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Nest-leaving in the Starling Sturnusvulgaris. an example of

parent-offspring conflict?

ULF OTTOSSON

It has been suggested that there will be a conflict not only
between parent-offspring but al so between siblings, about
when to leave the nest. To investigate which part of the
family initiates nest-leaving Starling nestboxes, with indi-
vidually marked nestlings, were observed prior to, during
and after nestlings had started to leave the nest. Parents
may initiate nest-leaving by deacreasing the provisioning
rate. Itissuggested that the time of fledging isdetermined
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by sibling competion and the trade off between the possi-
bility to be fed inside the nestbox or outside.
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An early major decision for ajuvenile bird to make
iswhento leavethe nest. What makestheminterest-
ed in leaving the comfort and security in anest? Do
nestlingsinitiate nest-leaving themselves or do par-
ents try to force them out, e.g. by reducing feeding
frequency (Trivers 1974, Davies 1976)? Thetiming
of nest-leaving has been suggested to depend on the
outcomeof aconflict of interest between parentsand
their young about the time spent in the nest (Trivers
1985). But, sincealtricial bird nestlingswill contin-
uetobedependent on parental investment for at least
another 10-12 days after they leave the nest, it may
be logically wrong to suggest such a conflict. The
time of nest-leaving may instead be a result of
sibling competitionover parental provisioning, which
is an offspring-offspring conflict, that force nest-
lingsto leavethe nest to increase their possibility to
be fed, despite a possibly higher risk of predation.
Instead of waiting in the nest, a nestling can ap-
proach and follow theparentsin an effort toincrease
its chances of monopolising delivered food. In this
context the order of nest-leaving is of special inter-
est, and this has been subject of discussion (Lemel
1989, Nilsson 1990, Nilsson & Svensson 1993). It
hasbeen argued that for birdsbreedingin nest-boxes
itwill beasubdominant nestlingin lessgood condi-
tionthat will leavefirst (Lemel 1989). Inthenestbox

the largest nestling will monopolise the feedingsin
the entrance hole and the only way for the other
nestlings to be fed is to leave the nestbox. Several
studieshave actually shown that dominant nestlings
have succeeded in monopolising feedings (e.g.
Bengtsson & Rydén 1983, Gottlander 1987, Forbes
& Ankney 1987, Kacelnik et al. 1995).

By observing Starling nestsbeforeand during nest
leaving, | obtained information about the nest |eav-
ing process to elucidate the factors that determine
this process.

Material and methods

Thisstudy wasconductedintheRevingearea, 20km
east of Lund, southern Sweden. Inthisareasome500
nest-boxes are erected in treerowsin colonies of 15
or 40 nest-boxes. In this particular study individual
nest-boxes from several of these colonies were in-
cluded. Nest-boxes were chosen so that prior activ-
ities did not conflict with the aim of this study.
Whennestlingswere14 daysoldthey wereringed,
weighed to nearest 0.5 gram with a Pesola spring
balance and had their right tarsus measured with a
caliper to nearest 0.05 mm. Further, each nestling
wasindividually colour marked onitsforehead with
a small spot of non-poisonous acrylic-paint. Nest-
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lingswere size-ranked within broods both on tarsus
and mass. To overcome the problem with different
clutch sizes these ranks were transformed to frac-
tional ranks by dividing the absolute ranks with
clutch size+1, and the same was made for the nest-
leaving order.

From two to four days before the expected fledg-
ing day (day 20), atotal of 33 nestswere observed,
9in 1992 and 24in 1993, during atotal of 124 hours.
The provisioning procedure was studied and regis-
tered either from ablind or with help of camcorders
between one and three hours per day until fledging.
Inthislate stage of the nestling period, one nestling
is more or less constantly occupying the nest en-
tranceand almost all feedings occur in the holewith
the parent sitting on the outside of the nestbox. With
the help of the individual colour marks on their
forehead it was easy to determine which nestling
occupied the entrance holeand whowasfed. During
an observation period we registered at what time a
nestling started to occupy the entrance hole, when it
disappeared from the hole and if fed, when and by
which parent. Weincluded only feeding frequencies
obtained during observation periods longer than 15
minutes and feeding frequencies were corrected to
that expected at 07 00 hours using linear regression,
according to data from Sandell et al. (1996).

Nest-leaving order was al so obtained by repeated
visits to these and about 15 other nestboxes during
the nest-leaving period. During these visits the
number andidentity of nestlingsleft wereregistered.
When visiting nestboxes the observer did not touch
the nestling to avoid disturbance that could cause
premature fledging. Jump order was transformed to
fractional jump rank in same way as the size ranks
(see above).

Statistical analysiswasmadein SY STAT (Wilkin-
son 1992). A p-value of less than 0.05 was consid-
ered significant.

Result
Timein the nest

Inmost nestsnestlingsstarted to fledge 21 daysfrom
hatching of the first egg (range 18 to 23; Figure 1)
and the nest-leaving generally spanned over two
days (Ottosson in prep.). The time in the nest was
related to the tarsus length of the largest nestling in
a nest, on the day of ringing (P=0.029, r= 0.24,
n=84) but not to mass (P=0.612, r=0.06, n=84).
Average tarsus length or average mass of the clutch
showed no relation to the time in the nest, nor did
brood size.
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Figure 1. Time of nest-leaving: the number of days between
theday thefirst nestling hatched and the day thefirst nestling
|eft the nest-box. The bars show the proportion of recorded
nests.

Tid for utflygningen: antal dagar i holken mellan den dag d&
den forsta ungen kléacktes och den dag den forsta ungen
|amnade holken. Saplarna visar proportion av registrerade
bon.

Feeding

During the first part of the nestling period parental
feedings were delivered inside the nestbox. Later
parents fed nestlings from the entrance hole but the
nestlingswerestill sittinginside. When thenestlings
reached 17-18 daysof agethey started to occupy the
entrance hole, where they also were being fed. The
average proportion of time when the entrance hole
was occupied by anestling increased asthefledging
date was approached, from avery low proportion to
about 70% of the time on the day before fledging
(Figure2). Thesizerank, both tarsusand massrank,
did not influence the proportion of time that the
nestlings occupied the entrance hole.

Starling parents decreased their provisioning rate
before the fledging of the first young (Figure 3a).
The difference in provisioning rate between two
days before fledging and on the day of fledging,
before any young had fledged, was significant (Fig-
ure 3g; t-test t,;=2.62, P=0.015). When nestlingshad
started to leave the nest, those behind seemed to get
the same amount of food as before any had left
(Figure3b). Nestling size, heretarsusrank and mass
rank, did not influence the number of feedings a
nestling received. Inthethreeneststhat we observed
after morethan two nestlingshad | eft, only oneof the
parents continued to feed the remaining nestling(s).
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Figure 2. The average summed proportion, per nest, of obser-
ved time that nestlings spent in the hol e versus the number of
days before the day of fledging of the first nestling in anest.
Dentotalatid somungarnai en holk vistadesi holkdppningen
redovisad som proportion av observationstiden i relation till
antal dagar till dess att den forsta ungen lamnade boet.

Nest-leaving

During our observations we saw when 15 nestlings
actualy left the nest, eight (53%) of them left the
nest directly after they had been fed. Further, 13 of
the 15 nestlings (86.7%) had been fed at least once
(average 1.4 feeds) duringthelast 15 minutes. Of the
same 15 nestlings, five were the first to leave their
respective nest, four of these five nestlings left in
conjunction with afeeding, and al had been fed at
least once the last 15 minutes.

Jump order

Theorder inwhichthe nestlingsleft the nest wasnot
correlated to their size, herefractional tarsusrank at
ringing on day 14 (P=0.14, r=0.19, n=59) or with
fractional massrank (P=0.88, r=0.02, n=59). How-
ever, there was a tendency towards a correlation
between a nestlings condition, here the residual of
the regression of mass versus tarsus length and the
fractional nest-leavingorder (P=0.088,r=0.23, n=56;
Figure4). Thistendency disappears, however, if the
few nestlings in poorest condition are removed.
Nestlings in better than average condition did not
tendto leaveearlier. Hence, therewasno correlation
over the whole range of residua conditions.
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Figure 3. The average number of feedings per individua and
hour versus (upper) the number of days before the day of
fledging of thefirst nestling in anest and (lower) the number
of fledged nestlings, horisontal bars show standard error.
Det genomsnittliga antalet matningar per individ ochtimmei
relation till (6vre) antal dagar till dess att den forsta ungen
|amnade boet och (undre) antal ungar som flugit ut.

Discussion

The nest-leaving process in the Starling generaly
spans over more than one day (Ottosson, unpupl.
data). This is what one would expect since the
asynchronous start of incubation in the Starling
produces a size hierarchy with one nestling almost
one day younger than its nest-mates. Thissize hier-
archy last at least until the nestlings are 14 daysold
(Ottosson 1997).
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Figure 4. Individua nestlings' order of nest-leaving plotted
against condition, heretheresidual for theregression between
mass and tarsus length.

Individuella ungars relativa holklamningsordning i relation
till kondition, hér métt som residualen for regressionen vikt
mot tarslangd.

The parents seemed to initiate nest-leaving by
decreasing the provisioning rate towards the end of
thenestling period (Figure3a). Toreducetheamount
of food brought to the nest is al so the most obvious
way in which parents could manipulate their young
to leave (c.f. Davies 1976, 1978). The benefit for
parentsto havethenestlingsoutsidethenest-box can
be shorter foraging tripsand adecreased risk of loss
of the hole brood.

Alternatively, the decrease in provisioning rate
may be an effect of a decrease in nestling demand
after they haveleft themost intense period of growth
(c.f. Ottosson & Smith, in prep.). Thisis supported
both by the result that the provisioning rate per
nestling was constant after nestlings had started to
leave the nest (Figure 3b), and by the result that
nestlings that actually were observed leaving the
nest left shortly after afeeding. Soit isnot necessar-
ily sothat Starling parentsdecreasetheprovisioning
rate in order to force the nestling out of the nest as
have been shown in other studies (Lemel 1990,
Nilsson & Svensson 1993).

Onedoesobserveparentsflyingaroundinfront of
the nestbox calling and with food in their beaksin a
way that one, at least asahuman, interpretsasaway
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of enticing the nestlingstoleave. Unfortunately, itis
hard to evaluate the importance of this behaviour,
but it remains as an anecdotal fact.

Therewasno significant correlation between size
rank, here both tarsus rank and mass rank, and the
nest-leaving order. Further, the proportion of indi-
viduals which were known to have left first was
more or less equal between tarsus rank categories
onetofour. Thiscan beexplained by arelatively low
variation in size between the synchronous nestlings
inthe clutch (Ottosson 1997). However, therewasa
tendency for the condition of thenestlingsontheday
of ringing to correlate with the nest-leaving order.

Starling nestlings leave the nest in the later part,
not at the end, of the period of parental investment
(Trivers 1972) and the time of nest-leaving will not,
therefore, be subject to the traditiona parent-off-
spring conflict asproposed by Trivers (1985). How-
ever, one part of the parent-offspring conflict (Triv-
ers 1974), the intra-generational conflict, includes
sibling conflict/competition over current parental
investment. Towards the end of the nestling period
the proportion of timethat the nestlings spend inthe
entrance hole increases and so does probably aso
the competition for thisfavoured position. It seems,
however, that no singleindividual tried or were able
tomonopoliseparental investment by occupyingthe
entranceholepermanently. But asthecompetitionin
the nest increases an individual nestling hasto trade
thepossibility of being fedinsideagainst outsidethe
nest-box, and thismay bethefactor that triggersthe
nestling to leave.
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Sammanfattning

Utflygningen hos stare Sturnus vulgaris: exempel
pé en konflikt mellan foraldrar och ungar?

Ett av de forsta viktiga beslut en fagelunge skall ta,
ar nér denskall lamnaholken. Vad & det somfar dem
att lamna bekvamligheten och sékerheten i boet?
Bestémmer ungarna géva néar de skall 1damna boet
eller & det foraldrarna som pa nagot sétt tvingar ut
dem (Trivers 1974, Davies 1976)? Det har foresla-
gits att tiden i boet bestdms av en avvéagning, dar
konkurrens om mat som far dem att 1amna boet for
att okasinachanser att bli matadestéllsmot en hogre
predationsrisk (Lemel 1989, Nilsson 1990, Nilsson
& Svensson 1993). Det har di ocksaantagits att det,
bland framférallt halhackandefaglar, & en subdom-
minant individ som” sticker forst” dadet kantankas
att en dominant individ monopoliserar foréldrarnas
matningar (Lemel 1989). Genom att studerastarhol-
kar pa Revingefaltet, utanfor Lund, fore och under
bolamnandet forsokte jag fa informatiom om hur
holkl&mningsprocessen styrs.

Nér starungarnavar 14 dagar gamla ringmérktes
de och biometriska datatogs. Dessutom mérktes de
individuellt, inom holken, genom att pannorna féar-
gades med olika farger. For att komma runt proble-
met med olikastorakullar anvandsvid storleksjam-
forelser och uthoppsordning, relativa ranker d.v.s.

en unges individuella rank divideras med kullstor-
lek+1. Totalt observerades 33 bon under 124 timmar
frén 2—4 dagar fore forvantad uthoppsdag, dag 20,
tills alla ungar hoppat ut. Under observationerna,
som gjordes fran gémsle eller med videokamera,
registrerades vilka ungar som uppehdll sig i holk-
Oppningen och vilkasom blev matade. Uthoppsord-
ningen registrerades genom upprepade besok till
dessa holkar och till ytterligare 15.

Botid

| deflestaholkar bdrjadeungarnahoppaut nér devar
21 dagar gamla och i allménhet hoppade den sista
ungen ur boet dagen efter den dag forst ungen hade
hoppat ut.

Matning

Under de forsta 16-17 dagarna efter klackningen
matar starféréldrarna ungarna inne i holken, men
déarefter borjar ungarna att tigga frén holkoppning-
en, i vilken matningen ocksa sker. Att den tid som
holkdppningen & ockuperad av en unge 6kar mot
slutet av botidenillustrerasi figur 2. Starforaldrarna
minskade matningsfrekvensen mot sl utet av botiden
och skillnaden mellan matningsfrekvensen tva da-
gar fore uthoppsdagen och uthoppsdagen var signi-
fikant (Figur 3a, t-test t,;=2.62, P=0.015). Ungarnas
storlek, hér tarslangd, péverkade inte antalet mat-
ningar som en unge fick och i de tre bon som vi
observerade efter det att mer &n tvaungar hoppat ut
matade bara ena foréldern.

Uthopp

Vi observerade direkt nér 15 ungar |amnade boet,
och 8 av dessa lamnade direkt efter det att de blivit
matade och 13 hade blivit matade &minstone en
gang de senaste 15 minuterna.

Uthoppsordning

Ungarnas uthoppsordning var inte korrelerad till
storlek, tarslangd, eller vikt vid ringmérkningstill-
félet, dag 14. Men det fanns en tendens till att en
ungeskondition, hér residualen av regressionenvikt
mot tarsléngd, var relaterad till ungarnas relativa
hoppordning. Daen unge med residualen noll ligger
paregressionslinjen, har vikt mot tarslangd, innebér
detta att ungar med forhallandevis 18g vikt i forhal-
lande till sin storlek, allmént ansedda varai samre
kondition, tenderar att [amnaboet tidigare &n ungar
i béttre kondition.

Det verkar som om forddrarnainitierar uthopps-
processen genom att sénkamatni ngsfrekvensen mot
slutet av boperioden (Figur 3a). Att dra ner pa
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matningen & ju ocksa det mest naturliga sattet for
ford drarnaatt lockaut ungarna. Fordelenfor forél d-
rarna att f& ut ungarna ur holken kan antas vara de
kan fa kortare vag till fodosokplatserna och att
risken for att forlora hela kullen genom predation
minskar.

Alternativt & det sdatt matningsfrekvensen mins-
kar darfor att ungarnas efterfrégan pa mat minskar
nar de passerat demest intensivatillvaxtfasen. Detta
bekréftas delvis av att matningfrekvensen per unge
var mer eller mindrekonstant &ven efter det att ungar
borjat 1amna boet. Det &r alltsdinte sakert att det &
for att tvingaungarnaut ur holken som starfora drar-
na sanker matningsfrekvensen. Starforéldrar obser-
verades ocksa flyga framfor holken med mat i néb-
ben paett sitt som atminstone en mansklig betrakta-
re tolkar som om de forsoker locka ungarna ut ur
boet. Tyvarr &r det svart att utvardera betydelsen av
dettabeteende men det & &minstoneett anekdoti skt
faktum.
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Det fanns ingen relation mellan storlek eller vikt
och uthoppsordning, vilket eventuellt kan forklaras
av enrelativt liten variationinom kullarna. Déaremot
fanns det en tendenstill att faglar med samre kondi-
tion hoppade ut fore de i ndgot battre kondition.

Starungar l&mnar boet under den senare delen,
intevid slutet, av den tid som forédrarnainvesterar
i dem och uthoppstiden &r darfor inte ett resultat av
en forddrar-unge konflikt sensu Trivers (1985).
Men i dlutet av botiden Okade starungarnas tid i
holképpningen och datroligen ocksa konkurrensen
inomkullenom dennaposition. Det verkar dock inte
som om négon unge ville eller kunde monopolisera
forddrarnas matningar genom att ockupera holk-
Gppningen. Men d& konkurrensen mellan syskonen
Okar maste den enskilda ungen gora en avvégning
mellan majligheternaatt famat i holken mot majlig-
heten att bli matad utanfor och det &r ju inte osanno-
likt att detta beslut paverkas av ungens kondition.





