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Abstract

In avian young that are dependent on parental fwodisioning, brood size and corresponding
sibling competition are key environmental factorecting present performance, future
developmental trajectories, and ultimately fitne®géithin-brood competition for nutritional
resources as well as the energetic costs of soampetition may have a general impact on the
sibship, but often also differently affect chickghin brood hierarchies based on hatching rank
and sex. Testosterone (T) and corticosterone (COR@roid hormones associated with
aggression and stress response, respectively,oaed ¢andidates for proximately mediating
sibling conflicts and the physiological consequandestudied the effect of sibling competition
on chick condition and possibly underlying behavabwand hormonal patterns and mechanisms
in the common terterna hirundpa semiprecocial bird species exhibiting hatctasgnchrony,
slight sexual size dimorphism, and profound effectshicks' mass growth on their fitness.

First, | conducted an observational study on setching rank-, and brood size-specific patterns
in chick condition, success in competitive behawi@nd T and CORT levels. | hypothesized T
and CORT levels to vary with hatching order and s&xhe chicks. Condition was better in
senior than junior chicks and as a tendency alsieh®m male than female chicks. In contrast,
neither competitive success nor hormone levelsedawith hatching rank or sex. However, T
levels were affected by the interaction of the eéxhe senior chick in a brood with hatching
order: Male seniors had lower and female seniodshigher T levels than their junior siblings,
respectively. Correspondingly, with respect to d¢bhod male seniors tended to be more superior
to their younger brood mates than did female seanior

Second, to investigate the effect of sibling contiget on chick condition, feeding rates, and T
and CORT levels, | experimentally varied the extainvithin-brood competition by a one-day

removal of the senior siblings from two-chick breod tested the hypotheses that the junior
chick remaining in the colony will in response shincreased feeding rates, ameliorated
condition, and decreased T and CORT levels. Iratisnce of their siblings, juniors' condition

indeed improved. Their CORT levels covaried withndition and tended to drop, and

significantly rose again upon the senior's retdmncontrast, the experiment did neither affect
juniors' feeding rates nor T levels.

Overall, the results show that sibling competitioiposes limits on chick condition, at least in
junior chicks, and underline the role of elevate@RTJ levels as a response to connected
energetic stress. T seems to especially play afoolemale senior chicks as a means to impose
their dominance in the brood hierarchy in spiteadfardly superior physique, but the proposed
general link between sibling competition and endoges T does not hold in common terns.
Hatching rank- and sex-related condition patterasndt appear to be governed by baseline
endogenous steroid hormones, but could insteadflieenced by short-term level elevations or
maternal yolk steroids.



Contents

1 Introduction

2 Materials and methods

2.1 Study species

2.2 Study site

2.3 Sample collection
2.3.1 General fieldwork procedures
2.3.2 Sampling protocol and chick removal experitmen
2.3.3 Behavioural observations
2.3.4 Blood sampling
2.3.5 Faeces sampling

2.4 Sample processing

2.4.1 Molecular sex identification

2.4.2 Body condition index
2.4.3-Hydroxybutyrate

2.4.4 Behavioural parameters
2.4.5 Testosterone

2.4.6 Corticosterone

2.5 Statistical analysis

3 Results

3.1 Condition

3.1.1 Body condition index

3.1.23-Hydroxybutyrate

10
10
11
12
13

13

16
16
16

18



3.2 Success in competitive behaviour

3.2.1 Feeding rate

3.2.2 Success in competitive behavioural interastio
3.3 Hormones

3.3.1 Testosterone

3.3.2 Corticosterone

4 Discussion
4.1 Observational study

4.1.1 Condition

4.1.1.1 Influence of hatching order

4.1.1.2 Influence of sex

4.1.1.3 Interaction of hatching order with sex
4.1.2 Success in competitive behaviour
4.1.3 Hormones
4.2 Chick removal experiment

4.2.1 Condition
4.2.2 Feeding rate
4.2.3 Hormones

4.2.3.1 Testosterone

4.2.3.2 Corticosterone

4.3 Conclusion and prospects
5 Zusammenfassung
6 Acknowledgements

7 References

20
20
22
24
24

26

30
30
30
30
32
33
34
36
39
40
41
43
43
45

47

50

52

53



1 Introduction

Environmental conditions experienced early in kfiay not only have immediate effects on
individual performance, but also substantial loag¥t consequences for life-history-trajectories
and fitness (reviews in Lindstrom 1999, MetcalfeM®naghan 2001, Mangel & Munch 2005,
Ludwigs & Becker 2006). In avian young that are elegent on parental food provisioning,
brood size and corresponding sibling competitiam lery environmental factors in this context
(Mock & Parker 1997). Crucial traits of young mag hegatively affected by within-brood
competition for nutritional resources (Leonatal. 2000, Stoehet al. 2001, Magrathet al.
2007) and also by social competition, i.e. beggargl aggression (Leonaret al. 2000,
Neuenschwandest al. 2003), and related energetic costs (Kilner 200ddriguez-Gironegt al.
2001, Chappell & Bachman 2002). Hence, especidtigks in larger broods often suffer
reduced growth, condition and survival (review inafilh 1987; de Kogel 1997, Sanz &
Tinbergen 1999, Naguigt al. 2004, Bogdanova & Nager 2008, @tlal. 2008).

Sibling rivalry, however, does not only have effeain sibships as a whole, but also
differentially affects their single members, oftgithin a hatching rank hierarchy resulting from
hatching asynchrony (reviews in Stoleson & Beissing995, Stenning 1996, Mock & Parker
1997). The developmental head start of first-hatchiblings brings about superior size and
weight (Stenning 1996) and, consequentially, saperompetitive abilities (Ploger & Medeiros
2004, Smithet al. 2005). Hence, the disadvantaged younger siblifgsvsampaired growth,
recruitment and survival (e.g. Bollinger 1994, Cainal. 2003, Gonzalez-Solest al. 2005, Eraud
et al. 2008).

In addition to hatching rank, chicks' sex may a#fect their traits, as has frequently been shown
for growth patterns in birds with sexual dimorphismadults (e.g. Andersost al. 1993b,
Weimerskirchet al. 2000, Badyaev 2002, Mulleat al. 2007a). The larger sex, which in most
cases is the male, has been shown to be complgtisuperior in some cases (e.g. Andersbn
al. 1993a, Priceet al. 1996), but on the other hand, due to higher endeggands (Andersoet

al. 1993b, Krijgsveldet al. 1998, Veddeket al. 2005), also more costly to rear (Weimerskieth
al. 2000, Cameron-MacMillaet al. 2007) and more vulnerable and exhibiting highertaliby,
especially under unfavourable conditions (e.g. Mageal. 2000, Gonzalez-Solist al. 2005,
Benito & Gonzalez-Solis 2007). These sex asymnseare not only a basis for biased sex ratios
(review in Dhondt & Hochachka 2001), but also foorsn complex patterns of within-brood
competitivity and consequentially post-hatching tality (Uller 2006). Indeed, in a number of
studies the performance of individual chicks orehnére sibship has been found to be dependent



on sex of certain, mostly first-hatched chicks (Bma & Hayden 1991, Carranza 2004,
Martinez-Padillaet al. 2004, Blanceet al. 2006) and on the interaction of sex and hatchamd r
(Bortolotti 1986, Velandet al. 2002, Becker & Wink 2003).

Evolutionary origins of the described patternsibhlisg competition and its short- and long-term
effects have received much attention (reviews ienfing 1996, Mock & Parker 1997,
Lindstrom 1999, Dhondt & Hochachka 2001, Badyae®2)0 A necessary complement to
insight into these ultimate causes is the detectibnproximate mechanisms of sibling
competition. The endocrine system has been a fotussearch in this field, as it can interpret
environmental variation to induce plastic indivilueeactions on the physiological and
behavioural level (Duftyet al. 2002). Endocrine modifications are typically sherm; in

developing organisms, though, even ephemeral clangeearly hormone patterns may
permanently change the phenotype and yield fundhefiects on their life-history trajectories
(reviews in Clark & Galef 1995, Lindstrom 1999, Bu&t al. 2002, Groothuiset al. 2005b,

Muller et al. 2007b). In birds, steroid hormones, in particiésmtosterone (T), an androgen, and
corticosterone (CORT), a glucocorticoid, are fazahdidates for mediating sibling conflicts and

the physiological consequences.

T has long been known to regulate aggression armbviary with social competition levels in
adults (e.g. Harding & Follett 1979, Wingfiedd al. 1987). Endogenous T is already present in
nestlings at hatch (Adkins-Rega al. 1990) and there is accumulating evidence thatso al
promotes nestling aggression (Groothuis & Meeuwisk892, Sasvaret al. 1999, Roset al.
2002, Ferreeet al. 2004, Groothuis & Ros 2005; but see Quillfeddtal. 2007b). Similarly,
chicks' begging intensity has been found to betpety influenced by T (Groothuigt al.
2005b, Quillfeldt et al. 2006, Goodship & Buchanan 2006, 2007; but see tBui® &
Meeuwissen 1992, Groothuis & Ros 2005, Quillfeddtal. 2007b). In the long term, however,
elevated T levels involve both benefits (e.g. Sdiivi®96, Groothuigt al. 2005a,b, Goodship
& Buchanan 2006) and substantial costs (Ros 198guNet al. 2004, Groothui®t al. 2005a,

Fargalloet al. 2007, Sockmaet al. 2008) with respect to development and survival.

Elevation of levels of CORT, the principal glucoooid in birds (Wingfieldet al. 1997, Palme
et al. 2005), triggers an array of physiological and eharal responses allowing the animal to
cope with stressful situations, including food s$age (Sapolsky 1992, Kitayskst al. 1999),
both in adults (e.g. Cockreet al. 2006) and young (Holmest al. 1992, Saincet al. 2003,
Quillfeldt et al. 2006, 2007a). These responses include mobilizatfoenergetic resources
(Wingfield et al. 1997, Kitayskyet al. 1999) as well as increased begging intensity, egjon



and consequentially food intake (Kitays&yal. 2001b, 2003, Quillfeldet al. 2006, Loiseatet

al. 2008). On the other hand, elevation of CORT leva@specially when chronic, has
considerable costs including low growth efficiencyeduced immunocompetence and
compromised cognitive abilities later in life (rews in Wingfieldet al. 1997, Kitayskyet al.
2003, Padgett & Glaser 2003).

In the present study, | investigate the effect ibliry competition on chick condition and
possible relations to competitive behaviour andostehormones in the common teBterna
hirunda This species is an appropriate model for theovalhg reasons: Long-term
consequences of early development have been dem@uastFledging mass relates positively to
recruitment probability (Ludwigs & Becker 2006). &kemiprecocial chicks grow at very high
rates (Langham 1983) and exclusively depend onnpardéeeding until fledging (Becker &
Ludwigs 2004), brood reduction (Lack 1954) occuegjfiently (Gonzalez-Solet al. 2005), and
starvation is in many cases, including the studgrog the principal cause of death (Langham
1972, Becker 1998). Chicks hatch asynchronouslyngham 1972) and sexes are slightly
dimorphic (Becker & Ludwigs 2004, Gonzalez-Sok$ al. 2005). T and glucocorticoid
metabolites are present and detectable in chicksa@@h 2005, Sprenger 2007), and begging and
sibling competition for food are distinct and webservable (Braasch 2005, Sméhal. 2005).
For older nestlings it has been suggested that ebnigm between brood mates rather than
parental favouritism is decisive for food allocatiBecker & Wink 2003, Braasch 2005, Smith
et al. 2005; cf. Fargall@t al. 2003, Ploger & Medeiros 2004), which facilitategerpretation of
feeding rates in terms of competitivity.

First, | conducted an observational study on tiecebf chick sex and hatching rank within the
brood and of brood size on chick condition. To tifgnpossibly related behavioural and
hormonal mechanisms, | looked for similar pattemsompetitive success scores aswellasin T
and CORT levels. In a study on common terns, Be&k®Vink (2003) surprisingly found that
male chicks, especially in the last hatching posithad superior peak and pre-fledging masses,
measures interpreted as indicators of conditionckBe & Wink 2002, 2003). This pattern
contrasts with the general view of competitive goinysical superiority of senior chicks (e.g.
Langham 1972). In several bird species, exposuranttrogens has been shown to promote
competitivity and growth of chicks (see above), anditive covariation of androgen levels with
laying sequence has been found (review in Grootauisl. 2005b). This pattern thus has the
potential to compensate the disadvantages of hateahed chicks (Eisingt al. 2001). Inspired

by the finding that also in common terns levelsraiternal yolk androgens are lower in first-
than in later-laid eggs (Frenet al. 2001), Becker & Wink (2003) therefore suggesteithsh



endogenous steroid hormone levels to vary with Hiatc order as an explanation for the
hatching order-specific weight patterns they hadudwented. | accordingly predicted steroid
levels to vary with chick sex and, within the framoek of the observational study, tested both
hypotheses for T and CORT.

Second, in an attempt to establish proximate cdiores; | experimentally investigated the effect
of sibling competition on chick condition, feedimgtes and hormone levels. Practically, |
eliminated the within-brood competition experiendsdjuniors in two-chick broods by short-
term removal of their senior siblings. In detadsked on previously documented correlates and
effects of brood size variation | tested the folilogv hypotheses on the effect of the sibling
removal on the junior chick: As a consequence ofeBsed competition for dietary resources, |
predicted feeding rate to increase (cf. Leonatréil. 2000, Stoehet al. 2001, Magrathet al.
2007), and as a result of this and decreased somapetition, | also predicted an improvement
of condition (cf. review in Martin 1987; Bollinget al. 1990, Sanz & Tinbergen 1999, Sagto
al. 2003, Naguibket al. 2004). The reduction of social and resource coitipetand energetic
stress should also reduce the demand for T and CtoBJering competitive behaviour and
mediating a stress response. Due to the severg @lostaintaining high levels of these hormones
and because avian steroids have biological hadslief less than an hour (e.g. Norris 1997), |
therefore further hypothesized decreasing levelk @f. Naguibet al. 2004, Sprenger 2007) and
CORT (cf. Saincet al. 2003, Sprenger 2007, Eraatlal. 2008) over the experimental period of
one day. Correspondingly, | predicted hormone Ev¥elincrease again after the return of the

senior siblings.



2 Materials and methods

2.1 Study species

The common tern is a larid exhibiting sexual mongshsm at the adult stage in most
measurements including weight (Becker & Ludwigs20@nly length of bill, head-bill length
(Coulter 1986, Wendelet al. 1997, Craik 1999) and tarsus length (Becker & Ligdgw2004) are
greater in males. In fledglings, correspondinghge bnly size measurement reliably found to
differ between sexes is head-bill length (Beckek&wigs 2004). In addition, Becker & Wink
(2003) found higher peak and fledging masses fde mlaicks.

Common terns are long-lived, monogamous and teaitoolony breeders with a modal clutch
size of three (Becker & Ludwigs 2004). Food pramising of chicks is biparental (Becker &
Ludwigs 2004). Partial incubation over the layingerval results in asynchronous hatching over
a 2- to 3-day period, and consequentially in a Bizearchy among the siblings (Bollinger 1994).
Chicks are semiprecocial, i.e. they are highly reobnd thermoregulate independently within a
few days of hatching (LeCroy & Collins 1972), bhey remain dependent on food provisioning
until fledging and several weeks beyond. In th&sttolony chicks fledge at a mean age of 26-
28 days (Becker & Wink 2003). The principal foodhadl fish, is mainly caught by plunge-
diving (Becker & Ludwigs 2004). Common terns aragi-prey loaders, i.e. they can only
transport one prey item at a time from the foragiitg to the colony to feed the young (Ha&ys
al. 1973, Orians & Peterson 1979). The item cannatHaged among them, but is monopolized
by one nestling. With the chicks becoming increglgirmobile, the arrival of a provisioning
parent regularly triggers an array of signallingl amysical competition behaviour. The siblings,
and regularly also kleptoparasitic young from nemglring nests, engage in attempts to outrun
and outjump the opponents towards the arrivingrmiaie begging postures and calls, in attacks
on the opponents and tug of war for the food itéwn detailed descriptions see Braasch 2005,
Smithet al.2005). For comprehensive information on the spgese® Becker & Ludwigs (2004).

2.2 Study site

The field work was carried out between April andg@ist 2007 in a monospecific common tern
colony located at the Banter See (53°30'40”N, 8206E), a brackish lake by the Jade Bay,
German North Sea. The colony comprises six aifislands of equal size, with a total area of
about 295 rh (for colony details see Becker & Wendeln 1997, ket al. 2001). Over the

studied breeding season, it supported a total @fd@eding pairs.



2.3 Sample collection
2.3.1 General fieldwork procedures

Over the whole study period, the colony was visggdry 1-3 days (daily around peak hatch) in
the morning hours to collect basic data such asdsize, hatching date and order, chick weight
and fate (for details see Wagener 1998). To thi mests were individually marked with a stake
and chicks were marked with a steel ring as soothey were 1 day old. Chick age at first
encounter after hatching was recorded as 0 daya tieeplumage still was moist and otherwise
as 1 day, unless cracks or a hole in the egg sdglitered at the previous visit indicated an even
earlier hatch. When more than one newly hatcheckolias encountered in the same nest on the
same occasion, the size of the yolk sac on th&shiellies, which decreases with age, was used
to establish the hatching order (Wagener 1998)ofdtain data on the average chick body mass
at a certain age, on two of the six islands altk$iencountered were weighed with a digital
balance (x1g). This data basis was broadened éoagles of special interest for the present study

(see below) by weighing all chicks older than apprately 14 days on all islands at each visit.

When the chicks were robust enough, at a mean fab@ a@ays, 2-5 growing body feathers with
blood-filled quills were sampled. Dead chicks weodlected and stored at —20° C, and of those
that had not been feather-sampled, a muscle tsmwmple from the leg was taken instead. Both
feather and muscle tissue samples were stored RAEBymol buffer at 4° C for molecular

sexing.

2.3.2 Sampling protocol and chick removal experiimen

Since hardly any broods with three siblings surdit@ the age relevant for this study (14 days,
see below), | concentrated on sibling competitiortwo-chick broods. To avoid confounding
influences of natural brood size reduction priosampling, | only included broods in the sample
that had had a stable brood size for at leastdases. All sibling pairs included were first- and

second-hatched chicks; no first- and third- or sde@nd third-hatched pair was sampled.

Data were collected from broods at three diffeisarhple occasions: before (sample 1), at the
end of (sample 2), and a few days after a chicloxainexperiment (sample 3). These occasions
were timed according to brood age, which was ddfasethe age of the oldest sibling alive in the
brood. On the first two occasions behavioural olet@wns, chick weights (digital balance, +19)

and wing lengths (stopped wing rule, £1mm) wereorded and blood and faecal samples



collected, on the third occasion only blood anatésewere sampled. Apart from the behavioural
observations (see below), this generally happem¢gdden 1800 and 2200 hours to control for
possible diel patterns (weight: Massias & Becke®Q %-hydroxybutyrate: Jenni-Eiermann &
Jenni 1997, Jenni & Schwilch 2001; T: review in Kemaerset al. 2008; CORT: reviews in
Millspaugh & Washburn 2004, Goymarat al. 2006, Quillfeldtet al. 2007a, but short-term
fluctuations tend to be smoothed in faeces comptardiiood plasma (Palme 2005)). A second
reason for this timing was that | expected theatffeof active sibling competition to build up
over daytime in the diurnal study species (Mas&i&ecker 1990). Moreover, with respectfio
hydroxybutyrate, the effect of the obligatory feeglirecess at night would possibly even have

masked any effects in samples taken in the mor(iegni & Jenni-Eiermann 1996).

Sample 1 was taken as basis for the observati@rabpthe study. Both siblings were sampled
at a time when brood age was 14-18 days, a staghieh | expected relatively strong sibling
competition for food for two reasons: First, atstliime common tern chicks reach a stage of
constantly high energy requirement (Drehtal. 1992, Klaassest al. 1992), and second, this is
paralleled by a period of increased chick mortahity starvation in larger broods (Becker &
Finck 1985). A total of 24 two-chick broods werengded and 15 of them observed. To be able
to compare different natural brood sizes, samplead additionally taken from 21 chicks from

single-chick broods of comparable age (15-19 day&pf which were observed.

Seventeen of the initially sampled two-chick broagsre subsequently included in a chick
removal experiment as follows: Right after sampléhdd been taken, the second-hatched,
younger sibling (b-chick) remained in the colonyil the first-hatched, older one (a-chick)
was removed for 1 day. It was held in a cage amviged with fishad libitum The older
siblings were removed because they tend to be ditmply superior to the younger ones
(Rossellet al. 2000, Smithet al. 2005) and | therefore expected this protocol &ldystronger
effects. Just prior to releasing its caged siblimgthe following evening, sample 2 was taken
from the younger sibling only. Sample 3 was takeh @ays after siblings had been reunited
(brood age 19-24 days), again from the b-chick jogiyen that both chicks had survived until
then ©=12). This last sample aimed at exploring the horahgesponse to the re-increase of
brood size. A control treatment was not employeétdep experimental sample size large (cf.
section 4.2). Sample sizes might deviate from tlgigen above because not all variables could

be successfully measured in all broods.



2.3.3 Behavioural observations

The behavioural observations aimed at recordingifgerates of and competitive interactions
between the chicks. Since in common tern chicky#s¢ majority of interactions of competitive
nature are connected to food provisioning by thremqa (Braasch 2005, Smigh al. 2005; pers.

obs.), | focused the observations solely on theedifg visits.

Few hours prior to the blood and faecal samplinghaf same occasion, observations were
conducted, by the unaided eye or occasionally ubingculars (8x magnification), from two
hides situated 0-12 m from the nests. The maximatlber of broods observed simultaneously
was nine. Normally the observation duration per@arg occasion and nest was 3 h, while in
one case, harsh weather restricted it to 2:15 ¢h,imfew other cases, it was increased to up to
6:45 h, mainly by adding a second session frompievious day to sampling occasion 1.
Observation times ranged from 0740 to 2105 houtsna interval during which time of day
could be assumed not to influence feeding rateepatt(Frank 1992, Smitkt al. 2005). As far

as possible the single sessions were timed arcamdli alternatively high tide, since at these

times feeding rates have been found to be higkeahk 1992).

For individual identifiability the chicks were ma#t with patches of adhesive fabric tape of
different colours and forms on head and back. R@ryefeeding visit at the focal nests the

following parameters were recorded:

(1) the single chicks' behavioural reaction to thegirent's arrival until the food item had been
fed. It was recorded as the chick's most engagedenad behavior, scored on the following

three-step scale in increasing order:
(i) passive, i.e. showing no or hardly any reaction

(ii) begging, including begging calls, erect beggposture, running and jumping towards

the arriving parent,

(iii) fighting, i.e. an aggressive attempt to obt#ine food item from a conspecific other
than the own parent, frequently including a contdspulling the food item from each
others beaks, often between several juvenile amit admpetitors from several nests,

and pecking the opponents;
(2) which chick reached the arriving parent first;

(3) whether the feeding was successfully completedwhether one of the providing parent's

chicks swallowed the food item, and if so, whicleon



When observing broods with only one chick preserthe colony, i.e. natural one-chick broods
or experimental broods with one chick removed, ghaocol was limited to (3). Regardless of
brood size, successful attempts by focal chiclksdal a food item from a nest other than its own
were additionally recorded. Since molecular sexwas carried out after the field season,
observations were unbiased concerning chick saxitaiions of the observation methods are
discussed in Braasch (2005).

2.3.4 Blood sampling

All chicks of a brood were captured at one time anthediately sampled in random order to
minimize stress response effects on plasma hordewets (cf. Fridingeet al. 2007). Sampling
duration did not exceed 10 min, so tRatydroxybutyrate (Jenni-Eiermann & Jenni 1998)and T
levels (Wingfield & Farner 1976) of the sampledddacould be assumed baseline and not raised
by handling stress. Blood samples (50-300 pl) weléected from the brachial veins, in few
cases alternatively from the tibial veins, with @8- 20 27-gauge cannula. A droplet was
immediately used to determine the concentratio}-loydroxybutyrate, the rest was taken up in
self-sealing heparinized capillaries and cooledthii 6 h, the samples were centrifuged at
10,000 rpm for 8 min to separate plasma from @eild then stored at —20° C until later analysis

of T levels.

2.3.5 Faeces sampling

Faecal sampling is, in contrast to blood samplgenerally considered to be free of immediate
feedback on measured steroid levels (Palme 20Q&n dapture each chick was placed in a box
compartment with a plastic floor onto which it nalhg defecated within short time. Floors were
rinsed and wiped between uses. Droppings were tagesith tissue papers of uniform weight,
which then were stored in tightly sealed contairemd cooled. Within 4 h, containers were
stored at —20° C for later analysis of CORT metabddvels.

2.4 Sample processing
2.4.1 Molecular sex identification

DNA was isolated from feather and muscle tissuepdasn Molecular sexing was modified

based on the principle and methods presented by Kahl. (1998). Primers used were 2550F
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and 2718R (Fridolfsson & Ellegren 1999). The 10P@R mix consisted of 1 pl (approx. 25 ng)
total template DNA, 0.8 pl 2550F Primer (10 mM)8 Qul 2718R Primer (10 mM), 0.8 pl
Nucleotide-mix (equal concentration of all ANTPH M in total), 1 ul 10x PCR-buffer, 0.06
pl Tag-Polymerase (0.3 units) and 5.54 pb@HPCR thermal profile was 5 min at 94° C, 1 min
at 55° C, 2 min at 72° C; then 33 cycles with 1 @i®2° C, 1 min at 50° C, 2 min at 72° C; and
finally 5 min at 72° C and at 4° C thereafter. 8.8-ul of PCR products were separated by
electrophoresis on a 2% agarose gel at 80 V amdA %or 45 min. Afterwards gels were placed
in a bath with 0.5 pg/ml ethidium bromide for 30nm$tained bands were visualized under UV
light. Samples from male chicks produced one bdémose from females two. See Becker &
Wink (2003) for intercalibration with other methods

2.4.2 Body condition index

| obtained an age-independent body condition in@Rl [%]) for chicks by calculating the
relative deviation of the measured body madgd]) from the mean body mass for study chicks
of the same ag&Mmean[9]): BCI=((M-Mmea)/Mmean*100% (cf. Stienen & Brennikmeijer 1999,
Quillfeldt et al. 2006). In case there were two weights for the selnngk on the same day, only
the one measured later was included in the calounlaf the mean to avoid pseudoreplication.
While all weights taken in the context of the chrekmoval experiment were measured in the
evening, the mean weight values are mainly base@v@ights taken during the routine nest
controls in the morning, when chicks were generétijnter. This resulted in predominantly
positive BCls for the present study. To obtain niegiul BCI values all study BCls were
therefore standardized to a mean of zero. In nogube alternative correction by a linear body
size indicator, | follow Green's (2001) generaticism of mass/length residuals as well as the
specific counterargument by Quillfeldt al. (2007b), in short, that since in seabird chickssna
and linear size measures like tarsus or wing ledgtmot grow in a parallel fashion (common
tern: LeCroy & LeCroy 1974, other terns: Klaassel. 1989, Stienen & Brenninkmeijer 2002)

and therefore derived residuals are not indeperufeage.

2.4.3-Hydroxybutyrate

As a second, inverse measure of chick conditiaemployed(3-hydroxybutyrate, an important
avian fat metabolite synthesized in fasting situaiwhen carbohydrate stores are used up and
body lipids are mobilized (review in Jenni-Eiermafardenni 1998). Plasm@&hydroxybutyrate
levels are positively related to fasting duratidmotgke et al. 1999, Vleck & Vleck 2002) and
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negatively related to body mass change, which fregict (Jenni-Eiermann & Jenni 1994,
1998, Jenni & Schwilch 2001). They have been idiedtias one of the most reliable indicators
of the short-term physiological situation in terofsnutritional status and condition in another
larid (Totzke et al. 1999). Sincel3-hydroxybutyrate levels react quickly to the nudrl
situation (Jenni-Eiermann & Jenni 1998) and indicdiynamics of the physiological state
(Williams et al. 1999), they are especially suitable to detectstimt-term condition changes |
predicted for the 1-day chick removal experiment,ight be less advantageous to assess long-

term condition patterns (Jenni-Eiermann & Jenni&99

The concentration o8-hydroxybutyrate was determined electrochemicatl9.1 mmol/l) in a
fresh droplet of venous whole blood using a stashdest kit (MediSensePrecisioff Xceed"
meter and Precision Xt4 R-ketone test strips, Abbott Laboratories, AbbotkP#r, USA). To
allow a straight interpretation of higher plasmaels of [3-hydroxybutyrate as indicators of
increasing severity of food deprivation, it is innfamt to ensure that chicks were not sampled in
a state of starvation, whéhydroxybutyrate levels generally are intermedtzaveen those for
less extreme fasting (higB-hydroxybutyrate) and resorptive state (Id&hydroxybutyrate;
Jenni-Eiermann & Jenni 1998, Vleck & Vleck 2002hi€ks in obviously weak condition were
not sampled. This made it very unlikely for stag/ithicks to enter the sample, especially given
the lack of a particular resistance to starvatibows in adults and especially fledglings and
immatures of another larid, the herring dudirus argentatugJeffreyet al. 1985, Totzkeet al.
1999). Nevertheless, | excluded one chick fromatihalysis of th&-hydroxybutyrate data due to
(1) initially extremely low BCI £<-3.5) combined with a3hydroxybutyrate level below
average, and (2) marked increases in BCI (+3.6%)mydroxybutyrate levels (+0.5 mmol/l)
in response to its sibling's removal, which cleatggested the chick was initially sampled in a

state of starvation.

2.4.4 Behavioural parameters

Based on the recorded behavioural observationgrivetl four parameters to analyze chick
competitiveness. First, | calculated per chieiding ratei.e. the number of items swallowed by
a certain chick per unit time, including both iteqovided by its own parents and items

obtained at neighbouring nests.

For calculation of the other three parameters, dahling with direct behavioural sibling
competition on a relative within-brood scale andréfore relevant only for broods with more
than one chick, | excluded all feeding visits fréme data basis during which at least one sibling
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was recorded passive. This was to achieve claritgterpretation, since passivity in this context
can reasonably be understood as a result of weslares generally low attentiveness, i.e. low
competitiveness, or of repletion (Braasch 2005, tmet al. 2005), i.e. a result of high
competitiveness. In contrast, competitiveness umguolbisly is positively related to both
begging and fighting, the success of which | déschy the following parameter®utrunning
successvas calculated as the proportion of a certainkchiirst arrivals to all feeding visits with

a chick reaching the arriving parent prior to itdieg. Begging successf a chick was calculated
as the proportion of feeding occasions with botiirsys at least begging that ended with this
chick securing the food item. This parameter isilaimo the feeding rate, but exclusively
reflecting direct active sibling competitioRighting successvas calculated correspondingly to
begging success, but based only on feeding visitisa course of which both siblings engaged in
a fight. Broods hatching around peak hatch werdroated with disproportionally many close
neighbours and therefore faced an increased riskiiéring from kleptoparasitism. To avoid a
hatching date bias of success rates, | therefasedbthe latter two parameters only on feeding

visits successfully completed within the brood.

2.4.5 Testosterone

T levels were determined in plasma samples. Comtaon chicks have been shown to have
extremely low concentrations of plasma T (Braade®52 6-126 pg/ml; Sprenger 2007: 0.2-17.2
pg/ml). Therefore an ultra sensitive T radioimmwszy (RIA) was used based on a standard
test kit (Testosterone RIA, DSL-4100, Diagnosticst®yns Laboratories, Sinsheim, Germany)
and modified as described in detail by Hoppen &derstucke (2008). The authors report
sensitivity of 0.6 pg/ml, intra- and inter-assay & 11.7% and 13.5% respectively, recovery

between 97% and 105% and relatively low cross-nagct

If the amount of material permitted, as was theecas >80% of samples, duplicate
determinations were performed. Volume of aliquoés w0 pl. Duplicate values of samples were
used only if CV was within 50%. Otherwise, if pdsei the incorrect measurement was
identified based on additional determinations. He six assays run, the minimum detectable
plasma T level varied between 4.60 and 14.92 pdfonl statistical purposes, assay values below
half the respective detection limit were assigries Yalue (cf. Naguilet al. 2004), and a T level

of 0.05 pg/ml was assigned to all samples meashetxiv 0.00 pg/ml (i.e. the level of the blank
control sample), since a minimum of T was to beeexgd in all samples (H.-O. Hoppen, pers.
comm.). The assay in which they were measured igaifisant effects both on T levels for all
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samples taken (Kruskal-Wallis te$1=73.716,P<0.001,n=6) and on the levels of a duplicate
control sample with a concentration in the rangthefchick samples (exact Kruskal-Wallis test:
H=10.077, P=0.005, n=6). Therefore the assay effect was corrected fprabdjusting all
measurements relative to the deviation of the i@smeassay's control sample from the mean of

the control sample measurements of all assays.

2.4.6 Corticosterone

Enzyme immunoassays (EIAs) were performed to detertie faecal levels of glucocorticoid
metabolites as a measure of CORT, the principalaglorticoid in birds (Wingfieleet al. 1997,
Palme et al. 2005). The EIA used was 72(T), a ll-oxoaetiochmtame-EIA measuring
glucocorticoid metabolites with d33a-11-one structure, as described in detail by Més#tl.
(2002). This had been the best performing assay pnevious validation experiment on adult
common terns, which moreover showed that peak corat®ns of blood glucocorticoid
metabolites are detectable in faeces with a tirgeofa2:30-3:00 h (P. H. Becker & R. Palme,
unpubl. data).

Standard samples did not reveal a substantial teffiethe respective assay on the metabolite
levels measured (R. Palme, pers. comm.). | exclsdetples weighing <0.1 g from the analysis
(cf. Tempel & Gutierrez 2004) to avoid confoundinguences of higher extraction efficiency
(Millspaugh & Washburn 2004) and relative watersldy evaporation in small samples or of
small variations in the weight of the tissue papéne samples were taken up with.
Concentrations are given in ng/g faeces fresh vieigh

2.5 Statistical analysis

For all statistics and graphs | used SP33.0 for Window§ (SPSS Inc., Chicago, IL, USA).
Normality was tested using Shapiro-Wilk tests arankogorow-Smirnow tests with Lilliefors
significance correction. Homogeneity of varianceswasted with Levene tests based on the
mean, additionally taking into account the ratibN®en the biggest and smallest group variance
(Field 2005). To make them meet parametric tesuraptions, prior to formal analysig-
hydroxybutyrate data were lggiransformed, and raw data (x) for T and CORT were

transformed according to the equations y=sitigrx) and y=1-%'? respectively.

For the condition and hormone variables, pattennthé natural, pre-experimental situation in

two-chick broods were generally tested for as fefip First, the effects of individual chicks'
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traits on their score for the respective dependanable were tested with a univariate ANOVA,
which included the chick's sex and its hatchingtmmsin the brood as fixed factors and the nest
as random factor. Second, influences of within-drdmatching position and brood sex
composition, i.e. effects on the brood level, wested for using a repeated measures ANOVA,
treating hatching position within the subject braslthe repeated measure (cf. e.g. Sheddon
al. 1998, Becker & Wink 2003) and both sex of the mktand sex of the b-chick as fixed
factors. Finally, | included the data from one-é&himoods to test for an effect of natural brood
size, employing a univariate ANOVA with nest asdam factor nested within the fixed factor
brood size.

The immediate effect of the experimental treatn{saiple 1 vs 2) on the focal b-chicks, which
remained in the colony, was tested for with a reggbaneasures ANOVA, with sample number
being the repeated measure. Both the sex of thek<laind the sex of their removed siblings
were included as fixed factors to test for intaatd with the experimental treatment. For the
analysis of the hormone data only, the effect efréturn of the a-chick (sample 2 vs 3) on the b-
chick was additionally tested in the same way. Ped¢klevel repeated measures design with
adjusted post-hoc pairwise comparisons was not aragdl because the subsamples with valid
data for testing sample 1 vs 2 and sample 2 v$i&ed considerably with respect to the chicks

they contained.

| generally used GLM-type ANOVAs with type lll suof squares and always included an
intercept. All possible quadratic interactions betw fixed factors (both within- and between-
subject) were included in the models. All explamatoariables were tested following a
backward selection procedure successively remowtgfactors whose effects were not
statistically significant or at least nearly so, ssnple sizes were generally small. Removed
factors will generally not be specifically referréal and mainly results from the final models
only will be presented. The random factor nest wetsined in the models irrespective of
significance to avoid pseudoreplication. Significanteractions were kept in the model in

combination with the respective single effects.

When violations of parametric test assumptionsatowoit be removed, non-parametric tests were
employed to follow a test strategy as far as ptsgéarallel to the one described above. This was
mainly necessary in analyses of feeding rates ahd\noural interactions, since continuousness
of the respective data was borderline. Correlatiwase used to investigate whether hormonal
and behavioural parameters were related to (sarhptiata) or covaried with (differences
between pre- and immediate post-experimental sgropfedition parameters.
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The level of significance was set #&50.05. For the tests of within-subject effects epeated
measures ANOVAs, sphericity was assumed througsiooe Mauchy's test of sphericity never
yielded a significant result. Unless otherwiseestatests were two-tailed, the general exceptions
being the tests of pre- vs post-experimental stséenple 1 vs 2) with the aforementioned
directionala priori hypotheses. For the effect of the return of théirgis (sample 2 vs 3) on the
hormone levels, the directional hypotheses wereseguently inverse. In all these cases, tests
were one-tailed, i.e., since two categories westetep-values were halved given the correct
direction was predicted, and otherwiSgne-tailed1-(Powo-tailed2) (HOwell 1996). Tests were
performed conditional on a minimum sample size ah&ll cells. Unless otherwise noted,
results are presented as arithmetic means + 1 SBenWlotting repeated measures data,
between-subject variability was eliminated by ndiaimag subject means according to Loftus &
Masson (1994).
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3 Results

3.1 Condition

As expected, the two indicators of condition u€e@) andf3-hydroxybutyrate, were negatively
related for the entire non- and pre-experimentat p& the sample (Spearman rank-order
correlation:re=-0.313, d.f.=66P(one-tailed)=0.005). The changes of both variabigs-chicks
whose senior siblings were removed from the nesé wegatively related on an individual basis

as well (Spearman rank-order correlating-0.463, d.f.=15P(one-tailed)=0.035; Fig. 1).
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Fig. 1. Relationship between change [®hydroxybutyrate level and change of body condition
index in junior chicks from start to end of the @hiremoval experiment. Senior chicks were
removed from two-chick broods for 1 day.

3.1.1 Body condition index

Pre-experimental BCI varied between -52.2% and%71h unmanipulated two-chick broods, a-
chicks (6.6£13.3%,n=24) had significantly higher BCls than b-chickd.8+18.4%,n=24;
F1.7~4.830,P=0.039; Fig. 2). Male chicks (3.8+16.2%+23) had BClIs superior to those of
females (1.2+16.9%n=25), but this difference was only marginally sfggant (F1,=3.771,
P=0.065; Fig. 2). The influence of the nest identitgs significant E23 ,=3.154,P=0.004), the
interaction hatching position*sex was not, evenutifothe male advantage only showed in a-
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chicks (Fig. 2). The repeated measures ANOVA carated the significance of the effect of
hatching position on BCI in a within-brood contéi; »=5.798,P=0.025), but failed to find
significant effects of the sex of the a- or b-chak the BCI levels in the brood. There were
indications of an interaction between hatching fp@si and the sex of the brood's a-chick
(F1272.974,P=0.099): Senior male chicks tended to be more super BCI to their younger

siblings than female seniors did (Fig. 3).
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Fig. 2. Body condition index (mean +/- 95% CI) of chicksddferent hatching position and sex
in unmanipulated two-chick broods.

BCI did not differ between chicks from one- (1.582%, n=21) and two-chick broods
(2.4+£16.4%,n=48; F15157470.047, P=0.829; nestF432+/1.665, P=0.092). The experimental
removal of sibling competition was followed by ans@nificant increase of the remaining
chicks' BCIs F1,16=0.319,P=0.290; Fig. 4a). Sex of junior (Table 1) or senitiick did not

interact with the experimental effect.
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male female
(n=13 broods) (n=11 broods)

a-Chick sex

Fig. 3. Body condition index in relation to sex of the iserchick within each brood and to
individual hatching position in unmanipulated twhiek broods. Columns indicate means, error
bars 95% Cls adjusted by eliminating between-nasaility.

3.1.213-Hydroxybutyrate

Natural chick blood levels of:-hydroxybutyrate varied between 0.5 and 2.3 mmdlle
analysis off3-hydroxybutyrate patterns in unmanipulated two-khicoods did not reveal any
significant effects, neither on the individual (Tal2), nor on the brood level. First-hatched
chicks (0.96+0.29 mmol/In=23), tended to have lower concentrations thanr tigeunger
siblings (1.15+0.49 mmol/h=23;F; ,=2.763,P=0.111; Table 2).

-Hydroxybutyrate levels of chicks from two-chickolads (1.06+0.41 mmol/ln=46) were
nonsignificantly higher than those of single chigks92+0.23 mmol/In=21; F1 51.3451.246,
P=0.270; nest,4,,5+1.334,P=0.232). Similarly, the experimental reduction obdd size was
connected to a decrease [bhydroxybutyrate levels in the focal chicks (samplel.18+0.54
mmol/l, n=16; sample 2: 0.88+0.21 mmolfA=16), but this effect was significant(,=4.881,
P=0.022; Fig. 4b). There was no interaction of #fi®ct with the sex of the respective b-chick
(Table 1) or its removed sibling. Since violatiohtlee assumption of homogeneity of variance
for pre- and immediately post-experimental datdatowt be entirely excluded, the effect of the
sibling removal was non-parametrically retested imdignificance confirmed (exact Wilcoxon
signed ranks tes#=-1.678,P=0.049,n=16).
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Table 1. Development of condition indicators, feeding ratel hormone levels in junior chicks
of different sex during the chick removal experime®enior chicks were removed from two-
chick broods for 1 day. Given are means (x SD) & @and immediate post-experimental
samples and their differences, and numbers of shigk

Parameter Sex  Start of End of Change over n
experiment experiment experimental period
Body condition 3 -1.2+£18.0 0.5+11.4 +1.749.1 8
index [%] Q -3.5+22.4 -2.5+19.6 +1.0£10.7 9
R-Hydroxybutyrate & 1.09+0.47 0.91+0.22 -0.18+0.55 8
[mmol/l] Q 1.26+0.62 0.84+0.21 -0.43+0.50 8
Feeding rate 3 0.90+0.52 0.73+0.55 -0.17+0.85 5
[items/h] Q 0.39+0.38 0.78+0.72 +0.39+0.43 6
Testosterone 3 8.79+5.30 12.24+7.40 +3.45+£9.78 5
[pg/ml] Q 7.73+6.43 6.05+1.88 -1.68+5.91 7
Corticosterone 3 32.36+26.84 18.31+22.64 -14.06+39.00 5
[ng/g] Q 12.91+7.50 9.40+5.28 - 3.51+3.76 7
(a) (b)
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Fig. 4. Change of condition parameters (mean + 95% Clbgaly condition indexn=17; (b)3-
hydroxybutyrate,n=16) of junior chicks during the chick removal expeent. Senior chicks
were removed from two-chick broods for 1 day. Qis adjusted by eliminating between-chick
variability.
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Table 2. [3-Hydroxybutyrate level and feeding rate (mean + 8 parentheses) of chicks
of different sex and hatching position in unmangpeit! two-chick broods.

Hatching position

Parameter Sex a b

3-Hydroxybutyrate [mmol/l] 3 0.97+0.26 (12) 1.10+0.45 (10)
Q 0.96+0.33 (11) 1.19+0.54 (13)

Feeding rate [items/h] 3 0.60+0.58 (7) 0.71+0.53 (7)
Q 0.70+0.51 (8) 0.51+0.39 (8)

3.2 Success in competitive behaviour

In competing with their junior siblings senior cksccould rely on a clearly superior physique: In
unmanipulated two-chick broods, they had signifisahigher body weight (a-chicks 114+14q,
b-chicks 101+19gn=24; repeated measures ANOVP; ,=12.499,P=0.002) and greater wing
length (a-chicks 123+15mm, b-chicks 110+20mms24; repeated measures ANOVA:
F1,518.347,P<0.001).

3.2.1 Feeding rate

Registered feeding rates of chicks from unmanigdldiroods were in the range of 0.00-2.67
items/h. The identity of unmanipulated two-chickstsewas far from significantly affecting
chicks' feeding rates (Kruskal-Wallis teBt=11.980,P=0.608,n=15) and was therefore omitted
from further analyses. Hatching position did ndeeff individual pre-experimental feeding rates
in two-chick broods (exact Wilcoxon signed rankst:t&=-0.189,P=0.868,n=15), and neither
did chick sex (exact Mann-Whitndy test: Z=-0.335,P=0.750,n=30). The latter was also true
both among a-chicks only (exact Mann-WhitnBytest: Z=-0.528, P=0.630, n=15), where
females' rates were slightly superior (Table 2§l among b-chicks only (exact Mann-Whitngdy
test:Z=-0.928,P=0.379,n=15), where males reached highest rates (Tablm 2he entire non-
and pre-experimental part of the sample, individelack feeding rate was significantly and
positively correlated with body condition index € pman rank-order correlations=0.349,
d.f.=39,P=0.027; Fig. 5), but not witB-hydroxybutyrate (Spearman rank-order correlatige:
0.130, d.f.=39P=0.425).
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Fig. 5. Relationship between feeding rate and body canditidex in individual unmanipulated
chicks.

Feeding rates were significantly higher in chicksnf one-chick broods (1.17+0.70 items/h,
n=10) than in those from unmanipulated two-chickda® (0.63+0.49 items/m=30; exact
Mann-Whitney U test: Z=-2.278, P=0.021, n=40). Similarly, the focal chicks' feeding rates
slightly increased with the experimental removathdir senior siblings (Fig. 6), but this change
was not significant (exact Wilcoxon signed ranks:t8=-0.715,P=0.258,n=11). The individual
changes between the pre- and the immediately pp&trenental sample were not significantly
affected by the respective chick's sex (exact Mafitney U test:Z=-1.195,P=0.275,n=11),
even though feeding rates of male focal chickshlijgdecreased during the experiment while
those of females increased (Table 1). Feeding dtekicks whose removed senior sibling was
a male increased during the experiment (+0.58+@ets/h,n=4), while in contrast those of
chicks with a female senior removed slightly deseeh(-0.12+0.70 items/In=7). Due to small
sample size the effect of the removed sibling's wag not tested for. Over the experimental
period, the junior chicks' feeding rate neither aed with body condition index (Spearman
rank-order correlationre=-0.164, d.f.=10,P=0.629) nor with3-hydroxybutyrate (Spearman
rank-order correlatiorr=-0.341, d.f.=10P=0.305).
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Fig. 6. Change of feeding rate (mean + 95% CI) of junibicks (=11) during the chick
removal experiment. Senior chicks were removed ftam-chick broods for 1 day. Cls are
adjusted by eliminating between-chick variability.

3.2.2 Success in competitive behavioural interastio

In total, 62 running and 63 begging duels entelnecanalyses. Based on a total of 15 interactions

only, the results concerning fighting success havee treated with great caution and are of
limited validity.

First- and second-hatched chicks did not signifigagiffer in any of the competitive interaction
success scores (outrunning success: exact Wilcesigoed ranks tesz=-0.494,P=0.658,n=14;
begging success: exact Wilcoxon signed ranks Zesf.412,P=0.692,n=15; fighting success:
exact sign testP=1.000,n=7). The tendencies were that a-chicks arrived fitsthe feeding
parent slightly more often (54.9+33.4%) and alsaglt more successfully (57.1+53.5%), while
their begging success was slightly inferior (4438846) to that of their junior siblings. Sex
effects on the three success scores remained emtdstcause (1) the interdependent nature of
the relative within-brood success scores (Sc@lg+scorg.chic=1) did not allow testing for the
effect of sex in general or of sex of the chicloire hatching position alone, and (2) the effect of

chick sex combination in the nest was not testhbleause of low sample sizes: For the three
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success scores, the total number of nests withwlasal5 or lower, while the number of two-

chick brood sex combinations is 4.

81.5% of the feeding€81) in unmanipulated two-chick broods went to ¢heck that reached
the feeding parent first, while 9.9% could be seduby the other sibling and 8.6% fell to
kleptoparasitic conspecifics. On the individualaghlevel, outrunning success and feeding rate
were closely positively related as well (Spearmankrorder correlationrs=0.468, d.f.=27,
P=0.012; Fig. 7).
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Fig. 7. Relationship between outrunning success and fgedite in individual chicks from

unmanipulated two-chick broods.

Table 3.Plasma testosterone and faecal corticosteroné(l@ean + SDn in parentheses) of
chicks of different sex and hatching position imamipulated two-chick broods.

Hatching position

Parameter Sex a b

Testosterone [pg/ml] ) 6.48+4.44 (8) 8.39+4.31 (8)
Q 9.93+6.30 (10) 6.12+2.78 (10)

Corticosterone [ng/g] d 17.47+12.23 (8) 21.52+18.48 (5)
Q 18.09+11.48 (8) 13.81+9.37 (11)
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3.3 Hormones
3.3.1 Testosterone

Natural plasma T levels ranged from 0.13 to 23.42mh No effect of hatching position
(F115=0.002,P=0.964) or sexK;15=1.312,P=0.270) on the individual chicks' T levels was
detected. Both factors, though, tended to inte(&ets=3.107, P=0.098; nestF;7151.817,
P=0.125): While female a-chicks had higher plasmacdncentrations than their male
counterparts, the difference was inverse in b-chidkable 3). In the within-brood context, T
levels were independent of main factors sex ofrat la-chick and repeated measure hatching
position (allP>0.35), but the interaction between hatching pmsitind sex of the a-chick was
significant €1164.561,P=0.049): Plasma T levels of senior female chicksewggher than
their younger siblings', while levels of senior smlere lower than those of their nest-mates
(Fig. 8). No indication was found of a correlatibatween natural T levels and either of the
condition parameters (Spearman rank-order coroglgtiBCl: rs=0.056, d.f.=60,P=0.668; I3
hydroxybutyraters=0.140, d.f.=59P=0.286).

M a-chick
E b-chick

Testosterone [pg/ml]

male female
(n=8 broods) (n=10 broods)

a-Chick sex

Fig. 8. Plasma testosterone level in relation to sex efsénior chick within each brood and to
individual hatching position in unmanipulated twiek broods. Columns indicate means, error
bars 95% Cls adjusted by eliminating between-nasaility.
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T levels in chicks from two-chick broods (7.76+4 Fd/ml, n=36) were nonsignificantly higher
than those in single chicks (6.06£2.95 pg/nH20; F1 39.96=1.326,P=0.256; nestzs151.487,
P=0.186). Contrary to expectations, in two-chickdae the experimental removal of the senior
siblings was not connected to a general decreagheob-chicks' plasma T concentrations,
instead there was even a slight nonsignificanteiase (sample 1: 8.17+£5.75 pg/ml, sample 2:
8.6315.66 pg/ml,n=12; F;,;=0.114, P=0.629; Fig. 9a). This change was not significantly
affected by sex of a- or b-chick, even though Telsvincreased in males, while they slightly
dropped in females (Table 1).
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Fig. 9. Change of hormone levels (mean + 95% CI; (a) péasestosteronen=12; (b) faecal
corticosteronen=12) of junior chicks during the chick removal expeent. Senior chicks were

removed from two-chick broods for 1 day. Cls argusidd by eliminating between-chick
variability.

There was a marginally significant negative cotrefabetween the individual changes of BCI
and T level of the experimental b-chicks from startend of the sibling removal (Spearman
rank-order correlatioms=-0.582, d.f.=10P=0.060; Fig. 10). However, this correlation wasyonl
this close to significance conditional on removiag two-dimensional outlier (Fig. 10),
representing the chick with the strongest decreadsoth T levels and BClzE-2.42 for the
latter). In contrastf3-hydroxybutyrate and T levels did not covary oviee tsibling removal

period (Spearman rank-order correlatiog-0.208, d.f.=11P=0.516).
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Fig. 10.Relationship between change of body conditionxraled change of plasma testosterone
level in junior chicks from start to end of the dhiremoval experiment. Senior chicks were
removed from two-chick broods for 1 day. The craosarks the two-dimensional outlier
excluded from correlation analysis.

The return of the removed senior sibling was, smib its previous removal, connected to a
minute and nonsignificant change of b-chick T levéah the following days Ky =0.423,
P=0.268; Table 4). Since sample sizes for male bkshfi=1) and b-chicks with a male senior
sibling (h=3) were too small, a test of the influence of ek&- or b-chick (Table 4) on the effect

of the return of the removed a-chick (sample 2)ws&s not performed.

3.3.2 Corticosterone

CORT levels measured in faeces of unmanipulatezkshianged from 2.8 to 174.2 ng/g. For the
analyses of this subsample, two outliers, a mathibk (z=+4.25) and a male single chick
(z=+4.14), were excluded for statistical reasonsch¢ar patterns were detected in CORT levels
on individual (Table 3) or brood level in unmanigield two-chick brood€&0.2 for all factors).

There was a significant negative correlation betwiecal CORT level and BCI of individual
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unmanipulated chicks (Pearson product-moment airoel r=-0.385, d.f.=54,P=0.004; Fig.

11). In contrast, CORT an@hydroxybutyrate level were not correlated (Spearmank-order
correlationrs=0.072, d.f.=54P=0.601).
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Fig. 11. Relationship between body condition index and dhecorticosterone level in
unmanipulated chicks.

CORT levels in two-chick broods (17.00+11.97 ngig32) were lower than in single chicks
(29.36+30.04 ng/gn=18), but the difference was not significaRt §s 6ss0.535,P=0.469; nest
F32161.337, P=0.273). Over the experimentally induced 1-day qukrifree of sibling
competition, focal b-chicks' CORT levels tendeditop (sample 1: 21.02+19.82 ng/g, sample 2:
13.11+14.92 ng/gy=12; F; 1:=1.976,P=0.094; Fig. 9b). This effect was independent aseof
both siblings (bothP>0.6), even though in relative and absolute numliteesdecrease was
considerably stronger in male than in female bichi@able 1). As normality was borderline for
the immediately post-experimental subsample, thepemmental effect was retested

nonparametrically and found to be very close tmificance (exact Wilcoxon signed ranks test:
Z=-1.647,P=0.055,n=12).



28

From pre- to immediately post-experimental sam@@RT level did not covary with BCI
(Spearman rank-order correlatiar=-0.308, d.f.=11P=0.331). In contrast, changes of CORT
and [3-hydroxybutyrate level over the experimental peneere positively correlated (Pearson
product-moment correlationr=0.639, d.f.=11,P=0.025; Fig. 12). Prior to the latter analysis,
quadratic transformation was performed on data f@x) both CORT (y=(x+100) and R

hydroxybutyrate (y=(x+2) to achieve bivariate normality.
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Fig. 12. Relationship between change 8fthydroxybutyrate level and change of faecal
corticosterone level in junior chicks from startend of the chick removal experiment. Senior
chicks were removed from two-chick broods for 1 .d&yansformations were performed to
achieve bivariate normal distribution assumed byar§@n product-moment correlation.
Reference lines indicate zero change of the relsieagarameter over the experimental period.

The highest faecal CORT level in the entire sanfp@2.9 ng/g) was sample 3 of a female b-
chick. This exceptional concentration was attribigao the fact that the sampling was directly
preceded by several inclement and stormy days, hwhed caused starvation in the entire

colony. Influences of weather being beyond scopéhefpresent analysis, this extreme value
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(z=+2.99) was excluded from the analysis of samplé$8.expected, experimental b-chicks'
CORT levels significantly rose again over the dijwing their siblings' returnK; 1~4.698,
P=0.028; Table 4). This was unaffected by the sethefreturning chick. An effect of the b-
chicks' sex (Table 4) was not tested for because tvere only 4 males in the sample.

Table 4. Development of hormone levels in junior chicksldferent sex after the chick removal
experiment. Senior chicks returned to the nestr dfitey had been removed from two-chick
broods for 1 day. Given are means (+ SD) for then@diate post-experimental and the 3- to 5-
day follow-up sample, their differences, and numslzdrchicks K).

Parameter Sex End of Few days later Change over post- n
experiment experimental period
Testosterone ) 18.94 8.75 -10.19 1
[pg/ml] Q 5.49+2.25 6.85+1.69 +1.36+2.33 7
total 7.17+5.19 7.09+1.70 - 0.08+4.62 8
Corticosterone ) 19.32+25.99 18.31+12.77 - 1.01+21.83 4
[ng/g] Q 16.65+22.87 26.99+22.98 +10.35+£31.52 7
total 17.62+22.76 23.84+£19.62 + 6.22+27.78 11
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4 Discussion

4.1 Observational study
4.1.1 Condition

The fact that in the observational part of the gtatl at least marginally significant condition
patterns were found in the BCI and not in fhbydroxybutyrate data reflects the more stable,
longer-term and integrative nature of BCl as a measof condition as opposed 1%
hydroxybutyrate levels, which indicate short-termandition changes (see section 2.4.3).
Nevertheless, the significant correlation foundwastn the two measures confirms their close

connection at the individual level.

4.1.1.1 Influence of hatching order

The only studies that to my knowledge documenteckféact of hatching rank on condition-
related parameters in common tern chicks founddhaind partly b-chicks have higher weight
growth rates than c-chicks in three-chick broodan@ham 1972, Bollingest al. 1990, Kikker
1995; in pronouncedly asynchronously hatching bsamaly: Sorokaite & Budrys 2000) and that
pre-fledging mass is higher in a- than in b-chicksvo-chick broods (Kikker 1995). | found that
a-chicks have higher BCls than b-chicks in primarysecondary two-chick broods, and thus
broaden evidence of a decrease of condition withhivag rank. This is in accordance with the
general view on the effect of hatching asynchronyweight growth of chicks: Briefly, while
seniors enjoy advantages, juniors' developmemhpaired (e.g. Stenning 1996, Mock & Parker
1997, Saineet al.2001, Erauckt al. 2008; for other larids: Lemmetyinen 1972, Bar&®Runde
1980, Nisbetet al. 1995). This pattern has generally been assumedoimmon terns as well,
since chick survival was shown to decline with hatg rank (Langham 1972, Becker & Finck
1985, Bollingeret al. 1990, Bollinger 1994, Gonzalez-Soésal. 2005) and starvation has been
identified to be the principal cause of chick mbiya(Langham 1972, Mlody & Becker 1991,
Becker 1998). Nevertheless, in contrast to theistudnentioned above several studies on
common tern chick development have failed to findrdluence of hatching rank (e.g. Robinson
& Hamer 2000, Becker & Wink 2003, Braasch 2005,e8ger 2007). A possible reason is that
the latter investigated growth parameters likedmgrowth rates, peak and pre-fledging mass,

which are less direct measures of condition ancerattly age-corrected.

It is especially striking, though, that with respégc hatching position the present study was

unable to find condition patterns similar to thasdecker & Wink (2003), because their study
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was based on a large sample from the same colahyp@rause the patterns they found led to
one of the central hypotheses the present studgdiesamely that endogenous chick steroid
hormone levels covary with hatching rank. In detéiley found that in two-chick broods,
hatching rank did not significantly affect chicgsbwth parameters but interacted with the sex of
the b-chick in such a fashion that these parametere superior in male chicks in the last
hatching position. The condition-related parameteese measured close to fledging. Sibships
were included in the sample conditional on theidfling, as in the other studies cited above that
neither found an influence of hatching rank on kheondition. In sharp contrast, | found
condition to generally decrease with hatching ran# hatching order not to interact with sex of
the b-chick; male junior chicks were the group witie poorest average condition (Fig. 2).
Condition was measured at an age of approximatélyddys, i.e. half-way to fledging, and

broods were included in the sample regardless ethen they survived to fledging.

Given both samples can be assumed representatd/éghanpatterns are unaffected by year
effects, a possible explanation for these configgtiesults is that junior chicks, and especially
the males among them, may generally develop péatiguvell relative to their senior siblings in

the second half of pre-fledging life. Indeed, tlsigxactly what the growth patterns of chicks that
survive to fledging suggest: Even the group with thghest pre-fledging mass, male junior
chicks, hatch lighter than their siblings and do ¢aich up with these in terms of weight relative
to age until older than 2 weeks (Becker & Wink 20@r the entire group of junior chicks, the
age at which their weight approaches that of teemor siblings will consequentially be higher
than these 2 weeks, the age at which the presashy fihds junior chicks to be in significantly

poorer condition than their siblings. Thus, thensiegly contradictory results described above
are actually compatible; and the age at which dadpatterns with respect to hatching order

are investigated may itself affect the patternsitbu

The mechanisms that possibly allow junior chicksléwelop this well and reach peak and pre-
fledging masses similar to or even higher tharr themior siblings’ will be discussed below, with
a focus on steroids. Independently of the exist@iceich a mechanism favouring junior chicks
per se though, it is important to point out that a méwedamental mechanism may partly or
even fully be an alternative explanation for thepsiging condition patterns found by Becker &
Wink (2003). In common terns, there is a declingpd-fledging survival with hatching rank
(Langham 1972, Becker & Finck 1985, Bollingatral. 1990, Bollinger 1994, Gonzalez-Sotis

al. 2005), and additionally a mortality bias towardalenchicks (Gonzalez-Solet al. 2005).
Selection thus acts especially heavy on the sameapgrthat were found to exhibit especially
high peak and pre-fledging masses (Becker & Win3}0This might in the long term promote
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the evolution of special growth mechanisms, bul wilthe short term selectively eliminate
chicks from the population. Since starvation is ie@in cause of common tern chick mortality
(Langham 1972, Mlody & Becker 1991, Becker 199§)nd chicks are likely to be in relatively
poor condition (Bollingeet al. 1990, Mlody & Becker 1991). Their death will théne tend to
improve the mean condition of the remaining chioksheir hatching rank and also sex. Thus,
the apparent general condition advantage espedadidlignale siblings of high hatching rank
(Becker & Wink 2003) may actually only be a resafldifferential mortality in these chicks. In
other words, chicks of high hatching rank might gyatly be in poor condition as the present
study shows, but the exceptional few among them) thapite of the many handicaps they face
(cf. Becker & Wink 2003), manage to reach a conditenabling them to survive to fledging,

might even surpass the senior siblings.

4.1.1.2 Influence of sex

Common terns show a very limited sexual size dithigrmp with males being larger (review in
Gonzalez-Soligt al. 2005). With respect to weight, they were considar@nomorphic until
Becker & Wink(2003) surprisingly found male chicks to have supepeak and pre-fledging
masses, growth curve characteristics of the last tdf pre-fledging life which they interpreted
as indicators of condition (Becker & Wink 2002, 200My findings with regard to a more direct
measure of condition, BCI, support this interplietatMale chicks have, though only marginally
significantly, higher BCls than female ones. Moregv document that sex-specific condition
already emerges in the second third of pre-fledgfegi.e. earlier than hitherto found (Becker &
Wink 2003, Braasch 2005, Sprenger 2007).

Since in common tern chicks there is a sex-spedafick mortality bias towards males
(Gonzalez-Soliset al. 2005), it is possible that a selection mechanisndescribed above
(section 4.1.1.1) contributes to the sex-specifndition pattern. Still, there is substantial
evidence in favour of viewing common tern chickstragy sexually dimorphic with respect to
weight growth and condition, i.e. respective diéieces as directly based on sex-specific traits:
Even within the same group of fledging chicks, $k& difference consistently gets more distinct
from peak to pre-fledging mass (Becker & Wink 2083aasch 2005, Sprenger 2007). This
longitudinal pattern cannot be explained by mastdietween the measurements because there is
none in fledging chicks. Instead, it correspondsttie ontogeny in a larid with a more
pronounced sexual size dimorphism, the black-hegdédarus ridibundus where chick mass
has been shown to increasingly diverge not ungilltite pre-fledging phase (Ros 1999).
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In birds, the syndrome of sexual dimorphism mosiljludes that chicks of the larger sex are
more expensive to rear (see section 4.1.2) and moheerable, especially under adverse
conditions during development, and this often rtssml a sex ratio bias at fledging towards the
smaller, cheaper sex (e.g. Torres & Drummond 18Bigeret al. 1999, 2000, Daurdt al. 2001,
Velando 2002, Martinez-Padilkt al. 2004, Kalmbaclet al. 2005, Milleret al. 2005, Benito &
Gonzalez-Solis 2007, Bogdanova & Nager 2008, QktBischoffet al. 2008). The latter has
indeed also been shown in the common tern, wheradierse conditions include poor quality
parents (Gonzalez-Sole al. 2005).

4.1.1.3 Interaction of hatching order with sex

There was a non-significant tendency for an intésacdetween sex of the a-chick and hatching
order to affect BCI, indicating that a-chicks hadedter condition than their junior siblings most
pronouncedly if the former were male (Fig. 3). ther words, condition hierarchies were much
more pronounced in broods with a senior chick eftigger sex. This is not surprising against
the background of the sexual dimorphism documenitdéatably, though, a corresponding
tendency was not found for the sex of the b-chidks suggests that the clarity of the within-
brood hierarchy is predominantly governed by theaehe senior chick. Usually, a-chicks are
initially physically superior through hatching asjmony (e.g. Morriset al. 1991) and thus out-
position their siblings, thereby creating a positfeedback loop that helps to maintain or even
increase the size and weight hierarchy (Mock & Bark997). This process is probably
reinforced when the senior chick is of the bigget.s

An interesting complement is that entire commom t&ro-chick broods are generally in better
condition if the a-chick is male (pre-fledging maB&cker & Wink 2003; peak mass: Braasch
2005). Hence, there are indications for entirelsfss profiting on average in terms of condition
in broods with clear condition hierarchies. Thiesl@f course not imply advantages for every
single brood member, as is underlined by the eafggdoor condition of junior siblings in
broods with a male a-chick (Fig. 3). From the pecsppe of the entire brood, and hence the
parents' reproductive output, though, a pronourgedarchy may be advantageous, because it
allows the dominant chick to impose a stable cortipetsupremacy based on its superior
physique, but without using aggression (Fargetlal. 2003). In contrast, the absence of a strong
physical asymmetry tends to intensify social contipet and aggression (review in Drummond
2001; Tarlowet al. 2001) and possibly also stress (Blamt@l. 2006; but see Martinez-Padilla
et al. 2004, Erauckt al. 2008) and thus increases general energetic costsibling competition
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context (e.g. Kilner 2001, Rodriguez-Giroregsal. 2001, Chappell & Bachman 2002, Velareto

al. 2002, Quillfeldtet al. 2006). In a contrasting case, large within-brote sand weight
differences, and especially a senior chick of tiggér sex, have been shown to decrease
reproductive output in the Harris’s hawarabuteo unicintugBednarz & Hayden 1991). This
was explained with pronounced hierarchies increatie probability of siblicide (cf. Bortolotti

1986), a phenomenon unimportant in common terns.

If clear brood hierarchies, i.e. in common ternsools with a male a-chick, were indeed adaptive
for the parents, mothers, the heterogametic panetisds, should be selected to adjust offspring
sex accordingly (Carranza 2004), as has been fouseveral bird species (reviews in Carranza
2004, Blancoet al. 2006, Kim & Monaghan 2006). Preliminary resultspugh, indicate that
hatching order in common terns is not sex-biasetempecially that the ratio of male to female
senior chicks does not differ from parity (M. M. iB® & P. H. Becker, unpubl. data). This
might suggest that in common terns mothers are lan@bcontrol offspring sex, in marked

contrast to the closely related roseate t&tesna dougalli{Szczyset al.2001).

4.1.2 Success in competitive behaviour

In the behavioural data there was generally lgil@lence for differential competitivity between

groups. | did not find an effect of hatching pasitior sex on a chick's feeding rate. Hence, none
of the condition patterns the present study docueaenould be connected to a corresponding
feeding rate pattern. Notably, on an individualc&hbasis this plausible connection was found,
feeding rate and BCI were significantly correlatdos effect size was rather small, though. Both
results suggest additional determinants of chiakdd@n to play a role besides the measured
food input, possibly affected by competition fortmtional resources. There are at least two

influences neglected so far:

First, | measured the number of items fed to akcper unit time, but did not account for item
quality or mass. Mass feeding rate is not necdggaoportional to item feeding rate (cf. Stoehr
et al. 2001), and neither item quality nor item mass reeessarily constant: Items fed to
common tern chicks differ considerably with respertspecies (Frank 1992, Braasch 2005,
Sprenger 2007) and size (pers. obs.). Furthernfooe] species vary considerably in their
nutritive value, including caloric value, fat antbfein content, and these differences have the
potential to affect chick growth rate (Massias &Ber 1990). Thus, energy input was measured

very roughly. Moreover, junior common tern chicksvé been shown to receive food of lesser
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quality compared to their siblings (Kikker 1995ni3 alone might account for the absence of a

parallel to the clear condition disadvantage ohleks in the feeding rate data.

Second, energy expenditure might differ betweegkshicausing condition differences in spite
of similar feeding rates. Average total energy midgpf common tern chicks vary relatively
little over the ages investigated in the presamdys{Drentet al. 1992). In a sibling competition
context, though, siblings might be differentialljffegted by the energetic costs of social
competition (Kilner 2001, Rodriguez-Gironest al. 2001, Chappell & Bachman 2002,
Neuenschwandeat al. 2003). The fact that begging intensity does noy wath hatching order
in common tern chicks (Smitét al. 2005), however, does not support this idea. Onother
hand, in another larid, the black-headed gull, flesyathe smaller sex, were more persistent in
begging displays (Mulleet al. 2007a). If this was the case in common terns dk ivenight
point to an increased energy expenditure relatesbtoal competition in females, which could
explain the inferior condition of females chicksdie similar feeding rates.

Finally, the fact that the number of broods thaeesd the analysis was markedly smaller for the
feeding rates than for the condition parametershtigve allowed patterns to become evident in
the latter rather than the former. The trends wertact similar: Average feeding rates were
higher for senior than junior chicks and for mdlart female chicks, respectively (cf. Table 2).

These are also the patterns prevailing in litegatur

Feeding rates of common tern chicks generally tenithicrease with decreasing hatching rank
(Heinrichs 2003, Smitkt al. 2005; but see Sorokaite & Budrys 2000, Sprengér R@specially
from c-chicks to their senior siblings (Langham 29¥orriset al. 1991, Kikker 1995, Braasch
2005). It has been argued that the general feemtinditions may determine whether and in how
far feeding rate differences appear in the broatanchy of common terns (Heinrichs 2003).
When plenty of food or high quality food is avalebeven less competitive chicks might get a
similar share because dominant chicks are sati@iedSafriel 1981, van Heezik & Seddon
1996). The absence of a clear effect of hatchim @n feeding rate in the present study can
however not be explained in this context, becausamper chick feeding rate (0.63 items/h, cf.
Table 2) was near the lower limits of the hithesttcumented range for the colony (e.g. Frank
1992: 0.92-1.20 items/h; Kikker 1995: 0.6 itemdAzinrichs 2003: 1.2 items/h; Braasch 2005:
0.69 items/h; Sprenger 2007: 1.25 items/h), suggesbmparatively bad food availability.

In sexually dimorphic birds, chicks of the largeexshave often been shown to be more
expensive to rear. Several studies documented treiater energetic needs.g. Fiala &
Congdon 1983, Krijgsveldet al. 1998) and some also their greater food intake nduri
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development to independence (e.g. Weimerskatchl. 2000, Fargalleet al. 2003, Quillfeldtet

al. 2007b; but see Torres & Drummond 1999, Mu#éerl. 2007a). Both was even shown in a
bird species with only slight sexual dimorphismg tommon guillemoUria aalge (Cameron-
MacMillan et al. 2007). In common terns, though, feeding rates haet been found to
significantly differ between chicks of differentsg@Heinrichs 2003, Braasch 2005), even though
there were indications for males to reach hightgsrin one study (Sprenger 2007). Due to the
very slight dimorphism in common terns (Gonzale#sSet al. 2005), however, no strong
feeding rate differences are to be expected, asdsipresumably the reason why the mentioned
studies, which rely on limited sample sizes, didfima any.

None of the parameters derived to characterize esscin direct competitive interactions
between siblings was even near to revealing ardiffee between a- and b-chicks. This agrees
with results of previous studies of different meatblmgy (Braasch 2005, Sprenger 2007) and
corresponds with my findings for the resulting paeter feeding rate. Again, the small sample
sizes, especially for fighting success, certainlgdm it harder to discover possibly existing
differences in competitivity between groups. Nekelgss, | was able to confirm that chicks
which arrive first at the parent about to provided get the food item in a vast majority of the
cases. This had previously been shown for commans gSmithet al. 2005: 95% of feedings)
and similarly for other species with mobile youegy( Safriel 1981, van Heezik & Seddon 1996,
Muller et al.2007a).

4.1.3 Hormones

Based on the T and CORT data presented in thiy stteject the hypotheses that endogenous
steroid levels vary with hatching order and seghatks. Thus, neither the peak and pre-fledging
mass patterns (Becker & Wink 2003) nor the BClgrat (this study) found in common tern
chicks appear to be directly linked to their stérbbrmone patterns. On the individual level,
though, CORT levels were connected to conditionjnalicated by the negative correlation
between the two parameters. This result is in alzoare with the abundant evidence showing
that in birds CORT has a central role in the respdn various stressors, including food shortage
and declining internal energy stores (e.g. Kitayskgl. 1999, 2001a, Sainet al. 2003, Paimet

al. 2005, Quillfeldtet al. 2006, 2007a). With respect to T, the absence s#xaspecific pattern
agrees with results of the majority of correspogdiird studies (review in Fargal&d al. 2007),
including those on common terns (Braasch 2005, rigjare 2007). Also T level differences
between hatching ranks have not been found irshesies (Braasch 2005, Sprenger 2007).
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It is nevertheless possible that steroid patteffextachick condition patterns in a way different
from the one tested here. The present study mahsevels of endogenous steroids at a mean
age of just above 2 weeks, hence assuming conditem affected by activational hormone
effects (Phoenbet al. 1959; review in Elekonich & Robinson 2000) on &hxehaviour. This
was suggested by the fact that male common temoks that finally fledge heavier than their
older siblings are lighter than these at ages Wweeks, when some mechanism allows them to
surpass the older competitors (Becker & Wink 2@fi3section 4.1.1.1).

At second sight, though, it is similarly, if not neoplausible to attribute the course of these
growth curves to a general quality characterizimgsé junior chicks already from the time of

hatching on, and maternal yolk hormones may bendidate for the origin of this quality:

In spite of physical disadvantages caused by hajchsynchrony, junior chicks that survive to
fledging, especially males, reach growth ratesmoth inferior to those of their senior siblings
at the same age already soon after hatching (B&kéink 2003). More importantly, relative to
their size and weight at the same time, i.e. iln@pmetition context, these junior chicks' growth
rates may therefore be viewed as equal, if not swperior to those of the senior chicks. Thus,
the high quality of these last-hatched chicks degwess itself long before they surpass their
older siblings in terms of absolute weight. Thesme why this still does not happen earlier
probably is that in common terns junior chicks tstde in a very unfavourable competitive
setting: Compared to their siblings, they hatcmfremaller eggs (Becker & Ludwigs 2004) and
are lighter at hatch (LeCroy & LeCroy 1974), a eliince aggravated by hatching asynchrony
(e.g. Morriset al. 1991). In addition to their inferior physique, tfect that due to hatching
asynchrony they remain dependent on brooding lotiger their siblings and thus tend to stay in
the nest further reduces their chances to win dalesrfor food (LeCroy & LeCroy 1974). This
situation is not ameliorated before a brood age wkek, when the chicks' developing ability to
thermoregulate independently and the consequentaireasing necessity of brooding allows
both parents simultaneously to hunt and providedfobhis shift in parental care markedly
increases the food availability and decreasesdteriy of nutritional competition for the entire
brood (cf. Langham 1972). The physically and cortipety (Smith et al. 2005) inferior junior
chicks especially profit from this weakening of miidnal restrictions (Langham 1972).

Against this background, it is possible that thepmsed steroid hormone effect on competitivity
and thus growth and condition is not an activatiogféect of endogenous steroids, but an
organizational effect (Phoenit al. 1959; review in Elekonich & Robinson 2000) origing

early in the chick's life or even pre-hatch fromtenaal yolk hormones. Maternally derived
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steroids might influence thmodus operandof chicks already at the embryonic stage (Schwabl
1993; reviews in Clark & Galef 1995, Groothws al. 2005b, Miulleret al. 2007b), e.g. by
causing a long term increase in sensitivity andabilural responsiveness to later steroid
exposure (cf. Rost al. 2002). Maternal steroids, specifically androgdresse been detected in
common tern eggs (Freneh al. 2001) and have in other birds, including laridset shown to
increase chicks' begging intensity and promotekcrowth (review in Groothuist al. 2005b).
Interestingly, maternal steroids, including T, ionamon terns are lowest in the first-laid egg
(Frenchet al.2001), and are therefore a good candidate for ptiagn competitivity and possibly
causing superior weight growth (Becker & Wink 20@8)junior chicks. With respect to sex,
yolk hormones in common terns have not been inyatsd, but in other birds there are
indications of sex-specific levels of steroids, liming T, possibly also as part of the sex-
determining process (review in Groothesal. 2005b). To sum up in the light of the present
study's results, if there are steroid patterns ingusatching rank- and sex-specific condition
patterns in common terns at all, | suggest thaseh&re more probably found in maternally

derived yolk steroids than in endogenous chickosder

In one respect, though, there was an interestirdpgemnous steroid pattern. T levels were
significantly affected by the interaction of thexs# the a-chick with hatching order: While male
a-chicks had lower levels than their junior sibnfemale a-chicks had higher levels than their
nest-mates (Fig. 8). This suggests a connectioim wie indication for a corresponding
interaction on BCI (Fig. 3; section 4.1.1.3): Malehicks were pronouncedly superior to their
junior siblings in terms of condition and had lowletevels. On the other hand, female a-chicks
were only slightly superior to their junior siblieign terms of condition and had clearly higher T
levels. Senior chicks of the bigger sex thus ergayelearer physical within-brood hierarchy and
invested less in the double-edged sword T, whichhiménhance competitive abilities such as
aggression and begging intensity (e.g. GroothuiMé&euwissen 1992, Sasvest al. 1999,
Groothuis & Ros 2005, Quillfeldit al. 2006, Goodship & Buchanan 2006, 2007), but alsailen
serious costs in terms of growth, condition, plusmamgmentation, immunocompetence and
survival (e.g. Ros 1999, Nagu#t al. 2004, Fargallcet al. 2007). For senior chicks of the
smaller sex, the cost-benefit ratio may be differdineir physical advantage over the junior
siblings is smaller and thus less reliable. In otdesustain their dominant status, investment in
other aspects of competitivity, e.g. by T secrefecfhTarlowet al.2001), may therefore be more
profitable. This interpretation agrees with exigtievidence that aggression escalates with
decreasing physical dominance of the senior sibléng. Osorno & Drummond 1995, Coek

al. 2000, Natharet al. 2001). Also stress levels, as indicated by heatlslproteins, have been
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shown to be elevated in senior chicks of the smab& (Blanceet al. 2006). A similar pattern in

T levels, as documented by the present study,dhas/tknowledge not been previously shown,
and it is thus surprising to just find it in a sp@scwith a very slight sexual dimorphism. This and
the fact that two other contributions on commomgefBraasch 2005, Sprenger 2007) did not

find a similar pattern call for a re-examinationtlois topic based on a larger sample.

4.2 Chick removal experiment

None of the dependent variables was significanffgcéed by an interaction of the main
experimental effect with the sex of the removedarathe remaining b-chick. Corresponding to
the results of the observational part of the stugch interactions could have been expected
especially for the a-chick sex with respect to ¢oowl and T. However, effects would have been
expected to be small, as the common tern is a epeeith only a slight sexual dimorphism
(review in Gonzalez-Solist al. 2005), and hard to detect, as the duration ofettpgerimental
period was 1 day only and the experimental samizle was small. Therefore, the lack of
interactions with chick sex was unsurprising. la thiscussion | will consequentially concentrate
on the general effects of the brood size manipadaton the different parameters, their
correlations and their comparison with differenbesween natural one- and two-chick broods

found in the observational part of the study.

Since no control treatment was employed, the géesmerimental trends may theoretically be
confounded, especially by changes of the dependmmbles with age. However, substantial
systematic changes are improbable for the followwasons: BCIl is a measure relative to the
mean body mass of chicks of the same age and tfessa@rection is immanent. The second
measure of condition3-hydroxybutyrate, covaried with BCl and its concatibn in chicken
Gallus gallusblood has been shown to be stable from an agetofl3l days, when the study
ended (Ohtset al. 2003). Most importantly, in common terns f&dl libitumtissue catabolism is
not initiated until an age of 22 days (Drenial. 1992), i.e. shortly before fledging. Hence, above
baseline levels d¥-hydroxybutyrate, originating from mobilization bédy lipids, should not be

a general phenomenon at ages under 20 days, whegesafor this study were taken. Common
tern item feeding rates per chick do not signiftadiffer between ages of 1 and 20 days, and
are especially stable from day 10 on (Kikker 19%%)rmone levels were not only followed over
the single experimental day, but also up to 5 dayger for a follow-up sample. Therefore, it is
especially important that systematic change with @gabsent in T and CORT levels. Previous
studies indicate this might indeed be the casevé&l$ did not significantly change from the first
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to the second half of the nestling period in thieradinchTaeniopygia guttat§Adkins-Regaret

al. 1990). CORT levels in precocial species do natiantly change in the first 4 weeks after

hatching (review in Holmest al. 1990; Williamset al. 2008). CORT levels were also stable in

the age between 2 and 5 weeks in a larid, theagged kittiwakeRissa brevirostrigKitaysky et

al. 2001a). Finally, for both hormones the changesuh@l from sample 1 to sample 2 and from
sample 2 to sample 3 were inverse. Therefore tloeydcnot even be caused by age-related
changes like those shown for CORT in altricial sgedSchwabl 1999, Tarlowt al. 2001,

Quillfeldt et al.2007a), since these are monotonic.

4.2.1 Condition

As predicted, condition of b-chicks improved ovee day following the removal of their senior
siblings from the colony. This experimental effa@s significant in th&-hydroxybutyrate data
and similar but less distinct in the BCI data (Fl, as was expected due to the specific
suitability of the former for detection of shortste condition changes (Jenni-Eiermann & Jenni
1998). Both parameters also covaried on the indalidevel (Fig. 1), which corroborated their

close linkage.

The experimental effect agrees with abundant angeha consistent evidence of an inverse
relation between brood size on the one hand aruk eteight, growth and condition on the other
hand from brood size manipulation studies acrosmge of avian taxa with young that are not
self-feeding (e.g. review in Martin 1987; Bollingetral. 1990, Sanz & Tinbergen 1999, Sagto
al. 2003, Naguibet al. 2004, Gilet al. 2008). The cited studies employed both brood size
enlargement and reduction, and especially therlpt®vides convincing evidence that naturally
occurring brood sizes impose limitations on chiekfprmance. This is thus also true for the
present study. In several cases, the brood sizépmiations did not only affect chick condition
and similar parameters, but also weight far beyitedhing (Naguibet al. 2004) and, inversely
to condition, chick mortality (e.g. review in Martil987; Sanz & Tinbergen 1999). In common
terns, an observational study has shown increasgghtvgrowth in chicks whose siblings had
died (Heinrichs 2003). Experimental results con@dnthis: C-chicks grew faster after the
experimental removal of an older sibling (Bollingsral. 1990), and also in two-chick broods
there were tendencies to accelerated weight groWhichicks after a-chick removal (Sprenger
2007). The latter is corroborated by the signiftcaasult of my study. This combined evidence

further justifies to interpret in a sibling comgmn context the condition patterns found (section
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4.1.1) and indicates that parents do not fully cengate for the greater demands of larger

broods.

Studies investigating differences between commam ¢ticks from natural broods of different
size indicate the same, though more equivocallyickshfrom larger broods showed lower
growth rates (Becker & Finck 1985, Robinson & Hari@00; but see Becker & Wink 2003,
Sprenger 2007), smaller peak and pre-fledging wsi¢Becker & Wink 2003, Sprenger 2007),
higher fledging ages (Robinson & Hamer 2000; bt Becker & Wink 2003, Sprenger 2007)
and higher mortality (Sprenger 2007). These tendsnare largely in accordance with growth
and mortality patterns in other non-precocial bif@gsiew in Martin 1987).

In contrast to these findings and the present checkoval experiment, my analysis of natural
brood size variation did not reveal condition adeges for single chicks compared with chicks
in two-chick broods. This apparent contradictionstngrobably reflects that the between-brood
comparison does, in contrast to the within-broogegxnent, not account for differences in
parental quality. Accordingly, a natural singletwauld receive parental care of lower quality or
guantity compared to what two-chick brood parentsild provide if they reared one chick only,
due to e.g. foraging efficiency and experienceeoritory quality (review in Martin 1987). In
support of this interpretation, many parametergaséntal quality in common terns, such as age,
mass, and timing, indicate superiority of thoseringpthree chicks to those rearing two
(Gonzalez-Soli®t al. 2005), and my results suggest that extrapolatirgyrelation to one-chick

broods is legitimate.

4.2.2 Feeding rate

In altricial bird species, several lines of expearital evidence lead to the conclusion that the
amount of food that parents can provide relativheoenergy demands of their young is limited
and that this leads to nestlings being food-limi{geview in Martin 1987). For instance,
nestlings were shown to weigh less in experimentastablished large broods unless
supplemental food was provided in the territorefie¢lp parents meet the extra energy demands
of the brood adequately (Crossner 1977). Mageati. (2007) similarly documented the decline
of growth rates and additionally also of per chickvisioning rates in enlarged broods (but see
Neuenschwandeet al. 2003). Like altricial species, common terns arbyfalependent on
parental food provisioning. Hence, in accordancth whe evidence presented, | predicted the
feeding rate of the b-chick to increase with thmaeal of its senior sibling. However, while the
mean feeding rate indeed was higher after thanrédhe removal (Fig. 6), this difference was
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not significant and the hypothesis is thus rejectéus result is apparently incompatible with the
corresponding positive effect of sibling removalahick condition. The same contrast between
results concerning condition and feeding rate waesady found in the observational part of the
study, and | suggest related possible explanations:

First, items fed to a chick per unit time are ptaipaonly a very rough measure of energy input
(see section 4.1.2). In the current context, thesams that the b-chicks may have achieved a
better condition after their sibling had been ekpentally removed without an increase of their
item feeding rate if parents delivered prey iterhgreater size or higher quality. The fact that
the brood size reduction allowed parents to rediies total provisioning rate may for instance
have given them the opportunity and time to huntemeelectively or to visit higher quality
foraging grounds situated further from the coloAy.least concerning the size of food items,
though, there is counterevidence from another comtam colony: Total rate of parental food
provisioning is uncorrelated with the size of theyitems delivered across natural broods of
different size (Wiggins & Morris 1987). An identiceesult was obtained in a study across

experimentally varied brood sizes in the gred®éitus major(Neuenschwandest al. 2003).

Second, the disappearance of the social aspectitbinaerood competition and connected
energetic costs (Kilner 2001, Rodriguez-Giroresl. 2001, Chappell & Bachman 2002) might
be the proximate cause for the improvement of dardiconnected to the sibling removal. The
positive trend in feeding rates after sibling remidvints at social competition being an addition
rather than an alternative to the explanation baseithicrease of feeding rate due to the absence
of within-brood competition for nutritional reso@x The fact that feeding rate covaried with
neither of the condition parameters over the expental period, however, points in the opposite
direction. Correspondingly, Neuenschwandeal. (2003) found that individual great tit chicks
in experimentally enlarged broods received unchdragaounts of food, but increased begging
intensity and suffered deteriorating body condition

Finally, the subset of experimental broods for whiehavioural data were obtained might have
been too small to reach reliable results. In suppbthis view, the advantage of absent sibling
competition in terms of feeding rate, which was extpd to show in the experiment, indeed
became apparent in the comparison of chicks frolmrabone- and two-chick broods, where the
sample size of at least the latter was considerdabder. On the grounds of the evidence referred
to in the experimental context, the higher per kligeding rates in one-chick broods were not
surprising, although the influence of parental gqualecreasing with brood size (Gonzalez-Solis
et al.2005) was expected to reduce the effect compartdeetexperiment.
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This is probably also the reason why observatiatatlies obtained equivocal results on the
effect of increasing brood size on per chick fegdete. With respect to common terns, different
studies found a slight decrease (Robinson & Han@®0p a nonsignificant trend towards a
decrease from two- to three-chick broods (Kikke®3,9Sprenger 2007), and no change at all
(Wiggins 1989). Also for other non-precocial bingesies, studies documenting decreasing per
chick feeding rates (e.g. Leonagtlal. 2000, Stoehet al. 2001) and no effect (e.g. Kalmbach &
Becker 2005, Mizuta 2005, Falcoredral. 2008) in larger broods form an incoherent picture.

Trends with regard to interactions of the experitakeeffect with chick sex were nonsignificant,

but plausible and compatible with the demonstratedd to better condition in male than in

female chicks: Female b-chicks profited more frdra temoval of their senior sibling, and b-

chicks in general profited more from the removalaofnale than of a female a-chick. This
suggests that the larger and better conditione@ &t might indeed be superior in competing
for food.

4.2.3 Hormones
4.2.3.1 Testosterone

Contrary to predictions, baseline T levels of bekBidid not decrease following their siblings'
removal (Fig. 9a) and neither increased after theturn (Table 4). The corresponding
hypotheses are thus rejected. Instead, T levelaineu rather stable and were also unaffected by
natural variation of brood size, which both indesathat in common terns the extent of sibling
competition does not affect circulating T.

This is in marked contrast to results of the femikir previous experiments, which however
were equivocal already: In the zebra finch, T lsvielcreased with experimental brood size
(Naguibet al. 2004), while at the same time they decreased athan passerine, the spotless
starling Sturnus unicoloGil et al. 2008). Even in an experiment identical to the presented
here, T levels of common tern chicks were reducgdsibling removal (Sprenger 2007),
however, without the assay effect being corrected lfikewise, results of related studies on T
correlates are ambiguous: T levels were found tpdsgtively (Quillfeldtet al. 2006, Goodship
& Buchanan 2006, 2007), but also negatively (Growti& Ros 2005) and not (Quillfeletit al.
2007b) related to begging. In other cases, T ledaisnot vary with the extent of sibling
competition expressed by brood size (Tarletval. 2001) or with induced food shortage or
deprivation (Nunez-de la Morat al. 1996, Kitayskyet al. 1999), or even decreased with food
shortage (Perez-Rodriguetzal.2006). This incoherent picture has been apprecedesl/idence



44

for species-specific differences (@it al. 2008), but explanatory approaches to date arermrath
fragmentary than unifying. | suggest to include fhiéowing aspects in future attempts to solve

this puzzle:

First, different advantageous behavioural reactimnsarying degrees of sibling competition
might be affected by T in opposite ways. In chiaksthe black-headed gull, T implants
facilitated sibling aggression, but substantiallpgressed begging behaviour (Groothuis & Ros
2005). Even if such a link was generally found ir$ (for counterexamples see Kitaysiyal.
2003, Quillfeldtet al. 2006), it would result in T level reactions to r@éiions in the intensity of
sibling competition depending on the species' dtarstics. These possibly influential
characteristics include the relative importancesofambling and begging for the decision to
whom feedings are directed and the occurrence @iqunced inter-sibling aggression or even
siblicide. The absence of the latter in commongdégBraasch 2005) might be the reason for the

missing effect of sibling removal on T levels.

Second, the specific conditions in which studies @arried out will affect the cost-benefit ratio
of a change in chicks' T levels. A generally poood availability will enhance sibling
competition for food and thus make it more attreetio invest in a T level elevation, which at
least in some cases has been shown to promote towiye(e.g. Groothuis & Meeuwissen
1992, Sasvaret al. 1999, Quillfeldtet al. 2006, Goodship & Buchanan 2006, 2007). Also, the
absolute brood sizes investigated might affectreffees made on the relevance of hormone
levels. Kitayskyet al. (1999) did not find an elevation of chick T levatsresponse to food
restriction and interpreted this as evidence agandependence of sibling aggression on T.
However, the chicks had been kept separately ansl é&xerting aggression on siblings was
impossible (cf. Naguilet al. 2004). Similarly, in the present study the disadages from intra-
brood social competition, which has been suggesiedirectly affect T levels (Naguibt al.
2004), may have been too small in the original rsize of the experimental two-chick broods

to yield a change in T levels when reduced.

Third, instead of (Tarlowet al. 2001, Ferreeet al. 2004) or in addition to (Rost al. 2002)
constantly maintaining high baseline levels of Tctipe with potentially arising competitive
challenges, chicks may, in order to avoid the smrioosts entailed by long-term elevated T
levels (e.g. Ros 1999, Nagudt al. 2004, Fargalloet al. 2007), only raise T levels when
instantly needed. This general pattern is predibiethe Challenge Hypothesis (Wingfiedtial.
1990) and has already been shown for chicks irbkhek-headed gull (Rost al. 2002) and the
Nazca boobysula granti(Ferreeet al. 2004). It is currently under investigation in coomterns
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(A. Braasch, pers. comm.). The adaptivity of a na@itm up-regulating T on demand might be

low in this species due to the low importance ¢diirsibling aggression (Braasch 2005), but also
high in the context of tug of war for food item§.this mechanism indeed was present in the
common terns, it could possibly explain the contbegween the results of the present study and
an identical experiment by Sprenger (2007), whonéod levels to decrease with sibling

removal. Neither of the two studies took into aadoaggressive challenges in the colony that
possibly directly preceded chick sampling. If sumbincidences occurred, they could have

distorted the results of either study.

While neither T levels nor BCls were significandlifected by the experiment, both parameters
tended to negatively covary over the experimentdayl period. My results show that T levels

are unaffected by a manipulation that indirectlyefiarates chick condition. This suggests that
the covariation of T and BCI is rather not driventbe latter, but may reflect the condition costs
that T has been shown to impose at least in thgeloterm (e.g. Ros 1999, Groothuis & Ros
2005, Fargalleet al. 2007). The result is however also open to thepnétation that an unknown

third parameter governs both T levels and condition

4.2.3.2 Corticosterone

As hypothesized, the removal of the senior sibimduced CORT levels of junior chicks to drop
(Fig. 9b), though only marginally significantly, dthe reintroduction of sibling competition led
to a significant recovery of CORT levels (Table .10hese results suggest that sibling
competition indeed elicited a stress response reztlily CORT. Moreover, on an individual
basis | found levels of CORT arfiidhydroxybutyrate to positively covary over the dagtween
pre- and immediately post-experimental samplings Tiwrther substantiates the assumption of a
positive proximate connection between energetiesstimposed by sibling competition via
social stress or competition for nutritional resms on the one hand and CORT levels on the

other hand.

These findings are in accordance with the majaftprevious studies; there are also deviating
results, though. The decrease of CORT levels agioeato sibling removal in the common tern
has already been indicated by a similar experini®ptenger 2007), which was however based
on a much smaller sample. My results are thus poatory in this respect. Also in further bird
species whose chicks are not self-feeding, CORT e shown to positively covary with
experimentally varied brood size (barn swalldiwundo rusticg Sainoet al.2003; collared dove
Streptopelia decaoctdEraudet al. 2008), as have other indicators of physiologitedss (e.g.
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heterophil-lymphocyte ratio: llmoneet al. 2003, Suorseet al. 2004). However, in other
instances CORT levels remained unaffected by exmaial brood size variations (pied
flycatcherFicedula hypoleucallmonenet al. 2003; spotless starling, Gét al. 2008; blue tit
Cyanistes caeruleyd.obatoet al. 2008). Covariation of CORT and indicators of cdiodi on
the individual level has also been previously doentaed in birds (e.g. in thin-billed prion
Pachyptila belcheriQuillfeldt et al. 2006; collared dove, Erawst al. 2008). Furthermore, the
direct imposition of energetic stress by experirakrgstriction of food quantity and also quality
augmented chick CORT levels in a number of birdce®e (e.g. blue-footed boobSula
nebouxij Nunez-de la Morat al. 1996; black-legged kittiwakRissa tridactyla Kitaysky et al.
1999; red-legged kittiwake, Kitayskst al. 2001a; barn swallow, Sairet al. 2003; red-legged
partridge Alectoris rufa Perez-Rodriguezt al. 2006). This effect was also reversible (e.g.
Nunez-de la Mora et al. 1996). Other species didmmunt a CORT response to food restriction,
though (zebra finch, Spencetral. 2003; tufted puffirFratercula cirrhatg Williams et al. 2008).

There is thus substantial evidence which, in linthwonclusions from my findings, points to
energetic stress, especially caused by deficiemaiastritional resources, as the proximate link
between sibling competition and CORT levels. A CObftEed stress response entails various
costs (review in Wingfieleet al. 1997), but may help chicks to cope with energdéticits by
mobilization of internal resources (Wingfietd al. 1997, Kitayskyet al. 1999) and, especially
important for chicks that are not self-feeding, fagilitation of begging: Experimentally raised
CORT levels were shown to increase begging frequanblack-legged kittiwakes (Kitayskst

al. 2001b, 2003) and house sparrdeasser domesticufoiseauet al. 2008). Moreover, CORT
levels covary with begging intensity in thin-billpdions (Quillfeldtet al. 2006).

Against the background of this solid combined enme the mentioned instances of species
whose chicks do not mount a CORT-based stress megpawhen faced with intense sibling
competition or food restriction are remarkable.eftpts to explain these discrepancies in the
results reported have focused on three mutuallyexdnosive aspects: First, while the
hypothalamic-pituitary-adrenal axis, along which EDsecretion is physiologically initiated,
probably becomes functional shortly after hatchingorecocial and semiprecocial chicks, it
takes longer to fully develop in most altricial cks (review in Kitayskyet al. 2001a). This
would explain the deviating results in pied flydacs (Ilmonenet al. 2003), zebra finches
(Spenceret al. 2003), spotless starlings (Gt al. 2008), and blue tits (Lobatet al. 2008).
Second, the evolution of a hormonal response td &mwrtages is more probable in species that
are particularly exposed to such events due to gwalogy. Insectivorous birds foraging on the

wing and also seabirds are generally more likelsetularly experience a lack of food resources
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than are omnivorous species (cf. @ilal. 2008; but see Kitayskgt al. 2003). This difference
may further explain the absence of a CORT respontge omnivorous zebra finch (Spenetr
al. 2003), spotless starling (Gdt al. 2008), and blue tit (Lobatet al. 2008), and also its
presence in the altricial barn swallow (Sa&tal. 2003) and collared dove (Eraet al. 2008).
The latter species is omnivorous, but nestlingsimitally fed on crop milk, the secretion of
which is regularly resource-limiting for them (rew in Eraudet al. 2008). Third, a
disadvantageous cost-benefit ratio (review in Wildfet al. 1997) might prevent CORT
secretion under certain conditions, e.g. when parare unresponsive to chick begging. This
was probably the case in experimentally food-rettd tufted puffins (Williamset al. 2008).
The two former, main comparative explanations distd with respect to my results. The
common tern, a semiprecocial seabird regularly sggdo food shortages (e.g. Becker & Finck
1985, Mlody & Becker 1991), mounted a CORT-basegkstresponse.

CORT levels did not differ between chicks from matwne- and two-chick broods, which is in
contrast to the experimental brood size reducteveting CORT levels. This inconsistency can
probably be explained by the lower quality of paseof natural one-chick broods (review in
Gonzalez-Soli®t al. 2005) and the consequentially higher stress ansl @ORT levels relative
to brood size in these broods (cf. section 4.2.1).

4.3 Conclusion and prospects

In summary, my results show that sibling compatitimposes limits on chick condition, at least
in junior chicks, and underline the role of elexh@ORT levels as a response to energetic stress
resulting from this constraint, possibly promotitige mobilization of energetic resources (cf.
Wingfield et al. 1997, Kitayskyet al. 1999) or the intensification of begging (cf. Kitayset al.
2001b, 2003, Quillfeldet al. 2006, Loiseawet al. 2008). In contrast, endogenous T, which
generally promotes aggressive behaviour in chick®¢thuis & Meeuwissen 1992, Sasveti

al. 1999, Groothuis & Ros 2005; but see Quillfedtital. 2007b), did not seem to play a general
role in sibling competition. However, T was elewhia female senior chicks, which probably
could not sustain their within-brood dominance wi@ight and size alone. This pattern has not
been previously documented in birds. The obsematipart of the study revealed a condition
disadvantage for junior chicks, which, interpretedhe light of the experimental result, was
probably caused by sibling competition. Furthermtiere was an indication of better condition

in male chicks compared to female ones. These tiondpatterns, though, could not be
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attributed to similar patterns in endogenous stisrair competitive behaviour. The results call

for follow-up studies especially on the followingpeects:

The general relevance of T for mediating siblinghpetition strategies cannot finally be rejected
without further investigation of maternal yolk simls, which have been detected in common
terns (Frenclet al. 2001). Their possible organizational effects (SabM1993; reviews in Clark
& Galef 1995, Groothuigt al. 2005b, Mulleret al. 2007b) are good candidates for explaining
especially the surprisingly distinct sex-specifiondition (this study) and growth patterns
(Becker & Wink 2003) found. Furthermore, short-tegfevation of T levels in situations
instantly requiring the corresponding effects (Rios et al. 2002, Ferreeet al. 2004)., as
suggested by the Challenge Hypothesis (Wing#ldl. 1990), is another way in which T might

mediate sibling competition strategies and whick wat tested for in the present study.

To answer the question whether condition patterascaused by differential energy input, i.e.
sibling competition for nutritional resources, affefential energy expenditure, e.g. through
differential in energetically costly social compiein, a closer look at feeding rates will be
necessary. This needs to involve a more precissuneaf food item energy content via item
size and food species (cf. Massias & Becker 19%kd{ 1995).

| investigated chick condition and its relationldehavioural and hormonal parameters, but not
the interrelation of the latter two. However, basmd literature, | interpreted my findings
assuming certain effects of the hormones investtyan behaviour. These links need to be
established before a deeper understanding of giblimpetition in the common tern as a model
species can emerge. Appropriate studies need tdeyond success scores and focus on
parameters describing behavioural effort, e.g.bagging frequency, intensity and persistence.
These may directly be governed by hormone levets (@tayskyet al. 2001b, Quillfeldtet al.
2006, Goodship & Buchanan 2006, 2007, Loisetal. 2008) and, in connection with physical
parameters and feeding history, proximately deteentompetitive success (cf. Godfray 1995,
Priceet al. 1996).

Finally, to come back to the starting point, thader-term implications of sibling competition
for life-history-trajectories and fitness warraatther investigation. If the sex of certain chicks
in the hatching sequence affects T levels and plysalso condition in the brood, as my results
show, it might as well have consequences on chigkatity. While effects of sex ratio on chick
mortality have been studied in the common tern ifkHels 2003), sex composition of a brood
including the chicks' respective hatching rank f&etor that has hardly been studied (but see

Sprenger 2007) and still awaits thorough analyaseld on a large sample size. But also later in



49

life, consequences of pre-fledging sibling compatitmight become apparent. With respect to
common terns, research on long term effects oedifrelated traits has focused on predictors
such as hatching order, sex, clutch size, fledaiagyht and age (Dittmanet al. 2001, Ludwigs

& Becker 2006), but have neglected endocrine ptagseof chicks. These may however be of
special importance, as studies on long term cddtggh CORT levels have shown (Wingfiedd

al. 1997, Kitayskyet al. 2003). In the context of compensatory growth (M#&& Monaghan
2001), CORT levels, which are related to energaiticits (e.g. Kitayskyet al. 1999, Quillfeldt

et al. 2007a), might also more honestly reflect mortgagesed during development than
measures of chick growth. Specifically, the presgaty's finding of elevated baseline CORT
levels in response to sibling competition thusasithe question whether this is a transient effect

only or one which itself or via related costs lirggato adulthood.
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5 Zusammenfassung

Geschwisterkonkurrenz bei Kiiken der FluRseeschv&tima hirundo

zugrundeliegende Hormon- und Verhaltensmuster mathanismen

Die Leistungsfahigkeit, die weitere Entwicklung ulediztlich die Fitnef3 von Vogeljungen, die
von elterlicher Nahrungsversorgung abhéngig sineiden entscheidend von Brutgrdf3e und,
damit zusammenhangend, Geschwisterkonkurrenz ha&ginfinnerbrutliche Konkurrenz um
Nahrungsressourcen und die energetischen KostdalexoKonkurrenz kénnen die Brut als
Ganzes beeinflussen; haufig aber richten sich demykungen auf die Geschwister nach deren
Stellung in der Bruthierarchie, die ihrerseits v8ohlupfposition und Geschlecht abhéangt.
Steroidhormonen, insbesondere Testosteron, dasefgjgn steuert, und Kortikosteron, das
Strel3reaktionen reguliert, wird eine wichtige Rollei der physiologischen Steuerung von
Geschwisterkonflikten und dem Ausbalancieren vorremle Folgen zugeschrieben. Die
vorliegende Arbeit beschéftigt sich am Beispiel éu3seeschwalbe mit Auswirkungen der
Geschwisterkonkurrenz auf die Kondition von Kikenduanalysiert, ob Hormon- und
Verhaltensmustern und -mechanismen diesen zugiegdel Die untersuchte Art zeichnet sich
durch asynchrones Schlipfen, leichten Sexualdimsmuls und einen wesentlichen Einflul3 des
Gewichtswachstums von Kiken auf ihre Fitnel3 aus.

In einem ersten Schritt suchte ich nach geschlechthlupfrang- und brutgrél3enbezogenen
Mustern beziglich der Kondition der Kiken, ihresolyes im Konkurrenzverhalten und ihres
Testosteron- und Kortikosteronspiegels. Ich testdie Hypothese, dald Testosteron- und
Kortikosteronspiegel von Schlupfreihenfolge und ¢scht der Kiken abhangig sind. Die
Kondition von Erstgeschlipften war besser als theri jingeren Geschwister und die von
mannlichen Kiken tendenziell besser als die von bhkekien. Der Erfolg im
Konkurrenzverhalten und die Hormonspiegel wareng¢bduinabhéangig von Schlupfposition und
Geschlecht. Die Interaktion zwischen dem Geschldelst Erstgeschlupften einer Brut und der
Schlupfreihenfolge hatte jedoch Einfluf3 auf dentdsteronspiegel: Dieser war im Vergleich zu
den jeweiligen Geschwistern bei méannlichen Erstgépéten niedriger und bei weiblichen
Erstgeschlipften hoher. Hinsichtlich der Konditiowaren entsprechend mannliche

Erstgeschlupfte ihren Geschwistern starker Ubenledgweibliche Erstgeschlipfte.

Im zweiten Schritt veranderte ich experimentell Aasmald innerbrutlicher Konkurrenz, indem
ich das Erstgeschlupfte fur einen Tag aus Brutem zwei Kuken entfernte, um die

Auswirkungen der Geschwisterkonkurrenz auf Konditi&Utterungsraten sowie Testosteron-
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und Kortikosteronspiegel der einzelnen Kiken zwersuichen. Ich testete die Hypothesen, dafl3
sich die Futterraten des Zweitgeschlipften infoligs Verschwindens seines Geschwisters
erhohen, seine Kondition verbessert und sein Testws und Kortikosteronspiegel absinken.
Die Kondition verbesserte sich tatsachlich. Der tkosteronspiegel kovariierte mit der
Kondition und sank tendenziell ab, um nach der Rébk des Geschwisters signifikant
anzusteigen. Dagegen wurden Futterungsraten untbstenspiegel der Zweitgeschlipften

vom Experiment nicht beeinfluf3t.

Insgesamt zeigen die Ergebnisse, dal3 Geschwistarkenz die Kondition zumindest bei
zweitgeschlupften Kuken beeintrdchtigt. Des wernterdetonen sie die Rolle der
Kortikosteronsekretion als Reaktion auf damit veidbenen energetischen Strel3. Testosteron
scheint insbesondere flir weibliche Erstgeschlupfie, physisch ihren Geschwistern kaum
Uberlegen sind, bei der Durchsetzung ihrer Dominamer Brut relevant zu sein. Die vermutete
generelle Verbindung von Geschwisterkonkurrenz endogenem Testosteron besteht jedoch
bei FluRseeschwalben nicht. Offenbar werden die diKmmsunterschiede zwischen
Schlupfrangen und Geschlechtern nicht von endogestaroiden bestimmt, kurzfristige
Konzentrationsernbhungen oder alternativ materSédeoide im Dotter konnten diesbezlglich
aber Einflu® haben.
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