis, the lar-
ger the clutch size the greater the energy expenditure of
the females involved (Monaghan and Nager 1997), with
a knock-on effect on body condition when females
produce replacement clutches. Besides, and especially
where only one parent incubates, the energy demands of
incubation may be higher as clutch size increases (see
review in Monaghan and Nager 1997). However, this
relationship is not always so obvious, given that
uncontrolled underlying factors such as female age or
territory quality may cause phenotypic correlations be-
tween traits (Partridge and Harley 1985; Reznick 1985).

The two models of body mass changes during nesting
proposed by Moreno (1989b) are not supported by our
data from recaptured females. The mass losses observed
during incubation and during the final stages of the
nestling phase do not fit the incubatory mass constancy
model, in which females theoretically maintain their
body masses during incubation, losing it later during the
nestling period and with some degree of recovery at the
end of that stage. The body mass losses observed during
the nestling period also do not fit the incubatory mass
loss model, in which the females would lose body mass
during incubation and then maintain it during the post-
hatching period. However, as suggested by the same
author, a continuous loss of female body mass during
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both nestling phases may be observed in poor environ-
ments providing only a low quality or quantity of
feeding resources, which applies to our data. Similar
results have been found for thekla larks Galerida theklae
and lesser short-toed larks Calandrella rufescens in a
semi-arid habitat (Sudrez et al. 2005).

Ground passerines, such as the tawny pipit, whose
movements and foraging for their nestlings and fledg-
lings are basically terrestrial, have a lower apparent
advantage in losing mass to reduce flying demands than
forest or marine species, which may spend a lot of time
flying when travelling or feeding (e.g. Jones 1994;
Kullberg et al. 2002). Data which support the pro-
grammed anorexia hypothesis have been accumulated
for these latter species (see, e.g., Croll et al. 1991; al-
though see also Moe et al. 2002). However, our results,
and the absence of further data on ground-nesting
passerines subjected to high nest predation rates, do not
allow us to extend its validity to such species. Instead,
the existence of lower flying demands combined with the
accumulated cost of raising successive clutches, seem to
show that the stress hypothesis is more applicable to
terrestrial passerines.

Zusammenfassung

Anderung der Kérpermasse bei weiblichen Brachpiepern
(Anthus campestris) wihrend des Nistens

Wir analysierten die Anderung der Korpermasse von
weiblichen Brachpiepern iiber die Nistzeit in einer Pop-
ulation mit hohen Nestpredationsraten (70-85%), die
Nachbruten nétig machten. Die Korpermasse wurde an
der Tarsuslinge normiert und als Korperverfassung
bezeichnet. Eine Verschlechterung der Koérperverfassung
der Weibchen (6.8 g, etwa 27% des Ausgangsgewichts
iiber die gesamte Nistzeit) stand in Beziehung zum
Legedatum, der Gelegegro3e und der Nistphase (Brut-
und Nestlingsphase). Daten von wieder gefangenen
Weibchen zeigten eine Verschlechterung wihrend jeder
der drei betrachteten Nistphasen (die letzten Tage des
Briitens und die ersten und letzten Tage der Nestlings-
phase), wobei die Kérpermasse fiir die jeweils erste von
zwel Messungen in jeder dieser. Phasen hoher war. Der
Befund einer sich stetig verschlechternden Korperver-
fassung iiber diese Phasen unterstiitzt nicht die Hypo-
these der programmierten Anorexie, sondern passt gut
auf die Stress-Hypothese. Diese Ergebnisse legen nahe,
dass die akkumulierten Kosten, die bodenbewohnenden
Singvogeln unter einem hohen Nestpredationsdruck
wihrend der gesamten Nistzeit entstehen, verkniipft sind
mit einem {berlagernden Effekt der Kosten fiir Nac-
hbruten.
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