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Fig. 5. Finding the end of brooding phase. The difference between the two histograms of length of
visits is striking. The number of longer visits is decreasing throughout the brooding period. In the
later feeding period we could hardly find brooding visits.

3.2. Four phases of breeding

Further analysis of the females' roosting
weights showed three different weight
levels and a transitional period. These
weight levels can be related to the differ-
ent periods of breeding: laying, incuba-
tion and late feeding (Fig. 4).

During the egg-laying period the fe-
male lays one egg each day, before she
leaves the nest in the morning. During this
phase she spends more of her day out of
the nest.

We consider the incubation period from
the completion of clutch although the fe-
male can start incubation earlier. Both fe-
males, measured in this period, started in-
cubation after clutch completion.

The feeding period may be divided into
two parts;: brooding and late feeding
(Freed 1981). During the brooding phase
the nestlings are mostly unfeathered and
need to be warmed by their mother. This

means that the female cannot leave them
alone for long intervals. As the nestlings
and their feathers grow, they become ca-
pable of regulating their body tempera-
ture, and both the frequency and the length
of the female's brooding visits decrease
gradually. In order to find the end of the
brooding phase, we studied the distribu-
tion of visit length day to day (Fig. 3). We
define the brooding phase to be over if the
proportion of visits longer than 120 sec-
onds is under 5% of the total number of
visits per day. Thus the female's visits are
nearly always short and serve only feeding
purposes during the late feeding period.
(The length of brooding varied between
five and twelve days.)

By comparing the variances of weights
in the four periods, we found that the
brooding phase causes significant differ-
ence between the variances (Levene's
tests, df = 3, 37, p <0.001 for both weight
profiles of nest G16-95). Excluding the
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Fig. 6. Means, standard errors and standard deviations of the different weight levels (nest’
G16-95). For both weight profiles the standard deviation of the female's weight during the brood-
ing phase is very high. This is due to the sharp decrease in body weight.

brooding phase from the analysis resulted
homogeneity in the variances of the re-
maining three periods (Levene's tests, df =
2, 33, p > 0.15). The analysis of the other
two nests where appropriate data were
available showed similar results.

By comparing the mean weights in the
different periods, we found a significant
difference between the incubation and the
late feeding periods of each female (Fig.
6. Scheffe-tests, p < 0.001 for both weight
profiles, N = 4 females).

3.2.1. Egg-laying

During the egg-laying period we found a
significant decrease in the roosting
weights but not in the morning weights in
one of the two nests (slope = -0.07 g/day,
R*=0.5570, F(1,6) = 7.5442, p < 0.0334
for the roosting weights, nest G16-95).
We found a significant difference in
the roosting weight profile between the
egg-laying and the incubation phase

(Scheffe-test, p < 0.001, N = 2 females).
The female collects the material required
for the formation of the egg during the day
and lays the egg at dawn. This explains the
7.99 £ 0.20% (mean + SD, N = 2 females)
decrease in the roosting weight after
clutch completion. In contrast this de-
crease is smaller (nest G16-95:3.35%, p<
0.01) or not significant (nest G225-95:
1.62%, p > 0.35) in the morning weight
profiles.

3.2.2. Incubation

Over the incubation phase there was no
significant trend in the weight profiles in
any of the observed cases (linear regres-
sion, N = 4 females).

3.2.3. Brooding
Both the morning and roosting weight pro-

files of the brooding phase show a signifi-
cant decreasing trend so we did not con-
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sider it as a constant weight level. The
slopes of the fitted lines ranged from -0.06
to -0.50 g a day and they differed signifi-
cantly from each-other (test of para-
lellism, df = 3. 17, Morning weights: F =
7.48,p <0.01, Roosting weights: F =332,
p < 0.05). All measured females lost
weight throughout the five to eight days in
this phase. The females lost 10.0 £ 1.5%
(Mean = SD, N = 4) of their incubation
weight on average, that is about 2 g.

3.2.4. Late feeding

There was no significant trend in the weight
profiles (linear regression) in the majority
of cases. None of the females gained weight
and only 2 of the observed 12 females lost
weight in the late feeding phase. One of the
females lost 0.76 g over 11 days and the
other one lost 1.23 g over 13 days.

11

3.3. Daily mass changes

During daytime the males gained 7.46 +
1.61% (mean + SD, N = 103 days) while
the females gained 6.53 £ 1.97% (N = 178
days) of their morning weights. These av-
erages do not include data of the
egg-laying periods for the females. when
the daily weight gain was 13.73 £ 0.13%
(N = 15 days).

Overnight the males lost 7.49 + 1.49%
(N = 103 nights) while the females lost
6.66 +1.76% (N = 181 nights) in compari-
son to their following morning weights.
(In comparison to their evening or roost-
ing weights, males: 7.06 + 1.32% (N = 89
nights), females: 6.12 + 2.15% (N = 174
nights)) These means do not include data
of the egg-laying periods when the fe-
males' overnight weight loss was 12.09 +
0.17% (N = 15 nights) due to the laid egg.

20:24.001 o o 0° T 10:48:00
.o".‘ *e o
L4 °
c49 A4 o0 1 a2
19.12.00l ee® 9:36:00
....Q... o ..
—~ .
@ 18:00:00T o 82400 T
e | 3
0E> ® evening arrival o
< 16:48.007 o morning departure| T 7:1200 £
i~ (o))
£ <
S ?~C00p 00 o IS
[ (] C
> 15:36:00 1° ° o ?60000 §
04,°.,%00 060 g
° € 9%0%0660% %00
O O OO
14:24:00 ©7 T 44800
13:12: 00 FH-prpbp bbb bbb e bl 33600
9-Apr 17-Apr 25-Apr 3-May 11-May 19-May
days

Fig. 7. Female's daily timetable (nest G16-95). As the breeding season proceeds the days become

longer and the nights get shorter for the female.
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We found no difference between the
average daily gains and overnight losses
of either the females (t-tests, df =357, p >
0.62) or the males (t-tests, df = 204, p >
0.92). However, we found that the males
lost and gained more weight than the fe-
males (t-tests, p <0.0001).

As the energetic demands of incuba-
tion, brooding and late feeding may dif-
fer, we compared the average weight
gained or lost per hour in the four peri-
ods. Both the lengths of the working days
and the duration of roosting vary
throughout the breeding season (Fig. 7).
We calculated the difference between the
time of the first departure in the morning
and of the last arrival for each female for
each day. We calculated the body-weight
increase per hour as the ratio of the pro-
portional gain in body-weight from
morning until night and the duration of
the working day. We determined the pro-
portional continuous weight-loss per
hour similarly. To our surprise, we could
not show any differences in the rate of
body-weight change between the periods
(Tab. 4, 5).

We also calculated the weight lost dur-
ing the first foraging trip. This usually
gives a minimum estimate for the weight
of the faeces as the female defecates after
her first departure in the majority of cases
but she also eats during these foraging
trips (Tab. 6). The apparent difference in
the average faecal loss between the peri-
ods is partly due to the difference of the
average length of the first foraging trip.
These foraging trips were significantly the
shortest on average and had the smallest
standard deviation during the brooding
period, while it was by far the longest dur-

ing egg-laying.

4. Discussion

4.1. Male weight levels

In our sample the males maintained their
weight throughout the observation peri-
ods. Males are on average heavier than fe-
males outside the breeding season
(Kluyver 1952, own unpublished data).
The male was heavier than the female in
five pairs while the female was heavier in
seven pairs during the observation peri-
ods. The weight profiles belonging to a
pair never crossed during the observation
period. As before hatching the males do
not visit the nest early in the morning we
have no opportunity to determine their ex-
act morning weight in the beginning of the
breeding season by weighing at the nest. It
would be interesting to study whether the
males lose weight in those early days
when they feed the females before and
during laying. In the case of non-incuba-
ting, non-brooding males the energetic de-
mands are probably more evenly distrib-
uted than on the females.

4.2. Female weight levels
4.2.1. Egg-laying

The females start to increase their body
weight some days before the first egg is
laid (Woodburn & Perrins 1997). The only
female whose weight was measured in the
pre-laying period also showed a large in-
crease in weight during the four days be-
fore laying (Fig. 2). This increase in
weight is mainly due to the increase of
body water content (Woodburn & Perrins
1997). The function and fate of this water
are unclear. Both Mertens (1987) and
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Woodburn & Perrins (1997) report water
loss at the beginning of incubation and af-
ter hatching.

Egg production is energetically costly
for small birds. During a breeding season
Great Tits have to produce an egg, weigh-
ing nearly 10% of their own weight, on
each day. To collect the required materi-
als, the pair must co-operate, and the sup-
plementary or courtship feeding by the
male (Royama 1966, Krebs 1970) may
have an important role in achieving the
target: a clutch of 6 to 13 eggs.

The requirements of the laying period
are high and thus the environment can af-
fect its characteristics to a great extent.
Food availability is the main signal for the
timing of egg laying (Nilsson & Svensson
1993, Nilsson 1994, Nager et al. 1997),
which may be influenced by temperature.
When laying has already started, poor
feeding conditions, due to bad.weather or
high population density, can cause laying
interruptions in Great Tits (Dhondt ef al.
1981). There was no such interruption in
our two nests.

Poor feeding conditions may also be re-
flected in either decreasing body weight or
decreasing egg weight in the course of the
laying period (Nager & Noordwijk 1992,
Ramsay & Houston 1997). In one of the
two nests the female's roosting weight de-
creased but her morning weight remained
stable in the laying period. This suggests
that egg weight decreased, although we did
not measure the eggs separately. It is im-
portant to keep in mind that besides other
putrients the availability of calcium for the
egg-shell could also be a limiting factor
(Graveland et al. 1994). The calcium co-
mes mainly from small snails (Graveland
& van Gijzen 1994). The females usually
go roosting with a snail in their gizzard

(Perrins 1996) because they digest it
slowly overnight and thereby their digest-
ing capacity is maximised during the day
(Woodburn & Perrins 1997).

Similarly to others (Jones 1987c,
Woodburn & Perrins 1997) we found that
the female's body weight is greatest in this
period.

4.2.2. Incubation

After the last egg is laid (sometimes ear-
lier) the female starts to incubate the e3gs.
The start of incubation is also influenced
by food availability (Nilsson & Svensson
1993, Nilsson 1994, Nager et al. 1997).

After clutch completion the reproduc-
tive organs regress and some water is lost,
while the weight of the carcass, carcass fat
and flight muscle increase (Mertens 1987,
Woodburn & Perrins 1997). Woodburn &
Perrins (1997) found that this caused con-
siderably higher weight loss after
egg-laying than the average egg weight in
Blue Tits (Parus caeruleus). However, the
difference between the roosting weights
of the two females observed in our sample
was not much bigger (0.07 g and 0.26 g)
than the average egg weight. The mainte-
nance of fat reserves may help the females
to continue incubation at lower tempera-
tures when their energy expenditure
grows considerably (Mertens 1987) and
when they need to stay longer on the eggs.
Besides relying on their fat storage, fe-
males may count on the males' supplemen-
tary feeding.

None of the females in our sample (N =
4) lost weight during incubation. In two of
three years Mertens (1987) found that
Great Tit females lost more than 1 g during
incubation; similarly Woodburn & Perrins
(1997) also found decreases in the weight



14 ORNIS HUNGARICA 7:1-2 (1997)

20 === Female 1 =~ | 14

e M ale -
5 ——JAverage chick B t12 3
= 19 1 'E,
S "\ 3
< + S

B R s 2
5 187 N | 3
o +8 =2

17 D - H—4 : ' 6

28-May 31-May 3-Jun B-Jun

date

Fig. 8. A "disaster-struck" nest (nest G375-93), where 3 chicks have died one after the other (the
laston 1 June) and 6 fledged. There were several rainy days when the nestlings lost weight (darker
bars). On those days the parents maintained or gained weight. This example suggests the shortage

of fat reserves.

of four Blue Tits. Ricklefs & Hussel
(1984) reported weight decrease in female
but not in male Starlings (Sturnus
vulgaris) though both sexes take partinin-
cubation. While short-term weight
changes of incubating Swallows (Hirundo
rustica) were related to the prevailing
weather, Jones (1987c) did not find
long-term weight-loss during incubation
(N = 5 females). These different results
suggest that the body weight of incubating
females is sensitive to the prevailing con-
ditions yet females are always heavier
during incubation than during nestling
rearing. Females typically do not lose all
their reserves by the end of incubation.

4.2.3. Brooding
All the females lost weight over five to

eight days after hatching (N = 5). Freed
(1981) described the same phenomenon in

House Wrens (Troglodytes aedon), Jones
(1987a) in Swallows, Ricklefs & Hussel
(1984) in Starlings, Moreno ef al. (1991)
in Collared Flycatchers (Ficedula
albicollis) and Woodburn & Perrins
(1997) in Blue Tits. Merila & Wiggins
(1997) showed that the rate of re-growth
of feathers removed earlier correlated
negatively with the amount of weight loss,
which could indicate stress in this period.
There is accumulating evidence that fe-
male weight loss immediately after incu-
bation may be a general phenomenon
among Passerines, though data are still
scarce. The magnitude of this weight loss
may depend on the incubation weight of
the females and the number of nestlings
(Jones 1987a, Johnston 1993, Merila &
Wiggins 1997).

There is a long-standing discussion in
the literature over whether this weight-
loss represents some costs of reproduction
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or is a pre-adaptation to diminish the
forthcoming increase in flight-costs
(Drent & Daan 1980, Norberg 1981, Freed
1981, Ricklefs & Hussel 1984, Merila &

Wiggins 1997). Gosler (1991) showed that -

females declined in protein reserves while
feeding a brood. The proper timing of this
weight-loss must be crucial for the female,
as if she loses her reserves too early she
may not survive unfavourable periods. If
she is too late she unnecessarily keeps pre-
dation risk higher (Gosler et al. 1995) or
retards nestling growth by inefficient en-
ergy utilisation. As the females lose most
of their weight just after or during hatch-
ing, and not right before the peak feeding
period (unpublished data), we think that
flight-cost reduction does not have a ma-
jor role in timing their weight loss. Hous-
ton (1993) showed in simple time budget
models that the efficiency of mass loss,
i.e. the value of the energy released by
mass loss in terms of the increase in en-
ergy delivered to the young is lower than 1
if the bird looses weight during the peak
feeding period. However, during brooding
any saving of energy by the female can be
given more directly, i.e. more effectively
to the nestlings by brooding than in the
late feeding period by decreased food de-
mand.

The females still need some energy re-
serves because of the high and unpredict-
able energetic demands during brooding.
In the first days of brooding, a female still
spends much time in the nest, which im-
poses a heavy time constraint on her (T6th
& Pasztor 1997). She cannot leave the
nestlings alone for too long while she also
has to provide food for both them and for
herself. This means that by minimising
self-feeding she can gain valuable time
that can be used for the other two activi-

ties. Both parents feed the young in this
period and it is likely that the male gives
less food to the female than earlier. Thus,
it is possible that brooding is energetically
even more demanding for the female than
incubation and she is in need of her re-
serves. The energetic demands imposed
by brooding on the parents may vary with
the environmental conditions. We found
that the length of the brooding period var-
ied among nests. It ranged from 5 to 12
days in our sample.

As the first days after hatching may be
critical for both the nestlings and their par-
ents, the optimal number of nestlings may
depend on the amount of reserves pos-
sessed by the female at hatching. We think
that in order to understand the role of
brooding in the optimisation of clutch size
we need more studies, which concentrate
on this period.

4.2.4. Late feeding

The feeding frequency reaches its maxi-
mum in the late feeding period. By that
time the parents possess reduced reserves.
When unpredictable bad weather causes
limited food availability the parents have
to decide whether to feed themselves or
the chicks (Fig. 8). Restriction to self-
feeding may be the only option in many
cases, causing weight loss in the nestlings
and reduced juvenile survival. The deci-
sion of the parents, and in turn their body
weight, may depend on the number of
nestlings, i.e. on the value of the brood
(Smith ez al. 1988).
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Osszefoglalis

Koltd széncinegék testtomeg-viltozisai

Automatikus elektronikus mérlegek segitségé-
vel 12 széncinege testtomeg valtozasat kovet-
tiik nyomon 6-47 napon at a k6ltési szezonban
1993 &5 1997 kozott. A "The Wisitor" szoftver
csomagot hasznaltuk adatgytijtésre és adatren-
dezésre. Tanulmanyunkban a tojo és him ma-
darak reggeli és esti testtomeg valtozdsanak
naprol napra térténd valtozasat elemeztiik.

1. A vizsgalt 12 him széncinege koziil
egyiknél sem kovetkezett be testtémeg valto-
z4s.

2. Kéttojonal sikeriilt a testtémeg valtozast
a tojasrakéas kezdetétdl a kirepiilésig kovetni.
Esetiikben harom testtémeg szintet tudtunk el-
kiiloniteni: atlagos ¢jszakazasi tomeg a tojas-
rakas, kotlds és etetés alatt. A tojasrakas alatt
egyik tojé sem veszitett a tomegébdl, bar az
egyik egyed tojasainak sulya csokkent. A tojok
reggeli testtomege hasonlé volt a tojasrakas és
kotlas alatt.

3. A tojok egyikének sem esékkent a tdme-
ge a kotlas alatt (N = 4). A testtémegik azutan
kezdett el csokkenni (4atlagosan 10 %-al, N =
4), hogy a fidkak kikeltek. A kés6i etetés alatt
tiz tojénak a témege nem valtozott, kettének
pedig csokkent.

4. Nem talaltunk szignifikdns kilénbséget
a napkozbeni 6rankénti tomegnovekedés, illet-
ve az éjszakai 6rankénti tomegesdkkenésben a
négy koltési szakasz k6zott (N = 5).

Eredményeink és publikalt adatok alapjan
ugy gondoljuk, hogy az énckesmadarakra alta-
lanosan jellemz6 a kotlas el6tti jelentds tomeg-
névekedés és kisebb tomegvesztés a kotlas
utan. A jelentds testtomegnovekedés a tojasra-
kas elott, €s a tdmeg megtartasa a kikelés uta-
nig részben magyarazhat6 a tojasrakas és kot-
las nagy energia igényével. A tartalékok ¢lése-

gitik az esetleges kedvezétlen idészakok atvé-
szelését. Az etetés cl6tti tomegesdkkenés
adaptiv, mivel a nagy tomegii egyedek szamara
a repiilés nagyobb befektetést igényelne, de a
tomegesdkkenés iddzitése és mértéke az adott
fészekalj igényeitdl figg. Az optimalis fé-
szekaljméret tehat attol is fiigghet, hogy a tojé
mennyi tartalékot képes mobilizalni a kotlas
utdn.
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Weight change patterns in breeding
Great Tits (Parus major) |

B. Halpern, Z. Téth, and L. Pasztor

1. Introduction

Halpern, B., Téth, Z. and Pasztor, L. 1997. Weight change patterns in breeding Great Tits
(Parus major). — Ornis Hung. 7: 1-17.

Between 1993 and 1997 we weighed 12 Great Tit nests automatically using electronic bal-
ances for periods of 6-47 days during the breeding seasons. We used "The Wisitor" software
package for collecting and processing the data. In this paper we publish the results of the anal-
yses of the day to day changes of morning and evening body weights of females and males.
1. None of the 12 males lost or gained weight during the observation periods.

2. Those two females whose weight was measured from the beginning of egg-laying until
fledging had three different weight levels: average roosting weight during egg laying, during
incubation and during late feeding differed. None of these females lost weight during egg lay-
ing, but one female's egg weight decreased. The females' morning weight levels were similar
at egg laying and incubation.

3. Each female maintained her weight through incubation (N = 4). Females lost weight (10%
on average, N = 4) after hatching, in the brooding period. Ten females maintained their body
} weight, while two others lost weight in the late feeding period.

/ 4. We did not find any significant difference either in the average weight gained per hour dur-
ing a day or in the average weight lost per hour during a night between the four periods of
breeding (N = 5 females). .

Based on other published data and on our own results we think that a substantial gain in weight
before egg laying and some weight loss of females after hatching is a general phenomenon
among Passerines. The substantial increase in body weight just before laying and its mainte-
nance until the brooding period can partly be explained by the high energetic demands of lay-
ing and incubation. Reserves can serve as buffers against unfavourable conditions during
these periods. Flight cost of high body weight makes weight loss before the peak feeding pe-
riod adaptive but the exact timing and amount of this weight loss may depend on the actual en-
ergetic demands of brooding. Thus, optimal clutch size may depend on the amount of reserves
a female can mobilise right after incubation.

B. Halpern, Z. Toth and L. Pasztor, Population Biology Group, Department of Génetics,
Edtvds  University, Mizeum krt. +4/4, Budapest, H-1088. Hungary, e-mail:
wendr@ludens.elte. hu

some costs on the parents (sensu Williams
1966) or is parental effort always below
the level that may influence parental sur-

There is a long-standing interest in under-
standing the breeding behavior of small
Passerines and especially of Great Tits
(Gibb 1950, Kluyver 1952, Noordwijk et
al. 1995, Perrins 1996). Does egg laying,
incubation or nestling feeding impose

vival (Gibb 1950, Lack 1947, Tuomi
1990)?

It is standard practice amongst fielc. or-
nithologists that when birds are caught
their body weight is also measured.
Changes inbody weight of the parents dur-
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Tab. 1. Anoverview of the observed nests. The last 2 digits in the nest IDs give the year of observa-
tion. "Length" gives the number of days when a nest was actually measured. Thus, in the three
cases denoted by *, the time spans of the observations were longer than the number of observation

days.
Nest ID Nest data Observation

No. Eggs Hatched young  Fledged young  Length (days) Beginning from
G50-93 8 8 8 12 * brooding
G165-93 8 6 6 11 late feeding
G375-93 9 9 6 13 late feeding
G18-94 7 7 8 11 late feeding
G40-94 7 6 6 17 brooding
G16-95 10 10 6 43 egg-laying
G40-95 7 7 6 11 late feeding
G47-95 9 9 8 8 late feeding
G225-95 8 6 5 41 ** egg-laying
G231-95 8 7 7 6 late feeding
G231-96 7 4 4 26 * incubation
G65-97-1 6 5 5 28 incubation

* observation interrupted for 2 days
** observation interrupted for 6 days

ing the breeding season is often consid-
ered as a good indicator of physiological
condition and parental costs (Drent &
Daan 1980, Nur 1984, Jones 1987a,
Kacelnik & Cuthill 1990, Johnston 1992,
- Martins & Wright 1993, Merila &
Wiggins 1997). Decreased body weight in
enlarged broods is considered as a result
of optimal allocation of energy between
self-maintenance and reproductive effort
and a sign of potential reduction in future
survival (Stearns 1992). There is plenty of
evidence that nestling body weight at
fledging influences future survival of the
nestlings (Perrins 1965, Garnett 1982,
Lindén ef al. 1992). Brood size manipula-
tion experiments show that reduced body
weight of the parents rearing enlarged
broods corresponds with reduced parental
survival (Stearns 1992).

Another approach to interpret weight
changes during breeding is to consider
weight changes on a longer time scale and
to examine the changing ecological costs
and benefits of fat storage (Witter &
Cuthill 1993). Females gain weight just
before egg laying (Witter & Cuthill 1993,
Woodburn & Perrins 1997). The birds of-
ten lose weight during incubation or after
the chicks hatch (Freed 1981, Ricklefs &
Hussel 1984, Jones 1987a, Woodburn &
Perrins 1997). A possible explanation for
this pattern is that a bird needs her fat re-
serve during incubation as a buffer against
long, unfavorable periods when she has to
stay in the nest without self-feeding. The
brooding birds lose these reserves before
the peak feeding period when excess
weight would increase their flight costs
(Sanz & Moreno 1995).

Tab. 2. Comparison of the morning (MW) and roosting weights (RW) measured on the last day of
incubation (Day -1) and the day before fledging (Day 18) for 4 females. The results of paired

t-tests are shown (t and p values).

Day 18 MW Day 18 RW
Mean + SD (g) 17.40 + 0.46 18.47 £ 0.73
Day -1 MW 1931+ 0.38 4.87 0.0166 1.64 0.1997
Day -1 RW 20.00 = 0.78 4.88 0.0164 2.37 0.0985
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Tab. 3. Daily body-weight changes expressed
as percents of the morning weights (Mean +
SD, No. of observations).

Females Males
Daily gain 6.53+£ 1.97% 7.46+ 1.61%
N=178 N =103
Overnight loss  6.66 = 1.76%  7.49 + 1.49%
N =103

N =181

These two approaches to the interpre-
tation of body weight changes throughout
breeding can be combined. Body weight
profiles (Fig. 1), or the amount of energy
reserves during the course of breeding can
also be considered as plastic traits that are
optimized individually (Jones 1987a,
Sanz & Moreno 1995). To solve this opti-
mization problem each component of both
the costs and benefits of gaining or losing
weight at a certain time ought to be consid-
ered. By observing the entire weight pro-
file we may also learn about the various
components of costs and benefits of body
weight change associated with different
periods of breeding. For instance, if the
birds regularly lose weight during the
peak feeding period, weight loss can be

g 24 last eqq laid

v

considered as the cost of heavy feeding ac-
tivity, and not as an adaptation that re-
duces flight cost. If they lose weight just
before the peak feeding period, the hy-
pothesis that weight is lost to reduce flight
costs cannot be excluded. ,
Timing of weight changes can be deter-
mined only by regular weighing of the
birds. There is a major methodological
problem of weighing the birds regularly
during breeding, as catching them may in-
fluence their condition. Automatic weigh-
ing of nests solves this problem (Jones
1987b, Martins & Wright 1993, Szép et al.
1995). We used our own software pack-
age, called "The Wisitor", for the auto-
matic weighing of 12 nests of Great Tits
and also for data processing (T6th 1994).
This made it possible to carry out the ob- °
servation and to amalyze the complete
weight profiles and weight changes over a
day and a night. :
We found that all the measured females
lost about 10% of their weight on average
Just after hatching and only a minority lost
weight during the late feeding period,

=== Roosting w.
=O= Morning ‘.

hatching

227 Y end of brooding
¢ fledgin
20 T ‘
18 Teqg laying .
incubation broodi

2rooding late feeding
16—t T
8-Apr 16-Apr 24-Ap 2-May 10-May 18-May

date.

Fig. 1. A female's weight profiles (morning and roosting) during breeding (nest G16-95).
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Tab. 4. Females' average weight gain per hour during daytime, in the four periods of nesting.

Nest egg-laying incubation brooding late feeding
G40-94 - 0.53 + 0.09% 0.51 + 0.07%
G16-95 1.08 £ 0.13% 0.61 +0.17% 0.54 £ 0.06% 0.56 + 0.12%
G225-95 1.03 £ 0.16% 0.48 £ 0.14% - 0.42 + 0.10%
G231-96 - 0.33£0.21% 0.34 £ 0.07% 0.43 + 0.10%
G65-97-1 - 0.49 +0.15% 0.46 = 0.18% 0.43 + 0.17%
Average 1.05 + 0.04% 0.48 £0.12% 0.47 £ 0.09% 0.47 + 0.06%

Average time spent
with daily activities
(Hour: min: sec)

12:46:25

13:08:20

14:22:23 14:56:53

when brooding was over. The males'
weight was stable without exception. In
this paper we document all the weight
changes we found and argue that flight
cost reduction does not give a sufficient
explanation for the observed weight
change patterns.

2. Materials and methods

2.1. Subjects and study area

The Great Tit is a small, hole-nesting, resi-
dent Passerine that breeds commonly in all
kinds of woods, in parks and gardens, and
occupies artificial nestboxes readily. The
female lays one egg daily, incubates alone
and the male regularly feeds her during the
two weeks of the incubation period. Both
parents feed the young. The nestlings
fledge about 18-20 days after hatching.

Fieldwork was carried out in the park
of the Biological Research Station of
Edtvos University in Go6d. The area is a
mixed habitat, with some parts having
plantations of characteristic of a botanical
garden. There are fragments of coniferous
woods and riverine woodland of the river
Danube, dense bushes and open fields.
There were around 65 artificial nestboxes
in the area, all fixed on tree trunks and
some of them prepared for easy installa-
tion of an electronic balance. Data pre-
sented here were collected between 1993
and 1997.

2.2. Data collection

This study is based on data collected by a
computerised weighing system. "Nest-
Bug", the data collection module of "The
Wisitor" software package is used to moni-
tor continuously the weight of nests mea-

Tab. 5. Females' average continuous weight-loss per hour overnight in the four periods of nesting.

Nest egg-laying* incubation brooding late feeding
G40-94 - 0.14 + 0.03% 0.14 + 0.05%
G16-95 0.14 + 0.01% 0.13 + 0.02% 0.14 £ 0.01% 0.14 + 0.03%
G225-95 0.12 + 0.02% 0.17 + 0.04% - 0.14 + 0.06%
G231-96 - 0.11 £ 0.05% 0.12+0.01% 0.09 = 0.03%
G65-97-1 - 0.15 + 0.03% 0.13 £ 0.09% 0.08 + 0.00%
Average 0.13+0.01% 0.14 + 0.03% 0.13 £ 0.01% 0.10 £ 0.03%

Average time
spent in the nest
overnight

11:13:25

10:50:28

9:36:39 9:02:04

* The egg-laying period's data are reduced with the average weight of the egg, laid overnight.
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end of brooding
l fledging
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Fig. 2. A female's weight fluctuation during breeding (nest G225-95). The observed roosting and
‘morning weights are connected to demonstrate the daily changes in weight during the whole sea-
son. On the first day of observation the female did not go roost in the nest. The observation was in-

terrupted for 6 days.

sured by electronic balances connected to a
central computer (T6th er al. 1991, Té6th
1994, SzE&p et al. 1995). We used Mettler
(PM4600, PM4800; Mettler-Toledo
GmbH, CH-8606 Greifensee, Switzerland)
and Sartorius (BA41008S; Sartorius AG, PO
Box 32 43, D-3400 Goettingen) balances
with anaccuracy of 0.01 g and a capacity of
4000 g. One nest was partly measured with
a Sartorius PT2100 that only has an accu-
racy of 0.1 g and a capacity of 2000 g.
Several nest boxes were pre-equipped
with a shelf and a shielding outer box
(called "windbox") to support the placing
of a balance. The inner box containing the

nest was measured by the balance while
the windbox protected the measurement
from disturbance e.g. wind, rain, falling
objects, and false visits by perching birds.
This windbox makes it possible to obtain
measurements with high accuracy (Téth &
Pasztor 1997).

Nests were regularly checked to deter-
mine laying date, clutch size, hatching
date, number of eggs hatched, number of
nestlings fledged. Also every evening in
1993 we measured manually the
body-weight of each nestling in the mea-
sured nests with the "nestling weighing"
function of NestBug.

Tab. 6. Females' average minimal faecal loss (g) in the four periods of nesting.

Nest egg-laying incubation brooding late feeding
G40-94 - 0.79 £ 0.09 0.74 £ 0.22
G16-95 0.36 £ 0.17 0.76 £ 0.12 1.03 £ 0.27 0.95+0.16
G225-95 0.28 +£0.12 0.53+£0.20 - 0.89 £ 0.23
G231-96 - 0.45 + 0.41 0.58+0.17 0.81 £0.23
G65-97-1 - 0.61+ 0.36 0.51+0.22 0.88 £ 0.34
Average 0.32+0.05 0.59 +0.13 0.73 £ 0.24 0.85 £ 0.08
Average time spent

away during the 1992 + 542 754 + 217 369 + 109 523+ 177

first trip (sec)
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We analysed data from 12 Great Tit
nests. Nests were observed by the weighing
system for a minimum of 6 and a maximum
of 47 days. The measurements were started
at different nest stages, but each nest was
measured up until fledging. A set of analy-
ses was performed only on the five nests
with the longest periods of measurement,
two of them monitored from egg-laying
and two from incubation (Tab. 1).

2.3. Data processing

"NestBug", the data-collection module of
"The Wisitor" recognises arrival and de-
parture events of the parents. It records the
time of the event and relevant original
weight data. "Estimate" is a data-proces-
sing module which estimates the two
weight levels at each event: immediately
before and after the event. "VisAna" is an
analysis module which calculates weight
changes and applicable variables at each
event, builds up visit records, separates
visits into those of each parent, based on
their body weights, and supports manual
correction of this identification on inter-
active graphs.

During the nestling feeding period we
can determine the body weight of the visit-
ing parent bird from the change in the nest
weight at departure when the parent did
not remove a faecal sac. Cases when a fae-
cal sac was removed can be detected with
high certainty, as a faecal sac is usually
much heavier than a food load brought for
the young (Woodburn & Perrins 1997 and
our own unpublished measurements).

We collected the body-weights of the
parents at the beginning and at the end of
their "workday". We use the term "morn-
ing weight” (AfW) for the departure weight
at the first visit each day and “evening

weight” (EW) for the departure weight at
the last visit. When a female spent the
night in the nest her “roosting weight”
(RW) was estimated by her last arrival
weight after which she stayed in for the
night, and we also collected her “depar-
ture weight” (DW) at dawn. Departure
weights are usually higher than the respec-
tive morning weights as the female loses
weight through defecation during her first
trip.

We analysed changes in the parents'
morning and evening (roosting) body
weight profiles and tried to find signifi-
cant trends (Fig. 1). We calculated the
changes in weight from day to day, as well
as separately for daytime and overnight
(Fig. 2). For the females we divided the
overnight weight-loss into two parts. The
first part was calculated from the differ-
ence between the roosting weight in the
evening and the departure weight in the
morning. This is the weight lost during the
night through respiration and evaporation
(continuous overnight weight-loss). The
second part was calculated from the dif-
ference between the departure weight
(leaving nest after the night) and the morn-
ing weight (leaving the nest after her first
visit). This difference slightly underesti-
mates the weight of the female's faecal
weight-loss as she may also eat during this
first trip.

Comparison of subsequent morning
weights of males was problematic, as the
time of their first visit to the nest varied to a
great extent from day to day, while the
body weights of the parents typically show
a rapid increase during the first few hour:
of the day. To take this into account, we
corrected all the morning weights of the
males to the same time (5.00 am) by re-
gressing their body weight on their arrival
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Fig. 3. Method of correction of the male's morning weight (nest G16-95). Each point on the graph
represents the time of the first arrival and weight of the male on a certain day. The characteristics
of the fitted line on the morning weight versus time of arrival diagram are shown.

time (Fig. 3). However, we could not in-
clude in the analysis those days when the
male arrived after 7.00 am, as these arrival
weights do not fit the "early morning line".

2.4, Statistics

Linear regression was used to demonstrate
trends in the weight profiles in the differ-
ent periods and also for the correction of
the males' data. After testing for the homo-
geneity of variances, we performed single
classification ANOVAS to investigate any
significant differences between the differ-
ent periods. The brooding period was
eliminated from the ANOVA, because its
variance caused significant inhomoge-
neity of variances. We compared the mean
weights of the different periods (egg-
laying, incubation, late feeding) with
Scheffe's-test. We used t-tests to investi-
gate differences in the overnight weight-

loss between two periods. Mann-Whitney
U-tests were performed on the time com-
ponents. All tests were carried out using
the software package Statistica for Win-
dows v5.1 (StatSoft Inc. 2300 East 14th
str. Tulsa, OK 74104, USA).

3. Results

3.1. Weight profiles

We used linear regression for the initial
tests. The fitted lines for the females'
weight profiles of the whole measurement
periods showed significant decreases in all
the analysed cases. The slopes of the fitted
lines ranged from -0.07 to -0.15 g a day and
their slopes differed significantly from
each-other (test of paralellism, df = 4, 121,
Morning weights: F=3.51,p<0.01, Roost-
ing weights: F=7.34, p <0.001).



8 ORNIS HUNGARICA 7:1-2 (1997)
2T last eqq laid
&) * hatching
‘.-S., iR —_-—-—-— — - *
g 20 _-:-T—— -—__-_""— nd of broodin ﬂed;’ln q
o - TemmE - <> _ +
g 18 T - --=--_ - ::-=-— = -
g T Ee— Eo R =ac
| eqq layin incubation -
187 19.95 19.36 brooding
: late feeding
17.44
14 +—+—F—+—t+++ -+t
-24-22-20-18-16-14-12-10 8 6 4 -2 0 2 4 6 8 1012 14 16 18 2C
days
24 T last eqq laid
T - hatching
) — R
@ -
- 2T *
S - —me=——w =- . endofbrooding .
e -, = fledging
o l - - T T ————>
s T = == = —rmaTm
£ eqq laying ~==m=ow=giIzzi o=
18 T 2269 incubation brooding _ EmZ
20.58 late feeding
18 61
16 +—— +—+—+—+

-26 -24 -22 -20 -18 -16 -14 12 10 -8 -6

4 2 0 2 4 6 81012141618

days

Fig. 4. Females' morning (above) and roosting weights (below). The data of the 6 nests are ar-
ranged according to the date of hatching. The average morning or roosting weights of all the fe-
males are shown under the periods' name. The length of brooding differed from nest to nest. The
arrow under the "end of brooding" shows the period when broodings were finished.

The males' corrected weight profiles
showed no significant trends in any of the
observed individuals (N 12 males).
Therefore in this paper we shall concen-
trate on the females.

A standard method in bird studies is to
catch the birds on certain days at various
times and weigh them (e.g. Merila &
Wiggins 1996). We checked whether

someone could still find a decrease in the
females' weight between incubation and
fledging by this method. We selected the
morning and roosting weights of the last
day of incubation (Day -1) and the last day
before fledging (Day 18) from four nests.
We used paired t-tests for comparison and
we found significant difference only in
half of the possible comparisons (Tab. 2).



