7%
university of 5%,
groningen YL

R

University Medical Center Groningen

University of Groningen

Effects of Density, Beech Crop and Winter Feeding on Survival of Juvenile Great Tits
VERHULST, S

Published in:
Ardea

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
1992

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):
VERHULST, S. (1992). Effects of Density, Beech Crop and Winter Feeding on Survival of Juvenile Great
Tits: An Analysis of Kluyver's Removal Experiment. Ardea, 80(2), 285-292.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/lUMCG research database (Pure): http.//www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 08-06-2022


https://research.rug.nl/en/publications/0e5fd7d8-9fdb-4dd2-96c9-3fcb8278723c

285

EFFECTS OF DENSITY, BEECH CROP AND WINTER FEEDING
ON SURVIVAL OF JUVENILE GREAT TITS;
AN ANALYSIS OF KLUYVER’S REMOVAL EXPERIMENT

SIMON VERHULST

ABSTRACT Density dependent processes and the availability of food may
play an important role in the determination of population size. To investigate
the relationship between density and local survival of juvenile Great Tits
Parus m. major Kluyver removed first brood fledglings in two years. An
analysis is presented of the effects of this removal experiment, beech crop
and additional feeding in winter on local survival. Beech-crop index was
positively correlated with local survival of both first- and second-brood
fledglings. Additional feeding in winter affected local survival of first, but
not of second-brood fledglings. The effect of the removal experiment differed
between birds fledging early or late in the season. Removal of first-brood
fledglings had a negative effect on local survival of the remaining first-brood
fledglings. This effect was in accordance with the (quadratic) relationship
between density and survival found in control years, indicating that the rela-
tionship is causal. This is a destabilizing density dependent process. Possible
underlying mechanisms are discussed. Removal of first-brood fledglings en-
hanced local survival of second-brood fledglings. The enhancement was in
accordance with the relationship found in control years, indicating that this
relationship too is causal. Density of second-brood fledglings did not affect
local survival of first or second-brood fledglings. This study confirms that
food and density-dependent processes play an important role in the determi-
nation of population size but the effect of these factors differs between birds
fledging early or late in the season.

Netherlands Institute for Ecology (Center for Terrestrial Ecology), P.O.Box
40, 6666 ZG Heteren and Zoological Laboratory, Haren, The Netherlands.

INTRODUCTION

Density dependent processes and the availability
of food have always been considered to play a ma-
jor role in the determination of population size and
have therefore received much attention in popula-
tion biology (Kluyver 1971, Newton 1980, Cavé &
Visser 1985). In this paper [ will concentrate on the
effects of density and availability of food in winter
on the survival on juvenile Great Tits.

Density dependent survival has been docu-
mented in severaltit species, e.g. Willow Tit Parus
montanus (Ekman er al. 1981, Ekman 1984) and the
Blue Tit P. caeruleus (Dhondt et al. 1990). In the
Great Tit local survival of fledglings has been
found to correlate with fledgling density in two
studies (Dhondt 1971, McCleery & Perrins 1985)
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but not in another (Van Balen 1980). When first-
and second-brood fledglings are analyzed sepa-
rately it was found that local survival of second-
brood fledglings is negatively correlated with den-
sity of first-brood fledglings (Kluyver 1971, Tin-
bergen et al. 1985) but survival of first-brood fledg-
lings was not dependent on fledgling density. How-
ever, density of first-brood fledglings correlates
well with density of breeding pairs and this may be
the cause of the relationship found. Other, uniden-
tified, factors may also be involved. Experiments,
in which the density of fledglings is manipulated,
are required to establish whether a causal relations-
hip exists.

Local survival rate of second-brood fledglings
is lower than that of first-brood fledglings (Kluyver
1951, Dhondt & Hublé 1968), and local survival rate
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of late fledglings is generally lower than that of ear-
ly fledglings (Perrins 1965, Verhulst & Tinbergen
1991, but see Tinbergen & Daan 1990). Kluyver
hypothesized that this was caused by competitive
exclusion of the second-brood fledglings by the
first-brood fledglings (Kluyver 1971). This idea is
supported by the fact that second-brood fledglings
are subdominant to first-brood fledglings in the
first months of their lives (Drent 1983, p. 108) and
by a demonstration of the effect of prior occupancy
on dominance (Sandell & Smith 1991). Kluyver
(1971) conducted an experiment to test his hypo-
thesis. In two successive years he removed most of
the first brood young before fledging. His analysis
consisted of a comparison of the annual local sur-
vival rates of first and second-brood fledglings
within control and experimental years. In control
years, local survival of second-brood fledglings
was lower than survival of first-brood fledglings
but in the experimental years survival rate of first-
and second-brood fledglings was approximately
equal. He therefore concluded that density of first-
brood fledglings has a negative effect on local sur-
vival of second-brood fledglings. In his analysis he
assumed that the removal experiment did not affect
survival of first-brood fledglings. However, the re-
moval experiment also affected local survival of
first-brood fledglings (see below). Kluyver also
showed that adult density is negatively correlated
with fledgling survival. In this analysis beech-crop
index, with which local survival is associated (Per-
rins 1965, Van Balen 1980, Tinbergen et al. 1985),
was not taken into account. This may affect his con-
clusions since there is a negative correlation be-
tween beech-crop index and adult density (Van Ba-
len & Hage 1989). I therefore reanalyzed Kluyver’s
data with the aim to test his hypothesis that local
survival of second-brood fledglings is causally re-
lated to density of first-brood fledglings. In addi-
tion the effect of fledgling density on the local sur-
vival of first-brood fledglings was analyzed.

The availability of food in winter has been
shown to affect local survival rates of Great Tits
(Perrins 1965, Von Haartman 1973, Van Balen 1980,
Killander 1981, Tinbergen et al. 1985). 1 therefore
also analyzed the effects on local survival of the

size of the beech crop and the amount of additional
feeding in winter.

METHODS

Kluyver conducted the experiment in 1967 and 1968
in De Hoge Veluwe, a mixed forest near Arnhem,
The Netherlands, the study area covering 320 ha
inthis period. Nestboxes were checked weekly dur-
ing the breeding season, all nestlings were ringed
and most parents were caught and ringed (see Van
Balen 1973) for details concerning the study area
and procedures of data collection in the breeding
season).

Density of first-brood fledglings was reduced
by approximately 90% in 1967 and 80% in 1968.
This was achieved through removal of all eggs or
nestlings from most nests. In the first year most re-
movals were in the egg phase, in the second year
most removals took place in the nestling-phase.

I analyzed the annual local survival rates of
first- and second-brood fledglings with a stepwise
forward multiple regression procedure. Local sur-
vival was defined as recaptured within the study
area after the 31st of March of the year following
the year of fledging. Prior to analysis the local sur-
vival rates were arcsine transformed (Sokal &
Rohlf 1969). The period 1960-71 was selected for
the analysis because exactly the same study area
was used during these years. Consequently, there
were ten control years (1960 - 1966 and 1969 - 1971)
and two experimental years (1967 & 1968).

The effect of additional feeding was investigat-
ed by including the amount of feeding as a variable
in the multiple regression analysis (no feeding = 0,
small scale feeding = 1, large scale feeding = 2).
There was no additional feeding in winters follow-
ing the years 1960-63, small scale feeding in 1964
and 1965 and large scale feeding in 1966-71 (Van
Balen 1980).

Variables tested in the model are: beech-crop
index of the autumn following the corresponding
breeding season (figures taken from Bastide & Van
Vredenburgh, 1970, and Van Balen 1980), the ex-
periment as a dummy variable (control years = 0,
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experimental years = 1), density of first- and sec-
ond-brood fledglings, density of breeding adults
and the amount of additional feeding in winter.
Density is defined as birds per 10 ha.

In most years, density of second-brood fledg-
lings and density of all late fledglings (hatched after
11 June) is nearly identical, The experimental years
are an exception however, since breeding pairs of
which the first clutch was removed often renested
and their young were allowed to fledge. Most young
from these repeat clutches fledged at approximately
the same time as the second-brood fledglings and in
experimental years the density of all late fledglings
is therefore markedly higher than density of second-
brood fledglings. This holds also for first-brood
fledglings and early fledglings (hatched before 12
June), although the difference is much smaller. For
this reason I also investigated the effect on local
survival of density of all early and all late fledglings
instead of first- and second-brood fledglings.

RESULTS

First-brood fledglings

Local survival rate of first-brood fledglings was
positively correlated with beech-crop index (R? =
0.65, P < 0.002, Fig. 1a). To test whether the den-
sity-manipulation affected local survival rate, the
experiment was added to this regression model as
a dummy variable. Local survival in experimental
years was lower than expected on the basis of the
beech-crop index (Fig. 1a) although not significant-
ly so (R2=0.70, beech crop: P < 0.002, experiment:
P >0.2). When the residuals of the correlation with
beech-crop index are plotted against density of
first-brood fledglings (Fig. 1b), it can be seen that
a quadratic relationship emerges. This relationship
is significant in a multiple regression analysis (R?2
= (.89, beech crop: P < 0.002, density: P < 0.004,
density squared: P <0.004). To test whether the sig-
nificance of this relationship depended on the expe-
rimental years I repeated the analysis without the
experimental years. Within this subset the
relationship is still significant (R2 = 0.91, beech
crop: P < 0.02, density: P < 0.02, density squared:
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Fig. 1. Annual local survival of first-brood fledglings

of control and experimental years. A. plotted against
beech-crop index. Regression line is based on control
years only. B. Residuals of Fig. 1a plotted against density
of first-brood fledglings (fledglings/10 ha). Regression
line is based on control years only. C. Residuals of Fig.
1b (calculated using the regression line through both
control and experimental years) plotted against the
amount of additional feeding in winter (no teeding = 0,
small scale feeding = 1, large scale feeding = 2). Al-
though statistical evaluation was based on arcsine trans-
formed data, the figures are based on untransformed data.

P < 0.02). Furthermore, the survival rates in the
experimental years are in accordance with values
expected on the basis of the control years (Fig. 1b).
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Replacement of density of first-brood fledglings by
the density of all early fledglings (hatched before
12 June) and the survival of first-brood fledglings
by the survival of all early fledglings yielded the
same results. Density of second-brood fledglings
(or of late fledglings, hatched after 11 June) and
density of breeding pairs did not significantly affect
local survival rate of first-brood fledglings.
Additional feeding had a positive effect on local
survival of first-brood fledglings if the effects of
beech crop and density of first-brood fledglings
were taken into account (R? = (.96, beech crop:
P < 0.001, density: P < 0.001, density squared:
P <0.001, additional feeding: P < 0.02, Fig. 1¢).
All two-way interactions between variables in
the model were tested and none was significant.

Second-brood fledglings

Local survival of second-brood fledglings was
positively correlated with beech-crop index (R2 =
0.40, P <0.03, Fig. 2a). To test whether the density-
manipulation affected local survival rate, the ex-
periment was added to this regression model as a
dummy variable. Local survival after removal of
first brood fledglings was significantly higher than
expected on the basis of the beech-crop index (R?2
=0.69, beech crop: P <0.02, experiment: P <0.02).
The dummy variable in the model could be re-
placed by density of first-brood fledglings (R2 =
0.83, beech crop: P < 0.004, density: P < 0.002,
Fig. 2b) and subsequent addition of the dummy
variable to this model was no longer significant
(experiment: P > 0.3). This implies that the exper-
iment raised local survival rate of second-brood
fledglings as much as expected on the basis of non-
experimental data. Density of second-brood fledg-
lings (or of late fledglings, hatched after 11 June),
density of breeding pairs and additional feeding in
winter did not significantly affect local survival
rate of second-brood fledglings. Analysis of local
survival of all late fledglings, instead of only sec-
ond-brood fledglings, yielded the same result. All
two-way interactions between variables in the
model were tested and none was significant.

The analysis for both first- and second-brood
fledglings was repeated with the proportion of
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Fig. 2. Local survival of second-brood fledglings.
Legend as in Figure 1.

birds recaptured as local recruit in the first year
after fledging as dependent variable (instead of all
recaptures after 31st of march after the year of
hatching). This proportion was corrected for cap-
ture rate of breeding birds (Tinbergen ef al. 1985).
These analyses yielded the same results.

DISCUSSION

Beech crop and additional food
Local survival of first- and second-brood fledg-
lings was positively correlated with the beech-crop
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index (Fig. la & 2a). This is consistent with Van
Balen’s analysis of approximately the same data
(Van Balen 1980) and with results obtained else-
where (Perrins 1965, Tinbergen ef al. 1985). Al-
though Great Tits do in fact eat beech seeds when
available (Van Balen 1980), it is not clear whether
the relationship between seed avatilability and local
survival of tits is causal. Perrins (1965) suggests
that differences in survival rate between years with
high and low beech crops are already established
before the time that tits eat the seeds. A further
complication is that local survival is correlated
with the beech-crop index in areas without beeches
(for example on Vlieland, Tinbergen er al. 1985).
It is therefore unlikely that the seed crop itself is
the sole causal factor involved. For a completer dis-
cussion of the subject see Perrins (1965), Van Balen
(1980) and Tinbergen er al. (1985).

Additional feeding raised local survival of first-
brood fledglings (Fig. 1c), but not of second-brood
fledglings (Fig. 2c¢). Although Van Balen (1980)
analysed approximately the same set of Hoge Ve-
luwe data, he found no such effect. There are two
likely causes for this difference in results. Firstly,
Van Balen did not analyse first- and second-brood
fledglings separately and secondly, the effect of ad-
ditional feeding is only significant when the effect
of beech crop and the (quadratic) effect of fledgling
density is taken into account.

Why is there no effect of additional feeding on
second-brood fledglings? The distribution of the
additional food (up to six food containers) may
have played a role. Second-brood fledglings are
subordinate to adults and first-brood fledglings
(Drent 1983) and the surrounding territorial birds
and first-brood fledglings may have prevented the
second-brood fledglings from using the additional
food. This idea was originally suggested by Van
Balen (1980) to explain why, in his analysis, ad-
ditional feeding affected survival of adults, but not
of juveniles. Reduced access to the food could also
be caused by higher dispersal rates of second-brood
fledglings (Dhondt & Hublé 1968, Kluyver 1971).

Since additional feeding affected local survival
of first-brood fledglings it can be concluded that
the availability of food in winter is causally related

to local survival of first-brood fledglings. For sec-
ond-brood fledglings however no conclusion can
be reached. I found no effect of additional feeding
but I do not know whether the second-brood fledg-
lings had access to the food.

Density dependence

A quadratic relationship was found between
density of first-brood fledglings and the local sur-
vival rate of these fledglings. This implies that as
density increased up to a certain point, local surviv-
al rate of first-brood fledglings increased. How-
ever, beyond that point, an increase in density
lowered local survival rate. The experimental data
fit the relationship between local survival of first-
brood fledglings and density of first-brood fledg-
lings as deduced from the non-experimental years.
This can be seen in Figure 1b in which the experi-
mental data are very close to the regression line al-
though this line is based on control years only. It
can therefore be concluded that the (quadratic) re-
lationship between density and local survival rate
of first-brood fledglings is causal.

What could be the underlying mechanism of
this relationship? The quadratic relationship be-
tween density and survival of first-brood fledglings
may be the outcome of two independent processes.
The probability of being caught by a predator may
increase when density becomes very low which
would explain the ascending part of the curve. This
could be caused by a limited possibility to form
flocks when density is low. At very high density
increasing competition between fledglings may re-
duce survival rate, explaining the descending part
of the curve. No data are available however to test
these hypotheses.

Local survival rate of second-brood fledglings
was raised by the removal of first-brood fledglings
(Fig. 2a) and this is consistent with predictions
based on Kluyver’s hypothesis. The data from ex-
perimental years fitted the relationship between lo-
cal survival rate and density of first-brood fledg-
lings as deduced from the non-experimental years
(Fig. 2b). 1 therefore conclude that a causal rela-
tionship between density of first-brood fledglings
and local survival rate of second-brood fledglings
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exists. Furthermore, local survival rate of second-
brood fledglings could not be shown to be affected
by density of adult birds or density of all late fledg-
lings. Tinbergen et al. (1985) came to the same con-
clusions after his analysis of Kluyver’s study on
Vlieland.

There is a negative correlation between the oc-
currence of second clutches and density of breed-
ing pairs (Kluyver 1951). Density dependent sur-
vival of second-brood fledglings may provide a
functional explanation for this relationship (Tin-
bergen et al. 1985). All other fitness components
being independent of density, the density depen-
dent survival of second-brood fledglings leads to
anegative relationship between density and the re-
productive value of a second clutch. As a result the
probability that the optimal behaviour is to start a
second clutch will decrease as density increases.

It is a general pattern that there is a seasonal de-
cline in the survival of juvenile birds (Perrins 1970,
Daan et al. 1989). The effect of first-brood fledg-
lings on local survival of second-brood fledglings
can also be interpreted as an effect of birds hatched
at the beginning of the season on the survival of
birds hatched near the end of the season. Birds
fledging early in the season tend to dominate birds
fledging later in the season and it has been suggest-
ed that this plays an important role in the causal
chain underlying the seasonal decline in survival
(Kikkawa 1980, Garnett 1981, Drent 1983, Arcese
& Smith 1985, Nilsson & Smith 1988). The results
presented here support this hypothesis since re-
moval of early fledglings enhanced local survival
of late fledglings. This leads me to propose that in
species where differential competitive abilities be-
tween early and late fledglings plays a role in the
causal chain leading to the seasonal decline in juve-
nile survival the steepness of this decline will be
density dependent, with steep declines occurring
at high densities. This idea is corroborated by the
fact that in one of our study areas density is high
(Oosterhout: Van Balen 1973) and there is a strong
seasonal decline in juvenile survival within first
broods (Verhulst & Tinbergen 1991) while in an-
other study area density is much lower (De Hoge
Veluwe: Van Balen 1973) and, within first broods,

there is no seasonal decline in juvenile survival
(Tinbergen & Daan 1990).

Kluyver (1971) concluded that there was aneg-
ative correlation between density of adult birds and
local survival rate of fledglings. However, he did
not take possible effects of beech crop into account.
This may explain his results since it has been shown
that a negative relationship exists between density
of breeding birds and the size of the beech crop in
the following winter (Van Balen & Hage 1989).

It is not known to what extent annual variation
in local survival reflects variation in total survival.
Young that were not recaptured may have died but
may also have emigrated. However, unless emi-
gration is assessed quantitatively as a function of
density, there is no way of judging whether this can
explain the locally observed density dependent sur-
vival effects.

It has been shown that adult density plays a role
in territory acquisition in autumn (Tinbergen et al.
1987). However, no effect of adult density on fledg-
ling survival is found in this analysis or in the anal-
ysis of the data collected on Vlieland (Tinbergen
et al. 1985), even though there was sufficient
variation in adult density in this study (range 3.7 -
10.1 adults / 10 ha, C.V. 34%). This raises the
question how important the period of territory ac-
quisition in autumn is as a cause of variation in an-
nual local survivai rates of fledglings. The data pre-
sented here suggest that other factors, such as beech
crop and fledgling density, are quantitatively more
important and thereby make the effect of adult den-
sity negligible. This idea is supported by the fact
that food supply and fledgling density together al-
ready explain 96% and 83% of the annual variation
in local survival of first- and second-brood fledg-
lings respectively.
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SAMENVATTING

Kluyver voerde een experiment uit om het verband tus-
sen dichtheid en overleving bij juveniele Koolmezen te
onderzoeken. Dit experiment bestond uit het manipule-
ren van de dichtheid van de jongen door in 2 jaar in de
Hoge Veluwe eieren en nestjongen uit eerste broedsels
te verwijderen. In dit artikel wordt een analyse gepresen-
teerd van de effecten van dichtheid en voedsel op de
lokale overleving van juveniele Koolmezen.

Bij zowel de jongen uit het eerste als bij jongen uit
het tweede broedsel was er een sterk verband tussen over-
leving en de Beukenotenoogst in de winter volgend op
het geboortejaar (Fig. 1a & 2a). Bij jongen uit het eerste,
maar niet bij tweede broedsel, had bijvoeren in de winter
ook een positief effect op de overleving (Fig. 1c & 2c).

Het effect van de dichtheidsinanipulatie verschilde
tussen jongen uit eerste broedsels en jongen uit tweede
broedsels. Eris een kwadratisch verband tussen de dicht-
heid van jongen uit het eerste broedsel en de overleving

van die jongen. Dat wil zeggen dat met toenemende
dichtheid de overleving eerst toeneemt en vervolgens,
als een bepaalde dichtheid bereikt is, weer afneemt. De
overleving van eerste-broedsel-jongen in jaren waar de
dichtheid van eerste-broedsel-jongen gemanipuleerd is,
komt overeen met de verwachte overleving op grond van
de controle-jaren (Fig. 1b). Dit geeft aan dat er een cau-
saal (kwadratisch) verband bestaat tussen (lokale) over-
leving en dichtheid. Van de dichtheid van volwassen vo-
gels en de dichtheid van tweede-broedsel-jongen kon
niet aangetoond worden dat ze een effekt hadden op de
overleving van eerste-broedsel-jongen.

Het experiment had een positief effect op de overle-
ving van de tweede-broedsel-jongen (Fig. 2a). Dit effect
was in overeenstemming met de experimentele veran-
dering in dichtheid van de eerste-broedsel-jongen (Fig.
2b). Hieruit concludeer ik dat er ook een causaal verband
is tussen de dichtheid van eerste-broedsel-jongen en de
(lokale) overleving van tweede-broedsel-jongen. Vande
dichtheid van volwassen vogels en de dichtheid tweede-
broedsel-jongen kon niet aangetoond worden dat deze
factoreninvloed hadden op de overleving van de tweede-
broedsel-jongen.

Deze studie laat zien dat voedsel en dichtheidsafhan-
kelijke processen een belangrijke rol spelen in de popula-
tiedynamica van de Koolmees.






